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PREFACE

I came across this quote from the French embry-
ologist, Jean Rostrand, “What a profession this is- 
this daily inhalation of wonder”. I am sure readers 
can relate to this as they get immersed in the daily 
care of patients with weakened immune systems. 
This book, “Infections in the Immunosuppressed 
Patient”, is a product of that wonder. With stark, 
indelible memories I  dedicate this book to the 
thousands of patients who generously taught me 
the fundamental principles of management of their 
ailments. Their lives are not wasted, to say the least.

The Book consists of five Sections  – areas 
recognized as common clinical categories of 
patients with impaired immunity. Case sto-
ries included are carefully handpicked not to 
describe the extraordinary or esoteric, but to 
highlight the varied presentations of common 
as well as unique pathogens. Despite the patho-
gen often being the same, dramatically different 
perspectives and presentations are demonstrated 
across the Sections. The overlap of pathogens 
seen among the different Sections is intentional 
to emphasize the subtle variations in presenta-
tions seen among the different hosts. The goal of 
the book is for the reader to appreciate and hope-
fully adopt the appropriate approaches toward 
common clinical scenarios that are played out 
daily around the world, in the ambulatory clinics 
and in the hospital wards caring for patients with 
uniquely compromised immune systems.

Almost through each case history in the Book, 
six fundamental concepts for successful man-
agement are repeated. Firstly, it is critical to rec-
ognize the roles played by the underlying illness 
of the host, the robustness or frailty of the host 
immunity and the therapies administered, in the 
etiology of infection; consideration of such fac-
tors need to be attended to in diagnosis as well as 
therapy. Secondly, unlike in the competent host, 
both common and uncommon pathogens are at 
play in the compromised host, thus making the list 

of differential diagnoses long and establishing an 
early accurate diagnosis difficult. Thirdly, several 
non-infectious entities may mimic clinical syn-
dromes of infection. Failure to recognize this pos-
sibility frequently leads to unnecessary diagnostic 
invasive and non-invasive procedures and admin-
istration of potentially toxic medications, further 
compromising the health of the already frail host. 
Fourthly, choice of the appropriate diagnostic or 
therapeutic procedures, invasive or non-invasive, 
requires clinical wisdom. The urgency of estab-
lishing an accurate diagnosis needs to be weighed 
against the risks involved with the procedure(s). 
“Econotoxitiy” from hospitalization, cost of proce-
dures and cost of medications is not to be trivial-
ized. Fifthly, it is always wise to avoid empiricisms 
in therapy; however, in critically ill patients or in 
whom invasive procedures may be precluded, 
empiricism may be the smart or only choice. While 
recognizing that antimicrobial resistance is wide-
spread in wards housing compromised hosts, broad 
spectrum empiric therapy may often is inevitable. 
Under such circumstances, the duration of empiric 
therapy needs to be questioned incessantly. Finally, 
timing of appropriate intervention based on sound 
clinical judgement is crucial for a good outcome – 
not too early, not too late.

By design, the book does not include infec-
tions in the HIV-infected population and in 
patients with primary immunodeficiencies. 
Hopefully, these may be addressed in the future.

I am most indebted to the Section Editors. 
These are experts with tremendous insight and 
wisdom and have carefully chosen the “perfect” 
cases. My sincere thanks to the case authors for 
their lucid descriptions combined with wonder-
ful illustrations.

The publisher, Oxford University Press, was 
most supportive of this project, right from its 
inception. I am grateful for their encouragement, 
help and most importantly, patience.
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An Introduction: Infections in Solid 
Tumor, Lymphoma, and Leukemia Patients 
(Nonhematopoietic Stem Cell Transplantation 
Recipients)

ALISON G .   FRE IFELD,  MD

Solid tumors, lymphomas, and leukemias 
represent a widely diverse array of cancers. 

Until recently, the general approach to treating 
all of them was to administer cytotoxic anticancer 
drugs that damage proliferating cells by interfer-
ing with mitosis and other essential steps in cel-
lular replication. As a consequence of their high 
proliferative index, many high-grade leukemias 
and lymphomas can be cured with aggressive 
cell-killing chemotherapies. Low-grade hemato-
logic tumors can often be controlled over a period 
of many years by maintenance dosing strate-
gies of these drugs that cause minimal toxicities. 
However, relapse of hematologic cancers carries a 
poor prognosis, often due to drug resistance, and 
further chemotherapies may not achieve durable 
remission. Localized solid tumors are largely 
treated by surgical resection and radiotherapy, 
with cytotoxic chemotherapy being commonly 
used adjunctively or in cases of metastatic disease.

A major drawback of this approach has been 
the lack of specificity in that cytotoxic drugs will 
destroy actively dividing normal cells as well as 
malignant cells. As a result, achieving maximum 
tumor killing by high doses of anticancer drugs 
is often offset or prohibited by collateral damage 
to normal tissues. Two common adverse effects 
are profound neutropenia, due to disruption of 
hematopoiesis in the bone marrow, and mucosi-
tis, resulting from injury to the gastrointestinal 
mucosal barrier. Mucositis potentiates the trans-
location of normal and colonizing gastrointes-
tinal flora into the bloodstream. In the setting 
of neutropenia, where there is a paucity of effec-
tor cells to contain serious infections, bactere-
mias may cause severe morbidity and increased 
mortality. Chemotherapy-related neutropenia 

(defined when the absolute neutrophil count is 
less than 500 cells/µL) is, in fact, considered the 
single most significant risk factor for the develop-
ment of invasive bacterial and fungal infections 
in the cancer patient. The degree of infection 
risk depends on the depth and duration of neu-
tropenia. Neutropenic periods lasting as long as 
several weeks may be seen with induction ther-
apy for acute myelogenous leukemia (AML), and 
they are associated with increased risk for bacte-
rial blood stream infections and pneumonias as 
well as invasive mold infections (e.g. aspergillosis 
and mucormycosis), which typically occur when 
neutropenia lasts for 14 days or more. Treatment 
of solid tumor or lymphomas is generally associ-
ated with a briefer neutropenic period, lasting 
from a few days to a week, depending on the type 
and dose of cytotoxic chemotherapy, and severe 
infections are less common than during treatment 
of AML.

The “shotgun approach” of using intensive 
cytotoxic chemotherapies has been the mainstay 
of cancer treatment for at least 6 decades. More 
recently, various strategies have been developed 
to achieve a more targeted antitumor effect, based 
on the identification of genetic mutations or 
abnormal signaling pathways involved in cancer 
cell proliferation and/or the emergence of drug 
resistance. Rational drug design aimed at abnor-
mal mechanistic, genetic, or structural features of 
tumor cells has generated a host of new agents that 
are increasingly used with or without conventional 
cytotoxic chemotherapy. New classes of thera-
peutic interventions have consequently evolved, 
including angiogenesis inhibitors, epigenetic 
modifiers, immunotherapies, hormone therapies, 
monoclonal antibodies, and targeted molecules 

 

 



TABLE 1. ANTICANCER AGENTS

Class Mechanism Common Examples Main Side Effects
(Drugs in Same Class May 
Have Very Variable Effects)

Alkylating agents Form covalent bonds with cellular 
DNA, causing DNA breaks 
and strand cross-linking that 
prevent replication

Melphalan
Cyclophosphamide
Carmustine (BCNU) 

Bendamustine
Temozolomide
Procarbazine

•	 Neutropenia
•	 Gonadal	dysfunction
•	 Secondary	cancers

Anthracyclines Several known mechanisms: DNA 
intercalation, proteasome, or 
p53 gene binding to promote 
apoptosis, and interference with 
gene expression

Daunorubicin
Doxorubicin 

(Adriamycin)
Idarubicin
Epirubicin

•	 Neutropenia
•	 Gastrointestinal	

complaints
•	 Mucositis	(esp	

doxorubincin)
•	 Cardiotoxicity

Antimetabolites Induce cell death during the S phase 
of cell growth when incorporated 
into RNA and DNA; some will 
inhibit enzymes needed for 
nucleic acid production

Methotrexate
Cytosine arabinoside 

(cytarabine, araC) 
Gemcitabine

Fluorouracil (5FU)
Fludarabine

•	 Neutropenia
•	 Mucositis	

(esp methotrexate 
and araC)

Platinum 
compounds

Cross-link DNA strands to 
prevent replication

Cisplatin
Carboplatin

•	 Neutropenia
•	 Nephrotoxicity
•	 Gastointestinal	

complaints
•	 Peripheral	neuropathy

Topoisomerase 
inhibitors

Bind topoisomerase enzymes that 
are required for DNA synthesis

Topotecan
Irinotecan
Etoposide

•	 Neutropenia
•	 Gastrointestinal	

complaints
•	 Mucositis	(esp	etoposide)

Tubulin-binding 
drugs

Bind tubulin and prevent spindle 
fiber formation that is critical 
to cell division; also may inhibit 
angiogenesis

Vincristine
Taxanes (paclitaxel, 

docetaxel, taxotere)

•	 Neutropenia
•	 Gastrointestinal	

complaints
•	 Peripheral	neuropathy

Tyrosine kinase 
inhibitors

Inhibit tyrosine kinases or their 
receptors (such as vascular 
endothelial growth factor 
[VGEF] or other growth 
factor receptors [i.e. fibroblast, 
epidermal, platelet-derived, 
etc]) involved in tumor 
angiogenesis and growth

Sorafenib
Sunitinib
Regorafinib
Bortezomib
Imatinib
Ibrutinib
Idelalisib

•	 Neutropenia
•	 Hepatic	enzyme	elevation
•	 Gastrointestinal	

complaints
•	 Hand-food	syndrome	

(rash, swelling)

Epigenetic 
modifiers

Alter regulation of oncogenes 
or tumor suppressor genes 
through histone modifications 
and DNA methylation or 
demethylation

Azacitidine
Decitabine
Vorinostat
Romidepsin
(many more in 

development)

•	 Neutropenia
•	 Gastrointestinal	

complaints

Monoclonal 
antibodies:  
ligand

Block a wide variety of 
tumor-promoting cell functions by 
attaching to specific cell receptors

Rituximab: CD20
Alemtuzumab: CD52
Bevacizumab: VEGF

Various, depending on type 
of cell blocked
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such as tyrosine kinase inhibitors. A brief descrip-
tion of both older and newer antitumor classes 
and their effects on the host are shown in Table 1. 
The oncologist and the infectious diseases con-
sultant should be familiar with the potential (and 
often unique) infectious complications that may 
arise from these treatments.

Finally, in addition to the tissue damage and 
immunomodulating effects of anticancer drugs, 
it should be remembered that cancers them-
selves may increase the chances for infection. For 
example, multiple myeloma and chronic lym-
phocytic leukemia (CLL) may both be associated 

with hypogammaglobulinemia and the attendant 
risk of recurrent sinopulmonary infections due 
to encapsulated organisms such as Streptococcus 
pneumoniae and Haemophilus influenzae. On the 
other hand, solid tumors can grow through nor-
mal tissue planes and obstruct tubular or hollow 
viscus structures, allowing for post-obstructive 
infections. Pneumonia in the setting of broncho-
genic carcinoma or cholangitis from obstructing 
hepatobiliary tumors are examples. In sum, the 
patients’ underlying cancer and their treatment 
regimen may each contribute to the risk for and 
type of infection observed in this population.



1.1
Leg Edema Woes

EDWIN C .   PERE IRA,  MD

CA S E  P R E S E N TAT I O N
A 58-year-old man with a history of metastatic rec-
tal adenocarcinoma presented to the emergency 
department with fevers, chills, and redness over 
his right thigh. On exam, temperature was 101.9°F, 
blood pressure 117/63 mm Mercury, heart rate 92/
minute, and respirations 14/minute. The patient 
had blanching erythema and warmth over the entire 
right thigh, extending from the knee to the groin, 
and into the right flank (Figures  1.1.1 and 1.1.2). 
There was no involvement of the penis or scrotum.

Rectal adenocarcinoma had been diagnosed 
three years before presentation and treated with 
local resection and chemotherapy. His disease 
course was complicated by metastatic disease to 
his liver and bones. Palliative radiation therapy to 
his right femur occurred one year before his pre-
sentation. He has a history of deep venous throm-
bosis of the right common iliac vein and stenting 
of the right iliac vein. He suffers from chronic 

right lower extremity edema. He is receiving pani-
tumumab due to progression of cancer on other 
regimens. One week before presentation, he had 
an ingrown toenail removed on his right foot.

Q U E S T I O N S
•	 What	organisms	are	typically	responsible	

for this type of infection?
•	 How	does	the	patient’s	medical	history	

affect initial treatment choices?
•	 What,	if	any,	diagnostic	studies	should	

be done?

D I F F E R E N T I A L  D I AG N O S I S
Localized erythema should raise concerns for a 
superficial skin infection such as cellulitis or erysip-
elas. A deeper infection such as necrotizing fasciitis 
or gas gangrene should also be considered if signs 
such as pain out of proportion to touch, skin necro-
sis, or crepitus are seen. This is a medical emergency 
requiring immediate surgical evaluation. Fever or 
a systemic inflammatory response syndrome can 
indicate a disseminated infection, necessitating sys-
temic work-up (e.g. blood cultures). Noninfectious 
considerations include deep or superficial venous 

FIGURE  1.1.1: Faint erythema of the right thigh  
without distinct borders. 

FIGURE  1.1.2: Erythema extending to the right flank. 
Note markings on the skin to document the edge of the 
rash which continued to advance after initial presentation.
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thrombosis, dermatitis, fixed drug reaction, foreign 
body, or lymphedema [1, 2].

A D D I T I O NA L   DATA
Blood cultures were from a venous access subcuta-
neous port and a peripheral site grew β-hemolytic 
group B Streptococcus. The isolate demonstrated 
inducible clindamycin resistance, but it was sen-
sitive to penicillin, ceftriaxone, and vancomycin. 
The site from the ingrown toenail removal was 
examined and did not appear infected. A doppler 
ultrasound of the thigh showed no signs of deep 
venous thrombosis.
Final Diagnosis: Group B streptococcal cellulitis 
and bacteremia

T R E AT M E N T  A N D  O U T C O M E
The patient was immediately started on intrave-
nous broad spectrum antibiotics to cover both 
Gram-positive and Gram-negative bacteria. 
Antibiotic coverage was narrowed to ceftriax-
one based on susceptibility testing on the isolate. 
Symptoms improved after a two-week course of 
antibiotics.

Cellulitis to the right thigh recurred on two 
separate occasions over the next seven months. 
The presentation was similar in each episode 
with diffuse, blanching erythema over the right 
thigh extending to the groin. Multiple blood cul-
tures on each admission grew β-hemolytic group 
B Streptococcus with identical susceptibility pat-
terns. On the second hospital admission, a venous 
access subcutaneous port was removed as a pos-
sible source for recurring infection. However, 
cultures from the catheter tip were negative. 
Symptoms rapidly improved with the administra-
tion of antibiotics on each admission. After com-
pletion of antibiotics and resolution of cellulitis, 
the patient was started on prophylactic penicillin 
VK for recurrent cellulitis. He was also referred 
to a lymphedema clinic for management of his 
chronic lymphedema with compressive wraps.

R E C U R R E N T  C E L L U L I T I S

Discussion
Cellulitis is usually an acute infection involving the 
subcutaneous tissue and dermis, typically caused 
by Staphylococcus aureus or β-hemolytic strepto-
cocci. Cancer patients are at increased risk for cel-
lulitis. The resulting immunosuppression makes 
this population susceptible to atypical organisms 
for cellulitis such as Gram-negative bacteria, non-
tuberculous mycobacteria, fungi, and viruses.

Risk Factors
Lymphedema and tinea pedis are known risk fac-
tors for developing cellulitis in the general popu-
lation [3, 4]. Cancer patients develop deficiencies 
in their systemic and cutaneous immune system, 
often as a result of radiation and chemotherapy. 
These therapies can alter the structural and func-
tional integrity of the skin, serving as a portal of 
entry for colonizing pathogens. Medications, such 
as the epidermal growth factor receptor inhibi-
tors (e.g. panitumumab), used in the treatment 
of solid organ tumors, can adversely affect the 
skin, causing papulopustular rash and xerosis [5] . 
Malnutrition, often associated with cancer and 
chemotherapy, can contribute to skin breakdown 
and poor healing. Radiation therapy and lymph 
node resection can contribute to lymphedema, 
making recurrent cellulitis more common [2].

Clinical Presentation
Cellulitis can appear as a localized area of ery-
thema, swelling, and warmth, typically on the 
extremities. The margins of cellulitis are usually 
ill-defined, whereas erysipelas (an infection of 
the upper dermis) has distinct margins. A  point 
of entry may or may not be seen with cellulitis. 
Systemic symptoms are usually absent, but they 
are more likely in the immunocompromised 
patient and may indicate deeper or disseminated 
infection [2, 6].

Management
Evaluating for signs of an abscess, necrosis, or 
gas is an important part of the evaluation of cel-
lulitis because treatment will require surgical 
debridement. A fluctuant, raised area may suggest 
an abscess. However, clinical signs of an abscess 
can be masked in neutropenic patients who lack 
the ability to mount an inflammatory response. 
Subcutaneous fluid can be seen by ultrasound if 
the presence of an abscess is uncertain. If there 
is concern for myonecrosis or gas gangrene, then 
urgent surgical consultation is required. A  mag-
netic resonance image can be useful in diagnos-
ing these serious conditions; however, surgical 
exploration provides a definitive diagnosis and is 
an important element in treatment.

If debridement is not required, treatment 
with antibiotics is appropriate, targeting potential 
pathogens. Cancer patients, who are immuno-
compromised, usually require broad-spectrum 
antibiotics, to include coverage for Gram-negative 
bacteria and nosocomial-acquired resistant 
microorganisms [7] . Intravenous antibiotics 
should be started in rapidly spreading cellulitis 
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or if the patient is systemically ill. Efforts should 
be made to determine the cause of cellulitis, given 
the broad differential in immunocompromised 
patients, especially in nonresolving cases. Blood 
cultures may be of use in the immunocompro-
mised patient or if there are signs of systemic ill-
ness. Studies examining the use of blood cultures 
in cellulitis in the general population have shown 
a yield of approximately 2%–4% [8,  9]. A  Thai 
study of 150 hospitalized patients with cellulitis 
compared immunocompetent with immunocom-
promised patients and showed that blood cul-
tures were positive in 8.3% compared with 21.3% 
of cases, respectively; however, this difference 
was not statistically significant [10]. In cases not 
responding to empiric therapy, in which atypical 
organisms are suspected, local aspiration or skin 
biopsy may be considered; however, the yield 
is considered low at 10% and 20%, respectively, 
among non-immunocompromised adults pre-
senting to the emergency department [8].

Prevention
Cellulitis can predispose patients to subsequent 
episodes due to localized lymphatic inflamma-
tion	 [7]	.	When	 chronic	 lymphedema	 is	 present,	
recurrences are more common [3, 11]. Recurring 
cellulitis is a known complication in breast cancer 
patients who suffer upper extremity lymphedema 
following axillary lymph node dissection [12, 13]. 
Treatment of underlying risk factors, when fea-
sible, is preferred. Protracted courses of antibiot-
ics in cases of recurring cellulitis in breast cancer 
patients has been recommended [13].

Prophylactic antibiotics to prevent recurrent 
cases of cellulitis have been recommended with 
reservation due to conflicting data [7] . Prospective 
trials have not been done in cancer populations, 
and the choice of antibiotics has focused on anti-
biotics that target penicillin-sensitive strepto-
cocci. A  systematic review and meta-analysis of 
the use of prophylactic antibiotics for preventing 

recurrent cellulitis was performed by Oh et  al 
[14]. The meta-analysis included five random-
ized controlled trials [15–19]. Prophylactic regi-
mens included twice daily penicillin VK 250 mg, 
phenoxymethylpenicillin 1–2 g, erythromycin 
250 mg, or intramuscular injection of penicil-
lin G 1.2 million units every 15 days. The use of 
antibiotics to prevent the recurrence of cellulitis 
was shown to be beneficial with a risk ratio of 0.46 
(Figure 1.1.3) [14]. This analysis was not large 
enough to comment on which antibiotic or antibi-
otic formulation was superior. The PATCH I trial 
was the largest study included in this analysis and 
included a total of 274 patients with recurrent cel-
lulitis. Thirty (22%) of 136 patients receiving peni-
cillin VK developed cellulitis during a 12-month 
prophylaxis period compared with 51 (37%) of 
138 patients receiving placebo (hazard ratio, 0.55; 
95% confidence interval, 0.35–0.86; P = .01). Both 
a body mass index of 33 or higher and history of 
three or more previous episodes of cellulitis were 
significantly associated with a poor response to 
treatment. The benefit of penicillin did not extend 
beyond the period of prophylaxis. There was no 
significant difference in adverse events between 
the two groups [19]. The smaller PATCH II trial 
studied patients with at least one previous case 
of cellulitis who were randomized to either six 
months of penicillin VK prophylaxis (n = 60) or 
placebo (n = 63). This trial failed to show a sig-
nificant difference in time to the first recurrence 
or risk of recurrence during the treatment and 
follow-up period [18].

K E Y   P O I N T S
•	 Cancer	patients	are	prone	to	developing	

cellulitis due deficiencies in their systemic 
and cutaneous immune system.

•	 Cellulitis	must	be	differentiated	from	
necrotizing fasciitis or gas gangrene, which 
are more aggressive infections and require 
surgical debridement.

Study or Subgroup

Total (95% CI) 256 100% 0.46 [0.26, 0.79]271

Antibiotics No antibiotics Risk Ratio Risk Ratio
Events Total Events Total YearWeight M-H, Random, 95% CI M-H, Random, 95% CI

Sjoblom 1993
Chakroun 1994
Patch II 2012
Patch I 2012

Kremer 1991

Total events

0.002 0.1 1
Favours antibiotics Favours no antibiotics

10 500Test for overall effect: Z = 2.77 (P = 0.006)

44 97

2
0

12
30

0
20
34
63

138

16
0.25 [0.06, 1.03]
0.07 [0.00, 1.21]
0.60 [0.32, 1.11]
0.60 [0.41, 0.88]

0.06 [0.00, 0.94]
1993
1994
2012
2012

1991
12.1%

3.7%
34.3%
46.3%

3.7%
8
9

21
51

8
20
24
60

136

16

FIGURE 1.1.3: Comparison and analysis of studies evaluating the use of prophylactic antibiotics for recurrent cel-
lulitis. Reproduced from J Infect. 2014;69:26.
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•	 Broad-spectrum	antibiotics	are	required	for	
the initial treatment of cellulitis. Diagnostic 
studies (e.g. tissue or blood cultures) 
may be necessary to guide treatment in 
difficult cases.

•	 Prophylactic	antibiotics	may	be	beneficial	
in cancer patients who are prone 
to recurring streptococcal cellulitis 
due to associated conditions such as 
lymphedema.
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1.2
Doctor, I’m Sick Again and Again

PATRICK  TANG, MD AND R .  GREGORY BOCIEK ,  MD

CA S E  P R E S E N TAT I O N
A 63-year-old woman with a history of chronic 
lymphocytic leukemia (CLL) presented to the out-
patient clinic with sinus congestion and purulent 
nasal discharge for two days. She was febrile at 
38.6°C. Her blood pressure was 128/75 mm mer-
cury with a heart rate of 86 bpm and respiratory 
rate of 14 breaths per minute. Physical exam was 
remarkable for tenderness to palpation and percus-
sion of the left maxillary sinus region. Laboratory 
data were significant for leukocytosis of 65 600/µL 
with 19% neutrophils, 4% bands, and 76% lympho-
cytes. Other hemogram indices were within nor-
mal limits. Computed tomography of the sinuses 
showed dense opacification of the left maxillary 
sinus (Figure 1.2.1). She reports that this is her 
third sinus infection this year. Two years prior to 
the present illness, she was hospitalized initially in 
the intensive care unit for sepsis syndrome with a 

lobar pneumonia (Figure 1.2.2). She was again hos-
pitalized one year later for a community-acquired 
pneumonia, during which Streptococcus pneu-
moniae was isolated from her sputum.

Her CLL was diagnosed incidentally during 
evaluation for an absolute lymphocytosis 5 years 
prior to her current presentation. A bone marrow 
biopsy with aspirate confirmed the usual immu-
nophenotype for CLL. Imaging studies showed 
no radiographic evidence of lymphadenopathy 
or organomegaly, and she had no constitutional 
symptoms or cytopenias related to the chronic 
leukemia. Cytogenetic studies on marrow demon-
strated none of the commonly associated abnor-
malities seen in CLL. She had Rai stage 0 disease 
and had no indication for treatment. Other than 
recurrent sinus infections and pneumonias in 
recent years, she had no other significant illnesses 
and no other relevant past medical history.

Q U E S T I O N S
•	 What	diagnoses	should	be	considered	in	

a patient with recurrent sinopulmonary 
infections?

•	 What	pathogens	are	commonly	associated	
with these infections?

•	 What	role	does	CLL	have	in	pathogenesis	of	
recurrent infections?

D I F F E R E N T I A L  D I AG N O S I S
Recurrent sinopulmonary infections could be 
due to a secondary (acquired) hypogammaglobu-
linemia in which B cells are unable to produce 
adequate amounts of circulating antibodies (such 
as immunoglobulin [Ig]G, IgM, and/or IgA). 
Common variable immune deficiency is the most 
common clinically significant primary antibody 
deficiency disorder in adults. Secondary hypogam-
maglobulinemia is associated with lymphoprolif-
erative disorders and plasma cell dyscrasias such as 
CLL,	multiple	myeloma,	and	Waldenstrom’s	mac-
roglobulinemia [1, 2]. Hypogammaglobulinemia is 
also seen in postallogeneic hematopoietic stem cell 

FIGURE 1.2.1: Computed tomography images of sinus, 
axial view, opacification of left maxillary sinus.
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transplant recipients [3] . Pathogens to consider in 
these settings are primarily encapsulated bacteria 
such as S pneumoniae and Haemophilus influenza   
[1, 4, 5]. Mycoplasma infections are commonly seen 
as well. Viral infections also occur with increased fre-
quency in patients with hypogammaglobulinemia.

A D D I T I O NA L   DATA
Quantitative Igs levels are shown (Table 1.2.1)

D I AG N O S I S
Acute rhinosinusitis was diagnosed by clinical and 
radiographic findings, but in the context of two 
hospitalizations for severe pulmonary infections 
(including one potentially life-threatening illness 
requiring hospitalization), there was a strong sus-
picion for hypogammaglobulinemia. Quantitative 
Ig levels confirmed this diagnosis. Recurrent sino-
pulmonary infections in a patient with secondary 
hypogammaglobulinemia in association with CLL 
was the final diagnosis.

T R E AT M E N T  A N D  O U T C O M E
The patient received 12  monthly infusions of 
intravenous Ig (IVIG) prophylaxis and has not 
had a serious infection requiring hospitalization 

during that time. Intravenous Ig therapy was dis-
continued, and she remained free of infections for 
the following two years. She had routine follow-up 
visits with occasional monitoring of her periph-
eral blood counts as well as serum quantitative Ig 
levels. Her IgG levels remained above 400 mg/dL.

D I S C U S S I O N

Hypogammaglobulinemia
Clinical manifestations of insufficient antibody 
levels are primarily recurrent bacterial sinopul-
monary infections including pneumonia and 
sinusitis, although bacterial sepsis and meningi-
tis may occur. Infections with encapsulated bac-
teria, primarily H influenzae and S pneumoniae, 
are most common. Manifestations are not limited 
to sinopulmonary infections, because chronic 
Giardia lamblia diarrhea, gastrointestinal lym-
phoid hyperplasia, polymyositis, autoimmune 
cytopenias, and chronic arthritis also occur [6, 7].

Chronic lymphocytic leukemia is the most 
common malignancy associated with hypo-
gammaglobulinemia, occurring in 25%–70% 
of patients diagnosed with CLL [8,  9]. Beyond 
secondary hypogammaglobulinemia, the immu-
nodeficiency associated with CLL is complex. 
This is in part evident from the observation 
that 10%–15% of patients with CLL will develop 
 autoimmune disorders such as hemolytic ane-
mia and immune thrombocytopenia during the 
course of the illness [10]. The more directly mea-
surable immune abnormalities involve several 
facets of the immune system and include B-cell 
hypoproliferation and poor response to antigen 
challenges (such as vaccines), abnormal T-cell 
numbers, and function including increased num-
bers of regulatory T cells (which may dampen 

TABLE 1.2.1. QUANTITATIVE 
IMMUNOGLOBULIN LEVELS AT DIAGNOSIS 

OF HYPOGAMMAGLOBULINEMIA

Serum Quant 
Assay

Level  
(mg/dL)

Reference Range  
(mg/dL)

IgG 324 700–1600
IgA 176 70–400
IgM 17 40–230

(a) (b)

FIGURE 1.2.2: Chest X-Ray images of chest, posterior/anterior and lateral view, right middle lobe infiltrate.
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BOX 1.2.1  RECOMMENDATIONS ON USE OF PROPHYLACTIC IVIG 
IN ACQUIRED HYPOGAMMAGLOBULINEMIA IN ADULTS. ADAPTED 
FROM CONSENSUS RECOMMENDATIONS FROM NATIONAL ADVISORY 
COMMITTEE ON BLOOD AND BLOOD PRODUCTS OF CANADA AND 
CANADIAN BLOOD SERVICES, ANDERSON ET AL [18]

•	 IVIG	is	recommended	for	infectious	prophylaxis	in	adults	with	malignant	hematologic	dis-

orders	associated	with	hypogammaglobulinemia	or	dysfunctional	gammaglobulinemia	and	

either	of	the	following:

(i)		 	a	recent	episode	of	a	life-threatening	infection	that	is	reasonably	thought	to	be	caused	be	

low	levels	of	polyclonal	immunoglobulins

(ii)	 	recurrent	episodes	of	clinical	significant	infections	(e.g.	pneumonia)	thought	to	be	

caused	by	low	levels	of	polyclonal	immunoglobulins.

•	 Typical	dose	of	IVIG	is	400	mg/kg	every	three	weeks	for	one year

•	 Re-evaluation	of	therapy	every	four–six months

normal immune responses to infectious stimuli), 
natural killer cell abnormalities with deficient 
killing ability, and neutrophil defects (e.g. dimin-
ished function and impaired migration and 
chemotaxis). Of note, although this patient pop-
ulation is susceptible to opportunistic infections, 
infection with cytomegalovirus (CMV) is rare in 
the absence of exposure to profoundly immu-
nosuppressive agents such as alemtuzumab. It 
is interesting to note that patients with CLL fre-
quently appear to have normal or increased lev-
els of functional T cells specific to CMV, possibly 
because chronic low levels of CMV antigenemia 
may be sufficient to create a stimulus for increased 
CMV T cell-specific immunity in the host [11]. 
Despite previously described poor response to 
vaccines, small observational series suggest that 
patients with CLL can derive a reasonable degree 
of measurable protection after vaccines such as 
influenza [12] and encapsulated organisms [13], 
and these vaccines should be administered to 
these patients based on published guidelines (i.e. 
annual influenza and appropriate pneumococ-
cal vaccinations are recommended). It is gener-
ally recommended that this patient population 
not receive live-attenuated vaccines such as the 
varicella and zoster vaccines and the measles/
mumps/rubella (MMR) vaccine.

The immunodeficiency associated with CLL 
appears to deepen over time, and the additive 
effects of immunosuppressive therapies such as 
nucleoside analog combinations and alemtu-
zumab that may be required in these patients 
likely contribute a significant element as well. It 
is not clear that treatment of the underlying CLL 

improves these immune defects over time, even 
when less immunosuppressive therapies (e.g. 
alkylating agents) are used [14].

Risk Factors
In CLL, the degree of hypogammaglobulinemia 
correlates with duration and stage of disease. 
Likewise, the likelihood of recurrent infection 
correlates with serum levels of Ig [8, 9, 15], par-
ticularly IgG [5] . Patients with serum IgG levels 
lower than 50% of normal were found to be at 
risk of bacterial infection and can be protected by 
administration of Ig [16]. Rituximab therapy has 
been associated with the development of low lev-
els of IgG in 39% (69 of 179) of B-cell lymphoma 
patients, which led to recurrent sinopulmonary 
infections requiring IVIG in 6.6% of patients (14 
of 211) [17].

Diagnosis of Secondary 
Hypogammaglobulinemia
Current guidelines for diagnosing and treat-
ing hypogammaglobulinemia require prolonged 
severe deficiency of Ig levels (IgG <400 mg/dL) 
and a history of recurrent or severe infections 
[18–22].

Management and Prevention
Evidence supports use of IVIG therapy for 
patients with acquired hypogammaglobulinemia 
secondary to malignancy such as CLL and mul-
tiple myeloma [2, 3, 18, 21, 23,  24]. Patients are 
typically treated with IVIG infusions of 400 mg/
kg every 3–4 weeks for one year, typically to main-
tain IgG serum trough levels of 500–800 mg/dL in 
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an effort to prevent infections [21, 25]. Guidelines 
advocate re-evaluation of therapy every 4–6 
months [18] (Box 1.2.1). Routine replacement of 
IVIG in asymptomatic individuals with secondary 
hypogammaglobulinemia is not currently recom-
mended [2] , and it may not be cost effective [26]. 
It is also important to recognize that IVIG ther-
apy has many potential adverse effects. Although 
anaphylaxis is rare, mild hypersensitivity reac-
tions are fairly common. Patients may experience 
pyrexia, rigors, dyspnea, and headache. Renal fail-
ure, aseptic meningitis, hemolytic anemia, neu-
tropenia, and dermatitis are several of many other 
recognized potential toxicities [27].

K E Y   P O I N T S
•	 The	immune	deficiency	associated	with	

lymphoproliferative disorders such as CLL 
is complex and multifaceted.

•	 Patients	with	CLL	and	other	
lymphoproliferative disorders or plasma 
cell dyscrasias are at risk of developing 
secondary hypogammaglobulinemia.

•	 Secondary	hypogammaglobulinemia	
can result in recurrent sinopulmonary 
infections, typically from encapsulated 
bacteria such as S pneumoniae and   
H influenzae.

•	 Diagnosis	requires	prolonged	IgG	levels	
of less than 400 mg/dL and a history of 
recurrent or severe infections.

•	 IVIG	infusions	every	three	to	four	weeks	
for one year can be considered as therapy in 
patients who meet diagnostic criteria.
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1.3
What’s Lurking Beyond the Barricade?

ALL ISON L .  NAZINITSKY, MD AND STEVEN J .   LAWRENCE , MD,  MSC

CA S E  P R E S E N TAT I O N
A 59-year-old man who had a history of chronic 
obstructive pulmonary disease presented with 
fever, cough productive of purulent sputum with 
intermittent hemoptysis, singultus, right-sided 
pleuritic chest pain, and hypoxia. He was diag-
nosed with undifferentiated small cell lung cancer, 
stage T3N2M0, three months before admission. 
He was undergoing radiation therapy and was 
status-post two cycles of cisplatin and etoposide, 
with the last cycle given 20 days before admission.

Upon admission, he was in moderate dis-
tress with fever to 38.4°C and tachycardia from 
100–110 beats per minute. His blood pressure was 
110/67  mm mercury, respiratory rate was 24 per 
minute, and oxygen saturation was 92%–96% on a 
new oxygen requirement of 6 liters per minute via 
nasal cannula. On exam, he was diaphoretic and 
dyspneic and unable to speak in full sentences. Head 
and neck exam was notable for temporal wasting 
and poor dentition. Cardiac exam showed tachycar-
dia, regular rhythm, and no murmurs. Pulmonary 
exam was significant for dullness to percussion and 
decreased breath sounds throughout the right lung 
field. Egophony was elicited in the right upper lobe.

Laboratory data included white blood cell count 
(WBC)	of	8800/	µL	(84%	neutrophils),	hemoglobin	
of 8.5g/dL, and platelets of 339 000/ µL. Serum sodium 
was 135 mEq/L, creatinine was 0.59 mg/dL, liver 
enzymes were normal, and albumin was 2.5g/dL.

A chest radiograph revealed extensive right 
upper lung cavitary consolidation with elevation 
of the right hemidiaphragm (Figure 1.3.1). The left 
lung was clear.

A chest computed tomography (CT) scan 
showed a thick-walled cavitary mass (9.1  × 
8.7 cm) centered in the right upper lobe extend-
ing into the mediastinum and encasing the right 
main stem bronchus and subsequent branches 
with associated mediastinal adenopathy, the larg-
est in the subcarinal distribution (2.4  × 1.2  cm) 
(Figure 1.3.2). The right pulmonary artery and 
superior pulmonary vein were compressed by the 

adenopathy. A  small right pleural effusion and 
pleural thickening extended up the mediastinum. 
This had progressed from a previous scan prior to 
his chemotherapy.

Q U E S T I O N S
•	 What	pathogens	should	be	considered	in	

the differential diagnosis?
•	 What	diagnostic	approach	should	be taken?
•	 What	are	the	risk	factors	for	development	

of this infection?

D I F F E R E N T I A L  D I AG N O S I S
At the top of the differential in this patient with 
known lung cancer is postobstructive pneumonia, 
which is generally caused by bacteria (typical and 
atypical). Mycobacterial or fungal pathogens are 
other uncommon etiologies. Cavitary and necro-
tizing pneumonia may develop without obstruc-
tion; however, the CT findings in this case suggest 
consolidation distal to a section of right main 
stem bronchus that is compressed by either tumor 
or adenopathy. Noninfectious considerations 
include radiation pneumonitis, vasculitis, alveolar 
hemorrhage, atelectasis, bronchiolitis obliterans 
organizing pneumonia, pulmonary emboli with 
lung infarctions, and sarcoidosis.

A D D I T I O NA L   DATA
Urinalysis was unremarkable. Blood cultures, 
human immunodeficiency virus serology, 
Histoplasma urinary antigen, interferon gamma 
release assay for Mycobacterium tuberculosis, and 
serum galactomannan were all negative.

A thoracentesis was performed obtaining 
slightly	 cloudy	 fluid	 with	 700	 WBC	 (53%	 neu-
trophils, 13% lymphocytes, 23% monocytes, 11% 
mesothelial cells), 111 red blood cells (RBC), pH 
7.46, lactate dehydrogenase (LDH) 101, protein 3.2. 
The serum LDH was 234, and serum total protein 
was 6.9. The Gram stain and culture were negative.

Bronchoscopy was performed, which showed 
a friable mass in the right main stem bronchus. 
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Bronchoalveolar lavage (BAL) performed on the 
right upper lobe revealed pink hazy fluid with 8617 
WBC	(90%	neutrophils,	1%	lymphocytes,	6%	mac-
rophages), and 10 000 RBC. Gram stain showed 
normal respiratory flora along with Gram-negative 
bacilli as the predominant organism. Culture grew 
normal flora and Achromobacter xylosoxidans sus-
ceptible to meropenem, piperacillin-tazobactam, 
and trimethoprim-sulfamethoxazole.

Pathology from a transbronchial biopsy speci-
men revealed reactive epithelial cells arranged in 
clusters with mildly enlarged nuclei with smooth 
nuclear borders and abundant cytoplasm on a back-
ground of abundant neutrophils. A Gomori methe-
namine silver stain was negative for fungal elements.

Final Diagnosis: Given the clinical symptoms 
of fever, cough, respiratory distress along with 
imaging and bronchoscopy findings and BAL 
culture results, the patient was diagnosed with a 
postobstructive pneumonia.

T R E AT M E N T  A N D  O U T C O M E
Based on the Gram stain and culture results 
from the BAL specimen, along with the consid-
eration of polymicrobial infection, the patient 
was treated with meropenem, leading to defer-
vescence and weaning of oxygen to 2 liters per 
minute via nasal cannula at discharge. Goals of 
care were addressed, and he was subsequently 
transitioned to hospice because of his progressive 
advanced lung cancer.

D I S C U S S I O N

Postobstructive Pneumonia
Malignant and nonmalignant conditions can 
obstruct the central airways (trachea, mainstem 
bronchi, and lobar bronchi). Primary lung cancer 
can affect the central airways in up to 20%–30% 
of cases and is most associated with squamous 
cell carcinoma and small cell carcinoma [1–3]. 
Obstruction of the central airway can lead to con-
solidation and cause atelectasis, bronchiectasis, 
mucus plugging, and parenchymal inflammation 
with or without infection [4] .

Differentiating infectious and noninfectious air-
way changes distal to an obstructing tumor may be 
clinically and radiographically difficult. Many non-
resolving radiologic opacifications may be second-
ary to physical or chemical effects of airway blockage 
and can represent tumor necrosis, intra-alveolar 
fluid, interstitial pneumonitis, and interstitial fibro-
sis [5] . Many patients undergoing resection of a pri-
mary lung cancer may not have histologic evidence 
of infection distal to the tumor [6].

Few studies have attempted to identify spe-
cific pathogens in postobstructive pneumonia 

FIGURE 1.3.1: Posterioranterior and lateral chest radiographs demonstrating right upper lobe cavitary consolidation.

FIGURE  1.3.2: Chest computed tomography scan 
demonstrating large right upper lobe cavitary mass and 
mediastinal lymphadenopathy.
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because it is difficult to obtain appropriate 
specimens. However, when causative organisms 
are isolated, they are often polymicrobial and 
include Gram-negative bacilli (Pseudomonas 
aeruginosa, Klebsiella pneumoniae, Hemophilus 
influenzae), anaerobes (Peptostreptococcus spp, 
Bacteroides spp), Staphylococcus aureus (including 
methicillin-resistant isolates), and Streptococcus 
species [3, 7–9]. Invasive tests such as transtho-
racic needle biopsy and bronchoscopy are more 

likely to yield a microbiologic diagnosis than spu-
tum Gram stain and culture, which are limited 
by poor sensitivity and difficulty in distinguish-
ing between a true lower respiratory tract patho-
gen and colonization of the oropharynx or upper 
airways [7] .

Risk Factors
Patients with obstructing lung cancer have sev-
eral risk factors that can lead to postobstructive 
pneumonia, but the unique risk factor is the ana-
tomical obstruction itself. Other risk factors can 
be divided into individual host factors, immuno-
logic factors and iatrogenic factors, which can be 
observed in many underlying conditions, espe-
cially other oncologic diagnoses [11–13].

BOX 1.3.1  GENERAL LIST 
OF BACTERIAL PATHOGENS 
THAT MAY BE INVOLVED IN A 
POSTOBSTRUCTIVE PNEUMONIA

Bacteria

Enterobacteriaceae

Klebsiella spp

Escherichia coli

Serratia marcescens

Proteus spp

Citrobacter spp

Enterobacter spp

Other	Gram-Negative Rods

Achromobacter spp

Acinetobacter spp

Pseudomonas spp

Stenotrophomonas maltophila

Haemophilus influenza

Anaerobes

Actinomyces spp

Bacteroides spp

Fusobacterium spp

Peptostreptococcus spp

Prevotella spp

Staphylococcus

Methicillin-sensitive	Staphylococcus aureus

Methicillin-resistant	Staphylococcus aureus	

(MRSA)

Streptococcus

Viridans	Streptococci

Streptococcus milleri

Streptococcus pneumoniae

Mycobacterium

Mycobacterium tuberculosis

Non-tuberculous	Mycobacteria

Atypical	bacteria

Legionella pneumophila

BOX 1.3.2  RISK FACTORS 
THAT MAY BE ASSOCIATED 
WITH POSTOBSTRUCTIVE 
PNEUMONIA

H O S T  FAC TO R S

Age	(especially >65)

Comorbidities

Chronic	obstructive	pulmonary	

disease/bronchiectasis

Neurologic	disorders,	dysphagia,	

absent	cough reflex

Alcoholism

Poor	dentition

Chronic	kidney	disease/dialysis

Residence	in	skilled	nursing	facility

I M M U N O L O G I C  FAC TO R S

Chemotherapy-induced	neutropenia,	

mucositis

Steroid-mediated	immunosuppression

Malnutrition

I AT R O G E N I C  FAC TO R S

Sedating	medications	(narcotics,	benzodiaz-

epines,	anticholinergics)

Healthcare	exposures	(colonization	with	MDR	

pathogens)

Prior	antibiotic	exposure

Antacids	(raise	gastric	pH	causing	coloniza-

tion	with	gram	negative rods)

Mechanical	ventilation
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Clinical Presentation
Postobstructive pneumonias can present several 
ways. One scenario is a patient with recurrent 
pneumonia and incomplete clinical or radio-
graphic resolution despite antibiotic therapy. 
Clinical suspicion for a mass, obstruction, or 
abscess should be high and should prompt more 
advanced imaging to further evaluate for malig-
nancy and/or anatomical obstruction [10]. 
Another scenario is a patient with a known malig-
nancy (lung primary, metastases, lymphoma, etc) 
in which the tumor itself or corresponding lymph-
adenopathy can cause obstruction. As the inflam-
matory process continues, the lung becomes 
necrotic and can form cavitations.

Diagnosis
Important clinical history includes fevers, chills, 
pleuritic chest pain, hiccups, worsening dyspnea, 
cough, or wheezing. Fever has been shown to be 
associated with the ability to identify a microbio-
logical pathogen [5] . Cough may be secondary to 
the mass itself or due to the infectious process. 
Foul-smelling sputum may also be a sign of aspi-
ration and anaerobic bacterial pathogens.

Routine laboratory tests are typically unre-
markable,	although	an	elevated	WBC	may	be seen.

A chest radiograph, preferably including pos-
teroanterior and lateral views, should be obtained 
in patients presenting with a clinical history of 
pneumonia. However, radiographic findings alone 
may not always be sufficient for making a diag-
nosis of postobstructive pneumonia. For patients 
with a known history of primary lung cancer or 
metastatic disease in the lungs, it may be diffi-
cult to distinguish tumor from infiltrate or atel-
ectasis on standard chest radiographs, even when 
comparison is made to prior studies. Computed 
tomography scans of the chest usually provide 
enough resolution to confirm an obstructing mass 
and associated distal consolidation.

Blood cultures may yield a predominant 
pathogen and should be obtained from febrile 
patients. Sputum specimens are generally of low 
diagnostic yield but may identify drug-resistant 
bacteria that could alter antibiotic therapy. Yields 
are higher for pre-antibiotic, deep cough, puru-
lent specimens that are obtained by coaching 
the patient or by induction [12]. Parapneumonic 
pleural effusions should be sampled for Gram 
stain and cultures, and to exclude an empyema 
that would require drainage.

Bronchoscopy is often performed in patients 
with a pneumonia that is not responding to seem-
ingly appropriate therapy to evaluate for airway 

obstruction and to obtain specimens that could 
identify drug-resistant organisms. As with spu-
tum samples, bronchoscopically obtained speci-
mens may not identify the causative agent(s) but 
may indicate organisms colonizing the respiratory 
tract [12].

Management
A multidisciplinary approach including oncologic 
treatment (chemotherapy and radiation) to pal-
liatively reduce tumor mass, pulmonary interven-
tions to open airways or obtain invasive samples, 
and infectious disease input to assist with antibi-
otic management may be necessary.

Once a diagnosis of postobstructive pneu-
monia is suspected, patients require empiric 
antibiotic therapy guided towards likely patho-
gens (Box 1.3.1) while any microbiologic diag-
nostic tests are pending. The diagnosis of 
“healthcare-associated pneumonia (HCAP)” has 
streamlined broad-spectrum antibiotic adminis-
tration given the risk for colonization and infec-
tion with multidrug-resistant (MDR) pathogens. 
Antibiotics are tailored to cover polymicrobial 
pathogens described in Box 1.3.1. It is important 
to consider using antibiotics with anaerobic cover-
age regardless of whether the culture has anaerobes 
present, particularly if the patient exhibits poor 
dentition, has foul-smelling sputum, or a cavity is 
seen on imaging. See Box 1.3.3 for a list of examples 
of empiric therapy.

Antibiotics are typically given for several 
weeks, depending on response to therapy and 
whether the obstruction persists. If the airway 
obstruction is treated, a shorter course of ther-
apy may be used. Relieving airway obstruction 
to obtain and maintain airway patency can be 
accomplished by airway dilatation, tracheobron-
chial stents, ablation, radiotherapy, or cryotherapy. 
Surgical resection may be necessary in some situ-
ations however it may be associated with higher 
risk of morbidity, mortality, and complications 
including bronchopleural fistula [14]. If obstruc-
tion is unable to be cleared, a longer course of 
antibiotics may be necessary. Clinical response 
should be followed closely.

The decision on when to resume chemother-
apy and/or radiation treatments can be challeng-
ing. Because patients are likely to require weeks of 
antibiotic therapy, there may be a benefit to early 
radiation to relieve the obstruction to assist with 
source control and expectoration. Postobstructive 
pneumonia develops typically in advanced lung 
cancer that is noncurable, and goals of care are 
important to consider.
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Prevention
Postobstructive pneumonia may be difficult to 
prevent in patients with large obstructive tumors, 
although this can sometimes be preemptively 
addressed by placing endobronchial stents in the 
early stages of bronchial obstruction. Mitigation 
of reversible risk factors listed in Box 1.3.2 may 

be important, particularly avoidance of sedating 
drugs to prevent aspiration.

K E Y   P O I N T S
•	 Postobstructive	pneumonia	is	a	clinical	

diagnosis that relies on symptoms and 
usually occurs with presence of fever.

BOX 1.3.3  EXAMPLES OF EMPIRIC ANTIBIOTIC THERAPY FOR 
POSTOBSTRUCTIVE PNEUMONIA

M I L D  I N F E C T I O N S  O R  T R A N S I T I O N I N G  TO   O R A L

Amoxicillin/clavulanate	875	mg	po	q12hours

Ciprofloxacin	500–750	mg	po	BID	OR	levofloxacin	750	mg	po	q24hours	PLUS	anaerobic	coverage	

(see below)

Moxifloxacin	400	mg	po	q24hours

M O D E R AT E  TO   S E V E R E  I N F E C T I O N S  W I T H   L OW  C O N C E R N  F O R   P S E U D O M O NA S

Ampicillin/sulbactam	3	grams	IV	q6hours

Ceftriaxone	1–2	grams	IV	q24hours	PLUS	anaerobic	coverage	(see below)

Ertapenem	1	gram	IV	q24hours

Moxifloxacin	400	mg	po	q24hours

C O N F I R M E D  O R  M O D E R AT E  TO   H I G H  S U S P I C I O N  F O R   P S E U D O M O NA S

Piperacillin/tazobactam	4.5	grams	IV	q6hours

Cefepime	2	grams	IV	q8hours	PLUS	anaerobic	coverage	(see below)

Meropenem	2	grams	IV	q8hours	OR	imipenem	500–1000	mg	IV	q6–8hours

Ciprofloxacin	400	mg	IV	q8hours	OR	levofloxacin	750	mg	IV	q24hours	PLUS	anaerobic	coverage	

(see below)

Aztreonam	2	grams	IV	q8hours	PLUS	anaerobic	coverage	(see below)

A NA E R O B I C  C OV E R AG E

Clindamycin	600–900	mg	IV	q8hours	or	450–600	mg	po	q8hours

Metronidazole	500	mg	IV	or	po	q8hours

F O R  C O N F I R M E D  O R  M O D E R AT E  TO   H I G H  S U S P I C I O N  F O R   M R S A , A D D 

T H E   F O L L OW I N G :

Vancomycin	(goal	trough 15–20)

Linezolid	600	mg	IV	or	PO	q12hours*

Ceftaroline	600	mg	IV	q12hours

PAT H O G E N - D I R E C T E D  T H E R A P Y

TMP/SMX	for	Stenotrophomonas	maltophila	5	mg/kg	IV/PO	q8hours

*Need to monitor for toxicity when used for prolonged period of time
Note: Drug dosages are based on normal kidney and liver function.
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•	 Microbiologic	specimens	may	be	difficult	
to obtain and may be unreliable or not 
represent the actual pathogen(s).

•	 A multidisciplinary	treatment	approach	is	
used depending on goals of care.

•	 Management	includes	antibiotics	and	
treating anatomical obstruction (stenting, 
radiation).

•	 Broad-spectrum	antibiotics	covering	
methicillin-resistant Staphylococcus aureus 
(MRSA), anaerobes, and Gram-negative 
rods are used to treat symptomatic 
patients and are typically continued for 
several weeks.

Acknowledgements:  Gram stain courtesy of 
Morgan Pence, PhD.
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1.4
Alimentary Antimicrobial Apocalypse

KATHLEEN M.  MULLANE, DO,  PHARMD

CA S E  P R E S E N TAT I O N
A 46-year-old woman presented with com-
plaints of fever to 100.8°F, nausea, and diarrhea of 
twenty-four hours duration.

Several months earlier, she had presented with 
right leg pain and swelling of two weeks dura-
tion. Bilateral duplex of the extremity was nega-
tive; however, she was found to have white blood 
cell	(WBC)	count	of	19	600/mL	with	38%	blasts.	
A  bone marrow biopsy was performed and was 
found to be consistent with acute myelomono-
cytic leukemia (AML) with eosinophilia (with 
inv(16), CBFB-MYH11 positive, FLT3/CEBPA 
negative). Cytoreduction therapy with hydroxy-
urea was initiated followed by induction che-
motherapy (cytarabine/hydroxyurea/idarubicin) 
with complete remission and then desatinib for 
21 days. Her initial course was uncomplicated by 
abdominal complaints or diarrhea but was com-
plicated by sinusitis that was treated initially with 
clindamycin. On sinus surgery, she was found to 
have a fungal ball without evidence of invasive 
fungal sinusitis, and cultures returned positive 
for Pseudomonas aeruginosa for which she was 
treated with ciprofloxacin. She remained neutro-
penic for a prolonged period.

Eight weeks later, she was admitted for second 
consolidation chemotherapy with cytarabine fol-
lowed by desatinib. She received antimicrobial 
prophylaxis with acyclovir, micafungin (cho-
sen due to drug interaction with desatinib and 
azole antifungals), and oral levofloxacin. Her 
course was complicated by neutropenic fever and 
Streptococcus mitis bacteremia for which she was 
treated with cefepime and vancomycin while neu-
tropenic and was transitioned to ceftriaxone when 
counts recovered, completing three weeks of anti-
microbial therapy. Follow-up blood cultures off 
antimicrobials and prior to her second course of 
consolidation chemotherapy documented reso-
lution of bacteremia. For her second consolida-
tion, antibacterial prophylaxis was changed to 

amoxicillin/clavulanate plus ciprofloxacin, as well 
as acyclovir and micafungin.

Two weeks after completion of the second 
consolidation course, she presented with com-
plaints of fever to 100.8°F, nausea, and diarrhea 
of 24 hours duration. There was no report of sick 
contacts or eating undercooked meat or fish. The 
patient reported drinking only bottled water. She 
denied excursions outside her home since her 
recent discharge. On admission, blood pressure 
was 141/70 mm mercury, pulse was 71 beats per 
minute, and respiratory rate was 16 breaths per 
minute. Physical examination was without local-
izing findings.

The patient was neutropenic (absolute neutro-
phil count 10/µL), anemic (hematocrit 20.7), and 
thrombocytopenic (10 000/µL). Serum chemis-
tries were within normal limits including the cre-
atinine. Therapy was initiated with cefepime per 
institutional neutropenic fever protocol.

Q U E S T I O N S
•	 What	infectious	etiologies	should	be	

considered to explain this patient’s 
diarrheal illness?

•	 What	diagnostic	approach	should	be taken?
•	 What	are	the	risk	factors	for	development	

of infection?

D I F F E R E N T I A L  D I AG N O S I S
Diarrhea is common in cancer patients and may be 
related to paraneoplastic syndromes, chemothera-
peutic agents, radiation therapy, antimicrobial 
agents, as well as infections. Infections to consider 
in an immunosuppressed cancer patient include 
viral pathogens (enteroviruses, Norwalk virus, 
rotavirus, adenovirus, and less likely cytomegalo-
virus [CMV]), Clostridium difficile, enteric patho-
gens (Campylobacter, Escherichia coli, Salmonella, 
Shigella, Vibrio spp, Yersinia), and, if exposure his-
tory suggests, parasites (Cryptosporidia, Cyclospora, 
Entamoeba histolytica, Giardia). By far, however, C 
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difficile is the most likely cause of infectious diar-
rhea in this patient population.

A D D I T I O NA L   DATA
Blood and urine cultures were obtained, and stool 
was sent for culture and C difficile polymerase 
chain reaction (PCR) testing. Because the stool 
was formed, C difficile testing was not performed 
by the laboratory. Stool culture returned negative, 
ova and parasite examination was negative, PCR 
testing for CMV and adenovirus in blood and for 
adenovirus 40/41 (associated with gastroenteritis) 
in the stool were negative. The patient continued 
to complain of “explosive diarrhea” associated 
with nausea and cramping as well as rectal pain 
occurring every thirty minutes. On hospital day 
4, a stool (liquid) specimen was sent for C difficile 
PCR and returned positive.

T R E AT M E N T  A N D  O U T C O M E
Oral metronidazole 500 mg administered every 
eight hours was started. Her frequency of diarrhea 
increased, and oral vancomycin 500 mg every six 
hours was added. The frequency and volume of 
diarrhea improved, and the patient was discharged 
on oral vancomycin 500 mg every six hours to 
complete a fourteen-day course of therapy. She 
was admitted seven days later for consolidation 
cycle 3. One week after discharge, she presented 
with neutropenic fever and diarrhea. Therapy was 
started with cefepime and metronidazole, and 
stool C difficile PCR was sent and returned posi-
tive, constituting her first relapse. Metronidazole 
was discontinued and oral vancomycin was initi-
ated. She was discharged on a planned four-week 
course of oral vancomycin.

She was admitted for consolidation cycle 4 one 
week later. The patient was maintained on desat-
inib therapy for her AML, and oral vancomycin 
was continued for the next eight weeks and was 
tapered off over three weeks. The patient had a 
second relapse of Clostridium difficile infection 
(CDI) three weeks later and was again treated 
with a vancomycin taper over eight weeks. She 
relapsed one week later, for the third time, and 
was referred to an Infectious Diseases consultant 
who treated her with oral vancomycin for three 
weeks, with resolution of diarrhea, followed by 
a two-week course of fidaxomicin 200 mg orally 
twice daily. Three weeks after completion of fidax-
omicin, a fourth relapse of C difficile occurred [1] . 
The patient was treated with a fidaxomicin for 
three weeks followed by an enema-delivered fecal 
microbiota transplant (FMT). She has remained 
CDI free for over one year.

D I S C U S S I O N
In adult cancer patients, CDI occurs in 5%–9% of 
chemotherapy courses and 5%–20% of patients, 
respectively [2–4]. In the stem cell transplant 
population, this rate increases to as high as 30%. 
Clinically defined “chemotherapy-associated 
bowel syndrome” predicts severe complications 
and death in cancer patients. In a multicentered 
survey of 11 cancer centers, hospitalized cancer 
patients acquired CDI at twice the rates reported 
for all US hospitalized patients (15.8 vs 7.4 per 10 
000 patient days), regardless of diagnostic assay 
used [5] . Not only do cancer patients have higher 
rates of CDI than the general hospital population, 
cancer patients have lower cure rates and longer 
time to resolution of diarrhea with CDI therapy 
than patients without cancer [6]. In addition, can-
cer patients with CDI have been reported to have 
prolonged hospitalizations, interruption or with-
drawal of curative chemotherapy and radiation 
therapy, and death due to CDI [7].

Risk Factors
Risk factors for CDI include prior antimicro-
bial use (especially clindamycin, fluoroquino-
lones, and broad-spectrum cephalosporins), 
chemotherapy (especially antimetabolites such 
as methotrexate, 5-fluorouracil, capcitabine, and 
cyclophosphamide; topoisomerase inhibitors; 
anthracyclines; taxanes; and vinca alkaloids), 
advanced age, exposure to C difficile as noted in 
long-term and acute healthcare settings where the 
population is enriched with patients colonized 
with the organism, prolonged length of hospital 
stay, inflammatory bowel disease, chronic kidney 
disease, and possibly use of proton-pump inhibi-
tors [7–10].

Cancer patients provide the perfect storm in 
risk	for	CDI.	Whether	the	profound	immunologi-
cal changes due to cancer alone without chemo-
therapy can lead to CDI is not known. Risk factors 
for CDI common in the oncology population 
include depressed function of immune response 
(specifically neutropenia and lower antibody 
production directed against clostridial toxins 
A  and  B), recurrent and prolonged hospitaliza-
tions, and repeated antibiotic and chemotherapeu-
tic treatments. Because both chemotherapeutic 
agents and antibiotics can induce CDI, it is often 
difficult to distinguish which is the culprit. Both 
antibiotics and chemotherapeutic agents can alter 
the intestinal microbiome for prolonged peri-
ods after treatment has concluded. In addition, 
chemotherapeutic agents promote inflamma-
tory changes in the gut and may induce intestinal 
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necrosis and an anaerobic, protein-enriched envi-
ronment conducive to C difficile proliferation 
while inhibiting degradation of C difficile toxins 
[11]. Although classically described as a nosoco-
mial process, community-acquired CDI is now 
more common than previously reported and in 
populations previously considered at low risk for 
infection [12, 13]. Cancer patients have frequent 
healthcare-associated clinic visits, frequent antibi-
otic courses (as in the case described), and recur-
rent chemotherapeutic interventions, even in 
the outpatient setting, and this population is one 
uniquely at risk for CDI.

Diagnosis
Because diarrhea is a common complaint in can-
cer patients, healthcare personnel should have 
a high index of suspicion of CDI and access to 
rapid, sensitive, and specific testing to rule out 
CDI as the cause of diarrhea. Clostridium difficile 
infection is defined as having symptoms of diar-
rhea (>3 unformed bowel movements in 24 or 
fewer consecutive hours) and having a diagnostic 
test positive for the presence of C difficile toxins or 
toxigenic C difficile or colonoscopic/histopatho-
logic findings demonstrating pseudomembra-
nous colitis. Testing for C difficile or its toxins 
should only be performed on unformed stool, 
unless ileus due to C difficile is suspected [14]. 
Stool culture is the most sensitive test, but it is not 
clinically practical due to difficulties in culturing 
techniques and slow turn around time. Enzyme 
immunoassay (EIA) testing for clostridial toxins 
A  and/or B is rapid and specific but not sensi-
tive. Enzyme immunoassay sensitivity has been 
reported to range from 35% to 85% [15]. Given 
its low positive predictive value and increased risk 
of false-positive tests on repeat specimen testing, 
there is no additional advantage to sending mul-
tiple specimens for EIA analysis in order to diag-
nose CDI. However, because false-negative results 
on EIA are frequent, negative results in a strongly 
suspected case of CDI may warrant testing by 
another more sensitive method. To enhance sensi-
tivity, some institutions utilize a two-step method 
testing specimens first for glutamate dehydroge-
nase by EIA, a sensitive but nonspecific test, with 
specimens screening positive then tested using 
a cell toxin-specific EIA, cytotoxicity assay, toxi-
genic culture, or PCR [16]. Polymerase chain 
reaction testing for the genes that code for the 
production of toxin A  and/or B is rapid, sensi-
tive (93.3%), and specific (97.4%) [17]. However, 
because individuals may have asymptomatic car-
riage of C difficile possessing the toxin-producing 

genetic locus as part of their normal gut micro-
biome, in order to diagnose CDI, testing must be 
done on unformed fecal specimens.

Because individuals may harbor preformed 
toxin or toxigenic C difficile spores, repeat testing 
during the same episode of illness or as test of cure 
should not be undertaken. Studies have shown 
that ≥50% of hospitalized patients colonized by C 
difficile are symptomless carriers.

Management
In the management of diarrhea in cancer patients, 
empirical therapy for C difficile is not recom-
mended, when diagnostic testing is available, 
unless the patient is severely ill (hemodynamically 
unstable and/or ileus, and/or toxic megacolon) or 
has been diagnosed with CDI in the recent past, 
because even in an epidemic setting, only 30% of 
patients with antibiotic-associated diarrhea will 
have proven CDI [14, 18–20].

There is little prospective and validated data 
relating clinical predictors of outcome for CDI, but 
the factors that appear to correlate best with risk 
of recurrences, complications of CDI, and mortal-
ity from CDI include fever >38.5°C, presence of   
an ileus or megacolon, leukocytosis (>15 000/µL),   
serum albumin <3 mg/dL, renal failure and/or 
a rise of serum creatinine >50% of baseline, age 
≥65 years, severe underlying comorbid illness (can-
cer, altered mental status, cardiopulmonary disease, 
inflammatory bowel disease, hypogammaglobu-
linemia), and the need for concurrent antimicro-
bial therapy. Clostridium difficile infection should 
be judged to be severe if two or more of these risks 
factors are present (Boxes 1.4.1 and 1.4.2).

Although these factors have been used to dif-
ferentiate mild, moderate, and severe cases of 
CDI, these factors have not been validated in the 
immunocompromised patient population.

Primary therapy for patients suspected or 
diagnosed as having CDI is discontinuation of 
any unnecessary antimicrobial agents. Fluid and 
electrolyte replacement therapy should be initi-
ated, and antiperistaltic agents to control diarrhea 
should avoided, whereas use of agents that sup-
press stomach acid secretion should be reviewed 
for necessity.

The current Infectious Diseases Society of 
America/Society of Healthcare Epidemiologists 
(IDSA/SHEA) developed before the release of 
fidaxomicin in 2011 advocates oral metronida-
zole in cases of mild to moderate disease, oral 
vancomycin for serious CDI, and combination 
therapy with enteral vancomycin and intrave-
nous metronidazole in cases of ileus or toxic 
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megacolon [14, 21] (Table 1.4.1). For first relapse, 
these guidelines recommend using the same 
therapy	 as	 the	 initial	 regimen	 unless	 the	WBC	
count is ≥15 000 cells/µL or in cases where there 
is a rising creatinine; in the latter case, vanco-
mycin is recommended. The American Society 
of Gastroenterology guidelines mirror the pub-
lished IDSA/SHEA guidelines for treatment of 
initial and recurrent CDI with the additional 

recommendation of FMT for third recurrence 
of CDI [19]. In the latest guidelines published by 
the European Society of Clinical Microbiology 
and Infectious Diseases, treatment with metro-
nidazole, vancomycin, or fidaxomicin is recom-
mended as initial oral antimicrobial therapy of 
“non-severe” disease [20]. Vancomycin or fidax-
omicin is recommended for treatment of severe 
CDI, and intravenous metronidazole is recom-
mended for those subjects who are unable to have 
orally administered therapy.

There are many small uncontrolled stud-
ies evaluating different agents in managing sec-
ond CDI recurrence or subsequent episodes 
(Table 1.4.2); however, there is only one published 
randomized clinical trial, and based on these 
data, tapering or pulsed dosing of vancomycin 
is currently recommended for management of 
these cases in published treatment guidelines 
[22]. Fecal microbiota transplant has also been 
reported as a treatment option in individuals with 
recurrent CDI. Fecal microbiota transplant is a 
procedure in which stool from a healthy donor 
is delivered into the duodenum or colon of the 
patient. Fecal microbiota transplant has been 
shown to be an effective treatment for recurrent 
CDI [23]. Duodenal infusion of donor feces after 
a three-day course of vancomycin in individuals 
with recurrent CDI in whom vancomycin had 
failed was compared with a fourteen-day course 
of vancomycin with or without bowel lavage by 
van Nood et  al [24]. Subjects in the study arm 
who received donor fecal infusion had signifi-
cantly higher (81%) cure rates than either of the 
vancomycin arms (31% vancomycin alone and 
23% vancomycin plus bowel lavage).

BOX 1.4.1  RISK FACTORS 
FOR SEVERE CDI (CDI IS 
JUDGED TO BE SEVERE 
WHEN ONE OR MORE 
FACTORS PRESENT)

C O N S T I T U T I O NA L

Age	>65 years

Fever	>38.5°C

Hemodynamic	instability/shock

Respiratory	failure

Severe	 underlying	 disease	 comorbidity	 or	

immunodeficiency

P H YS I CA L  E X A M I NAT I O N

Signs	and	symptoms	of	peritonitis

Signs	and	symptoms	of ileus

L A B O R ATO RY

Leukocytosis	 (WBC	 count	 >15	 000	 cells/µL	

with	>20%	band forms)

Rise	in	serum	creatinine	>1.5	times	baseline	

value

Albumin	<3.0 mg/dL

C O L O N O S C O P Y

Presence	of	pseudomembranous	colitis

R A D I O G R A P H I C  F I N D I N G S

Distention	of	the	large	bowel	(>6 cm	in	trans-

verse	width)

Colonic	wall	thickening

Pericolonic	fat	stranding

Ascites	without	other	known causes

Adapted from:
Clin Microbiol Infect. 2014;S2:1; Infect Control 
Hosp Epidemiol. 2010;5:431.

BOX 1.4.2  RISK FACTORS 
FOR RISK OF RELAPSE/
RECURRENT CDI

Age	>65 years

Need	for	concomitant	antibiotic	therapy

History	of	more	than	one	recurrence of CDI

Severe	underlying	disease/

immunodeficiency

Chronic	kidney	disease

Use	 of	 stomach	 acid	 suppressing	 agents		

(i.e.	proton	pump	inhibitors)

Initial	disease	severity

 

 

 

 

 



TABLE 1.4.1. TREATMENT OF CDI

Clinical Definition Recommended Therapy

Initial episode with mild to 
moderate CDI

A Metronidazole 500 mg po q8H for 10–14 days
B Vancomycin 125 mg po qid for 10 days OR
Fidaxomicin 200 mg po bid for 10 days

Initial episode with severe CDI A Vancomycin 125 mg po qid for 10 days
B Vancomycin 500 mg po qid for 10 days OR
Fidaxomicin 200 mg po bid for 10 days

Initial episode, severe 
complicated CDI

(hypotension, ileus, megacolon)

Vancomycin 500 mg po/NG tube every 6 hours PLUS metronidazole 
500 mg q8H. If complete ileus consider vancomycin rectal enemas*

If complete ileus or evidence of an acute abdomen consider surgical consultation

First recurrence Same a initial episode

Second recurrence or more Consider Infectious Diseases consultation
Vancomycin tapered and/or pulsed regimen
If greater than 2 recurrences, consider fecal microbial transplant based on 

degree of immunosuppression of patient

A, primary recommendation; B, secondary recommendation.
Adapted from: Infect Control Hosp Epidemiol. 2010;31:431, Am J Gastroenterol. 2013;108:478, Clin Microbiol Infect. 2014;20(Suppl 2):1.
*Vancomycin rectal enema: 0.5–1.0 grams vancomycin in 1000cc NS instilled as a retention enema.

TABLE 1.4.2. AVAILABLE ANTIBIOTICS FOR THE MANAGEMENT OF CDI

Agent Dose Relative Efficacy/
Recurrence Risk

Adverse Events

Metronidazole 500 mg po tid × 10 d or 250 mg  
po qid × 10–14 d

++ / ++ Nausea, neuropathy, abnormal 
taste in mouth.

(Not an FDA-approved indication.)
Fidaxomicin 200 mg po bid × 10 d +++ / + Not absorbed, therefore systemic 

symptoms unlikely.
Abdominal pain, nausea, vomiting, 

anemia, neutropenia, bowel 
obstruction and GI hemorrhage.

Vancomycin Initial therapy: 125 mg po qid × 10 d
Recurrence therapy: “tapering dose” 

125 mg po qid × 10–14 d, then 
125 mg po bid per day × 1 wk, then 
125 mg po once daily × 1 wk, then 
125 mg po every 2–3 d for 2–8 wks.

+++ / ++ Not absorbed, therefore systemic 
symptoms unlikely.

Nausea

Other agents reported to have activity against CDI without FDA-approved indication

Agent Dose Relative Efficacy/
Recurrence Risk

Adverse Events

Nitazoxanide 500 mg po bid × 10 d ++ / ++ Nausea, diarrhea, abdominal pain.
Rifaximin 400 mg po tid × 10 d or “chaser” 

regimen 400 mg po bid × 14 d
++ / +? Headaches, abdominal pain, 

nausea, flatulence, not absorbed.
Teicoplanin 400 mg po bid × 10 d +++ / ++ Not absorbed so systemic 

symptoms unlikely.
Tigecycline 50 mg iv every 12 hrs × 10 d ++? /? Nausea, vomiting, diarrhea.
Bacitracin 25000 units po qid × 10 d + / +++ Minimal absorbed, poor taste.
Fusidic acid 250 mg po tid × 10 d ++ / ++ Nausea, vomiting, epigastric pain, 

anorexia.

Adapted from: Clin Microbiol Infect. 2012;18 (Suppl 6):28 and Clin Infect Dis. 2012;55:S71.
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Prevention
Because of lag in specimen collection, testing, and 
reporting, some institutions preemptively place 
hospitalized individuals with diarrhea in con-
tact isolation (meaning that all healthcare work-
ers and visitors must practice hand hygiene and 
wear gloves and gown on entry and discard these 
before exiting the patient room). Because alcohol 
does not destroy C difficile spores, hand wash-
ing with soap and water for hand hygiene over 
alcohol-based preparations should be emphasized 
when caring for individuals with CDI because the 
mechanical action of scrubbing and drying has 
been shown to reduce carriage of spores in health-
care workers. Contact precautions should be con-
tinued until diarrhea has resolved and the patient 
is not incontinent.

Chlorine-containing cleaning agents or other 
sporicidal agents should be used to clean the patient 
environment, and disposable thermometers, blood 
pressure cuffs, and stethoscopes should be used 
in patient care. Terminal room cleaning should 
be performed as well with a chlorine-containing 
cleaning agent or sporicidal agent.

Although a difficult issue in the immuno-
compromised population, minimization of the 
frequency of use and duration of antimicrobial 
therapy and the number of agents prescribed can 
reduce CDI risk. There are limited data to sup-
port the use of currently available probiotics as 
primary prevention of CDI, and in the immu-
nocompromised patient population there is a 
risk of blood stream infection from use of these 
agents; therefore, probiotics cannot be routinely 
recommended.

K E Y   P O I N T S
•	 Diarrhea	is	common	in	individuals	

undergoing chemotherapy, and the 
differential should include CDI.

•	 To	prevent	nosocomial	spread	of	CDI,	all	
patients with diarrhea should be placed 
on contact precautions until an infectious 
etiology for the diarrhea is ruled out. 
Empiric treatment for CDI is discouraged if 
testing is readily available and the patient is 
hemodynamically stable.

•	 Oncology	patients	receiving	chemotherapy	
with or without antimicrobial agents are at 
high risk for the development of severe CDI 
and for relapse after CDI-directed therapy.

•	 For	mild	to	moderate	risk	patients	with	an	
initial episode of CDI and without having 
risk factors for relapse, metronidazole 
remains the treatment of choice.

•	 For	those	patients	with	mild	to	moderate	
CDI with two or more risk factors for 
relapse, those with severe CDI, and those 
who are first relapse of CDI, vancomycin or 
fidaxomicin is superior to metronidazole.

•	 For	second	relapse	of	CDI,	a	prolonged	
course of vancomycin or fidaxomicin (pulsed 
or tapered therapy) should be considered.

•	 For	multiple	relapses,	FMT	could	be	
considered depending on the degree of 
immunosuppression experienced by the 
patient.
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1.5
Not Appendicitis in a Neutropenic Host

KARI  NEEMANN,  MD

CA S E  P R E S E N TAT I O N
A 68-year-old female with a one-month history 
of marginal cell lymphoma with leptomeningeal 
involvement presented with a two-day history 
of worsening, diffuse abdominal pain and two 
to three episodes/day of loose, blackish stools. 
Her chemotherapy regimen at presentation had 
included three doses of intrathecal (IT) metho-
trexate (MTX), two doses of rituximab, decadron, 
and one day prior to admission she had received 
one dose of IT cytarabine for failure to improve on 
MTX alone. Her infection prophylaxis consisted 
of oral trimethoprim/sulfamethoxazole twice 
weekly. She denied history of blood in stool, mini-
mal nausea, and no emesis. She had a past history 
of breast cancer status-post chemoradiation and 
resection, melanoma, and basal cell carcinoma 
status-post Mohs procedure, hypertension, type II 
diabetes, and gout.

On initial exam, the patient appeared ill, was 
moaning, inattentive, and only oriented to per-
son. Her temperature was 37.0°C, heart rate 114 
bpm, and blood pressure 72/49  mm mercury. 
Abdominal exam was notable for moderate dis-
tension, rare bowel sounds, and severe tenderness 
to palpation of the bilateral lower quadrants with 
rebound tenderness. Laboratory results revealed a 
white	blood	 count	 (WBC)	of	 300	 cells/mm3 (0% 
neutrophils),	a	dramatic	decrease	 from	the	WBC	
documented	 one	 day	 prior	 to	 admission	 (WBC	
4800 cells/mm3 with 94% neutrophils). The hemo-
globin was 8.9 g/dL and platelet count was 81 000/
mm3. Serum creatinine was elevated from baseline 
at 1.3 mg/dL (range, 0.7–0.9 mg/dL). Coagulation 
studies were remarkable for an elevated prothrom-
bin time, international normalized ratio, and 
partial thromboplastin time (51 seconds, 4.5 sec-
onds, and 39.5 seconds, respectively). Aspartate 
aminotransferase and alanine aminotransferase 
were normal at 23 U/L and 37 U/L, respectively. 
Blood cultures were obtained. Computed tomog-
raphy (CT) scan of abdomen and pelvis revealed a 

pancolitis with colonic wall thickening of the dis-
tal transverse, splenic flexure, descending colon, 
and sigmoid colon concerning for an infectious or 
inflammatory colitis. Ischemia was believed less 
likely due to the distribution, and no free air was 
seen to suggest perforation (Figure 1.5.1).

D I F F E R E N T I A L  D I AG N O S I S
The differential diagnosis of an immunocompro-
mised patient presenting with abdominal pain 
with associated diarrhea is numerous because 

FIGURE  1.5.1: Computed tomography of abdomen/
pelvis with pancolitis noted; with colonic wall thicken-
ing of the distal transverse, splenic flexure, descending 
colon, and sigmoid colon.
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several conditions present with similar clinic find-
ings. Conditions that may present in a similar 
fashion to the described patient include bacte-
rial (Salmonella, Campylobacter, Shigella, entero-
toxigenic Escherichia coli) and viral (norovirus, 
rotavirus, adenoviruses, astrovirus) gastroenteri-
tis, neutropenic enterocolitis (NE), Clostridium 
difficile colitis, intussusception, diverticulitis, 
ischemic colitis, and appendicitis. If this was a 
post-allogeneic hematopoietic stem cell transplant 
patient, then cytomegalovirus (CMV) infection 
and graft-versus-host disease (GHVD) would 
also need to be considered. High-quality imaging 
is critical in that it allows us to narrow the differ-
ential. In the patient presented, the CT was able 
to demonstrate a diffuse colonic thickening that, 
along with her neutropenia and recent frequent 
medical access, put NE and C difficile colitis at the 
top of the differential.

I N I T I A L  M A NAG E M E N T
The patient was admitted to the intensive care unit 
for fluid resuscitation and vasopressor support. 
Empiric broad-spectrum antibacterial coverage 
consisted of cefepime, vancomycin, and metroni-
dazole. Antifungal therapy with micafungin and 
treatment with granulocyte colony-stimulating 
factor (G-CSF) were also initiated on admission. 
Blood component replacement therapy was begun 
to manage the disseminated intravascular coagu-
lation. Stool enzyme immunoassay tests for C 
difficile A/B toxin and glutamate dehydrogenase 
were negative, indicating that C difficile was not 
causing the illness observed. She was made NPO, 
and surgical consult was obtained for suspected 
impending perforation, but surgical intervention 
was declined by the family.
Final Diagnosis: Neutropenic enterocolitis with 
likely perforation of the bowel

T R E AT M E N T  A N D  O U T C O M E
Over the following forty-eight to seventy-two hours, 
the patient had deterioration of her mental status 
and required mechanical ventilation and increas-
ing vasopressor support. She continued with sev-
eral episodes of melenic stools daily and persistent 
rebound tenderness of the entire abdomen, with 
distention. On the third day of hospitalization, sup-
portive care was discontinued and the patient died.

D I S C U S S I O N

Neutropenic Enterocolitis
Patients receiving chemotherapy for malignancy will 
frequently develop infections of the intestinal tract, 

especially during periods of neutropenia. Several 
syndromes that overlap in clinical presentation have 
been described during this period and include the 
following:  cholecystitis, diverticulitis, CMV infec-
tion, C difficile-associated colitis, GHVD, and NE. 
These entities are often difficult to distinguish based 
on clinical manifestations alone because they all can 
present with fever, abdominal pain, distension, and 
diarrhea. Neutropenic enterocolitis was classically 
called “typhlitis” (typhlon or cecum, from the Greek 
word typhlos meaning blind or closed) in reference 
to the cecum as the most frequent location of the 
inflammation, although, in practice, the inflam-
mation can be seen throughout the colon [1] . The 
disease varies in its clinical severity from mild, or 
nonnecrotizing, form to a severe transmural process 
that often foreshadows a poor prognosis, including 
death. The incidence has ranged from 2.35%–6% in 
acute leukemia [2–5], 5.3% (266 of 5058; 95% confi-
dence interval, 4.7%–5.9%) in patients hospitalized 
for hematological malignancies, or for high-dose 
chemotherapy in solid tumors or for aplastic ane-
mia [6]; it is approximately 12% in post autologous 
stem cell transplant [7]. Neutropenic enterocolitis 
typically occurs five to fourteen days after com-
mencement of chemotherapy, during the neutrope-
nic phase [8, 9].

The pathogenesis of NE is thought to result 
from a combination of mucosal injury secondary 
to cytotoxic drugs, neutropenia, and impaired host 
defense to intestinal organisms. The initial insult 
appears to be disruption of the bowel mucosa 
from either the cytotoxic effect of chemotherapy 
or the leukemic infiltrates themselves. The disrup-
tion of the mucosa in combination with either 
overgrowth of microbial species native to the gut 
or from acquisition of nosocomial flora associated 
with concurrent empiric broad-spectrum (usually 
prophylactic) antibiotic administration often pro-
motes bacterial invasion of the bowel wall, aided 
by decreased defense mechanisms associated with 
neutropenia and cytoreductive chemotherapy. 
Lastly, the bacterial endotoxins produced can lead 
to increased necrosis and hemorrhage [10–13]. 
Organisms commonly associated with NE include 
Clostridium species, Pseudomonas species, E coli, 
and Candida species, although a broad range 
of pathogens may be involved [12, 14,  15]. On 
autopsy or surgical pathology specimens, the 
gross appearance of the bowel demonstrates a 
dilated, edematous, and frequently hemorrhagic 
external appearance [15]. Microscopically, there 
is edema of the mucosa or the entire intestinal 
wall, mucosal ulcerations, focal hemorrhage, and 
mucosal or transmural necrosis [9, 15].
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Risk Factors
Neutropenic enterocolitis was first described 
in pediatric patients receiving therapy for vari-
ous malignancies but primarily acute leukemia 
[16]. It is interesting to note that case reports 
exist of NE as the presenting clinical syndrome 
of acute leukemia and in individuals with aplas-
tic anemia and cyclic neutropenia who have 
not received chemotherapeutic agents [17,  18]. 
Agents most commonly associated with typhli-
tis include cytosine-arabinoside, etoposide, and 
daunorubicin. Other implicated agents include 

doxorubicin, capecitabine, 5-fluorouracil, MTX, 
vincristine, carboplatin, and prednisone [19–25]. 
Most recently, taxanes (paclitaxel, docetaxel) 
therapy alone or in combination with other ther-
apy frequently used for solid tumors has been 
demonstrated as an additional risk factor for NE 
[26–29] (Box 1.5.1).

Clinical Presentation and Diagnosis
Patients with NE may present with fever, abdomi-
nal pain (often localized to the right lower quad-
rant), distention, diarrhea, bloody stools, nausea, 
and vomiting [11, 14]. Paralytic ileus may develop 
occasionally, but it is relatively uncommon. Serial 
abdominal exams to evaluate for progression of 
disease should be performed until resolution of 
symptoms, often beyond the recovery from neu-
tropenia. These clinical manifestations are non-
specific and could be associated with a number 
of other abdominal processes [30]. Gorschlüter 
et al [6]  have proposed the following case defini-
tion including both clinical and radiological cri-
teria: neutropenic fever, abdominal pain, and any 
bowel wall thickening >4 mm detected by ultraso-
nography (US) or CT (Box 1.5.2).

Computed tomography of abdomen is the cur-
rent radiological investigation of choice because it 
provides for a clearer delineation among multiple 
disorders capable of causing differing degrees of 
bowel wall thickening [1,  5]. Suggestive features 
include colonic mural thickening (>4  mm in a 
distended bowel segment) with low-density areas 
representing edema and/or necrosis, pericolic 
inflammation (evidenced by fat stranding), asci-
tes, pneumatosis intestinalis, and free air in the 
presence of underlying mural necrosis and perfo-
ration [9] . Mural thickness of >10 mm has been 
associated with poorer outcome among patients 
with NE [5, 31]. Ultrasound imaging, which has 
the advantage of being performed bedside, has 
also been found to be more useful in monitor-
ing the clinical course of NE than in diagnosing 
by demonstrating measurable reduction in bowel 
wall thickening in patients who are responding to 
therapy [5].

In addition to imaging, the following labora-
tory tests should also be obtained: a complete blood 
count to assess for degree of neutropenia, ane-
mia, or thrombocytopenia and a comprehensive 
metabolic panel to assess renal and hepatic func-
tion. Blood cultures should be obtained to assess 
for bacteremia, and stool for C difficile screening 
should be completed because C difficile-associated 
disease is in the differential diagnosis.

BOX 1.5.1  CHEMOTHERAPEUTIC 
AGENTS LINKED TO NEUTROPENIC 
ENTEROCOLITIS

BOX 1.5.2  DIAGNOSTIC 
CRITERIA FOR NEUTROPENIC 
ENTEROCOLITISa

Abbreviations: ANC, absolute neutrophil count; GI, 
gastrointestinal.
a Adapted from Eur J Haematol. 2005;75:1.

Major Finding
Neutropenia

ANC <500 × 109 cells/L
Bowel wall thickening on CT or US

>4 mm thickening in any segment of 
bowel

Fever
>38.3°C

Minor Abdominal pain
Abdominal cramping
Abdominal distention
Diarrhea
Lower GI bleeding

cytosine-arabinoside methotrexate
etoposide vincristine
daunorubicin carboplatin
doxorubicin prednisone
capecitabine paclitaxel
5-fluorouracil docetaxel
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Treatment
The management of NE is primarily conservative, 
consisting of bowel rest, parenteral nutrition, fluid 
resuscitation, and nasogastric suction if needed in 
combination with broad-spectrum antibiotics and 
early surgical consultation to monitor for acute 
abdomen with perforation or ischemia [8,  32]. 
Treatment should be directed against the major 
pathogens that are typically isolated in patients with 
NE, including Clostridium species, Pseudomonas 
species, E coli, and Candida species [12, 14,  15]. 
Due to the limited efficacy of cephalosporins 
against Clostridial species, it is recommended to 
include anaerobic coverage (i.e. metronidazole) in 
addition to enteric Gram-negative coverage to the 
antibiotic regimen [6, 33–35] (Table 1.5.1).

Gorschlüter et  al [36] found that the fre-
quency of invasive fungal NE is probably 
approximately 5% but that the mortality was 
approximately 70%–80%. Therefore, these 
authors concluded that antimycotic therapy 
should be considered in patients with NE with 
persistent fevers [36] (Figure 1.5.2). The role 
of G-CSF has not been well studied, but the 
American Society of Clinical Oncology does sup-
port its use in patients with fever and neutrope-
nia who are at high risk for infection-associated 
complications, or those who have prognostic 
factors that are predictive of poor clinical out-
comes. High-risk features included expected 
prolonged (10 days) and profound neutropenia, 
age greater than 65 years, uncontrolled primary 
disease, pneumonia, hypotension and multior-
gan dysfunction (sepsis syndrome), invasive 
fungal infection, or being hospitalized at the 
time of the development of fever [10, 37].

The following criteria for surgical interven-
tion have been proposed: gastrointestinal bleeding 
that persists after improvement of neutropenia, 

thrombocytopenia, and coagulopathy; free air in 
the intraperitoneal cavity (intra-abdominal per-
foration); clinical deterioration during medical 
therapy, such as uncontrollable sepsis (hypoten-
sion, organ perfusion impairment); or develop-
ment of symptoms of an intra-abdominal process 
in the absence of neutropenia that would usually 
require surgery, such as acute appendicitis [38]. 
Perforated or necrotic bowel must undergo surgical 
correction, although mortality is extremely high in 
this setting. If surgical correction is needed, it has 
been recommend that primary bowel anastomo-
sis should not be attempted in the face of ongoing 
leukopenia; that resection and diversion should be 
performed [39]. Supportive care and antimicrobial 
therapy should be continued until resolution of 
clinical signs of infection occurs, including nor-
malization of temperature and the absolute neutro-
phil count and return of gastrointestinal function.

Prognosis
Historically, mortality rates associated with 
NE have been high, ranging from 50%–100%, 
although with good medical management the 
rate has now been reported to be as low as 20% 
[11]. Cartoni’s [5]  retrospective case series on 
NE revealed an overall mortality of 29.5%, but 
patients with bowel wall thickness of more than 
10  mm had a significantly higher mortality rate 
(60%) than did those with bowel wall thickness 
<10 mm (4.2%; P < .001).

K E Y   P O I N T S
•	 Neutropenic	enterocolitis	is	commonly	

seen in the ileocecal region but can be 
observed throughout the colon.

•	 The	pathogenesis	of	NE	probably	involves	a	
combination of factors, including mucosal 
injury by cytotoxic drugs, profound 
neutropenia, and impaired host defense to 
invasion by microorganisms.

•	 Diagnosis	should	be	suspected	when	the	
following are present: neutropenic fever, 
abdominal pain, and any bowel wall 
thickening >4 mm detected by US or CT.

•	 Antibacterial	therapy	should	be	
targeted against enteric Gram-negative 
pathogens and anaerobes, and the 
addition of anti-fungal therapy should be 
considered in those individuals who have 
persistent fever.

•	 Early	surgical	consultation	should	be	
sought to evaluate for the development of 
an acute abdomen.

TABLE 1.5.1. ANTIBIOTICS FOR EMPIRIC 
TREATMENT OF NEUTROPENIC 

ENTEROCOLITIS

Antibiotics for Empiric Treatment Dosages

Monotherapy
Piperacillin-tazobactam 3.375 g IV q6h
Meropenem 1 g IV q8h
Dual-Therapy
Cefepime 2 g IV q8h or
Ceftazidime 1 g IV q8-12h plus
Metronidazole 500 mg IV q6h
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Patient with suspected neutropenic enterocolities
(Fever, neutropenia, abdominal symptoms/signs)

•  Complete blood count; coagulation studies
•  Chemistery panel including renal & hepatic function tests
•  Abdominal CT or Ultrasound
•  C. difficile toxin or PCR assay

•  Bowel rest (consider TPN) + fluid
    support

•  Maintain hemoglobin > 7 gr/dl, platelets
    >50000/l correct coagulation
    abnormalities

•  Broad spectrum, parenteral antibiotics
    (consider antifungal agents)b

•  ANC ≤ 100/mm3

•  Bowel wall thickening >10 mm

•  Persistent intestinal hemorrhage

•  Bowel perforation/acute abdomen •  Continue general supportive care until
    resolution of symptoms

•  Monitor bowel wall thickening with US
    or CT

•  Continue antibiotics until resolution of
    symptoms and ANC >1000

•  Delay further chemotherapy until full
    resolution; consider modifying regimen
    if more chemotherapy is necessary.

•  Surgical intervention as indicated

•  Consider G-CSF and/or granulocyte
     transfusions

Other obvious causes such
as appendicitis, GVHD,
C. difficile colitis etc.

Neutropenic enterocolitis confirmeda

ANC ≤500/mm3

>4 mm Bowel Wall thickening

Treat as indicated
Medical & Surgical Management

FIGURE 1.5.2: Treatment Algorithm (Adapted from Nesher et al.30).
Abbreviations: ANC, absolute neutrophil count; CT, computerized tomography; G-CSF, granulocyte colony stimu-
lating factor; GVHD, graft versus-host disease; PCR, polymerase chain reaction; tpn, total parenteral nutrition; US, ultrasound.
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1.6
Lung Lesions, Skin Lesions, Brain  
Lesions … Oh My

PATRICK  TANG, MD AND R .  GREGORY BOCIEK ,  MD

CA S E  P R E S E N TAT I O N
A 71-year-old woman with history of chronic 
lymphocytic leukemia (CLL) initially presented 
to her primary care physician at an outside insti-
tution with a two-month history of progressively 
worsening cough and dyspnea with associated 
fevers. A  computed tomography (CT) imaging 
study of her chest (Figure 1.6.1) identified a new 
4.5 cm noncalcified solid mass with areas of gas 
in superior segment of right lower lobe with sur-
rounding pulmonary nodules. She was treated for 
community-acquired pneumonia with oral levo-
floxacin 750 mg daily, but symptoms persisted 
leading to an ultrasound-guided biopsy of a right 
lung lesion. Fite stain of the lung tissue showed 
a Gram-positive branching, beaded, filamentous 
bacilli (Figure 1.6.2), but Gomori’s methenamine 
silver (GMS) stain and acid-fast stains were nega-
tive. Confirmative cultures were not sent, and 
thus a pathogen was not identified. She was again 
treated empirically with an extended course of 
oral levofloxacin for five weeks followed by two 
weeks of azithromycin, again without clinical 
improvement.

On evaluation at our center, after seven weeks 
of oral antibiotics, she reported progressive short-
ness of breath and fatigue that was worse with 
activity. She denied headaches, visual changes, 
night sweats, weight loss, or difficulty sleeping. 
She appeared distressed, diaphoretic, and pale. 
Her blood pressure was 137/61 mm mercury with 
a pulse of 94 bpm and oral temperature of 38.4°C. 
Remarkable physical exam findings included 
decreased breath sounds over the right lung base 
and an 18–20  mm nodular red-purplish raised 
skin lesion on her right lower extremity below 
the knee.

Her CLL had previously been treated with 
oral chlorambucil monotherapy for six months, 
discontinued four years ago due to complica-
tions including febrile neutropenia, pulmonary 
emboli, and lobar pneumonia. Since then, no fur-
ther chemotherapy was given. Six months prior to 
presentation, she was hospitalized with Legionella 
pneumonia, atrial fibrillation, and recurrent pul-
monary emboli. She also has a history of rheuma-
toid arthritis that is well controlled on prednisone 
5 mg daily for many years.

(a) (b)

FIGURE 1.6.1: Computed tomography images of chest, axial and coronal views, right lower lobe mass.
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Q U E S T I O N S
•	 What	infectious	etiologies	should	be	

considered in this context of chronic 
pneumonia?

•	 What	further	diagnostics	should	be	
considered?

•	 What	are	the	risk	factors	for	developing	a	
chronic pneumonia in a patient who is not 
neutropenic?

D I F F E R E N T I A L  D I AG N O S I S
Infections to consider in an immunosuppressed 
host presenting with pulmonary symptoms, fever, 
and noncalcified lung mass should include the 
following:

•	 Fungal—Aspergillus spp, Cryptococcus 
neoformans, Pneumocystis jirovicii, endemic 
fungal infections such as histoplasmosis, 
coccidioidomycosis, or blastomycosis

•	 Mycobacterial—Mycobacterium 
tuberculosis, Mycobacterium avium-
intracellulare, Mycobacterium kansasii

•	 Bacterial—Streptococcus pneumoniae, 
Staphylococcus aureus, Pseudomonas 
aeruginosa, Klebsiella pneumoniae, 
Nocardia spp

Obtaining the appropriate diagnosis is essential 
to targeting appropriate treatment for any patient 
with a pulmonary infiltrate. Bronchoalveolar 
lavage is a moderately sensitive method to isolate 
a pulmonary pathogen and is usually a first step in 
the approach to immunosuppressed patients with 
pulmonary infiltrates. However, a tissue biopsy 
may increase sensitivity by providing histopatho-
logic specimens. Because this patient had a large 
mass on CT scan, a lung biopsy was deemed the 
most direct way to obtain tissue for histopathol-
ogy and cultures.

A D D I T I O NA L   DATA
Initial workup included a sputum culture that grew 
only a colonizing Candida albicans species and 
was negative for growth of routine bacterial patho-
gens or acid-fast bacilli on smear. Serologic studies 
were nonrevealing, including the following:  histo-
plasma urine antigen, 1,3-β-d-glucan serum anti-
gen, Cryptococcus serum antigen, Mycoplasma 
pneumoniae immunoglobulin (Ig)M, and serum 
Aspergillus galactomannan. Serum quantitative 
Ig levels were as follows:  IgG  591 mg/dL (normal 
700–1600 mg/dL), IgA 67 mg/dL, and IgM 39 mg/dL.

An excisional biopsy of the right lower leg skin/
soft tissue lesion showed acute and chronic inflam-
mation and granulation tissue formation on histo-
pathology. Tissue Gram stain showed branching 
filamentous bacteria, which grew in Sabouraud 
dextrose agar and was later identified as Nocardia 
species. A  modified acid-fast stain was posi-
tive. Antimicrobial susceptibility and molecular 
sequencing were most consistent with the organism 
Nocardia exalbida, a very rare species of Nocardia 
[1, 2]. A typical antimicrobial susceptibility pattern 
of Nocardia asteroides type I, a common nocardial 
pathogen, is shown in Table 1.6.1 [3, 4].

With	 suspicion	 for	 disseminated	 nocardio-
sis, a brain magnetic resonance imaging study 
(Figure 1.6.3) was performed to evaluate for central 
nervous system (CNS) involvement. This revealed 
multifocal ring enhancing lesions involving the 
right parasagittal frontal lobe, left caudate, left pos-
terior temporal/parietal lobe, left inferior temporal 
lobe, and right cerebellum. There was also evidence 
of right sigmoid dural venous sinus thrombosis 
extending into the proximal internal jugular vein.
Final Diagnosis: Disseminated nocardiosis involv-
ing lung, brain, and skin

T R E AT M E N T  A N D  O U T C O M E
The patient initially received empiric piperacillin/
tazobactam. After report of Nocardia spp, with its 
antimicrobial sensitivities, she received high-dose 
oral trimethoprim-sulfamethoxazole ([TMP-SMX] 
10 mg/kg per day divided into three daily 
doses = two tablets three times a day) for one year 
and intravenous ceftriaxone (2 grams twice a day) 
for the first six weeks of treatment. She was seen reg-
ularly in follow up with interval imaging studies and 
had gradual improvement of pulmonary symptoms 
and radiographic findings over the course of therapy.

D I S C U S S I O N

Nocardia Infections
Nocardia species are a group of aerobic Gram-
positive bacteria that commonly reside in soil, 

FIGURE  1.6.2: Fite stain, Gram-positive branching, 
beading, filamentous bacilli.
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organic material, water, compost vegetation, and 
other environmental sources. The organism enters 
the body via either inhalation or contamination 
of a wound. It is an uncommon infection but has 
been reported worldwide. Localized or dissemi-
nated systemic disease may involve the lung (in 
over half of cases), CNS, skin, and other extrapul-
monary sites [1, 3, 5, 6].

More than 100 species of Nocardia are cur-
rently identified, many of which have been rec-
ognized as causes of human infections [7] . The 
most important pathogenic species for humans 
and animals are N asteroides complex, Nocardia 
brasiliensis, Nocardia pseudobrasiliensis, Nocardia 
otitidiscaviarum, and Nocardia transvalensis 
[1]. Nocardia asteroides complex includes types 
I–VI. Type III is called Nocardia nova and type V, 
Nocardia farcinica [8].

Risk Factors
Nocardiosis is considered an opportunistic infec-
tion; however, it affects immunocompetent hosts 
in approximately one third of all cases [5] . Risk 
of infection due to Nocardia spp is increased in 
a variety of chronically immunocompromised 
hosts, including those with human immunode-
ficiency virus infection, solid organ or hemato-
poietic stem cell transplant, chronic lung disease, 
alcoholism, malignancy, and diabetes [5, 9–13]. 
History of prolonged steroid therapy is a particu-
larly significant risk factor, seen in 50% or more of 
all cases [11, 14].

Clinical Presentation
Nocardiosis may present as either an acute or chronic, 
often disseminated suppurative or granulomatous 
infection, most commonly in the lung. Clinical 

TABLE 1.6.1. TYPICAL IN VITRO CULTURE AND SUSCEPTIBILITY  
PATTERN OF NOCARDIA ASTEROIDES  TYPE IV

Antibiotic Sensitivity Minimum Inhibitory Concentration

Amikacin Susceptible <1
Amoxicillin/Clavulanate Susceptible <1
Ceftriaxone Susceptible <1
Ciprofloxacin Resistant >8
Clarithromycin Intermediate 4
Linezolid Susceptible <1
Minocycline Susceptible <1
Tobramycin Susceptible <1
Trimethoprim/sulfamethoxazole Susceptible <0.25
Imipenem Susceptible <1

(a) (b)

FIGURE 1.6.3: Magnetic resonance images of brain, axial and coronal views, multifocal ring enhancing lesions.

 

 



Infections in Cancer Patients38

manifestations of nocardiosis are widely variable and 
can affect many tissue sites. Although primary infec-
tion of the lung is characteristic, nearly half of all pul-
monary cases disseminate to sites outside the lung, 
most commonly the skin and brain [5, 6, 15].

Signs and symptoms of pulmonary nocar-
diosis are not specific and vary in acuity of onset 
and severity. Some frequent presenting symp-
toms include fever, cough, dyspnea, hemoptysis, 
pleuritic chest pain, night sweats, anorexia, nau-
sea, vomiting, and weight loss [3, 6, 11, 15,  16]. 
Accordingly, presentation with chronic respiratory 
symptoms and a chronic pneumonia should raise 
the possibility of Nocardia spp pulmonary infec-
tion as well as tuberculosis and endemic fungal 
infections such as histoplasmosis. Radiographic 
findings vary as well, and they can appear as nod-
ules (multiple or single), a mass (with or without 
cavitation), infiltrates, consolidations, subpleural 
plaques, or pleural effusions [3, 5].

Approximately one third of nocardial infec-
tions present with systemic disease involving 2 
or more sites, including CNS involvement in 44% 
of disseminated cases and 20% of all cases [5] . 
Clinical findings of CNS involvement are nonspe-
cific, and they are often clinically silent. Possible 
presenting symptoms may include fever, head-
ache, nausea, vomiting, seizures, meningismus, 
and focal neurologic deficits [5, 9, 17]. In general, 
CNS lesions appear as parenchymal abscesses 
with ring-enhancement and may involve any 
region of the brain. Nocardia meningitis is rare, 
and it is often associated with brain abscesses [18].

Cutaneous involvement of nocardiosis is usu-
ally due to dissemination from a lung focus. Local 
ulcerations, subcutanesous abscesses, or cellulitis 
are most common manifestations. Mycetomas 
may manifest as areas of local edema or swelling 
with erythema and draining sinus tracts and is 
usually due to N brasiliensis [1, 6, 15].

Diagnosis
Definitive diagnosis of Nocardia spp infection 
requires isolation and identification of organism 
from clinical specimen, which often requires an 
invasive procedure. Nocardia spp histologically 
appear as thin, beaded, branching Gram-positive 
bacilli and are positive by modified acid-fast stain 
(and may be weakly acid-fast positive) and typi-
cally stain positive by GMS (silver) stain [19]. 
Nocardia sp are strict aerobes that demonstrate 
slow growth on solid or liquid media, requir-
ing five to twelve days of incubation for tissue or 
blood cultures to turn positive [5, 6,  19]. In our 
case, biopsy of both pulmonary and cutaneous 

lesions was necessary to obtain definitive diagno-
sis. Speciation is difficult, and it is typically based 
on antimicrobial susceptibility profile and poly-
merase chain reaction.

Management
Without	treatment,	pulmonary	and	disseminated	
nocardiosis are typically fatal. Among patients 
who are treated with appropriate antibiotics, the 
mortality rate may be as high as 50% or greater in 
immunocompromised patients with disseminated 
infections. Mortality rate is approximately 10% in 
immunocompetent patients with localized lung 
infection, and overall excellent outcomes are asso-
ciated with limited skin disease.

Sulfonamides are the mainstay of Nocardia 
therapy. Empiric therapy for nocardiosis should 
always include a sulfonamide, and TMP-SMX has 
traditionally been the most readily available formu-
lation and has consistently shown clinical efficacy 
against most species. Initial dose of TMP-SMX 
should be 10–15 mg/kg of the trimethoprim com-
ponent per day divided into two to four doses. 
Therapeutic drug monitoring is recommended 
in severe cases, to target serum sulfonamide level 
of 100 to 150 mcg/mL measured two hours after 
dose administration [3] . Combination therapy is 
reserved for cases of severe or disseminated infec-
tion, especially if the CNS is involved. The choice of 
additional drugs (to a cornerstone of TMP-SMX) is 
based on in vitro susceptibility testing because sus-
ceptibility patterns vary among Nocardia species.

Combination therapy may include initial 
parenteral agents along with TMP-SMX, such as 
amikacin (7.5 mg/kg intravenously every twelve 
hours), imipenem (500 mg intravenously every 
six hours), or a third-generation cephalosporin 
[3] . Again, susceptibility testing is essential to ulti-
mately choose effective agents.

Although linezolid is effective in vitro across 
all Nocardia spp tested, its use is limited by poten-
tial myelosuppression and peripheral neuropathy 
when given for long periods [23].

Once antimicrobial susceptibility results are 
available and the patient clinically improves (usu-
ally after three to six weeks), treatment can be 
switched to oral monotherapy. Prolonged therapy 
for six to twelve months or longer in immunosup-
pressed patients is recommended due to treat-
ment failure and relapse [3] .

K E Y   P O I N T S
•	 Nocardia spp infections are considered 

opportunistic but up to one third of cases 
occur in immunocompetent hosts.
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•	 Lung	is	the	most	common	infection	site,	
but CNS, skin, and other sites may occur.

•	 CNS	disease	is	very	common,	occurring	in	
up to 50% of pulmonary cases, and often 
clinically silent; CNS imaging is mandatory 
if pulmonary nocardiosis is diagnosed.

•	 Isolation	and	identification	often	requires	a	
tissue biopsy; growth in culture is slow.

•	 Sulfonamides	are	the	mainstay	of	therapy,	
usually given as oral TMP-SMX; however, 
in vitro susceptibility patterns may vary 
depending on strain.

•	 Long	durations	of	therapy	are	typically	
required to treat Nocardia infections 
(≥6 months) in immunocompromised 
patients.
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1.7
Lung Mass in a Neutropenic Patient With 
Leukemia: Beyond Aspergillosis

MICHAEL  J .   SATL IN, MD, MS , STEPHEN CASTRO, MD,  

AND THOMAS J .  WALSH,  MD

CA S E  P R E S E N TAT I O N
A 65-year-old woman from China with relapsed 
acute myeloid leukemia (AML) was evaluated 
for recurrent fever in the setting of neutropenia 
while receiving salvage therapy with decitabine. 
She was initially diagnosed with AML one year 
prior to this presentation, previously achieved a 
complete remission with idarubicin and cytara-
bine, and received numerous courses of consoli-
dation chemotherapy. During these treatments, 
she developed scattered nodular opacities that 
resolved after starting voriconazole, although 
a microbiologic diagnosis for these lesions was 
never obtained.

She was found to have relapsed leukemia 
based on the identification of myeloblasts in her 
peripheral blood and was admitted to the hos-
pital for treatment with ten days of intravenous 
decitabine. Given her history of a possible invasive 
fungal infection, she received voriconazole for 
antifungal prophylaxis. Nineteen days after start-
ing decitabine, she developed fever and neutrope-
nia and cefepime was initiated. The fever resolved 
after one day and blood cultures did not yield 
organisms. Nine days later, she began a second 
ten-day cycle of decitabine. During the fourth day 
of this cycle, she developed fever, and cefepime 
was changed to meropenem. She defervesced by 
the next day, but developed another fever on the 
last day of her decitabine infusion. She did not 
have visual changes, pain, cough, dyspnea, vomit-
ing, diarrhea, or dysuria. She had been neutrope-
nic for four weeks. Blood cultures were obtained 
and vancomycin was added to meropenem.

On physical exam, she was comfortable-
appearing and alert, but she had a temperature 
of 39.4°C and a heart rate of 116 bpm. She had a 
normal blood pressure, respiratory rate, and oxy-
gen saturation on room air. There were no plaques 

or mucosal erosions in her oropharynx. Her lungs 
were clear to auscultation, her heart rate was reg-
ular, her abdomen was soft and nontender, and 
she had no skin lesions. She had a peripherally 
inserted central catheter in her left arm that had 
no erythema or tenderness at the insertion site.

Laboratory data were notable for white blood 
cell count 1400 cells/mm3, of which 85% were 
lymphocytes and 6% were neutrophils, hemo-
globin 10.3 g/dL, and platelet count 40 000/mm3. 
Her serum creatinine was 0.7 mg/dL, and her liver 
function tests and urinalysis were normal. A non-
contrast computed tomography (CT) scan of the 
chest and sinuses was obtained and revealed a new 
5.6 × 4.4 cm mass-like focus of consolidation with 
surrounding ground-glass attenuation in the apex 
of the right upper lobe and no abnormalities in 
the sinuses or orbits.

Q U E S T I O N S
•	 What	are	the	possible	infectious	etiologies	

of this patient’s fever and lung mass?
•	 How	is	this	differential	diagnosis	influenced	

by her prophylactic antifungal and 
empirical antibacterial therapy?

•	 What	diagnostic	approach	should	be taken?

D I F F E R E N T I A L  D I AG N O S I S
Infectious etiologies of a well circumscribed lung 
mass in a patient with a hematological malig-
nancy and prolonged neutropenia include inva-
sive moulds, such as Aspergillus spp, Mucorales, 
and Fusarium spp, Nocardia, and mycobacteria. 
Occasionally, large lung nodules or masses can 
also be caused by more typical causes of bacte-
rial pneumonia, such as Pseudomonas aeruginosa, 
Klebsiella pneumoniae, and Legionella spp. The 
finding of a dense, well circumscribed nodule or 
mass with surrounding ground-glass attenuation 
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is suggestive of a mould infection and is classically 
associated with aspergillosis.

A D D I T I O NA L   DATA
Given the appearance of a lung mass in a neutro-
penic patient despite voriconazole prophylaxis, 
therapy with 5 mg/kg of daily liposomal ampho-
tericin B (LAMB) was initiated to cover potential 
breakthrough fungal pathogens and voriconazole 
was discontinued. Her fever resolved after two 
days. Vancomycin was discontinued, but she 
continued to receive meropenem for fever and 
neutropenia. Serum (1–>3)-β-d-glucan and 
Aspergillus galactomannan enzyme immunoassay 
tests were negative.

She subsequently had a CT-guided, fine-needle 
aspirate (FNA) and core biopsy of the lung mass 
five days after starting LAMB. Gram, calco-
fluor white/potassium hydroxide, and acid-fast 
(Kinyoun) stains of the biopsy specimens did 
not reveal any organisms. A  Papanicolaou stain 

of the FNA cytology revealed broad, relatively 
aseptate hyphae with right-angle branching in a 
background of necrosis, few macrophages, and 
scattered reactive epithelial cells. The core biopsy 
revealed infarcted lung parenchyma and Gomori 
methenamine silver stain revealed hyphal forms 
resembling those identified in the FNA. The bac-
terial, fungal, and mycobacterial cultures did not 
yield any pathogens.

Final Diagnosis: Pulmonary mucormycosis in a 
neutropenic patient with AML who was receiving 
prophylactic voriconazole

T R E AT M E N T  A N D  O U T C O M E
She continued to receive 5 mg/kg of daily LAMB. 
Her neutropenia resolved and she remained afe-
brile. Her meropenem was discontinued, and she 
was discharged to home on daily LAMB infu-
sions twelve days after the biopsy. She developed 
hypokalemia and required daily oral potassium 
supplementation. After completing six weeks 
of LAMB, she developed acute kidney injury, 
leading to discontinuation of LAMB and initia-
tion of 200 mg of oral posaconazole suspension 
four times daily with food. A follow-up chest CT 
was performed 2.5  months after starting anti-
fungal therapy and showed that the lesion had 
decreased in size from 5.6 × 4.4 to 3.6 × 1.0 cm. 
She received three more cycles of decitabine, 
but her leukemia ultimately progressed, requir-
ing the initiation of other salvage regimens. 
Posaconazole was initiated during all episodes 
of neutropenia, and the lung lesion continued to 
decrease in size. She ultimately died of refractory 
leukemia ten months after she was diagnosed 
with pulmonary mucormycosis.

FIGURE 1.7.1: Chest CT demonstrating a dense, well-
circumscribed apical mass, with surrounding ground 
glass attenuation (halo sign).

90 degree
angle

FIGURE 1.7.2: Oil immersion of a ThinPrep Papanicolaou 
stain that demonstrates a broad hyphal structure with 
90-degree branching and only one septum, 100×.

FIGURE  1.7.3: Lung tissue biopsy with Gomori 
methenamine silver stain highlighting large, hypo-
septate, and ribbon-like hyphae amidst infarcted lung 
parenchyma, 40×.
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D I S C U S S I O N

Pulmonary Mucormycosis in Patients 
With Hematologic Malignancies
Epidemiology and Risk Factors
The term mucormycosis describes infections 
caused by fungi of the order Mucorales. The genera 
that most commonly cause human infections are 
Rhizopus, Mucor, and Cunninghamella [1] . These 
organisms are found in decaying vegetation and 
soil, and exposure to their sporangiospores is com-
mon during normal human activities. Despite the 
fact that these moulds are ubiquitous, invasive dis-
ease is limited to patients with compromised innate 
immunity. Among patients with cancer, the vast 
majority of mucormycosis occurs in patients with 
hematological malignancies, and particularly in 
patients with AML [2]. Mucormycosis has emerged 
as the third most common invasive fungal infection, 
after candidiasis and aspergillosis, in patients with 
AML [2–3]. The use of voriconazole for antifungal 
prophylaxis, as in the case patient, has been iden-
tified as a risk factor for pulmonary mucormycosis 
in patients with cancer, because voriconazole pro-
tects against invasive aspergillosis but does not have 
activity against fungi that cause mucormycosis [4].

Clinical Manifestations
Invasive mucormycosis leads to invasion of vas-
culature by fungal hyphae, followed by thrombo-
sis and subsequent tissue necrosis [2] . Although 
the most common clinical presentation overall 
is rhino-orbital-cerebral infection, patients with 
hematological malignancies most often present 
with pulmonary mucormycosis [1]. The clini-
cal features of pulmonary mucormycosis in this 
patient population are nonspecific and cannot be 
reliably distinguished from those of pulmonary 
aspergillosis [2]. Pulmonary mucormycosis can 
also involve the sinuses, spread to the mediasti-
num and heart, and disseminate hematogenously 
to other organs. Patients typically present with 
fever that is not responsive to broad-spectrum 
antibacterial agents in the setting of prolonged 
neutropenia. A nonproductive cough is common 
(although not seen in the case patient), and occa-
sionally patients will also have hemoptysis, pleu-
ritic chest pain, and dyspnea.

A chest CT is typically more informative than 
a chest radiograph in evaluating for a fungal pneu-
monia in neutropenic patients, because lung nod-
ules are often not seen on routine radiographs. 
However, CT findings of pulmonary mucormyco-
sis do not reliably distinguish this infection from 
pneumonia caused by other moulds. The most 

common radiographic findings are well circum-
scribed nodules or masses, with our without cavi-
tation or abscess, or consolidation [5] . Although 
the halo sign (a ground-glass opacity that sur-
rounds a nodule or mass) is classically associated 
with pulmonary aspergillosis, this finding can also 
be seen in mucormycosis, as in the case patient. 
In a study of CT findings in cancer patients with 
either pulmonary aspergillosis or mucormycosis, 
the presence of ≥10 nodules, sinus involvement, 
and pleural effusion were independent predictors 
of having mucormycosis [4]. A reversed halo sign 
(a focal round area of ground-glass attenuation 
that is surrounded by a ring of consolidation) is 
another finding that is more common in patients 
with pulmonary mucormycosis than other types 
of fungal pneumonia [6].

Diagnosis
Establishing the diagnosis of mucormycosis in a 
timely manner is of critical importance because 
early treatment prevents hematogenous dis-
semination and extension of this infection into 
additional sites, reduces the need for or extent of 
surgical resection, and decreases morbidity and 
mortality [7] . In fact, an observational study of 
70 patients with a hematologic malignancy and 
mucormycosis demonstrated that delayed therapy 
was associated with a two-fold increase in mor-
tality and was an independent predictor of poor 
outcome [8]. The need for early diagnosis is also of 
heightened importance because antifungal agents 
that are commonly used for empirical therapy, 
such as voriconazole and echinocandins, do not 
have activity against Mucorales.

The diagnosis of pulmonary mucormycosis is 
difficult to establish based on clinical and radio-
graphic findings alone, because the presentation is 
similar to that of aspergillosis and other angioin-
vasive moulds. These nonspecific manifestations 
highlight the need for an aggressive approach 
to evaluating pulmonary nodules and infil-
trates in neutropenic patients with hematologic 
malignancies. Reasonable approaches include 
performing bronchoscopy to obtain bronchoal-
veolar lavage (BAL) fluid or, if platelet counts can 
be maintained at a sufficient level, obtaining a 
radiography-guided percutaneous needle aspirate 
or biopsy or a transbronchial biopsy of involved 
lung tissue. Biopsy and BAL fluid specimens 
should be submitted to the microbiology labora-
tory and to either the histopathology or cytopa-
thology laboratories, as appropriate. The decision 
of whether to first perform a bronchoscopy and 
BAL or a percutaneous needle aspirate or biopsy 
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typically depends on the size of the lesion(s), 
whether it is peripherally or centrally located, and 
the patient’s platelet count. Although core needle 
biopsies are thought to have the highest yield 
among these procedures, it should be noted that 
none of these approaches have sufficient sensitiv-
ity such that a negative result rules out mucormy-
cosis. In fact, even an open lung biopsy may be 
falsely negative because of sampling error.

Direct microscopic examination of BAL fluid, 
aspirate, or biopsy specimens should be per-
formed by the microbiology laboratory to evalu-
ate for the presence of fungal hyphae. The hyphae 
of Mucorales have a unique appearance of being 
broad, ribbonlike, and irregularly shaped with 
right-angle branching and rare or no septations 
[7] . These characteristics usually allow them to be 
distinguished from hyphae of other filamentous 
fungi, such as Aspergillus and Fusarium spp, which 
typically are slender, dichotomously branching, 
and septated. The addition of a chitin-binding 
stain, such as calcofluor, and fluorescent micros-
copy may increase the likelihood of identifying 
fungal hyphae, compared with potassium hydrox-
ide wet mount preparations alone [9]. In addition 
to the routine hematoxylin-eosin stain, the cyto-
pathology and histopathology laboratories should 
also perform a Gomori methenamine silver and/
or Periodic acid-Schiff stain because the hyphae 
are more easily observed with these stains.

In addition to direct examinations, speci-
mens should also be submitted for fungal culture. 
Although Mucorales organisms are ubiquitous 
and their identification in culture can represent 
laboratory contamination, their isolation from 
BAL fluid or bronchial or lung tissue in a high-risk 
patient with a hematological malignancy and com-
patible clinical manifestations should be consid-
ered strong evidence of infection [10]. However, it 
should also be noted that the sensitivity of culture 
of BAL fluid for mucormycosis may be as low as 
25% [10]. This sensitivity may be further com-
promised if the patient receives treatment with 
amphotericin B before specimen collection, as in 
the case patient. This low sensitivity underscores 
the importance of obtaining biopsy specimens 
where feasible. Furthermore, the microbiology 
laboratory should be alerted about the consider-
ation of mucormycosis, because the yield of tissue 
culture for these fragile organisms is decreased 
if specimens are ground or homogenized before 
they are inoculated onto media (a common prac-
tice for tissue culture). Similar to Aspergillus, 
Mucorales organisms are angioinvasive, but they 
are virtually never associated with positive blood 

culture results using either standard or lysis cen-
trifugation (“fungal”) blood culture systems.

Although Mucorales organisms have predict-
able susceptibility patterns and are typically easy to 
distinguish from other fungi on direct stains, iden-
tifying the genus and species by growth on culture 
still has valuable therapeutic and prognostic impli-
cations. For example, Rhizopus oryzae, the most 
common cause of mucormycosis, tends to have 
higher minimum inhibitory concentrations (MICs) 
to posaconazole [11], whereas Cunninghamella 
species tend to have higher MICs to amphoteri-
cin B and a higher associated mortality [12,  13]. 
Furthermore, fungal isolates can be sent to refer-
ence laboratories for antifungal susceptibility test-
ing to obtain MICs that can guide therapy.

Given the limited yield of culture and the diffi-
culties of obtaining ample tissue for histopathology 
in thrombocytopenic patients with hematologic 
malignancies, molecular methods to diagnose 
mucormycosis would be a welcome advance. 
Quantitative Mucorales polymerase chain reaction 
assays have been developed and have shown prom-
ise when applied to plasma and BAL fluid in rabbit 
models [13]. Further research is needed to evaluate 
and establish a role for these molecular methods.

Treatment
As previously outlined, early treatment of mucor-
mycosis is associated with improved outcomes. 
Lipid formulations of amphotericin B remain 
the drugs of choice for initial antifungal therapy. 
Liposomal amphotericin B and amphotericin B 
lipid complex showed similar efficacy in a neutro-
penic murine model of mucormycosis, although 
the former agent may be associated with a lower 
rate of toxicity [14]. Daily doses of at least 5 mg/kg 
of these lipid formulations are recommended [15]. 
Despite the favorable in vitro activity of ampho-
tericin B, recovery from neutropenia is essential 
for successful outcome. Granulocyte transfusions, 
although not proven in randomized clinical trials, 
may be useful in certain situations to stabilize the 
infection until neutrophil recovery [16].

Posaconazole may have a role as stepdown 
therapy after a favorable clinical response has been 
achieved with many weeks of treatment with lipid 
formulations of amphotericin B.  Posaconazole 
tablets are an improvement compared with the 
oral suspension for this indication, because the 
tablets achieve higher serum concentrations, 
can be dosed once daily, and their absorption 
is not markedly affected by food [17]. Therapy 
should continue until there is clinical resolution 
of the signs and symptoms of infection and of 
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radiographic signs of active disease. Even after 
this has been achieved, posaconazole should be 
considered for any subsequent episodes of neu-
tropenia. Posaconazole has also been used suc-
cessfully as salvage therapy in patients who are 
refractory to or intolerant of lipid formulations of 
amphotericin B [18]. However, given (1) the lack 
of supportive data for the newer tablet and intra-
venous posaconazole formulations and (2) animal 
models that suggest the efficacy of posaconazole 
is inferior to amphotericin B [19], posaconazole is 
not currently recommended for primary therapy.

Although surgery has a critical role in the 
treatment of rhino-orbital-cerebral mucormyco-
sis, its role in pulmonary zygomycosis in patients 
with hematologic malignancies is less clear [15]. 
Disease involving multiple lung lobes and throm-
bocytopenia may limit the ability for surgical 
resection. However, in the appropriate setting, sur-
gical resection of pulmonary mucormycosis that is 
limited to a single lobe should be considered.

The poor outcomes of oncology patients with 
mucormycosis who are treated with amphotericin 
B suggest a potential role for combination therapy 
[20]. Although echinocandins do not have in vitro 
activity against the Mucorales in standard sus-
ceptibility testing, Rhizopus oryzae expresses the 
target enzyme for echinocandins, suggesting that 
these agents may have clinical utility [21]. Two 
murine models and a small observational clini-
cal study of rhino-orbital-cerebral mucormyco-
sis demonstrated that combination therapy with 
amphotericin B and an echinocandin improved 
survival compared to treatment with amphoteri-
cin B alone [22, 23]. These limited supportive data, 
combined with the favorable toxicity profile for 
echinocandins, provide rationale for considering 
the addition of an echinocandin to LAMB for the 
treatment of mucormycosis in appropriate cases.

Data supporting other combination regimens 
for the treatment of mucormycosis are even more 
limited. Murine models have not demonstrated 
a benefit of adding posaconazole to liposomal 
amphotericin B, and clinical data to support this 
combination are sparse [24]. Deferasirox, an orally 
available iron chelator, was previously considered 
a promising therapy for mucormycosis, because it 
has in vitro activity against Mucorales and demon-
strated synergistic activity with LAMB in a murine 
model [25]. Unfortunately, a small randomized 
clinical trial demonstrated a higher mortality rate 
in patients who received deferasirox and LAMB 
for the treatment of mucormycosis compared with 
those who received LAMB alone, and thus iron 
chelation therapy is not recommended [26].

Prognosis
In a review of 224 reported cases from 1940 
to 2003 of pulmonary mucormycosis and 154 
reported cases of mucormycosis overall in 
patients with malignancies, the mortality rate 
was 76% and 66%, respectively [1] . More recent 
single-center reports have demonstrated lower 
mortality rates for mucormycosis in patients with 
hematologic malignancies, although the num-
bers of cases in these reports are relatively small 
[27–28]. Irrespective of the antifungal therapy 
that is administered, recovery from neutropenia is 
essential for a favorable outcome.

K E Y   P O I N T S
•	 With	expanded	use	of	drugs	lacking	good	

activity against mucormycosis (voriconazole 
and echinocandins) as prophylaxis and 
as empirical therapy, mucormycosis has 
emerged as the third most common invasive 
fungal infection in patients with AML.

•	 Early	diagnosis	and	treatment	of	
mucormycosis is essential for optimal 
outcome, but recovery of the absolute 
neutrophil count is critical for survival.

•	 Clinical	manifestations	and	radiographic	
features do not reliably distinguish 
pulmonary mucormycosis from 
aspergillosis and other invasive mould 
infections; unlike aspergillosis, there are no 
established biomarkers for mucormycosis.

•	 Diagnostic	evaluation	of	suspicious	
pulmonary lesions in patients with 
hematologic malignancies should include 
bronchoscopy with BAL and transbronchial 
biopsy (where appropriate) and/or 
radiography-guided FNA or core needle 
biopsy.

•	 The	three	pillars	of	the	management	of	
mucormycosis are primary treatment with 
amphotericin B, reversal of underlying 
immunosuppression, and surgical 
resection, where appropriate.
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1.8
When an Uncommon Atypical Bacillus  
Goes Mainstream

JACKRAPONG BRUMINHENT, MD, NANCY L .  WENGENACK, PHD, AND  

RAYMUND R .  RAZONABLE ,  MD

CA S E  P R E S E N TAT I O N
A 60-year-old female was diagnosed with symp-
tomatic chronic lymphocytic leukemia in 2005. 
She received chemotherapy with fludarabine, 
cyclophosphamide, and rituximab and achieved 
complete remission. Two years later, in 2007, she 
developed progressive disease and required a 
combination therapy of alemtuzumab and ritux-
imab for relapsed disease. One month later, she 
was admitted to the hospital because of fever and 
chills. Other than feeling unwell, she did not have 
any localizing symptoms such as cough, dyspnea, 
headache, and gastrointestinal or genitourinary 
symptoms.

On physical examination, she looked ill and 
was in mild distress. She had an oral temperature 
of 101.2°F, heart rate of 105 beats per minute, blood 
pressure of 100/84 mmHg, and respiratory rate of 
18 breaths per minute. Physical examination was 
significant for mild redness at the insertion site of 
the Hickman catheter in her right anterior chest 
wall, but with no fluctuance or drainage. Her max-
illary and mastoid sinuses were not tender, lungs 
were clear, and heart had no murmur. The rest of 
the physical examination was unremarkable.

Laboratory examinations revealed neutrope-
nia with white blood cell count of 0.4 × 103/ µL 
(neutrophils, 100), hemoglobin of 7.9 gm/dL, 
platelet count of 45 000/µ L, and serum creati-
nine 0.9 mg/dL. Urinalysis was negative. Chest 
radiography showed no evidence of parenchymal 
disease.

After blood cultures were obtained from the 
Hickman catheter and from peripheral venipunc-
ture, she was started empirically on intravenous 
(IV) cefepime therapy. Vancomycin was added on 
her second hospital day due to persistent fever and 
over concern for the mild erythema at the Hickman 
insertion site. On the fifth day of her hospitalization, 

the laboratory reported that her blood cultures 
obtained on the day of admission, taken from the 
lumens of the Hickman catheter and from a periph-
eral venipuncture, grew a beaded Gram-positive, 
rod-shaped organism. The growth of the organism 
in culture is shown in Figure 1.8.1, and the micro-
bial stain is shown in Figure 1.8.2. No other organ-
isms were recovered from blood cultures.

Q U E S T I O N S
•	 What	infectious	etiologies	should	be	

considered as the cause of this patient’s 
bloodstream infection?

•	 What	are	the	risk	factors	for	this	infection?
•	 What	diagnostic	approaches	should	be	

undertaken to make the diagnosis?
•	 How	do	you	manage	this	bloodstream	

infection?

D I F F E R E N T I A L  D I AG N O S I S
This patient was diagnosed to have central 
line-associated bloodstream infection (CLABSI). 

FIGURE  1.8.1: Middlebrook 7H10 agar revealed a 
colony with whitish to gray in color consistent with the 
morphology of Mycobacterium fortuitum.
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There is a wide array of infectious etiologies 
considered as potential cause of CLABSI in 
immunosuppressed cancer patients. Most com-
mon culprits are Gram-positive bacteria (e.g. 
coagulase-negative Staphylococci, Staphylococcus 
aureus, Enterococcus sp, Corynebacterium spp), 
and Gram-negative bacteria (Escherichia coli, 
Klebsiella spp, Pseudomonas spp). Less common 
are fungal pathogens, particularly Candida spp. 
In rare cases, mycobacteria have been identified 
as pathogens causing CLABSI. Among them, the 
rapidly growing mycobacteria (RGM) such as 
Mycobacterium mucogenicum, Mycobacterium 
fortuitum, and Mycobacterium abscessus/
Mycobacterium chelonae have been reported with 
increasing frequency in cancer patients.

D I AG N O S I S
The diagnosis of the offending organism is estab-
lished by isolation and identification through 
culture, genetic sequencing, and antimicrobial 
susceptibility testing. In this particular case, 
M fortuitum was identified by 16S rRNA gene 
sequencing analysis. The clinical and microbio-
logic diagnosis of M fortuitum CLABSI was made 
based on blood culture results and the erythema 
noted on the Hickman catheter insertion site.

T R E AT M E N T  A N D  O U T C O M E
The Hickman catheter was immediately removed. 
Vancomycin and cefepime were discontinued, 
and the patient was started empirically on IV 
imipenem, oral clarithromycin, and oral moxi-
floxacin while awaiting species identification and 
antimicrobial susceptibility testing. Intravenous 
imipenem was subsequently discontinued upon 
clinical stability and when the results of the anti-
microbial susceptibility testing revealed that the 

organism was susceptible to clarithromycin and 
moxifloxacin. She completed four weeks of com-
bined oral clarithromycin and moxifloxacin ther-
apy. Repeated blood cultures were negative after 
Hickman catheter removal and initiation of effec-
tive antimicrobial therapy.

D I S C U S S I O N
Gram-negative bacteria were the leading patho-
gens causing CLABSI before the 1980s, but, 
later on, this was replaced by Gram-positive 
bacteria, most commonly coagulase-negative 
Staphylococci, and S aureus. Candida spp has 
also increased in frequency in recent years as a 
cause of catheter-related bloodstream infection. 
The reasons for the rise in Gram-positive bac-
teria and fungal pathogens as causes of CLABSI 
have been postulated to be the increasing use of 
central venous catheter and the broad-spectrum 
antibiotic prophylaxis (directed mainly towards 
Gram-negative pathogens) during periods of neu-
tropenia in hematologic malignancy patients. In 
recent studies, RGM have also emerged as patho-
gens causing bloodstream infection in cancer 
patients with indwelling vascular catheters.

Rapidly growing mycobacteria are envi-
ronmental pathogens, and they often con-
taminate water supplies. They are called rapid 
growers because they characteristically show 
mature growth within seven days on a culture 
plate, which distinguishes them from the slowly 
growing mycobacterial species. There are numer-
ous species of RGM, but the most clinically sig-
nificant species causing human disease are M 
mucogenicum, M fortuitum, M abscessus, M che-
lonae, and Mycobacterium neoaurum. These RGM 
organisms cause a wide variety of clinical disease 
states especially in immunosuppressed patients. 
In a case series and literature review from a US 
cancer center, patients with hematologic malig-
nancy (like our patient presented here) have the 
highest risk of CLABSI among cancer patients, 
with the mean incident rate of 2.9 cases per 100 
000 patient-days [1] . The most common species 
causing RGM CLABSI in this population is M 
mucogenicum followed by M fortuitum, M chelo-
nae, and M abscessus [1, 2].

Risk Factors
The risk factors for CLABSI have been clas-
sified into host- and catheter-related factors. 
Hematologic malignancy and neutropenic patients 
appear to have higher risk of CLABSI due to 
underlying immune dysfunction, and they gener-
ally have indwelling central vascular catheters for 

FIGURE 1.8.2: Carbol-Fuchsin stain revealed acid-fast 
organisms at 1000× magnification.
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prolonged periods of time [1] . In a case series and 
literature review of cancer patients with a diag-
nosis of RGM CLABSI, 50% of the patients had 
an absolute lymphocyte count of <500 cells/mL, 
and 97% had chemotherapy during the preceding 
three months [1]. The presence of central venous 
catheter and the prolonged duration of catheter-
ization appear to be significant risk factors. RGMs 
have the ability to produce biofilm on the surface 
of indwelling vascular catheters, and this has been 
proposed in the pathogenesis of CLABSI, specifi-
cally accounting for the difficulty in its treatment 
without vascular catheter removal [3, 4].

Clinical Presentation
Rapidly growing mycobacteria have been associ-
ated with a wide spectrum of clinical syndromes 
in cancer and other immunocompromised 
patients and immunocompetent hosts. In cancer 
patients, RGM may cause respiratory tract, blood-
stream, localized skin, or disseminated infections 
[1] . Bloodstream infection with RGM usually 
occurs in the presence of a focus of infection else-
where, such as the lungs or an indwelling vascular 
catheter. Other less common clinical syndromes 
involve the central nervous system (meningitis), 
endovascular (endocarditis), and ophthalmologic 
(keratitis) infections [5].

Central line-associated bloodstream infec-
tion due to RGM can manifest with mild localized 
skin infection, or tunneled infection, and may 
progress to a complicated bloodstream infection. 
In contrast to the case presented above, where 
only mild erythema was observed at the inser-
tion site, some patients present with pain, swell-
ing, erythema, warmth, or drainage at a catheter 
insertion site or along subcutaneous tract of the 
tunnel. Systemic symptoms such as fever or chills 
may be observed, especially among patients with 
bacteremia. Although rare, disseminated disease 
may occur. Central line-associated bloodstream 
infection due to RGM has been reported to be less 
virulent in its clinical presentation compared with 
typical CLABSI pathogens such as Gram-positive 
or Gram-negative bacteria [6] .

Diagnosis
Even if RGMs are frequently found in the envi-
ronment, their recovery from blood culture 
should not be considered as a contaminant, espe-
cially in immunocompromised hosts [7] . The 
most important part of diagnosis of RGM infec-
tion is to identify the species and its antimicrobial 
susceptibility pattern. Rapidly growing myco-
bacteria usually grows in routine blood cultures, 

but the recovery can be enhanced by using the 
Isolator method with lysis and centrifugation of 
the blood and by prolonged incubation [8]. Gram 
stain reveals beaded Gram-positive rod-shaped 
organism, and this can be confirmed as mycobac-
teria by use of an acid-fast stain. Further species 
identification can be performed using molecular 
methods such as 16S rRNA gene sequencing anal-
ysis or matrix-assisted laser desorption ionization 
time-of-flight mass spectrometry. Furthermore, 
antimicrobial susceptibility testing should be per-
formed on all isolates due to variability of suscep-
tibilities among each species [9].

Management
According to the guideline from the Infectious 
Disease Society of America, CLABSI caused by 
RGM should be managed with removal of the 
infected vascular catheter [10]. The rationale for 
this strong recommendation relates to the biofilm 
production by RGM on the surface of indwelling 
catheter. This biofilm could prevent antimicrobial 
penetration to the infected site, and it serves as a 
site of persistent infection during and after anti-
microbial therapy. In some circumstances, con-
trol of localized (isolated) catheter infection, in 
the absence of true bloodstream infection, may 
be achieved by catheter removal alone. Patient 
with tunneled infection alone may be treated with 
surgical excision alone [11]. However, successful 
treatment of CLABSI due to RGM is more likely 
achieved by a combination of catheter removal 
and antimicrobial therapy. The patients whose 
vascular catheters remain in place have higher risk 
of relapse [10].

There are no controlled clinical trials to sup-
port a general recommendation for RGM treat-
ment. Moreover, the antimicrobial susceptibility 
patterns for the RGMs are highly variable. Hence, 
the choice of antimicrobial therapy should be 
determined based on susceptibility testing result. 
The summary of antimicrobial susceptibility 
results for RGM species collected from cancer 
patients at our institution over a 2.5-year period 
is shown in Table 1.8.1. Testing was performed 
using a microbroth dilution method following 
the Standard set by the Clinical and Laboratory 
Standards Institute for RGM. First-line antituber-
culous medications are not active against RGM 
and should not be used for treatment. The RGM 
species are generally susceptible to amikacin. 
Mycobacterium abscessus is usually susceptible to 
macrolides but generally resistant to fluoroqui-
nolones. On the other hand, M neoaurum is usu-
ally susceptible fluoroquinolones but resistant to 
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macrolides, whereas M mucogenicum is often sus-
ceptible to both medications. By far, M fortuitum 
is the most susceptible pathogen among RGM. 
Mycobacterium fortuitum is usually susceptible to 
amikacin, fluoroquinolones, sulfonamides, imipe-
nem, linezolid, cefoxitin, doxycycline, and clar-
ithromycin. However, approximately one third 
of M fortuitum isolates may contain an inducible 
erythromycin methylase (erm) gene, which con-
fers clarithromycin resistance [2, 12]. Hence, clar-
ithromycin monotherapy should be avoided, and 
the pathogen should be tested for the presence of 
this erm gene. The general recommendation for 
treatment is to use at least two systemic antimi-
crobial therapies pending susceptibility results. 
Intravenous amikacin is a good choice, although 
there is hesitance to its use due to nephrotoxic-
ity. This is often combined with either oral fluo-
roquinolones or macrolides as part of the empiric 
regimen. The optimal pathogen-directed therapy 
should be modified according to susceptibility 
results. At least two active antimicrobial drugs 
should be used for the duration of treatment. 
However, the optimal duration of antimicrobial 
therapy is not defined and should be guided by 
clinical and microbiological responses. Successful 
outcome has been reported in cancer patients 
who were treated with four to eight weeks of 
pathogen-directed antimicrobial therapy [1,  2]. 
However, the duration of therapy may need to be 
prolonged based on type of infections and compli-
cations and the clinical state of the host. Overall, 
RGM CLABSI usually has a good outcome, when 

treated accordingly with antibiotics and catheter 
removal [1, 13].

Prevention
Because RGM can be found in the environment, 
there should be caution to avoid or limit contact 
between the intravascular catheters and tap water. 
Use of multidose injection vials should be avoided 
in an effort to prevent CLABSI due to RGM and 
other pathogens.

K E Y   P O I N T S
•	 RGM	are	emerging	pathogens	that	causes	

a wide spectrum of clinical syndromes in 
immunosuppressed patients, including the 
respiratory tract, bloodstream, skin and soft 
tissue, and disseminated infections.

•	 RGM	should	be	suspected	as	a	cause	
of central line-associated bloodstream 
infection in cancer patients with indwelling 
central venous catheter and no clearly 
identified source of bacteremia.

•	 The	diagnosis	of	RGM	is	made	using	culture	
of the specific organism and molecular 
methods for species identification.

•	 Key	management	for	RGM	CLABSI	
consists of catheter removal combined with 
antimicrobial therapy. Susceptibility testing 
should be performed on all isolates to guide 
the choices of antibiotic therapy, because 
there is significant inter- and intraspecies 
variability in the susceptibility pattern 
among RGM.

TABLE 1.8.1. SUSCEPTIBILITY	RESULTS	OF RAPIDLY	GROWING	  
MYCOBACTERIA FROM CANCER PATIENTS AT MAYO CLINIC IN  

ROCHESTER, MN FROM NOVEMBER 2011 TO APRIL 2014*

Antibiotic

%Susceptible [14]

Mycobacterium  
fortuitum (n = 8)

Mycobacterium  
abscessus (n = 18)

Mycobacterium  
chelonae (n = 11)

Amikacin 100% 94% 90.9%
Cefoxitin 0% 0% 0%
Ciprofloxacin 100% 0% 0%
Clarithromycin 0% 76.5% 90.9%
Doxycycline 50% 0% 18.2%
Imipenem 100% 11.8% 9.1%
Linezolid 87.5% 23.5% 81.8%
Moxifloxacin 100% 0% 9.1%
Trimethoprim- 

sulfamethoxazole
100% 5.9% 0%

Tobramycin 0% 0% 72.7%

*Antimicrobial susceptibility testing was performed using microbroth dilution according to the Clinical and Laboratory Standards Institute 
guideline M24-A2 [14].
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1.9
What’s Wrong With My Right Side, Doc?

SUSAN K .  SEO,  MD

CA S E  P R E S E N TAT I O N
A 32-year-old man with recently diagnosed acute 
myelogenous leukemia (AML) presented with 
fever and mild right upper quadrant tenderness 
after induction chemotherapy. He had been oth-
erwise healthy until development of fever and 
sore throat that did not resolve despite an antibi-
otic trial. He was admitted to the hospital where 
evaluation showed circulating blasts in peripheral 
blood. A bone marrow biopsy showed a hypercel-
lular marrow in which normal hematopoietic ele-
ments were replaced by sheets of myeloblasts. The 
patient was diagnosed with AML and underwent 
standard induction chemotherapy with idarubicin 
and cytarabine. Bone marrow biopsy on hospital 
day (HD) 22 demonstrated 20% myeloblasts, so 
he was reinduced with idarubicin and cytarabine, 
and repeat bone marrow evaluation on HD 44 was 
finally compatible with remission. His hospital 
course was notable for prolonged fever, neutro-
penia, and mucositis for which he was supported 
with broad-spectrum antimicrobial therapy for 
almost	his	 entire	hospitalization.	With	 regard	 to	
antifungal coverage, he initially received liposo-
mal amphotericin B (3 mg/kg per day), but due 

to hypokalemia, this was switched to caspofungin 
(70 mg load on day 1, then 50 mg daily thereafter) 
before second induction. He experienced neutro-
phil recovery and was discharged home on HD 
51	on	no	antibiotics.	While	at	home,	 the	patient	
continued to have daily fever to 101.2°F, and he 
was readmitted five days later. On exam, he had 
some tenderness to palpation of the right upper 
abdomen but no guarding. Pertinent laboratory 
findings included elevated white blood cell count 
([WBC]	 20.8,	 83%	 N)	 and	 alkaline	 phospha-
tase ([AP] 247)  but normal total bilirubin (0.6), 
aspartate aminotransferase (94), and alanine ami-
notransferase (40). Computed tomography (CT) 
scan of the chest and abdomen demonstrated 
multiple round, low attenuation lesions with 
peripheral enhancement scattered throughout the 
liver (Figures 1.9.1 and 1.9.2).

Q U E S T I O N S
•	 What	is	the	most	likely	diagnosis	to	explain	

the patient’s liver lesions?
•	 What	diagnostic	approach	should	be taken?

D I AG N O S I S
Although tumor or microabscesses due to bacte-
ria, mycobacteria (e.g. miliary tuberculosis), or 
other fungi (e.g. Aspergillus, Trichosporon beigelii) 
can be entertained, the clinical and radiological 
picture is highly suggestive of chronic dissemi-
nated candidiasis (CDC), also called hepatosplenic 
candidiasis. Definitive diagnosis is established by 
biopsy, which can show granulomas and with 
special staining, yeasts, and hyphal forms. Tissue 
cultures may be negative, particularly if the patient 
has been exposed to antifungal therapy, but a nega-
tive culture does not rule out the diagnosis.

CA S E  P R E S E N TAT I O N 
( C O N T I N U E D )
The patient underwent fine-needle aspiration of 
one of the liver lesions. Cytology was negative 

FIGURE 1.9.1: CT of liver showing multiple round low 
attenuation lesions.

 

 

 

 

 



Infections in Cancer Patients52

for malignant cells. Pathology showed “aggre-
gates of epithelioid histiocytes in a background of 
purulent inflammation and blood,” and Gomori 
methenamine silver (GMS) stain was positive for 
pseudohyphae and spores suggestive of Candida 
species. Germ-tube positive yeast was recovered 
from tissue culture (Figures 1.9.3 and 1.9.4) and 
identified as Candida albicans. Smear and culture 
for acid-fast bacilli were negative. The patient was 
empirically given voriconazole, but he was dis-
charged home on fluconazole 400 mg orally daily 
once antifungal sensitivities were available.

Q U E S T I O N S
•	 What	should	the	duration	of	therapy be?
•	 How	does	one	follow	treatment	response?

D U R AT I O N  O F   T H E R A P Y
Antifungal duration is highly individualized. 
Patients with acute leukemia generally undergo 
further cycles of chemotherapy and/or undergo 
hematopoietic stem cell transplantation (HSCT), 

so antifungal treatment for CDC should be contin-
ued through these periods of risk to avoid relapse.

M O N I TO R I N G  T H E R A P E U T I C 
R E S P O N S E
Factors to follow include resolution of symp-
toms, normalization of AP, and serial imaging. 
Antifungal treatment is generally continued until 
there is resolution or calcifications of the lesions. 
Of note, hepatic and/or splenic lesions can wax and 
wane as the patient’s neutrophil count rises and 
falls, but these findings do not correlate with fail-
ure or success of antifungal treatment. Although 
there is some evidence that 1–3-β-d-glucan (BD 
glucan) can be used adjunctively for diagnosis of 
invasive fungal disease (e.g. CDC), it remains to 
be seen whether it has utility for disease follow-up.

CA S E  P R E S E N TAT I O N 
( C O N T I N U E D )
Within	three	weeks	of	starting	azole	therapy,	the	
patient defervesced, and the right upper abdomi-
nal discomfort improved. Serum fungal markers 
were not checked until three weeks after initial 
diagnosis of hepatic candidiasis, and a BD glu-
can was noted to be 140 pg/mL (negative, <31). 
Repeat CT imaging after one month of flucon-
azole showed that many of the liver lesions had 
decreased in size. Six weeks after CDC diagno-
sis, the patient was maintained on fluconazole 
through first consolidation chemotherapy with 
high-dose cytarabine and later a brief admis-
sion for neutropenic fever. After 11 weeks of 
therapy, a repeat liver CT showed that some of 
the hepatic lesions had enlarged, AP remained in 
the 120s, and BD glucan was >300 pg/mL. Table 
1.9.1	depicts	the	trends	of	WBC,	AP,	serum	fun-
gal markers, and serial liver imaging. Repeat liver 

FIGURE  1.9.2: Wet	 mount	 showing	 yeast	 with	
pseudohyphae.

FIGURE 1.9.3: Germ-tube positive yeast.

FIGURE 1.9.4: CT of liver showing other low attenua-
tion lesions.
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biopsy was performed to see whether there was 
evidence for uncontrolled CDC or other coinfec-
tion not treated by fluconazole. The result was 
compatible with organized abscess formation; 
no fungal spores or hyphae were identified by 
GMS stain; and cultures for bacteria, fungi, and 
mycobacteria were negative. It was thought pos-
sible that the results reflected immune reconsti-
tution postneutrophil recovery. Nevertheless, the 
patient was switched to voriconazole to cover for 
the possibility of fluconazole-resistant Candida or 
Aspergillus sp, and this was maintained through 
his second consolidation cycle (week 15 post-CDC 

diagnosis), receipt of T cell-depleted HSCT (week 
28 post-CDC diagnosis), and posttransplant 
course. By week 39 post-CDC diagnosis, liver 
imaging showed that numerous liver lesions had 
decreased in size, and there was no longer any sig-
nificant peripheral enhancement. In addition, BD 
glucan dropped to 31, and AP decreased to 103. 
By week 68 post-CDC diagnosis, voriconazole was 
switched back to fluconazole. Antifungal therapy 
was finally discontinued by week 97 on the basis 
of stable or shrunken liver lesions and evidence 
for immune reconstitution. The patient was able 
to return to work full time.

TABLE 1.9.1. LABORATORY AND RADIOGRAPHIC TRENDS AFTER DIAGNOSIS OF CDC*

Time After 
CDC Diagnosis 
(Weeks)

Course White	
Blood 
Cell

Alkaline
Phosphatase 
(Units/L)

1–3-β-d  
glucan  
(pg/mL)

Serum 
Galactoman  
nan Antigen

Liver Imaging

0 Fluconazole 
started

20.8 247 N/A N/A Multiple round hepatic low 
attenuation lesions with 
peripheral enhancement 
involving both hepatic lobes

3 11.8 158 140 0.276 Slight decrease in size of 
some hepatic lesions, 
others are stable. Overall, 
mild disease improvement.

8 Admit for F&N 
after first 
consolidation

0.2 102 366 0.123 Several bilobar 
hypoattenuating abscesses 
with poorly defined 
surrounding enhancement, 
now smaller

11 Repeat liver 
biopsy, 
fluconazole 
changed to 
voriconazole

6.1 126 312 0.072 Multiple solid hepatic 
nodules consistent with 
abscesses with slight 
increase in some of these

15 2nd 
consolidation

10.4 122 221 0.121 Several hepatic lesions 
increased in size, other 
lesions are stable.

16 Admit for F&N 0.3 80 319 N/A N/A
28 T cell- depleted 

HSCT
<0.1  

(Day 0)
69 171 N/A Stable hypoattenuating 

hepatic masses
30 Engraftment 4.2 128 61 0.160 No new hepatic lesions. 

Existing hepatic abscesses 
are stable.

39 N/A 103 31 N/A Decrease in size of numerous 
hepatic lesions that no 
longer demonstrate any 
significant enhancement

68 Azole narrowed 
to fluconazole

4.4 113 45 N/A Decrease in size of one 
lesion, others stable

Abbreviations: CDC, chronic disseminated candidiasis; F&N, fever and neutropenia; HSCT, hematopoietic stem cell transplantation; N/A, 
not applicable.
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Final Diagnosis: Chronic hepatic candidiasis 
in a patient following neutrophil recovery after 
AML induction chemotherapy

D I S C U S S I O N
Chronic disseminated candidiasis, or hepato-
splenic candidiasis, is a distinct syndrome pre-
dominantly involving the liver, spleen, and 
occasionally the kidneys and other organs and is 
seen almost exclusively in patients with hemato-
logic malignancies who have just recovered from 
chemotherapy-induced neutropenia [1] .

Epidemiology
Reported rates of CDC in the published literature 
range between 4.5% and 29% for patients with 
acute leukemia [2,  3] and between 3% and 9% 
in HSCT recipients [4,  5]. Although fluconazole 
prophylaxis has been shown to reduce hepatic 
candidiasis in HSCT recipients [6] , there are no 
clear-cut data for leukemic patients in non-HSCT 
settings, although one would expect a similar 
finding. In one meta-analysis, prophylactic fluco-
nazole in non-HSCT patients seemed to be effec-
tive only when the incidence of systemic fungal 
infection was expected to be >15% [7]. Further 
epidemiologic studies of severely neutropenic 
patients with acute leukemia are needed.

Prolonged neutropenia has been cited as the 
primary risk factor for CDC. In one study, abso-
lute neutrophil count <500  µL lasting >15  days, 
younger age, and prophylactic quinolones were 
found to be independent risk factors for devel-
opment of infection in patients with acute leu-
kemia [8] . It is thought that younger patients are 
more likely to be treated aggressively and thus 
have longer, more profound neutropenic periods. 
In addition, severe mucositis as a consequence 
of cytotoxic chemotherapy and the change in 
the composition of gut flora by quinolones may 
potentiate the risk.

Pathogenesis
The pathogenesis is not well understood, but 
the most likely sequence of events starts with 
prolonged neutropenia and mucosal damage of 
the gastrointestinal tract, followed by local inva-
sion and subsequent entry of Candida sp into 
the hepatosplenic circulation [9] . Because the 
portal system likely receives the largest inocu-
lum, the disease tends to be prominent in the 
liver. Dysregulation of the host adaptive immune 
response certainly plays a role in pathogenesis 
because symptoms and radiographic findings 
manifest when the patient experiences neutrophil 

recovery. It is now thought that chemotherapy 
destabilizes the balance between pro- (Th1/Th17) 
and anti-inflammatory (Th2/Treg) pathways and 
a predominantly anti-inflammatory state condu-
cive to the survival of Candida ensues. Once the 
WBC	rises,	there	is	a	shift	favoring	the	Th1/Th17	
response that leads to an immune reconstitution 
inflammatory syndrome (IRIS) [10].

There is at least one clinical study investigating 
the use of adjunctive corticosteroids to decrease 
the inflammatory response associated with IRIS. 
A  retrospective, multicenter study assessed the 
efficacy of oral glucocorticoids in ten children 
and adults who had ongoing symptomatic prob-
able or proven CDC despite appropriate antifun-
gal therapy [11]. Steroids were started a mean of 
33.8 days after initiation of antifungal treatment. 
Patients received a prednisone equivalent of ≥0.5 
mg/kg per day for at least three weeks and expe-
rienced resolution of fever and abdominal pain 
(median of four to five days) and normalization of 
C-reactive protein within fourteen to thirty days. 
Further studies will be needed to determine the 
safety and efficacy of adjuvant steroids for this 
indication.

Clinical Manifestations
Classically, patients have persistent fever >100.4°F 
that fails to respond to conventional antibiotics [3, 
12–14]. Right upper quadrant or abdominal pain 
is the second most common finding [3, 12–14]. 
Liver function tests typically show an elevated AP 
as high as ten-fold the normal value and, less com-
monly, elevated serum transaminases [12–14]. 
Inflammatory markers such as C-reactive protein 
are often elevated but are nonspecific [15].

Radiographic imaging reveals multiple lesions 
representing microabscesses in the liver, spleen, 
and sometimes the kidneys. Magnetic resonance 
imaging (MRI) appears to be superior to CT scan 
and ultrasound for identification of disease with 
sensitivity of 100% and specificity of 96% [16]. 
Lesions compatible with the acute phase of infec-
tion are round and are markedly hyperintense 
on T2-weighted images. Sometime between two 
weeks to three months after initiation of antifun-
gal therapy, a dark ring surrounding the initial 
lesions and a nonenhancing center on gadolinium 
images may be seen [16]. Chronic healed lesions 
have irregular margins with disappearance of the 
central area; the time to appearance of healed fun-
gal foci ranges between three months and more 
than one year [16]. Although the sensitivity of CT 
is lower than that of MRI (57%–90%) [17], it is 
used more frequently because it is less expensive 
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and simpler to perform [18]. The hypodense 
lesions are typically described as “bull’s eye” or 
target-like lesions. Biphasic liver imaging seems 
to be the ideal CT modality, because a charac-
teristic pattern of central enhancement with a 
peripheral double ring has been described in the 
arterial phase [19]. In comparison with MRI or 
CT, ultrasound has the lowest sensitivity (33%–
75%) and is dependent on the experience of the 
radiologist [17]. One drawback of imaging is the 
inability to visualize fungal lesions during the neu-
tropenic phase because of the lack of inflamma-
tory response essential to form the focal infiltrate 
[20]. Thus, radiographic imaging alone should not 
dictate treatment duration.

Diagnosis
Diagnosis of CDC requires a high index of suspi-
cion and is typically established after neutrophil 
recovery in 85% of patients with acute leukemia 
[3] . Although modern imaging techniques have 
an important role in early identification and rec-
ognition of the disease, tissue biopsy is considered 
to be the gold standard [21]. However, it is not 
always possible to identify fungal elements if the 
sampling is less than optimal, and tissue cultures 
have historically been positive in ~50% of cases, 
even when fungal elements are visible on micro-
scopic examination [1, 15, 22]. The most common 
Candida sp recovered from liver biopsy samples 
are C albicans (>50%), followed in decreasing 
order by Candida tropicalis, Candida glabrata, 
and Candida parapsilosis [18]. Historically, lapa-
roscopy has been preferred because it allowed 
for better sampling of hepatic focal lesions [22]. 
However, ultrasound- or CT-guided percutaneous 
biopsy is generally well tolerated with few compli-
cations and is becoming the norm.

It is worth mentioning that the BD glucan 
is a component of the cell wall of many fungi, 
including Candida sp, and there is moderate evi-
dence that its detection in the blood may be a 
useful diagnostic adjunct for invasive candidia-
sis [23,  24]. The BD glucan may also be useful 
to monitor treatment response, although further 
study is warranted [24].

Treatment
Randomized trials evaluating the efficacy of anti-
fungal drugs in the treatment of CDC have not 
been performed. The clinical approach has been 
based on anecdotal case reports and open-label 
series with the bulk of the experience being with 
amphotericin B deoxycholate (AmB-d), lipid 
formulations of amphotericin (LFAmB), and 

fluconazole [25–30]. Caspofungin, an echinocan-
din, and voriconazole, a broader-spectrum azole, 
have also been used in primary or salvage therapy 
for CDC [31–35].

According to the Infectious Diseases Society 
of America candidiasis guidelines [36], AmB-d 
(0.5–0.7 mg/kg intravenously daily) or LFAmB 
(3–5 mg/kg intravenously daily) is recommended 
for acutely ill patients or patients with refrac-
tory disease. Induction therapy with AmB-d or 
LFAmB for one to two weeks is then followed by 
oral fluconazole (400 mg daily). Echinocandins 
(anidulafungin 200 mg loading dose, then 100 mg 
intravenously daily; caspofungin 70 mg loading 
dose, then 50 mg intravenously daily; or mica-
fungin 100 mg intravenously daily) can be used 
as alternative induction therapy, followed by oral 
fluconazole when clinically appropriate. Clinically 
stable patients may be started with oral flucon-
azole at a dosage of 400 mg daily.

Clinical signs generally improve within 
two to eight weeks after starting treatment. 
Normalization of AP can lag behind clinical and 
radiographic response [3] . Antifungal therapy 
should be continued for weeks to months, until 
calcifications occur or lesions resolve. Patients 
with CDC who receive further chemotherapy 
for their underlying malignancy or who undergo 
HSCT should continue to receive appropriate 
antifungal treatment through these periods of risk 
to prevent relapse [29, 37].

K E Y   P O I N T S
•	 CDC,	or	hepatosplenic	candidiasis,	is	seen	

predominantly in patients with hematologic 
malignancies who have just recovered their 
neutrophils.

•	 Although	definitive	diagnosis	is	established	
by biopsy, the classic features (persistent fever, 
right upper quadrant abdominal pain, elevated 
AP) combined with abdominal imaging 
showing multiple lucencies in the liver and/or 
spleen are characteristic of this disease.

•	 Most	cases	are	due	to	C albicans, but other 
Candida species have been reported.

•	 Duration	of	antifungal	therapy	is	
individualized to the patient, can take 
weeks to months, and ends with resolution 
or calcification of lesions.
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A Budding Headache in a Patient 
with Hematological Malignancy

SAMANTHA E .   JACOBS , MD, MS , ROSEMARY SOAVE , MD,  

AUDREY N.  SCHUETZ , MD, MPH, AND THOMAS J .  WALSH,  MD

CA S E  P R E S E N TAT I O N
A 62 year-old man with chronic lymphocytic leu-
kemia (CLL) was admitted to the hospital with 
fever and headache. The patient was diagnosed 
with CLL in 2008 when leukocytosis was noted 
on a routine complete blood count. He did not 
require treatment until 2013, when he developed 
cervical, axillary, and intra-abdominal lymphade-
nopathy with anemia. He underwent six cycles 
of fludarabine, cyclophosphamide, and ritux-
imab that were completed seven months before 
admission. Three months before admission, he 
developed	a	rising	white	blood	cell	count	(WBC)	
and facial rash that was biopsied revealing leuke-
mia cutis. He received rituximab and five days of 
high-dose methylprednisolone. Despite an initial 
response, he had rapid progression of his disease, 
including lymphadenopathy, thrombocytope-
nia, anemia, and a rising lymphocyte count. Two 
months before admission, he initiated therapy 
with the tyrosine kinase inhibitor ibrutinib.

One month before admission, the patient was 
hospitalized for nine days with fevers, nasal con-
gestion, cough, and a facial rash. He was found to 
have respiratory syncytial virus (RSV) pneumo-
nia and facial cellulitis. His respiratory symptoms 
and facial rash resolved with supportive care and 
intravenous (IV) antibiotics; however, low-grade 
fevers persisted. He was discharged home with 
outpatient follow-up for additional fever work-up.

After discharge, the patient continued to have 
fevers and developed night sweats. He also devel-
oped nausea and an “achy” frontal headache that 
was exacerbated by laying supine. A  positron 
emission tomography-computed tomography 
(PET-CT) was scheduled to evaluate for Richter’s 
transformation. However, on the day of admis-
sion, the patient had a worsening headache and 
episode of vomiting, prompting his presentation 

to the Emergency Department for further evalua-
tion. Medications included ibrutinib, valacyclovir, 
and trimethoprim-sulfamethoxazole.

On physical exam, he was a thin male, chroni-
cally ill appearing but nontoxic. He preferred to 
keep his eyes closed because the light exacerbated 
his headache. The temperature was 39.1°C, the 
heart rate was 105 beats per minute, and blood 
pressure, respiratory rate, and oxygen saturation 
were within normal range. He was alert and ori-
ented, and the remainder of the physical exam, 
including the neurologic exam, was normal.

Laboratory studies were remarkable for a 
WBC	 count	 of	 122	 000	 cells/µL	 (from	 85	 000	
cells/µL three weeks prior) with 90% lympho-
cytes, hemoglobin 8.5 g/dL (baseline 8–9 g/dL), 
and serum albumin 2.8 g/dL. The platelet count, 
serum electrolytes and creatinine, and liver func-
tion tests were normal. Chest radiograph revealed 
a right lower lung zone airspace opacity of similar 
appearance to a film three weeks prior when RSV 
was detected. A CT scan of the head showed no 
infarct, hemorrhage, or mass lesion. Magnetic res-
onance imaging of the brain showed subtle areas 
of sulcal T2/FLAIR hyperintensity along the right 
frontal sulci (Figure 1.10.1).

A lumbar puncture was performed. The 
opening pressure was 360  mm of cerebrospinal 
fluid (CSF), and the CSF was clear and colorless. 
There	were	48	WBCs/µL	(58%	lymphocytes,	31%	
segmented neutrophils, 7% monocytes, and 3% 
bands), 3 red blood cells/µL, 44 mg/dL protein, and 
47 mg/dL glucose. The CSF Gram stain showed 
many	 WBCs	 and	 yeast	 (Figure	 1.10.2).	 A  KOH	
preparation showed many yeast-like elements.

PET-CT was performed after the lumbar punc-
ture. It revealed new focal uptake along the right 
lateral aspect of the prostate gland (Figure 1.10.3). 
Otherwise, there was a significant decrease in 
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fluorodeoxyglucose (FDG) uptake in the cervical, 
axillary, and abdominopelvic lymphadenopathy 
consistent with the patient’s known CLL.

Q U E S T I O N S
•	 What	is	the	differential	diagnosis	for	fungal	

meningitis when yeast are visualized on 
CSF Gram stain?

•	 How	did	this	patient’s	immune	impairment	
contribute to his risk for this fungal 
infection?

•	 What	are	the	initial	steps	in	management	of	
this patient’s fungal infection?

•	 What	factors	are	critical	to	optimizing	
outcome in this type of fungal infection?

D I F F E R E N T I A L  D I AG N O S I S
Invasive fungal infections (IFIs) of the central ner-
vous system (CNS) are an uncommon but poten-
tially devastating complication in patients with 
hematologic malignancy. Manifestations of IFIs of 
the CNS include single or multiple brain abscesses 
(e.g. Aspergillus species, Mucorales, Trichosporon 
species), meningitis (e.g. Cryptococcus neoformans, 
Candida species, Coccidioides species, Histoplasma 
capsulatum), and vascular injury causing cerebral 
infarcts, subarachnoid hemorrhage, or mycotic 
aneurysms. The CNS may be the primary site of 
IFI, or infection may occur secondarily due to 
hematogenous seeding from extracranial sites 
(most often the lungs) or contiguous spread from 
the cranial bones or sinuses [1] .

FIGURE 1.10.1: Subtle areas of sulcal T2/FLAIR hyper-
intensity along the right frontal sulci can be seen in the 
setting of meningitis.

FIGURE  1.10.2: Gram stain of CSF, 1000× magni-
fication:  Cluster of yeast forms variable in size (4–15 
microns) and neutrophils. The yeast forms stain 
gram-positive with a mottled appearance.

FIGURE  1.10.3: New focal uptake along the right lateral aspect of the prostate gland observed on PET-CT. The 
prostate may serve as a reservoir for cryptococcal infection (6).
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In this patient with clinical and radio-
graphic evidence of meningitis, the differen-
tial diagnosis for yeast seen on CSF Gram stain 
includes Cryptococcus species, Candida species, 
Blastomyces dermatitidis, or Histoplasma capsu-
latum. Candida meningoencephalitis may have 
a subacute presentation as seen in this patient. 
However, as a manifestation of disseminated can-
didiasis, Candida meningoencephalitis is much 
more common in neonates and children. Among 
adults, Candida meningitis often occurs as a 
postoperative complication of neurosurgery, par-
ticularly ventriculoperitoneal shunt placement. 
Blastomycosis of the CNS is also a consideration, 
especially if the patient lived recently in the north 
central, southeastern, or mid-Atlantic portions of 
the United States; the yeast forms also have dis-
tinctive broad-based budding. Histoplasmosis 
involving the CNS is usually associated with symp-
toms of disseminated infection, plus the patient 
had no history of residence or travel to endemic 
areas. Moreover, the yeast forms of H capsulatum 
are relatively small at 3 micron diameter, whereas 
Cryptococcus species are more variable in size and 
larger at 4–20 micron diameter. A  diagnosis of 
cryptococcal meningitis is most compelling given 
the clinical presentation and markedly elevated 
CSF opening pressure in a patient with profound 
deficiency in cell-mediated immunity.

A D D I T I O NA L  DATA  
A N D  D I AG N O S I S
The CSF and serum cryptococcal antigen titer were 
1:8192 and 1:2048, respectively. Cerebrospinal 
fluid and blood cultures grew C neoformans. The 
diagnosis was cryptococcal meningitis and blood-
stream infection.

M A NAG E M E N T  A N D  O U T C O M E
Liposomal amphotericin B 5 mg/kg IV every 24 
hours and flucytosine 25 mg/kg orally every 6 
hours were initiated. The flucytosine peak serum 
concentration was measured at 41 mcg/mL (ther-
apeutic range, 25–100 mcg/mL). To manage the 
patient’s increased intracranial pressure, thera-
peutic lumbar puncture was performed every one 
to two days for thirteen days until the opening 
pressure was less than 250  mm of CSF for two 
consecutive days. The CSF fungal culture had no 
growth after eleven days of antifungal therapy. 
The patient gradually improved and was dis-
charged home on hospital day 27. He completed 
six weeks of liposomal amphotericin B and flu-
cytosine at home and was transitioned to fluco-
nazole 400 mg daily for the consolidation phase 

of treatment. Throughout this time, he continued 
ibrutinib for CLL treatment. PET-CT performed 
three months after the diagnosis of cryptococco-
sis showed continued interval decrease in size of 
numerous cervical, thoracic, and abdominopel-
vic lymph nodes, none of which demonstrated 
FDG avidity. In addition, the focal FDG uptake 
along the lateral aspect of the prostate gland had 
resolved.

D I S C U S S I O N
Cryptococcal infection in patients with hemato-
logical malignancies is a well described [2–4] but 
still relatively uncommon complication, perhaps 
due to routine use of prophylactic fluconazole or 
the absence of symptomatic disease. Cryptococcus 
neoformans is typically isolated from soils enriched 
in the droppings of birds, especially pigeons, tur-
keys, and chickens. Most cryptococcal infections 
are acquired primarily by inhalation of infectious 
propagules. After inhalation, C neoformans likely 
causes a focal pneumonitis that may or may not be 
symptomatic or disseminated depending on the 
host’s immune status. Of the 19 Cryptococcus spe-
cies, C neoformans most commonly causes clini-
cal disease, followed by Cryptococcus albidus and 
Cryptococcus laurentii. Since the late 1990s, infec-
tions due to C gatti have been reported primar-
ily in immunocompetent hosts, predominantly in 
tropical and subtropical areas including Hawaii, 
Brazil, Australia, Southeast Asia, and Central 
and sub-Saharan Africa as well as outbreaks in 
Vancouver and the northwestern United States. 
More recently, a genetically distinct strain of C 
gattii has been described in several states outside 
the Pacific Northwest, affecting both healthy and 
immunocompromised adults [5] .

Risk Factors
Neutropenia per se does not predispose patients 
with hematological malignancies to cryptococco-
sis. Rather, an impairment of cellular immunity, 
such as that associated with corticosteroids or 
graft-versus-host disease prophylaxis, increases 
the risk for cryptococcosis. For example, patients 
with acute lymphoblastic leukemia or Hodgkin’s 
lymphoma have a greater risk of pulmonary and 
CNS cryptococcosis than those patients with acute 
myelogenous leukemia, who do not usually receive 
corticosteroids. The risk of cryptococcosis may 
also increase with the use of cell-mediated immune 
inhibitors such as fludarabine and alemtuzumab 
that yield profound lymphopenia lasting from 
months to two to three years after treatment. In 
the present case, impaired cell-mediated immunity 

 

 

 

 

 



A Budding Headache in a Patient with Hematological Malignancy 61

due to underlying CLL or previous treatment with 
fludarabine were likely contributing factors.

Clinical Presentation
Many patients are exposed to Cryptococcus during 
childhood and then develop reactivated disease 
during periods of immunosuppression. Similar 
to patients with human immunodeficiency virus 
(HIV)/acquired immune deficiency syndrome, 
clinical manifestations include neurologic and 
pulmonary disease, as well as disseminated dis-
ease to the gastrointestinal tract, skeletal system, 
and skin. Central nervous system disease most 
commonly occurs as meningitis or meningo-
encephalitis but occasionally may lead to cryp-
tococcomas. Patients may present with fever, 
headache, photophobia, altered mental status, 
and/or seizures. Osseous cryptococcosis occurs in 
up to 10% of disseminated cases. The lesions are 
lytic and may involve bony prominences, cranial 
bones, and vertebrae. The prostate may serve as 
a reservoir for infection [6] . The abnormal FDG 
uptake in the prostate gland on PET-CT imaging 
is suggestive of cryptococcal infection in the pres-
ent case; however, confirmatory fungal cultures of 
prostatic secretions and urine were not obtained.

Diagnosis
All immunocompromised patients with pul-
monary or bloodstream infection with crypto-
coccosis should undergo lumbar puncture to 
evaluate for CNS disease. The detection of cryp-
tococcal capsular polysaccharide antigen in spi-
nal fluid is the method of choice for diagnosing 
patients with cryptococcal meningitis. India ink 
staining of exudates or body fluids, used more 
commonly in resource-poor settings, may dem-
onstrate a characteristic-wide gelatinous capsule 
(Figure 1.10.4). On Gram stain of spinal fluid, the 
yeast usually stains gram-positive with stippling 
and are often round with budding. In culture, the 
yeast forms are cream-colored, mucoid colonies 
that grow in three to five days. Serum cryptococcal 
antigen testing is less useful for diagnosis of cryp-
tococcosis in non-HIV-immunocompromised 
patients because the sensitivity is approximately 
56% and 86% in pulmonary and CNS disease, 
respectively [7] .

Treatment
Recommended induction therapy for most 
non-HIV-related immunocompromised patients 
with CNS, pulmonary, or disseminated disease 
is deoxycholate amphotericin B or lipid formula-
tion amphotericin B plus flucytosine for at least 

four weeks’ duration. This is followed by flucon-
azole consolidation for eight weeks (400 mg orally 
daily) in adults or 12 mg/kg per day in children, 
then fluconazole maintenance (200 mg orally 
daily in adults or 6 mg/kg per day in children) 
[8] . Monitoring of the height of the CSF or serum 
cryptococcal antigen titer is not useful in evaluat-
ing response to therapy. Serial quantitative cultures 
of CSF are becoming more widely used as a marker 
of therapeutic response. Management of increased 
intracranial pressure is critical to outcome in cryp-
tococcal meningitis. In the setting of symptoms 
and persistent pressure elevation >25  cm of CSF, 
daily lumbar puncture should be performed until 
symptoms and CSF pressure have normalized for 
at least two days [8]. Some patients may require 
temporary percutaneous lumbar drains or ven-
triculostomy. Older studies have generally observed 
that non-HIV-immunocompromised patients have 
higher short-term mortality rates than HIV-positive 
patients [7]. However, this finding was not con-
firmed in a more recent analysis, perhaps due to 
more timely diagnosis, aggressive management, and 
use of nonmyeloablative chemotherapy [9].
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FIGURE  1.10.4: India ink stain of Cryptococcus spp., 
1000× magnification. Round yeasts with capsules that 
do not take up the stain and occasional narrow-based 
buds are seen.
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Shocking Revenge of the Weak 
Gram-Positive Cocci
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CA S E  P R E S E N TAT I O N
A 52-year-old male patient with chronic neu-
trophilic leukemia (CNL), a rare blood disorder 
characterized by proliferation of mature granu-
locytes in the bone marrow and other organs, 
complicated by its transformation into acute 
myelogenous leukemia (AML) was admitted to 
the intensive care unit (ICU) for sepsis syndrome.

He was diagnosed with CNL one year ago 
and received treatment with hydroxyurea. Six 
months later, he developed progressive anemia 
and splenomegaly and was treated with ruxoli-
tinib. Surveillance bone marrow biopsy later 
showed transformation to AML, and hence the 
patient received induction therapy with daunoru-
bicin and ara-C. Because of persistent disease, the 
patient was treated with a second induction regi-
men consisting of mitoxantrone and etoposide. 
During these treatments, the patient developed 
severe oral mucositis and prolonged neutropenia.

During a few days after the second cycle of 
induction chemotherapy, while receiving vori-
conazole, acyclovir, and levofloxacin prophylaxis, 
he developed fever and hemodynamic instability 
that required admission to the ICU. On physical 
examination, he appeared chronically ill and was 
in mild distress. He had a temperature of 39.8ºC. 
He had sinus tachycardia, with heart rate rang-
ing between 150–170 beats per minute. His blood 
pressure was 90/55 mmHg (normally 130/70 mm 
mercury) and respiration rate was 20 breaths per 
minute. The oral cavity was notable for moderate 
mucositis but without active bleeding or lesions. 
Scattered crackles were heard on both lung fields. 
The insertion site and tunnel of the indwelling 
Port-A-Cath were not inflamed or tender.

Blood cultures were obtained. Laboratory 
tests revealed pancytopenia (white blood cell 
count 0.1  × 103/μL, with too few cells for ade-
quate differential; hematocrit, 17.7% and platelet 
count, 12 000/μL). His serum creatinine and liver 

biochemical studies were normal. His lactate level 
was elevated to 4.5 mmol/L.

Therapy was immediately started empirically 
with intravenous cefepime and vancomycin. In 
addition, the patient received aggressive fluid 
resuscitation. Later in the day, he was observed to 
have increasing oxygen requirements from 2 liters 
by nasal cannula to 10 liters via closed facemask. 
He failed a trial of noninvasive pressure ventila-
tion, and he subsequently required endotracheal 
intubation and mechanical ventilation, with FiO2 
requirements of 50% for adequate saturation and 
a P/F ratio of 150.

Chest radiograph showed diffuse bilateral pul-
monary infiltrates, which had progressed compared 
with a surveillance radiograph performed one 
week before admission (Figure 1.11.1). Computed 
tomography scan of the chest demonstrated bilat-
eral diffuse ground-glass opacities (Figure 1.11.2). 
Transthoracic echocardiogram showed mildly 
diminished left ventricular ejection fraction of 47% 
with new mild right ventricular (RV) enlargement 
and moderately decreased RV function.

Q U E S T I O N S
•	 What	infectious	etiologies	should	be	

strongly considered to account for this 
patient’s neutropenic fever, hemodynamic 
instability and sepsis?

•	 What	are	the	risk	factors	for	this	specific	
infection?

•	 When	should	the	empiric	management	of	
neutropenic fever include broader coverage 
for possible drug-resistant Gram-positive 
organisms?

D I F F E R E N T I A L  D I AG N O S I S
The case presented here is one of fever with neutro-
penia (febrile neutropenia [FN]), which is a com-
mon complication of cytotoxic chemotherapy for 
the treatment of cancer. Prior to the use of antibiotic 

 

 

 

 



Infections in Cancer Patients64

prophylaxis, infections were major causes of FN in 
cancer patients. The direct cytotoxic effects of che-
motherapy on mucosal surfaces and the immune 
deficits from chemotherapy and underlying malig-
nancy contribute to the heightened risk of infection 
as a cause of FN, especially when neutropenia is 
profound (<100/mm3) and prolonged (longer than 
seven days). However, in the current era when anti-
biotic prophylaxis is standard of care in high-risk 
patients, the majority of episodes of FN in patients 
with cancer no longer have a defined infectious eti-
ology [1] . High-risk patients that benefit from anti-
microbial prophylaxis for FN include those patients 
with an expected duration of severe absolute neu-
tropenia (<100 cells/µL, although some include 
<500 cells/µL) for seven days or longer.

Documented infections currently account for 
only approximately 20%–30% of FN episodes, 
with bacterial pathogens as the predominant etio-
logic agents. Only approximately 10%–25% of FN 
cases have an identified bloodstream infection. 
Before the 1980s, Gram-negative bacilli, especially 
Pseudomonas aeruginosa, were the predominant 
pathogens and were associated with serious com-
plications. Subsequently, fluoroquinolones such 
as ciprofloxacin and levofloxacin were introduced 
as antibacterial prophylaxis during the high-risk 
period of neutropenia in patients with hemato-
logic	 malignancies.	With	 this	 practice,	 and	 with	
the increasing use of indwelling plastic venous 
catheter devices, Gram-positive bacteria, most 
commonly coagulase-negative staphylococcus, 
Staphylococcus aureus, and streptococci, have 
emerged as the most common causes, account-
ing for up to 75% of microbiologically confirmed 
bloodstream infections during FN episodes. The 
vast majority of these bacterial pathogens are part 
of endogenous flora. In this regard, the destruction 
in gastrointestinal mucosal protective barrier (e.g. 
mucositis) serves as a portal of entry of endoge-
nous oral and gastrointestinal flora to gain access 
to the bloodstream. Viridans group streptococci 
(VGS) are among the predominant bacteria in the 
oral and gastrointestinal tract that can translocate 
to cause bloodstream infection during periods 
of severe mucositis. Viridans group streptococci 
accounts for up to 18% of all bloodstream infec-
tions in patients with FN [2] . The clinical presen-
tation of severe mucositis, septic shock, and acute 
respiratory distress syndrome (ARDS) early in the 
clinical course of FN, as in the clinical case pre-
sented here, are characteristic of VGS bloodstream 
infection in cancer patients with FN [3–7]. Another 
diagnostic consideration in this patient would be a 
central line-associated (Port-A-Cath) bloodstream 

(a)

(b)

FIGURE  1.11.1: Chest radiograph shows diffuse bilat-
eral infiltrates.

FIGURE  1.11.2: CT scan of the chest shows diffuse 
bilateral ground-glass opacities.
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infection due to S aureus, coagulase-negative 
staphylococcus, enterococcus, other streptococci, 
and Gram-negative bacterial pathogens such as P 
aeruginosa, Klebsiella pneumonia, and Escherichia 
coli. However, there were no physical findings 
suggestive of tunnel or line-associated infection. 
Nonetheless, we emphasize that close evaluation of 
all indwelling vascular lines should be performed 
during assessment of the patients with FN, includ-
ing a detailed physical examination and culture of 
the blood and the vascular line. Other potential 
causes of sepsis, such as community-acquired or 
nosocomial pneumonia (especially in this patient 
with pulmonary findings), urinary tract infec-
tion, and other opportunistic infections due to 
viruses and fungi should also be considered and 
evaluated. Indeed, herpes infections and oral can-
didiasis could complicate the mucosal inflamma-
tion in patients with severe mucositis (hence, the 
use of acyclovir and antifungal prophylaxis dur-
ing this period). Fungal infections are generally 
rarely implicated as the cause of FN during the 
first seven days of fever. However, these pathogens, 
especially Candida spp and Aspergillus spp, should 
be considered in high-risk patients (i.e. those with 
prolonged and profound neutropenia) especially 
when the fever persists beyond one week.

The Infectious Disease Society of America 
(IDSA) recommends empiric therapy of FN 

with cefepime, piperacillin-tazobactam, or the 
anti-pseudomonal carbapenems (meropenem and 
imipenem). These agents have broad-spectrum 
coverage to include many Gram-positive bacteria 
and Gram-negative organisms including P aeru-
ginosa. In general, additional antibiotics with 
enhanced Gram-positive activity such as van-
comycin and daptomycin are not recommended 
as initial therapy because the antibacterial cov-
erage of cefepime, piperacillin-tazobactam, or 
the anti-pseudomonal carbapenems are broad 
enough to be active against the major patho-
gens causing FN. Some indications for the addi-
tion of antibiotics with enhanced activity against 
Gram-positive organisms (such as vancomycin 
and daptomycin) to the empirical regimen of FN 
are listed in Table 1.11.1. In addition to cefepime, 
our patient received vancomycin due to sepsis and 
the consideration of pneumonia. Because of unre-
markable physical findings, the vascular catheter 
was not suspected to be the source of his FN.

A D D I T I O NA L  CA S E   DATA
At 17 hours, the blood cultures obtained by veni-
puncture and through the Port-A-Cath were posi-
tive for Streptococcus mitis group (see Figure 1.11.3 
for Gram stain and culture). The organism was 
susceptible to cefepime (minimum inhibitory con-
centration [MIC], <0.5), ceftriaxone (MIC, <0.5), 

TABLE 1.11.1. CLINICAL INDICATIONS FOR THE ADDITION OF VANCOMYCIN OR 
OTHER	ANTIBIOTIC	WITH	ENHANCED	GRAM-POSITIVE	BACTERIAL	ACTIVITY	

TO THE EMPIRIC THERAPY OF NEUTROPENIC FEVER (MODIFIED FROM [1] )

Indication for Gram-Positive Antibiotics to the 
Empiric Regimen for Neutropenic Fever

Clinical Reasoning

Severe sepsis/septic shock To cover for organisms such as S aureus, which has been 
implicated to cause more serious infections and complications 
such as septic shock. To cover for possible penicillin-resistant 
viridans group streptococcal sepsis in the setting of severe 
sepsis.

Clinical documentation or suspicion of 
pneumonia, and skin/soft tissue infection

To cover for possible MRSA as the cause of pneumonia and 
skin/soft tissue infections. Recommendations are based on 
microbiology of such infection, again including MRSA.

Clinical documentation or suspicion of 
catheter-related infection

Catheter-related infections are often due to S aureus and coagulase-  
negative staphylcococcus and enterococcus, hence the empiric 
use of antibiotics with added Gram-positive activity.

Presence of severe mucositis, especially with 
previous use of fluoroquinolone/ceftazidime

Additional Gram-positive coverage for the potential for 
penicillin-resistant viridans group streptococcal sepsis.

Known colonization with drug-resistant 
organisms—methicillin-resistant 
Staphylococcus aureus (MRSA), 
vancomycin-resistant enterococcus, or 
penicillin-resistant Streptococcus pneumoniae

Known colonization with such organisms increases the chance 
of invasive infection with the same drug-resistant organisms; 
therefore, empiric coverage against these organisms is 
recommended during period of neutropenic fever.

 



Infections in Cancer Patients66

meropenem (MIC, <0.25), and vancomycin (MIC, 
<1), intermediate to penicillin (MIC, 1) and resis-
tant to levofloxacin (MIC, >4). Because of diffuse 
bilateral pulmonary infiltrates, the patient under-
went bronchoscopy with bronchoalveolar lavage, 
but the microbiologic work up was unremarkable 
for any bacterial, fungal, or viral pathogens. Given 
the negative bronchoscopy work-up, he was sus-
pected to have VGS-associated adult respiratory 
distress syndrome and was provided mechanical 
ventilation using lung-protective ARDS strategy.

Final Diagnosis: Neutropenic fever due to S mitis 
group bloodstream infection complicated by sep-
tic shock and ARDS

T R E AT M E N T  A N D  O U T C O M E
The patient’s hemodynamics and pulmonary 
function gradually stabilized during the aggressive 

management at the ICU. He was extubated after 
four days. Vancomycin was eventually discontin-
ued when no other pathogens were isolated on 
multiple evaluations, and the patient completed 
two weeks of intravenous cefepime therapy. Blood 
cultures were negative after two days of effective 
antibiotic therapy. He subsequently underwent 
allogeneic hematopoietic stem cell transplant to 
treat his underlying illness.

D I S C U S S I O N

Viridans Group Streptococcal 
Bloodstream Infections During 
Neutropenia
Risk Factors
Risk factors for VGS bloodstream infections 
in patients with NF are as follows:  (1)  prophy-
laxis with fluoroquinolones (such as cipro-
floxacin and levofloxacin, as in this case) and 
trimethoprim-sulfamethoxazole, and empiric 
therapy with ceftazidime (drugs with poor in 
vitro activity against VGS); (2)  certain chemo-
therapeutic agents (including high-dose cytosine 
arabinoside); and (3)  severe oral and gastroin-
testinal mucositis (see Box 1.11.1). Our patient 
was receiving levofloxacin prophylaxis and 
developed moderate to severe mucositis during 
the prolonged period of severe neutropenia. As 
discussed above, the most common source of 

FIGURE  1.11.3: Top, Gram stain showing Gram-
positive cocci in chains; Bottom, Blood agar plate showing 
growth of Streptococcus mitis.

BOX 1.11.1  RISK FACTORS 
FOR VGS BLOODSTREAM 
INFECTIONS IN CANCER 
PATIENTS WITH FEBRILE 
NEUTROPENIA

Risk	 factors	 implicated	 in	 VGS	 infections	

causing	fever	with	neutropenia

1.	 Use	of	trimethoprim/sulfamethoxazole	

prophylaxis	during	neutropenia

2.	 Use	of	fluoroquinolone	prophylaxis	

during	neutropenia

3.	 Use	of	ceftazidime	as	empiric	FN	

management

4.	 Presence	of	oral	and	gastrointestinal	

mucositis,	especially	if severe

5.	 Use	of	certain	cytotoxic	chemotherapy,	

specifically	Cytarabine	(Ara-C)

6.	 Age	(more	severe	VGS	infection	in	pedi-

atric	FN	cases) [12]
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VGS to cause FN in patients with cancer is the 
oral cavity and the alimentary tract, especially 
in context of severe mucosal damage from use 
of cytotoxic chemotherapy. His VGS was also 
found to be penicillin resistant. Among the 
risk factors for bloodstream infection with a 
penicillin-resistant VGS strain that have been 
reported include the following:  (1)  underlying 
acute leukemia, (2) mucocutaneous lesions, and 
(3) breakthrough bacteremia during prophylaxis 
with β-lactams. Previous exposure to β-lactam 
therapy (such as ceftazidime) is also a risk fac-
tor for cephalosporin-resistant VGS cases [8] . 
It is interesting to note that one study reported 
that exposure to trimethoprim-sulfamethoxazole 
is also associated with reduced susceptibility 
to penicillins [9], whereas those receiving levo-
floxacin prophylaxis, like the case presented 
here, are expectedly at risk for the selection of 
fluoroquinolone-resistant strains [10, 11].

Clinical Presentation
The majority of cases of VGS bloodstream infection 
in cancer patients with chemotherapy-induced 
FN presents with fever alone. However, VGS 
bloodstream infection may be complicated by 
septic shock syndrome and ARDS in 7%–39% 
of cases, with mortality rates that could exceed 
20% [4, 5, 7, 8, 13–17]. Streptococcus mitis is the 
most common VGS group responsible for NF, and 
in some studies, this group was associated with 
worse clinical outcomes and complications (such 
as ARDS and VGS shock syndrome) compared 
with less commonly encountered non-S mitis 
strains (Streptococcus oralis, Streptococcus infan-
tis/australis, Streptococcus sanguinis, Streptococcus 
anginosus, Streptococcus salivarus/vestubularis) [4, 
18, 19]. In a review of neutropenic cancer patients 
with primary bacteremia, 58 of 72 cases (81%) of 
the cases of VGS bacteremias were due to S mitis 
[18]. It is interesting to point out that children 
have been reported to have a higher occurrence of 
a more severe disease [12], although a more recent 
study did not confirm this observation [7] .

Diagnosis
The diagnosis of VGS bloodstream infection in 
patients with FN is established using blood cul-
tures. It is especially important to emphasize that 
blood samples be obtained for cultures as soon 
as possible after clinical presentation, prefer-
ably within two hours, and before the initiation 
of broad-spectrum antibiotic therapy. As illus-
trated in this case, VGS may be complicated by 
ARDS. Bronchosocpy may be performed to rule 
out other pathogens. In VGS-associated ARDS, 

no additional organisms are isolated on the bron-
choalveolar lavage fluid cultures.

Management
Per the IDSA guidelines, monotherapy with 
cefepime, carbapenems (meropenem or imipe-
nem), and piperacillin-tazobactam continue to 
be recommended as the first-line regimen for 
the empiric therapy for FN. All of these agents 
are generally effective against the vast major-
ity of VGS isolates and are therefore also used 
for the targeted treatment of VGS bloodstream 
infection [1] .

The vast majority of cases do not require addi-
tion of vancomycin [1] . However, the emergence 
of penicillin and β-lactam resistance among 
VGS isolates has been a driver behind the addi-
tion of vancomycin for empiric treatment of FN 
and VGS bloodstream infection in some centers. 
The rates of β-lactam and penicillin resistance 
vary from a low of 5% of isolates [4,  19] to as 
high as 17% [20]. A  recent study [20] identi-
fied current use of β-lactam prophylaxis, receipt 
of β-lactam antimicrobial within past 30  days, 
and nosocomial-acquired VGS bloodstream 
infections as independent predictors of penicil-
lin resistance. Cases of penicillin-resistant VGS 
infections have been implicated to cause more 
severe disease in earlier studies [14], although 
this has not been observed in more recent 
studies [4,  7]. However, this observation led 
to an increase in use of drugs with enhanced 
Gram-positive activity such as vancomycin and 
daptomycin early in the treatment course for 
many patients with FN. In one study, the addi-
tion of vancomycin early in the treatment course 
has led to improved outcomes in VGS infections 
[21]. However, a Cochrane Systematic Review 
failed to show improved outcomes with the addi-
tion of Gram-positive antibiotics to the empiric 
regimen of FN in patients with cancer [22]. 
Likewise, a meta-analysis of all FN cases failed 
to show any improvement in all-cause mortal-
ity with the addition of empiric Gram-positive 
antibiotics [23]. Therefore, vancomycin is not 
recommended as a part of the initial empiric 
regimen for FN. Furthermore, the vast majority 
of VGS isolates, including those with penicillin 
resistance, remain susceptible to the cefepime, 
piperacillin-tazobactam, and meropenem (the 
first-line therapy of FN). Indeed, as illustrated in 
the case described here, although the S mitis was 
not susceptible to penicillin, it remained suscepti-
ble to the first-line drugs (cefepime, meropenem, 
and piperacillin-tazobactam) recommended for 
empiric treatment of FN.
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Prevention
The prevention of invasive VGS infections caus-
ing FN remains controversial. Fluoroquinolones 
have poor to modest activity against VGS, and 
thus explaining the association between VGS 
bacteremia and fluoroquinolone prophylaxis. 
Accordingly, some centers have added penicillin 
(or other β-lactams) to fluoroquinolone prophy-
laxis to reduce VGS infections during periods 
of neutropenia [24]. However, this has not been 
associated with reduction in VGS and ARDS, and, 
more importantly, there is significant concern for 
the emergence of resistance to β-lactams with this 
strategy [14]. Indeed, there have been a number of 
reports of increasing rates of antimicrobial resis-
tance for S mitis and other VGS strains in neu-
tropenic patients receiving penicillin prophylaxis 
[4, 15, 16, 19,  25]. Therefore, current guidelines 
do not recommend this strategy. Instead, prompt 
empiric therapy is recommended for patients who 
present to the clinic with FN.

K E Y   P O I N T S
•	 Microbiologically	defined	infections	

account for only up to 30% of cases of 
FN, and VGS accounts for a minority of 
bacteremia causing FN.

•	 Infections	should	be	suspected	and	treated	
early in the course of FN to reduce the risk 
of complications such as sepsis and death.

•	 Bloodstream	infection	due	to	VGS	
account for only a minority of cases of 
infection-related FN, but it can lead to 
severe sepsis, septic shock, and ARDS.

•	 Risk	factors	for	VGS	bloodstream	
infections include gastrointestinal 
mucositis, cytotoxic chemotherapy such as 
cytarabine, empiric ceftazidime treatment, 
and prophylaxis with fluoroquinolone and 
trimethoprim-sulfamethoxazole.

•	 The	majority	of	VGS	remain	susceptible	
to the first-line empiric therapy for 
neutropenic fever such as cefepime, 
meropenem, and piperacillin-tazobactam.

•	 Vancomycin	and	other	Gram-positive	
active drugs are not recommended for 
empiric therapy of FN, but they should 
be used only as empiric therapy of FN in 
certain situations, such as suspicion for 
resistant bacteria, pneumonia, sepsis, and 
skin and soft tissue infections.
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1.12
Upper Respiratory Symptoms  
During Febrile Neutropenia

MICHAEL  G .   I SON,  MD,  MS

CA S E  P R E S E N TAT I O N
The patient is a 72-year-old white male with fol-
licular lymphoma who presents 2 weeks after his 
4th cycle of rituximab, cyclophosphamide, doxo-
rubicin, vincristine, and prednisone (R-CHOP) in 
late January with new fevers and fatigue since the 
night prior to evaluation; he also notes a slightly 
runny nose. Lymphoma, predominately restricted 
to the gastrointestinal tract and spleen, was diag-
nosed in October, and he has undergone therapy 
with R-CHOP in 21-day cycles starting in early 
November. He received a seasonal influenza vac-
cine in late September, before being diagnosed 
with lymphoma, although he was having signifi-
cant B symptoms attributed to the lymphoma at 
the time. He has generally been healthy before 
his diagnosis of lymphoma. His treatment course 
was uncomplicated for the first 3 cycles without 
significant fever or infection during neutropenia. 
The patient reported no recent sick contacts that 
he is aware of and his wife also received her influ-
enza vaccine.

On presentation he appeared mildly ill. His 
temperature was 38.2°C, pulse 98/minute, his 
blood pressure was 134/64  mm Mercury, and 
his respiratory rate was 14/minute with pulse 
oximetry of 96% on room air. On examination, 
his oral mucosa was slightly dry and he had no 
conjunctival injection; his heart was regular rate 
without murmurs, gallops, or rubs; his lungs 
were clear to auscultation; his abdomen was 
nontender with normal bowel sounds; he had 
no obvious skin rashes or lesions. Laboratory 
results	revealed	a	white	blood	cell	count	(WBC)	
of 1200 cells/mL (absolute neutrophil count 
was 800 cells/mL), hemoglobin of 8.9 g/dL, and 
a platelet count of 112 000/dL. His electrolyte 
panel was within normal limits with a creatinine 
of 0.9 mg/dL. Chest radiograph is demonstrated 
in Figure 1.12.1.

Q U E S T I O N S
•	 What	diagnostic	testing	would	you	perform	

on this patient?
•	 What	therapy	would	you	initiate	in	this	

patient?

D I F F E R E N T I A L  D I AG N O S I S
The patient is presenting with fever and neutro-
penia during the winter respiratory viral season. 
The differential diagnosis of causes of fever in this 
patient are relatively broad, although the most 
common causes include bacteremia, candidemia, 
intra-abdominal infection, Clostridium difficile 
colitis, pneumonia, catheter-related infection, and 
respiratory viral infections [1] . Current guidelines 
recommend careful physical examinations, col-
lection of 2 sets of blood cultures, urine analysis 
and culture, and respiratory viral testing; in addi-
tion, tests for C difficile toxin assay should be 
sent in patients with diarrhea, cerebrospinal fluid 
tests should be sent in patients with concern for 
meningitis or encephalitis, skin biopsies should 
be obtained for new skin lesions, and respiratory 
specimens (sputum or bronchoalveolar lavage 
[BAL]) should be obtained for patients with cough 
or abnormalities on chest imaging [1].

I N I T I A L  M A NAG E M E N T
This patient is likely at low risk for complica-
tions because his neutropenia is anticipated to 
last ≤7  days and his MASCC score is >21, he is 
clinically stable, and he has no significant medical 
clinical comorbidities. As such, the patient could 
be treated as an outpatient with oral ciprofloxacin 
and amoxicillin-clavulanate, or even with levo-
floxacin, with observation for four to twenty-four 
hours in the clinic before going home; alterna-
tively, he could be admitted for intravenous (IV) 
antibiotics [1] . Because the patient has respira-
tory viral symptoms, initiating oseltamivir to his 
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empiric regimen should be considered until test-
ing for influenza can be completed when influ-
enza is circulating in the community.

A D D I T I O NA L   DATA
The patient was treated with a single dose of cipro-
floxacin 750 mg, amoxicillin-clavulanate 875 mg, 
and oseltamivir 150 mg with food. He tolerated 
the therapy and remained clinically stable for six 
hours while receiving IV fluids in clinic; a rapid 
influenza antigen test was negative for influenza. 
He was discharged on each of the three antimicro-
bials twice daily and asked to return to clinic the 
following	day.	His	WBC	was	increasing	the	follow-
ing day (absolute neutrophil count [ANC] = 900/
mm3), his blood and urine cultures were negative, 
and his respiratory viral panel (RVP) polymerase 
chain reaction (PCR) performed on a nasal swab 
was positive for influenza B. The patient stated that 
he felt substantially better with no further fevers.
Final Diagnosis: Influenza B infection

T R E AT M E N T  A N D  O U T C O M E
The patient was continued on oseltamivir 150 
mg BID while ciprofloxacin and amoxicillin-  
clavulanate were discontinued. The patient was 
prescribed a ten-day course of oseltamivir and 
was asked to return at day eight for repeat testing. 
His RVP was still positive for influenza B and an 
additional five days of oseltamivir were prescribed. 
On day fourteen of therapy, he returned and RVP 
was negative for influenza. The patient completed 
his next cycle of R-CHOP chemotherapy one week 
later and recovered from the associated neutrope-
nic period uneventfully, without recurrent fever or 
influenza.

Discussion
A wide range of viruses cause infections of respira-
tory tract, including influenza, respiratory syncytial 
virus (RSV), human metapneumovirus (hMPV), 
parainfluenza (PIV), rhinovirus (RV), coronavi-
rus, and adenovirus. Influenza, RSV, and hMPV 
typically cause infections in the winter months 
(November–April in the Northern Hemisphere), 
RV and coronaviruses typically cause infections in 
the fall and spring, and adenovirus and PIV cause 
infections throughout the entire year. Infections 
with respiratory viruses often have milder symp-
toms and more prolonged shedding in patients 
undergoing chemotherapy than otherwise healthy 
adults and children. Likewise, progression from 
the upper airway to the lower airway is more com-
mon in patients with hematologic malignancy, 
lymphopenia, and patients actively receiving che-
motherapy. The clinical presentation, prevention, 
and management of influenza will be discussed in 
detail in this case.

Clinical Presentation
Clinically, it is challenging to make a diagnosis 
of influenza, particularly in patients with hema-
tologic malignancy, because typical signs and 
symptoms are often mild to absent. Most clini-
cal signs and symptoms of influenza infection are 
the result of cytokine release in response to local 
replication of influenza in the respiratory mucosa 
[2] . Defects in number and function of lympho-
cytes (absolute lymphocyte count ≤100 cells/mL 
is associated with the greatest risk for progres-
sive influenza pneumonia) are common among 
patients undergoing chemotherapy. In addition, 
many patients undergoing chemotherapy receive 

(a) (b)

FIGURE 1.12.1: Chest radiograph of patient on presenation.

 

 

 

 

 



Infections in Cancer Patients72

steroids and other anti-inflammatory agents as 
part of the chemotherapy regimen or to mitigate 
against adverse effects of chemotherapy. Together, 
the lymphocyte defects and immunosuppressive 
agents are responsible for the reduced severity and 
frequency of typical influenza symptoms, includ-
ing fever, myalgias, arthralgias, cough, and sore 
throat [3]. As such, clinicians should have a very 
high clinical suspicion for respiratory viruses at 
times when viruses are circulating and a patient 
presents with any respiratory symptoms.

Diagnosis
Because influenza circulates at a time when sev-
eral other viruses may cause a clinical picture that 
is indistinguishable, diagnostic tests are required 
to confirm that a patient is infected with influenza 
virus [4] . Available diagnostic strategies include 
serology or testing of material from the respira-
tory tract (nasal swab, nasal wash, or BAL) by 
rapid antigen detection, direct fluorescent anti-
bodies, culture, and molecular diagnostics [5]. 
Rapid antigen testing has the clear advantage of 
speed, but it lacks sensitivity [5, 6]. Direct fluores-
cent antibody testing is a relatively rapid and effec-
tive diagnostic that may screen for a large number 
of viruses, although commercially available anti-
bodies are not available for all clinically significant 
viruses [5]. Traditionally, cell culture, using either 
long tubes or spin-enhanced shell-vial techniques, 
had been previously considered the gold standard. 
Given the need for two to five days of incubation 
for cultures, these techniques are now rarely used; 
with improved sensitivity, ease, and wide avail-
ability, PCR methods are preferred [5, 7, 8]. Most 
contemporary molecular assays (i.e. PCR) have 
excellent sensitivity and rapid turn-around times 
(usually measured in hours), and they test for a 
wide range of potential pathogens in a single assay. 
Nonetheless, even molecular assays may miss 
infection in patients. Up to 20% of patients with 
influenza pneumonia will have negative results 
from PCR of nasal swabs; as a result, lower airway 
specimens, obtained by non-bronchoscopic or 
bronchoscopic alveolar lavage, may be required to 
confirm a diagnosis of lower airway infection [9]. 
Likewise, attention must also be paid to the collec-
tion of adequate specimens; inadequate collection 
of nasal swabs may result in false-negative results.

Prevention
Influenza can be prevented through the use of 
vaccination. Current guidelines suggest that all 
patients with underlying medical conditions, 
such as hematologic malignancies, and their close 

contacts receive the inactivated, injectable influ-
enza vaccine annually [10, 11]. Because of the risk 
of replication and disease, use of the live, attenu-
ated inhaled vaccine is contraindicated in immu-
nocompromised patients and discouraged for 
close contacts [11]. Although antibody responses 
to influenza vaccine are reduced in patients cur-
rently receiving chemotherapy, influenza vaccine 
has consistently been associated with clinical ben-
efit. Available data suggest that influenza vaccina-
tion is associated with reduction in influenza-like 
illness, confirmed influenza rates, pneumonia, 
hospitalization, and mortality in adult patients 
with cancer [12, 13]. The studies have consistently 
failed to demonstrate any life-threatening or per-
sistent adverse effects from vaccination [12].

The optimal timing of influenza vaccination 
has not been definitively established. Studies have 
suggested that response is best after complet-
ing therapy, but this may leave patients at risk if 
therapy is initiated at the start of influenza season. 
Various recommendations include vaccinating 
patients two weeks before initiation of therapy 
and vaccinating patients when the ANC is ≥1000 
cells/mL [12, 14]. Greater responses occur if vac-
cine is given between cycles [14, 15]. Nonetheless, 
because vaccination is safe and appears to be 
more effective in preventing influenza and its 
complications, it is critical to attempt to vac-
cinate patients if chemotherapy is given during 
the influenza season and the patient is not previ-
ously vaccinated [14,  15]. There may be benefit 
to vaccinating patients again after chemotherapy 
is completed if the influenza season is still ongo-
ing. Because of this slightly decreased response to 
vaccine, all close contacts of transplant patients, 
including associated healthcare workers, should 
be vaccinated; inactivated vaccine is preferred in 
patients at close contact with immunosuppressed 
patients but live, attenuated intranasal vaccines 
can be used in close contacts of oncology patients, 
although they should be avoided in transplant 
recipients [11].

Influenza antiviral therapy has been dem-
onstrated to be safe, well tolerated, and effec-
tive in preventing influenza in high-risk patients 
[16]. The adamantanes, which are M2 ion chan-
nel inhibitors, amantadine and rimantadine, 
should not be used for the prevention of influ-
enza because all circulating strains are resistant to 
this class of antiviral. Antiviral prophylaxis after 
exposure or seasonal antiviral prophylaxis has lost 
favor in most instances because of the concern for 
emergence of antiviral resistance [17]. If antivirals 
are to be considered for postexposure prophylaxis 
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of at-risk oncology patients, most experts recom-
mend empiric treatment (full treatment doses) of 
the patient instead of lower-dose prophylaxis with 
oseltamivir.

Treatment
Available influenza antivirals include the M2 ion 
channel inhibitors (amantadine and rimantadine) 
and the neuraminidase inhibitors (oseltamivir 
and zanamivir). Due to widespread resistance in 
all circulating strains, the M2 inhibitors should 
not be used [16].

Antiviral therapy has been proven to reduce 
the duration and severity of influenza in oth-
erwise healthy ambulatory adults when started 
within forty-eight hours of symptom onset (see 
Table 1.12.1) [16, 18]. Likewise, antiviral therapy is 
associated with improved recovery, reduced pro-
gression to the lower airway, and lower mortality 
rates in patients requiring hospitalization when 
therapy is started within five days of symptom 
onset; there may be benefit for treating patients 
beyond five days, but the number of patients with 
significantly delayed treatment is too small to draw 
definitive conclusions [19, 20]. Randomized con-
trolled studies have not been conducted to pro-
spectively define the optimal treatment in patients 
with cancer. Nonetheless, treatment should be 
started as soon as possible after symptom onset to 
maximize outcomes. Antiviral therapy, therefore, 
should be started as soon as influenza infection is 
considered and should not wait for confirmation 
by diagnostic testing. In patients who are heav-
ily immunosuppressed, neutropenic, or hospital-
ized, consideration should be given to treating 
all patients with documented influenza [8,  21]. 
Oseltamivir is less active against influenza B 
viruses, and higher doses may be associated with 
improved outcomes in these patients [22]. Higher 

doses of oseltamivir may be associated with lower 
rates of resistance emergence during treatment, 
which occurs more commonly in immunosup-
pressed patients [21–23]. Likewise, prolonged 
shedding has been demonstrated in patients that 
are immunosuppressed, who are receiving corti-
costeroids; as a result, longer durations of therapy 
(greater than the five days of therapy used in oth-
erwise healthy ambulatory adults and children) 
are generally recommended for patients who are 
treated for influenza and are currently receiving 
chemotherapy [21]. Several experts recommend 
continuing therapy until viral replication has been 
documented to be resolved, although the optimal 
duration of therapy has not been prospectively 
defined for immunosuppressed patients. Clinical 
progression despite antiviral therapy should war-
rant consideration for resistance or a secondary 
superinfection. Resistance testing is not widely 
available, and consultation with an expert in 
the diagnosis and management of influenza is 
recommended.

K E Y   P O I N T S
•	 Respiratory	viral	infections	are	common	

causes of infection in patients undergoing 
chemotherapy.

•	 Oncology	patients	receiving	chemotherapy	
may have few or often mild symptoms 
when they present with influenza.

•	 PCR-based	testing	has	the	highest	
sensitivity for detecting influenza and 
other respiratory viruses, but false-negative 
results can occur with improper sampling 
or in sampling only the upper airway in 
patients with pneumonia.

•	 Influenza	vaccine	is	safe	and	effective	
in oncology patients undergoing 
chemotherapy; vaccination should be given 

TABLE 1.12.1. AGENTS USED TO PREVENT AND TREAT INFLUENZA

Usual Adult Dosage

Drug Prophylaxis Treatment Dose Adjustment State Suggested Dosage

Zanamivir† 2 puffs 2 puffs No dose adjustment needed
Oseltamivir‡ 75 mg q24h 75 mg q12h CrCl <30 mL/min§ Treatment: 75 mg q24h

Prophylaxis: 75 mg every other day
≤15 kg 30 mg q12h
15–23 kg 45 mg q12h
23–40 kg 60 mg q12h
>40 kg 75 mg q12h

† Zanamivir is indicated for prophylaxis in children ≥5 years old and for treatment in children ≥7 years old.
‡ Oseltamivir is indicated for treatment in children ≥2 weeks of age and older and in children ≥1 year of age for prophylaxis.
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to all oncology patients, optimally between 
cycles or after chemotherapy is completed.

•	 Influenza	vaccination	should	be	given	to	
all close contacts of patients undergoing 
chemotherapy.

•	 Antiviral	therapy	should	be	initiated	as	
soon as influenza is considered and should 
not wait for diagnostic confirmation.

•	 Higher	doses	of	oseltamivir	and	duration	
of therapy longer than five days are 
recommended by many experts for 
the treatment of influenza in patients 
undergoing chemotherapy.
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1.13
Multiple Skin Lesions in a Neutropenic Patient 
With Leukemia: Connecting the Dots

MATTHEW MCCARTHY, MD, AUDREY N.  SCHUETZ , MD, MPH,  

AND THOMAS J .  WALSH,  MD

CA S E  P R E S E N TAT I O N
A 55-year-old man with chronic lymphocytic leu-
kemia complicated by Richter’s transformation 
presented to his outpatient physician with diffuse 
myalgias and cutaneous lesions of unclear etiol-
ogy. The patient was day + 15 s/p chemotherapy 
with hyperfractionated cyclophosphamide/vin-
cristine/doxorubicin/dexamethasone (cycle 1B) 
and was pancytopenic from disease and chemo-
therapy at the time of presentation.

On the day prior to presentation, the patient 
noted a red, tender area on the right lower leg as 
well as a painful right fourth toe. He reported pos-
sible trauma to the toe while walking the previous 
day. His medical history is notable for coronary 
artery disease, hyperlipidemia, sleep apnea, and 
asthma. Pertinent medications at the time of pre-
sentation included oral fluconazole 400 mg daily, 
valacyclovir 500 mg q twice daily, and enoxaparin 
120 mg (subcutaneous) daily.

The patient works in finance and lives in New 
Jersey with his wife of thirty years. He denied 
recent travel but reported daily walks in the coun-
try at night with his wife. He has never smoked 
and reported consuming one or two glasses of 
wine daily. He was in good health until the previ-
ous year when his cardiologist noted lymphocy-
tosis and a small growth on his neck. The patient 
underwent lymph node biopsy and subsequent 
bone marrow biopsy, which revealed an atypi-
cal chronic lymphocytic leukemia with a com-
plex karyotype including 17p deletion, Zap 70 
positive.

Physical exam was notable for an ill-defined 
2  cm erythematous, mildly edematous tender 
noncircumscribed plaque with central 1-cm atro-
phic shiny macule along the mid-anterior aspect 
of the right leg, and an erythematous patch on 
the right fourth toe with two pinpoint erosions 

secondary to trauma from adjacent rubbing of 
sharp dystrophic fifth nail. The lesions were suspi-
cious for bruising given the patient’s use of antico-
agulation, and the decision was made to monitor 
the lesions with close dermatologic follow-up.

Over the next four days, new lesions appeared 
on the legs, face, neck, and scalp, and the lesions 
on right lower leg (Fig. 1.13.1) and right fourth 
toe (Fig. 1.13.2) became more erythematous, 
painful, and swollen with new dark areas. The 
patient also reported diffuse myalgias and weak-
ness but denied fever, chills, chest pain, dyspnea, 
or diarrhea.

Laboratory results revealed a white blood 
cell count of 2900 cells/mm3 (99% lymphocytes), 
hemoglobin of 8.3 g/dL, and a platelet count of 
41 000/mm3. Serum creatinine was 0.79 mg/dL, 
calcium 8.5 mg/dL (range, 8.9–10.3mg/dL), and 
albumin 3.3 g/dL (range, 3.5–4.8 g/dL). Synthetic 
liver function tests were unremarkable. Chest 
radiograph revealed no focal consolidations or 
pleural effusions. The cardiomediastinal silhou-
ette was within normal limits. Punch biopsies 
(3 mm) of the lesions on the right leg and lower 
neck were performed.

Q U E S T I O N S
•	 While	awaiting	results	from	the	

microbiology laboratory, which fungal 
infections should be considered to explain 
this patient’s presentation?

•	 How	does	the	use	of	fluconazole	
prophylaxis impact your differential 
diagnosis?

D I F F E R E N T I A L  D I AG N O S I S
This is a patient with neutropenia and multiple tender, 
erythematous skin lesions. The differential is broad 
and includes infectious and noninfectious etiologies 
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(Table 1.13.1). Noninfectious causes include neo-
plastic and paraneoplastic syndromes, various forms 
of vasculitis, and coagulation-associated skin lesions. 
Infectious etiologies include ecthyma gangrenosum, 
which is traditionally caused by Pseudomonas aeru-
ginosa but may also be seen in disseminated infec-
tion with Stenotrophomonas maltophilia, Aeromonas 
hydrophila, and Enterobacteriaceae (Escherichia coli, 
Serratia marcescens, etc) [1] . Various fungal species 
including Fusarium spp, Mucorales, Aspergillus spp, 
Trichosporon asahii, Candida spp, and Cryptococcus 
neoformans may also produce disseminated cutane-
ous lesions in the immunocompromised host [2]. 
Less common pathogens, such as the dermatophytes 
(Epidermophyton floccosum, Microsporum canis, 
Trichophyton spp), Malassezia spp, and Nocardia spp 
are also within the differential diagnosis.

The epidemiologic context and the clinical pre-
sentation, which includes multiple erythematous, 

painful, rapidly evolving skin lesions in the 
absence of fever or pulmonary symptoms, make 
many of these organisms very unlikely. The use of 
fluconazole prophylaxis may further narrow the 
diagnosis, making certain yeasts such as Candida 
albicans, Candida tropicalis, and T asahii less likely 
and certain moulds (Fusarium spp, Aspergillus 
spp, Mucorales) more likely. Among these three 
moulds, Fusarium spp are more likely to cause 
multiple disseminated painful cutaneous lesions.

I N I T I A L  M A NAG E M E N T
The patient was admitted to the hospital’s 
Lymphoma Service and an Infectious Disease 
consultation was obtained. Based on the outpa-
tient antimicrobials, the decision was made to 
empirically treat the patient with cefepime and 
voriconazole while biopsy results were pend-
ing. Blood cultures as well as serum Aspergillus 
galactomannan and cryptococcal antigen were 
obtained. The patient was empirically treated with 
corticosteroids given recent outpatient steroid 
taper. A Rheumatology consultation was obtained 
given possible paraneoplastic syndrome in the 
setting of myalgias and possible myositis.

FIGURE  1.13.1: Right lower extremity after punch 
biopsy. The initial 3cm x 4cm skin lesion was tender and 
hyperpigmented. A violaceous nodule within the lesion 
was biopsied and sent for culture.

FIGURE 1.13.2: Right 4th toe: A 1cm x 2cm non-ten-
der necrotic ulceration was noted on the lateral aspect of 
the right 4th toe.
Both skin lesions resolved after a prolonged course of 
voriconazole.

TABLE 1.13.1. DIFFERENTIAL DIAGNOSIS

Noninfectious Infectious

Neoplastic
•	 Leukemia cutis
•	 Lymphoma
•	 T-cell	leukemia
•	 Sézary	syndrome

Bacteria
•	 Pseudomonas 

aeruginosa
•	 Stenotrophomonas 

maltophilia
•	 Aeromonas 

hydrophila
•	 Enterobacteriaceae
•	 Staphylococcus 

aureus

Vasculitis
•	 Polyarteritis nodosa
•	 Cryoglobulinemia
•	 Systemic	lupus	

erythematous

Fungi
•	 Candida spp
•	 Cryptococcus spp
•	 Mucorales
•	 Aspergillus spp
•	 Fusarium spp
•	 Histoplasma spp

Coagulopathy
•	 Heparin-induced	

bleeding
•	 Disseminated	

intravascular 
coagulation

Less Common Pathogens
•	 Majocchi	granuloma	

(Trichophyton spp, 
Microsporum spp,)

•	 Nocardia spp
•	 Malassezia spp
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On hospital day three, the patient devel-
oped right eye pain and blurry vision and an 
Ophthalmology consultation was obtained. Exam 
revealed scleritis, likely secondary to recent cor-
ticosteroid taper, and subconjunctival hemor-
rhage, possibly secondary to thrombocytopenia. 
On hospital day four, vitreous tap and intravitreal 
injection of vancomycin, ceftazidime, and ampho-
tericin was administered given the concern for 
infectious endophthalmitis.

On hospital day five, blood culture and punch 
biopsy were found to have fungal elements consis-
tent with mould. Given the concern for Fusarium 
spp, liposomal amphotericin B 5 mg/kg intrave-
nously q24hr was added while identification and 
antimicrobial susceptibilities were pending. Growth 

was obtained from the skin biopsy and blood cul-
ture (Fig. 1.13.3), and the isolate was confirmed by 
morphology to be Fusarium spp. (Fig. 1.13.4).

A D D I T I O NA L   DATA
Over the next week, the patient’s cutaneous lesions 
continued to improve while his vision deteriorated. 
The patient received multiple injections of ampho-
tericin B and voriconazole in both eyes as empiri-
cal treatment for fungal endophthalmitis. He then 
underwent right pars plana vitrectomy on hospi-
tal day fourteen. He subsequently underwent left 
pars plana vitrectomy and lensectomy on hospital 
day seventeen. The patient was ultimately found to 
have disseminated Fusarium spp infection with the 
following antimicrobial susceptibility profile:

Amphotericin = 4 µg/mL
Voriconazole >16 µg/mL
Posaconazole >1 µg/mL

After three weeks of therapy, the patient devel-
oped acute renal failure. Amphotericin B was 
discontinued and the renal function returned to 
baseline. Therapy with voriconazole was contin-
ued. The patient was later found to have chronic 
retinal detachment and a cataract in his right eye. 
Left eye was found to have corectopia with an iris 
membrane in a silicone oil filled eye. Although 
cutaneous lesions resolved with antifungal ther-
apy, vision did not return to baseline.

FIGURE 1.13.3: Peach-colored colony of Fusarium sp on Sabouraud dextrose agar.

FIGURE  1.13.4: Lactophenol cotton blue stain, 400× 
magnification. Characteristic sickle-shaped, septate 
macroconidia of Fusarium sp obtained b tease prepara-
tion of colony.
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Final Diagnosis: Disseminated Fusarium spp 
infection

T R E AT M E N T  A N D  O U T C O M E
Once identification and antimicrobial susceptibil-
ity profiles were obtained, the patient was started 
on combination therapy of amphotericin B and 
voriconazole. These drugs were initiated despite 
the fact that the organism appeared to be resis-
tant to both agents by in vitro testing, but there 
were no other treatment options. However, the 
patient eventually developed renal failure that 
was thought to be at least partly due to liposomal 
amphotericin B.  This antifungal treatment was 
discontinued, and the patient was treated with a 
prolonged course of voriconazole. The cutane-
ous lesions ultimately resolved while the patient’s 
vision continued to deteriorate. After ten weeks 
of hospitalization, the patient was discharged on 
voriconazole so that he could travel to another 
state to participate in an experimental mono-
clonal antibody clinical trial for treatment of his 
lymphoma.

D I S C U S S I O N
This case illustrates the challenges of rapidly 
diagnosing a disseminated fungal infection in an 
immunocompromised host and highlights the 
importance of rapidly evolving cutaneous lesions 
in a patient with neutropenia and broad-spectrum 
antimicrobial agents. Fusarium species are widely 
distributed in soil, subterranean and aerial plant 
parts, plant debris, and other organic substrates 
and are present in water worldwide as part of water 
structure biofilms and cause superficial, locally 
invasive, and disseminated infections in humans 
[3] . The clinical form of fusariosis depends largely 
on the immune status of the host and the portal 
of entry, with superficial and localized disease 
occurring mostly in immunocompetent patients 
and invasive and disseminated disease affecting 
immunocompromised patients, as was the case 
here [4].

Our case illustrates the most common presen-
tation of disseminated fusariosis, which includes 
a combination of characteristic cutaneous lesions 
and positive blood cultures, with or without lung 
or sinus involvement. Fusarium spp infections are 
difficult to treat and have a high mortality rate, in 
some cases as high as 60% [4] . Fusarium isolates 
are typically highly drug-resistant organisms, 
often with high minimum inhibitory concentra-
tions for many antifungal agents including newer 
azoles as noted in the patient presented. Fusarium 

is intrinsically resistant to glucan synthesis inhib-
itors, (i.e. the echinocandins,) while Fusarium 
solani is often resistant to all available antifungal 
agents. The appropriate regimen of voriconazole 
or liposomal amphotericin B (or possibly both) 
and duration of therapy remain controversial, 
and an infectious disease consultation is often 
necessary to determine the appropriate course of 
treatment.

Risk Factors
The primary risk factors for fusariosis relate to 
immune system impairment and include pro-
longed neutropenia and T-cell deficiency, espe-
cially in hematopoietic stem cell transplant 
(HSCT) recipients with severe graft-versus-host 
disease [4] . Disseminated fusariosis may also be 
seen in patients with chronic granulomatous dis-
ease [5]. Disseminated fusariosis is occasionally 
seen in immunocompetent hosts, usually as a 
result of trauma [6].

Treatment
Treatment options include the lipid formulations 
of amphotericin B, voriconazole, and posacon-
azole. Antifungal susceptibility cannot be reli-
ably predicted from the species of Fusarium. 
Combination therapy is often used while awaiting 
susceptibility profiles. The optimal treatment and 
duration of therapy have not been established. 
Depending on disease burden and antifungal 
resistance pattern, treatment of fusariosis may 
include surgical debulking. The role of granulo-
cyte transfusions remain controversial, but they 
are often used in persistently neutropenic patients 
to stabilize the infection until recovery from 
neutropenia.

Prognosis
Disseminated fusariosis carries a high mortality 
and often depends on the extent of infection and 
degree of immunosuppression. One recent case 
series reported the mortality rates for patients 
with disseminated, skin, and pulmonary fusa-
riosis at 50%, 40%, and 37.5%, respectively [7] . 
There is virtually a 100% death rate among per-
sistently neutropenic patients with disseminated 
disease [4].

Prevention
Reversal of immunosuppression and minimizing 
exposure are crucial for prevention of fusariosis 
in the immunocompromised host. This includes 
discontinuation or tapering of corticosteroids 

 

 

 

 

 

 

 



Multiple Skin Lesions in a Neutropenic Patient With Leukemia: Connecting the Dots 79

and other immunosuppressive agents as well 
as shortening the duration of neutropenia by 
using nonmyeloablative conditioning regimens 
for allogeneic HSCT. For hospitalized patients, 
exposure to organism can be minimized with 
the use of HEPA filters and by avoiding contact 
with known reservoirs of Fusarium spp such as 
tap water [8] .

K E Y   P O I N T S
•	 Fusarium infection may present as 

superficial or disseminated infection.
•	 There	are	two	major	portals	of	

entry: respiratory tract and skin.
•	 The	classic	cutaneous	portal	of	

entry is via traumatic inoculation 
of the toe, particularly in an 
immunocompromised host.

•	 In	contrast	to	most	disseminated	fungal	
infections, recovery of the organism from 
blood culture is common.

•	 Mortality	of	disseminated	infection	
is largely a function of the degree and 
duration of immunosuppression as well as 
the extent of infection.

•	 There	is	nearly	100%	mortality	for	
persistently neutropenic patients with 
disseminated disease.
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CA S E  P R E S E N TAT I O N
A 60-year-old man was brought to the emer-
gency room by his wife because of high-grade 
fever and altered mental function. He traveled 
from India to the United States four months 
ago to seek treatment of chronic myeloid leuke-
mia. His medical history includes diabetes mel-
litus and benign prostatic hypertrophy (BPH). 
Five months ago, he had urinary retention that 
required transient urinary catheterization, but 
this had since resolved.

He was started on imatinib treatment two weeks 
ago. For the past 3 days, he complained of dysuria, 
lower abdominal pain, and fever. On physical exam-
ination, he was somnolent but oriented to person 
and place. He was febrile to 39oC, with a pulse rate 
of 120/minute, a mean arterial pressure (MAP) of 
60, and a respiratory rate of 22/minute with normal 
oxygenation on room air. Examination of his lungs 
was unremarkable. His extremities were warm to 
touch. There was mild tenderness over his suprapu-
bic region and left costovertebral angle.

His laboratory examination was significant 
for marked leukocytosis (120 000 white blood 
cells	 [WBCs]/mm3 with 95% neutrophils) and a 
platelet count of 500 000/mm3, which are approxi-
mately 10% above his most recent blood counts. 
He had serum creatinine of 3.4 mg/dL, and serum 
lactate level was 2.3  mmol/L. Urinalysis showed 
>100	WBCs/high-power	field,	with	 few	red	cells	
and numerous bacteria.

Q U E S T I O N S
•	 What	infectious	syndromes	and	potential	

etiologies could account for this patient’s 
sepsis?

•	 What	initial	empiric	treatment	should	be	
instituted?

•	 What	are	the	risk	factors	for	development	
of this infection?

D I F F E R E N T I A L  D I AG N O S I S
The patient’s clinical and hemodynamic presenta-
tion indicates a systemic inflammatory response 
syndrome that is most likely caused by infection. 
His clinical symptoms point to the urinary tract 
as the primary infectious focus. Urinary tract 
infections (UTIs) are uncommon in men without 
anatomic abnormalities or obstructive uropathy, 
and hence, by definition are complicated. Given 
the history of BPH and recent instrumentation, an 
underlying prostatitis should also be considered. 
The physical findings of costovertebral and supra-
pubic tenderness suggest possible pyelonephritis 
or obstructive uropathy with pyonephrosis.

The most common uropathogens are mem-
bers of the Enterobacteriaceae (predominantly 
Escherichia coli, but also includes other Gram-
negative bacilli such as Klebsiella pneumoniae, 
Proteus sp), although Gram-positive bacteria such as 
coagulase-negative staphylococcus and Enterococcus 
sp have also caused many cases of UTI. In patients 
with extensive healthcare exposure (such as this 
patient) or those with indwelling catheters/devices, 
nonfermenters such as Pseudomonas aeruginosa 
and Acinetobacter sp, Staphylococci sp, and Candida 
may also be pathogens. Given the patient’s exten-
sive healthcare exposure and receipt of medical care 
overseas in an area endemic for multidrug-resistant 
organisms, he is at increased risk of UTI caused 
by fluoroquinolone-resistant, extended-spectrum 
β-lactamase (ESBL) or carbapenemase-producing 
Gram-negative bacilli. All of these considerations 
should be kept in mind when formulating an 
empiric antimicrobial therapy, especially in the set-
ting of sepsis.
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A D D I T I O NA L   DATA
The patient received aggressive volume resuscita-
tion with 3 liters of intravenous fluids and his MAP 
transiently improved. After urgent collection of 
two sets of blood cultures and urine specimen for 
bacterial culture, he was started on empiric ther-
apy with intravenous piperacillin-tazobactam and 
vancomycin.

He was admitted to the intensive care unit, 
where his urine output progressively declined. 
He became hypotensive and required vaso-
pressors. A  computed tomography scan of his 
abdomen and pelvis showed left-sided hydro-
nephrosis, and an obstructing calculus was seen 
at the vesico-ureteric junction. A  percutaneous 
nephrostomy was emergently placed.

Six hours after admission, blood cultures were 
positive for a Gram-negative bacillus. A single dose 
of intravenous gentamicin was added to his regi-
men, and piperacillin-tazobactam was switched to 
meropenem. Urine and blood cultures eventually 
yielded the growth of an extensively drug-resistant 
(XDR) K pneumoniae, which had a positive modi-
fied Hodge test (Figure 1.14.1, Table 1.14.1). On 
molecular testing, the organism was positive for 
the New Delhi metallo-β-lactamase (NDM) gene 
(blaNDM).
Final Diagnosis: Carbapenemase (New Delhi 
metallo-β-lactamase)-producing, multidrug-resis-
tant K pneumoniae complicated UTI with pyone-
phrosis secondary to an obstructing ureteric calculus

T R E AT M E N T  A N D  O U T C O M E
The patient’s antimicrobial regimen was adjusted to 
intravenous colistin forty-eight hours after his blood 
cultures flagged positive. His kidney function fur-
ther deteriorated, necessitating dose reduction of 
colistin.	With	targeted	antibiotic	therapy	and	aggres-
sive hemodynamic support, he eventually improved 
clinically over the next week. He completed a 
fourteen-day course of intravenous colistin. His renal 
function recovered. One month later, he underwent 
transurethral removal of his ureteric calculus, with 
colistin used as perioperative prophylaxis.

D I S C U S S I O N
Early goal-directed therapy for UTI-associated sep-
sis should include the prompt initiation of effec-
tive antimicrobial therapy, source control (as in 
the patient described, with a percutaneous neph-
rostomy), and fluid resuscitation. Urine and blood 
cultures are essential to guide targeted antibiotic 
treatment. In contrast to the outpatient management 
of uncomplicated UTI, where treatment is empiric 
and urine cultures are not routinely obtained, 

FIGURE 1.14.1: Plate morphology and modified Hodge 
Test of NDM-positive Klebiella pneumoniae isolate.
Top figure: Plate morphology showing the lactose-fermenting 
Klebsiella pneumoniae isolate on an eosin-methylene blue plate. 
Middle and bottom figures: Modified Hodge Test using an 
ertapenem and meropenem disk, respectively; + control: posi-
tive control with an isolate producing a carbapenemase; = con-
trol: Negative control, isolate not producing a carbapenemase; 
“Patient” = patient’s K pneumoniae isolate. The positive control iso-
late, negative control isolate, and the patient’s isolate are the radial 
streaks that are inoculated in a straight line outwards from the car-
bapenem disk in the center of a Mueller-Hinton agar (MHA) plate, 
on a background of susceptible E. coli plated as a lawn on the MHA 
plate. Carbapenemase production in the clinical and positive con-
trol isolate allows for growth of the E coli toward the carbapenem 
disk in an indentation resembling a “clover-leaf” pattern, indicating 
a positive test. There is no indentation with the negative control.
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complicated UTI should be guided by urine cul-
ture. In addition, urine cultures are recommended 
to guide pathogen-directed therapy in the following 
circumstances: (1) sepsis, (2) need for hospitaliza-
tion, (3) pregnancy, (4) inability to tolerate first-line 
antibiotic therapy, (5)  failure to respond to initial 
empiric therapy, (6)  suspicion or documented for 
pyelonephritis, (7) healthcare-associated UTIs, and 
(8)  risk factors for drug-resistant organisms, e.g. 
travel from an endemic area.

Radiologic imaging is not usually obtained in 
most UTIs. However, it should be considered in 
patients who are septic, those who have risk fac-
tors for complicated infection (e.g. the immuno-
compromised), and in whom etiologies such as 
renal abscesses, calculi, hydronephrosis, BPH, 
prostatic abscesses, an elevated postvoid residual 
urine volume, or other causes of pain (e.g. abdom-
inal, flank, or back) need to be ruled out.

Emergence of Multidrug-Resistant 
Gram-Negative Bacilli
Gram-negative bacilli account for the vast major-
ity of UTIs. As illustrated in this chapter, the 
management of UTI due to Gram-negative 
bacilli has recently become more complicated 
due to the emergence of drug resistance. In the 
1990s, Gram-negative bacilli harboring extended 
spectrum β-lactamases emerged, and in the 
late 1990s–2000s, carbapenemase-producing 
Enterobacteriaceae (CPE) such as those that harbor 
K pneumoniae carbapenemases (KPCs) and NDMs 
emerged and grabbed global attention as the new 
“superbugs.” The epicenter for KPCs was originally 
in the Northeast United States, but it subsequently 
spread globally. New Delhi metallo-β-lactamases 
were first described from a Swedish patient of 
Indian origin who had received healthcare in the 
Indian subcontinent [1] , and this is also now being 
recognized globally. The reader is referred to sev-
eral reviews for further background [1–4].

Definitions and Classification
Drug resistance due to β-lactamases is of major 
concern because the β-lactams are the “workhorse” 
antibiotics for treating many bacterial infections. 
The β-lactamase enzymes vary according to their 
substrate affinities, and they are classified based 
on the molecular Ambler system (classes A to D), 
based on their amino acid sequences and residue 
needed at the enzyme’s active site (serine for classes 
A, C, and D, and zinc for class B enzymes, which 
are	 metallo-β-lactamases).	 We	 highlight	 salient	
definitions and points, which are of importance to 
the practicing clinician (see also Table 1.14.2).

1. β-lactamases: enzymes that hydrolyze the 
β-lactam ring. The β-lactamases can be 
narrow (e.g. penicillinases) or broad (e.g. 
ESBLs or cephalosporinases) in spectrum.

2. Cephalosporinases: these enzymes 
are usually referred to as class C 
cephalosporinase (AmpC) β-lactamases 
(Ambler Class C), which are inherently 
carried on the chromosomes of certain 

TABLE 1.14.1. ANTIMICROBIAL 
SUSCEPTIBILITY OF THE PATIENT’S 
KLEBSIELLA PNEUMONIAE  ISOLATE

Antimicrobial Minimum 
Inhibitory 
Concentration 
(mcg/mL)

Interpretation*

Ampicillin >16 Resistant
Ampicillin/
sulbactam

>16/8 Resistant

Piperacillin/
tazobactam

>64/4 Resistant

Ticarcillin/
clavulanate

>64/2 Resistant

Cefazolin >16 Resistant
Cefepime >16 Resistant
Ceftazidime >16 Resistant
Ceftriaxone >32 Resistant
Ertapenem >4 Resistant
Meropenem >8 Resistant
Ciprofloxacin >2 Resistant
Levofloxacin >4 Resistant
Amikacin >32 Resistant
Gentamicin >8 Resistant
Tobramycin >8 Resistant
Tigecycline 4 Intermediate (US 

Food and Drug 
Administration 
[FDA] 
breakpoints)

Trimethoprim/
sulfamethoxazole

>2/38 Resistant

Colistin ≤2 European 
Committee on 
Antimicrobial 
Susceptibility 
Testing 
(EUCAST)

Nitrofurantoin ≤32 Susceptible

* Interpretive criteria as per the Clinical Laboratory and Standards 
Institute (CLSI), unless otherwise stated [1] .
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species of Enterobacteriaceae (e.g. 
Enterobacter sp, Serratia sp, Citrobacter sp). 
These enzymes may be become de-repressed 
or induced during therapy with β-lactams 
(e.g. broad-spectrum cephalosporins) and 
manifest phenotypically during treatment. 
This is especially an issue with Enterobacter 
sp. In general, bacterial isolates carrying this 
inducible enzyme initially test as susceptible 
(in vitro susceptibility test), but they have 
the potential to become resistant within 
days of β-lactam therapy. Sometimes, AmpC 
β-lactamases can be plasmid-borne and may 
be found in other Enterobacteriaceae: one 
study reported an incidence of 4% of E coli 
isolates in the United States [5] . Class C 
cephalosporinase β-lactamase hydrolyzes 
penicillins, first- to third-generation 
cephalosporins, and cephamycins (e.g. 
cefoxitin), monobactams (e.g. aztreonam), 
and the β-lactam/β-lactamase inhibitor (BLI) 
combinations (e.g. amoxicillin-clavulanate, 

piperacillin-tazobactam). However, they 
usually remain susceptible to cefepime 
(fourth generation cephalosporin) and 
carbapenems, which are the treatment of 
choice for these infections. Alternative 
treatment choices are fluoroquinolones and 
trimethoprim-sulfamethoxazole, should 
susceptibility be confirmed by formal testing.

3. ESBL: these β-lactamases (Ambler Class 
A) hydrolyze and confer resistance to 
penicillins, cephalosporins, and aztreonam. 
β-lactamase inhibitor combinations (e.g., 
piperacillin-tazobactam) can inhibit ESBLs 
(which distinguishes them from AmpC 
β-lactamases), and the isolates may test 
susceptible in vitro, but treatment with 
these BLI agents is controversial and not 
always reliable. The treatment of choice 
for ESBL infections is a carbapenem 
(meropenem, imipenem, ertapenem). 
Other alternative options for treatment 
of ESBL infections are fluoroquinolones, 

TABLE 1.14.2. SUMMARY	OF CHARACTERISTICS	OF Β-LACTAMASES	(EXTENDED	
SPECTRUM	Β-LACTAMASES,	AMPC	CEPHALOSPORINASES,	AND	CARBAPENEMASES)

Ambler Class A B C D

Active site 
residue

Serine Zinc Serine Serine

Resistance 
gene 
location

Plasmid usually Plasmid usually Chromosomal, 
occasionally  
plasmid

Plasmid usually

Examples* ESBLs (e.g. CTX-M)
KPCs

NDMs AmpC (e.g. inherently 
in Enterobacter, 
Serratia, Citrobacter)

Plasmid AmpC

OXA-48 group

Inactivates† ESBLs: 1GC to 4GC, 
aztreonam, older BLIs

KPCs: as above, plus 
carbapenems

1GC to 4GC, 
older BLIs and 
carbapenems

1GC to 3GC,  
older BLIs

1GC to 4GC, although 
3/4 GC may be 
hydrolyzed poorly; 
carbapenems

Potential 
treatment 
options††

ESBLs: Carbapenems
KPCs: colistin, tigecycline, 

aminoglycosides, 
ceftazidime-avibactam

Novel agent 
(investigational): 
Plazomicin

Colistin, tigecycline, 
aztreonam

Novel agent 
(investigational):

Aztreonam- 
avibactam

Cefepime, 
carbapenems

More data needed.
Would	depend	on	

susceptibility testing. 
3GCs, e.g. ceftazidime, 
may retain activity and 
may be preferable to 
carbapenems (even if 
isolate tests carbapenem 
susceptible)

* AmpC, class C cephalosporinase; BLI, β-lactam/β-lactamase inhibitors (older BLIs being amoxicillin-clavulanate, ampicillin-sulbactam, 
piperacillin-tazobactam, and ticarcillin-clavulanate); ESBL, extended spectrum β-lactamases; KPC, Klebsiella pneumoniae carbapenemases; 
NDM, New Delhi metallo-β-lactamase.
† 1GC to 4 GC, 1st-generation cephalosporin to 4th-generation cephalosporin; 3GC, 3rd-generation cephalosporin.
Ceftazidime-avibactam and aztreonam-avibactam are novel BLIs [2] .
†† Treatment must be individualized, considering susceptibility results, site of infection, pharmacokinetic/dynamic considerations, and 
patient factors (allergies/intolerances) [3] .



Infections in Cancer Patients84

trimethoprim-sulfamethoxazole, fosfomycin, 
and nitrofurantoin, if susceptible. 
Extended-spectrum β-lactamases are carried 
on plasmids and may be transferred among 
members of the Enterobacteriaceae group. 
Several ESBLs have been described, and the 
most common is the CTX-M-type in E coli 
and K pneumoniae.

4. Carbapenemases: these are 
carbapenem-hydrolyzing β-lactamases 
that confer resistance to all β-lactams and 
carbapenems. The two most prominent 
carbapenemases are KPC (Ambler Class 
A) and NDM (Ambler Class B). They are 
plasmid-borne and can be transferred 
among bacterial isolates. Klebsiella 
pneumoniae carbapenemases have become 
endemic in certain parts of the United States 
(North East and areas in the Midwest); they 
are also endemic in Israel, China, Greece, 
Europe, and parts of South America [2]. 
New Delhi metallo-β-lactamases have 
been reported in at least 15 states in the 
United States [6], they are endemic in India, 
and they are also rapidly disseminating 
worldwide [1, 3]. It is interesting to note that 
NDM and the metallo-β-lactamases do not 
hydrolyze aztreonam, so this may be effective 
for treatment. However, most of the isolates 
also carry other resistance-determinant 
genes, including ESBLs, and, hence, they 
also generally test nonsusceptible to 
aztreonam. Another carbapenemase that 
has emerged in the Mediterranean and 
the Middle East is OXA-48 (Class D). 
Carbapenemases have also been found in 
nonfermenting Gram-negative bacteria such 
as Acinetobacter sp and Pseudomonas sp.

5. Other mechanisms of carbapenem 
resistance: even in the absence 
of carbapenemases, the ESBL or 
AmpC-producing Enterobacteriaceae may 
develop carbapenem resistance as a result 
of decreased porin expression. Porins are 
structural pores in the outer membranes 
of bacteria, which serve as a permeability 
barrier but also allow for the entry of 
antimicrobials into the cell.

Multidrug Resistance, Extensive Drug 
Resistance, and Pan-Drug Resistance
Beyond β-lactam resistance, ESBL-harboring 
enteric organisms, and CPEs are also often resistant 
to other antibiotic classes, including fluoroquino-
lones and aminoglycosides. Multidrug-resistant 

Enterobacteriaceae (MDRE) have been variously 
defined in the literature, but a recent consensus 
statement defines multidrug resistance (MDR) as 
resistance to at least one agent in three or more 
antimicrobial classes; extensive drug resistance 
(XDR) is defined as nonsusceptibility to one or 
more agents in all but two or less antimicrobial 
categories; and pan-drug resistance (PDR) is 
defined as resistance to all antimicrobial agents, 
including the polymyxins [7] . Most CPEs belong 
to the XDR or PDR category.

Epidemiology and Risk Factors 
for Multidrug-Resistant 
Enterobacteriaceae
The rates of drug-resistant Gram-negative bac-
teria are rising. In a five-center United States 
study, community-onset ESBL-producing E coli 
infection rates ranged from 1.8% to as high as 
6.7%. Of the 291 patients with community onset 
ESBL-producing E coli infection, 36.8% had 
no healthcare-associated risk factors, suggest-
ing its spread in the community [8] . A  study in 
Chicago described a 19% rate of MDRE among 
bacteria causing UTI in patients presenting to 
the Emergency Department; levofloxacin resis-
tance rate for E coli was 16%, but it rises to 39% 
among patients with healthcare associated UTIs 
[9, 10]. Carbapenem-resistant isolates account for 
10.8% of all Klebsiella spp isolates implicated in 
device-related infections in a National Healthcare 
Safety Network survey [11].

Risk factors for MDRE infection and coloniza-
tion with carbapenemase and/or ESBL-producing 
bacteria are as follows:  (1)  prior and recent 
antibiotic (especially fluoroquinolone) use; 
(2)  healthcare-associated risks including resi-
dence in long-term acute-care facilities, presence 
of feeding tubes, mechanical ventilation, or a cen-
tral venous catheter; (3)  obstructive uropathy; 
(4)  increased age; (5)  receiving healthcare in, or 
travel to, endemic areas; and (6) organ and stem 
cell transplantation [9, 12–18]. The patient pre-
sented in this chapter possesses many of these risk 
factors.

Diagnostic Considerations
Bacterial identification and susceptibility test-
ing is key in the diagnosis and management of 
drug-resistant (e.g. ESBL/CPE) Gram-negative bac-
terial infections. In this case presented, the K pneu-
moniae isolate showed an XDR phenotype, because 
it was resistant to all antibiotics tested, with the 
exception of colistin and nitrofurantoin (Table 1). 
On occasion, ESBL-producing Gram-negative 
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organisms and CPEs may test susceptible or show 
only modest increases in their minimum inhibitory 
concentrations to extended spectrum cephalospo-
rins or carbapenems, respectively.

Clinicians should be familiar with how sus-
ceptibility testing is performed in their laboratory, 
and they should be aware as to whether screening 
and confirmatory testing are performed for ESBL/
CPEs, such as the modified Hodge test for CPEs. 
In the Hodge test, a meropenem or ertapenem 
disk is placed in on an agar plate with a lawn of 
susceptible E coli. On this plate, a positive control 
CPE isolate (usually a KPC producer), a nega-
tive control isolate (a carbapenem resistant but 
non-CPE isolate), and the clinical isolate in ques-
tion are radially streaked from the carbapenem 
disk in the center. Carbapenemase production in 
the clinical strain allows for growth of the suscep-
tible strain toward the carbapenem disk, giving 
the appearance of a clover-leaf (Figure 1).

Although the modified Hodge test is useful as a 
phenotypic screening test for carbapenemases (e.g. 
KPCs), it is not as sensitive for NDMs. Molecular 
confirmation of the specific resistance gene is con-
sidered the gold standard. Confirmatory testing 
for the ESBLs/CPEs is important in the broader 
context of infection prevention and control, so 
that outbreaks from the spread of these infections 
can be avoided [19].

As exemplified in this case, the relatively slow 
turnaround time for bacterial culture and suscep-
tibilities is a major barrier to the initiation of early 
and appropriate therapy. Early effective therapy 
has a direct bearing on survival in the setting of 
MDR/XDR bloodstream infections. Emerging 
technologies for the direct detection of ESBLs and 
CPEs directly from clinical specimens (e.g. blood 
cultures) either by molecular or rapid chromo-
genic methods should be more widely adopted to 
overcome this hurdle [20–22].

Treatment Considerations
The treatment options for MDREs are limited due 
to multiclass resistance that is usually conferred 
by multiple resistance genes co-located on plas-
mids. As illustrated here, choosing an effective 
empiric antibiotic treatment may be difficult. If 
ineffective, this can lead to devastating conse-
quences, especially in immunosuppressed hosts. 
In patients with hematologic malignancies, the 
mortality rates for these infections can be as high 
as 65%, with many patients dying even before 
effective treatment is started, if MDRE infection is 
not initially suspected and treated [4] . The choice 
of empiric treatment should be guided by the 

patient’s history for MDRE infection or coloniza-
tion or if there are risk factors for MDRE carriage 
(see above). A new episode of sepsis in a patient 
who is already receiving extended-spectrum 
cephalosporins or a carbapenem should also 
prompt consideration of infection with MDREs. 
In the clinical setting, such as a patient with risk 
factors and where local epidemiology indicates a 
high incidence of MDRE, the empiric treatment 
for bacterial sepsis may include a carbapenem, an 
aminoglycoside, and a polymyxin (polymyxin B 
and colistin [polymyxin E]).

Definitive treatment of drug-resistant, 
Gram-negative bacilli should be guided by anti-
microbial susceptibility testing. For significant 
infections (e.g. bacteremia and other invasive 
infections) with ESBL-producing organisms, car-
bapenems are the treatment of choice. Quinolones 
may also be used, if the isolate is susceptible, in 
less severe types of infections. For CPEs, treat-
ment choices are very limited and should always 
be guided by antimicrobial susceptibility testing. 
Often, the antimicrobials with efficacy are colis-
tin, tigecycline, fosfomycin, nitrofurantoin, and 
occasionally aminoglycosides (gentamicin seems 
to retain the most efficacy against KPCs, whereas 
NDMs are usually aminoglycoside-resistant). 
There are no randomized trials for the compara-
tive efficacy of any of these agents for CPEs. In 
the case presented, colistin monotherapy and 
prompt source control (i.e. relief of ureteral 
obstruction) led to gradual clinical improvement. 
There are increasing data for improved outcomes 
with combination therapy. For infection with 
KPC-producing bacteria, combination treatment 
with polymyxin, tigecycline, and a carbapenem 
(despite the presence of carbapenemase) has 
been reported to result in improved outcomes 
[4, 23]. Combination of these antimicrobials with 
rifampin may also be considered, and this is sup-
ported by an in vitro data demonstrating poten-
tial synergy with polymyxin, carbapenem, and 
rifampin combination [4] . Although active in 
vitro, tigecycline generally achieves only low to 
modest blood and urinary concentrations, and 
it should not be used as monotherapy in blood-
stream infections and, ideally, not as a single agent 
for treatment of UTI. Other strategies that could 
be used include the use of high-dose, extended 
infusion therapy with carbapenems in combina-
tion with other antimicrobials, such as colistin/
polymyxin B.

The dilemma in treating drug-resistant 
Gram-negative bacteria calls for the “fast-track” 
development of new antimicrobials. A novel BLI, 

 



Infections in Cancer Patients86

avibactam, combined with ceftazidime or aztreo-
nam, have shown activity against KPCs and NDMs, 
respectively. This ceftazidime-avibactam combina-
tion has been approved by the US Food and Drug 
Administration in 2015. In addition, plazomicin, 
a novel aminoglycoside in phase III clinical trials, 
has activity against KPC isolates. However, there 
are limited data for these agents against P aeru-
ginosa and Acinetobacter sp. Nonetheless, novel 
agents, if clinically proven to be safe and effica-
cious, will be a welcome addition to the currently 
limited options for CPE. More importantly, these 
cases should call for (1) attention to antimicrobial 
stewardship and (2)  aggressive infection control 
measures to stem the tide of MDREs.

K E Y   P O I N T S
•	 Drug	resistance	among	Gram-negative	

bacilli is increasing globally; ESBL and 
CPEs are major concerns.

•	 Mortality	among	immunocompromised	
hosts, such as those with cancer and 
hematologic malignancies, with these 
infections is high.

•	 The	resistance	determinants	are	often	
plasmid-borne and can easily spread 
among the Gram-negative bacterial isolates. 
Infection control measures, such as hand 
hygiene and barrier precautions, are 
important in preventing the spread of these 
organisms in a healthcare setting, especially 
among immunocompromised hosts.

•	 In	devising	the	empiric	therapy	for	a	patient	
with suspected Gram-negative bacterial 
sepsis, risk factors for the acquisition of 
MDRE should be considered.

•	 Limited	evidence	indicates	that,	at	least	
currently, given our limited options for 
therapy for CPE, combination of antibiotics 
may improve the outcome of CPE infections.

•	 New	antimicrobials	with	activity	against	
CPE and novel rapid diagnostics for CPE 
are needed to improve outcomes for 
patients with such infections.
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1.15
Cough and Dyspnea in a Sarcoma 
Patient: Appetite for Infection

DAVID  CROCKETT, MD AND NICOLE  SHONKA,  MD

CA S E  P R E S E N TAT I O N
A 47-year-old male with a history of metastatic 
liver sarcoma currently receiving systemic che-
motherapy presents to his oncology clinic for 
follow-up with a new complaint of dry cough. He 
was diagnosed five months earlier with a presenta-
tion of reflux symptoms and general indigestion. 
Esophagoduodenoscopy was unremarkable so it 
was followed by imaging of his liver that revealed 
a 15 × 13 × 11 cm mass in the left hepatic lobe. 
He underwent partial hepatectomy with pathol-
ogy revealing high-grade undifferentiated sar-
coma. Two months after surgery, he developed 
lung metastasis and began doxorubicin and ifos-
famide chemotherapy at that time. He progressed 
after two cycles and has been on second-line gem-
citabine and docetaxel for the last six weeks with 
disease response.

At a clinic visit, he complained of poor appe-
tite, low-grade fevers, and a nonproductive 
cough that began one week earlier. He denied 
any hemoptysis, chills, nausea, or vomiting. His 
weight, although initially down after starting che-
motherapy, has been stabilizing over the last sev-
eral weeks. Due to concerns about poor appetite 
and weight loss, his primary doctor had started 
him on dexamethasone 4 mg BID for the prior 
six weeks.

He was normotensive at 112/76 mm mercury 
but tachycardic to 117 beats per minute, with a 
temperature of 36.2°C, respiratory rate 18/min-
ute, and oxygen saturation 96% on room air. There 
was no increased subjective work of breathing. He 
appeared thin but comfortable, and his exam was 
unremarkable except for slight inspiratory crack-
les worse on right than left.

Laboratory data were notable for a white blood 
cell count of 46.2 103/mL with absolute neutro-
philia (thought to be secondary to pegfilgrastim), 
hemoglobin 10.1 g/dL (hematocrit  29.7), and 

platelet count of 328 103/µL. Complete metabolic 
panel was unremarkable apart from mild hypona-
tremia of 130 mmol/L. A chest computed tomog-
raphy (CT) scan was obtained for staging, which 
showed new multifocal pulmonary ground-glass 
opacities in addition to known metastatic disease 
findings.

Q U E S T I O N S
•	 What	infectious	causes	should	be	

considered to explain the patient’s cough 
and radiological findings?

•	 What	should	be	done	to	further	work	up	
the diagnosis?

•	 What	specific	risk	factors	exist	for	this	
infection?

D I F F E R E N T I A L  D I AG N O S I S
Infections to consider in patients with solid 
tumors undergoing chemotherapy and long-term 
steroids who present with a dry cough and 
ground-glass opacities include bacterial, viral, and 
fungal pneumonias. Atypical pneumonia caused 
by Mycoplasma pneumoniae, Chlamydia pneu-
moniae, Legionella pneumophila, or Haemophilus 
influenza should be considered. Viral pneumo-
nia from influenza, adenovirus, parainfluenza, 
respiratory syncytial virus, or human metapneu-
movirus infection should also be considered. 
Fungal pneumonia due to Aspergillus species 
or Cryptococcus neoformans would be highly 
unlikely in a solid tumor patient but would be a 
consideration for patients with chronic neutro-
penia. Cytomegalovirus pneumonia is most com-
monly seen in patients with graft-versus-host 
disease after an allogeneic stem cell transplant. 
Pneumocystis jiroveci is a consideration with 
immunosuppression and especially lymphocyto-
penia. Although rare in the United States, tuber-
culosis should also be considered.
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A D D I T I O NA L  DATA  A N D 
D I AG N O S I S
A serum 1,3-β-d-glucan returned positive at >500 
pg/mL (upper limit of normal 80 pg/mL).

CA S E  D I AG N O S I S
The clinical, radiographic, and laboratory find-
ings are strongly compatible with a presumptive 
diagnosis of Pneumocystis jirovecii pneumonia 
([PJP] formerly Pneumocystis carinii pneumonia). 
A  definitive diagnosis typically requires direct 
visualization on a diagnostic specimen and was 
not obtained in this case.

T R E AT M E N T  A N D  O U T C O M E
Trimethoprim-sulfamethoxazole (TMP-SMX) was 
begun at 15 mg/kg per day (trimethoprim compo-
nent) and given for six weeks due to a persistently 
elevated 1,3-β-d-glucan value. His dexametha-
sone was tapered off over the first ten days. He did 
require ondansetron thirty minutes prior to his 
doses to combat antibiotic-induced nausea. After 
one month, he could no longer tolerate treatment 
doses of TMP-SMX so he was switched to atova-
quone liquid 750 mg BID. He recovered and after 
six weeks, he switched to a Pneumocystis prophy-
lactic dose with dapsone 100 mg daily (Fig. 1.15.1).

D I S C U S S I O N
Consideration for PJP and its prophylaxis should 
be given in the clinical context of long-term steroid 
exposure, chemoradiation with temozolomide, 
human immunodeficiency virus infection (HIV), 
and patients receiving immunotherapy such as 
alemtuzumab or potentially antitumor necrosis 
factor alpha agents or methotrexate. Infections may 
present with an insidious onset of dry cough more 
common in HIV-associated disease, or infection 
may rapidly progress to acute respiratory failure 

frequently seen in those without HIV. The presence 
of hypoxia indicates a moderate to severe infec-
tion requiring hospital admission, intravenous (IV) 
therapy with TMP-SMX, and prophylaxis after 
recovery. Identifying patients at risk for infection is 
the most important step for prevention.

Risk Factors
Although diminishing in incidence due to antiret-
roviral therapy and routine prophylaxis, the classical 
risk factor for infection would be in HIV-infected 
adults, including those who are pregnant and those 
on antiretroviral therapy, when CD4 counts are less 
than 200 cells/μL. Apart from HIV infection, the 
most common risk factor for PJP is corticosteroid 
use [1] . There is some debate regarding the dose 
and duration of corticosteroid that confers risk. 
According to National Comprehensive Cancer 
Network guidelines, patients receiving doses 
equivalent to 20 mg of prednisone daily or greater 
for at least four consecutive weeks or longer should 
be given primary prophylaxis [2]. Additional risk 
factors are related to impaired or decreased lym-
phocyte counts (<500 cell/μL) and include patients 
with hematologic or solid organ transplantation, 
inherited immunodeficiency syndromes, or those 
receiving immunosuppression with or without cor-
ticosteroids for various inflammatory or rheumato-
logic conditions.

Clinical Presentation
The clinical presentation is different in 
HIV-infected patients and patients not infected 
with HIV, notably those with cancer. For those 
with HIV infection, the clinical presentation is 
often insidious with subtle findings of progressive 
dyspnea, and dry cough and will not occur with a 
CD4 count above 200 cells/μL. Although there are 
more pneumocystis organisms found in the lungs 
of an HIV-infected individual, there are fewer 
neutrophils and overall less inflammation contrib-
uting to this type of presentation. Among cancer 
patients (and other immunosuppressed individu-
als), symptoms onset is usually more abrupt in the 
manner of a few days with dyspnea, hypoxia, dry 
cough, and low-grade fevers. Pleuritic chest pain 
or sudden onset of dyspnea should raise suspicion 
for a pneumothorax.

Mild cases may be difficult to detect on plain 
chest radiograph, whereas CT better elucidates 
diagnostic details. Typical findings include 
bilateral perihilar interstitial infiltrations with 
increasing amounts of ground-glass opacifica-
tion as the infection progresses. Pneumocele 
or pneumothorax along with cystic lesions may 

FIGURE 1.15.1: computed tomography of chest show-
ing multifocal,ground-glass opacities besides previously 
known metastases.
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develop in later stages of the disease, thus a wide 
variation in radiographic findings due to PJP is 
possible.

Diagnosis
The diagnosis of PJP is largely based on clini-
cal and radiographic findings in a vulnerable or 
at-risk patient, because the organism cannot be 
cultured. Obtaining the gold standard of micro-
scopic visualization of the organisms is difficult, 
and staining of sputum, oropharyngeal, or bron-
choalveolar wash samples may not be definitive. 
Newer methods of diagnosis include polymerase 
chain reaction (PCR) techniques and the use of 
monoclonal antibody staining. The use of PCR in 
bronchoalveolar wash yields sensitivity and speci-
ficity of 98.3% and 91.0%, respectively, far exceed-
ing much lower estimates of sputum staining 
methods [3] . There remains some concern about 
the threshold of a positive test and reliability of 
detection in HIV versus non-HIV patients and 
those receiving prophylaxis. Nevertheless, bron-
choscopy with bronchoalveolar lavage should be 
considered when sputum staining is negative but 
a strong clinical suspicion remains.

Supportive laboratory evidence exists in a 
serum assay for fungal wall carbohydrates in 
the form of 1,3-β-d-glucan. A  commercial test 
(Fungitell) has been available since 2003 and has 
been used for invasive fungal infections from can-
didiasis or Aspergillus. β-d-glucan should be used 
as a screening tool for PJP because its sensitivity 
is	96%	and	specificity	 is	84%	[4]	.	When	coupled	
with the appropriate clinical situation, this test 
represents a fairly reliable noninvasive modal-
ity that can prevent further invasive and costly 
work-ups if the test is negative.

Management
Pneumocystis is a fungus that is extremely resis-
tant to traditional fungal agents such as amphoter-
icin, and the azole family and is best treated with 
TMP-SMX 15–20 mg/kg per day (trimethoprim) 
and 75–100 mg/kg per day (sulfamethoxazole) 
divided into four daily doses. This can be deliv-
ered PO or IV and is given to all infected patients 
for a minimum of three weeks. Clinical improve-
ment is not typically seen for at least seven to ten 
days [5] . Second-line agents for treatment include 
primaquine 30 mg/day with clindamycin 600 mg 
TID, or atovaquone 750 mg BID, or IV pentami-
dine 4 mg/kg per day (Table 1.15.1). There are 
case reports of salvage therapy with caspofungin 
given as 70 mg IV loading dose followed by 50 mg 
IV daily.

In general, reduction or removal of immu-
nosuppression such as stopping corticosteroids 
should be undertaken (as much as possible in the 
context of the underlying disease) to allow recon-
stitution of the immune system and lymphocyte 
recovery. However, using steroids to suppress the 
associated inflammation of a moderate to severe 
respiratory infection with hypoxia may be a ben-
eficial strategy. There is prospective evidence that 
adding corticosteroids at an initial dose of 40 mg 
of prednisone BID followed by a steroid taper over 
several weeks improves survival in patients infected 
with HIV; there is no solid evidence for a benefit of 
steroids in non-HIV-infected patients [6, 7]. In fact, 
one recent study has shown a detrimental effect [8] .

Outcomes can be good with early recogni-
tion and appropriate treatment. However, if intu-
bation is required, mortality can approach 60% 
[9] . There is some retrospective data that suggest 
non-HIV-infected patients with acute respira-
tory failure may do worse with a 67% in-hospital 
mortality rate. Adverse prognostic factors include 
intubation delay, longer duration of positive pres-
sure ventilation, and pneumothorax [10]. This 
could be due to slower recognition because one 
review found a four-day delay of appropriate anti-
biotics in non-HIV-infected patients [11].

Prevention
As with any opportunistic infection, pri-
mary prophylaxis in the properly recognized 
cancer situation (Table 1.15.2) can be highly 
effective. Most patients with acute leukemia, 
allogeneic, and autologous bone marrow trans-
plant recipients should be considered for pro-
phylaxis. A  meta-analysis of PJP prophylaxis in 
non-HIV-infected patients including solid organ 
and bone marrow-transplanted patients showed 
(1)  the use of TMP-SMX resulted in a 91% 

TABLE 1.15.1. TREATMENT FOR 
PNEUMOCYSTIS  PNEUMONIA

Drug Dose Route

Trimethoprim-
sulfamethoxa-

zole

15–20 mg/kg
75–100 mg/kg
daily in 4 

divided doses

Oral or 
intrave-
nous

Primaquine plus
clindamycin

30 mg daily
600 mg TID

Oral
Oral

Atovaquone 750 mg BID Oral
Pentamidine 4 mg/kg daily

600 mg daily
Intravenous
Aerosol
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reduction in PJP with a number needed to treat 
of 15 and (2)  a statistically significant reduction 
in mortality [12]. In addition, TMP-SMX is also 
active for several other common bacterial and 
opportunistic infections such as listeria, nocar-
dia, and toxoplasmosis. Common medications 
used during cancer care requiring consideration 
for prophylaxis also include alemtuzumab, fluda-
rabine, prolonged corticosteroids, and concurrent 
temozolomide and radiation therapy.

There are typically four prophylactic regi-
mens proven effective in preventing PJP 
(Table  1.15.3):  TMP-SMX (1 double-strength 
tablet 160/800 mg daily), dapsone 100 mg 
daily, atovaquone 750 mg twice daily, or aero-
solized pentamidine 300 mg every 4 weeks. 
Both TMP-SMX and dapsone were superior 
to pentamidine for HIV-infected patients with 
CD4 counts below 100 and is the prophylaxis 
of choice for both PJP and toxoplasmosis [6] . 
To improve tolerability, several dose modifica-
tions to TMP-SMX have been studied. Doses 
of 80/400 mg daily, 160/800 mg every other 
day, or 160/800 mg daily three times a week all 

are equally effective in preventing PJP [12,  13]. 
Trimethoprim-sulfamethoxazole can be given 
safely with methotrexate without significant con-
cern for side effects such as marrow suppression 
[14]. Thus, this antibiotic is a preferred category 1 
recommendation for prophylaxis.

K E Y   P O I N T S
•	 Recognition	of	patients	infected	and	at	risk	

for infection with pneumocystis is vital for 
proper management.

•	 Antineoplastic	therapies	such	as	
alemtuzumab, temazolamide, etc are 
notable risk factors for PJP.

•	 Prolonged	steroid	use,	no	matter	the	
underlying indication, should raise 
concern for pneumocystis in the 
non-HIV-infected patient

•	 Onset	may	be	rapid	in	cancer	patients.
•	 Serum	1,3-β-d-glucan is an excellent 

surrogate marker for PJP in the proper 
setting.

•	 TMP-SMX	remains	the	cornerstone	for	
prophylaxis and treatment.

TABLE 1.15.2. CANCER TREATMENT SITUATIONS REQUIRING PNEUMOCYSTIS 
JIROVECII  PNEUMONIA PROPHYLAXIS

Situation Duration

Acute lymphocytic leukemia During entire leukemia treatment
Allogeneic stem cell transplant Minimum of 6 months and while getting immunosuppressive 

therapy
Autologous stem cell transplant 3–6 months after transplant
Alemtuzumab 2 months after treatment and until CD4 >200
Fludarabine or other purine analogs Until CD4 >200
Temozolomide and radiation Until absolute lymphocyte counts have normalized
Prednisone 20 mg or equivalent for >4 weeks Until steroids discontinued or below the 20 mg threshold

TABLE 1.15.3. PROPHYLACTIC REGIMENS FOR PNEUMOCYSTIS  PNEUMONIA

Drug Dose Comments

Trimethoprim-
sulfamethoxazole

Double-strength tablet daily
Single-strength tablet daily
Double-strength tablet every other day
Double-strength tablet 3 days a week

1st-line agent with several dosing 
regimens to help with tolerability

Dapsone 100 mg daily Testing for G6PD recommended to 
avoid hemolysis

Atovaquone 750 mg BID High-fat meals improve absorption
Pentamidine 

(aerosolized)
300 mg monthly Least preferred agent
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Breaking Bad: Breakthrough Fungemia

JAMIE  S .  GREEN,  MD

CA S E  P R E S E N TAT I O N
A 60-year-old Mexican male living in San Diego, 
California developed neutropenic fever while 
being treated for Burkitt’s lymphoma. His initial 
cancer presentation was in 2006 with left cervical 
lymphadenopathy. For two years, he was man-
aged with alternative and experimental therapy 
while participating on a clinical trial in Mexico. In 
2008, he developed progressive fatigue, anorexia, 
and weight loss. By 2009, there was rapid enlarge-
ment of several cervical and abdominal lymph 
nodes with pain and tracheal impingement 
(Figure  1.16.1), necessitating intubation for air-
way protection. After transfer to a tertiary hospital 
in San Diego, given the large tumor burden, che-
motherapy with cyclophosphamide, vincristine, 
doxorubicin, and dexamethasone (HCVAD) was 
administered with a good initial response.

Three days after chemotherapy, absolute 
neutropenia (absolute  neutrophil count [ANC] 
<0.4 cells/mL) ensued and persisted for more 
than ten days. Prophylactic antibiotics included 
trimethoprim-sulfamethoxazole and acyclovir. 
Micafungin 100 mg daily was initiated at the 
start of neutropenia. On the eleventh day after 
chemotherapy, fevers occurred up to 38.4oC. 
He remained intubated for airway protection 
on minimal ventilator settings with fraction of 
inspired oxygen (FiO2) of 40% and minimal suc-
tion requirements. Initial work up for neutropenic 
fever included blood cultures, chest radiograph, 
bronchoalveolar lavage, and initiation of empiric 
broad-spectrum antibiotics (meropenem). Over 
the next few days, computed tomography scans 
of the neck, chest, abdomen, and pelvis were 
repeated. They were notable for decreased cervi-
cal and abdominal lymphadenopathy and persis-
tence of bilateral pleural effusions, with decreased 
lung volumes and no new parenchymal infiltrates 
(Figure 1.16.2).

Mental status had been steadily improv-
ing over time (intensive care unit delirium), and 

he was regaining strength. Physical exam at the 
time of initial fevers was notable for a very thin, 
cachectic male without skin rashes. Heart exam 
was normal, lungs had decreased breath sounds 
at the bases, no notable crackles or wheeze, right 
subclavian triple lumen central-line catheter was 
without erythema or tenderness, and abdomen 
was nontender with little change to his palpable 
abdominal mass (Figure 1.16.3).

Laboratory evaluation was notable for abso-
lute neutropenia with a white blood cell count 
<0.4 cells/mL. Blood cultures drawn during febrile 
episodes were pending. Despite the lack of paren-
chymal pulmonary infiltrates, a bronchoalveloar 
lavage was performed for evaluation of persis-
tent fevers, which grew methicillin-resistant 
Staphylococcus aureus, Klebsiella pneumoniae, 
and Achromobacter spp. Fevers persisted after 
six days of broad-spectrum antibiotics (vanco-
mycin and meropenem) and thirteen days of 

FIGURE  1.16.1: Computed tomography neck. Black 
arrow denoting large cervical lymphadenopathy.
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micafungin. A blood culture drawn at the onset 
of fevers grew a filamentous yeast on the sixth day 
of incubation (Figure 4a), at which time the cen-
tral line was removed. Repeat daily blood cultures 
continued to grow this yeast on six consecutive 
days (Table 1.16.1).

Q U E S T I O N S
•	 What	fungal	pathogens	can	be	resistant	to	

echinocandins?
•	 What	types	of	fungi	can	cause	fungemia	in	

a neutropenic patient?
•	 What	changes	to	antifungal	therapy	should	

be made after the yeast was identified in 
blood culture?

•	 What	are	this	patient’s	risk	factors	for	
fungemia?

•	 What	is	the	prognosis	and	outcome	of	
breakthrough fungemia?

D I F F E R E N T I A L  D I AG N O S I S
In this case, we describe a patient with Burkitt’s 
lymphoma and neutropenic fevers with break-
through yeast fungemia while on micafun-
gin. Candida spp represent the most common 
blood yeast isolate [1] , with the incidence of 
non-albicans Candida species increasing over 
time (cohort from 2005 to 2007 compared with 
1997 to 2000)  [2]. Some species of Candida 
can develop echinocandin resistance such as 
Candida glabrata or Candida parapsilosis. In 
this case, the yeast morphology (Figure 4a) sug-
gested a non-Candida yeast. Endemic fungi can 
be a consideration in a patient with sepsis and 
fungemia breakthrough on echinodandin ther-
apy. The most common endemic fungus known 
to grow in blood would be disseminated histo-
plasmosis. This patient would have been at risk 
for other endemic fungi such as paracoccidioi-
domycosis and coccidioidomycosis because he 
was native to Mexico. Other than Histoplasma, 
these tend to present with pulmonary infiltrates 
or lymphadenopathy and are often diagnosed 
from tissue biopsy samples, not from blood cul-
tures. The morphology of the yeast in this case 
(Figure  4) was not consistent with an endemic 
fungus. Finally, we must consider non-Candida 
opportunistic yeast. These non-Candida oppor-
tunistic yeasts are often resistant to echinocan-
dins and are known to cause fungemia in cancer 
patients. Included among them are Cryptococcus, 
Trichosporon, Saccharomyces, Rhodotorula, and 
Geotrichum. The morphology (Figure  4a) of 
our isolate most closely resembles Trichosporon 
or Geotrichum (Table 1.16.2). Infections with 
Geotrichum geographically occur in Europe 
(Italy, Spain, and France), whereas Trichosporon 
is distributed worldwide [3].

I N I T I A L  R E C O M M E N DAT I O N S
On the first day the yeast was isolated, voricon-
azole was initiated (6 mg/kg every twelve hours 

FIGURE 1.16.3: Computed	tomography	abdomen.		White	
lines denoting large abdominal mass 10.99cm X 8.39 cm.

FIGURE  1.16.2: CT chest at the time of neutropenic 
fevers. Large bilateral pleural effusions without overt 
parenchymal infiltartes.

TABLE 1.16.1. MICROBIOLOGY DATA

Blood Culture* Yeast Identified as 
Trichosporon asahii, MICs

Day 1** Positive for yeast Fluconazole 2.0
Day 2** Positive for yeast Voriconazole 0.065
Day 4** Positive for yeast Micafungin >8
Day 6** Positive for yeast

Abbreviations: MICs, minimal inhibitory concentrations (µg/mL).
*From central line, arterial line. and peripheral draw.
**Blood cultures drawn coinciding with the onset of fevers (day 1). 
Cultures were not obtained on day 3 or 5.

 

 

 



TABLE 1.16.2. COMPARISON	OF NON-CANDIDA YEASTS

Yeast Clinical Features Microbiologic Features Antifungal Susceptibilities

Cryptococcus- Pneumonia, meningitis, 
dissemination, sepsis

Round, budding yeast.  
No true hyphae

Sensitive to amphotericin, azoles, often 
combination with flucytosine is used.

Resistant to echinocandins

Trichosporon Fungemia, dissemination, 
pneumonia

Hyphae (septate), pseudohyphae, 
barrel-shaped arthroconidia, 
pleomorphic budding yeast 
(blastoconidia)

Trichosporon asahii susceptible to voriconazole 
and posaconazole. Reduced sensitivity to 
fluconazole

Resistant to echinocandins and amphotericin.

Geotrichum Fungemia, dissemination, 
pneumonia

Arthroconidia are unicellular, in 
chains, rectangular or barrel 
shape. True hyphae

Sensitive to amphotericin and voriconazole.
Reduced susceptibility to fluconazole and 

itraconazole.

Rhodotorula Fungemia, central 
catheter-associated 
infections

Unicellular blastoconidia, globose 
to elongated in shape. No hyphae 
or pseudohyphae

Sensitive to amphotericin, itraconazole, and 
voriconazole.

Reduced susceptibility to echinocandins and 
other azoles.

Sacchromyces Fungemia, 
probiotic-associated

Unicellular. globose, and ellipsoid 
to elongated blastoconidia. 
Multipolar budding. Hyphae are 
absent.

Sensitive to amphotericin
Variable minimal inhibitory concentrations to 

azoles.
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for two doses, then 4 mg/kg every twelve hours) 
in place of micafungin. Recommendations were 
also made that any change in clinical status would 
trigger the use of a lipid amphotericin product. 
That evening he developed hypotension requir-
ing vasopressor support. Liposomal amphoteri-
cin B (AmBisome) was then started in place of 
voriconazole.

A D D I T I O NA L  DATA , 
M A NAG E M E N T, A N D  O U T C O M E
Based on morphologic data, the yeast was identified 
as Trichosporon asahii (Figure 4b and c, Table 2). 
This included identification of elongated yeast 
forms with hyphae in blood culture (Figure  4a), 
arthroconidia with some terminal and oval conidia 
on potassium hydroxide preparation (Figure  4b), 
and hyphal forms on lactophenol cotton blue tease 
preparation (Figure  4c). Once T asahii was iden-
tified, voriconazole was added back, in addition 
to continuing AmBisome. The minimal inhibi-
tory concentrations (MICs) of the Trichosporon 
resulted sensitive to voriconazole at 0.065 (Table 1). 
Despite antifungal therapy, this patient’s condition 
continued to decline, and he was transitioned to 
comfort care. He remained profoundly neutro-
penic throughout his course. Blood cultures were 
documented positive for Trichosporon for six days, 

until his death, without clearance despite six days of 
voriconazole therapy (Table 1).

D I S C U S S I O N

Non-Candida Opportunistic Yeast
Invasive non-Candida yeast infections are emerg-
ing opportunistic pathogens with high mor-
tality among immunocompromised patients. 
Non-Candida yeast infections represented <5% 
of all yeast isolates in the ARTEMIS Global 
Antifungal Surveillance Study, the largest world-
wide collection of over 205 000 yeast isolates over 
8.5  years. Of the non-Candida yeast (8821 iso-
lates), Cryptococcus neoformans, Saccharomyces 
spp, Trichosporon spp, and Rhodotorula spp were 
most commonly identified, representing 33%, 
11.3%, 10.7%, and 4.2%, respectively [1] .

Classification of Trichosporon
Trichosporon is an environmental yeast found 
in soil and decaying material. For over 50  years 
Trichosporon was recognized as Trichosporon 
beigelii and Trichosporon cutaneum. The pre-
vious classification of Trichosporon was rede-
fined using data from new molecular techniques 
and environment niches, which included six 
species:  T cutaneum, T asahii, Trichosporon 

(a)

(c)

(b)

FIGURE 1.16.4: Panel A: Blood culture gram stain with elongated filamentous yeast. Panel B: Potassium hydroxide 
(KOH) prep showing Trichosporon arthroconidia, some with terminal and oval conidia. Panel C: Lactophenol cotton 
blue tease prep showing hyphal forms (black arrows).
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asteroides, Trichosporon mucoides, Trichosporon 
inkin, and Trichosporon ovoides [4] . Currently, 50 
species of Trichosporon are recognized, 16 spe-
cies of which have clinical relevance [4]. In gen-
eral, invasive disease has been associated with 
T asahii, T mucoides, and T asteroides, whereas 
superficial cutaneous infections are more com-
monly due to T inkin, T cutaneum, T ovoides, and 
Trichosporon loubieri [4]. The association of T asa-
hii with invasive disease comes from several case 
reports and case series. In fact, most of the cases 
of invasive Trichosporon infections are reported at 
Trichosporon spp and do not identify the organ-
ism down to the subspecies level. Virulence fac-
tors that could impact the ability of a subspecies 
of Trichosporon to cause invasive or superficial 
disease have not been elucidated or systemically 
studied.

Colonization and Risk Factors
Colonization with Trichosporon can occur in 
healthy adults on the skin, in the gastrointestinal 
and genitourinary tracts, and in the respiratory 
tree of humans. Trichosporon colonization was 
found in 11% of patients admitted to the intensive 
care unit. The majority of isolates were T cuta-
neum and T asteroides, with T asahii representing 
less than 10% [5] . Haupt et  al [6] prospectively 
studied surveillance cultures from blood, urine, 
and stool in 353 immunocompromised oncology 
patients. Thirteen patients (3.7%) were colonized 
with Trichosporon spp, and three of these subjects 
(25% of those colonized) went on to develop inva-
sive disease [6]. Given the severity of Trichosporon 
infections in immunocompromised patients, the 
isolation of Trichosporon from a clinically relevant 
sample should not be interpreted as colonization 
or contamination.

Risk factors for invasive Trichosporon infec-
tions include neutropenia and acute leukemia 
[3, 7,  8], with severe neutropenia being asso-
ciated with disseminated disease and break-
through infections (fungemia developing after 
receiving 7  days of an antifungal agent) [9] . In 
a series of Trichosporon infections in 17 cancer 
patients (which included use of fluconazole as 
prophylaxis), 70% of infections were related to 
central catheters [8]. The largest compilation 
of Trichosporon infections included 287 cases 
worldwide, with an even distribution of cases 
across all continents [3]. The most common 
underlying conditions in this series included 
hematologic diseases, peritoneal dialysis, and 
solid tumors. Of the 167 cases that occurred in 
patients with hematologic malignancies, 68% 
had acute leukemia and 85% received cytotoxic 

chemotherapy [3]. It is interesting that the vast 
majority of cases occurred in patients with acute 
leukemia receiving chemotherapy as opposed to 
stem cell transplant. This has also been reported 
in another smaller study of Trichosporon 
infections [8].

Presentation and Diagnosis
The most common presentation of trichospo-
ronosis is fungemia (fever, sepsis, and positive 
blood cultures) [3] . Disseminated disease can 
involve any organ, with pneumonia [3] and 
cutaneous lesions being common manifesta-
tions. Trichosporon is the second most common 
non-Candida, non-Cryptococcus yeast blood-
stream infection among cancer patients [9] and 
third most common non-Candida yeast isolated 
in the ARTEMIS Global Antifungal Surveillance 
Study [1]. Although candidemia and tricho-
sporonosis can present with similar syndromes 
among immunocompromised patients (fever 
and fungemia), there are some notable differ-
ences. Compared with candidemia, Trichosporon 
is less commonly associated with catheter infec-
tions, has a higher propensity for invasive tissue 
disease, and is isolated in blood in over 70% of 
cases [3].

Diagnosis of most non-Candida yeast infec-
tions is based on culture recovery of the organism 
from a sterile specimen from a body site (blood, 
tissue, etc). Morphologic and biochemical char-
acteristics are used to identify the yeast by clini-
cal microbiology laboratories [10]. Trichosporon 
produces blastoconidia with hyphae, which dif-
ferentiates it from Geotrichum (Table 2). There is 
an array of molecular and immunologic tests for 
Trichosporon, riddled with various limitations, 
and in general these tests are not available for clin-
ical real-time use. Commercial immunoassays for 
Trichosporon cross-react with Cryptococcus [11]. 
In fact, our patient did have a positive cryptococ-
cal antigen test of 1:256, which was interpreted 
as a false-positive result. Molecular identification 
using nucleic acid testing and monoclonal anti-
bodies is very promising [7]  but not yet available 
for real-time clinical use.

Treatment and Outcome
Data on management of Trichosporon infections 
are confounded by a lack of studies linking in vitro 
susceptibilities with in vivo treatment responses. 
As such, there is no standardized therapy for 
Trichosporon infections. However, azoles (specifi-
cally voriconazole) seem to be the best currently 
available treatment option. Prior to azoles, use of 
amphotericin resulted in a 76%–93% mortality of 
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Trichosporon infections in cancer patients [3, 12]. 
Studies of Trichosporon infections in neutropenic 
rabbits [13] and in vitro testing of clinical iso-
lates of Trichosporon [14] showed high MICs to 
amphotericin. Amphotericin is not fungicidal 
against Trichosporon. Another class of antifungals, 
echinocandins, is ineffective against Trichosporon 
and should not be used for therapy.

Clinical and in vitro studies suggest that the 
azoles, voriconazole and posaconazole, have the 
greatest effectiveness [15]. Hazirolan et  al [16] 
evaluated the inhibitory and fungicidal effects of 
the triazoles (fluconazole, voriconazole, posacon-
azole, and isavuconazole) on 90 clinical isolates 
of T ashaii. This study showed that voriconazole 
was the most active triazole in vitro against T 
asahii. Itraconazole, posaconazole, and isavuco-
nazole showed similar antifungal activity, which 
was lower than voriconazole. Fluconazole had 
the lowest activity of all the azoles tested. Using 
time-kill experiments, they this study assessed the 
fungicidal status of these azoles. Although none of 
the azoles were fungicidal, the lowest concentra-
tions at which killing activity begins was for vori-
conazole and highest for fluconazole [16]. There 
are numerous case reports of successful treatment 
of invasive Trichosporon infections in immuno-
compromised patients with voriconazole. In sum-
mary, voriconazole is the current drug of choice in 
managing these infections.

The mortality of Trichosporonosis ranges from 
34% to 84% [3, 8, 9,  12]. This variation is likely 
related to infections described in years past, when 
limited antifungal medications were available. 
Breakthrough Trichsoporon infections (fungemia 
developing after receiving seven days of an anti-
fungal agent) are associated with high mortality 
[9] , and they have been reported to occur with use 
of all classes of antifungal medications (especially 
echinocandins). The use of antifungal prophylaxis 
(most commonly fluconazole) in neutropenic 
patients may impact the incidence or severity of 
Trichosporon infections, but this has not been sys-
temically studied.

Summary
This case demonstrates many classic findings in 
severe disseminated Trichosporon infections. Risk 
factors in our patient included a refractory onco-
logic condition heavily treated with chemother-
apy, severe neutropenia (depth, ANC <100, and 
duration, greater than seven days), and antifungal 
prophylaxis with an echinocandin. Our patient 
remained neutropenic and fungemic until the 
time of death. The lack of recovery of neutrophils 

contributes to the mortality associated with fun-
gal infections. Unlike Candida, Trichosporon 
should not be considered a colonizing organ-
ism in the immunocompromised population. 
Voriconazole remains the treatment of choice 
because Trichosporon is considered resistant to 
amphotericin and echinocandins.

Often in clinical medicine, we are challenged 
with optimization of empiric antifungal therapy 
prior to definitive identification of a yeast organ-
ism. This is an area where guidelines are lacking, 
and treatment of life-threatening infections before 
identification relies on the art of medicine. Use of 
one versus two antifungal agents as either empiric 
or targeted treatment is not yet fully delineated. 
The toxicities and side effects of the available agents 
often contribute to the decision of which agent 
to use for empiric antifungal therapy. Common 
themes among non-Candida yeast infections are 
that most yeast (Rhodotorula excluded) remain 
sensitive to voriconazole or other higher genera-
tion azoles, some yeast are resistant to echinocan-
dins, and some yeast may have variable sensitivity 
to amphotericin products [1] .

K E Y   P O I N T S
•	 Opportunistic	yeasts	other	than	Candida 

species can cause severe disseminated 
disease among cancer patients, with high 
mortality.

•	 Long-term	neutropenia	and	acute	leukemia	
are important risk factors for Trichosporon 
infection.

•	 Trichosporon can cause severe disseminated 
disease in cancer patients with high mortality.

•	 In	the	immunocompromised	population,	
Trichosporon should not be considered a 
colonizing organism.

•	 In	the	setting	of	breakthrough	fungemia	
on antifungal prophylaxis, it is important 
to understand the resistance patterns of 
opportunistic yeast when choosing empiric 
antifungals for treatment.

•	 At	this	time,	voriconazole	appears	to	be	
the most effective therapy for Trichosporon 
infections.
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Painful Sores All Over My Body

KAILASH MOSALPURIA , MD, MPH AND SARA BARES ,  MD

CA S E  P R E S E N TAT I O N
A 56-year-old African American female with a 
past medical history of multiple myeloma and 
chronic kidney disease presented with a pain-
ful rash involving her bilateral upper and lower 
extremities, chest, abdomen, and back. The patient 
first developed pain in her left arm approximately 
three days prior to presentation. She was evalu-
ated in clinic and physical exam was unrevealing, 
so she was managed conservatively for presump-
tive musculoskeletal pain with oral analgesics. 
Approximately three days after the onset of the 
left arm pain, the patient developed a rash involv-
ing her left upper arm, chest, and back. Upon pre-
sentation to clinic for repeat evaluation, she was 
noted to have a disseminated vesicular rash and 
was referred for admission for further diagnostic 
evaluation and treatment.

The patient has a history of multiple myeloma 
complicated by chronic kidney disease and had 
undergone induction treatment with four cycles 
of bortezomib and dexamethasone with partial 
response followed by melphalan and autolo-
gous stem cell transplant five months prior. 
Prophylactic antimicrobials included acyclovir 
(initiated during treatment with bortezomib and 
continued until count recovery after autologous 
stem cell transplant) and fluconazole (initiated at 
time of autologous stem cell transplant and con-
tinued until count recovery). At the time of pre-
sentation, she was receiving maintenance therapy 
with lenalidomide.

The patient resides in Omaha, Nebraska and 
lives at home with her husband. She has no pets 
and denied any recent travel. She did report a 
childhood history of chickenpox but denied any 
history of shingles. She denied fevers, chills, head-
ache, sick contacts, eye pain, vision changes, chest 
pain, shortness of breath, abdominal pain, nausea, 
vomiting, or diarrhea. On arrival, she was anx-
ious but otherwise well appearing. Temperature 
was 37.4°C, blood pressure 126/77, and pulse 

oximetry was 97% on room air. There were numer-
ous coalescing clusters of vesicular lesions in dif-
ferent stages of healing in a dense pattern over the 
patient’s left arm (Figure 1.17.1). Likewise, there 
were scattered vesicular lesions over her right 
arm, back, chest, bilateral lower extremities, and 
face (Figure 1.17.2). Her neck was supple and she 
had no signs of meningismus.

Laboratory results revealed a white blood cell 
count of 4800 cell/mm3 (neutrophils of 63%), 
hemoglobin of 13.1 g/dL, and a platelet count of 
209, 000/mm3. Serum creatinine was 1.45 mg/dL 
(range, 0.7–1.2 mg/dL), total bilirubin 0.4 mg/dL 
(range, 0.3–1.2 mg/dL), aspartate transaminase 20 
U/L (range, 15–41 U/L), alanine aminotransferase 
16 U/L (range, 14–54 U/L), and alkaline phos-
phatase 69 U/L (range, 32–91 U/L). Quantitative 
immunoglobulins (Igs) were as follows:  IgG 565 
mg/dL (700–1600 mg/dL), IgA 51 mg/dL (70–400 
mg/dL), and IgM of 35 mg/dL (40–230 mg/dL). 
A chest radiograph revealed normal lung fields.

Q U E S T I O N S
•	 What	infectious	etiologies	should	be	

considered to explain this patient’s rash?

FIGURE 1.17.1: Left arm with vesicular lesions in dif-
ferent stages of healing.
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•	 What	diagnostic	approach	should	be taken?
•	 What	are	the	risk	factors	for	development	of	

this infection?

D I F F E R E N T I A L  D I AG N O S I S
This is a disseminated painful vesicular rash in 
multiple stages of healing in an immunocom-
promised patient. In this context, disseminated 
herpes zoster should be at the top of the differ-
ential diagnosis. Other diagnostic considerations 
include primary infection with varicella-zoster 
virus (VZV), disseminated herpes simplex, drug 
eruption, enteroviruses including coxsackie virus, 
as well as rare eruptions such as rickettsialpox and 
monkeypox.

I N I T I A L  M A NAG E M E N T
Given concern for disseminated herpes zoster, the 
patient was admitted to the hospital for additional 
diagnostic evaluation to confirm the suspected 
diagnosis, rule out visceral disease, and initiate 
empiric treatment with intravenous acyclovir.

A D D I T I O NA L   DATA
On day one of hospitalization, slides of material 
obtained from the base of a fresh vesicle were sent 
for VZV direct fluorescent antibody (DFA) test-
ing. Varicella-zoster virus DFA returned positive 
within a few hours, thus confirming the diagnosis 
of disseminated zoster virus. On day two of hos-
pitalization, the patient developed fever of 38.4˚C 
and was noted to have multiple new vesicular 
lesions on her trunk, extremities, and right upper 
eyelid. Ophthalmology was consulted and oph-
thalmologic evaluation confirmed the presence 
of disseminated zoster involving the ophthalmic 
branch of the right trigeminal nerve, but there 
was no evidence of ocular involvement including 

keratoconjunctivitis, uveitis, or papillitis. She did 
not develop any mental status changes, shortness 
of breath, abdominal pain, elevated liver func-
tion tests, or other signs or symptoms of visceral 
dissemination.

Final Diagnosis: Disseminated herpes zoster virus

T R E AT M E N T  A N D  O U T C O M E S
The patient was started on intravenous (IV) acy-
clovir 10 mg/kg every twelve hours (dose adjusted 
for the patient’s renal insufficiency) on arrival to 
the hospital. The acute neuritis associated with 
her rash was managed with topical lidocaine, 
gabapentin, and opioid analgesics as needed. 
She was placed on contact and droplet precau-
tions. The IV acyclovir was dose-adjusted for the 
patient’s underlying renal insufficiency and was 
initiated along with IV fluids to prevent crystal-
lization in the urine and worsening of her under-
lying nephropathy. By hospital day five, she had 
defervesced and the majority of her lesions were 
crusted, so she was discharged home with instruc-
tions to complete a three-week course of oral vala-
cyclovir 1 gram twice daily (dose adjusted for the 
patient’s renal insufficiency).

D I S C U S S I O N
Immunocompromised patients are at risk for 
developing complicated herpes zoster infections 
characterized by cutaneous dissemination and/
or visceral involvement. Cutaneous dissemination 
typically presents with numerous vesicular lesions 
in a generalized distribution affecting a number 
of dermatomes and crossing the midline. Visceral 
organ involvement often presents acutely in the 
form of a rapidly evolving pneumonia, hepatitis, 
or encephalitis. Disseminated VZV has been doc-
umented in patients with hematologic malignan-
cies undergoing chemotherapy as well as in bone 
marrow and solid organ transplant recipients.

Risk Factors
Factors related to the host, underlying malig-
nancy, antineoplastic therapies, and degree of 
immunosuppression affect the risk of VZV reac-
tivation in oncology patients. Hematopoietic stem 
cell transplant (HSCT) in particular significantly 
increases the risk of both dermatomal and com-
plicated zoster. The ten-year overall incidence 
of dermatomal zoster after HSCT is approxi-
mately 62%, whereas that of complicated zoster 
is approximately 30% (including central nervous 
system encephalitis, disseminated zoster, and vis-
ceral zoster) [1] . In particular, zoster can develop 

FIGURE 1.17.2: Back with vesicular lesions in different 
stages of healing.
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in one-third of patients undergoing autologous 
stem cell transplant patients and approximately 
two-thirds of patients undergoing allogeneic 
stem cell transplant [2]. However, the estimated 
two-year cumulative incidence of VZV reacti-
vation in allogeneic-HSCT is 34% and that of 
autologous-HSCT is 22% [2]. Other factors asso-
ciated with increased risk of VZV reactivation are 
radiation before bone marrow transplant, VZV 
seropositive patients, absence of any antiviral 
prophylaxis (acyclovir/ganciclovir), suppressed 
lymphocyte subsets, substantial cell-mediated 
immune defects, and compromised humoral 
immune response [1, 3, 4].

In patients with multiple myeloma, the 
increased susceptibility to VZV reactivation results 
from the interplay between myeloma itself, anti-
neoplastic therapies, and age- and disease-related 
complications. Cell-mediated immunity (CMI) 
plays a large role in the prevention of VZV reac-
tivation, and bortezomib, a proteasome inhibitor 
with inhibitory effects on T-cell proliferation and 
dendritic cell function, has been associated with a 
significantly increased incidence of herpes zoster 
infection (13% with bortezomib versus 5% with 
dexamethasone) [5–8]. Treatment with alemtu-
zumab and other purine analogs also poses an 
increased risk of zoster, as does graft-versus-host 
disease (GVHD) treated with steroids.

Clinical Presentation
Primary infection occurs during childhood where 
the transmission occurs by droplet infection 
subsequently leading to infection involving the 
reticuloendothelial system. It becomes latent in 
the cranial nerve and dorsal root ganglia during 
primary infection and frequently reactivates with 
increasing age or immunosuppression [9] . More 
than 90% of adults are latently infected with VZV, 
so true primary infection (varicella-chicken pox) 
characterized by a diffuse maculopapular rash, 
vesicles in various stages of evolution, low-grade 
fever, and generalized malaise occurs primarily in 
pediatric patients.

The initial presentation of herpes zoster in 
immunocompromised hosts is similar to that seen 
in the immunocompetent host. Neuralgic pain in 
the involved dermatome often precedes the onset 
of a vesicular dermatomal rash by hours to a few 
days. Multidermatomal involvement is observed 
more frequently in bone marrow transplant 
recipients than in immunocompetent hosts [10]. 
Potential complications of herpes zoster include 
postherpetic neuralgia, cutaneous scarring, and 
bacterial superinfection of skin lesions.

Zoster sine herpete is a rare pain syndrome in 
which no cutaneous rash occurs but a segmental 
pain syndrome is transiently present and associ-
ated with serological evidence of varicella infection.

Herpes zoster ophthalmicus is linked to VZV 
reactivation in the trigeminal nerve and can result 
in blindness if not recognized in a timely fashion. 
Vesicular lesions on the tip of nose (Hutchinson’s 
sign) are associated with an increased risk of her-
pes zoster ophthalmicus, and their presence war-
rants an urgent slip lamp examination.

The major otologic complication of VZV 
reactivations is Ramsay Hunt syndrome, which 
is characterized by painful vesicular lesions that 
appear in the external auditory canal along with 
hypoguesia involving the anterior two-thirds 
of the tongue and ipsilateral facial palsy. Facial 
paralysis in the absence of vesicles may be a sign 
of zoster sine herpete, which can be mistaken for 
Bell’s palsy. Hematogenous dissemination to the 
eye can result in acute retinal necrosis and blind-
ness. Approximately 15%–30% of bone marrow 
transplant patients who initially present with 
localized dermatomal zoster develop cutaneous 
dissemination, and rates of cutaneous dissemina-
tion are higher among those undergoing alloge-
neic HSCT recipients than in those undergoing 
autologous HSCT. Cutaneous dissemination is 
not associated with increased mortality but is 
associated with an increased risk of visceral infec-
tion such as VZV pneumonitis, hepatitis, pan-
creatitis, and/or meningoencephalitis. Studies in 
bone marrow transplant recipients have shown 
that approximately one third of HSCT recipients 
with dermatomal zoster and cutaneous dissemi-
nation subsequently develop visceral infection 
[11,  12]. Thus, it is important to obtain a chest 
radiograph and liver function tests in all immuno-
compromised patients presenting with cutaneous 
dissemination in order to document the presence 
or absence of visceral involvement.

A rare but potentially fatal manifestation of 
herpes zoster in the immunocompromised host is 
“abdominal zoster”, in which patients present with 
severe abdominal pain that often precedes the 
appearance of the cutaneous rash by hours to days. 
Because the diagnosis of herpes zoster is not usu-
ally considered until the typical skin vesicles begin 
to appear, abdominal zoster can be associated with 
delays in diagnosis and poor outcomes despite the 
initiation of appropriate antiviral therapy [9, 13–15].

Diagnosis
The diagnosis of herpes zoster infection is usually a 
clinical one based on the dermatomal distribution 
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of vesicular lesions in different stages of healing 
with associated neuralgic pain, but additional 
diagnostic testing is recommended in cases of 
atypical rashes in immunocompromised hosts or 
if there is concern for visceral disease in an immu-
nocompromised host without cutaneous lesions. 
Varicella-zoster virus can be isolated in culture 
from a swab of a fresh vesicular lesion or sterile 
body fluid, but culture techniques are insensitive, 
time consuming, and associated with a low yield 
compared with DFA testing and real-time poly-
merase chain reaction assays (PCR).

A rapid diagnosis can be made by using DFA 
testing on scrapings obtained from of the base of 
an unroofed, fresh vesicle. The DFA test is widely 
available and is associated with a rapid turnaround 
time [16]. Polymerase chain reaction is a useful 
technique that provides rapid and sensitive confir-
mation of VZV from clinical specimens obtained 
from active skin lesions and other body sites such 
as cerebrospinal fluid and bronchoalveolar lavage 
fluid. Serologic assays are helpful for determining 
patient susceptibility to VZV but are not typically 
useful in the diagnosis of acute infection.

Treatment
The widespread availability of safe and effec-
tive antiviral drugs has reduced the mortality 
associated with VZV infections in immunocom-
promised hosts [17]. Balfour et al [17] first dem-
onstrated that IV acyclovir speeds viral clearance 
and halts disease progression when used in the 
treatment of localized or disseminated her-
pes zoster in immunocompromised patients in 
1983. Subsequent studies in HSCT recipients 
have shown that acyclovir is effective not only in 
stimulating more rapid disease resolution but also 
in preventing and treating VZV dissemination 
[18, 19].

Oral therapy with either acyclovir (800 mg 
five times daily), valacyclovir (1000 mg three 
times daily), or famciclovir (500 mg three times 
daily) are all reasonable treatment options for 
less severely immunocompromised patients (e.g. 
autologous HSCT recipients) with localized herpes 
zoster. All agents are equally efficacious in acceler-
ating healing and resolution of zoster-associated 
pain, but valacyclovir and famciclovir provide the 
additional benefit of reduced frequency of drug 
administration when compared with acyclovir.

Intravenous acyclovir is the therapy of choice 
for disseminated VZV, suspected visceral VZV, or 
localized herpes zoster in severely immunocom-
promised patients (e.g. allogeneic HSCT within 
four months of transplantation, allogeneic HSCT 
patients with GVHD, or any immunocompro-
mised host requiring aggressive immunosup-
pression or antirejection therapy). In addition, 
immunocompromised patients presenting with 
herpes zoster involving the first division of the tri-
geminal nerve are at high risk for ocular complica-
tions (herpes zoster ophthalmicus). These patients 
should receive treatment with IV acyclovir and 
undergo evaluation by an ophthalmologist. The 
recommended dose of IV acyclovir is 10 mg/kg 
every eight hours, and this should be dose-adjusted 
for any underlying renal insufficiency. Treatment 
should be continued until clinical signs and 

TABLE 1.17.1. COMPLICATIONS 
OF HERPES ZOSTER

Cutaneous Cutaneous dissemination
Bacterial superinfection
Scarring

Neurologic Postherpetic neuralgia
Motor neuropathy
Cranial neuritis
Meningoencephalitis
Transverse myelitis

Ophthalmic Keratitis
Iritis
Retinitis

Visceral Pneumonitis
Hepatitis
Pancreatitis

TABLE 1.17.2. TREATMENT OF HERPES ZOSTER

Localized dermatomal 
cutaneous zoster 
(shingles)

Drug and Dose Duration
Acyclovir 800 mg PO 5×/day* 7–10 days
Famciclovir 500 mg PO TID*
Valacyclovir 1 gram PO TID*

Disseminated cutaneous 
zoster or visceral disease

Acyclovir 10–15 mg/kg IV q8h* until clinical 
improvement is noted, then switch to one of 
the oral antiviral agents listed above

10–14 days or until signs and 
symptoms have resolved, 
whichever is longer

* Acyclovir, famciclovir, and valacyclovir require dose adjustments for renal impairment,
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symptoms have resolved or for a minimum of ten 
to fourteen days, whichever is longer.

Resistance to acyclovir is rare in stem cell 
recipients but when clinically suspected or micro-
biologically documented, therapy should be 
changed to foscarnet for preemptive treatment.

Prognosis
Prompt diagnosis and initiation of effective anti-
viral therapy has been associated with a reduction 
in the mortality rate associated with VZV infec-
tion in immunocompromised hosts. Nonetheless, 
occasional deaths from disseminated VZV 
still occur.

The most common and challenging compli-
cation of herpes zoster infection is postherpetic 
neuralgia (PHN), which can be pronounced 
in immunocompromised patients (41%) [20]. 
Postherpetic neuralgia can last for several years 
and may reduce quality of life [2,  4]. Tricyclic 
antidepressants (nortriptyline and desipramine), 
selective serotonin and norepinephrine reup-
take inhibitors (duloxetine, venlafaxine), calcium 
channel α2δ ligands (gabapentin, pregabalin), 

and topical lidocaine have demonstrated efficacy 
in pain control in PHN and peripheral neuropa-
thy [21]. Oral opioid analgesics are considered as 
second-line agents [21].

Prevention
The two-year cumulative incidence of VZV reacti-
vation is approximately 22% in patients receiving 
autologous stem cell transplant patients, with the 
majority (~95%) occurring within the first year 
[2] . Antiviral agents are used prophylactically for 
the prevention of VZV reactivation in seroposi-
tive VZV patients undergoing HSCT [22, 23]. It is 
interesting to note that acyclovir can also suppress 
the development of VZV-specific immunity. Thus, 
its administration for only six months after trans-
plantation does not prevent zoster from occur-
ring when treatment is stopped. Administration 
of low doses of acyclovir for one entire year after 
transplantation is effective and may eliminate 
most cases of posttransplantation zoster [23, 24]. 
Continuation of prophylaxis beyond one year 
is considered in patients with ongoing systemic 
immunosuppression [25].

TABLE 1.17.3. VZV PROPHYLAXIS IN CANCER PATIENTS [28, 29]

Overall Risk of  
VZV Reactivation

Disease/Therapy Examples Antiviral Prophylaxis Duration

Intermediate •	 Autologous HSCT
•	 Lymphoma
•	 Multiple	myeloma
•	 CLL
•	 Purine	analog	therapy	 

(e.g. fludarabine)

Acyclovir 800 mg PO 
BID* (Preferred 
by IDSA)

Valacyclovir 500 mg 
PO BID* (Alternative 
per IDSA)

Famciclovir 250 mg  
PO BID*

Consider for at least 1 year 
after HSCT

During neutropenia with
aggressive lymphoma regimens

Until 3 months after
discontinuation of purine
analog therapy

High •	 Allogeneic HSCT
•	 GVHD	requiring	steroid	

therapy
•	 Proteasome	inhibitor	

therapy (e.g. bortezomib)
•	 Alemtuzumab	therapy

Start with conditioning regimen
for allogeneic HSCT and
continue for 1 year

Until resolution of severe GVHD
Until discontinuation of

proteasome inhibitor
Until at least 2 months after

discontinuation of
alemtuzumab AND CD4
≥200 cells/mm3

Abbreviations:  AMMI, Association of Medical Microbiology and Infectious Diseases Canada; ASBMT, American Society of Blood and 
Marrow Transplantation; CBMTG, Canadian Blood and Marrow Transplant Group; CDC, Centers for Disease Control and Prevention; 
CIBMTR, Center for International Blood and Marrow Transplant Research; CLL, chronic lymphocytic leukemia; EBMP, European Blood 
and Marrow Transplant Group; GVHD, graft-versus-host disease; HRSA, Health Resources and Services Administration; HSCT, hemato-
poietic stem cell transplant; IDSA, Infectious Disease Society of America; NMDP, National Marrow Donor Program; SHEA, Society for 
Healthcare Epidemiology of America; VZV, varicella-zoster virus.
*Acyclovir, famciclovir and valacyclovir require dose adjustments for renal impairment.
Adapted from the National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines for the Prevention and Treatment of 
Cancer-Related Infections as well as the Guidelines for Preventing Infectious Complications among Hematopoietic Cell Transplantation 
Recipients cosponsored by multiple groups including the CIBMTR, NMDP, EBMP, ASBMT, CBMTG, IDSA, SHEA, AMMI, CDC, and HRSA.
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Varicella-zoster virus-seronegative family 
members, visitors, and healthcare workers should 
be vaccinated before being allowed direct contact 
with a HSCT recipient [24]. Stem cell transplant 
recipients requiring immunosuppressive therapy 
for longer than two years should receive either 
varicella zoster immune globulin (VZIG) within 
ninety-six hours after being exposed to either 
chickenpox or shingles or initiate antiviral therapy 
using acyclovir or valacyclovir, regardless of pre-
transplant VZV serologies [24].

It has recently been shown that routine pro-
phylaxis using acyclovir in patients with multiple 
myeloma receiving bortezomib, lenalidomide, or 
undergoing stem cell transplant (autologous/allo-
geneic) has been associated with a lower incidence 
of VZV infection [23, 26, 27]. Although antiviral 
prophylaxis is typically continued for one year 
after HSCT as mentioned above, there is no clear 
consensus regarding how long prophylaxis should 
be continued after completion of bortezomib, 
lenalidomide, alemtuzumab, or purine analogs 
such as fludarabine.

K E Y   P O I N T S
•	 Older	age	and	ongoing	immunosuppression	

are important predictors of herpes zoster.
•	 CMI	plays	an	important	role	in	the	

prevention of VZV reactivation.
•	 The	diagnosis	of	herpes	zoster	is	clinical	

based on the presence of vesicular lesions 
in different stages of healing, often in 
an atypical dermatomal distribution but 
sometimes disseminated.

•	 Confirmatory	testing	with	either	VZV	DFA	
or PCR should be performed in cases of 
atypical rashes in immunocompromised 
hosts. Serum PCR testing can be performed 
if there is a concern for visceral disease in 
the absence of cutaneous lesions.

•	 Intravenous	acyclovir	is	the	therapy	of	
choice for disseminated VZV, suspected 
visceral VZV, or localized herpes zoster in 
severely immunocompromised patients. 
Oral therapy with acyclovir, valacyclovir, 
or famciclovir is recommended for less 
severely immunocompromised patients 
with localized herpes zoster.

•	 Prophylactic	oral	acyclovir	is	recommended	
for one year after allogeneic (and some 
experts would advocate after autologous) 
HSCT to prevent recurrent VZV infection. 
Continued acyclovir prophylaxis should 
be considered in cases of ongoing 
immunosuppression after one year.

•	 Prophylaxis	is	also	recommended	in	
multiple myeloma patients receiving 
bortezomib or lenalidomide and in 
leukemia or lymphoma patients receiving 
alemtuzumab.
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Wounds in Cancer Patients:  
Watch for the Drugs!

PAVAN KUMAR TANDRA, MD AND NICOLE  SHONKA,  MD

CA S E  P R E S E N TAT I O N
A 47-year-old male patient presented with right 
foot pain and associated swelling of his right leg 
during a routine follow up of an anaplastic astro-
cytoma diagnosed sixteen months earlier.

He reported that five weeks earlier, he devel-
oped a callus on the lateral side of his right foot. 
He soaked his foot in warm water for one hour 
at home, and he removed the callus himself 
using a knife. Over the last three weeks, he noted 
increased redness, swelling, sharp pain, and blis-
ter	 formation.	 When	 initially	 evaluated	 four	
weeks ago, there was a calloused area noted over 
the lateral mid foot bone with a scab in the center. 
No drainage, periwound fluctuance or bogginess 
was noted. The wound care nurse recommended 
Aquaphor ointment twice daily to feet and lower 
extremities to soften dry skin and calloused area. 
He did not notice expanding ulceration. He had 
pain in his foot and he was unable to weight bear. 
He denied any fever or systemic symptoms.

The diagnosis of brain tumor was made six-
teen months earlier, when he experienced a grand 
mal seizure, and imaging revealed a left frontal, 
primarily noncontrast-enhancing tumor. He 
underwent total resection, and the pathology was 
consistent with grade III anaplastic astrocytoma 
with focal vascular endothelial changes suggestive 
of but not diagnostic of grade IV. One month later, 
he began concurrent chemoradiation therapy 
with temozolomide. Magnetic resonance imag-
ing (MRI) and positron emission tomography 
scan performed nine months ago confirmed pro-
gressive disease. He began bevacizumab (BV) at 
10 mg/kg intravenously q2 weeks approximately 
eight months prior to the current presentation. 
His last dose was four days before admission.

His past medical history was significant for 
neuroendocrine tumor of the pancreas, diabetes 
mellitus type II, hypertension, cholecystectomy, 

and gastroparesis of uncertain etiology with 
chronic abdominal pain requiring percutaneous 
endoscopic gastrostomy tube insertion. His surgi-
cal history consisted of distal pancreatectomy and 
splenectomy seven years ago.

At admission, his blood pressure was 
145/81 mm mercury, pulse rate was 71 per min-
ute, temperature was 36.6°C (oral), and respiratory 
rate was 16. His height was 1.829 meters, weight 
was 100 kg, and his SpO2 was 94% on room air. His 
right foot was inflamed, tender, and expressed pus. 
The wound showed an area of cellulitis around 
it, and, when probed, the bone was palpable. His 
laboratory tests showed hemoglobin of 10.9 g/
dL, mean corpuscular volume of 94.8 femtoliters, 
platelet count of 410 000/µL, and white blood 
cell count of 10 300/µL with a normal differential 
count. His absolute neutrophil count was 4400/µL.   
His C-reactive protein was 6.7 mg/L, and his 
erythrocyte sedimentation rate was 98 mm/hour.

Q U E S T I O N S
•	 How	do	we	manage	a	nonhealing	ulcer	in	

patients with cancer?
•	 Identify	the	risk	factors	for	development	of	

a foot ulcer in this patient?
•	 What	issues	we	need	to	consider	in	treating	

underlying malignancy in future?

WO R K   U P
An MRI of the foot showed (1)  osteomyelitis of 
the base of the fifth metatarsal and (2) a sinus tract 
extending from the plantar aspect of the foot to the 
base of the fifth metatarsal with adjacent soft tis-
sue	swelling.	Wound	culture	grew	group	B	strep-
tococcus and methicillin-resistant Staphylococcus 
aureus. His ankle brachial pressure indices were 
normal bilaterally.

Final Diagnosis: Osteomyelitis of the right fifth 
toe at the site of excised callus
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T R E AT M E N T  C O U R S E  
A N D  O U T C O M E
He was started on vancomycin and piperacil-
lin-tazobactam for suspected foot cellulitis and 
osteomyelitis. His right fifth toe and metatar-
sal was amputated five days later, and the mar-
gins appeared viable. The bone culture grew 
vancomycin-susceptible Enterococcus fecalis. 
The pathology was consistent with osteomyelitis. 
Piperacillin-tazobactam was discontinued, and a 
six-week course of vancomycin was recommended 
because it was resistant to ampicillin. Bevacizumab 
was withheld to optimize wound healing.

Due to erratic serum vancomycin levels sec-
ondary to his worsening renal insufficiency, anti-
biotic treatment was changed to daptomycin after 
four weeks. A  brain MRI at that time showed 
his astrocytoma to be stable. He completed a 
total of six weeks of antibiotics (vancomycin for 
four weeks and daptomycin for two weeks) for 
osteomyelitis.

He required continued wound care over the 
next several months because his wound healed 
slowly. Decision was made to hold BV until his 
astrocytoma progressed. It took five months for 
the wound to heal completely.

An MRI six months later showed mild 
increased enhancement peripherally along left 
frontal lobe resection cavity extending into the 
genu of corpus callosum consistent with recur-
rent glioma. At that time, BV was restarted. As of 
now, he continues on BV without further wound 
complications.

D I S C U S S I O N

Pathogenesis
Bevacizumab is a humanized monoclonal anti-
body that selectively binds vascular endothelial 

FIGURE 1.18.1: Patient’s healed wound: at the time of 
re initiation of Bevacizumab.
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FIGURE 1.18.2: With	permission.	Shonka	N,	Gilbert	M.	Molecularly	Targeted	Therapy	for	Malignant	Brain	Tumors	
“http://www.cyberrounds.com/” www.cyberrounds.com 2010. http://www.cyberounds.com/cmecontent/art467.html. 
Mechanism of  action of Bevacizumab. 
VEGF: Vascular Endothelial Growth Factor ; VEGFR: Vascular Endothelial Growth Factor Receptor ;PLGF: Placental Growth Factor; 
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growth factor (VEGF)-A to prevent its interaction 
with surface VEGF receptors (VEGFRs) thereby 
inhibiting VEGFR signaling [1]  and inhibiting 
angiogenesis. The inhibition of microvascular 
growth is believed to retard the growth of all tis-
sues (including metastatic tissue). It was approved 
by the US Food and Drug Administration for the 
treatment of metastatic colon, kidney, ovary, lung, 
and grade IV gliomas. Bevacizumab carries a spe-
cific adverse reaction profile including hyperten-
sion and proteinuria and risk of chronic kidney 
disease, hemorrhage, gastrointestinal perfora-
tion, venous and arterial thromboembolic events, 
reversible posterior leukoencephalopathy, and 
impaired wound healing [2,  3]. Activated plate-
lets, monocytes, and fibroblasts release VEGF. 
Vascular endothelial growth factor plays multiple 
roles in wound healing. It helps recruit fibro-
blasts, macrophages, and endothelial cells. It also 
increases microvascular permeability, allowing 
granulocytes to clear bacteria and macrophages to 
clear wound debris. Fibroblasts deposit collagens 
types I  and III to form new extracellular matrix 
[3]. As a consequence of these multiple effects, BV 
can inhibit wound healing.

Clinical Evidence
In one study of patients with colorectal cancer 
who underwent emergent surgery, wound healing 
complications occurred in 13% of patients who 
had BV and chemotherapy compared with 3.4% 

after chemotherapy alone within sixty days of sur-
gery [4] . The frequency of wound complications 
of all grades in patients with glioblastoma treated 
with BV ranges from 0% to 6% [5–8]. In one ret-
rospective review, patients receiving preoperative 
BV developed significant wound healing com-
plications (35%) compared with non-BV-treated 
patients (10%; P = .004) [9].

Many cancer patients require placement 
of venous access ports, and the effect of BV on 
healing tissue is a common clinical issue. In one 
study, wound dehiscence was significantly higher 
in those patients receiving BV within ten days of 
port placement [10]. In a retrospective analysis, 
patients treated with BV within one day of port 
placement had a 2.4% absolute risk of wound 
dehiscence requiring removal of the port [4] . In 
another study, the risk of wound dehiscence was 
inversely proportional to the interval between BV 
therapy and the port placement, with significantly 
higher risk seen when the interval was less than 
fourteen days [11].

Management
The optimal interval from interruption of VEGF 
blockers has not been determined. It depends 
on various factors including the type of sur-
gery and, more importantly, the half-life of these 
agents. The long half-life of BV of twenty days 
(range, eleven to fifty days) [1]  results in a more 
extended risk of wound healing compared with 

TABLE 1.18.1. WOUND	HEALING	AND	BEVACIZUMAB# – CLINICAL TRIALS

Cancer Bibliography reference 
number

Study Type (Number  
of Patients

Timing Interval WHC	Rate

Glioblastoma 
multiforme

Friedman et al (13) Prospective (84) Adjuvant Not reported 6%
Clark et al (14) Retrospective (23 

neoadjuvant and  
18 adjuvant)

Neoadjuvant 30 days (median) 35%
Adjuvant 43 days (median) 6%

Gutin et al (15) Nonrandomized  
prospective (25)

Adjuvant 28 days 4%

Metastatic 
colorectal 
carcinoma

Scappaticci et al (4) Retrospective (75 
neoadjuvant and   
230 adjuvant)

Neoadjuvant <60 days 13%
Adjuvant 28–60 days 1.3%

Kozloff et al (16) Prospective (521) Neoadjuvant Variable no. 4.4%
Allegra et al (17) Prospective (1326) Adjuvant 46 days (median) 1.7%

Breast cancer Miles et al (18) Prospective (499) Neoadjuvant Not reported 0.4%

Advanced renal 
cell carcinoma

Escudier et al* (19) Prospective (337) Adjuvant Not reported 1%

#	Bevacizumab-surgery	interval	and	WHC(Wound	healing	complications)	rate:	0	to	13	days	(9.7%),14	to	27	days	(3.2%)	28-41	days	(	3.0%),48	
to 55 days (5.9%) and >56 days(2.2%)
*Study did not report what proportion of patients receiving Bevacizumab – containing chemotherapy regimens underwent surgery.
This	table	was	adapted	from	“Bevacizumab	and	Wound-	Healing	Complications	,	Mechanisms	of	action,	Clinical	Evidence,	and	Management	
Recommendations for the Plastic Surgeon” by Ketan Sharma etal (3)
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VEGF tyrosine kinase inhibitors (TKIs), which 
have a short half-life. Sunitinib (Sutent), sorafenib 
(Nexavar), pazopanib (Votrient), and imatinib 
(Gleevec) are some of the TKIs used in oncology. 
Clinicians should also consider patients’ other 
comorbidities that can also impair wound healing 
such as collagen disorders, vitamin deficiencies, 
and chronic diseases such as peripheral arte-
rial disease, peripheral neuropathy, and diabetes. 
A  multidisciplinary management team is needed 
in complex patients.

It is currently recommended that the BV 
should not be given for twenty-eight days before 
and after elective surgery (sixty-day window for 
liver surgery) [4, 12], should not be initiated until 
all wounds are fully healed, and permanently dis-
continued for wound dehiscence. In cases such 
as this one, the permanent discontinuation of BV 
without	 rechallenge	may	 not	 be	 reasonable.	We	
propose a simplified management algorithm in 
managing wound complications in patients taking 
VEGF monoclonal antibodies or TKIs.

K E Y   P O I N T S
•	 Wound-healing	complications	of	VEGF	

and VEGFR targeting monoclonal 
antibodies and TKIs are diverse and include 

delayed primary wound closure, impaired 
wound healing, prolonged seromas, wound 
dehiscence, bowel perforation, fistula, 
abscesses, and hemorrhage.

•	 Current	guidelines	are	empiric	and	
recommend that BV be withheld for four 
to six weeks before elective surgery. Small 
molecule TKIs have short half-lives and 
typically a short “wash out” period of one 
week is sufficient.

•	 Advise	patients	to	refrain	from	self-surgery,	
particularly when they are receiving these 
agents.
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Surgically reconstruct the wound and
observe closely post operatively until wound
heals. Bevacizumab can be initiated if needed.

Wait until wound completely heals and
Bevacizumab can be re initiated if need
still exists
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Wound needs surgical re construction

Wound Complications While on
Bevacizumab

Hold the bevacizumab and consult wound care immediately. Consider home health care to
ensure frequent attention. Assess the status of underlying malignancy and introduce another
from of cancer therapy if needed.
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FIGURE 1.18.3: Wound	care	measures:	regular	cleaning,	appropriate	dressing	changes,	negative	pressure	vacuum	
assisted wound therapy, wound cultures if wound looks infected and appropriate antibiotic therapy for any evidence 
of infection, surgical debridement for any necrosis.
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The Dangers of Dirt: Pulmonary Infiltrates  
and Skin Ulcers in a Farmer

PAUL  J .  DEZ IEL , PA-C  AND RAYMUND R .  RAZONABLE ,  MD

CA S E  P R E S E N TAT I O N
A 62-year-old man with a six-month history of 
myelodysplastic syndrome (MDS) with refractory 
cytopenias and multilineage dysplasia was referred 
to our hospital because of fever, cough, and ulcerative 
skin lesions. His MDS did not respond to initial treat-
ment with prednisone and he was recently started on 
decitabine. He completed the second five-day cycle 
of decitabine chemotherapy three weeks before the 
onset of his current symptoms. He developed severe 
chemotherapy-associated neutropenia during the 
first and second cycles of decitabine and was receiv-
ing levofloxacin and acyclovir prophylaxis.

The patient works as a farmer in Indiana. Two 
weeks before his admission, while neutropenic, he 
sustained several lacerations on his left arm, right 
index finger, and neck while working at grain bins 
where corn and soybeans were kept. The skin 
lacerations did not heal, and during the follow-
ing week they progressed into weepy nonheal-
ing ulcerations. His local physician started him 
empirically on oral amoxicillin-clavulanic acid 
but with no clinical improvement. Three days ago, 
he started to complain of cough productive of yel-
lowish sputum. He also reported low-grade fever 
during the day prior to his admission.

On physical examination, he had a temperature 
of 38°C, blood pressure of 119/62 mmHg, heart rate 
of 75 beats/minute, and respiratory rate of 24/min-
ute. He looked chronically ill with wasting and pal-
lor. He had no oral lesions. His lung examination 
showed scattered crackles bilaterally. Heart was 
without murmur. Skin examination demonstrated 
multiple areas of black eschar over his left neck, left 
forearm, right hand, and right index finger.

His peripheral white blood cell count was 
0.9 × 109 /L (with 2% neutrophils). He had hemo-
globin of 7.6 g/dL, hematocrit of 22.0 %, and 
platelet count of 8000/mm3. Serum creatinine was 
1.0 mg/dL. Serum electrolytes and liver enzymes 

were normal. A  chest x-ray showed right lung 
haziness (Figure 1.19.1), which corresponded to 
the chest computed tomography (CT) scan find-
ing of dense right upper and middle lobe consoli-
dation with air-bronchograms and ground-glass 
opacification (Figure 1.19.2). A survey of his chest 
CT scan showed multiple smaller nodular lesions 
scattered bilaterally.

Q U E S T I O N S
•	 What	are	the	most	common	infections	that	

should be considered in this patient?
•	 What	are	the	risk	factors	for	this	infection?
•	 How	would	you	proceed	with	establishing	a	

definitive diagnosis?
•	 What	are	the	treatment	regimens	available	

for this infection?
•	 How	do	you	prevent	this	infection?

D I F F E R E N T I A L  D I AG N O S I S
Infection is the most likely cause of this clinical 
syndrome consisting of fever, productive cough, 

FIGURE  1.19.1: Chest radiograph shows infiltrates in 
the right lung fields.
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pulmonary nodules, and skin lesions in the set-
ting of refractory MDS with prolonged and pro-
found neutropenia and pancytopenia. Risk factors 
for infection in this immunocompromised patient 
include underlying hematologic malignancy 
(refractory MDS), prolonged and profound neu-
tropenia, lymphopenia, use of broad-spectrum 
antimicrobial therapy (levofloxacin), and chemo-
therapy including corticosteroids and decitabine. 
Among the pathogens that are most likely to 
cause this clinical syndrome are fungi (such as 
Aspergillus species, Mucor species, Fusarium 
species, Scedosporium species, and other myce-
lial fungi, and some endemic fungi such as 
Histoplasma capsulatum, and Blastomyces der-
matitidis) and atypical bacteria (such as Nocardia 
species and members of the nontuberculous 
mycobacteria). Many of these pathogens are ubiq-
uitous in the environment, and the patient most 
likely acquired the infection during the course 
of his farming activities. Notably, the onset of 
his clinical illness coincided with him working at 
grain bins where he had kept corn and soybean. 
Fungal pathogens such as Aspergillus species are 
especially commonly encountered with farming 
activities, including working in moist grain stor-
age bins, and should be considered highly likely 
in this case. However, several other mycelial fungi 
can cause invasive infections that are indistin-
guishable from invasive aspergillosis on clinical 
and radiographic findings alone. These include 
members of the Mucorales group, Fusarium spe-
cies, and Scedosporium species. The major risk 
factors for these invasive fungal infections are 
similar to those of invasive aspergillosis. Hence, 

the definitive microbiologic diagnosis of this 
infection will require culture of clinical samples.

A D D I T I O NA L   DATA
Serum galactomannan antigen index value was 4 
(negative, <0.5), whereas serum β-d-glucan assay 
was >500 pg/mL (negative, <60 pg/mL). Skin 
biopsy was sent for histopathology and culture. 
A flexible diagnostic bronchoscopy was performed 
with bronchoalveolar lavage (BAL) from the right 
upper lobe. Because of profound thrombocytope-
nia, transbronchial biopsy was deemed too risky 
and was not performed. Culture of the BAL fluid 
is shown in Figure 1.19.3, and stain of the culture 
is shown in Figure 1.19.4. The offending pathogen 
was identified as Aspergillus fumigatus.
Final Diagnosis: Multifocal invasive aspergillosis 
with pulmonary and skin involvement

T R E AT M E N T  A N D  O U T C O M E
Upon admission, there was a high clinical suspi-
cion for invasive fungal infection, and the patient 
was started on a combination of intravenous lipo-
somal amphotericin B and voriconazole. Due 
to progressive necrosis, the right index finger 
required surgical amputation. The histopathology 
of the amputated index finger demonstrated fun-
gal structures suggestive of invasive aspergillosis. 
He also underwent debridement of necrotic skin 
ulcers in his right hand and left forearm.

Perioperatively, the patient developed right mid-
dle cerebral artery infarction that presented clini-
cally with left facial droop and left arm weakness. 
A magnetic resonance image of the brain showed 
multifocal cerebral embolic infarcts in multiple vas-
cular territories including bilateral frontal lobes and 
left cerebellum. Transesophageal echocardiogram 
did not reveal any endovascular lesions.

FIGURE 1.19.2: CT scan of the chest shows ground-glass 
opacities and consolidation with air-bronchogram.

FIGURE  1.19.3: 2-day old plate morphology of 
Aspergillus fumigatus on inhibitory mold agar.
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After the identification of A fumigatus and 
the availability of its antifungal susceptibility pat-
tern, which demonstrated susceptibility to vori-
conazole, liposomal amphotericin B was later 
discontinued. Three weeks into oral voriconazole 
treatment, a dense right lung consolidation per-
sisted, albeit with radiographic improvement 
compared with baseline imaging. His skin lesions 
started to improve. He is currently maintained 
on oral voriconazole, with serum trough drug 
levels measured at 3.6 mcg/mL. He is undergo-
ing aggressive physical rehabilitation, although 
his overall prognosis is poor due to underlying 
refractory MDS.

D I S C U S S I O N
Aspergillus species causes serious and potentially 
life-threatening opportunistic fungal infection in 
patients with hematologic malignancy. Aspergillus 
species are ubiquitous in nature, and inhalation of 
fungal spores into the sinuses and the lungs occurs 
commonly [1] . However, inhalation of spores 
does not have any significant untoward conse-
quence in healthy individuals, because pulmonary 
macrophages and neutrophils ensure clearance of 
inhaled pathogen. In patients with compromised 
immunity, however, Aspergillus species can lead 
to invasive disease. The most common site of 
involvement are the lungs and the sinuses, but the 
infection can locally spread or potentially dissem-
inate to extrapulmonary sites including the brain 
and other parts of the body. Aspergillus fumiga-
tus is the most commonly encountered species 
causing invasive disease, with Aspergillus flavus, 
Aspergillus niger, and Aspergillus terreus as less 
common pathogens [2].

Aspergillus species is the most common inva-
sive fungal infection in patients with hematological 

malignancies, and it has surpassed Candida spp in 
the current era of routine fluconazole prophylaxis 
[3] . The estimated incidence of invasive aspergil-
losis is between 5% and 10% in patients with acute 
myelogenous leukemia, with the rates varying 
depending on the immune status of the individual 
and other risk factors.

Risk Factors
The risk factors for invasive aspergillosis in 
patients with cancer are (1) severe and prolonged 
neutropenia and (2) receipt of glucocorticoids and 
chemotherapy that impair cellular immunity [1] . 
The risk of invasive aspergillosis increases directly 
with the duration of neutropenia (more than four-
teen days of persistent neutropenia) and the sever-
ity of neutropenia [4]. Neutropenia of <0.5 × 109/L 
for a duration longer than ten days is one of the 
major host factors that predispose to invasive fun-
gal infection [4]. Among the underlying malignan-
cies, those with acute myelogenous leukemia and 
refractory MDS, like the patient discussed in this 
chapter, are at highest risk. Receipt of an alloge-
neic hematopoietic stem cell transplant is also a 
population at high risk of invasive fungal disease. 
The risk is lower among patients with chronic leu-
kemia, lymphomas, and multiple myeloma. The 
number of cycles of chemotherapy and the num-
ber of chemotherapeutic agents is directly corre-
lated with the risk of invasive aspergillosis, and it 
is especially increased with the use of agents that 
suppress T-cell immunity such as glucocorticoids, 
antithymocyte globulin, alemtuzumab, fludara-
bine, and cladribine. Patients with prior history 
of aspergillosis are also at higher risk of recurrent 
disease. The amount of airway exposure to the 
fungus is also directly associated with the risk of 
invasive aspergillosis. The classic examples of these 
types of high-burden exposure are in the setting of 
construction and farming. Our patient possessed 
many of the risk factors including prolonged and 
profound neutropenia, refractory MDS, multiple 
cycles of chemotherapy and use of corticoste-
roids, and high-burden exposure such as his farm-
ing activities. More recently, mutations in innate 
immune genes, such as Toll-like receptors and 
mannose binding lectin, have been described as 
risk factors for invasive fungal disease in patients 
with hematologic malignancies [5, 6].

Diagnosis
The diagnosis of invasive aspergillosis is based 
upon the demonstration of the organism in an 
individual at risk of disease and who presents with 
compatible clinical symptoms [4] . Radiographic 

FIGURE  1.19.4: Tape preparation of fungal culture 
showing Aspergillus fumigatus.
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imaging is an essential component in the evalu-
ation of patients with suspected invasive asper-
gillosis, with chest radiographs and CT scans as 
the most commonly used modalities. Chest x-ray 
is not very sensitive for detecting the early stages 
of invasive pulmonary aspergillosis, and CT scan 
may assist in this setting when invasive aspergillo-
sis is clinically suspected [7, 8]. The type of radio-
graphic abnormalities in invasive aspergillosis 
vary widely, depending on the host and the time of 
clinical presentation, from single to multiple nod-
ules, infiltrates, consolidation, and other opacities 
with or without cavitation. Aspergillosis is classi-
cally associated with the halo sign, which is a lung 
nodule surrounded by an area of hypoattenua-
tion. The nodule may eventually cavitate to form 
the air-crescent sign (Figure  1.19.5). Computed 
tomgraphy scans of the sinuses, the abdomen, and 
the brain may also be performed, depending on 
the clinical presentation of the patients [9].

The fungus can be demonstrated by direct 
examination of clinical specimens, such as spu-
tum, BAL fluid, other respiratory secretions, or 
cytology	 preparations.	With	 calcofluor	 white	 or	
Gomori methenamine silver stains, Aspergillus 
species appear as septated hyaline hyphae 
with dichotomous 45° acute-angle branching. 
Aspergillus species grow rapidly in culture, which 
will allow for confirmation of its genus and species 
and will allow performance of antifungal suscepti-
bility testing [10].

Because Aspergillus species are frequently 
inhaled into the airways, its culture isolation 
from the respiratory tract (e.g. sputum or BAL) 
does not necessarily indicate clinical disease. To 
provide definitive evidence of invasive aspergil-
losis, one should ideally demonstrate hyphal ele-
ments in tissue biopsy. Aspergillus species can 
be observed on biopsy specimens stained with 
Gomori methenamine silver or periodic acid-Schiff 

staining as septated hyaline hyphae with dichoto-
mous acute-angle branching. The histopathology 
will also demonstrate vascular invasion resulting in 
infarction and tissue necrosis. However, biopsy is 
not always performed because many patients at risk 
of fungal disease have other comorbidities (such as 
thrombocytopenia) that heighten their risk of com-
plications from transbronchial biopsies. Such was 
the case in this patient, where transbronchial biopsy 
was deemed too risky due to severe thrombocyto-
penia. The invasive nature of the infection was later 
confirmed with histopathology and culture of the 
amputated index finger. In the absence of such his-
topathologic evidence, culture of Aspergillus species 
from respiratory specimens generally provides ade-
quate evidence for invasive aspergillosis in patients 
with risk factors and clinical and radiographic fea-
tures suggestive of invasive aspergillosis [4] .

Detection of biomarkers, such as galactoman-
nan and 1,3-β-d-glucan, in the serum (and other 
clinical specimens) have emerged as adjunctive 
tools for the diagnosis of invasive aspergillosis 
[11,  12]. Galactomannan is a major polysaccha-
ride component of Aspergillus species and can 
be detected in the serum, BAL fluid, and other 
clinical specimens (such as cerebrospinal fluid) of 
patients with invasive aspergillosis. The sensitivity 
of serum and BAL galactomannan testing varied 
widely depending on the patient population and 
the severity of clinical disease. The sensitivity is 
better among high-risk patients with established 
disease. The sensitivity of serum galactomannan 
test for the diagnosis of invasive aspergillosis is 
also reduced with concurrent antifungal therapy 
[13]. Hence, a single negative serum galactoman-
nan test does not exclude the diagnosis of inva-
sive aspergillosis. Indeed, serial galactomannan 
determination is recommended when patients are 
considered at high risk of invasive fungal disease. 
False-positive galactomannan results have been 
notably reported with the use of some β-lactam 
antibiotics, such as piperacillin-tazobactam 
(although this is no longer observed with cur-
rent formulations), and with infections with other 
fungi such as Fusarium species, Penicillium spe-
cies, and H capsulatum [14]. The 1,3 β-d-glucan 
is a cell wall component of many fungi, and its 
detection in the blood has also been used as an 
adjunct for the diagnosis of invasive fungal dis-
ease including aspergillosis [15–17]. Because 
1,3-β-d-glucan is present in many fungi, it is not 
specific for Aspergillus species and can be detected 
in cases of other fungal infection such as invasive 
candidiasis and Pneumocystis jiroveci infections. 
Detection of Aspergillus species DNA in clinical 

FIGURE  1.19.5: Air crescent sign of invasive pulmo-
nary aspergillosis.
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specimens by polymerase chain reaction is also 
emerging as another adjunctive tool but with var-
ied sensitivity and specificity.

Depending on the strength of the evidence, the 
diagnosis of invasive aspergillosis is classified into 
proven, probable, or possible. This classification 
is recommended to ensure consistency in clinical 
and epidemiological studies, but it does not have 
any effect on treatment recommendations [4] . 
All patients with suspected invasive aspergillosis 
should be initiated on treatment as soon as pos-
sible in order to reduce its significant morbidity 
and mortality, regardless of whether it is a proven, 
probable, or possible diagnosis [4].

Treatment
Treatment of invasive aspergillosis should involve 
the use of antifungal drugs, reduction in iat-
rogenic immunosuppression, if possible, and 
occasionally surgical debulking or excision of 
infected sites [18,  19]. Three classes of antifun-
gal agents are available for treatment of invasive 
aspergillosis:  the polyenes, azoles, and echino-
candins (Table 1.19.1). However, the two drugs 
specifically approved by the US Food and Drug 
Administration for the primary treatment of inva-
sive aspergillosis are voriconazole and ampho-
tericin B deoxycholate. The duration of antifungal 
treatment should be individualized based on the 
disease severity and the immune status of the 
host, and it should be continued until all evidence 
of clinical disease has resolved.

Voriconazole is the preferred drug for the ini-
tial treatment for invasive aspergillosis. Clinical 
trials have demonstrated that voriconazole is 
superior for treatment of invasive aspergillosis 
compared with amphotericin B deoxycholate 
[20]. In an open-label, unblinded clinical trial of 
patients including those with hematologic malig-
nancies, treatment with voriconazole resulted in 
higher rates of clinical response and lower rates 
of adverse effects and mortality, compared with 
amphotericin B deoxycholate [20]. This clinical 
trial provided support for the use of voriconazole 
as initial primary therapy for invasive aspergillo-
sis [20]. There have been no large controlled trials 
comparing voriconazole with lipid formulations 
of amphotericin B.  Serum voriconazole concen-
tration should be measured at day five to seven of 
treatment to ensure therapeutic levels [21]. The 
recommended serum voriconazole trough con-
centrations is >1 to <5.5 mcg/mL. Voriconazole 
use is associated with visual complaints (in up to 
18% of patients), neurologic symptoms (in up to 
3.0% of patients), and liver toxicities (in up to 20% 

of patients); these generally resolve with discon-
tinuation of therapy.

Amphotericin B deoxycholate and its lipid 
preparations (liposomal amphotericin B, ampho-
tericin B lipid complex, and amphotericin B cho-
lesteryl sulfate complex) remain as alternatives for 
the treatment of invasive aspergillosis [22]. They 
are indicated mainly for patients with invasive 
aspergillosis who are intolerant to voriconazole. 
Amphotericin B is also recommended when coin-
fection with Mucor species is suspected (because 
voriconazole is not active against Mucor species), 
and it is also recommended in patients who devel-
oped breakthrough aspergillosis during voricon-
azole prophylaxis. Nephrotoxicity is the primary 
adverse effect related to amphotericin B deoxy-
cholate. The lipid formulations of amphotericin 
B are associated with lower risk for renal toxicity 
and have been the formulations most often used 
for treatment (even if not licensed for primary 
treatment of invasive aspergillosis).

Although voriconazole monotherapy is rec-
ommended by the Infectious Disease Society of 
America and the American Thoracic Society for 
the primary treatment of invasive aspergillosis, 
there is increasing use of combination therapy 
with voriconazole and an echinocandin (or 
amphotericin B) [23–26]. Combination therapy is 
especially used as initial therapy in cancer patients 
with severe fungal disease and prior to the avail-
ability of antifungal susceptibility pattern. There 
is some anecdotal evidence from small clinical 
trials that combination therapy with liposomal 
amphotericin B and caspofungin was more effec-
tive than monotherapy with liposomal amphoteri-
cin B. Combination therapy is also used as salvage 
treatment of invasive aspergillosis nonresponsive 
to initial treatment with voriconazole or ampho-
tericin B [27].

Monotherapy with nonapproved drugs, such 
as posaconazole and echinocandins (caspofungin, 
micafungin, and anidulafungin), is not currently 
recommended as first-line treatment of invasive 
aspergillosis. These drugs are often used as part 
of combination therapy (as discussed above) or as 
salvage treatment in patients who are not respon-
sive to standard voriconazole or amphotericin B 
treatment. Lipid amphotericin B formulations, 
itraconazole, posaconazole, and caspofungin are 
licensed for salvage treatment of invasive asper-
gillosis [28]. In an open-label clinical trial for 
the treatment of invasive aspergillosis in patients 
intolerant to conventional therapy, posaconazole 
treatment was better compared with a control 
group of patients who received licensed antifungal 

 



TABLE 1.19.1. ANTIFUNGAL DRUGS FOR THE TREATMENT OF INVASIVE ASPERGILLOSIS

Drug Dose Route Indications Class Selected Adverse Effects Other Comments

Preferred Drugs

Voriconazole Loading dose of 6 mg/kg 
q12hr for 1 day, then  
4 mg/kg q12hr

IV Primary treatment of invasive 
aspergillosis in patients 12 
yrs of age and older

Triazole Photosensitivity
Visual disturbances
Hallucinations
Hyperfluorosis and periostitis

Measure drug level at day 5–7 of 
treatment.

Drug-drug interactions.

200 mg q12 hr PO Primary treatment of invasive 
aspergillosis in patients 12 
yrs of age and older

Triazole Photosensitivity
Visual disturbances
Hallucinations
Hyperfluorosis and periostitis

Should be taken 1 hour before meals. 
Measure drug level at day 5–7 of 
treatment.

Drug-drug interactions.

Amphotericin-B 
deoxycholate 
(AMB-D)

0.5–1.0 mg/kg per day IV Life-threatening fungal 
infections including 
Aspergillus

Polyene Nephrotoxicity
Fever and infusion reactions
Hypotension
Headache
Muscle and joint pains

Maximum dose is 1.5 mg/kg per day.
Avoid rapid infusions.
Manage electrolyte abnormalities.
Adjust dose according to renal function.

Lipid formulations   
of Amphotericin-B

(ABCD, LAMB,  
ABLC)

3–6 mg/kg per day IV Fungal infection, systemic
Fungal infection, empirical
Salvage treatment of invasive 

aspergillosis

Polyene Nephrotoxicity
Infusion reactions
Electrolyte abnormalities

Less nephrotoxicity then AMB-D.
Avoid rapid infusions.
Manage electrolyte abnormalities.
Adjust dose according to renal function.

Alternative Drugs

Posaconazole Suspension
200 mg 4 times daily  

or 400 mg twice daily

PO No FDA indication for primary 
treatment of invasive 
aspergillosis

Off-label use—salvage 
treatment of invasive 
Aspergillosis

Triazole Peripheral edema
Diarrhea
Rash
Hyperbilirubinemia
Increased ALT

Needs to be taken with meals of high 
fatty content to aid absorption.

Monitor drug levels.
Drug-drug interactions.

Extended release tablet
300 mg twice daily on day 

one, then 300 mg once 
daily

PO No FDA indication for primary 
treatment of invasive 
aspergillosis

Off-label use—salvage 
treatment of invasive 
Aspergillosis

Triazole Peripheral edema
Diarrhea
Rash
Hyperbilirubinemia
Liver function abnormalities

Taken with meals, but high fatty content 
is not necessary.

More stable absorption compared with 
suspension.

Monitor drug levels.
Drug-drug interactions.

(continued)



Drug Dose Route Indications Class Selected Adverse Effects Other Comments

Caspofungin 70 mg loading dose then 
50 mg daily

IV Salvage therapy of invasive 
aspergillosis

Echinocandin Rash
Liver function test abnormalities
Diarrhea
Hypotension

Adjust in moderate hepatic impairment.
No dosage adjustments with renal 

impairment.

Micafungin 100–150 mg per day IV FDA off-label; Invasive 
aspergillosis, initial, and 
salvage therapy

Echinocandin Rash
Liver function test abnormalities
Diarrhea
Hypotension

Anidulafungin 200 mg on day 1, then 100 
mg daily

IV Not FDA approved for 
treatment of Aspergillosis 
but used off-label for salvage 
therapy

Echinocandin No significant hepatotoxicity

Itraconazole 200 mg every 12 hr PO Off-label use for invasive 
aspergillosis

Triazole Peripheral edema
Diarrhea
Increase in liver enzymes

Multiple drug-drug interactions.
Measure drug levels.

Abbreviations: ABCD, amphotericin B colloidal dispersion; ABLC, amphotericin B lipid complex (Abelcet); ALT, alanine aminotransferase; AMD-D, amphotericin B deoxycholate; FDA, US Food and Drug Administration; 
IV, intravenous; LAMB, liposomal amphotericin B; PO, per orem.

TABLE 1.19.1. (CONTINUED)
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drugs such as amphotericin B formulations, vori-
conazole, and echinocandins [29]. Micafungin 
and anidulafungin have in vitro activity against 
aspergillosis, but they have not been licensed for 
treatment of invasive aspergillosis. Because there 
is no theoretical reason to assume that they would 
have efficacy different from caspofungin, both 
micafungin and anidulafungin have been used by 
clinicians for the treatment of invasive aspergillo-
sis in situations when use of licensed and first-line 
agents is not possible. Fluconazole has no activity 
against Aspergillus species and should not be used 
for treatment or prophylaxis of invasive aspergil-
losis or other mold infections.

Surgery is indicated to debride necrotic tis-
sue and remove infected tissue, if they are acces-
sible [30]. In our patient’s case, amputation of 
the right index finger and debridement of acces-
sible extremity lesions was performed. The need 
for surgery should be assessed in the context of 
its risk, becasue many infected patients have 
conditions that increase their risk for surgical 
complications such as excessive bleeding from 
thrombocytopenia. Surgical excision of infected 
bone in osteomyelitis, sinus debridement in those 
with sinusitis, resection of pulmonary cavitating 
mass, among others, has been performed, on a 
case-by-case basis. Involvement of the central 
nervous system is managed most commonly with 
antifungal drug therapy alone, and most do not 
require surgical intervention [31].

P R E V E N T I O N
The strategies for preventing invasive aspergillo-
sis in high-risk patients with cancer are antifungal 
prophylaxis and preemptive therapy [32, 33]. This 
is a controversial area, and there is wide varia-
tion in clinical practices among cancer centers. 
However, it is suggested that antifungal prophy-
laxis with antimold agent be used when the esti-
mated incidence rate of invasive aspergillosis is at 
least 6%. The two malignant conditions for which 
antifungal prophylaxis has been demonstrated to 
be very beneficial during chemotherapy are acute 
myelogenous leukemia and advanced MDS.

The antifungal drugs that can be used for pre-
vention of invasive aspergillosis are voriconazole 
and posaconazole [34] (Table 1.19.2). In one large 
randomized multicenter trial, posaconazole was 
more effective than fluconazole or itraconazole 
in preventing invasive fungal infection, includ-
ing invasive aspergillosis, in patients with acute 
myeloid leukemia or MDS undergoing induc-
tion chemotherapy [34]. There was also survival 
advantage in patients who received posaconazole 
prophylaxis [34]. A meta-analysis of several clini-
cal trials indicate that mold-active antifungal 
prophylaxis was associated with significant reduc-
tion in the number of invasive fungal diseases, 
including aspergillosis, with reduction in mortal-
ity due to invasive fungal disease. However, there 
was no demonstrable benefit in terms of all-cause 
mortality, and there was higher rate of adverse 

TABLE 1.19.2. ANTIFUNGAL DRUGS FOR PREVENTION OF INVASIVE ASPERGILLOSIS

Drug Dose Route Indications Comments

Voriconazole 200 mg every 12 hr PO FDA off-label; antifungal 
prophylaxis

Taken 1 hour before meals. 
Drug-drug interactions.

Posaconazole Suspension
200 mg three times daily
Extended release tablet
300 mg twice daily on day 

1, then 300 mg once 
daily thereafter

PO Prophylaxis against invasive 
aspergillosis in high-risk 
patients

Suspension to be taken 
with full meal and 
acid beverage to aid 
absorption.

Delayed release tablets 
cannot be used 
interchangeably with 
suspension. Note dosage 
differences.

Itraconazole Capsules
200 mg every 12 hr
Solution
200 mg every 12 hr

PO FDA off-label; prophylaxis 
against invasive 
aspergillosis in high-risk 
patients

Capsules and solution are 
not interchangeable.

Capsules must be taken with 
food (acid dependent).

Solution should be taken on 
an empty stomach.

Abbreviations: FDA, US Food and Drug Administration; PO, per orem.
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events resulting in discontinuation of antifungal 
prophylaxis [35]. The other alternative antifungal 
agents for prevention of invasive aspergillosis are 
amphotericin B products, itraconazole, and echi-
nocandins [36–38]. The duration of antifungal 
prophylaxis should be individualized based on the 
clinical status of the patient.

The second strategy for prevention is pre-
emptive therapy. Using this approach, high-risk 
patients are routinely screened, using galactoman-
nan and β-d-glucan test, or serial CT scanning 
[39,  40]. Once there is evidence of infection, as 
indicated by a positive antigen test or suspicious 
radiographic finding, antifungal therapy (most 
often voriconazole) is administered to prevent the 
progression of infection into invasive disease.

K E Y   P O I N T S
•	 Invasive	aspergillosis	causes	significant	

morbidity and mortality in patients with 
cancer undergoing chemotherapy.

•	 The	lungs	and	sinuses	are	the	most	
common sites of involvement, although 
Aspergillus species can disseminate to 
distant organs.

•	 Risk	factors	are	prolonged	and	profound	
neutropenia, steroid use and chemotherapy, 
acute myelogenous leukemia, refractory 
MDS, and high-burden exposures such as 
farming and construction.

•	 The	diagnosis	of	invasive	aspergillosis	can	
be categorized as proven, probable, or 
possible based upon diagnostic, clinical, 
and radiographic findings. A proven case 
of invasive aspergillosis would require 
the demonstration of the fungus invading 
tissues, the identification of the fungus in 
culture, and compatible clinical findings in 
a high-risk host.

•	 Galactomannan	and	β-d-glucan tests 
have emerged as important biomarkers to 
diagnose invasive fungal disease, including 
aspergillosis. Detection of aspergillus 
DNA by polymerase chain reaction is also 
emerging as another tool for diagnosis.

•	 The	first-line	treatment	of	invasive	
aspergillosis is voriconazole, and 
amphotericin B products are alternative for 
patients intolerant to voriconazole. There 
is increasing use of combination therapy 
especially in patients with suspected 
coinfections, those with severe clinical 
disease, and prior to the identification 
of the offending organism and its 
susceptibility pattern.

•	 Prevention	of	invasive	aspergillosis	in	
high-risk individuals can be in the form of 
voriconazole or posaconazole prophylaxis 
or preemptive antifungal therapy guided 
by serum biomarkers (galactomannan 
and β-d-glucan) and serial radiographic 
imaging.
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1.20
A Red Hot Mess

ROBBE  PEETZ , PA  AND AL ISON G .  FRE IFELD,  MD

CA S E  P R E S E N TAT I O N
A 56-year-old female with a past medical his-
tory of asthma, obesity, hypertension, and stage 
II infiltrating ductal carcinoma of the left breast 
presented with fever, erythema, and pain of the 
right breast approximately two months following 
bilateral mastectomy. She is a retired teacher and 
resides with her husband in a suburban home.

With	 the	 mastectomy	 procedure,	 bilateral	
first-stage breast reconstruction was performed 
including placement of tissue expanders under 
regenerative tissue matrix implants. Five days 
later, the right breast surgical site demonstrated 
swelling and erythema, but the patient was afebrile 
and felt otherwise well. The wound was surgically 
opened and serous fluid was drained, but cultures 
were not obtained. Oral clindamycin 300 mg every 
eight hours was started for a twenty-day course, 
and the wound partially closed secondarily. There 
was resolution of surrounding erythema over the 
next few days. Subsequently, adjuvant chemo-
therapy with dose-dense cyclophosphamide and 
doxorubicin was given at standard dosages, with 
granulocyte colony-stimulating factor support. 
She tolerated the chemotherapy well and received 
another cycle three weeks later.

Approximately four weeks after the initial 
breast cellulitis presentation and eight days after 
cycle two of chemotherapy, the patient devel-
oped fever with increasing erythema and pain at 
the surgical site. She was noted to have a white 
blood cell count of 1.7 cells/mm3 and an abso-
lute neutrophil count of 800 cells/mm3. Notably 
pegfilgrastim support was given following the 
most recent antineoplastic treatment in an effort 
to abrogate the duration of neutropenia. She was 
admitted for tissue expander removal, and initial 
vital signs were as follows: blood pressure 108/66, 
pulse 100F, temperature 38.1°C, respirations 16, 
and oxygenation 97% on room air. Physical exam 
showed the right side mastectomy site with an 
approximately 6 × 2 cm wound, packing in place, 

and a circumferential area of 1 cm erythema at the 
wound edges. Laboratory values revealed hemo-
globin 9.4 g/dL, platelet count of 172 000/mm3, 
sodium 139  mmol/L, potassium 4.4  mmol/L, 
blood urea nitrogen 9 mg/dL, creatinine 1.53 mg/
dL (elevated from baseline of 0.60 mg/dL), and 
random glucose 169 mg/dL.

Q U E S T I O N S
•	 What	are	the	risk	factors	for	breast	cellulitis	

complicating mastectomy and expander 
implant?

•	 What	organisms	should	be	considered	as	
pathogens and what empiric antibiotics are 
indicated in this case?

•	 What	are	the	key	principles	in	managing	
this patient’s soft tissue infection?

D I F F E R E N T I A L  D I AG N O S I S
This patient presents with fever, increased pain, 
and erythema at the right breast surgical site and 
a history of recent antibiotic therapy for breast 
wound infection. Taken together, the signs and 
symptoms are obviously indicative of local skin 
and soft tissue infection (SSTI) complicated by the 
presence of foreign material, the tissue expander. 
Skin and soft tissue infections in adults, including 
those who are immunocompromised, are most 
commonly attributable to the most prominent 
skin-colonizing bacteria, either Staphylococcus 
aureus or β-hemolytic Streptococcus species. 
Indeed, these are the likely pathogens given her 
initial improvement with a course of clindamycin 
during the prior month. However, it is impor-
tant to consider that her recurrent symptoms are 
now occurring eight days after receiving cytore-
ductive chemotherapy. At this time, it should be 
assumed that her neutrophil count is declining 
or is already in the range of neutropenia. In neu-
tropenic patients, it is rare that a Gram-negative 
organism may cause cellulitis, and the diagnosis 
is occasionally made by positive blood cultures. 
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Reactivations of herpes zoster (i.e. shingles) may 
present with cutaneous erythema and pain that 
can mimic a bacterial cellulitis. Invasive fungal 
infections and atypical mycobacterial infections 
may also cause these symptoms in severely immu-
nocompromised patients.

I N I T I A L  M A NAG E M E N T
On admission, blood cultures, chest x-ray, and 
urinalysis were obtained, and the patient was 
started on empiric intravenous (IV) vancomy-
cin 1 gram every twelve hours and IV cefepime 
2 grams every eight hours. She was then taken 
to the operating room for surgical debridement 
and washout of the wound and removal of the 
tissue expander. Gram stain of tissue showed 
Gram-positive cocci in clusters. The wound was 
left open postoperatively with application of a 
wound vacuum device initially. Culture of tissue 
obtained at surgery grew methicillin-susceptible 
S aureus (MSSA).

Final Diagnosis: MSSA infection of breast related 
to the presence of a tissue expander

T R E AT M E N T  A N D  O U T C O M E
Final cultures revealed MSSA that was resistant 
to clindamycin and penicillin but susceptible to 
semisynthetic penicillins and cephalosporins. 
Initial IV antibiotics (vancomycin and cefepime) 
were switched to oxacillin IV for several days until 
discharge. A wound vacuum was not tolerable to 
the patient so daily wound packing was used. Oral 
cephalexin 500 mg four times daily for fourteen 
days was prescribed at discharge. Chemotherapy 
was delayed until one week after completion of 
antibiotic therapy, and there was no recurrence of 
infection. The wound was very slow to heal due 
to both the location under the reconstruction skin 
flap and ongoing cytotoxic chemotherapy, but 
there was no recurrence of infection.

D I S C U S S I O N
Tissue expander placement followed by prosthetic 
breast implants is the most common postmas-
tectomy reconstruction modality in breast can-
cer patients [1–4]. Periprosthetic infections with 
both the expanders and the implants are a com-
mon and debilitating complication, often requir-
ing hospitalization for IV antibiotics, reoperation 
for expander removal, and additional procedures 
to reconstruct the breast. Staphylococcal and 
streptococcal skin commensals are the most com-
mon pathogens causing such infections, although 
Gram-negative bacilli have been identified as the 
cause in approximately one-third of cases [4] . No 
organisms are isolated in a minority of cases.

Risk Factors
The incidence of periprosthetic infections 
reported in the recent literature ranges from 1.9% 
to 6%, during the tissue expansion phase [1, 5, 6]. 
Obesity and smoking have both been identified 
as key predictors of infection following breast 

FIGURE  1.20.1: Gram stain of gram positive cocci in 
clusters.

FIGURE  1.20.2: Right breast wound after packing 
removed, prior to surgical washout.

FIGURE 1.20.3: Right breast wound post-op day #2.
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reconstruction surgery [1, 2, 5,  7]. In addition, 
age >65 years, location of the foreign body under 
a reconstructive skin flap, ongoing chemotherapy, 
prior radiation therapy, lymph node dissection, 
larger breast size, diabetes, and hypertension 
may also contribute to infection risk [1, 2, 4, 5]. 
Controversy exists regarding whether there is 
increased risk associated with immediate tissue 
expanders at time of mastectomy compared with 
patients in whom reconstruction is delayed [6, 8]. 
Ready-to-use sterile acellular dermal matrix used 
in immediate implant-based breast reconstruction 
has been found to reduce the risks of infectious 
complications compared with aseptic acellular 
dermal matrix [9] .

Clinical Presentation
Periprosthetic infections in breast cancer patients 
undergoing mastectomy with tissue expander 
placement most commonly occur at or around 
the surgical site and surrounding soft tissue [3] . 
Infections occur at an average of approximately 
120  days after tissue expander or implant place-
ment and present with a warm, painful, and ery-
thematous breast, accompanied by low-grade 
fever and chills [6]. Patients may also have 
enlarged axillary lymph nodes depending on the 
severity of the infection. Physical exam will reveal 
tenderness to palpation of the affected breast, ery-
thema surrounding the surgical site, warmth, and 
occasionally purulence. It is important to remem-
ber that in the setting of a neutropenia, symptoms 
of cellulitis may be significantly attenuated, pus is 
often absent, and fever may be minimal due to the 
lack of a robust inflammatory response [10].

Diagnosis
Diagnosis of cellulitis is usually clear from the 
clinical history and physical exam, which shows 
a spreading erythema of the skin with tender-
ness and warmth at the site. This presentation is 
typical for β-hemolytic streptococcal infection, 
although occasionally S aureus may be the cause. 
The presence of a furuncle or purulent discharge 
from a tender nodule is suggestive of S aureus 
involvement. Ultrasound can be helpful to iden-
tify underlying abscess. Culture of any wound 
drainage or purulent discharge and especially 
cultures taken at surgical explant of the expander 
or implant are essential to making a bacteriologic 
diagnosis. In the non-immunocompromised 
patient, blood cultures are not routinely recom-
mended, but wound cultures should be performed 
if applicable. Immunosuppressed patients should 
be evaluated with a complete blood count, blood 

cultures, and culture of any wound discharge 
[11]. If blood cultures are positive for S aureus, 
then transesophageal echocardiography should 
be performed to rule out endocarditis. It is best to 
obtain wound cultures before initiation of antibi-
otic therapy in hopes of attaining a high yield of 
organisms. However, in the case presented, since 
this cancer patient is febrile and nearly neutrope-
nic, there is the possibility of an occult bacteremia 
causing fever. For this reason, antibiotic cover-
age for both Gram-positive and Gram-negative 
pathogens (including Pseudomonas aeruginosa) 
is warranted as initial empiric therapy, even prior 
to going to the operating room [10]. Antibiotics 
should be continued in this case, at least until 
recovery of the absolute neutrophil count and 
possibly longer, as clinical judgment dictates. 
Cultures and Gram stain obtained at the time 
of surgical removal of the foreign body are also 
essential to guide empiric antibiotic therapy. Once 
culture results from blood and tissue samples are 
available, antibiotic coverage can be tailored.

Treatment
Treatment of SSTIs will be dictated by sever-
ity of illness, likely pathogens, overall clinical 
picture, and immune deficiency status. Empiric 
treatment with antibiotics that are active against 
methicillin-resistant S aureus (MRSA) and strep-
tocococci are initially indicated for all patients 
with severe purulent (primarily S aureus or 
MRSA) or nonpurulent (primarily streptococci) 
skin infections, until culture and susceptibility 
results become available. Incision and drainage 
is the standard of care for purulent processes. 
Immunosuppressed patients with significant SSTIs 
may need to be hospitalized for broad-spectrum 
empiric IV antibiotic therapy with a spectrum 
covering MRSA and Gram- negative pathogens 
[11]. Methicillin-resistant S aureus coverage is 
achieved with vancomycin or linezolid in most 
cases, although daptomycin or one of several 
recently approved drugs such as oritavancin, tel-
evancin, tedizolid, or ceftaroline may be consid-
ered. If susceptible S aureus is isolated, it should be 
treated with IV oxacillin (or nafcillin) or cephalo-
thin. Gram-negative agents with activity against P 
aeruginosa should be considered in highly immu-
nocompromised patients or those who are neu-
tropenic, and they include cefepime, meropenem/
imipenem, or piperacillin-tazobactam [11]. Oral 
antimicrobials can be used once an identification 
of an organism has been reached and/or clinical 
improvement has been achieved (clindamycin or 
trimethoprim-sulfamethoxazole). Duration of 
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therapy is five days, at minimum, but depends on 
the patient’s response and immune status.

Surgical explant of breast tissue expanders or 
prosthetics is essential in clearing most infections 
of this type. Occasionally, limited local infections 
may be addressed by antibiotics alone [4] .

Prognosis
With	 proper	 antibiotic	 therapy	 and	 surgical	
removal of foreign material in most cases, the 
overall prognosis of tissue expander-related infec-
tions of the breast is excellent. Occasionally, recur-
rent episodes of cellulitis may occur, particularly 
if lymph node dissection has compromised local 
clearance of skin pathogens [12].

Prevention
Attention to patient characteristics such as 
obesity and larger breast size, smoking cessa-
tion, and use of certain surgical methods (based 
on above-mentioned risk factors) may reduce 
the incidence of tissue-expander and breast 
reconstruction-related infections, although stud-
ies have not been done to confirm these sugges-
tions [1,  2]. In a recently published report [4] , 
an aggressive standardized protocol of peri- and 
postoperative chlorhexidine washes and IV anti-
biotics, immersion of the tissue expander in triple 
antibiotic solution prior to placement, and con-
tinuation of postoperative antibiotics until all 
drains were removed was associated with a reduc-
tion in infectious complications (18.4%–11.6%; 
P  =  .042) in patient groups treated before and 
during the protocol. It is not clear which specific 
protocol interventions were key to the improved 
outcome, but it is notable that the extended use of 
antibiotics beyond intraoperative administration 
is strongly discouraged by current guidelines [13].

K E Y   P O I N T S
•	 Breast	reconstruction	with	the	use	of	

tissue expanders followed by implants is 
complicated by infection in approximately 
1%–5% of cases.

•	 S aureus and streptococci are most 
common pathogens, but Gram-negative 
bacilli may be identified in a significant 
minority.

•	 Blood	and	tissue	cultures	are	required	to	
make a bacteriologic diagnosis.

•	 Empiric	antibiotic	treatment	should	be	
primarily directed against MRSA and 
streptococci, but in neutropenic or severely 
immunosuppressed patients, Gram- 
negative coverage is also required.

•	 Surgical	drainage	and/or	explant	of	foreign	
material is often necessary for resolution of 
infection.

•	 Good	outcomes	are	expected	with	early	
diagnosis, appropriate cultures, drainage as 
needed, and antibiotic coverage.
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Introduction: Infections in Solid Organ 
Transplant Recipients

AJ IT  P.   L IMAYE , MD AND LYNNE STRASFELD,  MD

Solid organ transplantation (SOT) is under-
taken to restore organ function for patients 

with failing or end-stage disease of the liver, 
heart, lung, kidneys, and/or pancreas or to 
re-establish function in patients with short gut 
or other disorders of the intestinal tract. Organ 
transplantation requires lifelong maintenance 
immune suppression to prevent organ rejection. 
The degree of immune suppression must be care-
fully balanced, weighing risk of rejection with 
risk for infection.

Infection can be related to donor transmis-
sion, reactivation from latency in the recipient, 
or acquisition de novo posttransplant. Important 
host factors that impact risk for infection include 
exposure status, including both prior exposure 
to infections that have the ability to establish 
latency (eg. herpesviruses, tuberculosis, toxoplas-
mosis, various endemic fungi, etc) and the type 
and intensity of exposure to infectious agents in 
the community or environment, as well as the 
“net state of immune suppression”, a composite 
of immunosuppressive medications and other 
underlying host immune factors (e.g. granulocyte 
and lymphocyte count or function, human immu-
nodeficiency virus status, etc).

Infections in the early (<1 month) posttrans-
plant period, soon after initiation of immune 
suppression, are typically either related to tech-
nical aspects of the procedure (e.g. surgical 
wound infections, central-line associated bacte-
remia, etc) and/or donor-transmitted infection. 
The period of one to six months posttransplant 
is characterized by opportunistic infection, 
with risk for such impacted by antimicrobial 
prophylaxis strategies (e.g. cytomegalovirus, 
Pneumocystis, etc), as well as community-type 
infections (e.g. community respiratory viruses). 
In the late (>6  month) posttransplant period, 
infections are either “late onset” opportunistic 
infection (e.g. late cytomegalovirus infection 

occurring after antiviral prophylaxis has been 
completed) or community-type infections, with 
opportunistic pathogens more often occur-
ring in patients who require augmentation 
of immune suppression for management of 
rejection.

The evaluation of suspected infection in SOT 
recipients is guided by the clinical presentation, 
with likelihood shaped by prophylaxis strategies, 
host factors, and exposure history. Prompt evalu-
ation is critical, often requiring multimodality 
imaging, microbiologic testing with cultures and 
molecular diagnostics, and invasive diagnostics or 
biopsy. Challenges to evaluation of suspected infec-
tion in SOT recipients include the broad differen-
tial diagnostic considerations—including both 
opportunistic and “typical” or community-type 
infections, the occurrence of mixed or multiple 
infections contemporaneously, and the often 
attenuated clinical presentation of infection in 
the context of immune suppression. Decisions 
regarding empiric or directed antimicrobial ther-
apy must take into account potential drug interac-
tions with immunosuppressive agents. Laboratory 
monitoring for antimicrobial side effects and tox-
icity is often necessary, with such effects, at times, 
dose limiting.

Prevention of infection in SOT recipients 
draws on the pretransplant assessment (history, 
selected laboratory screening) and involves educa-
tion on mitigating exposure risk (“safe living after 
transplant”) as well as prophylactic and preemp-
tive and monitoring strategies for selected infec-
tions (e.g. Pneumocystis, cytomegalovirus, fungal 
infections, etc). Prophylactic strategies must bal-
ance risk for and of infection with the cost and 
potential toxicity of antimicrobial agents.

Ultimately, through use of biomarkers and 
indicators of pathogen-specific immune com-
petence as well as better laboratory assessment 
of overall immune competence, a more granular 
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identification of those SOT recipients at high-
est risk for infection will allow for optimization 
of prophylaxis and other infection prevention 
strategies. More selective immune suppressive 
agents will serve to decrease the collateral risk for 
infection implicit in current strategies to prevent 
allograft rejection. Improved pathogen-directed 

testing, with greater sensitivity and specificity, will 
enhance the ability to make a timely and accurate 
diagnosis, ideally by less invasive means. Lastly, 
antimicrobial agents with greater efficacy and 
fewer dose-limiting toxicities and drug interac-
tions will facilitate the safe prevention and treat-
ment of infection in SOT recipients.



2.1
Breathless in Seattle

ERIKA D.   LEASE ,  MD

CA S E  P R E S E N TAT I O N
A 24-year-old woman underwent bilateral 
lung transplant due to end-stage cystic fibrosis 
(CF)-associated bronchiectasis. Prior to transplant, 
she was chronically colonized with Pseudomonas 
aeruginosa, methicillin-sensitive Staphylococcus 
aureus (MSSA), and Aspergillus fumigatus. Other 
past medical history included CF-related pancreatic 
exocrine dysfunction, chronic sinusitis, and gastro-
esophageal reflux disease. The patient was not work-
ing prior to transplant and lived with her fiancé and 
3-year-old daughter. There were no pets at home. 
She was a nonsmoker with no other reported sub-
stance use. Her family history included a sister who 
had undergone liver transplant due to CF-related 
liver disease.

The patient had an uneventful postoperative 
course and was maintained on routine immuno-
suppression including tacrolimus, mycophenolate 
mofetil, and prednisone. Prophylactic antimicro-
bials on discharge included valganciclovir (cyto-
megalovirus D+/R+), clotrimazole troche, and 
trimethoprim-sulfamethoxazole. One month fol-
lowing transplantation, she underwent bronchos-
copy due to a lack of improvement in spirometry 
as expected post-transplant. At the time, the patient 
endorsed a mild nonproductive cough but no dys-
pnea or fever. Her physical exam revealed rare scat-
tered bibasilar crackles on auscultation of her chest 
and a well healing clamshell incision but was other-
wise normal. Radiographic images were unremark-
able. Bronchoscopic evaluation revealed granulation 
tissue at the anastomotic sites and copious purulent 
secretions throughout the tracheobronchial tree. 
Bronchoalveolar lavage (BAL) cultures grew P aeru-
ginosa and MSSA. An appropriate course of antibi-
otics was completed. Her spirometry showed mild 
improvement in her forced expiratory volume in 1 
second (FEV1) from 1.48 to 1.76 liters.

One month later, the patient returned with 
progressive dyspnea, a scant productive cough 
with the feeling of being unable to expectorate her 

secretions, as well as a sensation of wheezing in her 
chest. Physical exam was notable for a normal tem-
perature as well as both inspiratory and expiratory 
large-airway wheezes heard best on the left side. Her 
spirometry had a mild decline in FEV1 from 1.76 to 
1.44 liters. Radiographic images were unremark-
able. A repeat bronchoscopy demonstrated normal 
caliber airways with inspissated mucus and grayish 
tan-brown granulation tissue predominantly in the 
left mainstem bronchus at the anastomotic site as 
well as the right mainstem bronchus and bronchus 
intermedius (Figure 2.1.1).

Q U E S T I O N S
•	 What	diagnoses	should	be	considered	to	

explain this patient’s bronchoscopic findings?
•	 What	diagnostic	testing	would	be	appropriate?

D I F F E R E N T I A L  D I AG N O S I S
Given the findings on bronchoscopy, infec-
tions to consider include Aspergillus tracheo-
bronchitis, other fungal tracheobronchitis, 
and bacterial infection of necrotic anastomotic 
debris. Noninfectious considerations include 
ischemia-reperfusion injury or acute rejection.

FIGURE 2.1.1: Bronchoscopic photograph of the left main-
stem bronchus revealing a thick gray-tan pseudomembrane.
(Photo courtesy Kamran Mahmood, MD, MPH.)
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A D D I T I O NA L   DATA
The pathologic samples showed granulation 
tissue with transmural necrosis (Figure 2.1.2) 
and extensive hyphal elements on special stain-
ing (Figure  2.1.3) consistent with Aspergillus. 
Bronchoalveolar lavage cultures grew A fumigatus.
Final Diagnosis: Aspergillus tracheobronchitis

T R E AT M E N T  A N D  O U T C O M E
The patient was initiated on treatment with vori-
conazole and eventually had a full recovery.

D I S C U S S I O N

Epidemiology
Aspergillus tracheobronchitis and other forms 
of invasive pulmonary Aspergillus infection are 
most common in patients who are immunocom-
promised. Absolute or functional neutropenia, 

hematopoietic stem cell transplant, solid organ 
transplant (SOT), human immunodeficiency 
virus/acquired immune deficiency syndrome 
(HIV/AIDS), and prolonged corticosteroid use 
are all risk factors for the various forms of inva-
sive pulmonary aspergillosis. Aspergillus tra-
cheobronchitis is a unique presentation, affecting 
primarily the large airways as opposed to the lung 
parenchyma, in approximately 8% of patients 
with invasive pulmonary Aspergillus infection 
[1] . Lung transplant patients, in particular, are at 
high risk and constitute nearly 40% of all cases 
[2]. Aspergillus tracheobronchitis appears to be 
the most common presentation of invasive pul-
monary aspergillus infection in lung transplant 
patients, comprising 40%–80% of all invasive pul-
monary Aspergillus infections in this population 
[3,  4]. There are a number of factors that likely 
contribute to the increased risk in lung transplant 
recipients including continuous exposure of the 
transplanted organ to environmental Aspergillus 
spores, ischemic injury at the anastomotic sites, 
disruption of lymphatic drainage, impaired air-
way clearance due to absence of the cough reflex, 
general airway inflammation with episodes of 
acute rejection, and overall higher levels of immu-
nosuppression than other organ transplant recipi-
ents [5, 6].

Clinical Presentation
In a recent review of reported cases [2] , cough, 
dyspnea, and fever were the most common pre-
senting symptoms in patients with Aspergillus 
tracheobronchitis. Many lung transplant recipi-
ents may present asymptomatically, however, with 
findings only present on routine posttransplant 
surveillance bronchoscopy. Unilateral wheezing 
should raise suspicion for Aspergillus tracheo-
bronchitis; however, it is present in less than 25% 
of patients. Nearly half of patients have normal 
radiographic images. The remaining half may 
have nonspecific changes such as patchy pulmo-
nary infiltrates, nodules, or atelectasis. A  small 
number, approximately 15%, may have evidence 
of tracheobronchial wall thickening. Although 
the timing of Aspergillus tracheobronchitis var-
ies by underlying predisposing condition, the 
majority of lung transplant patients develop the 
infection within the first three months following 
transplantation [6].

Aspergillus tracheobronchitis has historically 
been divided into three forms based on gross 
bronchoscopic appearance:  pseudomembranous, 
ulcerative, and obstructive [7] . More recently, 

FIGURE  2.1.2: Biopsy hematoxylin and eosin stain of 
pseudomembranous material showing transmural necrosis.
(Photo courtesy Rodney A. Schmidt, MD.)

FIGURE  2.1.3: Biopsy Gomori methenamine silver stain 
showing fungal elements consistent with Aspergillus.
(Photo courtesy Rodney A. Schmidt, MD.)
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however, it has been speculated that these may be 
different stages of the same disease process [8].

Diagnosis
Due to the lack of reliable clinical signs or symp-
toms, the diagnosis of Aspergillus tracheobronchitis 
relies primarily upon visual inspection of the airways 
via bronchoscopy, pathologic evidence of invasive 
fungal elements in the airway mucosa, and posi-
tive microbiologic cultures with Aspergillus species. 
Fernandez-Ruiz et al [2]  found nearly 80% of cases 
had histologic findings of invasive septate hyphae 
and 90% had a positive microbiologic culture. As in 
other forms of invasive pulmonary aspergillosis, the 
majority of cases of Aspergillus tracheobronchitis are 
due to A fumigatus.

Newer fungal diagnostics including serum and 
BAL galactomannan, serum (1→3)-β-d-glucan, and 
BAL Aspergillus polymerase chain reaction (PCR) 
have not been evaluated extensively in the diagnosis 
of Aspergillus tracheobronchitis. However, the use 
of these tests in the diagnosis of invasive pulmonary 
aspergillosis has shown variable results, particularly 
in lung transplant recipients. Recognizing the limita-
tions of serum galactomannan testing in SOT recipi-
ents, in a meta-analysis by Pfeiffer et al [9] , serum 
galactomannan has been shown to have a sensitivity 
of 22% and a specificity of 84% in SOT patients. BAL 
galactomannan and BAL Aspergillus PCR appear 
to have greater sensitivity than serum galactoman-
nan and have been shown specifically in the lung 
transplant population to have utility in diagnosing 
Aspergillus infections [10, 11]. A positive test result, 
however, only confirms the presence of Aspergillus 
and does not necessarily definitively distinguish 
between invasive pulmonary aspergillosis, aspergil-
loma, tracheobronchitis, or Aspergillus colonization.

Treatment
Treatment of Aspergillus tracheobronchitis should 
include a multipronged approach, consisting of 
systemic antifungal therapy, reduction in immu-
nosuppression as feasible, and may include 
debridement of necrotic tissue and/or stenting of 
stenoses. Voriconazole is considered the antifun-
gal agent of choice for Aspergillus tracheobron-
chitis, given a more tolerable side effect profile 
than amphotericin and as extrapolated from stud-
ies in other immunosuppressed populations. 
Voriconazole has been shown to have a similar 
mortality as amphotericin B in the treatment of 
Aspergillus tracheobronchitis in lung transplant 
patients, although this result is based on a small 
group of patients [6] . There appears to be excel-
lent penetration of voriconazole into lung tissue 

with appropriate therapeutic concentrations [12]. 
Because systemic antifungal therapy might result 
in limited penetration into necrotic tissue at the 
poorly vascularized anastomotic site, adjunctive 
use of nebulized amphotericin has been utilized 
but has not been subjected to rigorous clinical 
study. The duration of treatment must be tailored 
to the clinical course and depends on clinical, 
radiographic, and bronchoscopic improvement.

Prevention
For lung transplant recipients, many centers 
provide postoperative antifungal prophylaxis in 
the immediate posttransplant period with either 
aerosolized amphotericin B as topical therapy to 
prevent Aspergillus colonization of the anasto-
motic sites or with systemic therapy such as with 
a triazole.

Outcomes
Mortality following Aspergillus tracheobronchi-
tis ranges from 20% in lung transplant recipi-
ents [6]  to nearly 90% in neutropenic patients [2]. 
Complications arise from the development of 
invasive parenchymal pulmonary aspergillosis and 
disseminated aspergillosis, as well as from inva-
sion of the circulatory system resulting in hemop-
tysis. Destruction of the anastomotic site in lung 
transplant patients may also result in anastomotic 
dehiscence and necrosis of the transplanted airways 
(Figure 2.1.4). Obstructive Aspergillus tracheobron-
chitis may result in acute respiratory failure.

K E Y   P O I N T S
•	 Aspergillus tracheobronchitis is an unusual 

form of invasive pulmonary Aspergillus 
infection that occurs most frequently in 
lung transplant recipients and generally 
involves the bronchial anastamotic site.

FIGURE 2.1.4: Sharp demarcation at the anastomotic site 
showing necrotic bronchial tissue in the transplanted lung.
(Photo courtesy Corinne Fligner, MD.)
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•	 Physical	exam	and	general	laboratory/
radiographic findings are often nonspecific, 
thus diagnosis relies on visual inspection 
via bronchoscopy with microbiologic and 
pathologic assessment.

•	 Treatment	relies	on	reduction	of	
immunosuppression if possible and 
systemic and local antifungal therapy.
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2.2
Red Snapper Cough

ROBERT  M.  RAKITA,  MD

CA S E  P R E S E N TAT I O N
A 52-year-old woman presented with cough and 
worsening pulmonary infiltrates. One year ear-
lier she had undergone bilateral lung transplan-
tation for severe chronic obstructive pulmonary 
disease. She was both cytomegalovirus (CMV) 
and Epstein-Barr virus seropositive at the time of 
transplant. She had done relatively well postoper-
atively, with only one episode of suspected pneu-
monia four months prior. However, she reported 
increasing cough over the course of two to three 
weeks. This was mostly nonproductive, associated 
with mild shortness of breath, but without chest 
pain, fever, chills, or sweats.

Maintenance immunosuppression included 
tacrolimus, mycophenolate, and prednisone, and 
she took trimethoprim-sulfamethoxazole and 
acyclovir as prophylaxis against pneumocystis 
pneumonia and herpes simplex virus infection, 
respectively. Her other medical history was only 
notable for prior deep vein thromboses and pulmo-
nary emboli, and she took warfarin chronically for 
anticoagulation. She lived in the Pacific Northwest 
and had no history of foreign travel. She had spent 
time in the Midwestern United States (Kansas) a 
few years earlier. She had dogs but no other animal 

exposures. She denied any known recent ill con-
tacts. She had a forty-pack- year smoking history 
but had quit eight years prior to transplant.

Physical exam revealed a temperature of 
36.5°C, heart rate 90 beats per minute, and blood 
pressure 101/56  mm mercury. She required 2 
liters of oxygen by nasal cannula to maintain her 
oxygen saturation at 98%. She was not acutely ill 
appearing. Lungs examination was notable for 
mild crackles at both bases. She had a soft systolic 
murmur, which was not new, and the rest of her 
exam was unremarkable.

Laboratory studies were notable for serum 
creatinine of 0.9 mg/dL, white blood cell count 
of 9700/µL, hemoglobin 9.5 g/dL, and platelet 
count 501 000/µL. Liver enzymes were normal. 
Tacrolimus level was 8 ng/mL.

Pulmonary function testing revealed that 
her forced expiratory volume in 1 second had 
declined from her posttransplant baseline of 
1.67 liters (72% of predicted) to 1.30 (55% of 
predicted). Chest x-ray showed new patchy con-
solidation in the lower lung fields. Computed 
tomography (CT) scan of her chest (Figure 2.2.1) 
showed patchy bilateral peribronchial and bron-
chovascular consolidations especially at the bases.

FIGURE 2.2.1: Chest computed tomography scan demonstrating patchy bilateral peribronchial and bronchovascu-
lar consolidations.
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Cytomegalovirus DNA was not detectable 
in plasma by polymerase chain reaction (PCR). 
Blood cultures were negative. Fiberoptic bron-
choscopy revealed grossly normal airways, but 
bronchoalveolar lavage (BAL) fluid was cloudy, 
and no biopsies were performed due to her anti-
coagulation. Bacterial cultures from the BAL fluid 
grew scant “normal oral flora”. A  Pneumocystis 
stain was negative, and cultures for Legionella 
and fungi were negative. Polymerase chain reac-
tion testing for Aspergillus fumigatus, respiratory 
viruses, and CMV was negative.

D I F F E R E N T I A L  D I AG N O S I S
The array of infectious agents that can cause pul-
monary infiltrates in the lung transplant popula-
tion is extensive (Table 2.2.1). One must consider 
common causes of pneumonia in the general, 
non-immunocompromised population (etiologic 
agents of community-acquired pneumonia—both 
typical and atypical, healthcare-associated pneu-
monia, and aspiration pneumonia), along with 
organisms more specifically related to the immuno-
suppressed state of lung transplant patients. The latter 
includes various bacteria, viruses, fungi, mycobacte-
ria, and less commonly parasites. Many lung trans-
plant patients are chronically colonized with various 
organisms as a consequence of their underlying lung 
disease, such as cystic fibrosis; organisms commonly 
seen in that situation include Staphylococcus aureus, 
Pseudomonas aeruginosa, Burkholderia cepacia com-
plex, A fumigatus, and Scedosporium apiospermum, 
amongst others. In addition, a number of noninfec-
tious etiologies should be considered (Box  2.2.1). 
Acute rejection in the transplanted lung is always 
a concern, as are malignancies such as posttrans-
plant lymphoproliferative disease, inflammatory 
conditions such as organizing pneumonia, and 
medication-related causes.

A D D I T I O NA L  R E S U LT S 
A N D   T R E AT M E N T
An acid-fast bacillary stain from the BAL showed 
acid-fast organisms (Figure 2.2.2) and culture grew 
Mycobacterium abscessus subspecies massiliense. 
A  subsequent BAL two weeks later again grew 
the same organism. She was treated with intra-
venous amikacin, inhaled amikacin, intravenous 
imipenem, and oral azithromycin. Unfortunately, 
after approximately two months of treatment, 
she developed hearing loss and the amikacin was 
stopped. Linezolid was substituted for azithro-
mycin based on susceptibility results. Repeat CT 
scan showed worsening of multiple infiltrates, and 
repeat BAL did not yield any mycobacteria but did 

have both CMV and A fumigatus. Despite treat-
ment for the latter agents, she had progressive 
clinical deterioration and subsequently died.

Final Diagnosis: Pulmonary infection due to M 
abscessus subspecies massiliense

D I S C U S S I O N
Characteristic epidemiologic and clinical manifes-
tations of nontuberculous mycobacteria (NTM) 

TABLE 2.2.1. SELECTED INFECTIOUS AGENTS 
CAUSING PULMONARY INFILTRATES 

IN LUNG TRANSPLANT PATIENTS

Bacteria Common agents in 
community-acquired pneumonia

Streptococcus pneumoniae
Haemophilus influenzae
Staphylococcus aureus
Enterobacteriaceae
Common agents in the atypical 

pneumonia syndrome
Mycoplasma spp
Chlamydophila spp
Legionella spp
Others
Pseudomonas aeruginosa
Stenotrophomonas maltophilia
Mixed anaerobic bacteria
Nocardia spp

Mycobacteria Mycobacterium tuberculosis
Nontuberculous mycobacteria

Fungi Endemic fungi:
Histoplasma capsulatum
Coccidioides spp
Blastomyces dermatitidis
Cryptococcus spp
Pneumocystis jirovecii
Aspergillus spp
Scedosporium spp
Agents of mucormycosis

Viruses Respiratory viruses
Influenza
Respiratory syncytial virus
Adenovirus
Parainfluenza
Human metapneumovirus
Herpesviruses
Cytomegalovirus
 Herpes simplex virus
Varicella-zoster virus

Parasites Toxoplasma gondii
Strongyloides stercoralis
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in the solid organ transplant (SOT) population are 
described in Box 2.2.2.

Diagnosis
A high level of suspicion is required because 
NTM are typically found using culture tech-
niques specific for mycobacteria, although 
PCR directly from clinical samples may be an 
option. However, because these agents are com-
monly found in the environment or as airway 
colonizers, sorting out true infection from con-
tamination or colonization is a vexing problem. 
Criteria for the diagnosis of pulmonary NTM 
disease have been developed for use in the 
non-immunosuppressed population [6] . A  key 
point is that NTM isolated from a single sputum 

sample should not be considered diagnostic. 
Positive cultures from multiple sputum samples 
or from a single BAL or lung biopsy, in conjunc-
tion with a compatible clinical presentation and 
appropriate radiographic findings, would meet 
American Thoracic Society/Infectious Disease 
Society of America criteria for disease. However, 
these criteria have not been systematically 
assessed in lung transplant recipients. One study 
demonstrated that colonization with NTM in 
the lung transplant population is common, but 
a positive culture often does not warrant treat-
ment because there was no long-term deteriora-
tion due to the NTM [3].

Treatment
One of the guiding principles in approaching 
treatment of mycobacterial infection is combina-
tion therapy to prevent the development of resis-
tance. Three-drug regimens are commonly used 
for treatment of Mycobacterium avium intracellu-
lare (MAC), typically including a macrolide, a rifa-
mycin (rifampin or rifabutin), and ethambutol [6] .

Although susceptibility testing of NTM is 
available, the correlation between in vitro results 
and clinical outcomes has only been reasonably 
well defined for certain species and drugs [7] . 
These include susceptibility of MAC to macrolides, 
Mycobacterium kansasii to rifampin, and rapidly 
growing NTM to several drugs. Mycobacterium 
abscessus is often resistant in vitro to a variety of 
agents. Mycobacterium abscessus ssp. abscessus are 
typically resistant to macrolides due to the induc-
ible methylase gene erm(41), whereas M absces-
sus ssp massiliense have an inactivating deletion 
in that gene and are usually susceptible to macro-
lides [7]. This in vitro finding has correlated with 
better treatment outcomes with macrolides for M 
abscessus ssp massiliense infections [8].

As to length of therapy for NTM infections, 
again there are guidelines for use in the non-
immunosuppressed population that could be used 
[6] , but those should be taken to represent a mini-
mum treatment course. For NTM lung infections, 
treatment should continue for at least twelve to 
eighteen months; an even longer course could be 
used, dependent on clearance of the organism, the 
level of immunosuppression, and other patient 
factors; in cutaneous or disseminated disease, the 
course should be six months or longer. However, 
despite extended treatment regimens, one may 
see relapse after treatment has stopped and thus a 
high level of suspicion should be maintained.

Several of the agents used to treat NTM inter-
act with common immunosuppressive drugs. 

FIGURE  2.2.2: Kinyoun stain showing multiple acid-fast 
positive organisms.
(Photo	courtesy	of	Carolyn	K. Wallis.)

BOX 2.2.1  NONINFECTIOUS 
CAUSES OF PULMONARY 
INFILTRATES IN LUNG 
TRANSPLANT PATIENTS

Acute rejection

Ischemia-reperfusion lung injury

Posttransplant lymphoproliferative disease

Alveolar hemorrhage

Organizing pneumonia

Heart failure

Pulmonary emboli

Drug-related

Graft-versus-host disease

Recurrence of primary lung disease
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Clarithromycin inhibits cytochrome P450, so 
tacrolimus, cyclosporine, and sirolimus metabo-
lism is impaired and drug levels correspondingly 
increase. Azithromycin is a less potent inhibitor, 
and thus it may be preferred when a macrolide is 
part of the treatment regimen. In contrast, rifampin 
increases the metabolism of both calcineurin 
inhibitors and sirolimus with resultant decrease in 
levels. Rifabutin may be an alternative, and it has 
less severe interactions with calcineurin inhibitors.

Outcome of NTM infection in SOT patients 
is quite variable and likely depends on the organ 
transplanted, the level of immunosuppression, 
and the organ involved with the infection [2] . 
In lung transplant patients in particular, some 
studies have found significantly worse outcomes 
overall in those patients infected with NTM [9], 
whereas others have not [3].

Pretransplant Infection
Some studies reported that isolation of M abscessus 
(but not other NTM) before lung transplant was 
associated with worse posttransplant outcomes [10]. 
It is not clear what the best management approach 

is when NTM are isolated pretransplant; options 
include treatment prior to transplant, peritransplant 
prophylactic therapy, or no treatment at all.

K E Y   P O I N T S
•	 NTM	pulmonary	infection	can	be	a	cause	

of significant morbidity in lung transplant 
recipients.

•	 In	general,	the	same	diagnostic	criteria	
used for establishing clinically significant 
infection in nontransplant patients have 
been extrapolated to lung transplant 
recipients, but they have not been 
systematically evaluated in this setting.

•	 Susceptibility	testing	should	be	performed	
for certain organism-drug combinations 
where there are data for correlation between 
clinical outcomes and in vitro results.

•	 Treatment	regimens	for	NTM	should	
include more than one drug to prevent the 
development of resistance.

•	 Pretransplant	isolation	of	M abscessus 
in lung transplant candidates may be 
associated with worse outcome after 

BOX 2.2.2  EPIDEMIOLOGIC AND CLINICAL MANIFESTATIONS OF 
NONTUBERCULOUS MYCOBACTERIA IN SOLID ORGAN TRANSPLANT 
RECIPIENTS

E P I D E M I O L O G Y

Environmental organisms, found in soil and water.

Commonly acquired by inhalation, although also can be via direct inoculation due to surgical 

site infection or contaminated penetrating wounds [1] .

Incidence 0.2%–3% [2] , although higher in the lung transplant population [3]. Higher risk in 

single lung transplant.

More commonly presents late after lung transplant.

M abscessus ssp massiliense can be transmitted from person to person and cause outbreaks [4] . 

Person-to-person transmission of other NTM not described.

M O S T  C O M M O N  C L I N I CA L  M A N I F E S TAT I O N S

Lung

Most common site in lung transplant recipients.
Common symptoms are chronic cough and shortness of breath ± fever.
Radiology—variable, including consolidation, cavity formation, nodules, or bronchiectasis.
Organisms—MAC, M kansasii, and M abscessus [1–5].

Skin

Painful subcutaneous nodules, which may subsequently suppurate and drain.
May also develop tenosynovitis and joint involvement.
Organisms—Mycobacterium fortuitum, Mycobacterium chelonae, and M abscessus.
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transplant, although this may not be the 
case with other NTM species.
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2.3
Spots on the Lung

JOSHUA A .  H ILL ,  MD

CA S E  P R E S E N TAT I O N
A 51-year-old man underwent orthotopic heart 
transplantation (OHT) for ischemic cardiomyopa-
thy. Both donor and recipient were human cyto-
megalovirus (CMV) seropositive. The immediate 
posttransplant course was uncomplicated, and he 
was discharged on a regimen of tacrolimus 2 mg 
by mouth (PO) twice a day (BID), mycopheno-
late 720 mg PO BID, prednisone 15 mg PO BID, 
trimethoprim-sulfamethoxazole single-strength 
tablet once a day, and valganciclovir 900 mg PO BID. 
Valganciclovir was discontinued after three months.

Six months after OHT, he developed general-
ized malaise and fever. Evaluation at that time was 
notable for CMV viremia, and he was prescribed 
valganciclovir 900 mg PO BID with symptom-
atic improvement. Seven months after OHT, the 
patient had a chest x-ray (CXR) after routine endo-
myocardial biopsy to screen for rejection, at which 
time he was noted to have new pulmonary nodules 
in the left lung compared with a CXR one month 
prior (Fig. 2.3.1A). He did not have any symptoms 
and specifically denied fever, chills, sweats, mal-
aise, headache, cough, shortness of breath, chest 
pain, abdominal pain, diarrhea, and rash.

The patient’s past medical history was also 
notable for three-vessel coronary artery bypass 
grafting five years prior to OHT, left ventricular 
assist device implantation six months prior to 
OHT, pulmonary hypertension, type 2 diabetes 
mellitus, hypertension, and hyperlipidemia. His 
medications included amlodipine, hydralazine, 
pravastatin, sildenafil, torsemide, and insulin. The 
patient lived with his wife in Idaho and worked 
as a web designer. He had traveled extensively 
throughout the United States, including the 
Southwest years ago. He had no risk factors for 
Mycobacterium tuberculosis and did not have any 
significant animal exposures. He had a thirty-pack 
per year smoking history, drank alcohol occasion-
ally, and denied other recreational or injection 
drug use.

Examination revealed a healthy appearing man 
in no distress. His vital signs were as follows: blood 
pressure 126/75 mm mercury, heart rate 100 beats 
per minutes, respirations 14 per minute, and tem-
perature 37.2°C, and he was breathing comfortably 
on room air. His lungs were clear to auscultation 
without adventitious sounds, and the rest of his 
exam was unremarkable. Basic laboratory stud-
ies were notable for normal complete metabolic 
panel, mild leukopenia with white blood cell count 
3500 cells/μL, and normal differential. His serolo-
gies were positive for herpes simplex virus 1, CMV, 
Epstein-Barr virus (EBV), and varicella-zoster 
virus, and the donor was seropositive for CMV 
and EBV. Serum galactomannan was nega-
tive.	 Pretransplant	 QuantiFERON-TB	 Gold	 and	
Coccidioides immunodiffusion testing were nega-
tive. Computed tomography (CT) scan of the chest 
revealed multiple bilateral nodular densities, the 
largest approximately 1 × 2 cm, without any asso-
ciated ground glass change, cavitation, lymphade-
nopathy, or pleural effusions (Figure 2.3.1B).

Q U E S T I O N S
•	 What	is	the	differential	diagnosis	of	

pulmonary nodules after solid organ 
transplantation (SOT)?

•	 What	additional	workup	should	be	
performed?

D I F F E R E N T I A L  D I AG N O S I S
Pulmonary nodules in SOT recipients can be 
due to both infectious and noninfectious causes. 
Infections to consider include common nosoco-
mial bacterial pathogens, including Staphylococcus 
aureus and Pseudomonas aeruginosa; atypical bac-
teria, such as Actinomycetes (especially Nocardia 
and Rhodococcus), Legionella (especially Legionella 
micdadei), Pneumocystis jirovecii, tuberculous and 
nontuberculous mycobacterial species; fungi, par-
ticularly Aspergillus and Cryptococcus, as well as 
other endemic mycoses (e.g. histoplasmosis and 
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coccidioidomycosis). Noninfectious etiologies to 
consider include posttransplant lymphoprolifera-
tive disorder (PTLD), other primary or metastatic 
malignancies, and abnormalities such as calcifica-
tions, pulmonary embolism, or atelectasis.

A D D I T I O NA L  E VA L UAT I O N
The patient’s workup included blood cultures 
and serum testing for Cryptococcal antigen, as 
well as CMV and EBV DNA by quantitative 
polymerase chain reaction (PCR). Urine was 
sent for Legionella and Histoplasma antigen 
detection. Bronchoalveolar lavage (BAL) was 
performed, and specimens were sent for bacte-
rial, fungal, mycobacterial, and Nocardia stains 
and culture; Legionella culture; P jirovecii direct 
fluorescent-antibody stain; galactomannan; PCR 
testing for viral respiratory pathogens; and CMV 
shell vial culture. Because the results of BAL were 
nondiagnostic, he underwent CT-guided biopsy 
of one of the nodules, and specimens were sent for 

microbiologic testing in addition to histopatho-
logic evaluation.

F I NA L  D I AG N O S I S 
A N D   O U T C O M E
Histopathology of the lung biopsy specimens 
demonstrated necrotizing granulomas associated 
with fungal organisms showing frequently septate, 
narrow-angle branching hyphae (Fig. 2.3.2). Final 
cultures eventually grew Aspergillus fumigatus. He 
was treated with voriconazole and had complete 
resolution of the pulmonary nodules over the sub-
sequent three months.

D I S C U S S I O N
Pulmonary nodules in immunocompromised 
patients pose diagnostic and therapeutic chal-
lenges given the broad differential diagnosis 
and sometimes limited diagnostic approaches. 
Pulmonary nodules occur in approximately 
10% of patients after SOT and are associated 

A B

FIGURE 2.3.1: (A) Chest x-ray demonstrating two nodules in the upper and lower lobes of the left lung. (B) Chest 
computed tomography image demonstrating a nodular density in the superior segment of the left lower lobe.

A B

FIGURE 2.3.2: (A) Hematoxylin and eosin stain of specimen from pulmonary nodule biopsy demonstrating granu-
lomatous inflammation. (B) Gomori methenamine silver stain revealing fungal forms with septate hyphae.
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with significant morbidity and mortality [1–7]. 
A study of thirty-three heart transplant recipients 
with pulmonary nodules demonstrated signifi-
cantly worse survival compared with a matched 
control group, and one third of affected patients 
were deceased within a few years of follow up [2] . 
Accordingly, aggressive evaluation and treatment 
is required.

Clinical Manifestations
Pulmonary nodules are often incidentally iden-
tified on CXR and may be asymptomatic in up 
to 60% of patients, irrespective of the cause [5] . 
The most common symptoms were fever (67%) 
and cough (50%) in one series. Radiographic 
appearance of pulmonary nodules on CT imag-
ing, including number, size, distribution, and 
other characteristics did not correlate with etiol-
ogy in a diverse cohort of fifty-five SOT patients, 
although evidence of consolidation was strongly 
associated with infectious etiology [1]. Important 
clues to the cause may come from other aspects of 
the history or clinical presentation, such as skin 
manifestations of disseminated Cryptococcus or 
Nocardia [6–8].

Risk Factors and Etiology
Timing, epidemiologic factors, and the degree of 
immunosuppression are important considerations 
in all cases. In a large series of SOT recipients with 

pulmonary nodule(s), the etiology was infectious 
in approximately 60% of cases [1] . Pooled data 
from eight published studies of pulmonary nod-
ules in SOT recipients demonstrate infections 
due to bacteria in 22%, fungi in 31%, and viruses 
(CMV) in 5% of patients (Table 2.3.1). The most 
common pathogens are Aspergillus (typically 
within ninety days after transplant) and Nocardia. 
Prior exposure to the American Southwest or 
Midwest might raise the possibility of endemic 
mycoses, such as coccidioidomycosis or histo-
plasmosis, respectively. Pneumocystis should be 
considered in patients not receiving prophylac-
tic medications but is an unusual cause of larger 
discrete pulmonary nodules. Septic pulmonary 
emboli with nosocomial pathogens should be 
considered in the appropriate clinical setting [3, 
6,  8]. Noninfectious causes of pulmonary nod-
ules account for approximately 30% of cases and 
are primarily due to EBV-associated PTLD and 
malignancy (Table 2.3.1). Recipient EBV seroneg-
ativity and lung transplantation have both been 
associated with an increased risk for PTLD [1].

Diagnostic Evaluation
Early and aggressive diagnostic evaluation of 
pulmonary nodules in SOT recipients is recom-
mended, because the differential diagnosis is 
broad and empiric treatment has the potential 
for toxicity and drug-drug interactions [1, 6,  7] 

TABLE 2.3.1. POOLED PERCENTAGES OF PUBLISHED STUDIES 
OF PULMONARY NODULES IN SOT RECIPIENTS

Pooled Data* Comments

Number of Subjects 242 Heart, lung, kidney, liver, kidney/pancreas
Infectious 59%
   Bacterial 22%
    Nocardia 11% Usually more than 90 days after transplant
    Other 4% Mycobacteria, Legionella, and other
   Fungal 31%
    Aspergillus 25% Usually within the first 90 days after transplant
    Other 6% Cryptococcus, Coccidioides, and other
   Viral—CMV 5% Usually associated with CMV viremia
Noninfectious 33%
   PTLD 10% Usually associated with EBV viremia
   Malignancy 16% Especially recurrent HCC after liver transplantation
   Other† 7%
Unknown 6%

Abbreviations: CMV, human cytomegalovirus; EBV, Ebstein-Barr virus; HCC, hepatocellular carcinoma; PTLD, posttrans-
plant lymphoproliferative disorder.
*Data are pooled from the following studies: End et al 1995 [3] ; Paterson et al 1998 [6]; Copp et al 2006 [1]; Schulman et al 2000 
[7]; Hsu et al 2012 [9]; Muñoz et al 2000 [5]; Kocher et al 2001 [2]; Lee et al 2004 [4].
†Other noninfectious etiologies such as calcifications, pulmonary embolism, artifacts, or atelectasis.
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(Figure 2.3.3). Chest CT imaging is important to 
consider in most patients with pulmonary symp-
toms and suggestive changes on CXR. Initial 
noninvasive laboratory tests such as galactoman-
nan, Cryptococcal antigen, CMV and EBV PCR, 
and blood cultures may provide diagnostic clues. 
Bronchoscopy with BAL and/or biopsy should be 
considered if the diagnosis remains unclear after 
noninvasive testing. A small study of thirteen heart 
transplant recipients revealed a diagnostic yield of 
60% for transtracheal aspiration and 70% for BAL 
and/or transbronchial biopsy [5] . Tissue diagnosis 
should be considered when less invasive testing is 
nondiagnostic. CT-guided biopsy of pulmonary 
nodules in SOT recipients was demonstrated to 
be a safe and procedure in a retrospective analy-
sis of 45 biopsies [9]. Although the overall diag-
nostic yield was only 53%, the sensitivity was 75% 
for invasive fungal disease and malignancy, two 
of the most common causes of pulmonary nod-
ules in this patient population. The complication 
rate of 13% was primarily due to asymptomatic 
pneumothoraces. Video-assisted thoracoscopic 
surgery or open biopsy may be reasonable if other 
approaches are nondiagnostic. Samples should 
be sent for bacterial, fungal, mycobacterial and 
Nocardia stains and culture, Legionella culture, 
CMV shell vial culture, and histopathology with 

staining for CMV and EBV. Additional tests may 
be indicated on a case-by-case basis.

A variety of tests are available for diagnosis 
of invasive aspergillosis and have varied utility. 
Proven invasive disease is established by tissue 
evidence of narrow (3 to 6 microns wide), sep-
tate hyaline hyphae with dichotomous acute angle 
(45°) branching invading tissues plus culture of the 
organism [10]. However, microscopic examination 
and culture are insensitive, and one study found 
the predictive value of positive cultures in SOT 
recipients with proven or probable disease to be 
58% [11]. In a large meta-analysis, serum galacto-
mannan, a constituent of Aspergillus cell walls, had 
a sensitivity and specificity of 22% and 84% among 
SOT patients with proven or probable aspergillo-
sis, respectively [12]. In BAL fluid, the sensitivity 
of galactomannan testing is estimated to exceed 
70% [13]. An assay to detect 1,3-β-d-glucan, a 
cell wall component of many fungi, has sensitiv-
ity and specificity ranging from 55% to 95% and 
77% to 96%, respectively. It may have utility in 
distinguishing patients with proven or probable 
invasive fungal infection from patients without, 
but it is infrequently used in SOT recipients [14]. 
Both galactomannan antigen and 1,3-β-d-glucan 
testing require careful interpretation, because they 
can be falsely positive due to a variety of exposures 

Pulmonary
nodule on CXR

Chest CT scan

Historical clues
•  Travel history (eg., SW US)
•  Tuberculosis exposure and testing
•  History of malignancy

•  Serum galactomannan
    and Cryptococcal antigen
•  Blood cultures
•  PCR for CMV, EBV DNA

•  Bacterial, fungal, mycobacterial, Nocardia
    Legionella, Pneumocystis stains and culture
•  CMV shell vial culture, respiratory viral PCR
•  Galactomannan
•  Histopathology and CMV, EBV stains

•  Skin lesions (eg., Nocardia, Cryptococcous)
•  Headache, neurologic symptoms (eg., Aspergillus,
    Nocardia)

Symptoms and
physical exam

Laboratory
workup

BAL and
biopsy

FIGURE 2.3.3: Algorithm for evaluation of pulmonary nodules in solid organ transplantation recipients.
BAL, bronchoalveolar lavage; CMV, human cytomegalovirus; CT, computed tomography; CXR, chest X-ray; EBV, Epstein-Barr virus; 
PCR,	polymerase	chain	reaction;	SW,	Southwest.	Adapted	from	Paterson	et al	1998 [6]	.
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causing cross-reactivity. Finally, investigational 
PCR assays for Aspergillus DNA in BAL specimens 
have shown very heterogeneous results and are of 
unclear clinical value at this time [15].

K E Y   P O I N T S
•	 Pulmonary	nodules	are	relatively	common	

in SOT recipients and have a broad 
infectious and noninfectious differential 
diagnosis.

•	 Pulmonary	nodules	in	SOT	recipients	
require aggressive workup.

•	 Diagnostic	evaluation	may	involve	both	
noninvasive and invasive methods as 
appropriate, including blood tests, BAL 
with or without transbronchial biopsy, 
CT-guided biopsy, and video-assisted 
thoracoscopic surgery or open biopsy
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2.4
Spots on the Brain

EL IZABETH ANN MISCH,  MD

CA S E  P R E S E N TAT I O N
A 63-year-old Hispanic female presented with a 
chief complaint relayed by her daughter of “leth-
argy,” decline in mental alertness, headaches, shak-
ing chills, and fever for approximately two weeks. 
She also reported trouble keeping up with work, 
right-sided headaches, blurry vision, and a recent 
episode of thrush. She denied shortness of breath 
or cough, but she was observed by her daughter to 
be short of breath with minor exertion.

Five and a half months prior to this presentation 
she had received a liver transplant for cryptogenic 
cirrhosis. Basiliximab (anti-CD25 monoclonal 
antibody) and high-dose steroids were used for 
induction immunosuppression, with mycophe-
nolic acid and tacrolimus for maintenance immu-
nosuppression. Her past medical history included 
cirrhosis, which was complicated by ascites, spon-
taneous bacterial peritonitis, and esophageal vari-
ces, and a history of tuberculosis (TB), for which 
she had received treatment in a sanatorium at the 
age of 7 (in the late 1950s). Details of the prior TB 
treatment regimen were unknown. Past surgeries 
included tubal ligation and appendectomy. She 
denied foreign travel. She did not smoke, drink 
alcohol, or use illicit drugs, she had no pets or farm 
exposures, and she did not consume unpasteurized 
or raw cheeses. A tuberculin skin test ([TST] puri-
fied protein derivative [PPD]) three years prior to 
transplant was negative. Cytomegalovirus [CMV] 
serostatus was donor-positive, recipient-negative. 
Medications included tacrolimus, mycophenolate, 
trimethoprim-sulfamethoxazole, aspirin, vitamin 
D, a multivitamin, calcium, magnesium, pantopra-
zole, and acetaminophen.

On physical examination, the temperature was 
38.9°C, pulse was 117 per minute, respirations 
were 18 per minute, and the blood pressure was 
112/69  mmHg. Oxygen saturation was 98% on 
room air. She appeared lethargic. Pupils were equal, 
round, and reactive to light. There was no thrush. 
Lungs were clear to auscultation and percussion. 
There was a regular tachycardia. The extremities 

were warm and well perfused. There was no rash 
and no lymphadenopathy. She responded to ques-
tions slowly but appropriately. Cranial nerves were 
intact, strength in the upper and lower extremities 
was normal, with normal reflexes, bulk, and tone. 
Visual fields were not assessed.

Laboratory investigation revealed a sodium of 
129 meq/L (reference range [ref], 136–145 meq/L), 
a normal anion gap, blood urea nitrogen of 46 
(ref, 8–21 mg/dL), creatinine of 2.2 (ref, 0.2–1.1 
mg/dL), and a calculated glomerular filtration 
rate of 30 mL/min (ref, ≥60 mL/min). The white 
blood cell count was 3.73 × 103/μL (ref, 4.3–10 × 
103/μL) with 93% neutrophils (ref, 41%–71%) 
and no bands. The hemoglobin was 8.3 g/dL (ref, 
11.5–15.5 g/dL) and platelets were 103 000/μL 
(150 000–400 000/μL). The albumin was 3.1 g/dL 
(ref, 3.5–5.2 g/dL). Serum immunoglobulin (Ig)
G and IgM for Toxoplasma gondii measured after 
transplant were negative (pretransplant serologies 
were not performed). Chest computed tomogra-
phy scan (Figure  2.4.1) showed subtle peribron-
chial infiltrates. Magnetic resonance imaging of the 
brain (Figure 2.4.2) showed a mass measuring 1.7 × 
1.6 × 2.0 cm in the right subinsular white matter 
and basal ganglia region with extensive surround-
ing edema, producing mild downward transtento-
rial herniation and right-to-left midline shift. Two 
additional masses were noted in the left occipital 
region and the left cerebellar vermis, respectively.

Q U E S T I O N S
•	 What	is	the	differential	diagnosis	of	central	

nervous system (CNS) mass lesion(s) in an 
organ transplant patient?

•	 Which	elements	of	this	patient’s	prior	
history are relevant as risk factors?

D I F F E R E N T I A L  D I AG N O S I S
The differential diagnosis of CNS mass lesions 
after solid organ transplantation (SOT) can be 
divided into infectious and noninfectious causes. 
Toxoplasma gondii, Nocardia asteroides, Listeria 
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monocytogenes, Mycobacterium tuberculosis 
(Mtb), Cryptococcus, Candida species, Aspergillus, 
members of the Mucoraceae order of Zygomycetes, 
and John Cunningham virus-related progressive 
multifocal leukoencephalopathy are important 
considerations in the infectious category [1] . The 
noninfectious category includes primary CNS 
lymphoma, posttransplant lymphoproliferative 
disorder, and metastatic cancer. Although often 
cited, Mtb is a very infrequent cause of CNS 
lesions after transplant [1]. Pyogenic bacteria are 
also rarely implicated in brain abscesses in SOT 
recipients, although common in normal hosts [1].

A D D I T I O NA L  F I N D I N G S
Cerebrospinal fluid (CSF) examination revealed 
11 red blood cells/μL, and 1 nucleated cell/μL (dif-
ferential:  6% neutrophils, 17% lymphocytes, and 
77% macrophages), 46 mg/dL, glucose and 63 
mg/dL protein (ref, 15–45 mg/dL). Cerebrospinal 
fluid bacterial and fungal stains and culture were 
negative. Polymerase chain reaction (PCR) testing 
of the CSF for bacterial, mycobacterial, and fun-
gal DNA was negative. Brain biopsy revealed 4+ 
acid-fast bacilli on Kinyoun stain (Figure  2.4.3), 
with M tuberculosis detected by PCR of brain tissue. 
Subsequently, M tuberculosis was cultured from 
brain tissue, tracheal aspirate, and sputum. All iso-
lates were susceptible to isoniazid (INH), rifampin, 
ethambutol, streptomycin. and pyrazinamide.
Final Diagnosis: Disseminated tuberculosis with 
brain abscess

T R E AT M E N T  A N D  O U T C O M E
Treatment was initiated with INH, ethambu-
tol, pyrazinamide, rifabutin, and prednisone. 
Mycophenolate was discontinued and tacrolimus 
dosing was reduced. Rifabutin was discontinued 
after approximately seven weeks due to severe 
drug interaction with tacrolimus. The patient then 
continued therapy with INH and pyrazinamide 
and moxifloxacin. She eventually completed a 
total of twenty months of therapy without relapse.

D I S C U S S I O N
The majority of TB occurs within one year of 
transplant (median, nine months). Rare instances 
of donor allograft transmission of active or latent 
infection as well as de novo acquisition after trans-
plant have also been described [2, 3].

FIGURE  2.4.2: T1 weighted brain MRI image dem-
onstrating right insular/basal ganglia and left occipital 
lesions, and surrounding edema.

FIGURE 2.4.3: Acid-fast (Kinyoun) stain of brain biopsy 
showing numerous acid-fast bacill(magnification 1000x).FIGURE  2.4.1: Chest CT scan showing nodules with 

“tree-in-bud” pattern in bilateral upper lobes.
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Pathophysiology
Most cases of posttransplant TB arise from 
reactivation of latent infection in the setting of 
suppressed T-cell immunity. In TB-endemic 
countries, however, it is speculated that a greater 
proportion of cases arise from de novo infection 
after transplant, although this has not been well 
documented. Lung transplant recipients from 
donors with latent or active TB appear to have a 
particularly high risk of developing donor-derived 
TB compared with recipients of nonlung organs. 
M.  tuberculosis reaches the CNS hematoge-
nously, usually from a primary focus in the lungs. 
Intracranial TB abscess is quite rare, but it may 
arise from a tuberculoma in the brain parenchyma 
or by contiguous spread from the meninges.

Clinical Manifestations
The presenting symptoms and signs of TB after 
SOT are frequently nonspecific and may be “atypi-
cal.” For example, cough and hemoptysis may be 
absent. In one series from Spain, 72% of patients 
had fever and/or constitutional symptom, such 
as night sweats or weight loss. Most (89%) had 
abnormal chest imaging [4] , with pleural effusion 
found in 13%–44%, miliary disease in 11%–22%, 
and interstitial infiltrates in 5%–22%. Cavitary 
lesions are rare (4%–6%) [3,  4]. Dissemination 
and extrapulmonary disease seem to be more fre-
quent in SOT, occurring in 9%–50% of transplant 
recipients versus 3%–21% in the general popula-
tion [3–6]. Unusual presentations include cutane-
ous manifestations, genitourinary or hepatobiliary 
disease, colitis, pyomyositis, and tenosynovitis [2].

Tuberculosis is a very infrequent cause of 
CNS lesions after organ transplant. In a review 
of TB manifestations in SOT recipients, only 1% 
(5 of 476) had brain abscess [3] . In immunocom-
petent persons, fever and headache are the most 
frequent clinical signs of CNS TB (mostly men-
ingitis cases); seizures and confusion are uncom-
mon. Intracranial TB abscess often presents 
clinically as a focal neurologic deficit with one or 
more ring-enhancing, supratentorial or cerebellar 
lesions.

Risk Factors
The risk of active TB after SOT is estimated to 
be twenty to seventy-four times that of the gen-
eral population, and it appears greatest in lung 
and kidney transplant recipients [7] . Proposed 
risk factors for the development of TB after SOT 
include the use of T cell-depleting antibodies 
(e.g. anti-CD3 antibodies), heightened immuno-
suppression (e.g. treatment of rejection), use of 

mycophenolate or tacrolimus, latent TB infec-
tion, radiography consistent with prior untreated 
or healed TB, renal failure, diabetes, advanced 
age, lung transplantation, hepatitis C virus infec-
tion, chronic liver disease, and coexisting infec-
tions, including CMV, Pneumocystis jiroveci, and 
Nocardia [5,8]. These predisposing conditions are 
in addition to risk factors for TB in normal hosts.

Diagnosis
Because TB may present nonspecifically, diagno-
sis in a transplant patient requires a high index of 
suspicion. Tuberculosis should be strongly con-
sidered in patients with fever of unknown origin, 
especially when there is a history of residence in 
a TB-endemic country, prior treated or untreated 
disease, or abnormal chest imaging. Cultures of 
sputum, blood, urine, or bronchoalveolar lavage 
should be obtained. Biopsy of the lung or other 
suspected sites (liver, kidney, lymph node, skin, 
CSF, or brain) may also be required. Specimens 
should be submitted for stain and culture for 
acid-fast bacilli and histopathology for acid-fast 
organisms. Skin testing (PPD) or interferon 
gamma release assays do not contribute signifi-
cantly to the diagnosis of active TB in immuno-
suppressed patients.

Management
Tuberculosis treatment in SOT follows the guide-
lines recommended for the general population. 
However, drug interactions between the rifa-
mycins (rifampin, rifabutin, rifapentine) and 
immunosuppressive agents (tacrolimus, cyclospo-
rine, and rapamycin) complicate the selection of 
anti-TB drugs (see below). Treatment duration is 
another unsettled issue. Data suggest that treat-
ment for less than nine to twelve months may 
be associated with a higher risk of recurrence 
or death [8] . Nonetheless, European guidelines 
for kidney transplant recipients recommend two 
months of INH, rifampin, and pyrazinamide ther-
apy, followed by four months of INH and rifampin 
[9]. American guidelines recommend daily INH, 
rifampin/rifabutin, pyrazinamide, and ethambu-
tol for the initial two months of treatment, fol-
lowed by daily INH and rifampin for an additional 
eighteen weeks [2, 10]. For CNS disease, nine to 
twelve months of therapy, with adjunctive cor-
ticosteroids given in a tapering dose for the first 
several months, is appropriate.

Complications of TB and its therapy include 
interactions between immunosuppressive and 
anti-mycobacterial drugs, hepatitis, immune 
reconstitution syndrome, and death. The 
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rifamycins—in particular, rifampin—induce 
cytochrome P450 (P450) 3A4, increasing metabo-
lism of calcineurin inhibitors, rapamycin, cor-
ticosteroids, and mycophenolate mofetil. In 
contrast, steroids may reduce serum levels of INH. 
Rejection and graft loss have been reported with 
the concomitant use of rifampin and tacrolimus 
or cyclosporine, due to the potent drug inter-
action between these drugs [4,  8]. Tacrolimus, 
cyclosporine dose should therefore be increased 
when rifampin is used, with close monitoring of 
calcineurin inhibitor levels [2, 3,  8]. Rifabutin 
causes less P450 3A4 induction compared with 
rifampin and rifapentine, and so it is often the 
rifamycin of choice in this setting. Use of rifamy-
cins (rifabutin) is generally recommended in US 
guidelines because of this class’s ability to sterilize 
TB-infected tissues, but must be weighed against 
the risk for serious drug interactions [2] . In con-
trast, Spanish guidelines do not list rifamycins as 
first-line therapy for nondisseminated disease [8], 
and some authors recommend against their use. 
Hepatic toxicity has been frequently reported with 
INH and rifampin use [8]. In several studies from 
Spain, hepatitis was reported in (1) 33%–39% of 
subjects overall, (2) 50%–71% of liver transplant 
recipients, and (3)  20%–37% of kidney trans-
plant recipients [4, 8]. The immune reconstitution 
syndrome is a sudden inflammatory response to 
pathogens when immune suppression is tapered. 
This syndrome is well described in human immu-
nodeficiency virus and TB-coinfected patients 
and occurs as antiretroviral treatment restores T 
cell immune function. It has also been described 
in the setting of TB in SOT recipients.

Prevention
The cornerstone of TB prevention remains detec-
tion of latent TB infection (LTBI) before trans-
plant. Tests for LTBI include the TST (or PPD) 
or a TB-specific interferon-gamma release assay 
(IGRA). The presence of classic risk factors (coun-
try of origin, social and medical risk factors, and 
history of exposure) [2]  should raise the suspicion 
for occult active or latent disease, even if testing 
is negative. Guidelines recommend presumptive 
treatment of LTBI for individuals with geographic 
risk factors, unclear or incomplete treatment his-
tory, or imaging suggestive of TB even if TST or 
IGRA results are negative [2,  8]. Because many 
transplant candidates have cutaneous anergy, 
some experts recommend applying another TST 
seven to fourteen days after the first one if it is 
negative. Alternatively, an IGRA may be followed 
by a TST, to avoid a false-positive IGRA test result 

due to a recall response to the TST [2]. Treatment 
of LTBI should ideally be completed before trans-
plant if feasible and tolerated, although treatment 
can be initiated or continued after transplant, par-
ticularly if decompensated liver disease precludes 
safe pretransplant treatment, as is commonly the 
case in liver transplant candidates. Daily INH for 
nine months or daily rifampin for four months 
are recommended; weekly INH and rifapentine 
for twelve weeks may also be an option, although 
without data from the literature to guide use in 
transplant candidates [2]. Donors should rou-
tinely be assessed for active TB, and organs from 
donors with suspected or proven active TB should 
not be used. Because of various logistical limita-
tions, testing for latent TB infection in donors is 
not routinely done.

K E Y   P O I N T S
•	 Manifestations	of	TB	in	SOT	recipients	are	

often nonspecific, but fever is almost always 
present with disseminated disease.

•	 TB	is	an	infrequent	cause	of	CNS	lesions	
in SOT.

•	 Diagnosis	may	require	biopsy	of	suspect	
lesions.

•	 Treatment	is	complicated	by	drug	
interactions, hepatic toxicity, and the potential 
for immune reconstitution syndrome.

•	 Diagnosis	and	treatment	of	LTBI	is	
key to preventing reactivation disease 
posttransplant.

R E F E R E N C E S
 1. Selby R, et al. Brain abscess in solid organ trans-

plant recipients receiving cyclosporine-based 
immunosuppression. Arch Surg. 1997;132:304.

 2. Subramanian AK, Morris MI, Mycobacterium 
tuberculosis infections in solid organ transplanta-
tion. Am J Transplant. 2013;13:68.

 3. Singh N, Paterson DL. Mycobacterium tubercu-
losis infection in solid-organ transplant recipi-
ents:  impact and implications for management. 
Clin Infect Dis.1998;27:1266.

 4. Bodro M, Sabé N, Santín M, et al. Clinical features 
and outcomes of tuberculosis in solid organ trans-
plant recipients. Transplant Proc. 2012;44:2686.

 5. Torre-Cisneros J, Doblas A, Aguado JM, et  al. 
Tuberculosis after solid-organ transplant:  incidence, 
risk factors, and clinical characteristics in the RESITRA 
(Spanish Network of Infection in Transplantation) 
cohort. Clin Infect Dis. 2009;48:1657.

 6. Centers for Disease Control and Prevention. 
US Department of Health and Human Services. 
Atlanta, GA, 2011.

 

 

 



Spots on the Brain 151

 7. Horne DJ, Narita M, Spitters CL, et al. Challenging 
issues in tuberculosis in solid organ transplanta-
tion. Clin Infect Dis. 2013;57:1473.

 8. Aguado JM, Torre-Cisneros J, Fortún J, et  al. 
Tuberculosis in solid-organ transplant recipi-
ents:  consensus statement of the group for 
the study of infection in transplant recipients 
(GESITRA) of the Spanish Society of Infectious 
Diseases and Clinical Microbiology. Clin Infect 
Dis. 2009;48:1276.

 9. EBPG Expert Group on Renal Transplantation. 
European best practice guidelines for renal trans-
plantation. Section IV:  Long-term management 
of the transplant recipient. IV.7.2. Late infec-
tions. Tuberculosis. Nephrol Dial Transplant. 
2002;17:39.

	10.	 Blumberg	HM,	Burman	WJ,	Chaisson	RE,	 et  al.	
American Thoracic Society/Centers for Disease 
Control and Prevention/Infectious Diseases 
Society of America: treatment of tuberculosis. Am 
J Respir Crit Care Med 2003;167:603.



2.5
A Purplish Skin Lump

CHRIST INE  M.  DURAND,  MD AND K IEREN MARR,  MD

CA S E  P R E S E N TAT I O N
A 56-year-old man presented with a slowly 
enlarging skin lesion on his right thigh. He had a 
history of adult polycystic kidney disease and had 
received a living unrelated kidney transplant two 
years prior. Five months prior to the presentation, 
he was found to have proteinuria and evidence 
of focal segmental glomerulosclerosis on kid-
ney biopsy, for which he was treated with ritux-
imab and was undergoing serial plasmapheresis 
treatments.

One month prior to presentation, he had 
noted a 1 cm red nodule on the lateral aspect of 
his right thigh. He denied any antecedent trauma, 
and the lesion was nontender without associated 
induration, pruritus, or drainage. Over the course 
of four weeks, the area of erythema extended to 
approximately 6  × 6  cm, at which time he pre-
sented for evaluation.

He reported no fevers or chills, no weight 
loss, no respiratory symptoms. A comprehensive 
review of systems was otherwise negative. His past 
medical history was significant for osteoarthritis, 
gout, and hyperlipidemia. He was cytomegalovi-
rus seronegative as was his kidney donor.

He was married and lived with his wife in New 
Jersey, with a pet dog and cat. He was a construc-
tion site supervisor, and he had recently been 
overseeing the clearance of destroyed homes in the 
aftermath of a severe hurricane in the Northeast. 
His work required contact with standing water, 
soil, and hurricane debris. He did not consistently 
wear a mask during this work. He reported no 
international travel and had never lived outside 
of the Northeastern United States. He reported no 
substance abuse.

His medications included mycophenolate 
mofetil 1000 mg twice daily, tacrolimus 2 mg 
twice daily, and prednisone 5 mg daily. He was not 
on any prophylactic antimicrobials.

On physical exam, he was afebrile and 
appeared comfortable. His sclera were nonicteric 

and his oropharynx was without lesions or thrush. 
He had no palpable lymphadenopathy. His cardiac 
exam demonstrated regular rate and rhythm and 
no murmurs were appreciated. His chest was clear 
to auscultation. His abdomen was soft and non-
tender. On his right thigh, he had a solitary 6 × 
6 cm reddish-brown indurated lesion with poorly 
defined borders, with some palpable subcuta-
neous nodularity (Figure 2.5.1). The lesion was 
nontender, slightly warm, and without associated 
ulceration or drainage. There were no other skin 
lesions identified.

Laboratory evaluation showed a white blood cell 
count of 6600 cells/cu mm, hemoglobin of 14.2 g/
dL, platelet count of 233 000/cu mm, and creatinine 
of 1.4 mg/dL. Serum transaminases were normal.

D I F F E R E N T I A L  D I AG N O S I S 
( I N F E C T I O U S )

Fungal 
Phaeohyphomycosis
 Blastomycosis
 Coccidiomycosis

FIGURE 2.5.1: Skin lesion, right thigh, lateral aspect.
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 Histoplasmosis
 Cryptococcosis
 Aspergillosis
 Zygomycosis
Sporotrichosis

Bacterial 
Nocardiosis
 Nontuberculous mycobacteria

Many infections can present with focal skin lesions, 
either at the primary site of inoculation or as a man-
ifestation of disseminated infection (e.g. cutaneous 
dissemination in the context of pulmonary infec-
tion). Given the insidious nature of presentation 
and lack of systemic symptoms, the differential in 
this case is weighted towards slow-growing “atypi-
cal” organisms, such as mycobacteria and Nocardia, 
and fungi. Other, noninfectious diagnoses (e.g. skin 
cancer) would also need to be entertained.

A D D I T I O NA L   DATA
Bacterial, mycobacterial, and fungal cultures of 
the blood were without growth. Serum cryptococ-
cal antigen was negative. A computed tomography 
scan of the chest did not show any pulmonary 
nodules, calcifications, or adenopathy.

In an examination of skin biopsy, the follow-
ing result was revealed:  on hematoxylin-eosin 
stain, granulomatous infiltrate with suppurative 
inflammation was seen, including histiocytes, 
multinucleated giant cells, neutrophils, eosino-
phils, and lymphocytes. Pigmented hyphal forms 
were visualized within the granuloma (Figure 
2.5.2a), septated hyphal forms were highlighted 
with Grocott’s methenamine silver stain (Figure 
2.5.2b), Fontana-Masson stain confirmed the pres-
ence of melanin in the hyphae (Figure 2.5.2c), and 
culture of skin tissue grew Exophiala dermatitidis.
Final Diagnosis: Cutaneous phaeohyphomycosis, 
caused by Exophiala dermatitidis

T R E AT M E N T  A N D  O U T C O M E
No surgical intervention was performed. The 
patient was treated with posaconazole and over 
three months had regression of the lesion.

D I S C U S S I O N
Phaeohyphomycosis refers to a spectrum of dis-
ease caused by filamentous fungi that have cell 
walls containing melanin. These dark molds, 
also known as dematiaceous fungi, are ubiqui-
tous in the environment. Many genera of fungi 
are included in this group of dark molds. The 

most common genera reported to cause disease 
include Alternaria, Bipolaris, Cladophialophora, 
Curvularia, Exophiala, Exserohilum, Ochronosis, 
Phaeoacremonium, Phialophora, Scedosporidium, 
and Wangiella [1] .

These pathogens rarely cause invasive dis-
ease in normal hosts but can cause opportunistic 
infection in immunocompromised individuals 
such as solid organ transplant recipients or stem 
cell transplant recipients [2–4]. The dematiaceous 
fungi are most commonly known for causing 
localized cutaneous disease, but they have also 
been reported to cause sinus and pulmonary dis-
ease, joint infections, and central nervous system 
(CNS) infections [1] .

The ubiquitous nature of the organisms in soil 
and other environmental sources explains the 
epidemiologic patterns of exposures and disease. 
Serial studies suggest that observed rates of dis-
ease are variable and depend on geography. For 
instance, cutaneous phaeohyphomycosis have 
been reported most frequently in people residing 
in warmer climates such as India [5] . In 2012, the 
dematiaceous mold, Exserohilum rostratum, has 
drawn attention as the predominant cause of CNS 
and articular infections associated with injec-
tion of corticosteroids contaminated during drug 
compounding [6].

Clinical Presentation
Cutaneous phaeohyphomycosis typically mani-
fests as a single cutaneous or subcutaneous lesion 
that enlarges slowly over time. Infection usually 
arises through trauma to the skin with direct 
inoculation of the organism and resulting skin 
lesion(s) at the site. Local deeper invasion may 
occur, but systemic dissemination appears to be 
relatively uncommon. Systemic symptoms of 
infection (fever, sweats, etc) are uncommon [1, 2].

Diagnosis
With	no	pathognomonic	physical	exam	findings,	
tissue biopsy is critical. Exposures such as those 
for the patient in this case (significant occupa-
tional exposure due to his construction work and 
extensive contact with soil and decaying plant 
material) combined with skin lesions should raise 
the suspicion for the diagnosis. A definitive diag-
nosis can be made through examination of tissue 
biopsy, with the characteristic histologic finding 
of thick-walled, dark brown bodies known as 
sclerotic bodies or “copper pennies.” These forms 
represent individual fungal cells that stain positive 
for melanin in the cell walls with Fontana-Masson 
stain as seen in Figure 2c. Species can be identified 
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through fungal culture based on colony and 
microscopy morphology. Direct molecular detec-
tion techniques have been described to be useful 
but are not standardized [1] .

In addition, it is also critical to determine 
whether the lesion represents isolated cutaneous 
infection or whether it is a sign of disseminated 
infection. In particular, in cases in which there is 
no history of traumatic inoculation, imaging of 
the lungs to evaluate for pulmonary infection as 
a potential portal of entry should be considered.

Treatment
In cases of localized cutaneous phaeohyphomyco-
sis, outcomes are very good. There are no clinical 
trials to guide treatment, because this is a relatively 
rare infection. Surgical resection alone, treatment 
with antifungal therapy alone, or a combination of 
surgical and medical management have all been 
described. For Exophiala species, itraconaozle, 
voriconazole, and posaconazole have all been 
shown to have in vitro activity [1,  2]. Reported 
cure rates are very high and recurrences rare.

K E Y   P O I N T S
•	 Phaeohyphomycosis	refers	to	disease	

caused by dematiaceous fungi (or dark 
molds).

•	 Localized	cutaneous	disease	is	the	most	
common presentation.

•	 The	diagnosis	is	made	through	tissue	
biopsy, with the classic finding of 
thick dark-walled “copper pennies” 
that are positive for melanin on 
Fontana-Masson stain.

•	 Mortality	is	very	low	with	localized	
cutaneous disease.

•	 Surgical	resection	alone,	systemic	
antifungal therapy alone, or combined 
surgical and systemic antifungal therapy 
have been reported to be effective.

•	 Most	of	the	triazole	antifungal	medications	
demonstrate in vitro activity, and clinical 
responses to itraconaozle, voriconazole, and 
posaconazole have all been reported in the 
literature.
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FIGURE 2.5.2: A) Pigmented hyphae in skin tissue, hematoxylin and eosin stain B) Septated hyphal forms, Grocott’s 
methenamine silver stain C) Melanin in hyphae, Fontana-Masson stain.
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2.6
To Accept or Not To Accept?

IGNACIO  A .  ECHENIQUE ,  MD AND MICHAEL  G .   I SON,  MD,  MS

CA S E  P R E S E N TAT I O N
A 55-year-old female with a remote history of 
alcohol abuse and cirrhosis is evaluated for liver 
transplantation after receiving an offer from a 
potential donor organ from the local organ pro-
curement organization (OPO). She is blood type 
O and is currently the highest listed potential 
recipient at your institution with a Model for 
End-Stage Liver Disease score of 32. Past medi-
cal and surgical histories are otherwise unremark-
able. Her daily medications include lactulose and 
rifaximin. She has no known drug allergies. She 
was afebrile, hemodynamically stable, and had 
stigmata of end-stage liver disease.

The potential donor is a 24-year-old male 
who was admitted four days prior with bacterial 
meningitis complicated by anoxic brain injury 
(Figure 2.6.1). He had no previously known past 
medical history. He was otherwise in his usual 
state of health until two days before admission 
noting fever, lethargy, and headache. Upon pre-
sentation to an outside institution, evaluation 
was notable for obtundation and nuchal rigidity. 
He required intubation for failure to protect his 
airway. After resuscitative measures and diagnos-
tic testing including cerebrospinal fluid testing, 
Streptococcus pneumoniae meningitis was identi-
fied. His fevers resolved with empiric antibiotic 
treatment. Magnetic resonance imaging of the 
brain demonstrated diffuse gray matter injury 
consistent with anoxic brain injury. His next of 
kin have elected to withdraw care with consent 
for organ and tissue donation. He took no medi-
cations routinely. He worked as a forest ranger 
in a local nature preserve up until the days he 
became symptomatic. Social history was other-
wise notable for one pack of cigarettes weekly, two 
beers a night, and no known illicit substance use. 
No animal exposure was reported. He occasion-
ally enjoyed hunting for sport. He was born and 
raised in a suburb of Chicago. He has never trav-
eled outside of the country. Laboratory evaluation 

included isolation of S pneumoniae from cere-
brospinal fluid cultures, notable for a minimum 
inhibitory concentration to penicillin of ≤0.06 
mcg/mL. His donor screening tests include nega-
tive human immunodeficiency virus (HIV) anti-
gen/antibody combination testing and viral load, 
negative hepatitis A, B, and C serologies, and neg-
ative hepatitis B and C viral loads.

Q U E S T I O N S
•	 What	are	the	risks	of	donor-derived	

infection?
•	 What	are	the	risks	of	transmission	of	

bacterial meningitis to the recipient?
•	 With	informed	consent,	would	it	be	

appropriate to accept the offer for liver 
transplantation?

D I S C U S S I O N
Donor-derived infections are divided into those 
that are expected or unexpected. To mitigate against 
donor-derived disease transmission, all donors 
are screened according to Organ Procurement 
and Transplantation Network (OPTN) policy 
(Box 2.6.1), with some donors having supplemen-
tal testing at the discretion of the accepting OPO 
and transplant center [1, 2]. Past exposure to cer-
tain infections (e.g. cytomegalovirus), particularly 
those with potential for latency, is an indication for 
prophylactic therapy or preemptive monitoring. 
Other infections (e.g. HIV) preclude transplanta-
tion altogether. More importantly, although the 
objective of pretransplant screening is to reduce 
the risk of unexpected disease transmission, 
elimination of such risk is often not feasible. It is 
estimated that the risk of donor-derived disease 
transmission complicates 0.2% of all donations [3] .

Unfortunately, disease may be present that is 
not recognized at the time of donation and inadver-
tently transmitted to the recipients from the donor. 
Organ Procurement and Transplantation Network 
policy requires the OPO or transplant center 
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to promptly report (within twenty-four hours) 
any concern for an unexpected donor-derived 
disease transmission. The potential transmis-
sion events are reviewed and categorized by the 
OPTN/United Network for Organ Sharing Disease 
Transmission Advisory Committee [3, 8]. Potential 
donor-derived infectious disease transmissions 
have involved viruses (hepatitis B virus, hepatitis 
C	virus,	HIV,	West	Nile	virus,	rabies,	lymphocytic	
choriomeningitis virus [LCMV], and others), 
bacteria (Acinetobacter, Brucella, Enterococcus, 
Klebsiella, Staphylococcus aureus including 
methicillin-resistant S aureus, Pseudomonas, 
Syphilis, bacterial meningitis), fungi (Aspergillus, 

Candida, Coccidioides immitis, Cryptococcus neo-
formans, Histoplasma capsulatum, and agents of 
mucormycosis), Mycobacterium tubcerculosis, and 
parasitic infections (Trypanosoma cruzi, schistoso-
miasis, Strongyloides) [3, 8].

All donors are screened for bacteremia by 
blood culture, according to OPTN policy. Bacterial 
infections of the donor may be recognized, and 
care should be used in assessing the risk of disease 
transmission from donors with confirmed bacterial 
infections. Ongoing uncontrolled bacteremia repre-
sents a potential risk for transmission, and experts 
recommend treating the donor with antibacterials 
that are known to be effective against the cultured 

Potential solid organ donor identi�ed Meningoencephalitis identi�ed or suspected

Lumbar puncture performed

Cerebrospinal �uid cell 
count, protein, and glucoses
analyses consistent with 
bacterial meningitis

Cerebrospinal �uid culture 
positive for bacterial etiology
of meningoencephalitis

Demonstrated clinical and 
laboratory response to 
treatment & appropriate 
antimicrobial therapy 

Blood cultures obtained

and

If above criteria met, may  
continue with evaluation for
transplantation with special
informed consent.

Cerebrospinal �uid studies
are not consistent with
diagnosis of Naegleria fowleri

or

Do not use organs for
transplantation. 

Scenario 1 Scenario 2 Scenario 3

Cerebrospinal �uid cultures
do not demonstrate a 
bacterial etiology

Cerebrospinal �uid 
demonstrates con�rmed
Naegleria fowleri

FIGURE  2.6.1: Left knee medial aspect with demonstration of ecthyma gangrenosum, a hallmark of bacteremia, 
most often associated with Pseudomonas Aeruginosa among other gram-negative bacilli, although not exclusively.



BOX 2.6.1  REQUIRED AND RECOMMENDED DONOR INFECTIOUS 
DISEASES SCREENING TESTS

OPTN-required deceased donor screening [4]

•	 Anti-HIV I, II*

•	 Hepatitis	screen	serological	testing,	including:

○	 HBV	surface	antigen

○	 HBV	core	antibody

○	 HCV	antibody

•	 Venereal	Disease	Research	Laboratory	or	Rapid	Plasma	Reagin (RPR)†

•	 CMV	antibody

•	 Epstein-Barr	virus antibody

•	 Blood	and	urine	cultures

•	 Chest x-ray

•	 For	potential	deceased	lung	donors: sputum	Gram stain

PTN-required living organ donor screening [5]

•	 Testing	as	per	Deceased	Donor	Screening	Requirements

○	 For	syphilis	screening,	RPR alone
○	 In	addition,	HBV	surface	antibody	(HBsAb)

•	 Purified	 protein	 derivative	 or	 interferon	 gamma	 release	 assay	 for	 latent	 tuberculosis	

infection

•	 Testing	for	HIV,	HBV,	and	HCV	within	30 days,	but	optimally	within	14 days,	of	the	organ	

donation procedure

•	 If	the	donor	is	from	an	endemic	area	(as	determined	by	the	transplant	center),	testing	for	the	

relevant pathogen must be included [5] .

○	 Strongyloides
○ T cruzi

○ West Nile virus

Screening	 tests	 recommended	 by	 some	 experts/in	 certain	 scenarios	 but	 not	 required	 by	

OPTN policy

•	 HIV,	HCV,	and/or	HBV	nucleic	acid	test (NAT)

•	 Human	T-cell	lymphotropic	virus-I/II	antibody

•	 Herpes	simplex	virus	immunoglobulin	G	antibody

•	 HBsAb

•	 Toxoplasma	antibody	(usually	only	for	heart	donors)

•	 Varicella-zoster	virus	antibody

•	 For	donors	from	endemic areas

○ Coccidioides serology

○	 Strongyloides	serology
○ T cruzi serology

○ West Nile virus NAT

*  Only US Food and Drug Administration (FDA)-licensed testing for screening prior to organ donation accept-
able; diagnostic testing not acceptable.

†  FDA-approved diagnostic tests are acceptable.
Note: US Public Health Service guidelines for defining increased risk donors and their evaluation have been pub-
lished [6] . Centers should always review current OPTN policy to stay abreast of any changes [7].
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bacteria and to assess for metastatic foci. Once the 
donor has evidence of clinical, and optimal micro-
biologic, response to initial treatment, donors may 
be utilized with appropriate therapy given to the 
recipient for a duration consistent with the infection 
in the donor (i.e. donors with simple bacteremias, 
treatment of recipients for two weeks is generally 
recommended). Recipients from donors with infec-
tion of a single organ in the absence of bacteremia 
(e.g. pneumonia or urinary tract infection) require 
treatment if the respective infected organ was trans-
planted (i.e. lung or kidney, respectively).

One unique bacterial infection that warrants 
particular attention is the donor with bacterial 
meningitis. First and foremost, it is essential to 
determine that the donor truly has bacterial men-
ingitis, because cerebrospinal fluid abnormalities 
consistent with meningitis without positive cul-
tures can be associated with other transmissible 
diseases, including viral encephalitis and malig-
nancy, particularly leukemias and lymphomas. 
The donor with documented bacterial meningi-
tis should be treated for the identified organism, 
given presumed presence of concurrent occult 
bacteremia.	 With	 appropriate	 antibiotics	 and	 a	
clinical response in the donor (e.g. defervescence, 
improvement in leukocytosis) and antibiotic 
therapy in the recipient, transplantation of organs 
from a donor with bacterial meningitis does not 
appear to compromise graft function or recipient 
outcomes (Table 2.6.1) [1, 9–11].

It is critical to remember that the recipient 
must be informed about the presence of any trans-
missible disease. In the presence of confirmed or 
suspected infections, special informed consent 
must be obtained prior to the use of such affected 
organs according to OPTN policy [12].

Final Diagnosis: Streptococcus pneumoniae 
meningitis

Treatment and Outcome
The risks are discussed with your patient and family, 
and they provide consent to undergo liver transplan-
tation from the donor with S pneumoniae meningitis. 
After review of the susceptibilities of the S pneu-
moniae cultured from the donor, the liver recipient is 
treated for fourteen days at the recommendation of 
the Transplant Infectious Diseases team. The recipi-
ent did not experience fever or alterations in mental 
status, and she recovered without complication after 
fourteen days of intravenous antibiotics.

Q U E S T I O N
•	 If	the	etiology	of	the	donor’s	

meningoencephalitis was of uncertain 
etiology, would this affect acceptance of the 
offer for transplantation?

S U M M A RY
Donors with meningoencephalitis likely repre-
sent the subset with the highest risk of having 

TABLE 2.6.1. OUTCOMES OF RECIPIENTS OF ORGANS FROM  
DONORS	WITH	BACTERIAL	MENINGITIS

Reference Comment

Cantarovich  
et al. [16]

Case report of a single donor with Neisseria meningitidis meningitis. No reported 
complications in the two renal allograft recipients.

Lopez-Navidad  
et al. [10]

Reviewed 5 solid organ donors with bacterial meningitis and the associated 16 recipients. 
No infectious complications were reported.

Paig i et al. [9] Reviewed 7 solid organ donors with bacterial meningitis. No infectious complications in 
the recipients were reported.

Satoi et al. [11] Reviewed 33 donors with bacterial meningitis liver allografts donated to 34 recipients. There 
were no differences in patient and graft survival among matched-groups at 60 months.

Issa et al. [17] Commentary paper with literature review. Does not advise transplant candidacy for donors with 
bacterial meningitis due to Listeria monocytogenes citing a concern for a high risk of relapse.

Mirza et al. [18] Surveyed pediatric transplant centers including a unit in England and 3 U.S. centers, 
all of whom reported successful use of liver allografts from donors with bacterial 
meningitis, without observed increased morbidity.

Bahrami et al. [19] Reviewed 39 cadaveric heart and lung donors with bacterial meningitis. No reported 
related infectious complications or deaths.

Caballero et al. [20] Case-report of a single donor with postneurosurgical Escherichia coli meningitis. No 
transmission to 3 recipients.
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an unexpected transmissible infection. As such, 
donors with clinical suspicion for meningoen-
cephalitis without proven and treated bacterial 
cause should generally not be utilized [3, 9, 10]. 
A  range of infections, including but not lim-
ited	 to	West	Nile	 virus,	 LCMV,	 rabies	 [13],	 and	
Balamuthia mandrillaris, have been transmitted 
from donors with unexplained meningoencepha-
litis. These transmitted infections have significant 
clinical consequences including recipient death. 
The one potential exception to this rule is a donor 
with proven Naegleria fowleri meningoencepha-
litis. In the few donors with proven N fowleri, 
organs have been safely utilized without transmis-
sion [14, 15].

K E Y   P O I N T S
•	 In	recipients	of	organs	from	bacteremic	

donors, antimicrobial therapy guided by 
susceptibility should be initiated without 
delay. Review of donor cultures (which might 
only be available after organ procurement) is 
essential to guide appropriate antimicrobial 
therapy in the recipient.

•	 In	donors	with	confirmed	bacterial	
meningoencephalitis who are receiving 
appropriate antibiotic therapy (except 
M tuberculosis), use of organs for 
transplantation appears to be associated 
with a low risk for transmission of 
infection, as long as appropriate antibiotics 
are continued in the recipient.

•	 In	donors	with	suspected	meningoencephalitis	
not documented to be caused by bacterial 
meningitis or N fowleri encephalitis, organ 
transplantation is not recommended due to 
the risk of disease transmission with severe 
sequelae in the recipient.

R E F E R E N C E S
 1. Fischer SA, Lu K. Screening of donor and recipient 

in solid organ transplantation. Am J Transplant. 
2013;4:9.

 2. Garzoni C, Ison MG. Uniform definitions for 
donor-derived infectious disease transmissions 
in solid organ transplantation. Transplantation 
2011;92:1297.

 3. Ison MG, Nalesnik MA. An update on donor-derived 
disease transmission in organ transplantation. Am J 
Transplant. 2011;11:1123.

 4. OPTN Policy 2.0 Minimum procurement stan-
dards for an organ procurement organization 
(OPO). Available at:  http://optn.transplant.hrsa.
gov/PoliciesandBylaws2/policies/pdfs/policy_2.
pdf. Accessed 31 August 2013.

 5. OPTN Policy 12.0 Living donation. Available 
at:  http://optn.transplant.hrsa.gov/Policiesand 

Bylaws2/policies/pdfs/policy_172.pdf. Accessed 
31 August 2013.

 6. Seem DL, Lee I, Umscheid CA, Kuehnert MJ. 
PHS guideline for reducing human immunode-
ficiency virus, hepatitis B virus, and hepatitis C 
virus transmission through organ transplantation. 
Public Health Rep. 2013;128:247.

 7. OPTN Policies. Available at:  http://optn.trans-
plant.hrsa.gov/policiesAndBylaws/policies.asp. 
Accessed 1 September 2013.

 8. Ison MG, Hager J, Blumberg E, et  al. Donor-
derived disease transmission events in the United 
States: data reviewed by the OPTN/UNOS 
Disease Transmission Advisory Committee. Am J 
Transplant. 2009;9:1929.

 9. Paig i JM, Lopez-Navidad A, Lloveras J, et  al. 
Organ donors with adequately treated bacterial 
meningitis may be suitable for successful trans-
plantation. Transplant Proc. 2000;32:75.

 10. Lopez-Navidad A, Domingo P, Caballero F, et al. 
Successful transplantation of organs retrieved from 
donors with bacterial meningitis. Transplantation 
1997;64:365.

 11. Satoi S, Bramhall SR, Solomon M, et al. The use of 
liver grafts from donors with bacterial meningitis. 
Transplantation 2001;72:1108.

 12. OPTN Policy 4.0 Identification of transmissible 
diseases in organ recipients. Available at:  http://
optn.transplant.hrsa.gov/PoliciesandBylaws2/poli-
cies/pdfs/policy_16.pdf. Accessed 31 August 2013.

 13. Vora NM, Basavaraju SV, Feldman KA, et  al. 
Raccoon rabies virus variant transmission through 
solid organ transplantation. JAMA 2013;310:398.

 14. Kramer MH, Lerner CJ, Visvesvara GS. Kidney 
and liver transplants from a donor infected with 
Naegleria fowleri. J Clin Microbiol. 1997;35:1032.

	15.	 Bennett	WM,	 Nespral	 JF,	 Rosson	MW,	McEvoy	
KM. Use of organs for transplantation from a 
donor with primary meningoencephalitis due to 
Naegleria fowleri. Am J Transplant. 2008;8:1334.

 16. Cantarovich M, Tchervenkov J, Loertscher R. 
Transplantation of kidneys from a donor with 
Neisseria meningitides infection. Am J Nephrol. 
1993;13:171.

 17. Issa NC, Patel R. Potential for expansion of the donor 
pool using liver allografts from donors with bacterial 
meningitis. Liver transplantation. 2002;8:977–9.

 18. Mirza D, Hastings M, Reyes J, et al. Organ dona-
tion from children with meningitis. Pediatr Infect 
Dis J. 2003;22:475.

 19. Bahrami T, Vohra HA, Shaikhezai K, et  al. 
Intrathoracic organ transplantation from donors 
with meningitis:  a single-center 20-year experi-
ence. Ann Thorac Surg. 2008; 86: 1554.

 20. Caballero F, Puig M, Santos JA, et  al. Successful 
transplantation of organs from a donor with post-
neurosurgical meningitis caused by Escherichia 
coli. Translantation. 2012;93:e11.

 

 

http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_2.pdf
http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_2.pdf
http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_2.pdf
http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_172.pdf
http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_172.pdf
http://optn.transplant.hrsa.gov/policiesAndBylaws/policies.asp
http://optn.transplant.hrsa.gov/policiesAndBylaws/policies.asp
http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_16.pdf
http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_16.pdf
http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_16.pdf


2.7
Fuzzy Vision and Balance Problems

YUKI  AOYAGI , MD, MPH,  MA AND R ICHARD A .  ZUCKERMAN, MD,  MPH

CA S E  P R E S E N TAT I O N
A 56-year-old man presented with progressive 
right eye visual loss, confusion, and ataxia. He 
has a history of combined kidney and pancreas 
transplant two years ago for diabetic nephropathy 
(cytomegalovirus [CMV] serology, donor nega-
tive/recipient negative; herpes simplex virus [HSV] 
serology, recipient positive for HSV-1; Epstein-Barr 
virus serology, donor negative/recipient negative; 
varicella-zoster virus [VZV] serology, recipient 
positive). His posttransplant course was compli-
cated by antibody-mediated rejection, treated with 
plasmapheresis, increased immunosuppression 
and rituximab. He is currently on maintenance 
immunosuppression with tacrolimus, sirolimus, 
and prednisone. Baseline creatinine is 1.3 mg/dL 
and his glucose levels are well controlled without 
insulin. He is currently not taking prophylactic 
antimicrobials. His past medical history is signifi-
cant also for hypertension and hyperlipidemia.

He is an elementary school teacher and lives 
with his wife. He quit smoking cigarettes three 
years ago and has no history of illicit drug use. He 
has a cat but no farm animals and no recent insect 
bites. Apart from a trip to Mexico five years ago, 
he has no other history of foreign travel.

Approximately one month ago he went back 
to work, and soon after he developed symptoms of 
upper respiratory tract infection with dry cough 
and rhinorrhea. He was diagnosed with human 
metapneumovirus infection. These symptoms 
subsided spontaneously within a few days, but the 
following week he developed fatigue with weak-
ness bilaterally in his lower extremities. He also 
noticed blurry vision of the right eye, for which 
he was seen and evaluated by an ophthalmologist. 
His fundoscopic exam showed evidence of inflam-
matory optic neuropathy (Figure 2.7.1). His vision 
in the right eye became progressively diminished 
over the ensuing days, and he started experiencing 
mental status changes with mild confusion and 
short-term memory loss. He also complained of 

problems with balance while walking. He denied 
headache, nausea, vomiting, diarrhea, or rash.

On presentation, the patient was awake, alert, 
and oriented to place and person only. His tem-
perature was 100.8°F. His heart rate was 90/min-
ute and blood pressure was 136/56  mmHg. His 
oxygen saturation was 96% on room air. During 
the exam, his right pupil was not reactive to light, 
and the left pupil was sluggish. Other cranial nerve 
functions were unremarkable. He was noted to 
have a wide-based ataxic gait with truncal insta-
bility, as well as mild bilateral distal lower extrem-
ity weakness, which was more prominent in the 
left side with a brisk deep tendon reflex. His con-
junctiva and oral mucus membranes were normal. 
His neck was supple without lymphadenopathy. 
Chest auscultation revealed normal breath sounds 
bilaterally, and no murmurs were appreciated. His 

FIGURE  2.7.1: Retinal examination findings in a 
56  year old transplant recipient with visual loss show-
ing retinitis and retinal vasculitis with associated acute 
retinal necrosis.
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abdominal grafts were not tender and no bruits 
were detected above them. He did not have rash.

Laboratory evaluation showed white blood cell 
count	(WBC)	of	6500	per	mm3, hemoglobin 13.1 
g/dL, and platelet count of 230 000/mm3. Serum 
electrolytes, creatinine, and liver enzymes were 
normal. Cerebrospinal fluid analysis showed lym-
phocytic	pleocytosis	(WBC	38/µL	with	85%	lym-
phocytes, protein 123 mg/dL, glucose 60 mg/dL). 
Cerebrospinal fluid Gram stain showed moderate 
WBC	but	no	organisms.	Tacrolimus	and	sirolimus	
trough levels were therapeutic. Chest x-ray was 
normal. A magnetic resonance image of the brain 
revealed optic nerve enhancement on the right and 
a right basal ganglia infarct (Figure 2.7.2).

Q U E S T I O N S
•	 What	are	the	possible	causes	of	this	syndrome?
•	 What	is	the	best	diagnostic	test	for	this	

disease?

D I F F E R E N T I A L  D I AG N O S I S
Progressive visual loss in an immunocompro-
mised host with central nervous system (CNS) 
involvement raises concern for infection with 
herpes viruses. Optic neuritis and/or acute reti-
nal necrosis (ARN) or progressive outer retinal 
necrosis (PORN) due to VZV, HSV, or CMV 
should be considered. Toxoplasma and Bartonella 
infections must be considered with the history of 
cat	exposure.	Arboviruses	infections	such	as	West	
Nile virus, Eastern equine encephalitis virus, and 
Western	 equine	 encephalitis	 virus	 should	 also	
be considered in patients with relevant exposure 

history. Tickborne disease, such as Lyme, is asso-
ciated with cranial nerve symptoms but is not 
usually associated with visual loss. Cryptococcal 
meningitis with cryptococcoma could possibly 
cause the focal findings, but it is usually not also 
associated with the ocular findings described in 
this case. Neurosyphilis should always be in differ-
ential diagnosis for patients presenting with CNS 
symptoms and ocular involvement. Noninfectious 
causes including medication toxicity (i.e. poste-
rior reversible leukoencephalopathy syndrome 
from calcineurin inhibitors), stroke, CNS vasculi-
tis, and paraneoplastic syndromes should be con-
sidered as well.
Additional Data: Cerebrospinal fluid VZV poly-
merase chain reaction (PCR) was positive.
Final Diagnosis: Varicella-zoster virus meningo-
encephalitis with vasculitis

T R E AT M E N T  A N D  O U T C O M E
The patient was started on high-dose acyclovir 
and eventually received steroids due to progressive 
CNS vasculitis. His condition further deteriorated 
and he suffered an acute hemorrhagic stroke. He 
died after two months of hospitalization.

D I S C U S S I O N
Varicella-zoster virus (or human herpesvirus type 
3) is associated with a variety of clinical syndromes; 
immunocompromised hosts are prone to both 
typical and atypical presentations [1] . The major-
ity of patients receiving solid organ transplant 
(SOT) have either been infected naturally with 
VZV or were immunized [1,  2]. Varicella-zoster 

FIGURE 2.7.2: Diffusion-weighted brain MRI images showing involvement of the a) right optic nerve and chiasm, 
and b) right basal ganglia.
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virus reactivation after transplantation occurs at a 
relatively consistent rate over time (Figure 2.7.3).

Pathophysiology
Varicella-zoster virus is a pathogenic human 
α-herpes virus. Chickenpox develops as a result of 
primary infection and is usually seen in healthy, 
unvaccinated children infected via the respira-
tory route. Although rare, immunocompromised 
individuals may also be at risk for disseminated 
chickenpox-like disease from re-infection [3] . 
After primary infection, VZV establishes latency 
in the dorsal root ganglia. Herpes zoster (HZ), 
often referred to as shingles, occurs as a result of 
reactivation of latent VZV [4]. Varicella-zoster 
virus-specific cell-mediated immunity is impor-
tant to prevent reactivation, so administration of 
potent T-cell active agents in the setting of SOT 
can potentially decrease immune control of latent 
VZV, predisposing to HZ [3, 4].

Clinical Manifestations
Chickenpox presents as a disseminated pruritic 
rash that often starts on the face and spreads down 
the trunk, with relative sparing of the hands and 
soles of the feet. New lesions continue to appear 
for several days, and so patients with chickenpox 
have lesions at various stages (papules, vesicles, 
and crusted lesions) at the same time. Mucosal 
involvement (e.g. buccal, pharyngeal, urogenital) 
is common. Prodromal symptoms of nausea or 
anorexia can precede the exanthem in adults or 
adolescent patients. Immunosuppressed patients 
may have severe primary infection with rapid pro-
gression and multiorgan failure [5] .

Herpes zoster most often presents as a painful 
vesicular rash that involves ≤2 adjacent unilateral 

dermatomes (Figure 2.7.4). Secondary complica-
tions of HZ include bacterial superinfection and 
postherpetic neuralgia (PHN), or chronic neu-
ropathic pain at the site of the skin lesions [4] . 
Approximately 20%–40% of transplant recipients 
with HZ will develop PHN, significantly greater 
than the rate in the general population [5].

Disseminated HZ usually occurs as a reactiva-
tion disease, and it is defined by (1) a distribution 
of greater than two dermatomes or (2)  involve-
ment of two noncontiguous dermatomes and 
lesions that may mimic primary disease [5] . The 
most common sites of visceral infection include 
the lung (pneumonitis), liver (hepatitis), and 
gastrointestinal tract [4, 5]. Central nervous sys-
tem meningoencephalitis is often accompanied 
by localized CNS vasculitis, which can be quite 
morbid [5]. Herpes zoster ophthalmicus, ARN, 
and PORN are sight-threatening emergencies 
that require prompt ophthalmologic evaluation 
and treatment [4, 6]. A vesicular rash on the nose 
(Hutchinson’s sign) should prompt consideration 
of opththalmic involvement, because the naso-
ciliary nerve innervates the tip of the nose and 
the globe.

Risk Factors
Varicella-zoster virus is highly infectious to seroneg-
ative persons and is primarily transmitted through 
droplet or airborne route but can also be spread 
through direct contact with active skin lesions [5] . 
In rare instances, virus may be aerosolized from 
patients with active skin lesions and transmitted to 
mucosal surfaces [7]. Donor transmitted infection 
is possible but extremely rare [5]. Varicella-specific 
antibody likely provides some protection against 
primary infection, but humoral immunity is less 
important for protection against VZV reactivation 
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[8]. Intact VZV-specific cell-mediated immunity is 
essential to keep the virus from reactivating [8].

Patients with previous natural VZV infection 
or VZV vaccination are at risk for the develop-
ment of HZ, although it appears that vaccinated 
individuals are less likely to develop HZ than those 
infected naturally [8] . Heart and lung transplant 
patients and African American patients appear to 
be at a higher risk for HZ compared with other 
organ transplant recipients [1, 5].

Diagnosis
Patient history and clinical findings serve to guide 
the diagnosis of VZV infection. Because of the 
varied nature of clinical presentation in transplant 
recipients, however, supportive diagnostics includ-
ing direct fluorescent assays and PCR are often use-
ful and necessary [5] . Direct fluorescent assay is 
performed on scrapings taken from the base of a 
lesion or other tissue specimen [4, 5]. Polymerase 
chain reaction testing is the most sensitive test, and 
IT can also be done on blood and other fluids (e.g. 
cerebrospinal, bronchoalveolar lavage, and vitre-
ous) [4, 5]. Shell vial culture is less sensitive than 
PCR, but it is very specific and usually available 
within forty-eight hours. Tissue histopathology can 
be helpful with immunocytochemistry for VZV.

Management
Primary, disseminated, CNS and visceral vari-
cella requires the early initiation of intravenous 
(IV) acyclovir 10 mg/kg every eight hours (and 
adjusted according to renal function). In the set-
ting of severe ophthalmic involvement such as 
ARN or PORN, intravitreal injections of antiviral 
agents may be required. Although some experts 
support reduction in immunosuppression, there 
have been no controlled trials of this approach. 
Varicella-zoster virus-specific immune globulin 
is costly, difficult to obtain, and lacks evidence in 
efficacy in the setting of evident disease [5] .

Mild, localized cutaneous HZ can be treated 
with oral acyclovir (800 mg five times a day), valcy-
clovir (1 gram three times a day), or famciclovir (500 
mg three times a day). Treatment is given for a mini-
mum of seven days and until all lesions have crusted, 
which may be longer in immunocompromised 
hosts. Adjunctive therapies to prevent PHN have not 
been studied in SOT patients. Patients with localized 
disease involving the face (trigeminal and genicu-
late ganglions) should be considered for IV acyclo-
vir therapy (10 mg/kg every eight hours) given the 
potential for ocular (HZ ophthalmicus) and facial 
nerve (Ramsay-Hunt syndrome) complications [5] .

Prevention
When	used	as	universal	prophylaxis	for	CMV	pre-
vention, valganciclovir and gancilovir also appear 
to prevent VZV reactivation [5] . However, the 
risk for VZV reactivation persists for years after 
transplant, and the relative benefits of extended 
duration therapy have not been established in this 
population. Thus, short duration of VZV-specific 
prophylaxis is not likely to prevent the majority 
of cases of HZ. Intensification of immunosuppres-
sion for organ rejection has been associated with 
VZV reactivation [5]. Resumption of prophylaxis 
during rejection episodes is thus warranted.

Varicella-zoster virus seronegative organ 
transplant candidates without contraindications 
should be vaccinated with a live-attenuated Oka 
varicella vaccine (Varivax) prior to transplanta-
tion [5] . Serology should be checked after immu-
nization and subsequent doses given for patients 
who do not respond to the initial series. The 
“shingles vaccine”, Zostavax, has not been studied 
specifically in transplant candidates as a strategy 
to reduce the incidence of posttransplant zoster. 
Because Zostavax is a live vaccine it is contraindi-
cated after transplant. Zostavax can be given more 
than four weeks before transplant in those who 
are otherwise eligible to receive it. Other adjuvant 
and inactivated vaccines that can be given post-
transplant are in clinical trials.

Varicella-zoster virus is highly transmissible, 
and it is therefore important to ensure all close 
contacts are protected from acquiring primary 
VZV and potentially exposing the SOT recipient. 
Isolation precautions, both airborne (including neg-
ative pressure room) and contact, are used in hos-
pital settings for transplant patients with zoster [5] .

K E Y   P O I N T S
•	 In	adult	SOT	recipients,	VZV	disease	is	

most commonly due to reactivation, and it 
typically presents with dermatomal rash.

•	 Immunosuppressed	patients,	including	
transplant recipients, are at risk for severe 
and/or disseminated infection.

•	 CNS	involvement	with	VZV	is	highly	morbid.
•	 History	and	examination	are	important	

methods for a diagnosis of VZV disease.
•	 PCR	is	the	most	rapid	sensitive	

laboratory test.
•	 IV	high-dose	acyclovir	is	the	mainstay	of	

treatment for severe disease.
•	 Airborne	and	contact	isolation	precautions	

are important to prevent the spread of VZV 
from hospitalized transplant patients.
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2.8
More Than a Green Thumb

JASMIN CHAUDHARY,  MD

CA S E  P R E S E N TAT I O N
A 57-year-old woman with a history of heart 
transplantation (cytomegalovirus [CMV] sero-
positive recipient) nine years ago presented with 
new bilateral upper lobe lung nodular opacities, 
some of which appeared cavitary.

The patient had reported several months of 
anorexia, a 20-pound weight loss, malaise, and 
early satiety, prompting further evaluation with 
a computed tomography (CT) scan, then with 
subsequent bronchoscopy and bronchoalveolar 
lavage (BAL). For prophylaxis of allograft rejec-
tion, she was maintained on three-drug immune 
suppression with mycophenolate mofetil, tacro-
limus, and prednisone 5 mg daily, with no 
recent augmentation of immune suppression. 
Her posttransplant course was complicated by 
posttransplant lymphoproliferative disease two 
years prior, for which she received six cycles of 
rituximab-cyclophosphamide, etoposide, procar-
bazine, and prednisone chemotherapy.

At the time of evaluation, she reported mild 
dyspnea on exertion, fatigue, and an occasion-
ally productive cough. Specifically, she denied 
fevers, chills or sweats. She mentioned having a 
splinter of her right second finger a number of 
weeks before the onset of symptoms, for which 
she underwent incision and drainage (I&D) with 
removal of the splinter by her local healthcare 
provider.

Exposure history was notable for the fact that 
she was an avid gardener and reported smok-
ing marijuana four to five times per week. She 
resides in the Pacific Northwest, with last travel to 
Hawaii six months prior and a trip to California 
three years prior. She has dogs and cats at home 
but denied any bites or scratches. Skin testing for 
Mycobacterium tuberculosis was negative prior to 
transplantation and no known tuberculosis expo-
sure history was elicited.

On presentation she was afebrile and comfort-
able, with a heart rate of 102 beats per minute, 

blood pressure of 125/74  mm mercury, respira-
tory rate of 15 breaths per minute, and room air 
oxygenation saturation of 95%. No lymphade-
nopathy was appreciated. Her lungs were clear 
and there was no heart murmur. Her thoracotomy 
scars were clean and well-healed. Her abdominal 
exam was unremarkable. The prior I&D site on 
her right finger was noted to be mildly indurated, 
although with no active drainage or purulence 
(Figure 2.8.1).

Laboratory evaluation revealed a normal 
white blood cell count (4500/mm3) and normal 
electrolytes and liver function tests. The chest 
CT was notable for multiple cavitary nodules in 
both lungs, the largest measuring 2.6  × 1.9  cm 
in the left upper lobe (Figure 2.8.2). The airways 
were reportedly normal in appearance on bron-
choscopy, with scant secretions but no purulence. 
Cultures and other studies from the bronchoscopy 
with BAL were pending.

FIGURE 2.8.1: Right second finger demonstrating small 
ulceration and local induration at site of prior splinter.
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Over the ensuing week and while awaiting 
microbiologic data from the BAL, the patient 
noted increased swelling and pain of her right 
second finger at the prior I&D site, accompanied 
by new fever, pleurisy, and headache prompting 
admission for further evaluation. A  repeat chest 
CT demonstrated further progression of bilateral 
cavitary nodules; magnetic resonance imaging 
(MRI) of the brain was unremarkable. A plain film 
of the right hand was notable for soft tissue swell-
ing overlying the distal phalanx of the right sec-
ond digit, with no evidence of osteomyelitis and 
no foreign body. Surgery was consulted for repeat 
I&D of the involved finger. The prospect of a sur-
gical lung biopsy was considered, but ultimately 
the BAL cultures yielded growth of an organism 
on day fourteen of incubation.

Q U E S T I O N S
•	 What	is	the	differential	diagnosis	of	cavitary	

pulmonary nodules in this heart transplant 
recipient?

•	 What	is	the	first-line	antibiotic	for	this	
infection?

D I F F E R E N T I A L  D I AG N O S I S
In an immune suppressed host with rapid evolu-
tion and progression of nodular pulmonary con-
solidations, some of which appear cavitary, an 
infectious etiology is likely. Relevant exposures in 
this patient include gardening, marijuana use, and 
residence in the Pacific Northwest. Fungi to con-
sider include Aspergillus as well as other environ-
mental molds (mucormycosis, etc), Cryptococcus 
(both C neoformans as well as C gattii in this 
geographic region), and the dimorphic fungi. 

Nocardia species as well as mycobacteria should 
also be considered, though M tuberculosis is less 
likely in the absence of known latent infection or 
exposure history.

A D D I T I O NA L   DATA
Cryptococcal antigen (serum), Aspergillus galac-
tomannan (serum and BAL), urine Legionella 
antigen,	 serum	 QuantiFERON-TB	 Gold,	 and	
CMV polymerase chain reaction (plasma) test-
ing were negative. Blood cultures were negative. 
Bronchoalveolar lavage fluid yielded growth of 
Nocardia species, later identified as Nocardia aster-
oides. On hospital day two, the patient was evalu-
ated by the hand surgery service and was noted to 
have a 0.5 cm abscess over the dorsal aspect of the 
right second finger, adjacent to the distal interpha-
langeal joint; an I&D was performed, with material 
obtained for culture. Approximately seven days 
later, the wound culture also grew N asteroides.

Final Diagnosis: Disseminated nocardiosis

T R E AT M E N T  A N D  O U T C O M E
Therapy with trimethoprim/sulfamethoxazole 
([TMP/SMX] 15 mg/kg per day in three divided 
doses) was initiated. She ultimately completed 
nine months of TMP/SMX therapy, with resolu-
tion of chest CT findings as well as the soft tissue 
infection of her finger.

D I S C U S S I O N

Microbiology and Epidemiology
Nocardia species are strictly aerobic, 
Gram-positive, weakly acid-fast, filamentous, 

FIGURE 2.8.2: CT chest demonstrating bilateral multifocal cavitary pulmonary nodules.
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branching bacteria, distributed widely in soil 
and decaying vegetable matter [1] . There 
are more than eighty species of Nocardia, 
thirty-three of which have been implicated in 
human disease [1]. Common species impli-
cated in invasive disease include N asteroides 
sensu stricto, N nova complex, N cyriacigeorgica, 
N abscessus, N farcinica, and N brasiliensis [2]. 
More species are likely to be identified with the 
increasing use of molecular diagnostics. The 
route of transmission is predominately inhala-
tion, with inoculation and ingestion less fre-
quent modes of entry.

The majority of Nocardia infections occur in 
immune suppressed hosts, such as human immu-
nodeficiency virus-seropositive patients (typically 
with CD4 count <100/mm3), transplant recipients, 
and patients on high-dose corticosteroids, high-
lighting the importance of cell-mediated immu-
nity to host defense [3] . The frequency of infection 
ranges from 0.7% to 3.5% in solid organ transplant 
(SOT) recipients [4]. A  large single-center study 
completed over ten years identified lung recipients 
to be at highest risk (3.5% incidence), followed 
by heart (2.5%), intestine (1.3%), kidney (0.2%), 
and liver recipients (0.1%) [5]. In the same study, 
the following risk factors were associated with 
Nocardia infection: CMV disease, high-dose pred-
nisone in the preceding six months, and elevated 
calcineurin inhibitor levels in the preceding thirty 
days [5]. Infection typically occurs in the first year 
posttransplant but has been reported as early as 
twenty-eight days to as late as eleven years post-
transplant [3, 6].

Clinical Manifestations
In SOT patients, pulmonary infection is the 
most common disease manifestation, with 60% 
to 70% of cases involving the lung [2, 3,  6]. 
Extrapulmonary disease is present in approxi-
mately 50% of cases, and so diagnosis of pul-
monary infection should prompt evaluation for 
disseminated disease [4] . Nocardia species have 
a tropism for the central nervous system (CNS), 
with 44% of patients with nocardiosis developing 
cerebral abscesses [1,  7]. Meningitis and spinal 
cord abscesses are less common [7]. Cutaneous 
lesions have been reported in 20% to 30% of SOT 
recipients	 with	 nocardiosis	 [8].	 While	 pulmo-
nary, CNS and cutaneous involvement are some 
of the more common manifestations, Nocardia 
has been reported to involve virtually every organ 
system—for example, the liver, spleen, kidneys, 
and adrenal glands, epididymis/testicles, and 
pericardium [4, 7, 9].

Diagnosis
The gold standard for diagnosis of Nocardia infec-
tion is isolation and identification of the organ-
ism from a clinical specimen. Biopsy of lung, 
brain, or other involved tissue is often required 
for diagnosis. Because the pathogenesis of pul-
monary nocardiosis involves lymphocytes and 
macrophages, a suppurative response is usually 
seen, but granulomas have also been observed on 
histopathology [9] .

In the microbiology laboratory, Nocardia col-
onies may appear on plates within three to five 
days, but this organism tends to be slow grow-
ing and often requires incubation of two weeks 
or more [10]. In a retrospective cohort study of 
577 lung transplant patients between January 
1991 and May 2007, 1.9% of whom had a nocar-
dial infection, growth of organism from culture 
occurred at a mean of nine days from the time 
of sampling [11]. Growth occurs under aero-
bic conditions, is inhibited at 50°C, and can be 
enhanced by utilizing selective media such as 
modified Thayer-Martin [4] . Nocardia appear as 
filamentous Gram-positive branching rods and 
display weak acid-fast staining, which can often 
aid in the differentiation from Actinomyces spe-
cies (Figures  2.8.3 and 2.8.4). More recently, 
molecular diagnostic technology has aided in 
the diagnosis and speciation of Nocardia infec-
tions, although with continued reliance on iso-
lation of the organism to provide antimicrobial 
susceptibility data.

In a predisposed host, imaging can be sug-
gestive of nocardiosis. A review by Bargehr et al 
[7] , demonstrated the radiological features of 
nocardiosis in SOT patients—multifocal air space 

FIGURE  2.8.3: Gram stain, demonstrating branching, 
filamentous rods
(Image	courtesy	of	Dr. Susan	Sharp,	Kaiser	Permanente	NW,	
Portland, OR).
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consolidation with or without cavitation was 
most common (64%), followed by nodules (57%), 
masses (21%), pleural effusion (28%), and hilar/
mediastinal lymphadenopathy (15%). CT is supe-
rior to plain chest radiography in demonstrating 
disease. For suspected CNS involvement, MRI is 
the modality of choice, classically demonstrating 
ring-enhancing lesions and surrounding edema 
[7]. Given the relative frequency of CNS involve-
ment, all immune compromised hosts with doc-
umented Nocardia infection should have CNS 
imaging.

Treatment
Antimicrobial treatment is standard of care for 
Nocardia infections. Surgical management, in 
conjunction with antimicrobial(s), may be nec-
essary for cerebral involvement not responding 
to therapy and/or for localized soft tissue infec-
tion. Generally speaking, TMP/SMX is first-line 
therapy, given broad susceptibility across species 
as well as high achievable drug concentration in 
lung, bone, brain, and skin. Serum sulfonamide 
drug level monitoring is typically advised, target-
ing a serum level of between 10 and 15 mg/dL, 
to ensure adequacy of absorption and to miti-
gate against drug-related toxicity, given that high 
doses of TMP/SMX have been associated with 
adverse drug reactions such as renal toxicity and 
marrow suppression [4] . However, certain spe-
cies of Nocardia may be resistant to TMP/SMX 
[8]. Owing to significant variation in suscepti-
bility patterns among Nocardia species, there is 
a role for in vitro antibiotic susceptibility testing 
is, particularly for more resistant species (eg., N 
farcinica or N abscessus) and/or if non-sulfa-based 

therapy is intended or anticipated. Combination 
therapy is recommended in disseminated infec-
tion, in critically ill patients, or patients who have 
CNS disease. There is in vitro data to suggest that 
certain antibiotic combinations have improved 
bactericidal activity or even display synergy in 
the treatment of Nocardia [2]. Recent guidelines 
suggest using imipenem in conjunction with 
amikacin, or in a three-drug combination with 
TMP/SMX, as initial therapy for CNS or dis-
seminated disease pending susceptibility testing 
[4]. Ulitmately, most patients who have an initial 
response can be transitioned to oral monotherapy. 
Acceptable alternatives in patients with allergy or 
other contraindications to first-line medications 
include linezolid, ceftriaxone, cefotaxime, and/or 
minocycline [4].

Optimal duration of treatment is unknown, 
but because of the tendency for Nocardia to 
relapse, long treatment courses are typically used 
[12]. In general, pulmonary and soft tissue infec-
tions should be treated for six months; for CNS 
and disseminated nocardiosis, treatment for up to 
twelve months or longer is preferred [4] . Clinical 
and radiographic improvement should be dem-
onstrated before stopping treatment. Mortality 
ranges from 20% to 60%, but it can be up to 80% 
with CNS involvement [13]. Relapsing infection 
has been observed in SOT recipients but typically 
with shorter initial treatment duration [7, 12].

Prevention
There are no definitive recommendations regard-
ing prevention or prophylaxis for Nocardia infec-
tion in SOT recipients. Some reports have shown 
efficacy of daily TMP/SMX prophylaxis in pre-
venting Nocardia infections in the first six months 
posttransplant [4] . Breakthrough cases of nocar-
diosis have been demonstrated in patients taking 
TMP/SMX thrice weekly, as opposed to daily [5]. 
There are no clear guidelines regarding secondary 
prophylaxis after initial treatment of nocardiosis; 
some centers use lifelong, daily TMP/SMX.

K E Y   P O I N T S
•	 Nocardiosis	should	be	considered	in	

transplant recipients presenting with 
cavitary lung lesions, skin lesions, and/or 
CNS disease.

•	 Diagnosis	is	by	detection	of	Nocardia in a 
clinical specimen, either by culture and/or 
molecular diagnostic studies.

•	 Most	Nocardia species are susceptible to 
TMP/SMX and infections limited to the 
lungs can be treated with monotherapy. For 

FIGURE  2.8.4: Modified acid fast stain, demonstrating 
the weakly acid fast staining property of Nocardia species
(Image	courtesy	of	Dr. Susan	Sharp,	Kaiser	Permanente	NW,	
Portland, OR).
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disseminated infection, particularly with 
CNS involvement, combination therapy can 
be used initially.

•	 In	vitro	susceptibility	testing	should	be	
considered, particularly with treatment 
failures, when non-sulfa-based treatment is 
intended, or with certain species of Nocardia 
that are resistant to many antimicrobials.
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2.9
Oh My Aching Head

GRAEME N.   FORREST,  MBBS

CA S E  P R E S E N TAT I O N
A 57-year-old kidney transplant recipient pres-
ents with syncope and altered mental status, in the 
context of a one-week history of bilateral headache 
with photophobia. The patient has type 2 diabetes 
mellitus complicated by end-stage renal disease 
and received a deceased donor kidney transplant 
four months earlier (cytomegalovirus D+/R+, 
Epstein-Barr virus D+/R+). Induction immu-
nosuppression was with antithymocyte globulin 
(ATG), followed by maintenance immunosuppres-
sion with prednisone, mycophenolate mofetil, and 
tacrolimus. Prophylactic antimicrobials included 
valganciclovir (for one month posttransplant) and 
trimethoprim-sulfamethoxazole (for three months 
posttransplant).

The patient resides in Oregon and previously 
worked as a truck driver for a logging company, 
with frequent travel through California and 
Arizona. He lives on a farm and has contact with 
horses, chickens, and a dog.

He was well until the onset of new head-
aches, described as diffuse and generally worse 
in the mornings, with accompanying nausea and 
lethargy. At an outside hospital, a fine nodular 
pneumonia was seen on chest radiograph, with 
a peri-allograft collection noted on abdomi-
nal ultrasound. On day two of hospitalization, a 
“yeast-like organism” was reported to be grow-
ing in blood cultures. Before transfer, he was 
begun on empiric ceftriaxone, azithromycin, and 
caspofungin.

On arrival to the transplant center, the patient 
was noted to be somnolent with periods of agita-
tion. He had photophobia with pinpoint pupils. 
Temperature was 36.8°C, blood pressure was 
198/93  mmHg, and pulse oximetry was 89% on 
room air. Neck was supple without meningis-
mus. Chest auscultation revealed bilateral fine 
rales. Neurologic examination was limited due 

to somnolence, with no gross motor deficits 
but with bilateral upgoing plantar reflexes. Skin 
examination revealed multiple firm, nontender 
5 mm umbilicated nodules on elbows, abdomen, 
and knees.

Laboratory results revealed a white blood 
count	 (WBC)	of	18	800	cells/mm3 (95% neutro-
phils), hemoglobin of 13.7 g/dL, and a platelet 
count of 301 000/ mm3. Serum creatinine was ele-
vated from baseline at 1.9 mg/dL (range, 0.7–1.2 
mg/dL), lactate dehydrogenase was elevated at 
646 U/L (range, 155–250 U/L), and both total (2.2 
mg/dL; range, 0.3–1.2 mg/dL) and direct bilirubin 
were elevated (0.4 mg/dL; range, 0–0.2 mg/dL). 
A chest radiograph revealed a diffuse hazy bilat-
eral nodular infiltrate (Figure 2.9.1). Computed 
tomography (CT) chest scan revealed a nodular 
right upper lung consolidation with hilar ade-
nopathy and thymic enlargement (Figure  2.9.2). 
A  noncontrast CT scan of the head demon-
strated maxillary sinusitis and mild ventricular 
enlargement.

FIGURE  2.9.1: Chest radiograph demonstrating dif-
fuse hazy bilateral nodular infiltrate.
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Q U E S T I O N S
•	 While	awaiting	results	from	the	

microbiology laboratory, which fungal 
infections should be considered to explain 
this patient’s presentation?

•	 What	are	the	key	principles	in	managing	
this patient’s fungal infection?

D I F F E R E N T I A L  D I AG N O S I S
This is a pulmonary/central nervous system (CNS) 
syndrome in a solid organ transplant (SOT) recip-
ient, which, to some extent, helps to focus the dif-
ferential diagnosis. In this context, and knowing 
yeast is present in the blood cultures, concern 
for cryptococcosis should quickly come to mind. 
Other diagnostic considerations include the 
endemic mycoses such as histoplasmosis and coc-
cidioidomycosis, especially with reported travel 
through the southwest United States. Malassezia, 
Trichosporon, Rhodotorula, and Saccharomyces are 
yeasts that can, on rare occasion, present as blood-
stream infection in an immunocompromised 
host, often related to intravascular catheters or as a 
result of dissemination from cutaneous infection. 
The epidemiologic context and the clinical picture 
in this case, however, make these organisms very 
unlikely. Molds such as Aspergillus rarely result in 
positive blood cultures and would not be reported 
out as yeast.

I N I T I A L  M A NAG E M E N T
A serum cryptococcal antigen is an important 
quick and easy test to perform, with a turnaround 
time that can provide a key to diagnosis within 
hours. Presuming neuroimaging does not con-
traindicate it, the critical next step is a lumbar 
puncture (LP), with cerebrospinal fluid (CSF) for 
diagnostic studies and measurement of opening 
pressure. If opening pressure is elevated (>25 cm 

water), therapeutic removal of CSF targeting 
closing pressure of ≤25  cm water is indicated. 
Cerebrospinal fluid should be sent for Gram stain, 
bacterial and fungal culture, cell count, glucose, 
protein, and cryptococcal antigen, with storage 
of any remaining fluid for additional testing as 
indicated. India ink is less sensitive than crypto-
coccal antigen and should only be performed if 
there is no access to rapid-turnaround CSF anti-
gen testing.

A D D I T I O NA L   DATA
The LP opening pressure was >50 cm water, neces-
sitating large volume CSF removal. Cerebrospinal 
fluid	analysis	revealed	WBC	of	4	(100%	lympho-
cytes), glucose 84 mg/dL (simultaneous serum 
glucose 210 mg/dL), protein 40 mg/dL (range, 
15–45 mg/dL), budding yeast organisms on KOH 
stain, and a cryptococcal antigen titer of 1:2048. 
Magnetic resonance imaging (MRI) of the brain 
demonstrated ventricular dilatation and hyper-
intense FLAIR signal in the subarachnoid space 
consistent with meningitis but no intraparenchy-
mal abnormalities to suggest brain abscess/crypto-
coccoma (Figure 2.9.3). Blood, CSF, and sputum 
cultures ultimately grew Cryptococcus neoformans.

Final Diagnosis: Disseminated cryptococcal 
infection

T R E AT M E N T  A N D  O U T C O M E
The patient was begun on liposomal amphotericin 
B and 5-flucytosine (5FC) a few hours after arrival 
to the transplant center. He required daily LPs for 
management of elevated intracranial pressure. 
On hospital day five, he had further neurologic 

FIGURE 2.9.2: CT chest revealing nodular right upper 
lobe consolidation.

FIGURE  2.9.3: MRI brain demonstrating ventricular 
enlargement and periventricular enhancement.
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deterioration; MRI of the brain showed dilated 
ventricles and peduncular herniation, prompt-
ing placement of an external ventricular drain. 
He never recovered neurologically and ultimately 
died ten days later. A  post mortem examination 
demonstrated widespread cryptococcal disease 
involving the brain, spleen, thyroid, thymus, 
lungs, hilar nodes, spleen, liver, skin, and prostate 
(see Figures 2.9.4 and 2.9.5).

D I S C U S S I O N
Cryptococcosis is the third most common fungal 
infection in SOT recipients, after Candida spp and 
Aspergillus. The incidence of infection in SOT 
recipients ranges from 0.2% to 5% [1, 2].

Acquisition of infection is through inhalation 
of the yeast or basidiospore form, with propen-
sity for dissemination to the CNS. The two main 
Cryptococcus species that cause human infection 
are C neoformans and C gattii, an emerging infec-
tion in the Pacific Northwest. The ecologic niche 
for these two species are distinct; C neoformans is 

found in soil contaminated with bird droppings 
and C gattii is found in association with certain 
trees in isolated regions of the world (especially 
the Pacific Northwest and Australia).

Risk Factors
The use of T cell-depleting agents such as ATG 
or alemtuzumab has been associated with an 
increased risk of cryptococcosis [3] . These agents 
can result in prolonged T-cell immunodeficiency, 
with a resultant increase in risk for a variety of 
infections. Corticosteroids have also been asso-
ciated with an increased risk for cryptococco-
sis in SOT recipients, although without a clear 
threshold dose.

Clinical Presentation
Disease onset ranges from days to many years 
after transplantation and can represent primary 
infection, reactivation of quiescent infection, or 
even donor-derived infection. Very early post-
transplant infection (<30  days posttransplant) 
appears to occur preferentially in liver recipients 
and is more likely to involve unusual sites, such 
as the transplanted allograft or the surgical site. It 
is suspected that these very early onset infections 
are the result of either undetected pretransplant 
infection or donor-derived infection [4] .

Cryptococcosis may have an insidious onset. 
Presentation is characteristically with neurologic 
symptoms such as chronic headache and blurry 
vision, focal neurologic signs, altered mental states, 
and/or seizures. As many as 75% of patients have 
disseminated disease at time of presentation, with 
skin and soft tissue, osteoarticular, and prostate 
being the most common sites [2,  5]. Pulmonary 
presentations can include single or multiple pul-
monary nodules/masses as well as widespread 
interstitial involvement. Cryptococcomas are 
reported to occur in 33% of organ transplant 
recipients and more frequently with C gattii infec-
tion [6] . Up to 40% will have fungemia on presen-
tation, more often in patients with CNS disease 
[2, 5]. Cutaneous lesions can present as nodules, 
papules, ulcers, or cellulitis [7].

Diagnosis
Timely diagnosis requires a high index of suspi-
cion, with pulmonary and/or CNS symptoms rais-
ing concern for this infection. After a diagnosis is 
established, evaluation to determine the extent of 
disease is imperative, specifically whether CNS 
infection is present because this has significant 
implication for therapy.

FIGURE  2.9.4: Peribronchial lymph node tissue dem-
onstrating typical yeast forms of Cryptococcus, Periodic 
acid-Schiff stain, 40×.

FIGURE  2.9.5: Thymus tissue demonstrating typical 
yeast forms of Cryptococcus, Alcian blue stain, 40×.
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Cryptococcus species are yeast, often budding, 
and are encapsulated in a thin layer of glycoprotein, 
the characteristic capsule seen on India ink stain-
ing. The cryptococcal antigen test can be performed 
on serum and CSF, with results available within 
one hour; traditional methodologies include latex 
agglutination or enzyme immunoassay from CSF 
or serum, although a recently introduced lateral 
flow immunoassay may offer greater convenience 
of use and more rapid turnaround. Serum antigen 
testing is very sensitive (approximately 90%) in the 
setting of CNS cryptococcal disease. Antigen test-
ing of CSF has a sensitivity of over 90% in patients 
with cryptococcal meningitis and is preferred over 
India ink, which has a sensitivity of approximately 
60% from CSF [2, 5]. Cryptococcemia (isolation of 
Cryptococcus in blood cultures) occurs in approxi-
mately 30% to 40% of patients with cryptococ-
cal infection and is more common in those with 
CNS disease. Cryptococcus gattii can be differen-
tiated from C neoformans by growth features on 
canavanine-glycine-bromothymol blue agar or by 
molecular testing [8] .

An LP should be performed in all patients 
with suspected/proven cryptococcosis, including 
in patients with focal pulmonary disease without 
accompanying neurologic symptoms, because this 
will help to guide therapy. Brain imaging should be 
performed before LP to determine whether there 
are mass lesions or hydrocephalus that would con-
traindicate this exam. Opening pressure should be 
measured, with fluid sent for Gram stain, culture, 
cell count, protein, glucose, and cryptococcal anti-
gen testing.

Treatment
The suggested treatment regimens for SOT recipi-
ents are largely the same as those used to treat 
human immunodeficiency virus (HIV)-positive 
individuals and are part of the American Society of 
Transplantation Infectious Diseases Community 
of Practice Guidelines [6, 9].

An amphotericin B product and flucytosine 
(5FC) are recommended induction therapy for 
all SOT recipients with disseminated and/or CNS 
disease. Although most large prospective studies 
draw on the HIV-positive population, failure to 
include 5FC in the induction regimen is associ-
ated with increased treatment failure at two weeks 
in SOT recipients [10]. Combination therapy with 
an amphotericin B product (specifically, use of a 
lipid amphotericin B as a less toxic alternative) 
and 5FC is associated with improved clinical out-
comes [6] . Duration of induction therapy can vary 
based on response to treatment as well as emergent 

drug-related toxicities, but a minimum of two 
weeks is generally recommended. After induc-
tion therapy, the usual practice is to transition to 
oral fluconazole for consolidation (approximately 
eight weeks) and then maintenance (typically six 
to twelve months) phases. In patients with non-
severe isolated pulmonary, prostatic or cutaneous 
disease, without CNS involvement, fluconazole 
can be used from the outset [9]. Importantly, the 
echinocandin antifungals (e.g. anidulafungin, 
caspofungin, and micafungin) have no activity 
against Cryptococcus species.

As highlighted in this case, therapeutic 
removal of CSF in patients with elevated open-
ing pressure is a key aspect of management, often 
requiring serial LPs, and at times placement of a 
shunt. If the initial opening pressure is elevated 
(>25  cm water), daily LP should be performed 
until the opening pressure is controlled and clini-
cal symptoms suggest improvement [6] .

Reduction in immunosuppressive therapy can 
be a critical component of treatment, although 
with the caveat that rapid reduction can precipi-
tate immune reconstitution inflammatory syn-
drome (IRIS) and/or allograft rejection. IRIS is 
an increasingly recognized phenomenon whereby 
the restoration of host immunity upon reduction 
of immunosuppression is associated with clinical 
worsening (e.g. meningismus with aseptic men-
ingitis), a representation of immune response to 
inciting infection. Care is generally supportive, 
with use of corticosteroids reserved for severe 
neurologic compromise [6] .

Prognosis
The mortality rate for cryptococcosis in SOT 
recipients is approximately 14% but can be as high 
40% for those with CNS disease [2, 9]. Risk fac-
tors associated with increased mortality include 
altered mental status or seizure on presentation, 
cryptococcal	antigen	 titer	>1:512,	 low	WBC	and	
low glucose in the CSF, and cryptococcemia [5, 
9, 11].

Prevention
Routine primary antifungal prophylaxis for 
Cryptococcus is not advised. In patients with a his-
tory of cryptococcosis prior to transplantation or 
infection associated with a failed allograft, second-
ary prophylaxis with fluconazole after transplant or 
re-transplant, respectively, should be considered.

K E Y   P O I N T S
•	 Cryptococcus is an environmentally 

acquired yeast that can present insidiously 
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in transplant recipients, often with 
pulmonary and/or CNS disease.

•	 The	serum/CSF	cryptococcal	antigen	assays	
are an important rapid diagnostic test.

•	 Evaluation	for	disseminated/CNS	disease	
should be undertaken, with cultures, LP, 
imaging as appropriate, and consideration 
of biopsy of mass lesions.

•	 Diagnostic	LP	with	measurement	of	opening	
pressure should be performed on all proven 
and suspect cases of cryptococcal infection.

•	 Combination	therapy	with	amphotericin	
B (specifically, use of a lipid amphotericin 
B as a less toxic alternative) and 5FC is 
the mainstay of induction therapy for 
CNS, disseminated, or severe pulmonary 
disease, with transition to fluconazole for 
consolidation and maintenance phases 
of therapy. Mild to moderate pulmonary 
disease can be managed with fluconazole.
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It’s That Time of Year Again

MORGAN HAKKI ,  MD

CA S E  P R E S E N TAT I O N
A 46-year-old man underwent a deceased donor 
kidney transplant (cytomegalovirus [CMV] D-/R-) 
with daclizumab induction that was complicated 
by delayed graft function requiring thymoglobu-
lin. Two months after transplant, in February, he 
presented with two days history of dry cough, 
pleuritic chest pain, increasing shortness of breath, 
chills, fever, rhinorrhea, and myalgias. He had no 
known sick contacts. His maintenance immuno-
suppressive medications included mycophenolate 
delayed release 720 mg twice daily, prednisone 30 
mg daily, and tacrolimus 9 mg twice daily. His anti-
microbial prophylaxis consisted of thrice weekly 
double-strength trimethoprim-sulfamethoxazole 
(TMP-SMX). He is an accountant but has not 
returned to work since transplant. He is married, 
has no children, and has not had any recent travel 
or unusual exposures. He has a dog but denies 
other animal exposures.

Exam findings on presentation were notable 
for ill appearance, with fever of 38.3°C, tachypnea 
with respiratory rate 22 breaths per minute, tachy-
cardic with heart rate of 110 beats per minute, and 
hypoxia with a room air oxygen saturation of 89%. 
Blood pressure was 130/65 mm mercury. He had 
mild conjunctival injection bilaterally. Chest aus-
cultation revealed diminished breath sounds at the 
right base and rales at the left base. His abdomen 
was soft and nontender, with an unremarkable 
appearing surgical wound, and with no tender-
ness overlying the allograft. No rash was present. 
Neurological examination was unremarkable.

A chest x-ray revealed bilateral diffuse cen-
tral airway thickening but no focal consolidation 
(Figure 2.10.1).

Q U E S T I O N S
•	 What	disease	entities	should	be	considered	

to explain this patient’s clinical syndrome of 
acute respiratory illness?

•	 How	should	a	diagnosis	be	pursued?
•	 Are	there	any	specific	isolation	precautions	

relevant to this case?

D I F F E R E N T I A L  D I AG N O S I S
This patient is presenting with a constellation of signs 
and symptoms that point to a community-acquired 
respiratory virus infection (CARVI). The most 
commonly encountered pathogens are similar to 
those seen in immunocompetent adults, primarily 
rhinovirus, and coronaviruses. Parainfluenza, influ-
enza, respiratory syncytial virus (RSV), adenovirus, 
and human metapneumovirus have all been asso-
ciated with similar disease manifestations. It can 
be difficult to distinguish one from another based 
solely on clinical grounds. Sometimes, the time of 
the year can offer a clue, with RSV and influenza 
being the most “seasonal” (late winter/early spring) 
viruses. CMV infection as a cause for this patient’s 
pulmonary findings is unlikely given negative 
donor/recipient serostatus at the time of transplant, 
although primary community-acquired CMV can 
occur. Likewise, Pneumocystis jirovecii pneumonia 

FIGURE  2.10.1: Chest x-ray demonstrating bilateral 
diffuse central airway thickening.
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would be unusual in the setting of compliance with 
TMP-SMX prophylaxis and would not be asso-
ciated with upper respiratory symptoms such as 
rhinorrhea.

A D D I T I O NA L   DATA
A nasal swab was obtained and submitted for mul-
tiplex panel respiratory virus polymerase chain 
reaction testing. The following day it was reported 
as positive for influenza A, further identified by 
subtyping as influenza A/H3N2. No other respira-
tory viruses were detected as part of the multiplex 
testing. The results of blood, urine, and sputum 
bacterial cultures were all negative.
Final Diagnosis: Seasonal influenza upper respi-
ratory tract infection, with probable lower respira-
tory tract involvement

T R E AT M E N T  A N D  O U T C O M E
Due to the fact that this patient was presenting 
with a syndrome compatible with a CARVI, at a 
time of year when influenza was prevalent in the 
community, he was started empirically on the 
neuraminidase (NA) inhibitor oseltamivir and 
was admitted to the hospital with contact/droplet 
precautions in place. Over the following two days 
his condition was stabilized, and he ultimately 
was discharged from the hospital to complete a 
five-day course of oseltamivir.

D I S C U S S I O N

Epidemiology and Pathogenesis
Influenza virus strains are named according to 
their genus, species from which the virus was iso-
lated (if from a nonhuman source), geographic 
location of the isolate, isolate number, year of 
isolation, and the hemagglutinin (HA) and NA 
subtypes (for influenza A  viruses). At least fif-
teen distinct HA and nine distinct NA subtypes 
are described in animals, although infection in 
humans is generally composed of one of three 
major subtypes of HA (H1, H2, and H3) and two 
subtypes of NA (N1 and N2). Subtypes H1N1 
and H3N2 represent the majority of cases of 
human influenza A  infection, whereas influenza 
B lineages B/Victoria and B/Yamagata are the 
predominant circulating influenza B viruses [1] . 
Circulating influenza strains may develop varia-
tions due to either antigenic drift, which involves 
H and/or N mutations, or antigenic shift, in which 
genetic reassortment occurs between animal and 
human influenza viruses infecting the same cell 
[1].	 Whereas	 antigenic	 drift	 is	 associated	 with	
localized outbreaks of variable degree due to the 

subtle nature of the genetic changes involved, 
antigentic shift may result in the emergence of 
epidemic and pandemic strains.

Transmission of influenza occurs through 
aerosolized viral particles, large droplets, fomites, 
or contact with respiratory secretions. Respiratory 
tract mucosa is the initial site of replication, result-
ing in tracheobronchial inflammation, edema, and 
hemorrhage in severe cases. The outcome of infec-
tion is determined by both strain-specific proper-
ties of the virus and the host antiviral immune 
response. The immunosuppressed patient may 
shed virus for weeks or months.

Clinical Presentation
Symptoms associated with influenza in the trans-
plant recipient largely overlap with those seen 
in the immunocompetent host, including fever, 
headache, rhinorrhea, myalgias, fatigue, gastro-
intestinal symptoms such as diarrhea, and chills. 
During the appropriate time of year, influenza 
infection should be considered in all patients pre-
senting with such symptoms, in addition to recog-
nizing that the immunosuppressed host may not 
manifest these “classical” symptoms, and therefore 
a high degree of suspicion must be maintained.

Complications of influenza infection include 
lower respiratory tract infection (LRTI)/pneu-
monia with potential for bacterial superin-
fection, central nervous system involvement 
manifest primarily as encephalitis, and myocar-
ditis. Solid organ transplant (SOT) recipients are 
at higher risk for complications compared with 
the general population, with pneumonia occur-
ring in anywhere from 22% to 49% of cases and 
infection-attributable mortality ranging from 4% 
to 8% [2] . In addition, influenza infection has 
been associated with allograft dysfunction and 
acute rejection [3].

The risk of infection after SOT may vary 
according to the type of organ transplanted, with 
lung transplant recipients described in one study 
as having the highest rates of infection [4] . Risk 
factors for poor outcome of infection based on 
data from 2009 pandemic influenza A H1N1 infec-
tion include pediatric patients, delayed initiation 
of antiviral therapy, a history of anti-thymocyte 
globulin administration, the presence of LRTI 
at the time of presentation, time from transplant 
<3 months, the presence of bacterial and/or fun-
gal copathogens, and diabetes [3, 5].

Diagnosis
The diagnosis of influenza virus infection has 
evolved rapidly over the past several years 
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(Table 2.10.1). Historically, viral culture in com-
bination with direct fluorescent antibody (DFA) 
testing was the laboratory gold standard. However, 
viral culture takes too long for clinical purposes 
and DFA is labor intensive and not amenable to 
automation. Rapid point-of-care antigen testing 
kits, which use monoclonal antibodies to detect 
viral antigens, are available but were found to be 
of poor sensitivity (10%–50%) during the 2009 
pandemic [6] . Polymerase chain reaction-based 
diagnostics have largely supplanted other meth-
odologies, given their rapid turnaround time, 
automation, increased sensitivity compared with 
culture and DFA, and ability to identify virus at 
the strain/subtype level and to detect NA resis-
tance mutations.

Treatment
During the 2009 pandemic influenza outbreak, 
the early use of antiviral therapy (e.g. oselta-
mivir) was associated with a reduced rate of 
influenza-associated complications, such as need 
for admission to intensive care unit, need for 
mechanical ventilation, and death among SOT 
recipients [3, 5, 7–9]. In suspected cases of influ-
enza infection, the SOT recipient should receive 
prompt empirical antiviral therapy pending fur-
ther diagnostic evaluation. Despite the docu-
mented benefits of early therapy, all symptomatic 
SOT recipients with influenza infection should be 
treated, regardless of time from onset.

There are two classes of antiviral agents cur-
rently approved by the US Food and Drug 
Administration (FDA) for the treatment of influ-
enza infection (Table 2.10.2). The adamantanes 
(amantadine, rimantadine) function as inhibitors 
of influenza A M2 ion channel; they have no effect 
on influenza B.  Although resistance among sea-
sonal influenza A/H1N1 is variable, the high rate 
of resistance among seasonal influenza A/H3N2 
(~95%) and the 2009 pandemic H1N1 influenza 
A  strain (100%) has limited their utility and so 

they are no longer recommended as first-line 
agents for the treatment of influenza.

The NA inhibitors (oseltamivir, zanamivir, and 
peramivir) are analogs of sialic acids that block 
viral release from the host cell by inhibiting the 
sialidase activity of NA. They are effective against 
different NA subtypes of both influenza A  and 
B viruses. Zanamivir and oseltamivir have been 
approved for the prophylaxis and treatment of 
influenza A and B since 1999 in the United States, 
whereas peramivir is undergoing phase 3 clinical 
trials in the United States. The efficacy of oseltami-
vir therapy in the SOT recipient was highlighted 
during the 2009 pandemic H1/N1 outbreak [3, 5, 
7–9].	Whether	differences	in	efficacy	exist	among	
the NA inhibitors is not currently known but is 
undergoing evaluation in clinical trials.

The optimal duration of therapy is unknown. 
At least five days are recommended as in the gen-
eral population; acknowledging that the immuno-
suppressed host may shed virus for longer periods 
of time, some experts advocate extending therapy 
to ten days.

Resistance due to mutations in NA, most 
commonly H275Y (or H274Y, depending on the 
amino acid numbering used), was reported world-
wide during 2007–2008 among seasonal influ-
enza A  H1N1 strains. More recently, resistance 
among seasonal and pandemic influenza A/H1N1 
strains has remained relatively low (approximately 
1%–2%) in the United States. The H275Y muta-
tion confers resistance to oseltamivir and perami-
vir but not zanamivir. Close attention to local and 
seasonal resistance patterns is therefore required 
to guide antiviral therapy.

Prevention
The cornerstones of influenza prevention in 
the immunocompromised host are vaccination 
and compliance with infection control policies. 
Adherence to principles of hand hygiene reduces 
transmission of influenza and other respiratory 

TABLE 2.10.1. METHODS FOR DIAGNOSING INFLUENZA INFECTION*

Test Turnaround Time Specificity Sensitivity

Shell vial culture 2–3 days +++ +
Standard culture 3–10 days +++ +
   EIA† 10–20 minutes ++ +
   DFA 2–4 hours ++ ++
   PCR 1–2 hours +++ +++

Abbreviations: DFA, direct fluorescent antibody; EIA, enzyme immunoassay; PCR, polymerase chain reaction.
*For use on nasopharyngeal swabs and nasopharyngeal or bronchial washings.
†Not performed on bronchial washing.
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viruses, whereas early recognition of patients with 
suspected influenza is critical to effective hospital 
infection control practices. Patients with suspected 
or confirmed influenza infection should be placed 
in droplet and contact isolation while symptom-
atic. Infection control practices for prolonged, 
asymptomatic shedders remain controversial.

Influenza vaccination is strongly recom-
mended for all SOT recipients before or three to 
six months after transplant [10]. During periods 
of high influenza activity vaccine can be given as 
early as one month posttransplant, with revaccina-
tion if influenza remains active in the community 
at three to six months posttransplant, recognizing 
the reduced likelihood of eliciting protection this 
early after transplant [10]. There are two types of 
vaccine available for use in the general popula-
tion: inactivated vaccine (either trivalent or quad-
rivalent) and a live-attenuated vaccine (LAIV). 
The inactivated trivalent vaccine is safe and well 
tolerated in the SOT recipient, whereas LAIV is 
contraindicated in transplant recipients. Given 
the relatively recent introduction of the quadri-
valent vaccine, there is limited experience on use 
of this formulation in SOT recipients. Rates of 
seroconversion after vaccination tend to be lower 
among the immunocompromised compared with 
the general population, although with an increas-
ing appreciation of benefits of influenza vaccina-
tion in the SOT population [11, 12]. There are no 
clear and convincing data to support strategies to 
enhance vaccine efficacy in this population, such 
as giving a booster dose or higher doses of the 
vaccine. Vaccination of close contacts of trans-
plant recipients as a way of “cocooning” the SOT 
recipient, preferably with inactivated vaccine, is 
strongly recommended.

Both oseltamivir and zanamivir have been 
found to effectively prevent influenza illness when 
administered as chemoprophylaxis. Although not 
broadly recommended, the use of antiviral pro-
phylaxis can be considered on a case-by-case basis 
(e.g. in scenarios where vaccine is contraindicated, 
exposure to a documented case has occurred, and 
risks of infection are high).

K E Y   P O I N T S
•	 Influenza	infection	in	SOT	recipients	most	

often presents with a syndrome similar 
to that seen in the general population, 
but it is associated with a higher rate of 
complications (LRTI, etc).

•	 Molecular	diagnostic	tests	are	the	gold	
standard for diagnosis of influenza and 
other CARVIs in SOT recipients.

•	 NAs	are	the	first-line	treatment	for	
influenza virus infection in symptomatic 
SOT recipients and should be initiated 
when there is suspicion for influenza, while 
awaiting diagnostic testing, and regardless 
of timing from symptom onset.

•	 Mainstays	of	influenza	prevention	include	
hand hygiene and isolation precautions, 
vaccination, and chemoprophylaxis.
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TABLE 2.10.2. ANTIVIRAL AGENTS FOR THE TREATMENT OF INFLUENZA

Agent

Activity*

Adult  
Treatment Dose

Toxicities/  
Side Effects

Seasonal 
H1N1†

2009 Pandemic 
H1N1

Seasonal 
H3N2

vH3N2 H7N9 Influenza 
B/C

Oseltamivir + + + + + + 75–150 mg  
po bid

GI

Zanamivir + + + + + + 10 mg bid Bronchospasm
Peramivir + + + + + + 600 mg  

IV qd
GI, neutropenia

Rimantidine/
amantidine

+/– – – – – – 100 mg po bid CNS, GI

Abbreviations: CNS, central nervous system; FDA, US Food and Drug Administration; GI, gastrointestinal; IV, intravenous.
*Review local influenza surveillance data to determine which types and subtypes of influenza are circulating, as well as their resistence patterns.
†Emergence of H275Y NA mutation in 2007–2008 seasonal H1N1 conferred resistance to oseltamivir and peramivir but not zanamivir.
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2.11
How Low Did the Hemoglobin Go?

MORGAN HAKKI ,  MD

CA S E  P R E S E N TAT I O N
A 67-year-old-man with end-stage renal disease due 
to IgA nephropathy underwent a living related kid-
ney transplant (cytomegalovirus [CMV] R+/D+,  
Epstein-Barr virus [EBV] R+/D-) after basiliximab 
induction. His immediate posttransplant course 
was uncomplicated. He presented to clinic for a 
routine visit two months posttransplant with had 
no complaints apart from one week of fatigue and 
postural lightheadedness. His immunosuppres-
sive regimen consisted of mycophenolate mofetil, 
prednisone 25 mg daily, and tacrolimus. He took 
trimethoprim-sulfamethoxazole prophylaxis and 
he received valganciclovir prophylaxis for one 
month after transplant.

On examination, he appeared comfortable 
and in no acute distress. Vital signs were nota-
ble only for tachycardia (108 beats per minute), 
with normal room air oxygen saturation and 
no fever. Conjunctival pallor was noted. Lungs 
were clear and the cardiac examination was 
normal. Abdominal examination was normal, 
with no tenderness and a well healing surgical 
wound at the site of the kidney allograft. Skin 
examination revealed no rash and no edema 
was present.

Routine posttransplant laboratory studies were 
notable for anemia, with hemoglobin (Hgb) of 
7.5 g/dL (prior baseline for this patient 8.9–9.4 g/
dL); the rest of his cell lines were normal. Allograft 
function was stable (serum creatinine 1.4 mg/dL).

Q U E S T I O N S
•	 What	processes	should	be	considered	in	

a solid organ transplant (SOT) recipient 
presenting with isolated anemia?

•	 How	should	a	diagnosis	be	pursued?

D I F F E R E N T I A L  D I AG N O S I S
Up to 40% of renal transplant recipients develop 
anemia (defined as Hgb <14 g/dL in males and <12 

g/dL in females) within the first year after trans-
plant [1] . As for infectious etiologies of isolated 
anemia, Parvovirus B19 infection should be con-
sidered; other entities such as babesiosis, malaria, 
clostridial sepsis, and EBV related posttransplant 
lymphoproliferative disorder are possible, although 
most often accompanied by other laboratory 
abnormalities as well as signs and/or symptoms of 
systemic illness. Noninfectious entities to consider 
include drugs (particularly azathioprine and myco-
phenolate), decreased erythropoietin production 
due to a failing allograft, gastrointestinal bleed, and 
malignancy.

A D D I T I O NA L   DATA
This patient was found to have a serum iron of 
251  μg/dL (reference range, 40–150  μg/dL), 
serum iron binding capacity of 288 μg/dL (refer-
ence range, 245–410  μg/dL), transferring satu-
ration 87% (20–50%), ferritin of 1733 ng/mL  
(18–460 ng/mL), and a reticulocyte count of 
0.2%. There were no schistocytes, parasites, or 
evidence of hemolysis on review of the blood 
smear. Polymerase chain reaction (PCR) for 
Parvovirus B19 performed on blood was posi-
tive (quantitative PCR 12 500 copies/mL). No 
evidence of CMV or EBV reactivation was found. 
A  bone marrow aspirate demonstrated mark-
edly enlarged erythroblasts with viral inclusions, 
(Figure	2.11.1).	White	blood	cell	and	platelet	pre-
cursors were normal.

Immunohistochemical staining for Parvovirus 
B19 performed on a core marrow biopsy sample 
was positive (Figure 2.11.2).

Final Diagnosis: Parvovirus B19-induced pure 
red cell aplasia

C L I N I CA L   C O U R S E
Ultimately, this patient’s Hgb reached a nadir 
of 6.2 g/dL. Once the diagnosis of Parvovirus 
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B19-induced red cell aplasia was established, he 
received intravenous immune globulin (IVIG) 400 
mg/kg × 5 doses. By three weeks after treatment his 
Hgb recovered and remained stable thereafter.

D I S C U S S I O N
Parvovirus B19 (B19) is a member of the family 
Parvoviridae, genus Erythrovirus. The first pub-
lished report of B19 infection after transplan-
tation appeared in 1986, describing persistent 
anemia in a renal transplant recipient [2] . Since 
then, B19 infection has come to be a recognized as 

an uncommon but potentially serious infectious 
complication of SOT.

E P I D E M I O L O G Y /
PAT H O G E N E S I S
The seroprevalence of B19 increases with age and 
by adulthood approximately 70% to 90% of per-
sons are seropositive. Transmission is thought to 
occur via nasopharyngeal and upper airway secre-
tions. Infection can also be conveyed with blood 
product transfusions and is suspected to occur 
through donor organ transmission. The incidence 
of B19 infection after transplantation is less than 
1% [3]. Chronic red cell aplasia results from pro-
longed B19 infection due to failure to produce 
neutralizing antibodies in immunodeficiency 
states.

C L I N I CA L  P R E S E N TAT I O N
Clinical syndromes associated with B19 infection 
depend in large part on the host (Table 2.11.1).

The classic presentation of B19 infection in 
transplant recipients is anemia. Anemia is present 
in nearly 99% of transplant recipients with active 
B19 infection [3] . Most cases of B19-associated 
pure red cell aplasia occur within the first year 
posttransplant, with a median time to diagnosis of 
seven weeks posttransplant [3–7], when immune 
suppression is maximal. B19 infection has been 
demonstrated in 23% to 38% of kidney trans-
plant recipients presenting with anemia [5,  8]. 
Testing for B19 should be strongly considered in 
transplant recipients with otherwise unexplained 
anemia.

Apart from anemia, other cell lines are less 
likely to be affected during B19 infection, with leu-
kopenia occurring in 38% and thrombocytopenia 
in 21% [3] . Fever is observed in approximately 
25% of SOT recipients with B19 infection [9]. 
Immune complex-mediated phenomena such as 
rash and arthralgia occur infrequently in the SOT 
population. Proven or suspected accompanying 
organ-invasive disease has been described in 11% 
of transplant recipients, including myocarditis, 
pneumonitis, hepatitis, and glomerulonephritis 
[3]. Death due to B19 is rare but is uniformly due 
to myocarditis when it does occur [3].

D I AG N O S T I C S
Diagnosis of B19 infection can be made by 
detection of viral DNA by PCR in clinical sam-
ples or by histopathologic assessment of bone 
marrow, in the setting of anemia. Serology 
is unreliable in this patient population. In a 

FIGURE 2.11.1: Bone marrow aspirate demonstrating an 
enlarged erythroblast with a viral inclusion (arrow) adjacent 
to	normal-sized	hematopoietic	cells,	Wright-Giemsa stain
(Image courtesy of Dr. Daphne Ang, Department of Pathology, 
Oregon Health and Science University, Portland, OR).

FIGURE 2.11.2: Bone marrow core biopsy showing B-19 
infected erythroblasts by immunoperoxidase stain (arrows)
(Image courtesy of Dr. Daphne Ang, Department of Pathology, 
Oregon Health and Science University, Portland, OR).
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large review, 29% of transplant recipients were 
found to have negative IgM at disease onset [3] . 
Polymerase chain reaction testing to detect B19 
DNA in whole blood, plasma, and/or bone mar-
row is the recommended diagnostic approach 
in the transplant recipient. Given the lack of 
specificity for active or acute disease, however, 
PCR-based testing requires careful clinical 
interpretation. The value of following PCR to 
monitor response to treatment is unclear, given 
that viremia can persist for months despite clin-
ical response. Bone marrow examination may 
reveal giant, multinucleated erythroblasts and 
pronormoblasts, with near complete absence of 
late normoblasts; confirmation is provided by 
in situ hybridization or immunohistochemical 
staining. B19 is not easily cultured and there-
fore culture-based methods are not used to 
diagnose infection.

T R E AT M E N T
There are no antiviral drugs available for the treat-
ment of B19 infection. There have been numerous 
reports on the utility of IVIG in transplant recipi-
ents and other immunocompromised hosts [3, 
8, 10–12] and this has become standard-of-care. 
However, no placebo-controlled trials have been 
performed to stringently evaluate the efficacy of 
this intervention.

Based largely on expert opinion and accepted 
standard practice, 400 mg/kg per day of IVIG 
for five days is the usual approach. In a large 
case series/review of published cases, relapse of 
infection after treatment with immune globu-
lin, defined by the reappearance of signs and 
symptoms of infection after completion of treat-
ment, was observed in 28% of SOT recipients 
[3] . Relapses can be treated with a second course 

of immune globulin [9], barring dose-limiting 
toxicities [3]. There are also reports of patients 
who have cleared infection solely with reduc-
tion in immunosuppression; this measure, as an 
adjunct to immune globulin therapy, should be 
considered [3].

P R E V E N T I O N
Given the lack of specific preventative strate-
gies and the relative rarity of B19 infection in 
transplant recipients, there are no recommen-
dations for screening. It is noteworthy, however, 
that patients with B19 viremia are considered 
infectious, and so standard and droplet precau-
tions should be implemented in the hospital 
setting to prevent transmission to other at-risk 
individuals.

K E Y   P O I N T S
•	 Testing	for	B19	should	be	considered	

in transplant recipients with otherwise 
unexplained hypoproliferative anemia.

•	 Although	molecular	diagnostic	testing	
with PCR is the mainstay of rapid B19 
diagnosis in SOT recipients, careful 
clinical interpretation is critical, given 
that prolonged viremia can occur after 
infection.

•	 IVIG	is	the	standard	approach	to	
management of B19-associated red cell 
aplasia in transplant recipients.
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TABLE 2.11.1. CLINICAL PRESENTATION OF PARVOVIRUS B19, BASED 
ON HOST IMMUNE STATUS AND AGE

Patient Population Clinical Manifestation

Children Erythema infectiosum (“fifth disease”)

Pregnant women Hydrops fetails

Immunocompetent adults Polyarthropathy syndrome

Persons with red cell disorders Transient aplastic crisis

Immunocompromised host Pure red cell aplasia

End organ disease (myocarditis, hepatitis,   
pneumonitis, encephalitis)

Allograft dysfunction
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2.12
The “Achilles’ Heel” of Liver Transplantation

JANICE  JOU, MD,  MHS AND CHRISTOPHER  D.   PFE IFFER , MD,  MHS

CA S E  P R E S E N TAT I O N
A 51-year-old man with a history of ulcerative 
colitis and primary sclerosing cholangitis (PSC) 
complicated by end-stage liver disease requir-
ing orthotopic liver transplantation (OLT) 
presented with acute onset shaking chills and 
low-grade fevers. Graft function and immuno-
suppressive regimen had been stable at the most 
recent clinic visit, one week before presentation. 
He denied nausea, vomiting, abdominal pain, 
diarrhea, confusion, headache, cough, rhinor-
rhea, chest pain, shortness of breath, or change 
in weight.

He underwent transplantation (cytomegalovi-
rus [CMV] D-/R-with Roux-en-Y (choledocho-
jejunostomy) anastomosis four months before 
presentation. Medications included tacrolimus, 
mycophenolate mofetil, prednisone 5 mg daily, 
and mesalamine. Posttransplant course was unre-
markable leading up to this presentation.

He was married and lived in an urban setting. 
His wife had recently recovered from an upper 
respiratory infection one week prior to his acute 
illness. He had no pets, no recent travel, and no 
history of illicit drug use. 

Vital signs on presentation revealed a tem-
perature of 101.2°F, pulse 98 beats per minute, 
respirations 14 breaths per minute, blood pres-
sure 137/99 mm mercury, and a room air oxy-
gen saturation of 97% He did not appear to be in 
acute distress was alert and fully oriented. Chest 
was clear to auscultation bilaterally and heart was 
regular with a 2/6 systolic ejection murmur best 
heard over the left upper sternal border (murmur 
documented previously). The abdomen was soft, 
nontender, and nondistended, with normal bowel 
sounds. There was no rash and his prior abdomi-
nal incisions were well healed.

Laboratory data revealed a white blood cell 
(WBC)	 count	 of	 9900/mm3 and abnormal liver 
tests:  total bilirubin 3.9 mg/dL (reference range, 

0.3–1.2 mg/dL), alkaline phosphatase 306 IU/L 
(53–128 IU/L), aspartate aminotransferase (AST) 
259 IU/L (15–41 IU/L), alanine aminotransferase 
(ALT) 122 IU/L (12–60 IU/L), and albumin 3.4 
g/dL (3.5–4.7 g/dL). Urinalysis was normal and 
blood cultures were obtained.

Q U E S T I O N S
•	 What	entities	should	be	considered	to	

explain this patient’s acute presentation, 
with fever, chills, and new liver test 
abnormalities?

•	 Should	the	absence	of	right	upper	quadrant	
abdominal pain or tenderness influence 
your differential diagnosis?

•	 What	empiric	management	and	additional	
diagnostic studies are indicated?

D I F F E R E N T I A L  D I AG N O S I S
Acute cholangitis was suspected, with other possi-
bilities including biliary stricture, recurrent PSC, 
hepatic artery thrombosis, drug-related liver tox-
icity or acute organ rejection.

A D D I T I O NA L   DATA
A liver ultrasound revealed new intrahepatic bili-
ary ductal dilation and increased resistive indices 
in the hepatic artery, indicative of hepatic artery 
thrombosis. The patient was admitted, two sets 
of blood cultures were obtained, and empiric 
piperacillin-tazobactam was begun. Both sets of 
blood cultures grew pan-susceptible Klebsiella 
oxytoca. Computed tomography (CT) of the 
abdomen and pelvis revealed extensive bilateral 
intrahepatic biliary ductal dilation, left greater 
than right, with inflammatory changes in the 
common hepatic duct concerning for cholangitis 
and stricture.
Final Diagnosis: Cholangitis, as a consequence of 
biliary duct strictures resulting from ischemia due 
to hepatic artery thrombosis
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T R E AT M E N T  A N D  O U T C O M E
The patient underwent endoscopic retrograde 
cholangiopancreatography (ERCP), at which time 
a stent was placed in the common bile duct. On 
hospital day four, liver tests remained elevated and 
it was suspected that drainage of the biliary tree 
was inadequate. Ultimately, a percutaneous tran-
shepatic cholangiogram (PTC) was performed, a 
persistent stricture was identified, and a percu-
taneous biliary drain/stent was placed (Figures 
2.12.1a, 2.12.1b).

F O L L OW- U P
Fevers resolved by hospital day three and all sub-
sequent blood cultures were negative. By hospital 
day six, liver tests were improved (total bilirubin 
1.6 mg/dL, alkaline phosphatase 230 IU/L, AST 94 
IU/L, ALT 26 IU/L). Piperacillin-tazobactam was 
transitioned to oral ciprofloxacin and the patient 
was discharged with a plan to complete the bal-
ance of two weeks of antibiotic therapy. Over time, 
he continued to have biliary strictures with recur-
rent cholangitis. He was temporized with percu-
taneous biliary drain placements and exchanges 
until he was successfully re-transplanted two 
years later.

D I S C U S S I O N
Biliary infections, including acute cholangitis 
and infected bilomas, are important complica-
tions of OLT. The risk of infection is largely deter-
mined by graft perfusion as well as the type and 
adequacy of the biliary anastomosis, the latter of 

which has been called the “Achilles’ heel” of OLT 
[1] . The biliary system is vulnerable to ischemic 
injury in so far as it lacks a redundant vascular 
supply—whereas the liver parenchyma is sup-
ported by the portal vein and hepatic artery, 
the bile ducts are supplied solely by the hepatic 
artery.

The types of biliary anastomoses used in 
OLT include:  (1)  choledocho-choledochostomy 
(CC), which is a direct duct-to-duct anastomosis 
of the donor and recipient common bile ducts, 
and (2)  choledocho-jejunostomy (Roux-en-Y), 
whereby the donor common bile duct is con-
nected directly to the recipient’s jejunum. 
Choledocho-choledochostomy is used most com-
monly; the advantages of this technique include 
a shorter operating time and preservation of the 
recipient Sphincter of Oddi, thereby maintain-
ing some degree of protection against ascending 
cholangitis as well as endoscopic accessibility to 
the biliary system. The Roux-en-Y approach is 
typically used only when CC is either technically 
infeasible (e.g. re-transplantation, donor-recipient 
size mismatch) or relatively contraindicated (e.g. 
PSC). Routine perioperative biliary T-tube use has 
been associated with increased rates of cholangitis 
and other complications, and so this practice has 
been largely abandoned [2, 3].

The timeline of biliary complications after 
OLT is summarized in Figure 2.12.2 [3] .

Bile Leaks
Bile leaks, when they occur, typically arise within 
the first thirty days after transplant and are related 

(a)

FIGURE 2.12.1a: PTC demonstrating markedly dilated 
intrahepatic biliary ducts and a stricture in the common 
hepatic duct (see arrow).

(b)

FIGURE 2.12.1b: PTC demonstrating a biliary drain (see 
arrow) traversing the stricture in the common hepatic duct.
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to technical biliary anastomotic issues. The clini-
cal presentation varies from pauci- or asymp-
tomatic to frank peritonitis. Management entails 
endoscopic or percutaneous stenting, with surgi-
cal revision of the anastomosis reserved for refrac-
tory cases. Placement of a stent distal to the leak 
creates a pressure gradient, allowing bile to flow 
freely into the duodenum; as such, stenting across 
the leak is often not necessary [1] . Antibiotics are 
used as adjunctive therapy for cases complicated 
by cholangitis or peritonitis.

Biliary Strictures
Biliary strictures occur in 5% to 15% of OLT 
recipients, typically arising within the first five to 
eight months posttransplant. Clinical presenta-
tion is variable, ranging from asymptomatic liver 
test elevation to cholangitis with fulminant sepsis 
[3] . Graft ischemia (e.g. hepatic artery thrombo-
sis) is the most common cause of nonanastomotic 
stricturing; other risk factors include recurrence 
of primary disease (e.g. PSC), receipt of organ that 
was donated after cardiac death, CMV infection, 
prolonged cold and warm ischemia times, ABO 
incompatibility, and chronic rejection [1–4].

Diagnosis is by visualization of the biliary tree, 
either with ERCP or magnetic resonance chol-
angiopancreatography (MRCP) (Figures 2.12.3a, 
2.12.3b, 2.12.3c). Strictures are classified as either 
anastomotic or nonanastomotic. Anastomotic 
strictures are usually discrete strictures at the 
biliary anastomosis site and are caused by either 
technical surgical issues or graft ischemia. These 
strictures are often amenable to management by 
stenting, either endoscopically or percutaneously. 
On the other hand, nonanastomotic strictures are 
more challenging to treat because they are often 

diffuse, may be intrahepatic, and are less respon-
sive to stenting.

Bilomas
Bilomas arise when bile ducts rupture and form 
intrahepatic or perihepatic bilious fluid collec-
tions. Bilomas may become infected if nonsterile 
bile creates the initial collection or if a sterile collec-
tion becomes superinfected. In a study evaluating 
492 OLT recipients, risk factors for the 51 (12%) 
patients in whom an infected biloma was diag-
nosed included hepatic artery thrombosis (odds 
ratio [OR] = 91), hepatic artery stenosis (OR = 13), 
and Roux-en Y reconstruction (OR  =  6) [5] . In 
that same study, the most common initial organ-
isms recovered from infected bilomas included 
enterococci (37%, half of which were vancomycin-  
resistant), coagulase-negative Staphylococcus 
species (26%, most of which were associated 
with presence of a T-tube), Candida species 

Time
(months)

LT 19876543

NAS

SOD

Bile leak

AS

Others

FIGURE  2.12.2: Post OLT biliary complications time-
line (adapted from Ayoub et al.3).
LT, Liver transplantation; SOD, sphincter of Oddi dysfunction; 
NAS, non-anastomotic stricture; AS, anastomotic stricture; 
Others includes biliary stones, sludge, and casts.

(a)

FIGURE 2.12.3a: Anastomotic stricture (see arrow) as 
seen on ERCP.

(b)

FIGURE 2.12.3b: Anastomotic stricture (see arrow) as 
seen on MRCP.
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(26%), enteric Gram-negative bacilli (10%), and 
Pseudomonas species (5%). Although small sterile 
bilomas that remain in contiguity with the biliary 
tree may resolve spontaneously, treatment of an 
infected biloma includes percutaneous drainage 
as well as prolonged, targeted antibiotic therapy 
[6, 7].

In addition to the special circumstances rel-
evant to biliary complications in the OLT recipi-
ent as discussed above, common causes of biliary 
tract disease in the postcholecystectomy state 
remain, including biliary stones, sludge, and casts.

Diagnosis and Management
When	 a	 biliary	 complication	 is	 suspected	 in	 an	
OLT recipient, Doppler ultrasound of the liver is 
a practical, noninvasive first-line test. Based on 
the results, either cross-sectional imaging (e.g. 
CT, magnetic resonance imaging) or more spe-
cific biliary tree visualization (e.g. MRCP, ERCP, 
PTC) can be obtained to clarify the presence of a 
bile leak, biliary stricture, biliary ductal dilation, 
or biloma(s).

Once a biliary issue or complication is iden-
tified, the main interventional goal is stenting of 
strictures and drainage of fluid collections, either 
endoscopically or percutaneously. The advantage 
of ERCP or PTC is ability to intervene with biliary 
stenting at the time of diagnostic cholangiogram. 
Therefore, if the suspicion for biliary obstruction 
is high, then ERCP or PTC is preferable to MRCP.

The role for antimicrobial therapy in the 
setting of a biliary complication is adjunc-
tive to biliary decompression. Empirical 

antimicrobial recommendations for acute 
cholangitis in immunocompromised patients 
with bilio-enteric anastomoses are outlined in 
practice guidelines coauthored by the Surgical 
Infection Society and Infectious Diseases 
Society of America [8] . The guidelines recom-
mend antibiotics with a spectrum of activity 
that includes coverage for biliary and gut flora 
(e.g. enteric Gram-negative rods, enterococci, 
and anaerobes), while accounting for any prior 
growth of multidrug-resistant organisms and 
local antimicrobial susceptibility patterns. 
Empiric choices should be adjusted based on 
culture data and clinical response.

K E Y   P O I N T S
•	 It	is	not	uncommon	for	biliary	

complications to present atypically in OLT 
recipients, often with absence of classical 
right upper quadrant pain as a result of 
allograft denervation.

•	 The	diagnosis	of	biliary	infection	in	
OLT recipients requires awareness and 
recognition of the clinical syndromes as 
well as an appreciation of the anatomy and 
technical considerations that place this 
patient population at risk for such infections.

•	 Once	the	root	cause	of	the	biliary	infection	
is identified, a multidisciplinary approach is 
often required to optimize the care of these 
often complicated cases.

•	 In	approaching	biliary	complications	in	
the OLT recipient, antibiotics are typically 
adjunctive to biliary decompression and/or 
drainage.
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(c)

FIGURE  2.12.3c: Diffuse, non-anastomotic structur-
ing as seen on ERCP.
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2.13
The Troll of Transplantation Rears Its Head

KATIE  A .  SHARFF,  MD

CA S E  P R E S E N TAT I O N
A 56-year-old man with a history of heart trans-
plantation eight months earlier presents with three 
weeks of fatigue, sweats, and abdominal pain. The 
patient underwent a heart transplant (cytomega-
lovirus [CMV] D+/R−) for nonischemic cardio-
myopathy. His induction immune suppression 
was basiliximab and his current immune sup-
pression consists of mycophenolate mofetil, pred-
nisone 5 mg daily, and tacrolimus. Prophylactic 
antimicrobials included valganciclovir for six 
months and trimethoprim-sulfamethoxazole for 
three months.

Eight months after transplantation the patient 
presents to the outpatient clinic with several weeks 
of fatigue, sweats, and abdominal discomfort. He 
endorses multiple watery stools with occasional 
hematochezia over the past week. Bowel move-
ments are associated with abdominal pain and 
cramping. He denies fevers, chills, nausea or 
vomiting. He denies history of foreign travel or 
consumption of unpasteurized dairy products 
or undercooked meat or fish. There is no report of 
recent ill contacts.

On the day of presentation, the patient appears 
to be in mild distress. He has a low-grade fever, 
with temperature of 38.2°C; other vital signs are 
normal, with heart rate of 102 beats per minute, 
blood pressure of 110/74 mm mercury, and respi-
ratory of 16 breaths per minute. Physical exam is 
remarkable for a soft abdomen that is mildly dis-
tended and diffusely tender to palpation, with no 
rebound tenderness or guarding. He has active 
bowel sounds in all quadrants without masses or 
shifting dullness. The sternotomy wound is well 
healed, heart rate is regular with no murmurs, and 
lungs are clear to auscultation.

Laboratory data are notable for acute kidney 
injury with a serum creatinine of 1.49 mg/dL 
(baseline creatinine 0.8–0.9 mg/dL), new mildly 
elevated hepatic aminotransferases (aspar-
tate aminotransferase of 138 U/L and alanine 

aminotransferase of 94 U/L), and new cytopenias 
(white blood cell count of 2200/mm3, hematocrit 
of 37.1%, and platelets of 123 000/mm3). Serum 
amylase, total and direct bilirubin, and serum 
bicarbonate were normal. An abdominal x-ray 
revealed dilated loops of large bowel, although 
without differential air fluid levels or transi-
tion point to suggest an obstruction. Abdominal 
computed tomography demonstrated a feature-
less colon with circumferential mural thickening 
and colonic hyperemia compatible with pancolitis 
(Figure 2.13.1).

Q U E S T I O N S
•	 What	infectious	etiologies	should	be	

considered to explain this patient’s colitis?
•	 What	diagnostic	approach	should	be taken?
•	 What	are	the	risk	factors	for	development	

of this infection?

D I F F E R E N T I A L  D I AG N O S I S
Infections to consider in a solid organ transplant 
(SOT) recipient with an inflammatory colitis 
include CMV Clostridium difficile, other enteric 
pathogens (Campylobacter, Shigella, Salmonella, 
Escherichia coli, etc.), and, if exposure his-
tory is suggestive, Entamoeba histolytica. Less 

FIGURE  2.13.1: CT demonstrating circumferen-
tial mural thickening and hyperemia, consistent with 
pancolitis.
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commonly adenovirus can be a cause of colitis in 
immunosuppressed hosts.

A D D I T I O NA L   DATA
Stool culture, ova and parasite examination and C 
difficile polymerase chain reaction (PCR) assay were 
negative. Plasma CMV PCR was 98 000 IU/mL.  
Flexible sigmoidoscopy revealed diffusely ery-
thematous mucosa in the rectum and sigmoid colon 
with loss of normal vascular pattern (Figure 2.13.2).  
Histopathology demonstrated mucosal inflam-
mation and enlarged cells containing eosinophilic 
intranuclear and basophilic intracytoplasmic 
inclusions (Figure 2.13.3a).
Final Diagnosis: Late-onset CMV colitis in a 
high-risk SOT recipient

T R E AT M E N T  A N D  O U T C O M E
The patient was treated with intravenous ganciclo-
vir for two weeks, with subsequent improvement 

in abdominal pain and resolution of loose stools. 
Therapy was then transitioned to oral valganciclo-
vir 900 mg BID, with weekly monitoring of CMV 
viral load (plasma PCR). After four weeks, the 
CMV PCR was undetectable and valganciclovir 
was discontinued, with no recurrence of gastroin-
testinal symptoms thereafter.

D I S C U S S I O N
In SOT, CMV infection can be acquired through 
a number of routes, including transmission from 
the donor organ or blood products, reactivation 
of latent infection, or via acquisition of a primary 
infection from close contact with a CMV-infected 
individual [1] .

Risk Factors
There are several factors related to the host, the 
virus, and the transplantation procedure that 
increase the risk of CMV disease in transplant 
recipients. Cytomegalovirus serostatus is the 
single most important predictor of CMV disease 
after SOT (Table 2.13.1).

Solid organ transplant recipients who are 
CMV-seronegative before transplantation and 
receive an organ or blood products from a 
CMV-seropositive donor (D+/R−) are at high-
est	 risk.	 Without	 prophylaxis,	 80%	 to	 100%	
of D+/R− SOT recipients will develop CMV 
infection and 50% to 70% of these will develop 
CMV disease. Solid organ transplant recipients 
who are CMV seropositive before transplanta-
tion (D+/R+, D−/R+) are at intermediate risk, 
and CMV infection or disease occurs in up to 
20% of intermediate risk recipients who are not 
treated with lymphocyte depleting agents and 

FIGURE 2.13.2: Flexible sigmoidoscopy with diffusely 
erythematous mucosa with loss of normal vascular pat-
tern and several areas of superficial ulceration.

FIGURE  2.13.3a: Histopathology from colon biopsy 
demonstrating CMV inclusion bodies, hematoxylin & 
eosin stain, 200×.

FIGURE 2.13.3b: CMV immunostaining, immunohis-
tochemical stain, 200×.
(Images courtesy of Dr.David Sauer, Department of Pathology, 
Oregon Health and Science University, Portland, OR.)
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who do not receive preventative antiviral ther-
apy. Cytomegalovirus-seronegative recipients 
who receive an organ from a CMV-seronegative 
donor (D−/R−) are considered to be at low risk 
for CMV disease, presuming CMV-negative or 
leukocyte-depleted blood products are used [2] . 
Lung and small bowel transplant recipients are 
at highest risk for CMV infection and disease, 
largely owing to the degree of immune suppres-
sion and the amount of lymphoid tissue associated 
with the transplanted organ [3]. Other risk factors 
include the type and intensity of immunosuppres-
sive agents, with high risk associated with the use 
of lymphocyte depleting agents [4].

Clinical Presentation
Cytomegalovirus infection is defined as the pres-
ence of CMV replication, regardless of symptoms, 
whereas CMV disease is defined as evidence 
of infection accompanied by clinical signs and 
symptoms. Cytomegalovirus disease is then cate-
gorized as (1) CMV syndrome, which may present 
with fever, malaise, leukopenia, and/or thrombo-
cytopenia; or (2)  tissue-invasive CMV disease 
[5] . Tissue-invasive CMV disease can manifest as 
gastrointestinal disease, pneumonitis, hepatitis, 
nephritis, mycocarditis, retinitis, or other tissue 
inflammation. Cytomegalovirus has a predilec-
tion for affecting the allograft, presumably related 
to aberrant immune response within the graft [3]. 
Indirect effects of CMV include predisposition to 
other opportunistic infections, acute and chronic 

allograft rejection, and reduced graft and patient 
survival	posttransplant.	Without	the	use	of	a	pre-
ventative strategy, CMV disease typically occurs 
within the first three months after transplant, but 
it is delayed in patients receiving CMV prophy-
laxis [6, 7].

Diagnosis
Several tests are available for diagnosis of CMV 
disease, including viral culture, antigen-based 
assays, molecular assays, and histopathology 
(Table 2.13.2) [8] .

Management
The first-line antiviral drugs for treatment of 
CMV disease include intravenous ganciclovir and 
valganciclovir, the oral prodrug of ganciclovir 
(Table 2.13.3). Intravenous ganciclovir is recom-
mended for severe, life- or site-threatening disease 
and for patients with barriers to enteral absorp-
tion. Valganciclovir is an effective therapy for mild 
to moderate CMV disease. Patients should receive 
a minimum of two weeks of induction dose anti-
viral therapy, and until resolution of clinical signs 
and symptoms of disease and virologic clearance 
(documentation of one or two consecutive nega-
tive samples). Cytopenias, particularly neutro-
penia, are an important and common toxicity of 
ganciclovir and valganciclovir. Foscarnet is an 
alternative CMV-active antiviral that can be con-
sidered in patients with severe and dose-limiting 
toxicity to ganciclovir or valganciclovir, though 

TABLE 2.13.1. CMV RISK BY SEROSTATUS AND PROPHYLAXIS STRATEGIES 
FOR SOT RECIPIENTS

CMV Serostatus Risk Category Risk of CMV 
Infection Without	
Antiviral Therapy

Prophylaxis Duration of Prophylaxis

D+/R– High risk 80%–100% Valganciclovir*;
IV ganciclovir

3–6 months;
12 months for lung 

recipients
D–/R+, D+/R+ Intermediate 

risk
20% Same as above 3 months;

3–6 months for heart or 
intestine recipients;

6–12 months for lung or 
heart/lung recipients

D-/R- Low risk Low risk None (presuming use 
of CMV seronegative 
or leukocyte-depleted 
blood products)

None

Abbreviations: CMV, cytomegalovirus; FDA, US Food and Drug Administration; IV, intravenous; SOT, solid organ transplant.
*FDA caution with valganciclovir in liver transplant.

 

 

 



The Troll of Transplantation Rears Its Head 193

with the caution that this drug is associated with 
nephrotoxicity and electrolyte wasting.

Patients who develop CMV disease after pro-
longed courses of ganciclovir or valganciclovir or 
who do not respond to standard first-line therapy 
(e.g. increasing viral load after >2 weeks on appro-
priately dosed antiviral therapy) should be sus-
pected of having ganciclovir-resistant virus and 
genotypic testing for resistance should be consid-
ered. In the setting of ganciclovir-resistant CMV 
due to mutations in the UL97 gene, foscarnet 
and cidofovir are possible alternative therapies. 
Mutations in UL54 may result in resistance to all 
of the above therapies, and so treatment should be 
guided by genotypic assays [3] .

Prevention
Most transplant centers use antiviral drugs, in the 
form of either prophylactic or preemptive therapy, 
for the prevention of CMV disease in SOT recipi-
ents. Antiviral prophylaxis, the administration 
of drug therapy to all patients who are at risk, is 
the strategy most often used at SOT centers in 
the United States. Preemptive therapy entails the 

administration of antiviral drug to asymptom-
atic patients with evidence of CMV infection, 
as detected by PCR or antigen-based assays, to 
prevent progression to CMV disease. There are 
advantages and disadvantages to both approaches, 
and in a limited number of randomized trials in 
predominantly kidney recipients both were effec-
tive for CMV disease prevention [9] . Although 
preemptive therapy has lower drug costs and 
fewer associated toxicities, it requires frequent 
laboratory testing and coordination of care that 
can be difficult for patients living at a distance 
from the transplant center. In contrast, prophy-
laxis entails higher drug costs and greater poten-
tial for drug toxicity as well as risk for late-onset 
CMV disease, but it is associated with improved 
patient and allograft survival in high-risk groups 
and decreased rates of opportunistic infection 
[3, 10].

Ganciclovir and valganciclovir are the antiviral 
drugs used for prophylaxis and are generally con-
sidered comparable in efficacy [11]. Valganciclovir 
has supplanted oral ganciclovir as the drug of 
choice for CMV prophylaxis given its lower 

TABLE 2.13.2. APPLICATIONS AND LIMITATIONS OF TESTING MODALITIES 
FOR DIAGNOSIS OF CMV INFECTION OR DISEASE

Specimen Source Uses/Advantages Limitations

Serology (CMV IgG) Blood: pretransplant 
from donor and 
recipient

Donor/recipient serostatus 
guides posttransplant 
prophylaxis

Not useful for diagnosis of active 
CMV infection or disease

Culture (rapid shell 
vial culture)

Nonblood clinical 
specimens (eg. BAL 
fluid, tissue, 
cerebrospinal 
fluid, etc)

Contributes to diagnosis of 
CMV end-organ disease

Must interpret significance of 
positive culture—infection vs 
shedding

Turnaround time of ~48 hours

Antigen test  
(CMV pp65 
antigen)

Blood Detection of CMV viremia, 
with quantitation

Unreliable in neutropenic patients*
Requires subjective interpretation
Less sensitive than PCR-based 

testing
PCR Whole	blood	or	

plasma, nonblood 
clinical specimens 
(e.g. BAL fluid, 
cerebrospinal 
fluid, etc)

Detection of CMV viremia, 
with quantitation

Automated and 
rapid (quantitative 
real-time PCR)

Significant lab-to-lab variability, 
based on testing platform 
(introduction	of	WHO	
International Reference 
Standard in 2010 should 
ameliorate this problem)

Histopathology, with 
CMV immunohi-
stochemistry

Tissue Gold standard for 
confirmation of end-organ 
disease

Barriers to tissue biopsy in certain 
scenarios (in particular, lung 
biopsy in morbidly ill patients)

Abbreviations: BAL,	bronchoalveolar	lavage;	CMV,	cytomegalovirus;	Ig,	immunoglobulin;	PCR,	polymerase	chain	reaction;	WHO,	World	
Health Organization.
*The CMV pp65 antigenemia assay uses tagged monoclonal antibodies specific to the CMV pp65 protein to allow for the detection of CMV 
proteins in peripheral blood leukocytes.
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pill burden and higher bioavailability, although 
with the caveat that it is not US Food and Drug 
Administration-approved for prophylactic use in 
liver transplant recipients. Late-onset CMV disease, 
occurring once prophylaxis has been completed, is 
a significant problem in high-risk recipients (CMV 
D+/R−). The IMPACT study evaluated 200 versus 
100  days of valganciclovir prophylaxis in D+/R− 
kidney recipients and demonstrated decreased 
incidence of CMV disease in the group receiving 
200 days of prophylaxis (at two years of follow-up, 
21.3% vs 38.7%) [7] . In lung recipients the risk of 
CMV infection and disease is high with less than 
six months of prophylaxis; one multicenter trial 
showed significantly lower rates of CMV disease 
and viremia in lung transplant recipients receiving 
twelve months versus three months of valganci-
clovir prophylaxis (4% disease and 10% viremia vs 
34% and 64%, respectively) [12].

K E Y   P O I N T S
•	 CMV	is	an	important	cause	of	morbidity	in	

SOT recipients.
•	 CMV	serostatus	is	the	most	important	

predictive factor for the development of 
CMV disease after SOT.

•	 Most	transplant	centers	use	antiviral	
medications for the prevention of CMV 
disease (prophylaxis), particularly in CMV 
high-risk recipients (D+/R-); preemptive 
management is an alternative approach.

•	 Late-onset	CMV	disease,	after	completion	
of antiviral prophylaxis remains a challenge, 
particularly for CMV high-risk recipients.

•	 Ganciclovir	and	valganciclovir	are	the	
first-line drugs for treatment of CMV 

disease and neutropenia is the most 
common toxicity.
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TABLE 2.13.3. ANTIVIRAL THERAPY FOR TREATMENT AND PROPHYLAXIS 
OF CMV DISEASE

Drug Treatment Prophylaxis

Valganciclovir 900 mg PO twice daily* 900 mg PO once daily*
Oral ganciclovir Not recommended due to poor oral absorption (no longer 

available in United States)
IV ganciclovir Induction: 5 mg/kg IV every 12 hours*

Maintenance: 5 mg/kg IV every 24 hours
5 mg/kg IV every 

24 hours*
Foscarnet Induction: 60 mg/kg IV every 8 hours* or 90 mg/kg every 

12 hours*
Maintenance: 90 mg/kg every 24 hours*

Not recommended

Cidofovir 5 mg/kg once weekly × 2 doses*, then every 2 weeks thereafter Not recommended

Abbreviations: CMV, cytomegalovirus; IV, intravenous.
*Renal dose adjustment as indicated.

 

 



The Troll of Transplantation Rears Its Head 195

 9. Khoury JA, Storch GA, Bohl DL, et al. Prophylactic 
versus preemptive oral valganciclovir for the man-
agement of cytomegalovirus infection in adult 
renal transplant recipients. Am J Transplant. 
2006;6:2134.

 10. Kalil AC, Levitsky J, Lyden E, et al. Meta-analysis: the 
efficacy of strategies to prevent organ disease by 
cytomegalovirus in solid organ transplant recipi-
ents. Ann Intern Med. 2005;143:870.

 11. Paya C, Humar A, Dominguez E, et  al. Efficacy 
and safety of valganciclovir vs. oral ganciclovir 
for prevention of cytomegalovirus disease in solid 
organ transplant recipients. Am J Transplant. 
2004;4:611.

 12. Palmer SM, Limaye AP, Banks M, et  al. 
Extended valganciclovir prophylaxis to prevent 
cytomegalovirus after lung transplantation:  a 
randomized, controlled trial. Ann Intern Med. 
2010;152:761.



2.14
Sometimes It’s the Drug, Rather Than the Bug

LYNNE STRASFELD,  MD

CA S E  P R E S E N TAT I O N
A 40-year-old man presented with fever and 
chills accompanied by dry cough and dyspnea 
on exertion. He has a history of congenital heart 
disease and underwent heart transplant (cyto-
megalovirus [CMV] D+/R−) seven months ear-
lier. Induction immune suppression was with 
antithymocyte globulin; maintenance immune 
suppression was initially with prednisone, 
mycophenolate, and tacrolimus, then tacroli-
mus was changed to sirolimus (3 mg daily) two 
months post-transplant in the context of rising 
serum creatinine. There is no history of rejec-
tion. Antimicrobial prophylaxis, now completed, 
included six months of valganciclovir and 
trimethoprim-sulfamethoxazole.

He reported low-grade fever and chills 
for two weeks preceding admission, then a 
fever of 103.8°F on the day before admission. 
Additionally, he had dry cough and progres-
sive dyspnea on exertion, which caused him to 
limit his activities. He denied recent ill contacts. 
He has no pets and had not traveled recently. 
He received an influenza vaccination four 
months prior.

He appeared nontoxic but notably dyspneic 
after talking for an extended period. He was febrile 
with a temperature of 39.9°C and tachycardic with 
heart rate of 120 beats per minute. Oxygen satura-
tion was 93% on room air at rest and 88% with 
exertion. Lungs were clear to auscultation, Heart 
rate was regular, with no appreciable cardiac mur-
mur. Laboratory evaluation was notable for white 
blood	cell	 count	 (WBC)	12	400/mm3 (88% neu-
trophils), hemoglobin 9.9 g/dL, and platelet count 
364 000/mm3. Serum creatinine was 1.79 mg/dL 
(at baseline). Liver function tests were normal. 
Serum lactate dehydrogenase was 151 U/L (range, 
110–205 U/L). Sirolimus level was 15.2 mg/dL. 
Echocardiogram revealed normal cardiac func-
tion. Computed tomography (CT) chest revealed 
ill-defined ground-glass opacities throughout the 

lungs, more evident on the right relative to the left 
(Figure 2.14.1).

D I F F E R E N T I A L  D I AG N O S I S
Infectious considerations include CMV pneu-
monitis, particularly in this CMV high-risk 
(CMV D+/R−) solid organ transplant (SOT) 
recipient, as well as respiratory viruses (influ-
enza, respiratory syncytial virus [RSV], parain-
fluenza, etc), Pneumocystis jirovecii pneumonia, 
and atypical bacteria (e.g. Mycoplasma pneu-
moniae, Chlamydophila pneumoniae, and 
Legionella). Drug toxicity should be kept in 
mind (e.g. to sirolimus), albeit a diagnosis of 
exclusion.

Q U E S T I O N S
•	 How	should	a	diagnosis	be	pursued?
•	 How	should	this	syndrome	be	managed

FIGURE  2.14.1: CT chest (coronal view) revealing 
patchy areas of ground glass opacification, right > left 
with elevation of the left hemidiaphragm.
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A D D I T I O NA L   DATA
In pursuit of a diagnosis, bronchoscopy with 
bronchoalveolar lavage (BAL) and transbronchial 
biopsy was undertaken. All microbiologic studies 
from the BAL fluid were negative, including stains 
and culture for bacteria, fungi, and mycobacteria; 
CMV and herpes simplex virus culture; respiratory 
virus polymerase chain reaction (PCR) multiplex 
panel (influenza, RSV, parainfluenza, metapneu-
movirus, adenovirus, rhinovirus); Legionella 
PCR; M pneumoniae PCR; and Pneumocystis 
direct fluorescent antibody. Bronchoalveolar 
lavage cell count demonstrated 356/mm3	WBCs	
(49% macrophages, 27% lymphocytes, and 5% 
polymorphonuclear cells). Cytologic examina-
tion revealed rare ferruginous bodies and pul-
monary macrophages loaded with iron pigment 
and no organisms on Gomori methenamine silver 
stain. Histologic evaluation of the biopsy revealed 
alveolar and small airway organizing change with 
reactive pneumocytes and dispersed lymphocytes 
(Figure 2.14.2).

Presumptive Diagnosis: Sirolimus-associated 
pulmonary toxicity

T R E AT M E N T  A N D  O U T C O M E
While	 awaiting	 results	 from	 the	 bronchoscopy,	
this patient received empirical levofloxacin, 
which was subsequently discontinued in light 
of the negative cultures and other studies from 
bronchoalveolar lavage fluid. Suspicion was high 
for drug toxicity and, sirolimus was discontin-
ued, with subsequent introduction of cyclospo-
rine to the immunosuppressive regimen. Over 

the course of the ensuing two to three weeks, 
the patient had marked clinical improvement, 
ultimately with resolution of cough, fever, and 
dyspnea. Follow-up chest imaging three months 
after presentation revealed complete resolution of 
previously seen infiltrates.

D I S C U S S I O N
Sirolimus (rapamycin), a potent immunosuppres-
sive drug, suppresses T-lymphocyte activation 
through inhibition of mammalian target of rapamy-
cin. Not long after the adoption of sirolimus as an 
immunosuppressive agent for prevention of rejec-
tion in 1999, pulmonary toxicity was recognized as 
a potential adverse effect [1] .

Epidemiology and Risk Factors
The incidence of sirolimus-associated pulmonary 
toxicity is not well defined. A  large single-center 
series from a hospital in France reported an inci-
dence of 11% for the development of pneumonitis 
in 217 kidney transplant recipients who received 
sirolimus over the course of seven years. Of the 
600 transplant recipients observed at that center 
over the same period who did not receive siroli-
mus, none developed similar pneumonitis/lym-
phocytic alveolitis [2] .

The duration of sirolimus therapy prior to 
presentation is variable, with reports of onset as 
early as one month and as late as fifty-one months 
(median of 5.5  months); approximately 50% of 
cases occur within the first six months of therapy 
[2,  3]. There is suggestion of a dose-dependent 
relationship in some but not all reports [4,  5]. 
Champion et al [2]  reported a median sirolimus 
trough of 20 ng/mL (range 12–30 ng/mL) prior 
to onset of pneumonitis. A  number of series 
report a higher incidence of pulmonary toxicity 
when sirolimus is used as switch therapy from a 
calcineurin inhibitor (e.g. in the context of renal 
insufficiency), compared with de novo use post-
transplant [2–6]. This association raises the pos-
sibility that higher drug levels, as a byproduct of 
reduced renal clearance, is contributory.

Clinical Presentation
There is significant variability in severity of clini-
cal presentation, from mild and insidious to fulmi-
nant and rapidly progressive. The most common 
presenting symptoms are nonproductive cough, 
fatigue, fever, and dyspnea, with hemoptysis in a 
minority of patients [1–7]. Hypoxia is observed in 
many but not all patients. Chest radiography and 
CT imaging often reveal bilateral patchy or dif-
fuse alveolo-interstitial infiltrates, typically with 

FIGURE  2.14.2: Lung biopsy demonstrating alveo-
lar and small airway organizing changes with reactive 
pneumocytes and dispersed lymphocytes, hematoxylin 
and eosin stain
(Image courtesy of Dr. David Sauer, Department of Pathology, 
Oregon Health and Science University, Portland, OR.)
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lower lobe predominance, described as resem-
bling bronchiolitis obliterans-organizing pneu-
monia [1–7]. Lung disease attributed to sirolimus 
toxicity has been categorized as interstitial pneu-
monitis, bronchiolitis obliterans with organizing 
pneumonia (BOOP), or as alveolar hemorrhage.

PAT H O P H YS I O L O G Y
Although the pathophysiology of sirolimus- 
associated pulmonary toxicity is not clear, it is the-
orized to be related either to cell-mediated immune 
response to exposed cryptic antigens, which in 
turn induces an autoimmune response resulting in 
lymphocytic alveolitis and interstitial pneumonitis 
[8] , or possibly related to direct cellular toxicity as 
manifested by alveolar hemorrhage [7].

Diagnosis
Sirolimus-associated pulmonary toxicity is a diag-
nosis of exclusion, made after thorough evaluation 
to exclude infectious etiologies and other pulmo-
nary disease. Bronchoscopy with BAL most char-
acteristically reveals a lymphocytic alveolitis, with 
an excess of CD4-positive cells by some reports, 
and occasional report of hemosiderin-laden mac-
rophages typical of alveolar hemorrhage [2, 6–8]. 
Lung biopsy, when obtained, has been character-
ized by findings consistent with BOOP, with inter-
stitial lymphocytic infiltrate [3, 5, 6, 8].

The diagnosis of sirolimus-associated pulmo-
nary toxicity rests largely on the temporal rela-
tionship between sirolimus exposure and onset of 
pulmonary symptoms, in the absence of a defin-
able infectious or other etiology, despite thorough 
evaluation, and with associated clinical and radio-
graphic improvement after sirolimus discontinu-
ation. Morelon et  al [8]  proposed the following 
criteria for the diagnosis of sirolimus-induced 
pulmonary toxicity:  (1)  exposure to sirolimus 
preceding the onset of pulmonary symptoms; 
(2) exclusion of infection, alternative pulmonary 
disease, and drug toxicity other than sirolimus; 
(3)  resolution of symptoms after sirolimus ces-
sation or dose-reduction; and (4)  lymphocytic 
alveolar cellular profile.

T R E AT M E N T
The mainstay of management of sirolimus- 
associated pulmonary toxicity is discontinuation 
of sirolimus, with dose-reduction reported to be 
variably successful. There are reports of favorable 
outcomes with use of high-dose corticosteroids 
[1–5, 7], although there are no controlled trials of 
this approach. The large majority of patients make 
a full recovery after cessation or dose reduction 

of sirolimus. However, there are a few reports of 
SOT recipients with residual pulmonary fibrosis 
despite sirolimus discontinuation [3, 4]. Mortality 
is infrequent, although deaths have been reported 
[5, 6]. One review cites two deaths, both in heart 
transplant recipients, among 62 patients with 
known status at follow-up (4.8% mortality) [6] .

K E Y   P O I N T S
•	 The	immunosuppressive	agent	sirolimus	

lacks the nephrotoxicity associated with 
calcineurin inhibitors, but can be associated 
with pulmonary toxicity.

•	 Sirolimus-associated	pulmonary	
toxicity is characterized by dry cough, 
fever, and dyspnea, with radiographs 
revealing bilateral patchy or diffuse 
alveolo-interstitial infiltrates that can mimic 
many infectious processes.

•	 Sirolimus-associated	pulmonary	toxicity	
is a diagnosis of exclusion; critically, 
diagnostic evaluation must include 
appropriate testing for infectious entities.

•	 The	mainstay	of	management	of	
sirolimus-associated pulmonary toxicity is 
discontinuation of sirolimus.
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2.15
While the T Cells Were Sleeping

LYNNE STRASFELD,  MD

CA S E  P R E S E N TAT I O N
A 41-year-old woman presented with fever, 
night sweats, and a tender left-sided neck mass. 
She has a history of type 1 diabetes mellitus, and 
six months ago she underwent a simultaneous 
pancreas kidney transplant (cytomegalovirus 
[CMV] D−/R−, Epstein Barr virus [EBV] D+/
R−). Induction immunosuppression was with 
antithymocyte globulin (ATG) and maintenance 
immunosuppression for prevention of allograft 
rejection with prednisone 5 mg daily, tacrolimus, 
and mycophenolate mofetil.

Her course had been remarkable for a brief 
readmission approximately six weeks after trans-
plant for evaluation of fevers. During that hospital 
stay she had an extensive evaluation for source of 
fever (blood cultures negative, computed tomog-
raphy [CT] abdomen without abscess, influenza 
polymerase chain reaction [PCR] negative) and 
was found to have a right lower extremity deep 
vein thrombosis, for which she was begun on war-
farin anticoagulation. Thereafter, she felt well for 
a number of months, with good allograft function 
and no new problems. Five months posttrans-
plant, she began to experience low-grade fevers 
(temperature 99.2–100⁰F) with drenching night 
sweats and chills, followed a few weeks later by 
new lower back pain. At six months posttrans-
plant, she noted a tender left neck mass, accompa-
nied now by high-grade fevers (103.2⁰F). She was 
admitted for further evaluation.

She works as an accountant and just recently 
returned to work. She is single and lives alone. She 
denies illicit substance use. She has an 8-year-old 
cat at home, although as instructed by her renal 
transplant coordinator she has not been changing 
the kitty litter since transplant. She has not been 
sexually active recently and denies ill contacts. She 
has always resided in the Pacific Northwest and 
has no history of international travel.

On presentation the patient appeared mildly 
uncomfortable but not toxic. Her temperature was 

101.1⁰F. She was noted to have a firm, nonmo-
bile 3 cm left-sided neck mass with mild tender-
ness to palpation but no fluctuance or overlying 
erythema. There were no other enlarged lymph 
nodes. Heart was regular in rate and rhythm with 
no appreciable murmur, and lungs were clear to 
auscultation. The abdominal surgical scar was well 
healed and there was no tenderness overlying the 
allografts. She had mild tenderness to palpation of 
the lumbar spine, although without specific point 
tenderness. Neurologic examination was normal 
without demonstrable weakness.

Laboratory evaluation revealed a white blood 
count of 8500/mm3 (59% neutrophils, 24% bands, 
4% lymphocytes, and 12% monocytes), hemoglo-
bin 11.3 g/dL, and platelet count of 301 000/mm3.  
Serum lactate dehydrogenase was elevated at 350 U/L  
(reference range, 110–205 U/L). Serum electro-
lytes and liver function tests were normal, with 
serum creatinine (Cr) 0.98 mg/dL and serum glu-
cose ranging 70–114 mg/dL. A CT of the neck and 
chest revealed a 3 cm left jugular chain/posterior 
triangle mass, a 3 cm paratracheal lymph node, a 
mass-like opacity of the right middle lobe near the 
major fissure, and rim-enhancing hepatic lesions 
(Figures 2.15.1 and 2.15.2). Magnetic resonance 

FIGURE 2.15.1: CT neck demonstrating 3 cm left jugu-
lar chain/posterior triangle mass (see arrow).
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imaging of the thoracic and lumbar spine revealed 
multiple enhancing lesions in the spine and 
left ilium, concerning for metastatic disease or 
lymphoma.

Q U E S T I O N S
•	 What	disease	entities	should	be	considered	

to explain this patient’s clinical syndrome?
•	 How	should	a	definitive	diagnosis	be	

pursued?

D I F F E R E N T I A L  D I AG N O S I S
Both infection and malignancy are possi-
bilities. Infections to consider in a transplant 
recipient with fever and adenopathy include 
the herpesviruses (specifically CMV and EBV, 
human herpesvirus-8), toxoplasmosis, human 
immunodeficiency virus (HIV), bartonellosis, 
endemic mycoses (e.g. histoplasmosis, coccidi-
oidomycosis), and mycobacterial infection (both 
Mycobacterium tuberculosis and the nontubercu-
lous mycobacteria).

A D D I T I O NA L   DATA
Cytomegalovirus PCR (plasma) was undetected. 
Blood cultures and urine culture were negative. 
Epstein-Barr virus PCR (plasma) was 120 000 
copies/mL. A  left neck mass (lymph node) exci-
sional biopsy was performed. Stains and cultures 
for bacteria, fungi, and mycobacteria from the 
biopsy were negative. Lymph node histopathology 
revealed sheets of plasma cells with diffuse CD20 
staining (Figure 2.15.3) and immunohistochemi-
cal staining positive for EBV (Figure 2.15.4).

Final Diagnosis Posttransplant lymphoprolifera-
tive disorder (PTLD)

T R E AT M E N T  A N D  O U T C O M E
In light of the new diagnosis of PTLD, immune 
suppression was tapered, with discontinuation of 
mycophenolate and dose reduction of tacrolimus. 
She was seen by oncology and received six cycles 
of rituximab + cyclophosphamide, doxorubicin, 
vincristine, and prednisolone. In the context of 
decreased immune suppression she experienced 
rejection of both allografts, ultimately losing 
function of the pancreas. Now three years after 
the diagnosis of PTLD, she has no evidence of 
residual PTLD and is on two-drug immune sup-
pression (prednisone and tacrolimus) with serum 
Cr of 2.5 mg/dL.

D I S C U S S I O N
Epstein-Barr virus, a gammaherpes virus, is a 
common infection transmitted by exposure to 
infected body fluids (e.g. saliva). Although the 

FIGURE  2.15.2: CT demonstrating multiple rim-
enhancing hepatic lesions.

FIGURE 2.15.3: Lymph node biopsy with diffuse CD20 
staining, immunoperoxidase stain
(Image courtesy of Dr. Ken Gatter, Department of Pathology, 
Oregon Health and Science University, Portland, OR).

FIGURE  2.15.4: Lymph node biopsy positive for EBV 
by EBER in situ hybridization (dark blue staining is posi-
tive for EBV)
(Image courtesy of Dr. Ken Gatter, Department of Pathology, 
Oregon Health and Science University, Portland, OR).

 

 

 

 

 

 



While the T Cells Were Sleeping 201

most frequent clinical manifestation of primary 
EBV infection in immunocompetent individuals 
is a mononucleosis syndrome (fever, pharyngitis, 
cervical lymphadenopathy, hepatosplenomegaly, 
and atypical lymphocytosis), young infants and 
children often experience asymptomatic infection. 
Up to 90%–95% of adults are EBV-seropositive, 
indicative of prior infection [1] . Once primary 
infection has occurred, EBV enters a latent phase, 
lying dormant in B lymphocytes.

Pathophysiology
Epstein-Barr virus is a transforming virus and has 
been associated with the development of a number 
of malignancies (e.g. Burkitt lymphoma, Hodgkin 
lymphoma, non-Hodgkin lymphoma in the HIV 
population, nasopharyngeal carcinoma, etc). In 
transplant recipients on chronic immunosuppres-
sion, EBV-related PTLD can occur, most often of 
recipient B cell origin [2] . The pathophysiology of 
this process is EBV infection (either transmitted 
via latently infected lymphocytes from a seroposi-
tive donor, by blood products, through primary 
exposure in the community, or as a consequence 
of reactivation of latent EBV under the pressure of 
immune suppression) and unchecked replication 
in the context of decreased immune surveillance. 
Intensive immune suppression blunts the devel-
opment an adequate population of EBV-specific 
cytotoxic CD8+ T lymphocytes (CTLs), thereby 
increasing the risk for PTLD related to uncon-
trolled EBV-driven B-cell proliferation [2, 3].

Risk Factors
Risk factors for EBV-associated PTLD in solid 
organ transplant (SOT) recipients include pro-
found T-cell suppression, particularly in the setting 
of anti-lymphocyte antibody preparations such as 
OKT3 and ATG, and primary EBV infection post-
transplant [3] . The prevalence of EBV-associated 
PTLD in SOT recipients ranges from 1% to 20%, 
depending on organ type (multivisceral > intesti-
nal > heart-lung > lung > heart > liver > kidney), 
EBV donor/recipient serostatus (D+/R− highest 
risk for early posttransplant PTLD), and recipi-
ent age [2]. Given that primary EBV infection is 
a major risk factor, pediatric transplant recipients 
are at higher risk of developing PTLD.

Clinical Presentation
The manifestations of posttransplant EBV infection 
range from asymptomatic viremia to a mononu-
cleosis-like syndrome to lymphoproliferative disor-
der, which can be either polyclonal or monoclonal in 

nature [2] . Posttransplant lymphoproliferative dis-
order can present in a variety of ways, symptomatic 
or asymptomatic, indolent or fulminant, with nodal 
or extranodal disease, and often with involvement of 
the transplanted organ(s). Central nervous system 
involvement, when it occurs, seems to be associated 
with an overall poorer prognosis [4]. Although most 
PTLD is EBV-associated, a small but increasing num-
ber of cases are EBV-negative; EBV-negative PTLD 
generally presents later (>5 years posttransplant) [5].

Diagnosis
Although detection of EBV by PCR in blood is 
often sensitive, it is not sufficiently specific for the 
diagnosis of PTLD. There is significant variability 
in EBV viral load measurements depending on 
the compartment assayed (e.g. serum vs plasma 
vs whole blood) and a lack of standardization 
between laboratory tests, resulting in substantial 
laboratory-to-laboratory variability [6] . As such, 
there is no clear consensus on what threshold 
viral load should prompt additional diagnostic 
evaluation for PTLD or therapeutic intervention. 
Definitive diagnosis requires tissue biopsy for 
histopathologic and immunophenotypic charac-
terization. In situ hybridization for Epstein-Barr 
encoding region, a marker of EBV-infected cells, 
is key to the diagnosis of EBV-associated PTLD; 
CD20 status has significant bearing on the thera-
peutic approach, and most EBV-associated PTLD 
are CD20 positive.

Management
Central to management of PTLD is the reduction 
or cessation of immune suppression. Although 
acyclovir and ganciclovir both inhibit lytic 
DNA replication in vitro, neither has activity 
against latently infected B cells, nor is there been 
proven efficacy of antivirals for the treatment of 
EBV-associated PTLD. Rituximab, a humanized 
chimeric monoclonal CD20 antibody, has an 
established role in the treatment of CD20-positive 
EBV-associated PTLD [4] . The use of standard 
cytotoxic chemotherapy is generally reserved 
for individuals with advanced, monomorphic 
PTLD. Adoptive immunotherapy with the use 
of EBV-specific CTLs has been used more suc-
cessfully in PTLD after stem cell transplantation, 
where the donor remains available to provide 
T cells. Intriguing are the encouraging results 
reported from clinical trial whereby healthy blood 
donors served to generate a bank of EBV-specific 
CTLs for SOT recipients with PTLD unresponsive 
to other treatment approaches [7].
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Prevention
In high-risk scenarios (e.g. EBV D+/R−), antivi-
rals (e.g. acyclovir or ganciclovir) are often used as 
prophylaxis, although the evidence to support this 
practice is limited. Preemptive strategies using 
regular monitoring of EBV viral loads have been 
used in high-risk settings, with adjustment of the 
immunosuppressive regimen in response to vire-
mia; there is some literature suggesting that this 
strategy may be successful in decreasing the inci-
dence of EBV disease and PTLD [8] .

K E Y   P O I N T S
•	 EBV	is	a	common	herpesvirus	virus	with	

oncogenic potential.
•	 Risk	for	PTLD	is	highest	in	SOT	recipients	

who experience primary EBV infection 
(e.g. EBV D+/R−) and in those who 
have received potent T-cell immune 
suppression.

•	 Although	molecular	diagnostic	tests	
(e.g. EBV PCR on blood) can suggest the 
possibility of PTLD, they are nonspecific 
and definitive diagnosis requires tissue 
biopsy.

•	 Management	of	PTLD	includes	reduction	
of immune suppression and, when frank 
monomorphic lymphoma is present, 
consideration for conventional chemotherapy 
if and when functional status allows.

•	 The	value	of	preemptive	monitoring	of	
EBV viral load in high-risk patients as a 
strategy to reduce the incidence of PTLD is 
uncertain.
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An Ounce of Prevention

JASON VAN WINKLE ,  MD

CA S E  P R E S E N TAT I O N
A 41-year-old man presents with fever, shaking 
chills, and a dry cough. He has type 1 diabetes 
mellitus and received a simultaneous kidney pan-
creas transplant (cytomegalovirus [CMV] D+/R−) 
five years earlier. Induction immune suppression 
was with daclizumab, and maintenance regimen 
is tacrolimus, azathioprine, and prednisone 5 mg 
daily; he was treated with a pulse of steroids one 
month earlier for mild renal allograft rejection. 
His posttransplant course had been otherwise 
complicated by CMV reactivation three years ago, 
treated with valganciclovir.

He reported feeling unwell for approximately 
one week prior to presentation, with fever to 101°F 
associated with shaking chills and a dry cough. He 
denied chest pain, rhinorrhea, headache, nausea, 
vomiting, or abdominal pain.

He is married, has no children and is unem-
ployed. He denies illicit drug or tobacco use. He 
resides in the Pacific Northwest, traveled to Texas 
recently, but he has no history of international 
travel and has no known exposure to tuberculosis. 
He has no pets. He is monogamous with his wife 
and denies high-risk sexual exposures. He denies 
recent ill contacts.

On presentation, he appeared fatigued and 
chronically ill. He was able to speak in full sentences. 
He was afebrile with a blood pressure of 82/45 mm 
mercury and oxygen saturation of 89% on room 
air. On chest auscultation, rales were appreciated at 
the right lung base, without wheezing or dullness to 
percussion. Laboratory evaluation was notable for 
a normal white blood count (6800/mm3) and ane-
mia (hemoglobin 10.9 g/dL); lactate dehydrogenase 
was markedly elevated at 887 U/L (reference range, 
110–205 U/L), and serum creatinine was above 
baseline at 1.29 mg/dL (baseline creatinine 0.7 mg/
dL). An arterial blood gas revealed hypoxemia, with 
pO2 of 57 mmHg. Chest radiography demonstrated 
diffuse left upper and right lower lobe ground-glass 
opacities (Figure 2.16.1).

Q U E S T I O N S
•	 What	infectious	entities	should	be	

considered to explain this patient’s clinical 
syndrome?

•	 How	should	a	definitive	diagnosis	be	pursued?

D I F F E R E N T I A L  D I AG N O S I S
This patient’s clinical syndrome is one of fever, 
nonproductive cough and hypoxia, with diffuse 
ground-glass opacities on imaging, in a solid organ 
transplant (SOT) recipient with recent augmenta-
tion of immune suppression. Infectious consid-
erations include community respiratory virus 
infection (e.g. influenza, respiratory syncytial 
virus, parainfluenza), CMV pneumonitis, atypical 
bacterial pathogens (e.g. Mycoplasma pneumoniae 
and Chlamydophila pneumoniae), Pneumocystis 
jirovecii pneumonia (PCP), and possibly other 
fungi such as Cryptococcus and endemic mycoses 
(e.g. Histoplasma and Coccidioides).

A D D I T I O NA L   DATA
Respiratory virus polymerase chain reaction 
(PCR) multiplex panel from nasopharyngeal swab 

FIGURE  2.16.1: Chest X-ray demonstrating bilateral 
ground glass opacities.
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was negative. Cytomegalovirus PCR (plasma) was 
negative. Sputum gram stain/culture and blood 
cultures were negative. Sputum silver stain for 
Pneumocystis was negative.

The patient underwent bronchoscopy with 
bronchoalveolar lavage. Cultures were negative. 
Silver stain performed on the lavage fluid revealed 
P jirovecii cysts (Figure 2.16.2).

Final Diagnosis: Pneumocystis jirovecii pneu monia

T R E AT M E N T  A N D  O U T C O M E
The patient was treated with high-dose 
trimethoprim-sulfamethoxazole (TMP-SMX) 
and adjunctive corticosteroid therapy (predni-
sone 40 mg twice daily for five days, followed by 
40 mg daily for five days, 20 mg daily for eleven 
days, and then resumption of 5 mg daily dosing 
for prophylaxis of allograft rejection). He was 
progressively hypoxic and required prolonged 
intubation. Despite a complicated course nota-
ble for multiple pneumothoraces, he gradually 
improved and ultimately returned to his baseline 
clinical status.

D I S C U S S I O N
Pneumocystis jirovecii, formerly known as P. carinii, 
is a ubiquitous fungus that almost all humans are 
exposed to by a very young age. It is a cause of pneu-
monia in individuals with compromised cellular 
immunity, including SOT recipients.

Pathogenesis
Studies in animals and humans suggest that 
pneumocystis is transmitted through person-to-
person spread by the airborne route [1] . Although 

previously thought to represent reactivation, more 
contemporary epidemiologic and animal data 
suggests that infection is related to new infection, 
with asymptomatic lung colonization in immuno-
competent individuals common and serving as a 
reservoir for spread of Pneumocystis to susceptible 
individuals [2].

Epidemiology and Risk Factors
The overall risk for the development of PCP 
after SOT has been reported to be in the range 
of 5% to 15% without prophylaxis and is highest 
in those with combined heart-lung transplanta-
tion [3] . Risk for development of PCP is greatest 
in the first six months posttransplant and after 
augmentation of immune suppression. Broadly 
speaking, risk relates to the overall net state of 
immune suppression rather than to a specific 
immunosuppressive agent.

In the era of routine application of effec-
tive posttransplant prophylaxis, cases of PCP are 
presenting at increasingly late time points after 
transplantation, as with this case. A recent review 
demonstrated that the median time to presentation 
was two years posttransplant, with a range of eight 
months to eleven years [4] . Apart from immune 
suppression with SOT, PCP has been associated 
with human immunodeficiency virus (HIV), 
high-dose corticosteroid use and malnutrition. 
Cytomegalovirus infection has also been associ-
ated with the development of PCP co-infection, 
and so dual infection should be entertained.

Clinical Presentation
The usual presentation of PCP is one predomi-
nated by cough, fever, and shortness of breath, with 
hypoxia often out of proportion to symptoms. In 
HIV-negative individuals PCP is characterized by 
a more abrupt, rather than indolent, picture, with 
an overall shorter duration of symptoms leading 
up to presentation. Duration of symptoms are, on 
average, slightly greater than one week for those 
without HIV compared with just over two weeks 
for those with HIV (Table 2.16.1) [24].

Diagnosis
Plain radiographs characteristically reveal a dif-
fuse interstitial pattern that is often bilateral [5] . 
However, plain chest radiography may appear nor-
mal and high-resolution computed tomography 
(CT) imaging is more sensitive for the diagnosis. 
Classic findings on CT include ground-glass atten-
uation, interstitial infiltrates, and thin-walled cysts 
(Figure 2.16.3) [6]. At least in the HIV-positive 
population, CT imaging has been noted to have 

FIGURE 2.16.2: PCP cysts (arrows), Gomori methena-
mine silver stain
(Image courtesy of Dr. David Sauer, Department of Pathology, 
Oregon Health and Science University, Portland, OR).
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a very high sensitivity and a high negative predic-
tive value for Pneumocystis [7].

Pneumocystis jirovecii cannot be grown in 
culture, and so diagnosis is based on direct visu-
alization of the organism from a respiratory speci-
men or lung tissue. Gomori methenamine silver, 
Giemsa,	Wright,	and	Calcafluor	stains	have	been	
the traditional methodologies for detecting the 
presence of cysts. Use of monoclonal fluorescent 
antibodies has been shown to be more sensitive 
than traditional stains to detect Pneumocystis in 
samples from induced sputum and bronchoalveo-
lar lavage fluid [8] .

It is appreciated that the burden of infec-
tion in patients without HIV is often lower than 
in those with HIV, which has important impli-
cation for diagnostic strategies in approaching 
HIV-seronegative patients suspected to have 
PCP. The sensitivity for diagnosis increases with 
the invasiveness of the procedure; direct lung tis-
sue biopsies demonstrate higher yield (sensitivity 
> 95%) than that from bronchoalveolar lavage 
(sensitivity 80% to 95%), which is in turn more 
sensitive than induced sputum (sensitivity 30% 

to 55%, higher with immunofluorescent antibody 
staining) [9] .

Serum (1–3)-β-d-glucan has been examined as 
a noninvasive strategy for PCP diagnosis. A pro-
spective study found serum (1–3)-β-d-glucan to 
have a sensitivity of 86% and a specificity of 89% 
in 31 HIV-seronegative patients, including 17 SOT 
recipients [10]. In a study of 448 patients with pul-
monary infiltrates and possible PCP, 21 of whom 
were renal transplant recipients, PCR performed 
on respiratory secretions had a sensitivity of 92% 
and a specificity of 87% [11]. Polymerase chain 
reaction remains a promising diagnostic modality 
but genomic targets are not yet standardized.

Treatment
The preponderance of prospective trial data on 
treatment of PCP derives from the HIV literature. 
As such, therapy recommendations for treatment 
of PCP in SOT recipients have largely been extrap-
olated from studies in HIV-infected patients. The 
treatment of choice for PCP is TMP-SMX, dosed 
at 15–20 mg/kg of the trimethoprim component 
divided q6–q8 hours (dose adjustment as indi-
cated for renal insufficiency) for at least 14 days, 
and up to 21 days in the context of severe infection. 
Overlapping toxicities with antirejection regimens 
(e.g. renal insufficiency with calcineurin inhibitors 
and cytopenias with antimetabolites) are at times 
dose-limiting. Alternatives to TMP-SMX include 
intravenous pentamidine as well as combination 
clindamycin and primaquine, with debate as to 
which second-line regimen is more effective.

Use of adjunctive corticosteroids in hypoxic 
HIV-positive patients with PCP has been shown 
to decrease risk for respiratory failure and mor-
tality. Limited, retrospective data in HIV-negative 
patients has demonstrated a decrease in duration 
of mechanical ventilation and length of inten-
sive care unit admission with use of corticoste-
roid therapy, although with no mortality benefit 
[12]. In the context of moderate to severe disease, 
adjunctive corticosteroids should be consid-
ered; for patients with PaO2 <70  mmHg and/or 
an alveolar-arterial oxygen gradient >35  mmHg 
and/or hypoxemia on pulse oximetry, prednisone  
(40 mg po twice daily days one to five, then 40 mg 
po daily for days six to ten, and then 20 mg po daily 
for days eleven to twenty-one) can be considered 
in combination with antimicrobial therapy.

Prevention
The routine administration of antimicrobial pro-
phylaxis has led to a dramatic decrease in the inci-
dence of PCP after SOT. Pneumocystis prophylaxis 

TABLE 2.16.1. DURATION 
OF SYMPTOMS AT PRESENTATION, 

FOR HIV-NEGATIVE  AND HIV-POSITIVE 
INDIVIDUALS	WITH PCP*

Duration of Symptoms at Hospitalization

Non-HIV PCP HIV PCP

Cough 9.86 ± 1.70 days 15.2 ±1.72 days
Fever 8.05 ± 1.57 days 15.4 ± 3.67 days
Dyspnea 9.88 ± 1.54 days 17.3 ± 1.91 days

Abbreviations:  HIV, human immunodeficiency virus; PCP, 
Pneumocystis jirovecii pneumonia.
*Adapted from [2] .

FIGURE 2.16.3: CT chest demonstrating typical diffuse 
bilateral ground glass opacities.
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should be considered for all SOT recipients for the 
first three to twelve months posttransplant, when 
immune suppression is maximal, and should 
be extended beyond that period in certain cir-
cumstances. Extending or restarting prophylaxis 
should be considered in patients who require 
augmented immune suppression for treatment of 
rejection as well as receipt of corticosteroids with 
a prednisone equivalent of 20 mg daily for more 
than two to three weeks.

Trimethoprim-sulfamethoxazole is the 
first-line agent for PCP prophylaxis and should 
be used in the absence of documented allergy or 
dose-limiting toxicity. Advantages of TMP-SMX 
include its broad spectrum of activity (offering 
some protection against other opportunistic infec-
tions such as Toxoplasma gondii, Nocardia, Listeria 
monocytogenes, as well as urinary tract infection 
in kidney recipients), low cost, and availability in 
a variety of formulations. Various dosing regimens 
have been shown to be effective in preventing PCP 
in SOT recipients, including daily double strength 
(DS) or single strength, DS thrice weekly, and DS 
with twice daily dosing twice weekly.

Trimethoprim-sulfamethoxazole is the first-
line drug for prophylaxis against PCP and the 
practitioner should be wary of abandoning TMP-  
SMX for minor side effects or intolerances. 
Alternatives to TMP-SMX include dapsone, 
pentamidine, and atovaquone. These second-line 
agents have been shown to be slightly less effec-
tive than TMP-SMX in preventing PCP and are 
all accompanied by potential for drug-related 
or other side effects [13]. In patients with true 
TMP-SMX allergy the cross-reactivity to dapsone 
is approximately 50%, and so dapsone should not 
be used in patients with severe or life-threatening 
TMP-SMX (sulfa) allergy or in patients with 
glucose-6-phosphate dehydrogenase deficiency. 
Pentamidine has traditionally been administered 
monthly by inhalation when given for prophy-
laxis, although this can precipitate broncho-
spasm; there is some limited data on the use of 
pentamidine for prophylaxis by monthly intra-
venous infusion. Atovaquone, although likely as 
effective as the other second-line agents, is dis-
advantaged by a comparably high cost as well as 
associated dysgeusia and other gastrointestinal 
side effects.

Lastly, given reports of clusters of infection in 
the healthcare setting and the accumulating data 
to suggest person-to-person airborne transmis-
sion of PCP, infection control practices warrant 
consideration. Although some centers segregate 
patients with PCP (e.g. avoiding placement of 

susceptible hosts in the rooms of patients with P 
carinii pneumonia) or recommend use of face-
masks to prevent transmission, no formal infec-
tion prevention recommendations can be made in 
the absence of definitive data [3] .

K E Y   P O I N T S
•	 SOT	recipients	are	at	risk	for	PCP,	a	

risk that is mitigated by antimicrobial 
prophylaxis and increased with 
augmentation of immune suppression.

•	 Less	invasive	diagnostic	modalities	such	as	
examination of induced sputum may not 
be sensitive enough to exclude PCP in SOT 
recipients.

•	 TMP-SMX	is	the	drug	of	choice	for	
prevention and treatment of PCP.

•	 Prophylaxis,	preferably	with	TMP-SMX,	is	
typically given for three to twelve months 
after transplantation.
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2.17
Cruise Ship Souvenir

ROBERT  M.  RAKITA,  MD

CA S E  P R E S E N TAT I O N
A 35-year-old woman presented with worsening 
watery diarrhea of three weeks’ duration. Seven 
years earlier, she had small bowel and colon necro-
sis due to superior mesenteric vein thrombosis, 
requiring removal of most of her small bowel and 
total colectomy. After being maintained on total 
parenteral nutrition, two years later she under-
went a small intestinal transplant, with direct ileo-
rectal anastomosis. She was both cytomegalovirus 
(CMV) and Epstein Barr virus (EBV) seropositive 
at the time of transplant. She did well thereafter, 
except for development of mild chronic kidney 
disease related to calcineurin-inhibitor toxic-
ity. Maintenance immunosuppression included 
tacrolimus and hydrocortisone, and she took 
monthly inhaled pentamidine for Pneumocystis 
jirovecii pneumonia (PJP) prophylaxis (due to a 
prior sulfa allergy).

She had three to four bowel movements per 
day at baseline. However, over the course of three 
weeks she had worsening diarrhea, with up to ten 
to fifteen bowel movements per day. Her stools 
were watery and malodorous, were not oily, did 
not float, and were without gross blood or mucus. 
She had nausea and headache, with occasional 
emesis. She denied fever, chills, or significant 
abdominal pain.

She lived in the Pacific Northwest and had no 
history of foreign travel. She had not eaten any-
thing unusual recently, and she specifically denied 
eating raw meat or shellfish or drinking unpas-
teurized milk. She was a preschool teacher and 
was thus exposed to many small children, but she 
did not recall any with a recent diarrheal illness.

Physical exam revealed temperature of 36.5°C, 
heart rate 88 beats per minute, and blood pres-
sure 115/76 mm mercury. She was not acutely ill 
appearing, although she appeared dehydrated. 
Her throat was dry without lesions, there was no 
palpable lymphadenopathy, the lungs were clear, 
and abdominal exam revealed hyperactive bowel 

sounds and was soft and mildly tender to palpation 
in the epigastrium, without guarding or rebound.

Laboratory studies were notable for mild 
hyponatremia with a serum sodium 130 meq/L, 
creatinine 2.6 mg/dL (up from her baseline of 
1.6), white blood cell count of 4700/µL, lympho-
cyte count slightly low at 900/µL, hemoglobin 13.2 
g/dL, and platelet count 114 000/µL (at baseline 
for her). Liver enzymes were normal. Tacrolimus 
level was 8 ng/mL.

Abdominal computed tomography (CT) 
showed normal bowel loops (Figure 2.17.1). 
Cytomegalovirus and EBV DNA were not detect-
able in plasma by polymerase chain reaction 
(PCR). Stool studies, including culture for enteric 
pathogens, ova, and parasite exam, Clostridium 
difficile toxin testing by PCR, auramine stain for 
Cryptosporidium, Cyclospora, and Cystoisospora, 
and trichrome stain for Microsporidia were all 
negative. Stool antigen testing for rotavirus, ade-
novirus, and Giardia were also negative. Flexible 
sigmoidoscopy revealed grossly normal mucosa of 
the transplanted small bowel (Figure 2.17.2), and 
pathology of random biopsies showed only rare 
apoptotic bodies without evidence for rejection 

FIGURE 2.17.1: Abdominal CT showing normal loops 
of bowel.
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(Figure 2.17.3), with immunostaining for CMV 
and viral cultures negative.

She was treated with intravenous fluids, 
and her symptoms improved over the course of 
two to three days. However, over the next three 
months she had multiple episodes of recurrent 
diarrhea requiring hospitalization for elevated 
creatinine and volume depletion. All of the above 
studies were repeated at least twice, without any 
change in the results. Additional studies included 
anti-endomysial immunoglobulin (Ig)A, which 
was negative, and total serum IgG, IgA, and IgM 
levels, which were normal. Empiric treatment with 
methylprednisolone for possible rejection also did 
not seem to alter the course of her recurrences.

Q U E S T I O N S
•	 What	infectious	and	noninfectious	

etiologies of diarrhea should be considered 
in solid organ transplant (SOT) recipients?

•	 What	diagnostic	evaluations	should	be	
pursued in SOT patients with persistent or 
recurrent diarrhea?

D I F F E R E N T I A L  D I AG N O S I S
A wide variety of infectious agents can cause diar-
rhea in the SOT population (Table 2.17.1) [1] . 
These include bacterial enteropathogens, parasites, 
viruses, and occasionally fungi and mycobacteria. 
In addition, a number of noninfectious etiologies 
should be considered (Table 2.17.2) [2]. Malignancy 
may be found, particularly posttransplant lympho-
proliferative disease (PTLD). In addition, one must 
always consider medication-related causes, which 
in this population often includes mycophenolate. 
Another common etiology specific to patients with 
intestinal transplant is acute rejection.

A D D I T I O NA L  R E S U LT S 
A N D   T R E AT M E N T
Reverse transcriptase-PCR (RT-PCR) from stool 
was positive for norovirus group 2. She was treated 

FIGURE  2.17.2: View of ileum from sigmoidoscope, 
showing normal appearing mucosa.

FIGURE  2.17.3: Biopsy of small intestine with rare 
apoptotic body (arrow) and normal crypt architecture.
(Courtesy of Matthew M. Yeh, MD, PhD)

TABLE 2.17.1. INFECTIOUS AGENTS 
CAUSING DIARRHEA IN SOLID ORGAN 

TRANSPLANT PATIENTS

Bacteria Pathogenic Escherichia coli 
(Enterotoxigenic E coli, 
enteroinvasive E coli, 
enteropathogenic E coli, 
enteroaggregative E coli, 
enterohemorrhagic E coli)

Other common enteropathogens 
(Salmonella spp, Shigella spp, 
Campylobacter spp, Vibrio spp, 
Yersinia enterocolitica, Aeromonas spp)

Clostridium difficile
Mycobacteria Mycobacterium tuberculosis

Mycobacterium avium complex
Parasites Cryptosporidium spp

Entamoeba histolytica
Giardia lamblia
Cystoisospora belli
Cyclospora spp
Strongyloides stercoralis

Viruses Cytomegalovirus
Herpes simplex virus
Adenovirus
Astrovirus
Rotavirus
Norovirus

Fungi Microsporidia spp
Histoplasma spp
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with nitazoxanide 500 mg po bid for five days with 
marked improvement in her diarrhea. However, 
approximately one month later, she had relapse of 
diarrhea and nausea. She was treated with oral Ig 1.5 
g (25 mg/kg) every six hours for eight doses, again 
with resolution of her symptoms, but had multiple 
subsequent relapses despite repeated courses of the 
above therapies. Norovirus continued to be detect-
able in her stool by RT-PCR ten months later, but it 
was not associated with clinical symptoms.

Final Diagnosis: Recurrent diarrhea due to norovirus

D I S C U S S I O N
Noroviruses are now recognized as one of the 
most common causes of gastroenteritis in the 

general population [3] . First identified as the 
cause of a school-related outbreak in 1968 in 
Norwalk, Ohio (and thus originally named the 
Norwalk virus), these single-stranded RNA, 
nonenveloped viruses in the family Caliciviridae 
now consist of at least 35 genotypes [1,  3]. 
Characteristics of the epidemiology and clinical 
manifestations of norovirus-related disease are 
listed in Box 2.17.1.

Epidemiology
Noroviruses are common causes of diarrhea in 
immunocompromised patients [1]  and in the SOT 
population in particular [4]. One study found that 
norovirus was the primary enteric pathogen in 
over one third of kidney transplant patients with 
severe diarrhea [5], and it is commonly found 
in hematopoietic stem cell transplant recipients 
as well.

Clinical Manifestations
Although disease is self-limited in the normal 
population, in immunocompromised hosts noro-
virus infection can result in prolonged clinical 
disease and extremely protracted viral shedding 
[1] . Thus, in SOT patients, this can be an unrecog-
nized cause of chronic or recurrent gastroenteritis. 
In addition, disease due to norovirus in immuno-
compromised patients may be more severe than 
that due to other enteropathogens [4].

Diagnosis
The standard diagnostic technique is RT-PCR 
from stool (or vomitus) [3] . This is a very sensitive 
technique and can detect small quantities of virus. 

TABLE 2.17.2. NONINFECTIOUS CAUSES 
OF DIARRHEA IN SOLID ORGAN 

TRANSPLANT PATIENTS

Drug-induced Antibiotics
Mycophenolate
Azathioprine
Cyclosporine
Sirolimus
Tacrolimus
Others (e.g. magnesium)

Other Posttransplant lymphoproliferative 
disease (PTLD)

Graft-versus-host disease
Rejection (in intestinal transplant)
Inflammatory bowel disease
Ischemic colitis

BOX 2.17.1  EPIDEMIOLOGY AND CLINICAL MANIFESTATIONS 
OF NOROVIRUS

Occurs throughout the year, although higher rate in the winter.

Easily transmitted; infectious dose is ~18 viral particles, whereas amount in diarrhea is ~100 

billion/gram feces.

Peak shedding at day 1–3 of illness, but may continue to shed for average of 4 weeks in normal 

population.	Prolonged	shedding	(many	months)	in	the	immunocompromised host.

Temperature stable. Can persist on surfaces.

Resistant to commonly used disinfectants; bleach is preferred.

Incubation period is 0.5–2 days.

Sudden	onset	nausea,	vomiting,	diarrhea	or	some	combination.

Fever	in	up	to	50%.	May	have	headache	or	myalgias.

Self-limited	illness,	resolves	in	1–3 days	in	the	normal	population.	Common	cause	of	chronic	or	

recurrent episodes in the immunocompromised host.
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However, viral RNA may be detected for a pro-
longed period after infection, which is of unclear 
significance. In addition, in patients appreciated 
to have very prolonged shedding, such as trans-
plant recipients, it may be difficult to determine 
whether ongoing or recurrent symptoms are 
due to norovirus infection or to an alternative 
cause. Enzyme immunoassay kits are available 
for detection of norovirus in stool; although their 
specificity is fairly high, their sensitivity is only 
moderate. Enzyme immunoassay should not be 
relied on for routine diagnosis, although it may 
be useful as a screening test in outbreak situations 
[6]. Solid organ transplant recipients with diar-
rhea that is of uncertain etiology despite com-
prehensive stool evaluation may require upper 
and/or lower endoscopy, particularly to look for 
pathogens such as CMV. Intestinal histopathol-
ogy from patients with norovirus enteritis may 
be similar to that seen in acute allograft rejection 
in intestine transplants, with apoptotic bodies 
present, adding to the difficulty in distinguishing 
these entities.

Treatment
No well defined specific treatment for infection 
with norovirus has been described. Because the 
disease is self-limited in normal hosts, supportive 
therapy with volume and electrolyte repletion is 
all that is typically required. In the immunocom-
promised/transplant population, where patients 
may have prolonged or recurrent symptoms [1] , 
small studies have suggested a few pharmacologic 
approaches (Table 2.17.3). However, in the SOT 
population, the most important factor in manag-
ing norovirus infection may be a reduction in the 
level of immunosuppression, particularly in those 
patients with chronic or relapsing illness, but must 
be carefully balanced with the risk for rejection.

Prevention
Hand hygiene is a key factor in preventing trans-
mission. The effectiveness of alcohol-based hand 
sanitizers is not clear; studies of these agents using 

surrogate viruses (such as animal caliciviruses) 
have shown some activity, but this is dependent 
on both the type of sanitizer and the type of virus 
[6] . Enteric contact precautions for hospitalized 
individuals is important, particularly during the 
most infectious period, which includes the dura-
tion of the illness and for one to two days thereaf-
ter. Disinfection of surfaces preferably should be 
with chlorine bleach solution at 1–5000 ppm.

Immunity to noroviruses is not well defined. 
Duration of immunity after infection may be rela-
tively short lived (< 2 years) [3] , but immunity in the 
SOT population has not been examined. Vaccine 
development has been challenging, in part due to 
the many potential infecting genotypes. However, 
an experimental nasal vaccine using virus-like par-
ticles, which are self-assembled capsid proteins that 
have been expressed in eukaryotic cells, had some 
benefits when volunteers were challenged with a 
homologous viral strain [10], and similar vaccines 
using other strains are in clinical trials.

K E Y   P O I N T S
•	 Noroviruses	are	very	common	causes	of	

diarrhea in both the general population and 
immunocompromised hosts.

•	 In	the	SOT	population,	chronic	or	
recurrent diarrhea may result from 
norovirus infection.

•	 Diagnosis	is	by	RT-PCR	from stool.
•	 Treatment	is	supportive,	although	small	

reports have described a few potentially 
effective therapies (nitazoxanide, oral 
human Ig, mammalian target of rapamycin 
[mTOR] inhibitors), and reduction of 
immunosuppression is likely important in 
chronic illness.

•	 Hand	hygiene	and	bleach	disinfection	of	
surfaces are critical to prevent transmission.
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Introduction: Infections in Hematopoietic  
Stem Cell Transplant Recipients

JOHN R .  WINGARD,  MD

The goal of allogeneic stem cell transplantation 
is the establishment of donor hematopoiesis 

and immunity in the recipient to treat an ante-
cedent marrow failure disorder or to achieve a 
graft-versus-cancer effect to treat a neoplastic dis-
ease. Profound changes in immune competence 
take place involving all arms of innate and adap-
tive immunity and host barriers. The immune 
changes occur abruptly in some types of trans-
plants and gradually in other types depending 
on the intensity of the conditioning regimen and 
type of stem cell graft. For example, myeloablative 
conditioning regimens cause abrupt abrogation of 
hematopoiesis and substantial damage to muco-
sal barriers, resulting in profound neutropenia 
and mucositis during the first several weeks after 
transplant. Reduced intensity regimens, in con-
trast, result in less severe and shorter neutropenic 
periods and less mucosal injury. Peripheral blood 
grafts typically contain more hematopoietic and 
lymphocyte precursors than bone marrow grafts, 
and both the time to engraftment is shorter and 
the pace of lymphoid recovery tends to occur more 
quickly. Lymphoid reconstitution under the best 
of circumstances takes months to a year or longer 
but occurs more slowly in recipients of cord blood 
grafts, T cell-depleted grafts, and mismatched 
donor grafts. The occurrence of graft-versus-host 
disease (GVHD) profoundly disturbs the pace of 
both B and T cell recovery, and lymphoid recovery 
may persist for years.

The goal of autologous hematopoietic stem 
cell transplant (HSCT) is very different from allo-
geneic HSCT. In autologous HSCT, the goal of 
the graft is simpler: it is to rescue the myelotoxic 
effects of high-dose chemotherapy. Neutropenia 
is shorter, cellular immunodeficiency is less pro-
found, and immune reconstitution is quicker. 
Thus, early on, the types and risk for infection mir-
rors allogeneic HSCT early, but the risk for infec-
tion is much less after neutrophil recovery. How 

robust the immune recovery is depends mostly 
on the types and duration of therapies given for 
the underlying malignancy before the transplant 
and whether the patient receives posttransplant 
therapies that impede hematopoietic or immune 
recovery. For example, monoclonal anti-B cell 
antibodies or purine analogs that suppress T cell 
function given before the transplant (particularly 
in patients transplanted for lymphoid malig-
nancies) may have long-lasting effects that will 
persist after autologous HSCT. The use of immu-
nomodulatory drugs after transplant (increasingly 
used after transplant for multiple myeloma) may 
likewise suppress immune reconstitution. Poor 
recovery of hematopoiesis after transplant due 
to myelotoxic drugs given before HSCT may also 
predispose patients to infection.

Infectious exposures before transplant play an 
important role after transplant. Although an infec-
tion may be effectively treated and under good 
control before transplant, reactivation may occur 
after transplant. This has been most dramatically 
seen with herpesviruses, hepatitis, and invasive 
fungal infections, but there are notable examples 
with many other pathogens as well. Accordingly, 
careful screening as part of the pretransplant 
evaluation and continued close monitoring after 
transplant is important.

Three periods of immune deficiency are gen-
erally recognized after HSCT:  pre-engraftment 
(the first two to four weeks after transplant), early 
postengraftment (second and third month after 
transplant), and late postengraftment (beyond 
three months). The types of infectious syn-
dromes that occur vary according to the period. 
The pre-engraftment period is characterized by 
neutropenia and mucosal injury. Breaches in 
the mucosal barrier allows seeding of commen-
sal organisms (principally Gram-negative bac-
teria and Candida) into the bloodstream, and 
the lack of a second-line of defense (neutrophils 
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and macrophages) provides these organisms the 
opportunity to progress and lead to life-threatening 
consequences. The use of implanted vascular 
catheters predispose to skin-colonizing, Gram-  
positive cocci. The early postengraftment period 
is characterized by profound deficiency in cellular 
immunity. Cytomegalovirus (CMV), Aspergillus, 
and Pneumocystis jirovecii are the principal 
opportunistic organisms that exploit the lack of 
protective cellular responses during this period 
to cause serious disease, but a variety of other 
pathogens can also pose serious threats. During 
the late postengraftment period, immune recov-
ery is gradual and infectious risk is much less. 
However, if chronic GVHD occurs, there are pro-
found and long-lasting disturbances in humoral 
and T cell immunity that are associated with risks 
of varicella-zoster, P jirovecii, Aspergillus, and 
recurrent and serious infection by encapsulated 
bacteria.

The search for risk factors that can identify 
individuals at greatest risk for various types of 
infection has led to the identification of neutro-
penia, lymphopenia (or low CD4+ cell counts), 
low levels of immunoglobulin, and GVHD, prior 
infection by organisms that may persist in the 
recipient or donor, and a number of other factors 
in certain situations. However, it is important to 

note that normal numbers of lymphocytes and 
normal immunoglobulin levels provide little 
reassurance of effective functioning of various 
subsets of lymphocytes required for protective 
anti-infective immunity or the ability to mount 
serologic responses to vaccines or new pathogens. 
Unfortunately, although the presence of the above 
risk factors identifies groups of patients who are 
at risk, there are no reliable markers of immune 
competence in individual patients.

Many of the infectious syndromes mimic non-
infectious complications of HSCT. One of the big-
gest challenges is distinguishing infection from 
some other noninfectious etiology of a syndrome. 
For example, the patient with diarrhea may have 
Clostridium difficile, typhlitis, medication toxic-
ity, or mucositis from the conditioning regimen 
during the pre-engraftment period, or CMV, C 
difficile, medication toxicity, or GVHD during 
the early postengraftment period. A  new diffuse 
pulmonary infiltrate early after transplant may be 
due to fluid overload, toxicity from the condition-
ing regimen, or a respiratory virus. The infectious 
disease consultant must have a comprehensive 
knowledge of the possible etiologies, both infec-
tious and noninfectious, and a clear diagnostic 
algorithm to reach a diagnosis to provide optimal 
anti-infectious care to the HSCT recipient.



3.1
A Bad Case of the Trots: Diarrhea Early  
in the Course of Transplantation

JACK  HSU,  MD

CA S E  P R E S E N TAT I O N
A 45-year-old woman with acute myelogenous 
leukemia presents thirty days after allogeneic 
stem cell transplant from his 10/10 human 
leukocyte antigen-matched unrelated donor 
after cyclophosphamide/total body irradiation 
conditioning. Postgraft immunosuppression 
consisted of tacrolimus and methotrexate. Her 
posttransplant course was complicated by neu-
tropenic fevers requiring broad-spectrum anti-
biotics. She had prompt neutrophil engraftment 
starting at day twenty-one of transplant, and 
she was discharged to the clinic two days later. 
She sees you today with complaints of abdomi-
nal cramping and loose bowel movements. 
Temperature was 38.1°C; other vital signs were 
normal. Abdominal exam revealed moderate 
discomfort with deep palpation in the right 
lower quadrant. Bowel sounds were hyperac-
tive. No masses were palpated. No ecchymosis 
or petechiae were seen.

D I F F E R E N T I A L  D I AG N O S I S
The differential for diarrhea early into the course 
of allogeneic transplant is very broad. A consid-
erable number of infectious and noninfectious 
etiologies may be responsible for the diarrhea. 
Potential infectious causes include neutropenic 
enterocolitis, diverticulitis, Clostridium difficile, 
enteric viral pathogens, adenovirus, cytomegalovi-
rus (CMV), or parasites. Noninfectious etiologies 
include drug toxicities and acute graft-versus-host 
disease (GVHD).

In this situation, the lack of broad-spectrum 
antibiotic use or new medications does not favor 
Clostridium difficile or drug toxicity. Isolated gut 
GVHD is unusual but possible. The recovery of 
neutrophils excludes neutropenic colitis. An infec-
tious etiology is favored. Blood and stool cultures 
should be obtained to identify infectious causes. 

A  computed tomography (CT) of the abdomen 
will help in looking for inflammatory foci.

Complete blood counts and a chemistry panel 
were found to be within normal limits. Blood cul-
tures and stool cultures were negative. Peripheral 
blood CMV DNA polymerase chain reaction 
(PCR) was negative. Stool examination for ova 
and parasites as well as C difficile toxin were nega-
tive. Stool was noted to be brownish liquid with 
semi-formed elements. Quantitation of stool out-
put was <500 mL/day. Computed tomography of 
the abdomen revealed no abnormalities.

The negative stool and blood cultures reduces 
the possibility of a bacterial etiology. A  negative 
CT scan does not exclude the possibility of GVHD 
or viral colitis. Referral to gastroenterology for 
upper and lower endoscopy with biopsy can assist 
with identifying an etiology.

The Gastroenterology service was consulted, 
and the patient underwent upper and lower endos-
copy with biopsy. Gross visual inspection showed 
essentially normal gastric and colonic mucosa 
(Figure 3.1.1). Random biopsies were obtained. 
Microscopic examination of the colonic mucosa 
revealed inclusion bodies within the mucosal cells. 
Immunohistochemical stains showed these inclu-
sions were positive for CMV (Figure 3.1.2). There 

FIGURE  3.1.1: Normal colonoscopic appearance of 
colonic mucosa.
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seronegative and seropositive patients  [1] . With 
the use of seronegative blood products, the inci-
dence of CMV infection in seronegative recipi-
ents dropped to 10%–15% [2]. Most serious CMV 
infections in HSCT patients manifest as interstitial 
pneumonia.

Cytomegalovirus enterocolitis is an increas-
ingly important problem in allogeneic stem cell 
transplant recipients. The overall incidence of 
CMV enteritis in this population has been constant 
at 2% [3] . However, for transplant patients who 
develop significant gastrointestinal complaints, 
CMV enteritis is the second most common cause 
comprising 11% of cases [4]. The median time of 
onset is 91 days and is associated with a two-year 
overall survival rate of 35%. Approximately two 
thirds of cases are preceded by viremia, a median of 
twenty-five days prior to the development of enteri-
tis. Thus, testing of blood for CMV viremia is an 
important diagnostic test in patients with diarrhea, 
but negative blood CMV PCR does not exclude the 
diagnosis. Because of the nonspecific nature of its 
symptoms, diagnosis usually requires biopsy.

The optimal method of treatment of CMV 
enteritis is unknown. Ganciclovir is the preferred 
treatment. The addition of intravenous immuno-
globulin (as is done in the treatment of CMV pneu-
monitis) has not been found to be beneficial in the 
treatment of CMV enteritis [5] , despite some anti-
viral activity [5]. Foscarnet is an additional option 
for treatment, particularly in patients who are 
cytopenic or who have resistance to ganciclovir.

R E F E R E N C E S
 1. Wingard JR, Piantadosi S, Burns WH, et  al. 

Cytomegalovirus infections in bone marrow 
transplant recipients given intensive cytoreduc-
tive therapy. Rev Infect Dis. 1990;7:S793.

 2. Winston DJ, Ho WG, Champlin RE. Cytomeg-
alovirus infections after allogeneic bone marrow 
transplantation. Rev Infect Dis. 1990;7:S776.

 3. Van Burik JA, Lawatsch EJ, DeFor TE, Weisdorf, 
DJ. Cytomegalovirus enteritis among hemato-
poietic stem cell transplant recipients. Biol Blood 
Marrow Transplant. 2001;7:674.

 4. Schulenburg A, Turetschek K, Wrba F, et al. Early 
and late gastrointestinal complications after mye-
loablative and nonmyeloablative allogeneic stem 
cell transplantation. Ann Hematol. 2004;83:101.

 5. Reed EC, Wolford JL, Kopecky KJ, et  al. 
Ganciclovir for the treatment of cytomegalovi-
rus gastroenteritis in bone marrow transplant 
patients. A randomized, placebo-controlled trial. 
Ann Intern Med. 1990;112:505.

FIGURE  3.1.2: CMV inclusions by positive immuno-
chemical stain of colon biopsy.

was crypt dropout and apoptosis in association 
with CMV-infected cells. No apoptosis was seen 
in areas not associated with CMV-infected cells.

The biopsy confirmed the diagnosis of CMV 
colitis. Although GVHD can also cause crypt 
dropout and apoptosis, the fact that these findings 
were only seen in association with infected cells 
favors the diagnosis of CMV colitis.

T R E AT M E N T  A N D 
F O L L OW- U P
Therapy was started with intravenous ganciclovir. 
After several days of therapy, her diarrhea began 
to improve and her fever and abdominal cramp-
ing resolved. She was continued on intravenous 
ganciclovir for three weeks, and she had no recur-
rence of symptoms after cessation of therapy.
Final Diagnosis: Cytomegalovirus colitis

D I S C U S S I O N
Cytomegalovirus is a DNA virus in the herpesvi-
rus family. Infections with this virus are common 
in the general population with latent infection 
rates of approximately 40%–60% in industrialized 
nations. After primary infection, the virus remains 
in a latent state and can be reactivated by immune 
compromise. Infections in the HSCT patient can 
be caused by either endogenous reactivation from 
a latent virus or in a seronegative patient, newly 
acquired from transfusion of blood products or 
from an organ graft from a seropositive donor. 
The CMV status of the recipient is the primary 
risk factor for the development of CMV infection 
in the allotransplant population. Prior to the use 
of CMV seronegative blood product support, the 
incidence of CMV infection was similar between 

 

 

 



3.2
An Unexpected Trouble

MAXIM NORKIN,  MD

CA S E  P R E S E N TAT I O N
A solitary lung nodule was found in a 65-year-old 
man with acute myeloid leukemia (AML) during 
evaluation for allogeneic hematopoietic stem cell 
transplantation (HSCT).

History of Present Illness
The patient developed dyspnea on exertion and 
rapidly progressing fatigue three months ago. 
A  complete blood count showed pancytopenia 
with white blood cell count (WBC) 1800 cells/
mm3, hemoglobin 8.4 g/dL, platelet count 17 000/
mm3, and absolute neutrophil count (ANC) 700 
cells/mm3. A  subsequent bone marrow evalua-
tion revealed extensive marrow involvement by 
AML with complex karyotype abnormalities. 
The patient received induction chemotherapy 
with idarubicin and cytarabine. Antimicrobial 
prophylaxis with fluconazole, levofloxacin, and 
valacyclovir was given, and his ANC remained 
<500 cells/mm3. A postinduction hospital course 
was complicated by neutropenic fever due to 
vancomycin-resistant enterococcal bacteremia, 
which was successfully treated with linezolid and 
vascular access device. A  repeat bone marrow 
evaluation showed no detectable immunopheno-
typic or morphologic evidence of AML. Because 
of the adverse prognosis of the cytogenetic pro-
file, HSCT was recommended in first hematologic 
remission. Donor search was initiated, and one 
cycle consolidation therapy with high-dose cyta-
rabine was given to maintain his remission status. 
He tolerated consolidation therapy well, received 
daily injections of granulocyte-colony stimulating 
factor and antimicrobial prophylaxis with fluco-
nazole, levofloxacin and valacyclovir while his 
ANC remained <500 cells/ mm3. Pretransplant 
evaluation was initiated when a suitable human 
leukocyte antigen-matched unrelated donor was 
identified, and the patient presented to the clinic to 
discuss its results. He felt generally well; however, 
he reported mild nonproductive cough started 

five days previously but no dyspnea, hemoptysis, 
or chest wall pain. He also complained of mild 
subjective fevers during last two nights, but he 
reported no chills, sweats, abdominal pain, or 
bowel symptoms or urinary problems.

On physical examination, the temperature was 
37.4°C, the blood pressure 127/67 mm mercury, 
the pulse 79 beats per minute, and the respiratory 
rate 15 breaths per minute. The oxygen saturation 
94% while he was breathing an ambient air. The 
physical examination was entirely normal.

Laboratory data revealed normal serum lev-
els of electrolytes, serum creatinine, and protein. 
His complete blood counts and liver function 
tests were also within normal levels. A  routine 
chest radiograph, which was done as a part of 
the pretransplant evaluation, showed a new 3 cm 
round consolidation in the right lower lobe supe-
rior segment without cavitation, pleural effu-
sion, or other focal infiltrates (Fig. 3.2.1). Chest 
radiograph from two weeks earlier had shown 
no abnormalities. A computed tomography (CT) 

FIGURE 3.2.1: Chest radiograph before transplant with 
fever and cough.
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of the chest without intravenous contrast was 
performed, which showed a focal wedge-shaped 
pleural-based opacity in the right lower lobe with 
surrounding ground-glass opacity (Fig. 3.2.2). 
There were multiple calcified granulomas and cal-
cified mediastinal/hilar lymph nodes consistent 
with prior granulomatous disease. The patient 
had no prior CTs available for comparison; how-
ever, the rapid development of right lower lobe 
abnormality on chest x-ray was consistent with 
an acute process.

The patient was admitted to the hospital and 
empiric therapy with cefepime was initiated. On 
the third hospital day, the patient developed per-
sistent fever, worsening dyspnea on exertion, and 
blood tinged sputum. Nasal swabs showed no 
evidence of respiratory viruses. Blood cultures 
remained negative and urinalysis was normal. His 
complete blood counts continued to be within 
normal limits.

D I F F E R E N T I A L  D I AG N O S I S
Development of a pulmonary nodule in an 
immunocompromised patient can occur due to 
noninfectious and infectious causes. Infectious 
causes include chronic infectious granuloma; 
bacterial infection by either Gram-positive and 
Gram-negative organisms; and acute invasive fun-
gal infections (IFIs) due to Aspergillus, the agents 
of Mucormycosis, or other molds. Noninfectious 
causes include (1)  AML recurrence with devel-
opment of leukemic infiltrates, (2)  secondary 
malignancy particularly primary lung cancer 
or lymphoma, and (3)  lung infarction due to 
thromboembolism.

Case Continued
Serum galactomannan (GM) assay was low-level 
positive with an index value of 0.54 (>0.5 is con-
sidered positive). A  fiber optic bronchoscopy 
was performed and showed the presence of old 
blood in the posterior basal segment of the right 
lower lobe without any obstruction of the airway. 
Bronchoalveolar lavage (BAL) fluid was sent for 
cell count, bacterial culture, viral smears and cul-
ture, fungal and acid-fast bacilli (AFB) analysis, 
and galactomannan assay. Gram stain showed 
few polymorphonuclear cells and no organisms. 
Fungus stain was negative for yeasts and other 
fungal elements. No AFB were seen on both 
direct and concentrated smears. Pneumocystis 
was not identified on silver stain. No cytologic 
changes consistent with viral infection were iden-
tified. Lactophenol cotton blue staining revealed 
the presence of fungal organisms morphologi-
cally consistent with Aspergillus spp (Fig. 3.2.3). 
Galactomannan assay from BAL fluid returned 
with a positive index value of 8.6. Therapy was 
started with intravenous voriconazole and fever 
quickly subsided. Transplantation was delayed. 
Therapy was transitioned to oral voriconazole, and 
he was discharged in stable condition. Computed 
tomography scan after five weeks of treatment 
with voriconazole showed significant interval 
improvement in the right lower lobe pneumonia.

D I S C U S S I O N
Rapid onset of a solitary lung nodule in an immu-
nocompromised patient along with the presence 
of positive mycologic tests are diagnostic of IFI, 
particularly invasive aspergillosis (IA). Leukemic 
infiltration rarely causes nodular pulmonary 

FIGURE  3.2.3: Lactophenol cotton blue staining of 
BAL sample revealing the presence of fungal organisms 
morphologically consistent with Aspergillus spp.

FIGURE 3.2.2: Chest CT.
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abnormalities. There were no laboratory or clini-
cal signs of relapsed leukemia, which makes 
leukemic lung infiltrates in this patient highly 
unlikely. Although malignancy can be inciden-
tally identified on routine imaging of the chest 
during pretransplant evaluation, in this patient 
the clinicoradiological characteristics and quick 
progression suggested infectious rather than 
a neoplastic process. Most frequently, nodu-
lar infiltrates in immunocompromised patients 
are caused by bacterial and/or fungal infections. 
Although Aspergillus (mostly pulmonary) and 
Candida (mostly bloodstream) are the most com-
mon fungal pathogens in patients with acute 
leukemia, endemic mycoses such as coccidioido-
mycosis, histoplasmosis, and blastomycosis are 
relatively common in certain high-risk geographic 
locations. Computed tomography of the chest has 
higher sensitivity over plain radiograph for detec-
tion of IFI. Plain radiographs lead to false-negative 
results in 10% of patients with IA, whereas chest 
CT is falsely negative in only 3% of such patients 
[1] . Sensitivity and negative predictive value of 
high-resolution CT scans are both >85%, and CT 
scan gives an average time gain of five days over 
plain radiograph in diagnosis of IFI [2, 3]. Blood 
cultures are rarely ever positive in disseminated 
aspergillosis [4], and in patients with pulmonary 
involvement, Aspergillus spp can occasionally be 
isolated from sputum; however, BAL increases the 
diagnostic yield to 45%–62% [5], particularly if the 
BAL is tested for galactomannan. The serum GM 
test was low-level positive in this case; however, 
the GM assay from BAL was strongly positive. In 
a meta-analysis, the serum GM assay in patients 
with hematologic malignancy had a pooled speci-
ficity of 70% and sensitivity of 92% [6]. Compared 
with serum GM assay, BAL GM assay has higher 
specificity and sensitivity. In patients with proven 
or probable IA, BAL GM has specificity of 79%–
94% and sensitivity of 90%–94% [7,  8], which 
exceeds the sensitivity and specificity of culture 
and microscopy [8].

Delay in proceeding to HSCT during the treat-
ment of the acute infection, as was done in this 
case, is advisable to avoid a high risk of reactiva-
tion and death from aspergillosis. Even after con-
trol of the infection, antifungal therapy should 
be continued after HSCT to reduce the risk for 
recurrence [9] .
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3.3
A Swollen Eye

JOHN R .  WINGARD,  MD

CA S E  P R E S E N TAT I O N
A 63-year-old man underwent allogeneic hema-
topoietic stem cell transplantation (HSCT) for 
myelodysplastic syndrome (refractory anemia 
with excess blasts) from an 8/8 human leukocyte 
antigen-matched sibling donor after busulfan 
plus cyclophosphamide conditioning. Postgraft 
immunosuppression consisted of tacrolimus and 
methotrexate. On the fourth day of neutropenia, 
fever occurred and he was placed on cefepime. He 
defervesced and remained afebrile. Fourteen days 
after transplant, he complained of pain and swell-
ing of his left eye. He denied trauma. On exam, his 
temperature was 38.4°C and there was erythema 
and puffiness of the left lower orbit. The conjunc-
tiva of the left eye was injected. On palpation, the 
area of swelling and over the maxillary sinus was 
tender. The nares and oral cavity are normal. You 
are consulted.

D I F F E R E N T I A L  D I AG N O S I S
The differential for orbital swelling in the HSCT 
patient is cellulitis from bacterial or mold infec-
tion. An allergic reaction or viral conjunctivitis 
could also be considered.

T R E AT M E N T  A N D  F O L L OW- U P
Serum galactomannan assays have been moni-
tored and are negative. You recommend a com-
puted tomography (CT) scan and consult an 
otolaryngologist, Nose, and Throat Specialist for 
further evaluation. While the diagnostic assess-
ment proceeds, you add a lipid formulation of 
amphotericin B to cover suspected aspergillosis 
and mycormycosis and add vancomycin for cov-
erage against Gram-positive bacteria. The sinus 
CT scan demonstrated maxillary fluid, soft tis-
sue swelling into the orbit, and possible bony 
 destruction (Figure 3.3.1).

Nasal endoscopy demonstrated necrotic tis-
sue, which was debrided. Examination of the 

resected tissue demonstrated branching filamen-
tous forms invading tissue with tissue necrosis. 
The forms were aseptate and wide, morphologi-
cally consistent with mucormycosis. Culture 
later confirmed Rhizopus species. Lipid form of 
amphotericin B was continued, and debridement 
was performed at three-day intervals over the 
next two weeks. The patient had neutrophil recov-
ery on day twenty-two. Clinically, the patient had 
resolution of the orbital inflammation. Antifungal 
treatment continued daily for one month, it was 
then reduced to twice weekly until day 100.
Final Diagnosis: Rhizopus sinusitis and orbital 
cellulitis

D I S C U S S I O N
Mucormycosis after HSCT is infrequent, but it can 
be deadly when it occurs [1] . Most commonly, it 
can present as pneumonia, sinusitis, a deep, pene-
trating oral ulceration, or as a disseminated infec-
tion. It can mimic aspergillosis in many ways, but 

FIGURE  3.3.1: Sinus CT scan demonstrating maxil-
lary fluid, soft tissue swelling into the orbit, and possible 
bony destruction.
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there are several clinical and radiologic differences 
that can be useful in distinguishing the two enti-
ties. Involvement of the sinuses, greater numbers 
of pulmonary nodules, the presence of a pleural 
effusion, and the prior use of voriconazole (which 
is not active against the agents of mucormycosis) 
are more commonly seen with mucormycosis 
compared with aspergillosis [2, 3]. Although dis-
crete, dense pulmonary nodules (with or without 
a halo) are common, as with aspergillosis, less 
characteristic radiologic findings can also be seen, 
as with aspergillosis [4]. Although a reversed halo 
sign was once thought to strongly suggest mucor-
mycosis, it is now recognized that tuberculosis 
and other etiologies can also be causes of the 
reversed halo sign [5, 6]. Bony destruction of the 
sinuses and orbit should strongly suggest a fungal 
etiology rather than bacterial infection. However, 
absence of bone destruction does not exclude the 
diagnosis. Even an unremarkable CT scan does 
not exclude the diagnosis, and nasal endoscopy 
should be performed. Aggressive antifungal and 
surgical therapy is necessary [7]. An amphotericin 
B formulation is the preferred antifungal agent in 
any patient with sinusitis while diagnostic assess-
ment proceeds, and treatment should be contin-
ued until or unless mucormycosis is excluded 
since death or disfigurement can result if appro-
priate therapy is delayed. The course of therapy 
must be prolonged until both infection is con-
trolled and immunity has been restored.
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3.4
Breathless in the Transplant Unit

JOHN R .  WINGARD,  MD

CA S E  P R E S E N TAT I O N
A 48-year-old cytomegalovirus (CMV) seroposi-
tive man with acute myelogenous leukemia pres-
ents 60 days after allogeneic hematopoietic stem 
cell transplantation (HSCT) from a 7/8 human 
leukocyte antigen-matched unrelated donor after 
cyclophosphamide/total body irradiation condi-
tioning. Postgraft immunosuppression consisted 
of tacrolimus and methotrexate. He engrafted 
and was discharged. He developed a cutaneous 
rash over 60% of his body surface area without 
diarrhea or liver function abnormalities on day 
forty-six. A skin biopsy revealed graft-versus-host 
disease (GVHD) and therapy was started with 
prednisone. The rash improved over the next 
week and the prednisone dose was reduced. On 
day sixty, he developed a nonproductive cough 
and low grade fever (temperature 38.0oC). He 
denied sinus congestion, sore throat, or myal-
gias. Chest exam was unremarkable. There were 

no signs of congestive heart failure. Chest radio-
graph did not reveal abnormalities. The O2 satu-
ration was 94%. Weekly CMV polymerase chain 
reaction (PCR) assays had been negative. A naso-
pharyngeal swab was sent for respiratory viruses 
by PCR. The next day, the patient described 
dyspnea climbing stairs. The O2 saturation was 
88%. A  chest computed tomography scan was 
performed and demonstrated diffuse infiltrates 
bilaterally (Figure 3.4.1). The patient was admit-
ted and you are consulted.

D I F F E R E N T I A L  D I AG N O S I S
The differential for diffuse pulmonary infiltrates 
in the early period (first three months) after 
engraftment for allogeneic transplant includes 
both infectious and noninfectious etiologies. 
Pulmonary toxicity from intensive conditioning 
regimens occurs most commonly in this inter-
val. Infections that commonly cause diffuse pul-
monary infiltrates include respiratory viruses, 
CMV, Pneumocystis jirovecii, and less commonly 
Mycoplasma, Legionella, and Strongyloides.

T R E AT M E N T  A N D  F O L L OW- U P
The patient was presumptively treated 
with ganciclovir for CMV pneumonia/and 
trimethoprim-sulfamethoxazole for Pneumocystis 
pneumonia while further diagnostic assessment 
proceeded. Bronchoscopy with bronchoalveolar 
lavage (BAL) was performed. The plasma quanti-
tative PCR for CMV was positive with 2800 cop-
ies/mL. The BAL was negative for Pneumocystis. 
Nasopharyngeal and BAL samples for respiratory 
viruses were negative. Bronchoalveolar lavage 
was positive for CMV. Therapy with intravenous 
immunoglobulin was added. The prednisone 
taper was accelerated. The patient’s respiratory 
status improved, and the patient completed her 
antiviral course of therapy and was discharged.
Final Diagnosis: Cytomegalovirus pneumonia

FIGURE 3.4.1: CT scan demonstrating diffuse bilateral 
infiltrates.
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D I S C U S S I O N
Historically, CMV has represented the most com-
mon life-threatening infection after allogeneic 
HSCT, with up to one third of seropositive patients 
dying from CMV infection [1] . The most common 
clinical manifestation is pneumonia, with bilat-
eral diffuse infiltrates being characteristic [2]. The 
median time of onset historically was two months 
after transplant. Without treatment, more than 80% 
of cases resulted in respiratory failure and death. 
Cytomegalovirus seropositivity of the HSCT recip-
ient and the occurrence of GVHD have been the 
most common risk factors [3]. Cytomegalovirus 
viremia commonly was noted to occur one to two 
weeks prior to onset of pneumonia.

The development of active antivirals (ganciclo-
vir, foscarnet, and cidofovir), sensitive and specific 
blood and BAL diagnostics (shell vial cultures, 
PCRs, and immunohistochemistry stains), and 
the testing of both prophylaxis and preemptive 
therapy triggered by the detection of viremia have 
dramatically changed the landscape of CMV infec-
tion and disease [4] . Today, CMV-seropositive 
patients are routinely monitored for detection of 
CMV in plasma samples by PCR [5]. If positive, 
therapy is instituted with ganciclovir (or foscar-
net if the patient is leukopenic). Treatment is con-
tinued for two weeks and stopped if negative, or 
treatment is continued longer if needed until it is 
negative. After cessation of therapy, monitoring is 
continued because up to one third of patients will 
have a recurrence that requires retreatment. This 
preemptive approach is highly effective, but fail-
ures occasionally occur, since some pneumonia 
cases occur at the same time as viremia, or rarely, 
in the absence of viremia. An alternative, less 
commonly used approach is prophylaxis. Since 
ganciclovir is myelotoxic and CMV disease is 
rare before engraftment, prophylaxis is generally 
started after neutrophil engraftment and some-
times is also given before transplant. Some centers 
use prophylaxis in high-risk patients (mismatched 
or cord blood transplants or use of T cell deple-
tion, alemtuzumab, or antithymocyte globulin) 
while relying on monitoring and preemptive ther-
apy in lower-risk patients. Better-tolerated brin-
cidofovir and letermovir are undergoing clinical 
trials for the prevention of CMV reactivation in 
transplant recipients. With the advent of routine 
prophylaxis and, to a lesser extent, preemptive 
therapy, late-onset CMV disease (beyond three 
months posttransplant) has increased [6].

Bronchoalveolar lavage testing for CMV has 
a high sensitivity and specificity, each exceed-
ing 90%. Transbronchial biopsy for examina-
tion of tissue does not materially add to the 
yield and increases the risk of bleeding or pneu-
mothorax and is not advised. Occasionally, 
co-infection by Gram-negative bacteria, staph-
ylococci, or Aspergillus can occur, and testing 
for these pathogens should be performed on 
BAL samples.

Treatment consists of ganciclovir or, alterna-
tively, foscarnet [7] . Intravenous immunoglobulin 
is added as well based on nonrandomized stud-
ies, which suggest an additive benefit. Treatment 
should be prompt and should be initiated pre-
sumptively in patients with suspected CMV pneu-
monia to optimize treatment outcomes. Once the 
diagnostic assessment is completed, if an alterna-
tive diagnosis is made, then the anti-CMV ther-
apy can be withdrawn.
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3.5
Learning From Our Failures: Stubborn 
Aspergillosis That Does Not Get Better

JOHN R .  WINGARD,  MD

CA S E  P R E S E N TAT I O N
A 52-year-old woman underwent allogeneic 
hematopoietic stem cell transplantation (HSCT) 
for acute lymphoblastic leukemia in first com-
plete remission from an 8/8 human leukocyte 
antigen-matched unrelated donor after busul-
fan plus cyclophosphamide conditioning. 
Posttransplant immunosuppression consisted of 
tacrolimus and methotrexate. He engrafted and 
was discharged. He developed graft-versus-host 
disease (GVHD) of the skin and liver on day 
thirty-three and was treated with prednisone. 
The GVHD improved over the next week and the 
prednisone dose was reduced. On day forty-two, 
he developed a nonproductive cough and 
low-grade fever (temperature 38.1oC). Chest exam 
was unremarkable. Chest radiograph did not 
reveal abnormalities. The O2 saturation was 94%. 
A  nasopharyngeal swab was sent for respiratory 

viruses by polymerase chain reaction (PCR). Four 
days later, the patient described pleuritic pain. 
A  chest computed tomography (CT) scan was 
performed and demonstrated two dense nodules, 
one with a halo (Figure 3.5.1). Serum galactoman-
nan was sent. The patient was admitted and you 
are consulted.

D I F F E R E N T I A L 
D I AG N O S I S
The differential for nodular pulmonary infil-
trates in the early period (first three months) 
after engraftment for allogeneic HSCT includes 
both infectious and noninfectious etiologies 
[1] . Infections predominate with bacterial and 
mold fungal pathogens being the most common. 
Less likely, posttransplant lymphoma, associ-
ated with Epstein-Barr virus infection, is another 
consideration.

T R E AT M E N T  A N D 
F O L L OW- U P
The patient was presumptively treated with anti-
biotics for bacterial pneumonia (vancomycin plus 
cefepime) and voriconazole for Aspergillus, while 
further diagnostic assessment proceeded. The 
dose of steroids was tapered. Bronchoscopy with 
bronchoalveolar lavage (BAL) was performed, 
and both serum and BAL galactomannan were 
positive, confirming the suspicion of pulmonary 
aspergillosis. Voriconazole was continued but 
antibiotics were discontinued. The patient’s respi-
ratory status did not improve, fever persisted, and 
one week later, the CT scan showed a worsening 
infiltrate (Figure 3.5.2). You are again consulted.

D I F F E R E N T I A L 
D I AG N O S I S
The differential for worsening aspergillosis should 
consider immune reconstitution syndrome, 

FIGURE 3.5.1: Chest CT scan demonstratying 2 dense 
nodules, one with a halo.
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resistance, incorrect diagnosis, or superinfection 
by viral, bacterial, or another mold pathogen. 
False-positive galactomannan test results have 
been noted in the past, particularly in patients 
receiving piperacillin or amoxicillin and could 
mislead one to believe that there is aspergillosis, 
but this seems less likely in this case because the 
implicated antibiotics were not used in this patient 
and recent reports suggest that the false-positive 
test results are no longer being seen with these 
antibiotics.

Continued Treatment and Follow-Up
Repeated serum galactomannan tests indicated 
a reduction in the galactomannan index val-
ues. A  repeat bronchoscopy was performed. 
Bronchoalveolar lavage galactomannan index was 
also lower. Cultures of BAL grew Pseudomonas 
aeruginosa. Cefepime was reintroduced and vori-
conazole was continued. Two weeks later, the 
patient was much improved.
Final Diagnosis: Aspergillus pneumonia with 
bacterial superinfection

D I S C U S S I O N
Assessing response to antifungal therapy can be 
very challenging [2, 3]. Radiologically, infiltrates 
typically worsen during the first week of therapy, 
even in patients who eventually respond [4] , and 
cannot be reliable gauges of response during the 
first or second week of therapy. Worsening clini-
cal status may be related to neutrophil recovery 
or improved cellular immunity [5], rather than 
failure of antifungal response. When positive, 

FIGURE 3.5.2: Follow-up CT scan one week later.

the serum galactomannan can be followed dur-
ing therapy; a falling value during therapy sug-
gests a good antifungal response and has been 
shown to predict antifungal outcome [6]. Thus, 
monitoring the galactomannan can be particu-
larly helpful in deciding whether a patient, such 
as this case, is truly failing from inadequate anti-
fungal therapy or other reasons should be pur-
sued. Superinfections are frequent in patients 
with documented invasive aspergillosis [7], and 
clinicians must be on the alert to detect these. In 
one series [7], nearly half of patients with docu-
mented aspergillosis had co-infections. In some 
cases, the other infection was present concomi-
tantly with the aspergillosis diagnosis, underscor-
ing the importance of bronchoscopic evaluation 
at the outset, even if the serum galactomannan 
is positive [8, 9]. Bacterial co-infections are most 
frequent, as with our patient, with three fourths 
due to Gram-negative rods. Viral copathogens 
are next in frequency with CMV and respiratory 
viruses being the most common. A  small per-
centage may become co-infected by other fungi 
or mycobacteria. Azole resistance in Aspergillus 
isolates remains infrequent to date, but there are 
troubling reports in Europe of growing azole 
resistance in clinical isolates, with possible links 
to agricultural use of antifungals [10]. Inadequate 
therapy can be due to inadequate blood levels 
of the antifungal. This is mainly a problem with 
oral azole therapy, where multiple studies have 
shown variable blood levels of itraconazole, vori-
conazole, and posaconazole. Thus, initial therapy 
should be provided by intravenous administra-
tion, and, if switched to oral therapy after clini-
cal response, therapeutic drug level monitoring 
should be considered, especially if response is 
suboptimal.
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3.6
Mr. Sniffles Strikes Again

GAURAV TR IKHA,  MD

CA S E  P R E S E N TAT I O N
A 67-year-old man with a history of acute myelog-
enous leukemia presented during the Fall sea-
son for pretransplant evaluation. His last cycle 
of chemotherapy (re-induction chemotherapy 
for relapse) was six weeks earlier. He was doing 
well until three days prior to presentation when 
he developed fever, sinus fullness, new onset 
sore throat, and a nonproductive cough. He was 
recently visited by his grandsons, aged two and 
three years, who attend day care centers but were 
doing well. Positive findings on exam were tem-
perature 38.2°C, maxillary sinus tenderness, pha-
ryngeal erythema, and postnasal drainage. Initial 
laboratory investigations disclosed leukocyte 
count of 6300/cu mm, with normal neutrophil 
count (2600/cu mm) and lymphocyte count 1762/
cu mm and thrombocytopenia (130 000/cu mm); 
his serum creatinine was 1.3 mg/dL. Blood cul-
tures and a nasopharyngeal swab for direct viral 
antigen testing and viral respiratory polymerase 
chain reaction (PCR) panel were performed. 
Chest radiograph showed no abnormalities. He 
was hospitalized and therapy was started with 
empiric levofloxacin. Transplant evaluation was 
delayed.

D I F F E R E N T I A L 
D I AG N O S I S
The differential diagnostic possibilities considered 
were seasonal allergic rhinitis and sinusitis, viral 
upper respiratory infection (URI) including influ-
enza, viral respiratory infection with secondary 
bacterial sinusitis, bacterial pharyngitis, bacterial 
or fungal sinusitis.

C L I N I CA L   C O U R S E
Nasopharyngeal swab was reported positive for 
respiratory syncytial virus (RSV) by PCR.

T R E AT M E N T  O U T C O M E
Patient defervesced in thirty-six hours, antibi-
otic therapy was discontinued, and the patient 
was discharged from the hospital but continued 
to have sinus fullness and sore throat for five to 
six days. The clinical symptoms resolved, and the 
patient’s condition was re-evaluated in the clinic 
two weeks later; there was complete resolution of 
his symptoms and a repeat chest x-ray showed no 
parenchymal process. Transplant evaluation was 
resumed.
Final Diagnosis: Respiratory syncytial virus: 
upper respiratory tract infection

D I S C U S S I O N
Upper respiratory symptoms after a potential 
exposure (grandchildren attending day care cen-
ter) is suggestive of a viral URI. During winter 
months in temperate climate, influenza, RSV, para-
influenza, and rhinovirus are the most common 
viruses presenting with the above symptomatol-
ogy. Fever and absence of atopic medical history 
make seasonal allergy unlikely. In the absence of 
pharyngeal exudate, cervical lymphadenopathy 
and clinical improvement without antibiotics, 
bacterial pharyngitis is unlikely. Patients with leu-
kemia are at risk of invasive fungal infection, but 
our patient was nonneutropenic and in remission, 
so fungal infection is less likely.

Respiratory syncytial virus is one of the most 
common respiratory viruses in cancer patients. 
In the United States, RSV infections occur in 
the fall, winter, and spring, with an attack rate 
up to 10% during winter [1, 2]. Respiratory syn-
cytial virus infection may present as URIs, such 
as pharyngitis or laryngitis, or a potentially fatal 
lower respiratory tract infection, such as pneu-
monia. It is generally accepted that the first step 
in RSV replication is attachment of the viral 
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particle to the nasal epithelium, and then the 
infection progresses down into the lower respira-
tory tract and causes pneumonia, particularly in 
immunocompromised patients [3] . In one of the 
largest retrospective review of leukemia patients 
diagnosed with RSV respiratory infection, several 
risk factors associated with progression of URI to 
lower respiratory infection (LRI) and eventual 
increase in mortality were identified (Box 3.6.1) 
[4]. Neutropenia was not significantly associated 
with progression to pneumonia, whereas persis-
tent lymphocytopenia seemed to be related to 
such an event, in accordance with previous stud-
ies in hematopoietic stem cell transplantation 
recipients [4,  5]. Because this case did not have 
any of the risk factors, anti-RSV treatment was 
not initiated.

Rapid diagnosis of RSV infection can be made 
by direct antigen testing on clinical specimens (i.e. 
direct immunofluorescence staining), shell vial 
culture technique, which provides results within 
48 hours, with a sensitivity of 93% and a specific-
ity of 97%, and by real-time PCR assay for detec-
tion of RSV RNA with a higher sensitivity and 
specificity [6-8]. At our institution’s Bone Marrow 
Transplant Unit, any patient presenting with URI 

symptoms gets screened by direct viral antigen 
testing and, if necessary followed by viral respira-
tory PCR (Figure 3.6.1).

Prevention of RSV transmission in a hospi-
tal setting, especially where immunosuppressed 
patients are housed, is considered a basic stan-
dard of care in most hospitals. Strict infection 
control measures to prevent spread within a 
hospital ward include respiratory isolation of 
infected patients, hand washing before and after 
contact with patients, and educational efforts 
targeting healthcare workers and family mem-
bers (Figure 3.6.2). For RSV infection, control 
practices required are standard and contact 
precautions. Patients can be roomed with other 
RSV patients as long as there are no other signifi-
cant organisms present (i.e. methicillin-resistant 
Staphylococcus aureus, vancomycin-resistant 
enterococcus, etc)

Management of RSV infection should tar-
get (1) viral replication, (2) virus-induced lung 
inflammation, (3) co-infections or superimposed 
infections, and (4) respiratory dysfunction.

Available therapies that have been used for 
treatment of RSV infections are limited to riba-
virin, intravenous immunoglobulin, and palivi-
zumab. The lack of well designed, randomized 
controlled trials leaves clinicians with little infor-
mation, mostly retrospective and from single cen-
ters, as the only available clinical data.

The aerosolized form of ribavirin was approved 
by the US Food and Drug Administration in 1986 
for treatment of RSV LRI in hospitalized high-risk 
infants and young children, and it is still the only 
drug approved for this indication.

The lack of controlled trials makes treat-
ment decisions about RSV URI difficult. 
Regardless of the form or duration of therapy 
or the addition of an immunomodulator, the 
rate of progression to LRI and mortality rate 
appear to be lower in high-risk patients who 
received ribavirin than in patients who did not 
receive any form of RSV therapy [4, 9–12]. In 

BOX 3.6.1  RISK FACTORS FOR 
PROGRESSION TO PNEUMONIA 
IN LEUKEMIA PATIENTS WITH 
RSV INFECTION

High APACHE II score at the time of the first 

evaluation

Persistent lymphocytopenia

Corticosteroid use within one month of the 

onset of RSV infection

Sex (Males > Females)

Direct
Antigen
Testing

Viral
Respiratory

PCR

FIGURE 3.6.1: Sequential evaluation of patients suspected to have RSV infection.
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a meta-analysis comparing various combina-
tion regimens [13], better outcomes were seen 
in patients treated with aerosol ribavirin and an 
immunomodulator than in those treated with 
ribavirin alone. Among patients whose infec-
tion progressed to LRI, those treated with aero-
solized ribavirin and an immunomodulator had 
a lower mortality rate of 24% than those treated 
with aerosol ribavirin alone (50%) or with 
intravenous or oral ribavirin with or without an 
immunomodulator 54% [13].

R E F E R E N C E S
 1. Nichols WG, Gooley T, Boeckh M. 

Community-acquired respiratory syncytial virus 
and parainfluenza virus infections after hema-
topoietic stem cell transplantation:  the Fred 
Hutchinson Cancer Research Center experience. 
Biol Blood Marrow Transplant. 2001;7:11S.

 2. Welliver RC. Pharmacotherapy of respiratory 
syncytial virus infection. Curr Opin Pharmacol. 
2010;10:289.

 3. Black CP. Systematic review of the biology and 
medical management of respiratory syncytial 
virus infection. Respir Care 2003;48:209.

 4. Torres HA, Aguilera EA, Mattiuzzi GN, et  al. 
Characteristics and outcome of respiratory syn-
cytial virus infection in patients with leukemia. 
Haematologica 2007;92:1216.

 5. Ljungman P, Ward KN, Crooks BN, et  al. 
Respiratory virus infections after stem cell trans-
plantation: a prospective study from the Infectious 
Diseases Working Party of the European Group 
for Blood and Marrow Transplantation. Bone 
Marrow Transplant. 2001;28:479.

 6. Kuypers J, Campbell AP, Cent A, et al. Comparison 
of conventional and molecular detection of respi-
ratory viruses in hematopoietic cell transplant 
recipients. Transpl Infect Dis. 2009;11:2.

 7. Kuypers J, Wright N, Ferrenberg J, et  al. 
Comparison of real-time PCR assays with 
fluorescent-antibody assays for diagnosis of 
respiratory virus infections in children. J Clin 
Microbiol. 2006;44:2382.

 8. Ohm-Smith MJ, Nassos PS, Haller BL. Evaluation 
of the Binax NOW, BD Directigen, and BD 
Directigen EZ assays for detection of respiratory 
syncytial virus. J Clin Microbiol. 2004;42:2996.

 9. Ebbert JO, Limper AH. Respiratory syncy-
tial virus pneumonitis in immunosuppressed 
adults: clinical features and outcome. Respiration 
2005;72:263.

 10. Boeckh M, Englund J, Li Y, et al. Randomized con-
trolled multicenter trial of aerosolized ribavirin 
for respiratory syncytial virus upper respiratory 
tract infection in hematopoietic cell transplant 
recipients:  NIAID Collaborative Antiviral Study 
Group. Clin Infect Dis. 2007;44:245.

Clean hands with
alcohol based hand rub

or soap and water
Wear surgical mask

within 2 metres of patient

Wear eye protection
within 2 metres of patient

Droplet
Precautions

FIGURE 3.6.2: Infection control measures to minimize transmission.

 



Infections in Stem Cell Transplant Recipients232

 11. McColl MD, Corser RB, Bremner J, et  al. 
Respiratory syncytial virus infection in adult BMT 
recipients:  effective therapy with short duration 
nebulised ribavirin. Bone Marrow Transplant. 
1998;21:423.

 12. Bowden RA. Respiratory virus infections 
after marrow transplant:  the Fred Hutchinson 

Cancer Research Center experience. Am J Med. 
1997;102:27.

 13. Shah JN, Chemaly RF. Management of RSV infec-
tions in adult recipients of hematopoietic stem cell 
transplantation. Blood 2011;117:2755.



3.7
Mucormycosis: An Uncommon but Deadly Foe

MAXIM NORKIN,  MD

CA S E  P R E S E N TAT I O N
A 52-year-old man developed acute onset right 
sided pleuritic chest pain on day +55 status 
postallogeneic hematopoietic stem cell transplant 
(HSCT) for relapsed acute myeloid leukemia 
(AML). The patient described the pain as sharp, 
worsening at inspiration, and radiating towards 
the epigastrium. He also reported low-grade 
fevers and mildly productive cough over the last 
four days.

The patient’s oncologic history dates back five 
months when he was found to have severe ane-
mia with a hemoglobin of 6.5 g/dL and an abso-
lute neutrophil count (ANC) of 1300 cells/mm3. 
Subsequent bone marrow evaluation was consis-
tent with high-grade myelodysplastic syndrome, 
for which he was started on azacitidine. This 
treatment was complicated by severe neutropenia 
requiring administration of filgastrim and anti-
microbial prophylaxis. After two cycles of azaciti-
dine, the patient developed a rapidly increasing 
white blood cell count with abundant circulating 
blasts on peripheral blood smear. Repeat bone 
marrow evaluation confirmed transformation to 
AML. The patient underwent induction chemo-
therapy with idarubicin and cytarabine, which he 
tolerated well, but he had a slow ANC recovery. 
He received prophylaxis with levofloxacin, fluco-
nazole, and acyclovir while ANC remained <500 
cells/mm3. The patient recovered his peripheral 
blood counts after five weeks and had no evi-
dence of residual leukemia on the bone marrow 
evaluation. Then, he underwent HSCT from a 
related donor with myeloablative conditioning 
with cyclophosphamide and total body irradia-
tion. The posttransplant period was complicated 
by febrile neutropenia, which was empirically 
treated with cefepime. On day +41 posttransplant, 
the patient developed histologically proven acute 
graft-versus-host-disease of the skin requiring 
administration of a high dose of systemic ste-
roids. The skin rash rapidly responded to steroid 

therapy, and he was discharged on a slow tapering 
steroid schedule and prophylactic levofloxacin, 
fluconazole, and acyclovir.

Physical examination revealed the tempera-
ture 38.3°C, the blood pressure 145/87 mm mer-
cury, the pulse 110 beats per minute, and the 
respiratory rate 18 breaths per minute. The oxygen 
saturation was 91% on ambient air. The physical 
examination was normal except for respiratory 
crackles over the right lower lobe. Laboratory 
data revealed normal serum levels of electrolytes, 
serum creatinine, and protein. His complete blood 
counts and liver function tests were also within 
normal levels.

Computed tomography (CT) scan of the chest 
demonstrated two nodular areas of airspace dis-
ease each surrounded by a halo of ground-glass 
opacity in the right lung (Fig. 3.7.1). The patient 
was started on empiric cefepime, vancomycin, 
and voriconazole. Blood cultures showed no 
growth. Serum galactomannan (GM) assay was 
negative with an index value of 0.4. Over next 
two days, the patient continued to be febrile and 
started complaining of frontal headache, nasal 
congestion, and pain. On day +59 posttransplant, 

FIGURE  3.7.1: Chest CT demonstrating 2 nodular 
areas of airspace disease each with halo.
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FIGURE 3.7.4: Pathologic sample demonstrating pres-
ence of fungal elements morphologically consistent with 
mucormycosis.

he developed severe respiratory distress, meta-
bolic acidosis, and worsening hypoxemia requir-
ing intubation. Repeat chest CT scan of the chest 
showed marked interval progression of lung dis-
ease compared to chest CT six days ago (Fig. 3.7.2). 
The patient underwent urgent bronchoscopy, 
which revealed the presence of an area of inflamed 
mucosa in the superior segment of the right lower 
lobe. Bronchoalveolar lavage (BAL) fluid was and 
sent for cell count, bacterial culture, viral studies 
and culture, fungal and acid-fast bacilli analy-
sis, and  GM assay. The patient continued to be 
febrile and deteriorated clinically with a develop-
ment of septic shock despite broad antimicrobial 
coverage. Blood and BAL cultures continued to be 
negative. Serum and BAL were negative.

D I F F E R E N T I A L  D I AG N O S I S
Development of air space consolidation, 
ground-glass and nodular infiltrates, and pleu-
ritic pain in an immunocompromised patient 
can be caused by an infectious, inflammatory, or 
neoplastic process. Among infections, bacterial 
pathogens such as Mycobacterium tuberculosis, 
Klebsiella spp, Staphylococcus spp, Nocardia spp, 
and fungal pathogens such as Aspergillus spp and 
the agents of mucormycosis are most frequently 
associated with the development of pulmonary 
cavities in these patients.

Case Continued
On day +62, he developed sinus tenderness on 
physical examination. Computed tomography 
scan of the sinuses showed the presence of dif-
fuse mucoperiosteal thickening throughout the 
paranasal sinuses with abnormal extension into 
the pterygoid palatine fossa through the sphe-
nopalatine foramen on the right side more than 

the left. (Fig. 3.7.3) These findings were thought 
to be suspicious for invasive fungal sinus dis-
ease. Voriconazole was stopped, and therapy with 
amphotericin B lipid complex was started. The 
patient underwent a nasal endoscopy that showed 
multiple ulcerations and necrotic mucosa followed 
by debridement of the sinus cavities. The review of 
the pathology specimen showed the presence of 
fungal elements morphologically consistent with 
mucormycosis (Fig. 3.7.4). In spite of appropriate 
antibiotic therapy, the patient died.

D I S C U S S I O N
In this case, clinical and laboratory findings do 
not support the diagnosis of recurrent leukemia, 
secondary malignancy or inflammatory processes 

FIGURE 3.7.2: Followup CT scan 6 days later showing 
progression. FIGURE  3.7.3: CT scan of the sinuses showing the 

presence of diffuse mucoperiosteal thickening through-
out the paranasal sinuses with abnormal extension into 
the pterygoid palatine fossa through the sphenopalatine 
foramen on the right side more than the left.
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such as bronchiolitis obliterans organizing pneu-
monia, pulmonary infarction, granulomatous 
disease, or vasculitis. The presence of fever and 
rapidly progressive pulmonary infiltrates make 
an infectious process as the most probable cause. 
Progression of disease despite broad-spectrum 
antimicrobial coverage, the presence of nodular 
infiltrates with halo sign, and concomitant sinus-
itis are highly suspicious for invasive fungal infec-
tion. Aspergillus spp is the most frequent pathogen 
causing approximately 90% of mold pneumonias, 
followed by the agents of mucormycosis, which 
are identified in approximately 10% of mold cases 
[1] . Specific radiologic signs of fungal pneumonia 
include a “halo sign”, when the central nodular 
area is surrounded by a ground-glass appearing 
hemorrhage, and a “crescent sign”, which devel-
ops later as a consequence of lung tissue necro-
sis and cavitation. The presence of sinusitis and 
pleural effusion, multiple (>10) nodules, and a 
history of prior voriconazole exposure are more 
frequently associated with mucormycosis than 
aspergillosis [2, 3]. Microscopic examination and 
culture are the only methods allowing identifi-
cation of mucormycosis because serologic tests 
such the galactomannan assay or the β-glucan 
test do not detect the agents of mucormycosis 
[4–6]. Blood cultures are almost never positive 
in disseminated mucormycosis [7]. Sputum cul-
tures are positive in only one quarter of all cases 
of pulmonary mucormycosis, and BAL typically 
does not increase the diagnostic yield [5]. In tis-
sue, wider, ribbon-like, aseptate or pauci-septate 
hyphae help to distinguish mucormycosis from 
Aspergillus spp. Voriconazole lacks activity against 
the agents of mucormycosis. As soon as mucor-
mycosis is suspected, high doses (≥5  µg/kg per 
day) of liposomal amphotericin B [6] or ampho-
tericin B lipid complex [8] should be empirically 
initiated while the definitive diagnosis is being 
pursued. Surgical debridement of necrotic tissue 
along with antifungal therapy is associated with 

improved survival compared with antifungal 
therapy alone. Posaconazole appears beneficial as 
salvage therapy or step-down therapy for mucor-
mycosis [9, 10].
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3.8
Something’s in the Air

GAURAV TR IKHA,  MD

CA S E  P R E S E N TAT I O N
A 68-year-old male with a history of a matched 
related donor allogeneic stem cell transplanta-
tion (performed in September 2010)  for acute 
myelogenous leukemia presented in October 
2012 with a history of malaise, headache, new 
onset sore throat, and nonproductive cough. 
The patient’s posttransplant course had largely 
been uneventful with no overt infectious or 
graft-versus-host disease complications. On 
admission, vital signs showed blood pressure 
180/98, mm mercury temperature 35.6°C, pulse 
84 per minute, and respirations 14 per minute. 
Initial laboratory investigations disclosed leuko-
cyte count 5300/cu mm, with normal neutrophil 
and lymphocyte counts and mild thrombocy-
topenia (127 000/cu mm); his serum creatinine 
was 1.2 mg/dL (baseline 0.8–1.0 mg/dL). Blood 
cultures and a nasopharyngeal (NP) swab for 
influenza were performed, and an admission 
chest radiograph was normal. The patient was 
admitted, and therapy was started with empiric 
intravenous levofloxacin and standard respira-
tory precautions were instituted. The following 
morning, his temperature rose to 38.5°C and he 
had persistent myalgia and lethargy; he denied 
any shortness of breath, and on room air, his oxy-
gen saturation >95%.

D I F F E R E N T I A L  D I AG N O S I S
Seasonal allergic rhinitis and sinusitis, viral upper 
respiratory infection (URI) including influenza, 
viral respiratory infection with secondary bacte-
rial sinusitis, bacterial pharyngitis.

H O S P I TA L   C O U R S E
Nasopharyngeal swab was reported positive by 
polymerase chain reaction for influenza A  (IFV 
A). Other tests were negative. Subsequently, 
therapy was started with oseltamivir 75 mg orally 
twice daily, and the patient was placed under 
droplet isolation precautions. On the third day 

of hospitalization, he complained of cough with 
yellow-colored phlegm. His other symptoms 
started to improve, and he was finally discharged 
on the sixth day of hospitalization. He completed 
a five-day course of oseltamivir and required no 
antibacterial drugs.

During his hospitalization, on the fourth day, 
three other patients in the same unit developed 
new onset fever with intense myalgias and subse-
quent sore throat and nonproductive cough. They 
were checked for influenza and their NP swabs 
returned positive for IFV A.
Final Diagnosis: Influenza A  upper respiratory 
infection

D I S C U S S I O N
Nosocomial transmission of community-acquired 
respiratory viruses (CRVs) is common, and 
widespread hospital outbreaks of CRVs have 
occurred with sometimes devastating sequelae. 
Hematopoietic cell transplantation (HCT) cen-
ters should maintain appropriate precautions and 
infection control measures for preventing the 
transmission of CRV among hospitalized HCT 
recipients and candidates undergoing condi-
tioning therapy [1–5]. Hematopoietic cell trans-
plantation recipients or candidates with URI or 
lower respiratory tract infection symptoms due to 
community respiratory viruses should be placed 
on contact plus droplet precautions until a spe-
cific pathogen has been identified. (Figure 3.8.1 
and  3.8.2) Pathogen-specific CRV isolation pre-
cautions can be instituted after the organism has 
been identified. For influenza, droplet precautions 
should be used.

The influenza syndrome is similar in patients 
with cancer and HCT recipients, but high fever 
and myalgias may be less prominent. Two major 
complications that can occur are viral pneumonia 
and secondary bacterial pneumonia. The degree 
of risk for influenza complications are influenced 
by the depth of immunosuppression. Factors 

 

 

 

 

 



Something’s in the Air 237

associated with a greater risk for progression to 
pneumonia are enumerated in Box 3.8.1.

Death has been noted in 15%–30% of patients 
with pneumonia. Even in survivors of influenza, 
residual sequela may include long-lasting pulmo-
nary impairment [6] .

In the setting of an outbreak, equal emphasis 
should be given to treatment and containment of 
influenza via transmission prevention and infec-
tion control practices.

Lifelong seasonal influenza vaccine is recom-
mended for all HCT candidates and recipients. 
Inactivated influenza vaccine should be admin-
istered beginning at least six months after HCT 
and annually thereafter for the life of the patient 
[7] . A dose of inactivated influenza vaccine can be 

given as early as four months after HCT, but a sec-
ond dose should be considered in this situation. 
Two doses are recommended routinely for the ini-
tial vaccination for all children receiving influenza 
vaccine for the first time.

Data demonstrating efficacy of inactivated 
(killed) influenza virus vaccines for HCT 
recipients are limited. The protective effect is 
lower in HCT patients in general, and one study 
reported 29% protective antibody levels to IFV 
A H1/N1 serotype in the recipients. It is widely 
accepted that transplant-to-vaccination inter-
val has an important impact on vaccine immu-
nogenicity [8] . A  study in pediatric allogeneic 
HCT recipients showed higher response rates 
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BOX 3.8.1  FACTORS 
ASSOCIATED WITH A GREATER 
RISK FOR PROGRESSION TO 
PNEUMONIA

Age >65 years

Severe neutropenia

Severe lymphopenia*

*Associated with a higher risk for death
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in patients >1 year post-HCT, but patients were 
found to have increasing antibody responses 
even at six months post-HCT. A correlation of 
CD4 counts and response to vaccination has 
been inconsistent [9]. One small study reported 
a correlation of naive-CD4 cells and antibody 
response [10].
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Take My Breath Away

GAURAV TR IKHA,  MD

CA S E  P R E S E N TAT I O N
A 62-year-old man with a history of a matched 
unrelated donor allogeneic hematopoietic stem 
cell transplantation (HSCT) for acute myelog-
enous leukemia presented two years after trans-
plant with a history of malaise, headache, new 
onset sore throat, and a nonproductive cough. 
The patient’s posttransplant course had been 
complicated by chronic graft-versus-host-disease 
(GVHD) involving the skin and liver, which 
required ongoing treatment with immunosup-
pressive drugs (mycophenolate mofetil, predni-
sone 25 mg daily, and tacrolimus). On admission, 
he was afebrile with normal vital signs, and there 
were no cardiorespiratory findings. Initial labora-
tory investigations revealed leukocyte count 5300/
cu mm, with significant lymphopenia (110 lym-
phocytes/cu mm) and thrombocytopenia (120 
000 platelets/cu mm); his creatinine was elevated 
at 2.3 mg/dL (baseline 1.3 mg/dL). Blood cultures 
and a nasopharyngeal swab for viral respira-
tory polymerase chain reaction (PCR) were per-
formed, and admission chest radiograph showed 
no consolidation or increased interstitial mark-
ings. Empiric therapy was started with intrave-
nous levofloxacin.

The following morning, he developed a fever 
of 38.4°C, increased shortness of breath, and 
tachypnea with progressive oxygen requirement. 
A  repeat chest radiograph demonstrated new 
bibasilar opacities. A computed tomography (CT) 
chest scan without contrast confirmed bibasilar 
consolidation with bilateral ground-glass opaci-
ties (Figure 3.9.1).

D I F F E R E N T I A L  D I AG N O S I S
Possible infectious etiologies include community-  
acquired bacterial pneumonia (including atypi-
cal pneumonia), respiratory virus infection, 
postinfluenza pneumonia (commonly caused 
by Staphylococcus spp or Staphylococcus pneu
moniae), Pneumocystis jiroveci, invasive fungal 

pneumonia, Nocardia pneumonia, or the non-
infectious syndrome of cryptogenic organizing 
pneumonia.

H O S P I TA L   C O U R S E
Nasopharyngeal swab was reported positive 
for parainfluenza virus (PIV) by PCR. Sub-
sequently, therapy was started with aerosolized 
ribavirin (AR).

His respiratory status continued to decline, 
and despite maximal oxygen therapy he required 
intubation. Antibiotic therapy was empirically 
changed to vancomycin and cefepime. The next 
day, he underwent a diagnostic bronchoscopy, 
which showed evidence of alveolar hemorrhage. 
His bronchoalveolar lavage fluid was positive for 
PIV and fungal stain was positive for hyphae. 
Bronchoalveolar lavage fluid culture grew 
Aspergillus fumigatus. Intravenous immunoglob-
ulin (IVIG) and voriconazole were administered.

His respiratory status continued to worsen 
with progressive and persistent hypoxemia 
requiring maximal ventilatory support. On day 
fourteen, his endotracheal secretions were still 
positive for PIV. He eventually developed an ileus, 

FIGURE 3.9.1: Chest CT scan demonstrating bibasilar 
consolidation with bilateral ground-glass opacities.
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cardiac dysrhythmia, and his care was eventually 
transitioned to comfort measures. He died on day 
eighteen of his hospital stay.

Before diagnosis and throughout his hospital-
ization, the patient’s lymphocyte count remained 
persistently at <250 cells/cu mm. An autopsy 
demonstrated bilateral pulmonary consolidation, 
hemorrhage with diffuse alveolar damage, and 
patchy fibrosis.
Final Diagnosis: Parainfluenza pneumonia, with 
possible Aspergillus co-infection

D I S C U S S I O N
Recipients of HSCT routinely receive immune 
suppressants to prevent and treat GVHD. The 
occurrence of acute or chronic GVHD intensifies 
the immunodeficiency and prolongs the time to 
immune reconstitution. Respiratory viral infec-
tions in this population can be potentially fatal 
especially when they involve the lower respiratory 
tract and predispose to co-infection or super-
infection by bacteria and fungi. In this case, the 
clinical and radiologic picture is most consistent 
with human parainfluenza virus (HPIV) pneu-
monia, but with the recovery of Aspergillus, even 
though the European Organization for Research 
in the Treatment of Cancer radiologic criteria 
for documentation of an invasive fungal infec-
tion are not met, co-infection (which commonly 
occurs) is possible. Studies have shown nonclassi-
cal radiologic patterns can also be seen with inva-
sive aspergillosis [1] . Thus, the prudent clinician 
would presumptively add anti-Aspergillus treat-
ment to the therapeutic regimen.

Human Parainfluenza Virus
Human parainfluenza virus infections occur 
throughout the year, with infections occurring 
primarily in the spring, summer, and fall. Human 
parainfluenza virus infections encompass four 
serotypes that cause mostly mild upper respira-
tory infection throughout the year with seasonal 
increases in fall and spring in children [2] . Several 
studies have documented a high occurrence 
of HPIV type III infection in HSCT recipients 
[3, 4]. In adult and pediatric leukemia and HSCT 
patients, symptomatic HPIV infections have been 
reported to range from 2% to 7%, of which at least 
one third manifest as lower respiratory infec-
tion [5–7]. Most cases of HPIV type III infection 
occur in spring and summer. A single center study 
showed that type of transplant influenced the like-
lihood of progression to HPIV pneumonia during 
the first 100  days after transplant (Figure 3.9.2) 

[8]. Serotype 1 was more likely to be associated 
with lower tract progression. Lymphopenia was 
also a risk factor for progression from upper to 
lower respiratory infection [8].

The role of treatment is limited by the lack 
of effective agents and randomized intervention 
trials. Treatment with AR and/or IVIG has not 
prevented progression to pneumonia and has not 
affected duration of illness or survival. A  novel 
oral agent, GS-5806, that interferes with RSV 
entry by blocking viral-envelope fusion with the 
host cell membrane has recently been shown to be 
effective in modulating RSV infection in healthy 
adults [9] . Another drug currently under investi-
gation, DAS181, is a recombinant fusion protein 
containing the catalytic domain of actinomyces 
viscosus sialidase, which effectively removes sialic 
acids from the surface of respiratory epithelial 
cells, thereby inhibiting infection by different 
HPIV strains. In cultured human airway epithe-
lial cells and in a cotton rat HPIV infection model, 
DAS181 has been shown to remove sialic acid 
receptors, inhibit PIV genome replication and 
progeny virion formation, and significantly reduce 
viral titers in the infected lungs. In vitro treatment 
of infected LLC-MK2 cells at the known TCID50 
with serially diluted concentrations of DAS181 
showed that the concentration of DAS181 needed 
to inhibit viral infection was between 10 and 
100  nmol/L (Figure 3.9.3), whereas LLC-MK2 
cells treated with 0.1–1 nmol/L DAS181 exhibited 
viral spread similar to that of the no-drug control 
[10]. Experience with DAS181 for the treatment 
of HPIV infections in humans is limited.

Human parainfluenza virus infection is the 
cause of significant morbidity and mortality, not 
only in recipients of HSCT but also in patients 
with leukemia. Multiple nonmodifiable risk 

0.25

0.20

0.15

0.10

0.05

0.00

0 10 20 30 40 50

Allo myeloablative
Auto myeloablative
Non-myeloablative

Days after URI
60 70 80 90 100

FIGURE  3.9.2: Rates of progression to lower respira-
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factors are independently associated with pro-
gression to pneumonia and mortality. Aerosolized 
ribavirin, with or without IVIG, do not appear to 
improve the duration of illness, length of hospital-
ization, or survival of patients with leukemia and 
recipients of HSCT. Because existing therapeutic 
options are inadequate, infection control strate-
gies continue to be the cornerstone for prevent-
ing the spread of this infection among susceptible 
patients.

R E F E R E N C E S
 1. Nucci M, Nouér SA, Grazziutti M, et al. Probable 

invasive aspergillosis without prespecified 
radiologic findings:  proposal for inclusion of a 
new category of aspergillosis and implications 
for studying novel therapies. Clin Infect Dis. 
2010;51:1273.

 2. Hall, CB. Respiratory syncytial virus and parain-
fluenza virus. N Engl J Med. 2001;344:1917

 3. Harrington RD, Hooton TM, Hackman RC, 
et  al. An outbreak of respiratory syncytial virus 
in a bone marrow transplant center. J Infect 
Dis.1992;165:987.

 4. Fox JP, Brandt CD, Wassermann FE, et  al. 
The virus watch program:  a continuing sur-
veillance of viral infections in metropolitan 
New  York families. VI. Observations of ade-
novirus infections:  virus excretion patterns, 
antibody response, efficiency of surveillance, 
patterns of infections, and relation to illness. Am 
J Epidemiol. 1969;89:25.

 5. Whimbey E, Champlin RE, Couch RB, et  al. 
Community respiratory virus infections among 
hospitalized adult bone marrow transplant recipi-
ents. Clin Infect Dis. 1996;22:778.

 6. Martino R, Porras RP, Rabella N, et al. Prospective 
study of the incidence, clinical features, and out-
come of symptomatic upper and lower respira-
tory tract infections by respiratory viruses is adult 
recipients of hematopoietic stem cell transplants 
for hematologic malignancies. Biol Blood Marrow 
Transplant. 2005;11:781.

 7. Klimov AI, Rocha E, Hayden FG, et al. Prolonged 
shedding of amantadine-resistant influenza 
A viruses by immunodeficient patients: detection 
by polymerase chain reaction-restriction analysis. 
J Infect Dis.1995;172:1352.

TCID50 Inhibition by DAS181

Nuclei

1000 nM

100 nM

10 nM

1 nM

Concentration
DAS181

0.1 nM

No Drug

PTV3

FIGURE 3.9.3: Concentrations of DAS181 that inhibit HPIV in vitro.

 



Infections in Stem Cell Transplant Recipients242

 8. Schiffer JT, Kirby K, Sandmaier B, et  al. Timing 
and severity of community acquired respira-
tory virus infections after myeloablative versus 
non-myeloablative hematopoietic stem cell trans-
plantation. Haematologica 2009;94:1101.

 9. DeVincenzo JP, Whitley RJ, Mackman RL, 
et  al. Oral GS-5806 activity in a respiratory 

syncytial virus challenge study. N Engl J Med. 2014;  
371:711

 10. Chen Y, Driscoll JP, McAfee S, et  al. Treatment 
of parainfluenza 3 infection with DAS181 in a 
patient after allogeneic stem cell transplantation. 
Clin Infect Dis. 2011;53:e77.



3.10
Unfinished Business: Prior Aspergillosis

JOHN R .  WINGARD,  MD

CA S E  P R E S E N TAT I O N
A 46-year-old man was referred for allogeneic 
hematopoietic stem cell transplantation (HSCT). 
The patient was diagnosed with acute myelog-
enous leukemia two years ago. He underwent 
induction chemotherapy with idarubicin plus 
cytarabine. He required two courses of chemo-
therapy to achieve remission. Other than oral 
mucositis, culture-negative diarrhea, and neu-
tropenic fever treated with empiric cefepime, he 
did well and entered complete remission. He then 
received consolidation chemotherapy with three 
courses of high-dose cytarabine. Five months 
after completing consolidation, he was noted 
to have a rising leukocyte count. A  repeat bone 
marrow biopsy showed relapse. He underwent 
re-induction chemotherapy at an outside hos-
pital. Fever occurred seven days later and was 
treated with cefepime. Fever persisted, and he 
developed a cough. Chest computed tomography 
(CT) reportedly demonstrated a localized infil-
trate in the right lower lobe. The patient received 
empiric voriconazole and had no additional 
evaluation. He defervesced and blood counts 
recovered. Voriconazole was given for four weeks 
and stopped because his fever and cough had 
resolved. He was referred for transplant evalua-
tion, now seven weeks after neutrophil recovery. 
An unrelated donor matched at A, B, C, and Drb1 
loci was identified.

On physical examination the temperature 
was 37.0°C, the blood pressure was 124/69  mm 
mercury, the pulse 72 beats per minute, and the 
respiratory rate 12 breaths per minute. The oxy-
gen saturation was 96% on room air. The physi-
cal examination was unrevealing. Laboratory 
testing revealed normal complete blood counts 
and liver function tests were also within normal 
levels. A chest CT revealed a nodular infiltrate in 
the left lung without cavitation or pleural effusion 

(Figure  3.10.1), which was decreased from the 
infiltrate seen on the earlier CT. Serum galacto-
mannan (GM) assay was negative.

D I F F E R E N T I A L  D I AG N O S I S
Development of new nodular infiltrates during 
induction chemotherapy for acute leukemia are 
most likely to be due to bacteria or Aspergillus. 
Less commonly, mucormycosis or other mold 
infections may be the etiology.

Case Continued
The patient was referred to the Pulmonary 
Service for bronchoscopy. Bronchoalveolar lavage 
(BAL) fluid testing was negative for multiple 
infectious pathogens, and BAL GM was nega-
tive. A  transbronchial biopsy was not done dur-
ing bronchoscopy. With the clinical response to 

FIGURE 3.10.1: Chest CT showing a nodular infiltrate 
in the left lung without cavitation or pleural effusion.
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the prior pneumonia, therapy with voriconazole 
was resumed. After completion of the transplant 
evaluation, the patient underwent a reduced 
intensity conditioning regimen with a peripheral 
blood graft from the matched, unrelated donor. 
Voriconazole was stopped prior to the condition-
ing regimen but resumed after completion of the 
conditioning regimen. The patient developed 
grade 2 acute graft-versus-host disease (GVHD), 
which resolved with corticosteroid therapy; the 
steroid therapy was weaned off after six weeks. 
Therapy with voriconazole was stopped on day 
100. After six months, the immunosuppressive 
therapy was weaned off.
Final Diagnosis: Presumed prior invasive 
aspergillosis

Discussion
The etiology of the nodular infiltrate that occurred 
during re-induction is unclear. Between one third 
and two thirds of nodular infiltrates in this set-
ting are due to invasive Aspergillosis (IA) [1] . 
Recurrence rates of IA historically have been so 
high that prospective HSCT candidates were rou-
tinely excluded due to IA.

Several studies have found that so-called “sec-
ondary” prophylaxis with anti-Aspergillus agents 
given posttransplant can allow such patients 
with prior IA to successfully undergo HSCT. The 
mold-active azoles have been best studied because 
their ability to be given orally lend themselves to 
prolonged administration to cover the extended 
period of risk. The most experience is with vori-
conazole. In a multinational voluntary registry 
study, voriconazole was found to be well tolerated 
and there was a break-through rate of only 7% [2] . 
Today, such patients are routinely offered trans-
plantation. Still, with greater experience, recur-
rences of IA do occur. In a retrospective study 
of the European Group for Blood and Marrow 
Transplantation, recurrences were observed in 
22% of patients with probable or proven IA [3]. 
Risk factors for IA recurrence were prolonged 
neutropenia, advanced disease status of the under-
lying malignancy, and less than six weeks between 
start of antifungal therapy and transplant. Risk 
factors for early recurrence (the first month) and 
late recurrence (after the first month) were exam-
ined separately. Early relapses were seen more 
commonly in patients who received myeloabla-
tive conditioning regimens. Late recurrences were 
seen more commonly in patients who developed 
cytomegalovirus disease, use of marrow or cord 
blood as stem cell source, and moderate to severe 

grades of acute GVHD. Patients with none or only 
one of the seven risk factors stated above were at 
low risk of IA recurrence (6%), whereas the pres-
ence of two to three risk factors was associated 
with a 27% risk for recurrence, and the presence 
of four or more risk factors was associated with 
a recurrence rate of 72%. Although voriconazole 
was the antifungal most commonly used as pro-
phylaxis, other drugs were also occasionally used 
with similar rates of protection. A  short time 
interval between treatment of infection and trans-
plant may lead to relapse of infection, which, in 
large part, relates to inadequate control of the 
infection [4].

In recent years, a number of other factors have 
also been associated with the occurrence of IA 
after HSCT. Iron overload, prior immunosuppres-
sive therapies including the purine analogs (eg, 
fludarabine, cladrabine, pentastatin) or mono-
clonal antibodies (eg, antithymocyte globulin or 
alemtuzumab), and persistent neutropenia are 
increasingly recognized as factors that can set the 
patient up for IA.

One of the challenges faced during the trans-
plant evaluation is knowing whether a patient 
truly had IA prior to referral. Unfortunately, many 
patients, as with this patient, have had inadequate 
evaluation without mycological confirmation of 
IA but are judged to have IA based on clinical or 
radiological criteria. Although additional evalu-
ation before transplant, as was performed in this 
patient, is important both for determining whether 
there may be another etiology as well as to ensure 
adequacy of treatment, the evaluation is often neg-
ative and one is left with considerable uncertainty. 
In such a situation, assuming the worst is the best 
option. Because of potential deleterious interac-
tion with high-dose chemotherapy, especially 
cyclophosphamide, omission of the voriconazole 
during the conditioning regimen is advisable. 
Antimold therapy with an echinocandin during 
the conditioning is an option to consider.
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3.11
When the Levee Breaks

MAXIM NORKIN,  MD

CA S E  P R E S E N TAT I O N
A 30-year-old female with history of acute myeloid 
leukemia (AML) developed acute respiratory dis-
tress on day +17 after allogeneic hematopoietic 
stem cell transplant (HSCT).

History of Present Illness
Five months earlier, the patient developed an 
upper respiratory infection and was found to have 
an elevated white blood cell count (WBC) of 36 
000 cells/mm3 with abundant blasts. Subsequent 
bone marrow evaluation was consistent with 
AML. The patient received induction chemo-
therapy with idarubicin and cytarabine, which she 
tolerated well. Bone marrow evaluation after neu-
trophil recovery revealed persistence of residual 
leukemic blasts, and she received re-induction 
with high-dose cytarabine. Re-induction che-
motherapy was complicated by the develop-
ment of a peripherally inserted central catheter 
line-associated thrombus, requiring systemic anti-
coagulation. The patient received antimicrobial 
prophylaxis with fluconazole, levofloxacin, and 
valacyclovir during neutropenia. After neutro-
phil recovery, bone marrow evaluation showed no 
evidence of residual leukemia. She subsequently 
underwent a matched unrelated donor HSCT 
with myeloablative conditioning of cyclophos-
phamide and total body irradiation. She tolerated 
the conditioning regimen and stem cell infusion 
well. When her absolute neutrophil count (ANC) 
dropped to <500 cells/mcL she received prophy-
laxis with levofloxacin, voriconazole, and vala-
cyclovir. On day +16 after the HSCT, the patient 
developed a neutropenic fever with the tempera-
ture of 38.8°C.

At the time of first fever spike, her blood pres-
sure was 100/45  mm mercury, pulse was 120 
beats per minute, respirations were 22 per min-
ute, and oxygen saturation was 90% on ambi-
ent air. Two liters of supplemental oxygen was 
administered and oxygen saturation improved to 

94%. On physical examination, the patient was 
in mild respiratory distress with tachypnea. The 
patient did not use accessory muscles to breathe 
and did not have visible cyanosis. Inspiratory 
crackles and rhonchi were appreciated bilater-
ally on auscultation. Cardiovascular examination 
demonstrated tachycardia but did not reveal any 
pulse irregularities, murmur, gallop, or rub. The 
patient did not have an elevated jugular venous 
distention or lower extremity edema. Inspection 
of the central line revealed no visible erythema 
or tenderness at the insertion site. Laboratory 
data revealed normal serum levels of electrolytes, 
serum creatinine, and liver function tests. Brain 
natriuretic peptide level was <100 picograms/mL. 
The complete blood count showed pancytopenia 
with WBC 300 cells/mm3, hemoglobin 7.9 g/dL, 
platelet count 32 000/mm3, and ANC 200 cells/
mm3. Chest radiograph showed development of 
perihilar interstitial opacities but no focal con-
solidation, effusion, or pneumothorax. Blood 
and urine cultures were obtained, and the patient 
was started on empiric cefepime and continued 
on prophylactic voriconazole and valacyclovir. 
During the next twelve hours, the patient contin-
ued to be febrile and showed deterioration of the 
respiratory status with worsening tachypnea and 
increasing requirements for supplemental oxy-
gen. Computed tomography (CT) examination 
of the chest demonstrated multiple new rounded 
parenchymal opacities bilaterally surrounded 
by a component of ground-glass opacification 
(Figure  3.11.1). Vancomycin and amphoteri-
cin B lipid complex were added to empiric anti-
microbial coverage, dropping the prophylactic 
voriconazole; however, the patient’s respiratory 
status continued to deteriorate, and she remained 
hypoxic despite administration of high concen-
tration of oxygen via a non-rebreather mask. The 
systolic blood pressure fell to 75 mm Hg and heart 
rate increased to 140 beats per minute. Analysis of 
arterial blood at that time showed that the partial 
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pressure of oxygen was 82 mm mercury, the par-
tial pressure of carbon dioxide was 62 mm mer-
cury, and the pH was 7.10. An urgent insertion 
of an endotracheal tube was performed. Repeat 
chest CTs in the next twelve days showed devel-
opment of ill-defined pulmonary nodules, some 
of which exhibited cavitation, most prevalent in 
the upper lobes bilaterally progressing to bilateral 
diffuse infiltrates (Figures 3.11.2 and 3.11.3) in a 
few days.

D I F F E R E N T I A L  D I AG N O S I S
The differential diagnosis of rapidly progress-
ing pulmonary opacities in the post-HSCT set-
ting includes both noninfectious and infectious 
causes. The most frequent infectious causes are 
bacterial infections with Gram-positive and 
Gram-negative organisms particularly with 
Klebsiella spp, Legionella, and Staphylococcus 
aureus; invasive fungal infections with Aspergillus, 
the agents of mucormycosis, and other molds. 
Noninfectious causes include congestive heart 
failure, volume overload, adult respiratory dis-
tress syndrome (ARDS), engraftment syndrome, 
diffuse alveolar hemorrhage (DAH), leukemic 
infiltrates; thromboembolism with subsequent 
lung infarction; and bronchiolitis obliterans orga-
nizing pneumonia.

Blood cultures (both from central line and 
peripheral access and drawn at different times) 
were positive for methicillin-resistant S aureus 
(MRSA) sensitive to vancomycin and linezolid. 
A  fiber optic bronchoscopy showed no apparent 
bleeding but significant erythema of the distal 
lobar segments. The Gram stain of a sample of 
bronchoalveolar lavage (BAL) fluid revealed the 
presence of numerous Gram-positive cocci in clus-
ters (Figure 3.11.4), which were later identified as 
MRSA. Galactomannan assay from BAL fluid was 
negative. The central line was promptly removed. 
Transthoracic and transesophageal echocar-
diography showed no valve vegetations. Despite 
aggressive supportive care and broad-spectrum 
antimicrobial coverage, the patient continued 
to have persistently positive blood cultures for 
MRSA and developed worsening hypoxemia with 
copious, blood-tinged secretions. She was also 
noted to have progressive decline in mean arterial 
pressure despite continued infusion of multiple 
vasopressors and inotropes. Repeated CT of the 
chest revealed progression with interval develop-
ment of multifocal areas of mosaic attenuation and 
ground-glass opacification in all lobes of the lung 
with persistent nodular opacities, some of which 
demonstrated central cavitation (Figure  3.11.3). 

FIGURE 3.11.1: Chest CT demonstrating multiple new 
rounded parenchymal opacities bilaterally surrounded 
by a component of ground- glass opacification.

FIGURES 3.11.2 AND 3.11.3: Repeat chest CTs in the 
next 12 twelve days showed development of ill-defined 
pulmonary nodules, some of which exhibited cavitation, 
most prevalent in the upper lobes bilaterally progressing 
to bilateral diffuse infiltrates.
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The patient died from multiple organ dysfunction 
syndrome. No autopsy was performed.
Final Diagnosis: Staphylococcus aureus bactere-
mia with pulmonary abscesses and multiorgan 
failure

D I S C U S S I O N
The acute onset of respiratory failure at the time 
of engraftment can be due to infectious or non-
infectious causes (especially the engraftment 
syndrome). The development and rapid progres-
sion of multiple cavitary pulmonary nodules, 
persistent fever, and hypotension with subse-
quent multiple organ dysfunction syndrome in 
severely immunocompromised patients indicate 
the likely presence of a life-threatening infec-
tion rather than a noninfectious process and 
makes the engraftment syndrome, ARDS, or 
DAH unlikely, which usually produce a diffuse 
infiltrate. The clinical and radiologic findings do 
not support the diagnosis of lung infarction due 
to thromboembolism. The formation of cavitary 
lesions occurs as a result of complex interactions 
between host and pathogen, which are often asso-
ciated with development of infarction or necrosis. 
In HSCT recipients, mold infections, particularly 
by Aspergillus spp, are frequent causes of cavi-
tary pulmonary lesions. In patients with invasive 

pulmonary, aspergillosis cavities are observed in 
20% of cases [1] . This patient had received pro-
phylactic voriconazole and had negative fungal 
biomarker testing, which makes invasive pul-
monary aspergillosis less likely and increases the 
probability of mucormycosis or bacterial infec-
tion rather than invasive aspergillosis. Bacterial 
pathogens can cause pulmonary cavities by two 
mechanisms:  (1) by inducing a necrotizing pro-
cess or abscess at the site of pathogen inocula-
tion or (2)  by producing septic emboli due to 
hematogenous dissemination. Among bacterial 
pathogens, Klebsiella pneumoniae is most fre-
quently associated with extensive pyogenic lung 
necrosis and cavitation [2]. Staphylococcus aureus 
is another bacterial pathogen that can lead to the 
development of necrotizing pneumonia with cav-
itary lesions. Lung cavitation from tissue necro-
sis and abscess formation is also frequently seen 
in pulmonary nocardiosis (which usually occurs 
much later after HSCT) [3] but infrequent in 
patients with Pneumocystis jirovecii pneumonia. 
Lung cavities can also develop in HSCT recipients 
with bronchiolitis obliterans organizing pneu-
monia [4]; however, that too occurs much later 
after transplant, and the clinical or radiographic 
manifestations in this patient do not support this 
diagnosis. In HSCT recipients with respiratory 
distress and nodular pulmonary abnormalities, 
empiric therapy should be initiated to cover a 
wide spectrum of bacterial and mold pathogens 
while aggressive diagnostic assessment proceeds.
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FIGURE  3.11.4: Gram stain of a sample of bron-
choalveolar lavage (BAL) fluid revealed the presence of 
numerous Gram-positive cocci in clusters.

 

 



3.12
A Bump in the Neck

JACK  HSU,  MD

CA S E  P R E S E N TAT I O N
A 27-year-old man underwent a four of six 
antigen-matched unrelated cord blood trans-
plantation using a conditioning regimen of 
fludarabine, cyclophosphamide, and rabbit 
antithymocyte globulin (ATG) for refractory, 
recurrent Hodgkin’s disease. The postgraft immu-
nosuppression consisted of tacrolimus and myco-
phenolate mofetil. He is currently thirty-five days 
after transplantation. Overnight, he has noted 
the start of low-grade fevers with the appearance 
of palpable swellings in the neck. He denies any 
upper respiratory symptoms, urinary symptoms, 
or rash. In the clinic, he is found to have a temper-
ature of 38.3°C. Physical exam reveals a normal 
oral and oropharyngeal exam, normal lung exam, 
and small, shotty lymph nodes in the right cervi-
cal chain. There were no other significant physical 
findings.

D I AG N O S T I C 
C O N S I D E R AT I O N S
The sudden onset of fever in patients early in the 
transplant course raises the concern about bac-
terial infections. With the cervical adenopathy, 
oral and oropharyngeal bacterial or viral infec-
tions should be strongly considered. In addition, 
because of the use of both cord blood as the stem 
cell source, mismatching of donor and recipient, 
and the use of ATG in the transplant conditioning 
regimen—factors that are associated with delay 
in T cell immune reconstitution—he is at risk for 
reactivation of viral infections, such as cytomega-
lovirus (CMV), human herpes virus-6 (HHV6), 
and Epstein-Barr virus (EBV). In addition to 
blood cultures, and immunoassays/polymerase 
chain reaction (PCR) testing for respiratory 
viruses, serum PCR tests for CMV, HHV6, and 
EBV should be obtained. Given his history of 
refractory lymphoma, early recurrence is also a 
consideration.

Case Continued
A complete blood count reveals normal neutro-
phil count and hemoglobin level. The platelet 
count was 57 000/mm3 but stable. Serum PCR for 
CMV was negative; however, the EBV DNA was 
elevated at 649 copies/mL.

Comment
The positive EBV DNA PCR raises the concern 
for EBV lymphoproliferative disease (LPD). 
However, recurrence is still a consideration. This 
patient should have a computed tomography (CT) 
scan to look for evidence of increased adenopa-
thy, and if any enlarged nodes are seen, a biopsy 
should be performed to look for EBV DNA in the 
atypical cells.

Case Continued
A CT scan of neck revealed enlarged nodes in 
the right anterior cervical chain, the largest node 
was approximately 2.3  cm in size. A  fine-needle 
aspirate was obtained of the node, which revealed 
many atypical large lymphoid cells intermixed with 
small lymphocytes and histiocytes. Immunostain 
showed that the majority of the atypical large cells 
are positive for CD20 and PAX5, with variable 
reactivity for CD45. Many of the large cells are 
also positive for EBV (Figure 3.12.1).

Final Diagnosis: Epstein-Barr virus-associated 
lymphoproliferative disease

T R E AT M E N T  A N D  F O L L OW- U P
The patient was started on a weekly course of 
rituximab for four weeks. He tolerated the infu-
sions without problems, except for the first dose 
when he developed fever and hypotension, which 
resolved with fluids, steroids, and reduction in 
the rate of infusion. Epstein-Barr virus DNA 
level dropped to 204 copies/mL after completion 
of therapy. Restaging scans after completion of 

 

 

 

 

 

 

 

 

 



Infections in Stem Cell Transplant Recipients250

FIGURE  3.12.1: Immunostain of fine needle aspirate 
sample showed that the majority of the atypical large 
cells are positive for CD20 and PAX5, with variable reac-
tivity for CD45. Many of the large cells are also positive 
for Epstein Barr virus.

therapy showed a mild increase in the size of the 
cervical node; however, restaging three months 
later showed a mild decrease in node size with a 
nondetectable EBV DNA level.

D I S C U S S I O N
Epstein-Barr virus is an enveloped, DNA gamma-
herpesvirus that is ubiquitous in all adult human 
populations. It has a tropism for B lymphocytes, 
although it can also infect monocytes and epi-
thelial cells. In immunocompetent patients, it 
is associated with the syndrome of infectious 
mononucleosis. However, in immunosuppressed 
patients, EBV is associated with LPD. Epstein-Barr 
virus LPD occurs in approximately 1%–3% of 
myeloablative hematopoietic stem cell transplant 
recipients [1] . Most cases of LPD are diagnosed 
within the first six months after transplantation 
[2]. Risk factors include T-cell depletion, use of 
unrelated or mismatch related donors, use of ATG 
in prophylaxis or treatment of graft-versus-host 
disease (GVHD), and use of anti-CD3 monoclo-
nal antibodies for the treatment of acute GVHD 
[3]. The greater number of the risk factors present, 
the more likely EBV-LPD is. Epstein-Barr virus 
LPD is generally preceded by a rising plasma EBV 
DNA level associated with a relatively high posi-
tive predictive value [4].

The incidence of positive EBV DNA level 
varies depending upon the source of the donor 
cells and the intensity of the conditioning regi-
men. In the myeloablative setting, the incidence 
of positive EBV DNA was 14% overall. Ten per-
cent of patients who received an human leukocyte 

antigen-identical sibling donor graft eventually 
developed positive EBV DNA compared with 
20%–30% of patients who received an unrelated 
donor graft [5] . Risk factors for seroconversion 
were patients who received ATG for any reason 
or who developed grade III–IV acute GVHD. 
In comparison, non-myeloablative (NMA) con-
ditioning regimens appear to be associated with 
an increased risk of EBV seroconversion (35% vs 
8%), possibly due to the increased use of ATG in 
NMA conditioning regimens [6]. In the setting 
of unrelated cord blood transplants, there was an 
increased risk of positive EBV DNA in patients 
who received NMA conditioning regimens that 
contained ATG (21% vs 2%) [7]. A more limited 
impact of ATG was seen in the myeloablative set-
ting (3.3% vs 0%).

Therapy of EBV-LPD is primarily preventa-
tive because EBV-LPD can rapidly progress into 
aggressive lymphoma, requiring intensive treat-
ment. Weekly screening of high-risk populations, 
such as this case, is advised. Preemptive therapy is 
usually initiated at a predefined EBV DNA level 
and consists of either reduction or withdrawal of 
immunosuppression, if possible [8] , or rituximab 
[9]. Early intervention may result in overtreat-
ment; however, it can significantly reduce the 
development of LPD (49% vs 16%) and its associ-
ated mortality (26% vs 0%).

Treatment of overt EBV-LPD is not as effec-
tive. Antiviral drugs, such as acyclovir and gan-
ciclovir, are not expected to have any effect 
because overt EBV-LPD is the result of autono-
mously proliferating B cells, initiated by latently 
infected B cells that have acquired secondary 
events. Small, single institution studies of ritux-
imab found complete response rates from 66% to 
100% with an overall survival ranging from 66% 
to 100%. A report of rituximab given in the stan-
dard four-dose weekly schedule in forty-three 
solid organ transplant recipients with EBV-LPD 
revealed an overall response rate of 44% with 
twelve complete responders [10]. The overall sur-
vival rate at one year was 67%. Adoptive T-cell 
immunotherapy using donor lymphocytes can 
also effectively induce complete remissions in 
EBV-LPD [11].
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3.13
A Really Bad Yeast Infection

JOHN R .  WINGARD,  MD

CA S E  P R E S E N TAT I O N
A 42-year-old man underwent allogeneic hema-
topoietic stem cell transplant for recurrent acute 
myelogenous leukemia from a 6/6 human leu-
kocyte antigen-matched sibling donor following 
cyclophosphamide plus total body irradiation 
conditioning. Therapy was started with levo-
floxacin, acyclovir, and fluconazole prophy-
laxis. Postgraft immunosuppression consisted 
of tacrolimus and methotrexate. On day four, he 
developed oral mucositis with ulcerations, neces-
sitating morphine as continuous infusion. On day 
seven, the patient developed a neutropenic fever 
that was treated with cefepime. Blood cultures 
were negative and the patient defervesced. On 
day sixteen, the patient developed a temperature 
of 38.4oC. The oral mucosa still demonstrated 
ulcerations.  The central venous catheter did not 
demonstrate inflammation. The remainder of 
the exam failed to demonstrate any signs sugges-
tive of an infectious focus. Blood cultures were 
drawn. Two days later, the laboratory notifies the 
clinicians that yeasts are growing from the blood 
 cultures. You are consulted.

D I F F E R E N T I A L  D I AG N O S I S
The setting of persistent or recurrent neutro-
penic fever and the blood culture findings are 
consistent with Candida bloodstream infection. 
Because the patient is on fluconazole prophylaxis, 
Candida albicans is not likely. More likely are 
fluconazole-resistant non-albicans species, such 
as Candida krusei or Candida glabrata.

T R E AT M E N T  A N D  F O L L OW- U P
You recommended stopping fluconazole and 
changing therapy to a lipid amphotericin formu-
lation. The yeasts are subsequently identified as C 
krusei. The fungemia persisted for four days, and 
you recommended removal of the central venous 
catheter. The fungemia cleared and the neutrophil 
count recovered on day twenty-one.

Final Diagnosis: Candida krusei fungemia 
emerging during fluconazole prophylaxis

D I S C U S S I O N
Candidemia is a cause of persistent or recurrent 
fever in neutropenic patients, accounting for 
15%–30% of persistent neutropenic fevers [1] . 
However, antifungal prophylaxis is protective 
with a substantially reduced risk for candidemia 
after hematopoietic stem cell transplantation 
(HSCT). Consensus guidelines recommend fluco-
nazole prophylaxis after HSCT [2]. Unfortunately, 
with the routine use of fluconazole prophylaxis, 
the emergence of less susceptible non-albicans 
species has occurred, principally C krusei and C 
glabrata [3–5].

Switching to a different class of antifungal 
agents, such as an echinocandin or polyene, is 
advisable when a breakthrough infection is sus-
pected while on fluconazole prophylaxis [6] . 
A  lipid formulation of amphotericin B is a good 
choice [6]. An alternative would be an echinocan-
din, but recent studies suggest a lower likelihood 
of susceptibility [7]. A number of studies have sug-
gested that early removal of central venous cath-
eters have been associated with quicker clearing of 
fungemia and improved outcomes, but a reanaly-
sis of these studies suggest that in cancer patients, 
routine early removal of the catheter is not nec-
essarily associated with improved outcomes [8]. 
The rationale is that many candidemia episodes 
in patients receiving cytotoxic therapies associ-
ated with intestinal mucosal injury are caused by 
commensal organisms entering the bloodstream 
via the gut lumen rather than via the venous 
catheter. In any event, persistence of candidemia 
despite appropriate antifungal therapy is sufficient 
justification for catheter removal, as in this case, 
because biofilms frequently form on catheters and 
may prevent penetration of the antifungal drug 
to the fungus and may cause persistent fungemia. 
Thus, the catheter was removed in this case.
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3.14
Proceed or Not to Proceed: Evaluation of  
the Transplant Candidate With Prior Hepatitis

JACK  HSU,  MD

CA S E  P R E S E N TAT I O N
You are asked to evaluate a 33-year-old woman await-
ing transplantation. She was diagnosed with acute 
myeloid leukemia, monocytic subtype (AML-M5) 
with normal cytogenetics. She has a history of alco-
hol abuse and has a sacral tattoo, which was placed 
several years before her diagnosis of AML. She 
received induction chemotherapy with idarubicin 
and cytarabine induction. The chemotherapy course 
was complicated by neutropenic fevers with negative 
cultures and profound cytopenias requiring trans-
fusions of blood and platelets. She recovered her 
counts and was found to be in complete remission 
on recovery bone marrow biopsy.

She subsequently received consolidation che-
motherapy with two cycles of high-dose cyta-
rabine. During this time, a human leukocyte 
antigen-identical unrelated donor was identified. 
During her pretransplant assessment, she was 
noted to have a normal physical exam and normal 
metabolic profile (including transaminases) and 
complete blood count. Her vital organ functions 
were normal. On viral screening, her hepatitis 
panel revealed the following:

Hepatitis B Core Antibody 
(HBcAb): Negative

Hepatitis B Core Antibody Immunoglobulin 
M (HBcAb IgM): Negative

Hepatitis B Surface Antibody 
(HBsAb): Negative

Hepatitis B Surface Antigen 
(HBsAg): Positive

Hepatitis C Antibody (HCAb): Negative

D I F F E R E N T I A L  D I AG N O S I S
The above hepatitis panel in this patient is con-
cerning for an active hepatitis B virus (HBV) 
infection. The patient should have her HBsAg 

confirmed as well as hepatitis B DNA (HBV DNA) 
titer by polymerase chain reaction sent.

F U RT H E R  C L I N I CA L  C O U R S E
Confirmatory testing for HBsAg was positive, 
and her HBV DNA titer was 4.4 (normal is 
undetectable). Referral to gastroenterology was 
made, and she had a liver biopsy which found 
minimal portal inflammatory cell infiltrate 
without apparent interface or lobular hepati-
tis (Figure 3.14.1). Minimal portal fibrosis was 
seen. Immunostains for hepatitis B antigen was 
negative. Therapy was started with entecavir, 
and she now returns to you to discuss her biopsy 
findings.
Final Diagnosis: Chronic hepatitis B infection

T R E AT M E N T  A N D 
F O L L OW- U P
After review of her liver workup, the patient was 
cleared to proceed towards a matched unrelated 

FIGURE  3.14.1: Liver biopsy showing portal inflam-
matory cell infiltrate without apparent interface or lobu-
lar hepatitis with minimal portal fibrosis.
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donor allogeneic transplant using a reduced inten-
sity conditioning regimen. She received a condi-
tioning regimen of fludarabine, melphalan, and 
antithymocyte globulin. She was maintained on 
entecavir throughout her entire transplant course 
without difficulty. Her postgraft immunosup-
pression consisted of tacrolimus and short course 
methotrexate where she received all four planned 
doses. Her posttransplant course was complicated 
by profound cytopenias requiring transfusions 
of blood and platelets, neutropenic fever con-
trolled by broad-spectrum antibiotics, and serum 
transaminitis up to five times the upper limit of 
normal. Her clinical course after engraftment 
was uneventful, immunosuppression was tapered 
and stopped at six months. She was HBsAg nega-
tive at six months after transplant. Entecavir was 
stopped, and long-term follow-up by gastroen-
terology found she was still HBsAg negative with 
normal liver functions.

D I S C U S S I O N
This patient’s hepatitis panel is consistent with 
chronic persistent hepatitis B infection with 
elevated HBV DNA titer. No significant fibrosis 
was seen on liver biopsy. The patient is at high 
risk for development of liver-related complica-
tions after transplant, such as sinusoidal obstruc-
tion syndrome (otherwise known as hepatic 
veno-occlusive disease) or liver graft-versus-host 
disease (GVHD). She received an allogeneic trans-
plant; however, a reduced intensity conditioning 
regimen was used to minimize hepatic toxic-
ity and harmful effects resulting from impaired 
hepatic metabolism of chemotherapeutic drugs.

Hepatitis viruses are DNA (hepatitis B) or 
RNA (hepatitis A, C) enteric pathogens, which 
can be transmitted via fecal-oral route, sexual 
contact, or through infected blood products. In 
hematopoietic stem cell transplantation (HSCT) 
recipients, active hepatitis infection is associ-
ated with increased morbidity and mortality after 
transplantation. The rate of reactivation of hepati-
tis B is approximately 20% in patients with isolated 
HBcAb [1,  2]. Patients who are HBsAg or HBV 
DNA positive are at even higher risk of reactiva-
tion with rates up to 50% [3] . Risk factors include 
treatment with corticosteroids and acute GVHD.

Guidelines have been established for the 
screening and management of hepatitis B in stem 
cell transplant recipients [4] . Testing both recipi-
ents and potential donors for evidence of active or 
past HBV infection is critical to preventing HBV 
exposure and disease in transplant recipients. 
The HBsAG, HBsAb, and HBcAb are appropriate 

screening assays. All recipients who are positive 
for HBcAb or HBsAg should be tested for HBV 
DNA. In addition, HBV naive recipients should 
not receive transplants from HBsAg- or HBV 
DNA-positive donors, if possible.

Management of HSCT candidates with evi-
dence of prior exposure to HBV varies depend-
ing on the serologic findings. Recipients who are 
HBcAb and HBsAb positive are at risk of reacti-
vation following prolonged immunosuppressive 
treatment. These patients should have HBV DNA 
titers examined if there are elevations in serum 
alanine aminotransferase, and preemptive treat-
ment should be started if there is a positive HBV 
DNA viral load [5] . Alternatively, prophylactic 
antiviral treatment starting before transplanta-
tion and continuing for at least one to six months 
has been explored. Duration of therapy for HBV 
DNA-positive recipients is unclear; however, it is 
generally advised to continue therapy for at least 
six months after cessation of immunosuppressive 
drugs, because flares of hepatic injury can occur 
with tapering of immunosuppressive therapy [6].

Candidates with evidence of active HBV 
replication (HBsAg or HBV DNA positive) 
should have a liver biopsy prior to transplanta-
tion to exclude cirrhosis and hepatic fibrosis, 
because they can alter metabolism of the drugs 
used in the transplant conditioning regimen and 
result in increased treatment-related morbidity 
and mortality. A  recent trial comparing ente-
cavir and lamivudine prophylaxis in hepatitis 
B-infected patients treated with chemotherapy 
for non-Hodgkin lymphoma showed lower rates 
of HBV hepatitis and HBV reaction with ente-
cavir [7] . These patients should receive antiviral 
therapy prior to conditioning, and, if transplant is 
not urgent, three to six months of therapy should 
be administered prior to the start of the condi-
tioning regimen. Candidates who are HBcAb 
positive only should be tested for HBV DNA 
and, if undetectable, should receive HBV vacci-
nation prior to transplantation. If they are HBV 
DNA positive, then preemptive antiviral therapy 
should be given.

For hepatitis C (HCV)-infected recipients, 
morbidity and mortality rates between HCV-  
infected and noninfected patients are similar up 
to ten years after transplant [8] . However, there is 
an increased risk of progression to cirrhosis with 
a cumulative incidence of biopsy-proven cirrhosis 
of 11% and 24% at 15 and 20 years posttransplant, 
respectively, with a median onset of eighteen 
years compared with forty years for non-HCT 
HCV-infected patients [9].
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It is recommended that all transplant candi-
dates should be screened for anti-HCV antibod-
ies, and those who are positive or at high-risk for 
HCV infection should be tested for HCV RNA. 
Liver biopsy to assess for chronic liver disease is 
warranted in cases with associated iron overload, 
history of excessive alcohol intake, history of HCV 
>10  years, and with clinical evidence of chronic 
liver disease. Patients with evidence of cirrhosis or 
hepatic fibrosis should be reassessed as candidates 
for transplantation, because the risk of fatal sinu-
soidal obstruction syndrome is 15%–25% with 
cyclophosphamide-based myeloablative condi-
tioning regimens [8] . Prior cirrhosis is associated 
with increased mortality risk even when reduced 
intensity conditioning regimens are selected [10].

Antiviral treatment should be considered in 
all HCV-infected recipients and, in the past, gen-
erally consisted of a combination of pegylated 
interferon and ribavirin [11]. However, interferon 
is contraindicated within the first six months of 
transplantation because of an associated risk of 
GVHD and mortality, and ribavirin monotherapy 
has been shown to be ineffective in the general 
population [12]. If treatment is not possible with 
these agents, it does not preclude transplantation 
because the course of HCV-mediated chronic 
liver disease is slow for at least ten to twenty years. 
New antiviral agents will alter our approach in the 
upcoming future but require study in the HSCT 
setting.
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An All Too Common Abdominal Catastrophe 
in the Transplant Patient

GAURAV TR IKHA,  MD

CA S E  P R E S E N TAT I O N
A 55-year-old man with stage IIIA immunoglob-
ulin G kappa multiple myeloma had an elective 
admission for autologous hematopoietic stem 
cell transplant (HSCT) with high-dose melphalan 
as conditioning regimen. On the third day post-
transplant, the patient developed abdominal pain 
and was found to have perforated sigmoid diver-
ticulitis for which he underwent an exploratory 
laparotomy and Hartmann’s procedure. Antibiotic 
therapy included cefepime and metronidazole. 
On postoperative day twelve, the patient had 
persistent fever with multiple temperature spikes 
>38.5oC, worsening diffuse abdominal pain, and a 
change in the consistency of his bowel movements 
from formed to semisolid and later to watery 
diarrhea. On physical exam, he was noted to be 
in severe distress; vital signs were as follows: tem-
perature 38.1°C, pulse 100/minute, respirations   
20/minute, and blood pressure 160/96 mm mer-
cury. His oral mucosa was dry, the anterior 
abdominal wall incision was healing well, but the 
abdomen was distended with diffuse tenderness. 
His colostomy was draining watery, green-colored 
stool. Laboratory data showed leukocytosis of 11 
300/cu mm (was neutropenic earlier) and serum 
creatinine of 0.80 mg/dL. Abdominal computed 
tomography scan showed partial small bowel 
obstruction (Figures 3.15.1 and 3.15.2). Stool 
was sent for Clostridium difficile polymerase 
chain reaction (PCR) and oral vancomycin was 
administered. The patient continued to have mul-
tiple temperature spikes >38.5oC, with increasing 
abdominal girth, nausea, and increasing colos-
tomy output with watery, green-colored stool.

D I F F E R E N T I A L 
D I AG N O S I S
Given the recent history of perforated sigmoid 
diverticulitis and exposure to broad-spectrum 

antibiotics, worsening sepsis in the setting of 
abdominal discomfort is concerning for an 
intra-abdominal leak and abscess, ischemic 
bowel, or antibiotic-associated infection such as 
C difficile colitis.

FIGURE 3.15.1: Inflammation of the sigmoid colon.

FIGURE  3.15.2: Multiple loops of minimally dilated 
small bowel filled with air and fluid.
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T R E AT M E N T  O U T C O M E
Vancomycin 500 mg every six hours per naso-
gastric tube (NGT) was started empirically. 
Subsequently, stool for C difficile PCR test 
returned positive. Approximately twelve hours 
after starting vancomycin per NGT, fever sub-
sided, and over the next twelve hours there was an 
interval decrease in the diarrhea with improving 
consistency of the stool. Over the next three days, 
white blood cell count improved and other con-
current antibiotics, cefepime and metronidazole, 
were discontinued.
Final Diagnosis: Clostridium difficile colitis

D I S C U S S I O N
Clostridium difficile is the leading cause of infec-
tious diarrhea among hospitalized patients and is 
an increasing concern in patients who are recipi-
ents of HSCT. Clostridium difficile infection (CDI) 
is defined by the presence of symptoms (usually 
diarrhea) and either (1) a stool test positive for C 
difficile toxin or toxigenic C difficile or (2)  colo-
noscopic or histopathologic findings revealing 
pseudomembranous colitis [7] . Because most 
centers in the United States have only recently 
started testing via C difficile PCR, the actual inci-
dence of CDI might be higher. The rate of CDI 
relapse after correctly administered treatment, 
the frequency of complications, as well as the rate 
of mortality remains unknown in this setting. 
Historically, the incidence of CDI after HSCT was 
5% [1-3], but recent studies suggest an increas-
ing incidence 9.2%–14% [4-6]. In one study, 50% 
of CDI occurred during the first month and 95% 
occurred during the first six months after HSCT. 
The median time to develop CDI was 25  days 
after HSCT (range from 3  days before trans-
plantation to 276  days after transplantation) [4] 
(Figure 3.15.3). Another study showed recipients 

of autologous transplant developing CDI predom-
inantly in the first month posttransplant (median 
time, 6.5 days; interquartile range [IQR], day −1 to 
day 21) and in recipients of allogeneic transplant, 
the median time to infection was 33  days (IQR, 
5–70 days) [6].

After HSCT, patients are exposed to several 
well recognized risk factors for the development 
of CDI (Table 3.15.1) [8–9]. In HSCT recipients 
with CDI, there were additional risk factors noted 
(Table 3.15.1). In one study of allogeneic recipients 
with CDI, pre-existing graft-versus-host disease 
(GVHD) was present in approximately half (18 of 
39) of the cases, and most of these patients (13 of 
18) had GVHD of the gastrointestinal tract [5] .

Clinical expression of CDI is highly variable, 
and the immunocompromised status of HSCT 
patients limits the value and the specificity of 
clinical symptoms. The classic symptom complex 
of cramping abdominal pain, fever, and watery 
diarrhea with leukocytosis seen in the majority 
of immunocompetent patients is rarely seen in 
HSCT recipients, with fever and abdominal pain 
seen in 8%–29% and diarrhea in up to 49% [4–6].
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hospitalization
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•	 Cord	blood	as	the	

source of stem cells
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myelodysplastic 
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•	 Vancomycin-resistant	
enterococci colonization
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FIGURE 3.15.3: Incidence of C difficile colitis is great-
est during the first month after HCT and lower thereafter.
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Female Troubles After Transplantation

JACK  HSU,  MD

CA S E  P R E S E N TAT I O N
You are asked to see a 44-year-old woman who 
is complaining of painful urination. She was 
diagnosed with Stage II diffuse large B-cell 
non-Hodgkin’s lymphoma and was treated with 
six cycles of rituximab, cyclophosphamide, 
doxorubicin, prednisone, and vincristine che-
motherapy and was found to be in complete 
remission. Her disease relapsed one year later, 
and she was subsequently treated with two cycles 
of rituximab, iphosphamide, carboplatin, etopo-
side chemotherapy and found to be in complete 
remission. She underwent an autologous trans-
plantation without any complications and was 
observed routinely until two years later when she 
relapsed. She received two cycles of bendamus-
tine plus rituximab chemotherapy followed by a 
matched-related allogeneic transplant after cyclo-
phosphamide/total body irradiation conditioning 
regimen. Postgraft immunosuppression consisted 
of tacrolimus with a short course of methotrexate 
of four planned doses. She engrafted in a timely 
fashion and is currently forty-three days after 
transplant. Two days ago, she noted pain on uri-
nation. She does not note any fevers or blood in 
urination. The pain gradually became more severe 
and is associated with a sensation of fullness in 
the bladder and urinary frequency. There was no 
evidence of graft-versus-host (GVHD) disease on 
exam, her creatinine was normal, platelet count 
was normal, and at her last clinic visit, she was 
found to have a therapeutic tacrolimus level and 
negative cytomegalovirus (CMV) DNA titer by 
polymerase chain reaction (PCR).

D I F F E R E N T I A L  D I AG N O S I S
The sudden onset of painful micturition is suspi-
cious for either an infectious etiology or hemor-
rhagic cystitis (HC). The lack of fever does not 
rule out bacterial infections because she is still 
relatively early in her transplant course and is on 
immunosuppressive medications. Viral etiologies, 

such as adenovirus, CMV, or BK virus (BKV), 
should be considered. Bacterial urine culture, 
urine analysis, and PCR test for BK, CMV, and 
adenovirus should be sent to help distinguish 
between the possible etiologies. With her sen-
sation of fullness, a bladder ultrasound should 
be considered to look for urinary retention or 
obstructive uropathy.

C L I N I CA L   C O U R S E
Urinalysis demonstrated microscopic hematu-
ria. Urine cultures were negative for bacteria. 
Polymerase chain reaction testing for urinary 
viruses was negative for CMV, adenovirus, but it 
was positive for >12  million copies of polyoma 
BKV. A  bladder ultrasound found mild urinary 
retention but no obstruction.
Final Diagnosis: Hemorrhagic cystitis with poly-
oma BK virus infection

T R E AT M E N T  A N D  F O L L OW- U P
The patient was encouraged to increase oral hydra-
tion to prevent development of clots and obstruc-
tion. Therapy was started with ciprofloxacin in 
an attempt to suppress BKV replication. She was 
closely observed in the clinic, where her pain and 
hematuria eventually resolved after several weeks.

D I S C U S S I O N
Hemorrhagic cystitis is a clinical syndrome 
characterized by painful hematuria due to hem-
orrhagic inflammation of the urinary bladder 
mucosa. Manifestations range from microscopic 
hemorrhage to severe bladder hemorrhage lead-
ing to clot formation and urinary obstruction 
[1] . In the HSCT population, HC can be divided 
into pre- and postengraftment subtypes [2]. 
Pre-engraftment HC is related to uroepithelial 
toxicity from the conditioning regimen. This is 
primarily related to either cyclophosphamide or 
irradiation in the conditioning regimen. Other 
risk factors include prior pelvic irradiation [3] 
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and use of busulfan [4]. Pre-engraftment HC is 
generally mild and self-limiting and does not pose 
significant risk to patients.

However, postengraftment HC often results in 
increased morbidity and prolonged hospitaliza-
tion after transplantation. It generally occurs one 
month after engraftment and may last for weeks 
to months [5] . Risk factors of postengraftment HC 
include allogeneic stem cell transplant, unrelated 
donors, busulfan containing myeloablative con-
ditioning regimens, and GVHD. Frequently, viral 
particles in the urine are identified with the onset 
of HC, implying viral infection may have a patho-
genic role. The most common virus associated 
with HC is the polyoma BKV. Other viruses that 
have been associated with HC include adenovirus 
and CMV.

The polyoma BKV is a nonenveloped DNA 
virus of the genus Polyomaviridae. Over 80% of 
the adult population has been exposed to BKV. It 
has been associated with neoplastic transforma-
tion, pneumonitis, HC, and even multiorgan fail-
ure [6] . Primary infection in healthy individuals 
is mostly asymptomatic, with the virus remaining 
dormant in the uroepithelum. In the immuno-
compromised population, it is felt that most infec-
tions from BKV in the HSCT setting are generally 
from reactivation of latent virus.

Association between BKV and HC has been 
extensively reported based on the detection of viral 
particles in the urine by cytology, electron micros-
copy, and PCR techniques. However, asymptom-
atic BKV shedding occurs frequently, both in 
immunocompromised and normal hosts. It is 
still unclear whether this association is causal or 
coincidental. Proponents of a causal link theorize 
the combination of mucosal damage and immu-
nosuppression that occurs in transplant recipients 
lead to conditions that favor viral reactivation and 
result in an alloimmune attack by donor lymphoid 
cells against BKV antigens, resulting in continued 
mucosal damage [7] .

There are no effective therapies for the treat-
ment of postengraftment HC. Treatment is gen-
erally supportive with use of phenazopyridine 
and opiates to relieve the painful hematuria. In 
all cases, correction of thrombocytopenia and 
coagulopathy can ameliorate the severity of hema-
turia. If a specific infectious agent is identified, 
additional therapy can be directed towards the 

virus. Cidofovir is active against BKV, CMV, and 
adenovirus; however, it is associated with severe 
myelotoxicity and nephrotoxicity, which limits its 
use in the transplant population. Ganciclovir can 
be used in CMV-related HC; however, it causes 
myelosuppression. There is evidence of quino-
lone antibiotics suppressing BKV replication in 
vitro; however, their activity is modest and may be 
more appropriate in the prophylactic rather than 
therapeutic setting [8] . Persistent, gross hematu-
ria can be treated by bladder irrigation to prevent 
obstruction by blood clots. Urology should also 
be consulted in severe cases for consideration 
of cystoscopy and cauterization. Sclerotherapy, 
cystectomy, and vesical artery embolization may 
be considered in refractory, life-threatening 
situations.
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3.17
If at First You Do Not Succeed, Try, Try, Again

JOHN R .  WINGARD,  MD

CA S E  P R E S E N TAT I O N
A 42-year-old man underwent allogeneic hema-
topoietic stem cell transplantation (HSCT) for 
recurrent acute myelogenous leukemia from a 6/6 
human leukocyte antigen-matched sibling donor 
following cyclophosphamide plus total body irra-
diation conditioning. Postgraft immunosuppres-
sion consisted of tacrolimus and methotrexate. 
On day seven, the patient developed a neutro-
penic fever that was treated with cefepime. After 
engraftment, he developed acute graft-versus-host 
disease (GVHD) of skin and liver, which was 
treated with prednisone at a dose of 2 mg/kg per 
day. Persistent hyperbilirubinemia required con-
tinuation of high-dose prednisone, and after one 
week antithymocyte globulin was added. Weekly 
plasma cytomegalovirus (CMV) polymerase 
chain reaction (PCR) testing had been negative; 
however, the quantitative PCR showed rising 
levels, initially 500 copies/mL, later 1800 copies/
mL. The patient was placed on oral valganciclovir. 
After one week of therapy, the PCR had risen to 
4200 copies/mL. The patient was placed on intra-
venous ganciclovir. The PCR rose to 9400 copies/
mL one week later. You are consulted.

D I F F E R E N T I A L  D I AG N O S I S
Possible explanations for rising CMV vire-
mia despite ganciclovir are antiviral resistance 
and inadequate host response due to profound 
immunosuppression.

T R E AT M E N T  A N D  F O L L OW- U P
You recommended antiviral resistance testing 
and reduction of immunosuppressive therapy as 
judiciously as possible. While awaiting test results, 
you recommend a change of therapy to foscarnet. 
The CMV PCR continues to rise for an additional 
week, peaking at 14 000 copies/mL, then started to 
fall, and after four weeks was negative. The virus 
was found to have no resistance mutations.

Final Diagnosis: Refractory cytomegalovirus 
viremia due to host immunosuppression

D I S C U S S I O N
A true increase or decrease in the viral load is 
generally regarded as >0.5 log10—approximately 
a three-fold difference [1] . Failure of a fall in the 
CMV DNA level during the first week or two 
after institution of ganciclovir is not uncommon 
[2,  3], occurring in 30%–40% of patients. Rises 
by two-fold in the CMV level in one study [3] 
occurred in nearly 40% and by five-fold in almost 
30%. In multivariate analysis, the use of high-dose 
steroids (prednisone >1 mg/kg per day) was highly 
associated with the likelihood of increasing CMV 
viremia. Antiviral susceptibility testing indicated 
resistance was rarely the cause of rising levels 
(<5%). Cytomegalovirus disease occasionally 
occurred in some patients, but it mostly occurred 
in patients whose ganciclovir dosing was dropped 
from 5 mg/kg twice daily to once daily. These find-
ings are consistent with the observations in this 
case, indicating host failure, rather than antiviral 
failure due to viral resistance, accounting for the 
rising viral levels as with most HSCT patients 
with refractory CMV viremia. Antiviral resistance 
to ganciclovir can occur. The most common set-
ting is with patients receiving prolonged courses 
of ganciclovir and in those whose T-cell immunity 
before and after HSCT is profoundly suppressed. 
An example of this would be a patient with T-cell 
lymphoma who had been exposed to multiple 
T-cell immunosuppressants (purine analogs and 
corticosteroids) before HSCT and after HSCT, 
multiple T-cell immunosuppressive drugs to treat 
refractory GVHD; such a patient is a setup for 
challenges to control the CMV infection. Children 
with immunodeficiency syndromes and recipients 
of mismatched or cord blood transplants are also 
groups of patients who are at greater risk for per-
sistent CMV infections [4, 5].
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Antiviral resistance occurs most commonly by 
mutations in the UL97 gene region [6, 7], but resis-
tance can also occur in the U54 gene (DNA poly-
merase) region as well. Foscarnet is the preferred 
therapy for resistant CMV infection [8] . Drugs 
with alternate mechanisms of action are needed. 
One investigational option for resistant CMV 
infection is the use of infusions of CMV-specific 
T cells, which have proven to be safe, and phase 2 
studies suggest benefit [9].
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3.18
An Enemy Awakened

MAXIM NORKIN,  MD

CA S E  P R E S E N TAT I O N

Chief Complaint
A 59-year-old female developed persistent fever 
and rash at the time of neutrophil engraftment 
after an umbilical cord blood transplant.

The oncologic history dates back six years 
when she was diagnosed with low-grade follicu-
lar lymphoma. She had initially been under clini-
cal surveillance for two years and then received 
multiple lines of chemotherapy due to progressive 
and refractory disease. The first-line of therapy 
included four cycles of cisplatin, doxorubicin, 
cyclophosphamide, and etoposide followed by 
an autologous vaccine therapy as a part of clini-
cal trial. The patient achieved a complete remis-
sion lasting for two years and upon progression, 
she was enrolled in another clinical trial using a 
combination of monoclonal antibodies galiximab 
and rituximab, but with an inadequate response. 
Next, she received therapy with rituximab, cyclo-
phosphamide, vincristine, and prednisone and 
achieved a second complete remission; however, 
a subsequent relapse was treated with six cycles 
of bendamustine and rituximab. This therapy led 
to a partial response, and she underwent double 
umbilical cord transplant with a nonmyeloabla-
tive conditioning using cyclophosphamide, fluda-
rabine, and total-body irradiation. The patient 
tolerated the conditioning regimen well, but she 
experienced a slow neutrophil engraftment despite 
daily injections of filgastrim, and early signs of 
absolute neutrophil count (ANC) engraftment 
only were noted on day +32. She received antimi-
crobial prophylaxis with fluconazole, levofloxacin, 
and valacyclovir while her ANC remained <500 
cells/mm3. The patient developed neutropenic 
fever and rapidly progressive generalized pruritic 
rash on day +35. She reported no chills, cough, 
dyspnea, hemoptysis, chest wall pain, abdominal 
pain or bowel symptoms, no urinary problems, or 
tenderness around the central line.

On physical examination, the temperature 
was 39.2°C, the blood pressure was 102/45  mm 
Hg, the pulse 112 beats per minute, and the 
respiratory rate 12 breaths per minute. The oxy-
gen saturation was 97% on ambient air. The skin 
examination revealed a generalized palpable 
purpura with round 1–3 mm solitary and coales-
cent lesions (Fig.  3.18.1). Rash involved mostly 
both lower extremities and lower abdomen. The 
remainder of the physical examination was nor-
mal. There was no tenderness or erythema at 
the central line insertion site. Laboratory data 
revealed normal serum levels of electrolytes, 
except for mild hyponatremia with a sodium at 
131 mEq/L, normal creatinine, and total protein. 
Her complete blood count was significant for 
white blood cell count 670 cells/mcL, hemoglobin 
7.8 g/dL, platelet count 21 000/mmol, ANC 350 
cells/mcL, and absolute lymphocyte count 470 
cells/mcL. Liver function tests showed alanine 
aminotransferase 125 U/L, aspartate aminotrans-
ferase 160 U/L, alkaline phosphatase 123 U/L, 
total bilirubin 1.5 mg/dL, and direct bilirubin 1.1 
mg/dL. Levofloxacin was discontinued, and the 

FIGURE  3.18.1: Picture of the skin showing purpura 
with round 1–3 mm solitary and coalescent lesions.
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patient was started on cefepime for neutropenic 
fever, which later was changed to piperacillin 
tazobactam, because she developed an allergic 
reaction to cefepime. Chest radiograph was nega-
tive. Initial blood and urine cultures were nega-
tive as well. Despite broad empiric antimicrobial 
therapy, the patient continued having persistent 
fevers and worsening rash and later developed 
abdominal pain with loose, nonbloody diarrhea. 
Computed tomography (CT) scan of the chest, 
abdomen, pelvis was obtained and showed mul-
tifocal areas of ground-glass opacity involving all 
lobes and most prominent in the right upper, left 
lower lobes and mild thickening of the descend-
ing colon (Fig. 3.18.2).

D I F F E R E N T I A L  D I AG N O S I S
Both noninfectious and infectious causes should 
be considered. Infectious causes include bacterial 
infections, particularly with Gram-positive organ-
isms, invasive fungal, and viral infections with 
either reactivation of latent viruses or new onset 
viral infection. Noninfectious causes include pul-
monary edema, pulmonary hemorrhage, toxicity 
from the conditioning regimen, engraftment syn-
drome, acute graft-versus-host disease (GVHD), 
drug toxicity, and relapsed malignancy.

Case Continued
Further diagnostic studies included bacterial 
and fungal blood cultures, serologic tests for 
Aspergillus and parasites, as well as polymerase 
chain reaction (PCR) analysis of nasopharyn-
geal samples for respiratory viral pathogens and 
of blood for cytomegalovirus (CMV), human 
herpesvirus 6 (HHV-6), Epstein-Barr virus, and 
varicella-zoster virus. A  stool sample was sent 
for Clostridium difficile toxin test, bacterial, and 

viral cultures. All of these studies returned nega-
tive with the exception of HHV-6 PCR, which 
detected 128 000 copies/mL. After initiation of 
foscarnet, fever quickly subsided, the rash disap-
peared on day six, and HHV-6 viremia became 
undetectable on day ten of therapy. Foscarnet 
was discontinued after two undetectable HHV-6 
measurements, and HHV-6 level was followed 
by serial PCRs on weekly basis. Repeat chest CT 
showed resolution of ground-glass opacities and 
no additional abnormalities.

D I S C U S S I O N
Persistent fever not responding to broad-spectrum 
antibiotics in patients at the time of neutrophil 
engraftment raise suspicion for infection by fungal 
or viral pathogens. Clinical and radiologic signs of 
localized infectious processes, such as pulmonary 
infiltrates, skin and perineal cellulitis/abscesses, 
or colitis may become clinically apparent at the 
time of neutrophil recovery when leukocytes start 
to enter infected areas to mount an inflammatory 
response. Presence of persistent fever, generalized 
purpura, leukopenia, and serum transaminitis in 
the early posttransplant period raises suspicion for 
generalized infection, particularly a viral process, 
or acute GVHD. Engraftment syndrome is less 
likely in this patient given the neutrophil recovery 
two weeks earlier, absence of diffuse erythroder-
matous skin rash, and lack of clinical signs of non-
cardiogenic pulmonary edema. The patient did 
not receive any new medications preceding these 
clinical symptoms, which makes drug-induced 
fever and rash less likely. She had no clinical signs 
of recurrent malignancy and never experienced 
similar symptoms in the past, which make the 
diagnosis of recurrent malignancy also unlikely.

Primary HHV-6 infection typically occurs at 
an early age, and the virus continues to be laten, 
but can reactivate when immune surveillance is 
compromised. In hematopoietic stem cell trans-
plantation (HSCT) recipients, HHV-6 reactiva-
tion often occurs close to neutrophil engraftment 
[1]  and can be detected by PCR in 56% of HSCT 
recipients at a median of twenty-three days. The 
incidence of detectable HHV-6 viremia is even 
higher (69%) in recipients of umbilical cord 
blood [2]. Human herpesvirus 6 reactivation is 
often associated with unexplained fever and rash; 
high-level HHV-6 viral load (≥25 000 copies/mL) 
can lead to the development of culture-negative 
pneumonitis [2]. Other clinical presentations 
of HHV-6 reactivation include myelosuppres-
sion, encephalitis, gastroduodenitis, and CMV 

FIGURE  3.18.2: Cheat CT showing mutifocal areas of 
ground-glass opacity.
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reactivation [3,  4]. Treatment options in HSCT 
recipients with HHV-6 reactivation include fos-
carnet, ganciclovir, or cidofovir, which lead to 
resolution of HHV-6 viremia in the majority of 
patients within two weeks. The impact of HHV-6 
viremia on clinical outcomes is not entirely clear 
because survival at three months is similar in 
treated compared with untreated patients with 
HHV-6 viremia [2].
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A Heat Wave

JOHN R .  WINGARD,  MD

CA S E  P R E S E N TAT I O N
A 52-year-old man underwent an allogeneic 
hematopoietic stem cell transplantation for recur-
rent lymphoma from a 6/6 human leukocyte 
antigen-matched sibling donor following cyclo-
phosphamide plus total body irradiation condi-
tioning. He was started on levofloxacin, acyclovir, 
and fluconazole prophylaxis. Postgraft immuno-
suppression consisted of tacrolimus and metho-
trexate. On day four, he developed neutropenic 
fever, which was treated with cefepime. Cultures 
were negative, but the patient had persistent fever. 
Chest x-ray and repeated blood and urine cultures 
were negative. The central venous catheter site did 
not demonstrate inflammation. The remainder of 
the exam failed to demonstrate any signs sugges-
tive of an infectious focus. On day twelve (eighth 
day of fever), you are consulted.

D I F F E R E N T I A L 
D I AG N O S I S
The differential diagnosis for persistent or recur-
rent neutropenic fever includes bacterial infection 
due to organism resistant to the antibiotics (e.g. 
Gram-positive bacteria or an extended-spectrum 
β-lactamase (ESBL)-resistant Gram-negative 
organism), a viral pathogen (e.g. cytomegalovi-
rus [CMV], adenovirus, or a respiratory virus), or 
fungus (an azole-resistant Candida or Aspergillus 
or other mold). Another consideration includes a 
noninfectious etiology such as a drug fever.

T R E AT M E N T  A N D 
F O L L OW- U P
You recommended obtaining blood cultures, 
serum β-glucan and galactomannan test, and a 
chest computed tomography (CT) scan to evalu-
ate for fungal infection. You order polymerase 
chain reaction tests for CMV and adenovirus in 
blood. The serum galactomannan assay is nega-
tive. The chest CT demonstrates a small nodular 
lesion (Figure 3.19.1).

You perform bronchoscopy and hyphae are 
noted on a sample of bronchoalveolar lavage fluid 
(BAL) (Figure 3.19.2).

FIGURE  3.19.1: CT scan demonstrates a small dense 
nodule in the peripheral of the lung. The nodule in the 
right lung has a halo surrounding it.

FIGURE 3.19.2: Branching hyphae are noted in BAL fluid.
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You initiate voriconazole for aspergillosis. 
Culture subsequently grew Aspergillus fumigatus 
and the BAL fluid was positive for galactoman-
nan. Voriconazole was initiated and the fever 
gradually abated.
Final Diagnosis: Persistent fever due to pulmo-
nary aspergillosis

D I S C U S S I O N
Persistent or recurrent neutropenic fever is a com-
mon problem faced by clinicians [1] . The diagnostic 
assessment should be guided by identifying occult 
sites of infection. Careful history and physical exam 
should emphasize oral, sinus, lung, skin, catheter, 
intra-abdominal, and perianal sources of infection. 
Cultures are the key tests to detect antibiotic resistant 
bacteria. Surveillance cultures of stool or throat can 
sometimes be helpful in identifying patients at risk 
for infection by the resistant colonizing organism, 
such as vancomycin-resistant enterococci or ESBL 
producing Gram-negative organisms. However, 
empiric antibiotics targeting colonizing organisms 
is controversial and should be avoided in general, 
except in patients who show signs of sepsis or are 
rapidly deteriorating. In the past, fungal infections 
accounted for 15%–30% of persistent neutropenic 
fever [1]. However, today with routine use of fluco-
nazole [2] or other antifungal prophylaxis, Candida 
infections are much less likely. However, there is a 
small possibility that less susceptible non-albicans 
species, principally Candida krusei and Candida 
glabrata, can occur and be difficult to detect. The 
β-glucan test can be helpful and is more sensitive 
than fungal blood cultures for Candida [3]. More 
likely is the possibility of a pulmonary mold infec-
tion. Most mold infections are due to Aspergillus, 
with approximately 10% due to the agents of mucor-
mycosis, and a small number due to Fusarium, 
Scedosporium, and other infrequent molds. The 
serum galactomannan assay is helpful in the diag-
nosis of aspergillosis [4] but not mucormycosis. 
Empiric antifungal therapy is an age-old accepted 
practice and is still widely used. Its disadvantage is 
that most individuals on antifungal prophylaxis are 
not infected by a fungus and do not need it. More 
recently, the routine use of twice weekly galactoman-
nan and β-glucan testing has been advocated as an 
alternative with a positive test result used to trigger 
focused antifungal therapy [5, 6]. This latter strat-
egy requires further clinical study. It is important to 
note that a chest CT scan is more sensitive to detect 
pulmonary infiltrates than chest radiograph and is 

preferred [7]. Because the characteristics of the infil-
trates are helpful but not diagnostic, further evalu-
ation by bronchoscopy is advisable. In this case, the 
BAL microscopy and galactomannan assays were 
diagnostic. Several studies and meta-analyses indi-
cate the utility of BAL galactomannan testing [8, 9]. 
Important to note is that the BAL galactomannan 
may be positive even when the serum galactoman-
nan is negative.
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A Bellyache Seven Months After Transplant

JOHN R .  WINGARD,  MD

CA S E  P R E S E N TAT I O N
A 56-year-old-man underwent allogeneic hema-
topoietic stem cell transplantation (HSCT) for 
acute myelogenous leukemia from an 8/8 human 
leukocyte antigen-matched sibling donor follow-
ing busulfan plus cyclophosphamide condition-
ing. Postgraft immunosuppression consisted of 
tacrolimus and methotrexate. After engraftment, 
he developed acute graft-versus-host-disease 
(GVHD) of the skin, which was controlled 
with high-dose prednisone, which was tapered 
after initial control. He had a flare of GVHD 
that required reinstitution of high-dose predni-
sone. The taper was performed more slowly and 
was discontinued four months after transplant. 
Tacrolimus dose was tapered, and he discontin-
ued immunosuppressive therapy at six months 
with no signs of active GVHD. He had been 
given trimethoprim-sulfamethoxazole for pneu-
mocystis pneumonia prophylaxis and acyclovir 
for zoster prophylaxis. He stopped both treat-
ments at six months when his immunosuppres-
sive therapy was stopped. He was doing well but 
presented to the emergency room seven months 
after transplant with sudden onset of diffuse 
abdominal pain. On exam, his temperature was 
38.4°C, but other vital signs were normal. He 
had no rash or skin lesions. His abdomen was 
diffusely tender and there was guarding. Bowel 
sounds were hypoactive. Complete blood count 
showed leukocytosis with a shift to the left. 
Blood chemistries showed a dramatic elevation 
of serum transaminases and elevated amylase. 
Serum bilirubin was only mildly elevated. Blood 
cultures were sent and broad-spectrum antibiot-
ics were started. Computed tomography scans 
of abdomen and pelvis were ordered. You are 
consulted.

D I F F E R E N T I A L  D I AG N O S I S
The differential for abdominal pain after HSCT 
is wide and includes all the same etiologies that 

one might see in noncompromised patients. In 
particular, with fever, acute viral hepatitis, acute 
cholecystitis, pyelonephritis, enterocolitis, diver-
ticulitis, and pancreatitis should be considered. 
One serious threat, which is rare, is visceral zoster.

T R E AT M E N T  A N D 
F O L L OW- U P
You recommended intravenous acyclovir while 
evaluation proceeded. Computed tomography 
scan was performed. No signs of bile duct or 
ureteral obstruction were noted. There was no 
evidence of a perforated viscus. No diverticuli 
were seen. No findings consistent with an abscess 
were noted. Some stranding in the pancreatic 
bed was noted. Hepatitis serologies were nega-
tive. Cutaneous vesicles developed on the third 
hospital day. The hepatic enzyme levels stabilized 
and pancreatic enzyme levels normalized over the 
ensuing seven days. Abdominal pain improved 
and the patient was discharged. Acyclovir at pro-
phylaxis doses were continued.
Final Diagnosis: Visceral zoster

D I S C U S S I O N
Most cases of varicella-zoster virus (VZV) infec-
tion after HSCT are reactivation of latent infection. 
Historically, approximately 40% of seropositive 
patients developed zoster [1,  2]. Reactivation 
occurs at a median of five months, much later than 
with other herpesvirus infections, such as herpes 
simplex virus (three weeks) and cytomegalovirus 
(two months). Dermatomal zoster is the most 
common manifestation. Dissemination can occur 
in 30%–40% of patients. Cutaneous dissemina-
tion is the most common form of dissemination. 
Pneumonia is the most common form of visceral 
VZV disease.

Rarely, intra-abdominal VZV infection, mani-
fested as fulminant hepatitis, gastritis, or pancre-
atitis, can occur and lead rapidly to shock and 
death [3] . In one series, onset was approximately 
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nine months after transplant [4] and many had 
chronic GVHD. Cutaneous vesicular lesions did 
not appear in most for several days after abdomi-
nal pain (median three days). Presumptive antivi-
ral therapy was very effective with most patients 
surviving, in contrast to delayed initiation (after 
appearance of the cutaneous vesicles).

Prophylaxis with acyclovir (or valacyclovir) is 
effective in preventing reactivation of VZV infec-
tion. Consensus guidelines recommend twelve 
months of prophylaxis [5] . Shorter courses of pro-
phylaxis demonstrate protection during prophy-
laxis, but recurrences occur after discontinuation 
at similar cumulative rates to patients not given 
prophylaxis [6]; in contrast, twelve months of pro-
phylaxis has been associated with fewer cumula-
tive infections [7, 8]. This patient discontinued his 
prophylaxis at six months, whereas twelve months 
would have been much preferred.
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Introduction: Infections in Patients Receiving 
Immunosuppressive Drugs

EMILY  A .  BLUMBERG,  MD

Immunosuppressive medications are a mainstay 
of treatment for diverse immunologically medi-

ated conditions. The impact of these medications 
on the risk for infection is variable and sometimes 
difficult to determine. Many of the recipients of 
these drugs have underlying conditions that inde-
pendently increase their risk for diverse infections, 
including those due to opportunistic pathogens. 
Immunosuppressive agents can be divided into a 
heterogeneous set of classes with unique effects on 
the immune system; the risks for infections reflect 
the specific immunological perturbation associ-
ated with the medication. The degree of immune 
dysregulation and specific risk may vary over 
the duration of administration; notably, this can 
outlast the specific dosing period. Finally, these 
medications are often administered in combina-
tion, complicating the assessment of infection risk 
associated with individual medications.

The list of disease-modifying drugs (DMARDS) 
includes medications that have been used for 
decades (conventional DMARDs including gluco-
corticoids and cytotoxic agents) and the newer bio-
logic therapies. The latter group comprises agents 
that target cytokine expression (tumor necrosis 
factor [TNF] blockers, anti-interleukin agents), 
those targeting B lymphocytes, and those affecting 
T-cell function. It is notable that agents in the same 
class may have diverse effects both in terms of the 
specific disease associations as well as the chronol-
ogy of infection. In many instances, patients who 
fail to respond to a conventional DMARD will 
then receive a biologic agent, potentially increasing 
the risk for infection due to additive and synergis-
tic immunologic effects; the diversity of underly-
ing diseases further complicates this assessment. 
Because the biological agents appear to have a 
more profound impact on infection risk than con-
ventional DMARDs, these chapters will primarily 
focus on infections seen more frequently in recipi-
ents of those medications.

The most extensively studied biologic agents 
are the TNF-α blockers. These agents have been 
available in the United States since the release of 
infliximab in 1998, and the risks for infection have 
been identified both through clinical trials as well 
as postmarketing surveillance. Because TNF is 
critical for both differentiation and activation of 
macrophages, recruitment of inflammatory cells, 
activation of phagosomes, and granuloma for-
mation and maintenance, these agents have been 
associated with an increase in infections associ-
ated with granuloma formation and intracellular 
pathogens, including mycobacteria, mycoses, lis-
teria, leishmania, malaria, herpes zoster, and hep-
atitis B. Pharmacodynamics and binding kinetics 
are important cofactors that determine the like-
lihood of developing specific infections. Some 
TNF-α blockers (infliximab, adalimumab, and 
golimumab) bind to both soluble and cell surface 
TNF and have a more durable effect with a greater 
risk of reactivation of or severe infection due to 
these pathogens. Other agents bind more spe-
cifically to fragment antigen (Fab) (certolizumab) 
or to the soluble receptor (etanercept), resulting 
in shorter, more limited anti-TNF activity with 
reduced infection-associated risk.

Agents with anti-interleukin (IL)-1 activity 
(anakinra, rilonacept) inhibit binding to IL-1, an 
important component of the febrile reaction to 
infection, inhibiting B-cell activation, the induc-
tion of IL-2, and cytokine (TNF-γ, IL-6, and IL-8) 
secretion. These medications have been associ-
ated with a small increase in serious bacterial 
infections.

T-cell function may be inhibited by block-
ing costimulation (abatacept), T-cell migration 
(natalizumab), or binding to CD2 receptors on 
T lymphocytes (alefacept). The impact on infec-
tion risk varies with the medication because the 
impact on T-cell function differs with each medi-
cation. Natalizumab has been associated with the 
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rare development of progressive multifocal leu-
koencephalopathy. Possibly because alefatacept 
does not affect naive T-cell responses, inhibit T 
cell-dependent humoral responses, or responses 
to recall antigens, serious infections do not appear 
to be increased and opportunistic infections 
are rare.

Rituximab is an example of a B cell active 
agent. More frequently used for the treatment 
of lymphomas than immunologic disorders, it 
is a human chimeric monoclonal that depletes B 
lymphocytes for six to nine months, with limited 
impact on cellular immunity and relative preserva-
tion of immunoglobulin levels. Nevertheless, some 
opportunistic and serious infections have been 
reported, especially progressive multifocal leu-
koencephalopathy, mycobacterial infections, dis-
seminated varicella, and reactivation of hepatitis B.

Currently, guidelines have been published 
recommending specific preventive measures to 
limit the likelihood that these immunosuppres-
sive agents will be associated with infection. These 
guidelines are based on case reports and series 
and clinical trials and specify patient screening 
for latent infections (e.g. tuberculosis), timely 
immunizations, and prophylactic antimicrobials 
(e.g. for Pneumocystis jirovecii prevention and to 

prevent hepatitis B reactivation). Unfortunately, 
there are no large-scale prospective trials to spe-
cifically categorize risk; consequently, all recom-
mendations are based on lower-grade evidence. 
Future study will be important to develop algo-
rithms to define risk and specify appropriate pre-
ventive interventions.
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Consternation About Induration

RYAN A .  MCCONNELL , MD AND NAASHA J .  TALATI ,  MD

CA S E  P R E S E N TAT I O N
A 23-year-old African American woman with 
Crohn’s enteritis presented to an infectious 
diseases specialist for evaluation of a posi-
tive QuantiFERON-TB Gold In-Tube (QFT) 
interferon-gamma release assay (IGRA).

She was diagnosed with Crohn’s disease three 
years ago, when she presented with epigastric pain, 
loose stools, low-grade fevers, 8-pound weight 
loss, and oral aphthous ulcers. Colonoscopy 
revealed aphthous ulcerations of the terminal 
ileum, and computed tomography (CT) enterog-
raphy findings were consistent with the diagnosis. 
The patient’s symptoms failed to improve with oral 
5-aminosalicylate therapy, so she was treated with 
oral corticosteroids. Baseline tuberculin skin test 
(TST) with purified protein derivative (PPD) and 
QFT—both performed while the patient was on 
steroids—were negative. Chest x-ray demonstrated 
clear lungs. The patient received a 5 mg/kg dose 
of intravenous infliximab, a monoclonal antibody 
against tumor necrosis factor (TNF)-α. However, 
severe abdominal pain recurred three weeks later 
when steroids were tapered, and the patient was 
found to have an ileal perforation requiring ileo-
cecectomy and temporary ileostomy. Surgical 
pathology was notable for ileal mucosal ulcer-
ations and rare, poorly formed granulomas.

Over the ensuing thirty months, the patient 
received an additional sixteen infusions of inf-
liximab. Her course was complicated by an anas-
tomotic stricture requiring dilation, anal fissure 
treated with metronidazole, low vitamin D, and 
low vitamin B12 requiring parenteral supplemen-
tation. After the seventeenth infliximab infusion, 
repeat QFT was positive at 0.4 IU/mL (upper 
limit of normal is 0.34 IU/mL). Tuberculin skin 
test was negative and chest x-ray remained clear. 
The patient was asymptomatic and had gained 15 
pounds since starting infliximab.

The patient was a full-time student. She does 
not smoke, consume alcohol, or use drugs. She 

and her parents were born and raised in urban 
New  York and have not traveled internation-
ally. The patient’s brother was treated for active 
pulmonary tuberculosis (TB) three years ago 
while incarcerated. She cannot recall how much 
time she spent with her brother while he was 
symptomatic.

On physical exam, she was a thin but well-  
nourished woman. She was afebrile with nor-
mal vital signs, clear lungs, and a well healed 
abdominal surgical scar. Her exam was otherwise 
unremarkable.

The patient’s diagnostic testing was notable 
for a TST with zero millimeters of induration 
forty-eight hours after intradermal PPD injec-
tion, positive QFT at 0.4 IU/mL, normal com-
plete blood count and comprehensive metabolic 
panel, negative human immunodeficiency virus 
antibody, and clear lungs without scarring on 
chest x-ray.

D I F F E R E N T I A L 
D I AG N O S I S
The differential diagnosis for the patient’s dis-
crepant TST and QFT results includes two clini-
cal scenarios: (1) latent TB infection (LTBI) with 
a true-positive QFT and a false-negative TST, or 
(2) a false-positive QFT with a true-negative TST.

F I NA L  D I AG N O S I S  A N D 
T R E AT M E N T  O U T C O M E
QuantiFERON-TB Gold In-Tube was repeated 
and spontaneously reverted to negative without 
intervention. However, due to the patient’s possi-
ble close contact with active TB and the increased 
risk of reactivating TB with TNF-α inhibitor use, 
she was treated for latent TB with nine months 
of isoniazid. It was recommended that inflix-
imab be discontinued until the patient completed 
at least four weeks of isoniazid prophylaxis. She 
was educated to remain vigilant for symptoms of 
active TB.
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D I S C U S S I O N

Mechanisms of Increased 
Tuberculosis Risk With Tumor 
Necrosis Factor-α Inhibitors
The development of TNF-α antagonists  has revo-
lutionized the treatment of multiple immune-  
mediated inflammatory diseases (IMIDs), 
 including rheumatoid arthritis, ankylosing spon-
dylitis, Crohn’s disease, ulcerative colitis, psoriasis, 
and psoriatic arthritis. However, these therapies 
are associated with increased risk of granuloma-
tous infections, including TB. The mechanism of 
this heightened risk likely relates to the critical 
importance of TNF-α in promoting and maintain-
ing the immune response to these intracellular 
pathogens.

It is estimated that one third of the world’s 
population is infected with Mycobacterium 
tuberculosis [1] . However, the lifetime risk of 
developing active TB among immunocompetent 
individuals is only 5%–10% [2]. The vast major-
ity of infected individuals enter an asymptomatic 
state of LTBI, during which the granulomatous, 
T-helper 1-type cellular immune response, con-
tains the infection. Tumor necrosis factor-α, 
which exists in membrane-bound and soluble 
forms, is a key cytokine produced by macro-
phages and T cells in response to M tuberculosis 
infection. By stimulating chemokine produc-
tion and adhesion molecule expression, TNF-α 
recruits inflammatory cells to the site of infec-
tion and maintains granuloma organization 
and structural integrity [3–6]. Together with 
interferon-γ, TNF-α activates macrophages to 
enhance phagocytosis and intracellular killing. 
By inducing apoptosis, TNF-α also regulates 
immune cell survival and turnover within the 
granuloma [4, 5]. Suppression of a normal TNF 
response abrogates host control mechanisms, 
increasing the risk of TB reactivation even years 
after the primary infection.

Experimental models provide support for the 
mechanisms of increased TB risk with TNF-α 
inhibition. Tumor necrosis factor-α knockout 
mice infected with TB demonstrate delayed 
inflammatory cell recruitment and fail to form 
organized granulomas [6] . Tumor necrosis 
factor-α inhibition has been shown to prevent 
macrophage phagosome maturation, reduce 
interferon-γ production, stimulate apoptosis of 
TB-reactive T cells while interfering with mono-
cyte apoptosis, and cause granuloma regression 
leading to  mycobacterial multiplication [4].

Differential Risk Amongst the Tumor 
Necrosis Factor-α Inhibitors
Tumor necrosis factor-α inhibitors increase the 
relative risk of active TB 1.6–25 times [3] . This 
heightened risk is a class effect and has been repro-
ducibly demonstrated in North America, Europe, 
and Asia [2, 3,  7]. The wide range of reported 
attributable risk likely results from the significant 
variability in rates of TB infection in different 
countries and patient populations. For example, 
the risk of TB is two to sixteen times higher in 
rheumatoid arthritis patients relative to the gen-
eral population, independent of TNF-α inhibi-
tor use [3]. This may be due to the disease itself 
and the use of nonbiological immunosuppressive 
medications. In contrast, active TB is observed 
less frequently in patients with inflammatory 
bowel disease, probably because these patients 
tend to be younger and have lower rates of LTBI 
[6]. Furthermore, the frequency of screening for 
and treating LTBI before initiating TNF-α antag-
onist therapy has increased over time, because 
the risk of active TB associated with these drugs 
became recognized.

There are five TNF-α inhibitors in clinical 
use. Four are monoclonal antibody-based drugs, 
namely infliximab, adalimumab, certolizumab 
pegol, and golimumab. Etanercept, the fifth agent, 
is a soluble TNF receptor 2. The differential risk 
of TB amongst these drugs correlates with their 
differing activity against granulomatous inflam-
matory disorders, with the monoclonal drugs car-
rying approximately three to four times higher TB 
risk than etanercept [2, 3]. The timing of active TB 
onset is also significantly different. Active infec-
tion develops a median of three to six months 
after starting infliximab, but it appears approxi-
mately three to five times later with etanercept [8]  
(Figure 4.1.1). Etanercept-associated cases are also 
more uniformly distributed over time. These data 
suggest a higher risk of reactivation of LTBI with 
the monoclonal drugs compared with etanercept 
but a more equal risk of acquiring a new infection 
while on therapy. Infliximab and etanercept have 
been in clinical use since 1998 and 1999, respec-
tively, and most of the data comes from studies 
of these agents. However, rates and timing of TB 
with adalimumab are similar to infliximab, sup-
porting the heightened risk profile of the mono-
clonal antibody-based agents [2, 7].

The increased risk with monoclonal 
antibody- based drugs likely relates to key differ-
ences in pharmacodynamics and drug-binding 
kinetics [4] . Etanercept binds soluble TNF-α 
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trimers and transmembrane TNF-α at a ratio of 
1:1. This binding is reversible, with 50% of sol-
uble TNF-α and 90% of transmembrane TNF-α 
released within ten minutes of etanercept bind-
ing [9]. The antibody-based drugs form much 
more stable complexes with both monomeric- 
and trimeric-soluble TNF-α and can bind two 
TNF-α molecules at a time, allowing the forma-
tion of immune complexes and cross-linking 
of transmembrane TNF-α. Drug binding to 
transmembrane TNF-α is thought to be a key 
factor contributing to the differential risk of 
TB, because this binding suppresses cytokine 
production from the affected cell via a process 
known as reverse signaling [2, 5]. Cross-linking 
of transmembrane TNF-α, which is unique to the 
antibody-based drugs, causes apoptosis of the 
affected cell. In whole blood cultures stimulated 
with M tuberculosis, infliximab reduced the pro-
portion of TB-responsive CD4+ T cells and sup-
pressed interferon-γ production by 70%, whereas 
etanercerpt did not [8]. Because etanercept does 
not entirely block TNF-α bioactivity, it is hypoth-
esized that this drug allows for more preservation 
of granulomas and macrophage antimicrobial 
function.

Clinical Presentation of Active 
Tuberculosis in Patients Treated With 
Tumor Necrosis Factor-α Inhibitors
Up to 75% of active TB cases occur within the first 
ninety days of TNF-α inhibitor treatment, sug-
gesting that they are likely due to reactivation of 
LTBI [6] . However, patients taking TNF-α inhibi-
tors remain at elevated risk of acquiring active TB 
as a result of new infection as well.

The clinical characteristics of active TB in this 
population often differ from those seen in immu-
nocompetent persons. Although active TB has 
been reported in TNF-α inhibitor patients of all 
ages, the median age is the late 50s. Many patients 
are taking additional immunosuppressive medi-
cations, such as methotrexate and/or corticoste-
roids [7] . Active TB tends to progress rapidly and 
is frequently extrapulmonary and disseminated 
(Figure 4.1.2). Extrapulmonary disease is reported 
in 33%–75% of case patients and disseminated 
disease is reported in 12%–36%, compared to 18% 
and <2% in immunocompetent hosts, respectively 
[6, 10, 11]. Because TNF-α is responsible for some 
of the clinical manifestations of active TB, includ-
ing weight loss and night sweats, TNF-α inhibi-
tion may mask some of the signs and symptoms 
of TB and contribute to delays in diagnosis [10]. 
A US study found that patients receiving TNF-α 
blocking therapy who developed active TB were 
twice as likely to have diabetes, four times as likely 
to have chronic kidney disease, and were more 
likely to be non-white compared to uninfected 
patients [7].

Diagnosing active TB can be challenging. 
Infected patients receiving TNF-α inhibitors have 
a lower rate of positive acid-fast bacilli stain-
ing [11]. Some patients may have poorly orga-
nized or absent granulomas, although others do 
form more classic-appearing caseating granu-
lomas [10]. These findings highlight the need to 
remain vigilant, educate patients, and recognize 
that typical symptoms may not be present due to 
immunosuppression.

Treatment is with standard four-drug ther-
apy. The TNF-α inhibitor should be stopped 
for the duration of therapy, or at least until the 
patient demonstrates clinical improvement and 
drug-resistant TB has been excluded. There are 
rare reports of immune reconstitution inflam-
matory syndrome after stopping TNF-α inhibitor 
therapy. There is conflicting data on whether treat-
ment outcomes are worse compared to the general 
population, and mortality may be increased (the 
reported mortality in several studies ranges from 
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FIGURE  4.1.1: Cumulative proportion of active TB 
cases in relation to the start of TNF-α inhibitor ther-
apy. Each symbol represents a case reported to the 
US Food and Drug Administration Adverse Event 
Reporting System from 1998 to 2003. There were 248 
cases of infliximab-associated TB and thirty-nine cases 
of etanercept-associated TB reported. Reproduced 
from: Wallis RS. Reactivation of latent tuberculosis by 
TNF blockade:  the role of interferon gamma. J Investig 
Dermatol Symp Proc. 2007;12:16.
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0% to 19%) [7, 10, 11]. Limited data exist regard-
ing the safety of resuming TNF-α inhibition fol-
lowing successful TB treatment, although seven 
patients in Spain and Portugal resumed therapy 
without TB recurrence [11, 12].

Screening for Latent Tuberculosis 
Infection Before Initiating Tumor 
Necrosis Factor-α Inhibitor Therapy
Screening for LTBI is recommended for all 
patients before starting TNF-α inhibitor ther-
apy. Traditionally, diagnosis of LTBI relied on 
the TST. Patients with IMID have a high rate of 
false-negative TST results, due to anergy [3,  6]. 
Up to 80% of TNF-α inhibitor candidates are 
already taking other immunosuppressive therapy, 
and studies demonstrate anergy rates over 80% 
in patients receiving steroids or nonbiological 
immunosuppressants [6] .

A new generation of blood tests is now avail-
able, the IGRAs [1] . In patients previously exposed 
to TB, T cells recognize the TB-specific peptides 
and release interferon-γ. Two IGRAs are commer-
cially available: QFT, which measures the amount 

of interferon-γ released using an enzyme-linked 
immunosorbent assay, and TSPOT.TB (TSPOT), 
which uses enzyme-linked immunospot technol-
ogy to identify the number of T cells producing 
interferon-γ. Both QFT and TSPOT have been 
shown to correlate with risk factors for TB expo-
sure, such as country of birth and close contact 
with a known case.

Interferon-gamma release assays have a mito-
gen stimulus that is used as a positive control to 
assess general T-cell responsiveness. A  reduced 
mitogen response is reported as “indeterminate” 
and may help discriminate true-negative responses 
from anergy. Patients with IMID on immunosup-
pressive medications (particularly steroids) tend 
to have increased rates of indeterminate results 
with QFT but not with TSPOT, suggesting that 
TSPOT may be a better IGRA to use for patients 
on immunosuppressive medications at the time 
of testing [3] . Clinical studies provide conflict-
ing results regarding whether the presence of an 
IMID reduces the overall rate of positive IGRAs, 
and the IGRAs are probably at least as sensitive 
as TST in diagnosing LTBI. However, the positive 
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FIGURE 4.1.2: Extrapulmonary and disseminated TB occur more frequently in patients receiving TNF-α inhibitors. 
Shown here are miliary tuberculosis (A), tuberculous lymphadenitis (B), and positive acid-fast bacilli staining from 
an infected lymph node aspirate (C).
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predictive value of IGRA responses for the subse-
quent development of active TB in patients receiv-
ing TNF-α inhibitor therapy is unknown.

Discordance between IGRAs and TST is com-
mon in patients with IMID, particularly those on 
steroids, regardless of Bacillus Calmette-Guérin 
(BCG) vaccination status. When TST and IGRAs 
are applied simultaneously, there is little overlap 
in patients who test positive by either method. 
In fact, several recent studies demonstrate that 
only approximately 20% of IMID patients test-
ing positive to either TST or IGRA test positive 
to both tests [13,  14]. In addition, the overlap 
between positive QFT and TSPOT is also low, 
with one third of patients testing positive by 
either IGRA failing to test positive by both. This 
means that each test is picking up a different 

subset of patients. There is no gold standard 
for the diagnosis of LTBI, so when test results 
are discordant it is difficult to know which test 
is falsely positive and which is falsely negative. 
Given the high risk of TB reactivation in patients 
receiving TNF-α inhibitors, the increased sensi-
tivity gained by screening with both a TST and 
IGRA may justify screening with both types of 
tests [11,  15]. The Centers for Disease Control 
and Prevention (CDC) guidelines state that for 
immunocompromised populations at high risk 
of disease progression, both a TST and IGRA 
may be performed [1] . Boosting of the IGRA 
has been reported when performed sequentially 
after placement of a TST [1]. Therefore, if both 
tests are used, it is recommended to either per-
form them simultaneously or perform the IGRA 

FIGURE 4.1.3: Proposed algorithm for latent TB infection testing in patients with IMIDs about to receive a TNF-α 
inhibitor. Reproduced from:  Winthrop KL, Weinblatt ME, Daley CL. You can’t always get what you want, but if 
you try sometimes (with two tests—TST and IGRA—for tuberculosis) you get what you need. Ann Rheum Dis. 
2012;71:1757.
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first. When there are discrepant results, it is rea-
sonable to interpret a single positive test as evi-
dence of LTBI. Figure 4.1.3 is a proposed testing 
algorithm.

The ideal timing to test patients for LTBI is 
prior to initiation of any immunosuppressive 
medications. However, the lack of evidence to 
clearly support IGRAs or TST for the diagnosis of 
LTBI has resulted in discrepant guidelines from 
different national organizations (Table 4.1.1) [2] . 

There are multiple reports of patients developing 
active TB after receiving TNF-α inhibitors despite 
a negative initial screening test, highlighting the 
adverse clinical implications of false-negative 
screening tests as well as the risk of new TB expo-
sures after screening. Therefore, in addition to 
testing for LTBI, all TNF-α inhibitor candidates 
require a careful clinical history to assess for TB 
exposure risk factors. Screening chest x-ray may 
also be considered in certain situations. Although 

TABLE 4.1.1. EXAMPLES OF GUIDELINES FOR LTBI SCREENING AND MANAGEMENT 
IN PATIENTS WITH IMIDS.

Country or Organization TST as Part of  
Screening

IGRA as Part of Screening Preferred TB 
Prophylaxis Regimen

United States
(CDC)

Recommended.
Cutoff ≥5 mm if 

immunosuppressed.

Supplement if TST is negative in 
immunosuppressed patients 
with potential poor outcome. 
Negative IGRA does not 
exclude LTBI.

9 months INH

United Kingdom
(British Thoracic 
Society)

Recommended.
Cutoff >5 mm in those 

without and >15 mm 
in those with BCG 
history.

Unreliable in 
immunosuppressed.

Consider in immunosuppressed 
patients with history of BCG, 
but decision for prophylactic 
treatment takes the clinical 
risk profile into account.

6 months of INH 
or 3 months of 
INH+Rifapentine

Canada Recommended.
Cutoff >5 mm if 

immunosuppressed.

Supplement with TSPOT if 
false-negative TST suspected. 
Intermediate or negative 
IGRA does not exclude LTBI.

9 months of INH

Switzerland Not used. Recommended as first-line 
screening test.

9 months of INH 
or 4 months of 
rifampin

Spain Recommended.
Cutoff >5 mm.

Consider in negative TST. 9 months of INH

Europe: TBNET Recommended.
Cutoff ≥10 mm in 

those without BCG.

Preferred in patients with BCG 
history.

9–12 months of INH 
or 3 months of 
INH+Rifapentine

European Crohn’s and 
Colitis Organisation

Recommended along 
with risk assessment 
and CXR.

Cutoff ≥5 mm.

Supplement in patients with 
BCG history.

Per local guidelines

European Centre for 
Disease Prevention 
and Control

Recommended along 
with risk assessment.

Recommended along with risk 
assessment.

Per local guidelines

Abbreviations: CXR, chest x-ray; INH, isoniazid.
Adapted from:  To KW, Reino JJ, Yoo DH, Tam LS. Tumour necrosis factor antagonist and tuberculosis in patients with rheumatoid 
 arthritis: an Asian perspective. Respirology 2013;18:765.
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chest x-ray is abnormal in only 10%–20% of 
patients with LTBI, such patients are more likely 
to reactivate TB [6].

Although screening for LTBI is recommended 
annually in most high-risk populations, there is 
no clear guidance on how frequently patients on 
TNF-α inhibitors should be screened for LTBI. 
Serial IGRA testing in healthcare workers dem-
onstrates that spontaneous conversions and rever-
sions do occur without clear exposure to TB. 
These changes in test results tend to occur more 
frequently when the interferon-γ responses are 
close to the cutoff for positivity. Little is known 
regarding within-subject variation and the signifi-
cance of conversion or reversion with respect to 
the development or clearance of LTBI. Therefore, 
patients who have conversions on serial test-
ing with no apparent exposure to TB and an 
interferon-γ value close to the cutoff should be 
evaluated closely to determine whether treatment 
for LTBI is warranted.

Preventive Treatment of Latent 
Tuberculosis Infection
Patients with a positive screening test should 
undergo chest x-ray, physical exam, and symp-
tom screen to rule out active TB. Once active TB 
has been excluded, all patients with a positive 
screening test should be offered chemoprophy-
laxis (options are shown in Table 1). Patients with 
significant past TB exposure should also be con-
sidered for prophylaxis, even if tests for LTBI are 
negative. There is no guidance on when to begin or 
re-initiate TNF-α inhibitors in patients with LTBI.

Preventive therapy is generally considered to 
be highly effective. Several studies report that iso-
niazid prophylaxis in patients with IMID prior to 
initiating TNF-α inhibitor therapy is associated 
with an approximately 75%–90% reduction in the 
incidence of active TB, with TB rates approach-
ing the background rate for patients not receiv-
ing TNF-α inhibitor therapy [3, 6]. However, one 
study found that patients positive on screening 
who received nine months of isoniazid still had a 
19% risk for active TB when treated with TNF-α 
inhibitors [6] .

S U M M A RY
Tumor necrosis factor-α is a key cytokine in the 
formation and maintenance of granulomas and 
control of TB infection. In patients on TNF-α 
inhibitors, the risk of TB is increased 1.6–25 
times, and active disease often occurs within the 
first ninety days of therapy. Patients frequently 
have disseminated disease and may not present 

with characteristic signs and symptoms. High 
index of suspicion for active TB and early diag-
nosis and treatment may aid in achieving better 
outcomes. Screening for LTBI using a detailed 
history and potentially more than one screening 
test is key. Screening prior to use of any immuno-
suppressive agents would likely increase test sensi-
tivity. Treatment of LTBI with preventive therapy 
markedly decreases the risk of developing active 
TB on TNF-α inhibitors.
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4.2
A Game of Cat and Mouse

AMBAR HALEEM, MD AND BRYAN STEUSSY,  MD

CA S E  P R E S E N TAT I O N
A 71-year-old white male with autoimmune dis-
ease on chronic immunosuppressive therapy 
presented to our infectious disease clinic for eval-
uation of a three-week history of pain and swell-
ing of his right upper extremity. The swelling was 
located on the posterior aspect of the shoulder 
and was painful and fluctuant (Figure 4.2.1). Pain 
radiated from the shoulder to the middle three 
fingers and was exacerbated by laying supine. 
There was no associated erythema or restricted 
range of motion of the shoulder. The patient 
denied a history of fevers, chills, and night sweats, 
but did endorse persistent fatigue over the previ-
ous month. The patient denied any recent weight 
changes. Review of other systems was unreveal-
ing. There was no history of preceding trauma or 
infection in the right upper extremity.

The patient underwent aspiration of the 
shoulder swelling with retrieval of 14 cc of 
yellowish-brown, cloudy fluid. The fluid showed 

a string sign that indicated increased viscos-
ity. Fluid analysis is demonstrated in Table 4.2.1. 
Fluid Gram stain and auramine-rhodamine stain 
for mycobacteria did not show white blood cells 
or microorganisms.

On evaluation in infectious diseases clinic, 
vital signs were within normal limits. The patient 
appeared frail and ill. Exam of the shoulder 
revealed a tender, fluctuant subcutaneous mass, 
approximately 6  cm in diameter on the pos-
terolateral aspect of the right arm distal to the 
shoulder joint. The overlying skin had a viola-
ceous hue. Passive shoulder movement was pain-
ful. The remaining exam was unchanged from 
previous exams.

He was anemic (hemoglobin 8.7 g/dL) with 
slightly elevated inflammatory markers (eryth-
rocyte sedimentation rate was 19  mm/h and 
C-reactive protein was 0.6 mg/L). White blood 
cell count, platelet count, electrolytes, and liver 
function tests were within normal limits.

The patient’s history of autoimmune disease 
included seronegative rheumatoid arthritis (RA) 
and Crohn’s disease with partial bowel obstruc-
tion requiring a procto-colectomy with ileostomy 
creation in the past. His Crohn’s disease was suc-
cessfully controlled on prednisone for >20 years. 
He had tried multiple, other disease-modifying 
medications for Crohn’s disease and RA in the 

FIGURE 4.2.1: Right upper extremity mass.

TABLE 4.2.1. FLUID ANALYSIS 
OF SHOULDER MASS

Clarity Turbid

Color Orange
Total nucleated count 8505 cells/mm3

Red blood cell count 9000 cells/mm3

Neutrophil count 3487 cells/mm3

Lymphocyte count 2892 cells/mm3

Mononucleated cell count 2126 cells/mm3
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past without success, including hydroxychloro-
quine, sulfasalazine, and tumor necrosis factor 
(TNF)-blockade agents (infliximab, rituximab, 
and abatacept). Tumor necrosis factor-blocking 
drugs had last been used several years earlier; 
since then, he had been maintained only on 20 mg 
of prednisone daily. As a result of RA and chronic 
steroid usage, he had developed degenerative joint 
disease with resultant partial arthroplasty of right 
shoulder, bilateral total arthroplasties of hips and 
knees, and fusion of the left wrist.

His past medical history was also notable 
for a right prosthetic knee joint infection from 
Mycobacterium avium intracellulare (MAI) complex 
in the previous three years. For this infection, he had 
undergone a two-stage revision knee arthroplasty 
and a prolonged course of triple-drug therapy com-
prising clarithromycin, rifampin, and ethambutol. 
Intraoperative cultures obtained at prosthesis reim-
plantation had been negative for MAI. During his 
course of MAI therapy, approximately one year after 
his knee revision surgery, he had developed severe 
back pain and was diagnosed with T5/6 osteomy-
elitis/discitis with epidural extension and cord com-
pression. He underwent spinal cord decompression 
and T4/7 posterior spinal fusion. Surgical cul-
ture grew MAI (susceptible to macrolides). It was 
thought that the spinal infection had, most likely, 
been present subclinically at the time of the knee 
infection and, as such, had not represented a fail-
ure of MAI therapy. Therefore, his triple-drug MAI 
therapy was continued without modification. The 
intention was to treat him at full-drug dose strength 
for at least twelve months from the time of his spinal 
surgery and then de-escalate therapy to a mainte-
nance regimen for an indefinite duration. However, 
the patient could not tolerate the treatment due to 
gastrointestinal distress and discontinued it him-
self after ten months. Gastrointestinal symptoms 
resolved thereafter. He then remained asymptom-
atic for six to eight months until he  presented with 
a shoulder mass.

The patient had retired many years previously 
from work at a pig slaughter house. He was a former 
heavy smoker. He had no history of alcohol or illicit 
drug use. His history was negative for out-of-state 
travel, outdoor recreational activities, animal expo-
sure (including farm animals), or consumption of 
raw meat or unpasteurized dairy products. There 
was no history of tuberculosis infection or exposure.

D I F F E R E N T I A L 
D I AG N O S I S
Infectious etiologies for bone and joint infec-
tions in an immune suppressed individual cover 

a broad array of microorganisms. The spectrum 
includes bacteria, fungi, and mycobacteria.

Bacteria such as Gram-positives (staphylo-
cocci, streptococci) and Gram-negatives typically 
cause a more robust clinical picture than seen in 
this case. Anaerobic skin and soft tissue infec-
tions in immune compromised populations typi-
cally occur as a result of a breach of gut mucosa, 
obstruction/stasis, trauma, or vascular insuffi-
ciency. Because the patient’s Crohn’s disease had 
been well controlled for years, there was no reason 
to suspect bacterial translocation from the gut and 
subsequent, hematogenous dissemination to the 
shoulder joint.

Slow-growing bacteria such as Brucella, 
Bartonella, and Nocardia can cause an indolent 
skin and soft tissue infection in both immune 
competent and immune suppressed patients. 
The patient denied exposures typically associ-
ated with brucellosis and bartonellosis—farm 
environment and consumption of unpasteurized 
dairy products for Brucella and feline exposure 
for Bartonella.

Fungi and mycobacteria, with their environ-
mental prevalence, intracellular survival, slow 
growth, and diverse immune-evasive strategies, 
are well suited to infecting the immune sup-
pressed population. Typical fungi in this setting 
include Cryptococcus, Aspergillus, Histoplasma, 
Blastomyces, and Sporothrix. Differentials for non-
infectious etiologies in this patient were pseudo-
tumor or joint space cyst.

D I AG N O S T I C   T E S T S
Blood cultures were negative. Fungal serolo-
gies were negative for Aspergillus, Histoplasma, 
Coccidioidomyces, Blastomyces, and Cryptococcus. 
Bacterial and fungal tissue cultures were negative.

Acid-fast bacilli (AFB) cultures from the 
shoulder mass aspirate grew Mycobacterium 
avium-intracellulare complex after twelve days of 
incubation.

In light of his prior history of vertebral osteo-
myelitis, a magnetic resonance image (MRI) of the 
spine with and without contrast was repeated. No 
new foci of osteomyelitis or fluid collections were 
found on MRI.

S U R G I CA L  I N T E RV E N T I O N
The patient underwent surgical excision of the 
right upper arm mass [Figure 4.2.2]. There was 
a communicating sinus tract between the mass 
and shoulder joint. Multiple tissue samples were 
submitted for bacterial, fungal, and mycobacterial 
stains and cultures.
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M I C R O B I O L O G Y
Mycobacterial cultures (Mycobacterium growth 
indicator tube [MGIT]) turned positive after 
thirteen days [Figure 4.2.3], and subsequent 
stains confirmed the presence of mycobac-
teria species [Figure 4.2.4 and 4.2.5]. The 
Mycobacterium was confirmed to be MAI by 
rRNA probes for MAI complex. Mycobacterium 
avium complex was also inoculated onto solid 
media [Figure 4.2.6].

T R E AT M E N T
The MAI isolate was found to be susceptible to 
clarithromycin (minimum inhibitory concen-
tration [MIC], 0.5  μg/mL), resistant to linezolid 
(MIC, 32  μg/mL), and intermediately suscep-
tible to moxifloxacin (MIC, 2 μg/mL). In light of 
recurrent and severe disease, he was treated with 
a four-drug therapy regimen comprising clarithro-
mycin 500  mg BID, rifabutin 300 mg daily, and 
ethambutol 900 mg daily and three times weekly 
parenteral streptomycin. Pretreatment ophthalmo-
logic and audiology tests were performed to moni-
tor for ethambutol and aminoglycoside-induced 
ocular and ototoxicity, respectively.

FIGURE 4.2.3: The MGIT fluorescence under a woods 
lamp—a negative tube is shown on the left with a posi-
tive tube on the right. The fluorescence occurs as oxygen 
is used up in the tube by the Mycobacterium.

FIGURE 4.2.4: Auramine-Rhodamine Stain. This low-  
power view demonstrates the Mycobacterium stain-
ing golden-orange. This photo is of the Mycobacterium 
 isolated from the MGIT in this case.

A B

FIGURE  4.2.2: (A) Granulomatous inflammation present in the tissue sections from the shoulder mass in this 
patient. (B) AFB stain from a separate case demonstrating MA1 in a tissue section. (The direct gram stain and AFB 
stain on tissue in this case were negative.)
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C L I N I CA L  O U T C O M E
The patient received four-drug therapy for eleven 
weeks without suffering another relapse or adverse 
drug effects. At eleven weeks of therapy, paren-
teral streptomycin was discontinued and he was 
maintained thereafter on oral clarithromycin 500 
mg BID, rifampin 600 mg daily, and ethambutol 
900 mg daily for an indefinite duration. Since the 
last relapse one year ago, his disease has remained 
quiescent.

D I S C U S S I O N
Nontuberculous mycobacteria (NTM) are a large, 
diverse group of environmental organisms that 
are ubiquitous in water and soil. Mycobacterium 
avium intracellulare is the commonest NTM spe-
cies causing human disease in most series, but 
many NTM species have been implicated as patho-
gens [4, 9]. Recent reports indicate rising rates of 
NTM disease, especially in populations receiving 
TNF-α antagonist therapies [Figure 4.2.7] [1] . 

A B

FIGURE 4.2.5: Kinyoun (AFB stain) and suramine-rhodamine stain. (A) 100× magnification showing the AFB as 
demonstrated by a kinyoum stain. (B) 100× magnification showing the same AFB as they appear under fluorescence 
using an suramine-rhodamine stain.

A B

FIGURE  4.2.6: MAI grows as buff-colored colonies as demonstrated on (A)  Lowenstein-Jensen agar and 
(B) Middlebrook agar.
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However, because NTM diseases are not com-
municable, they are not reportable in the United 
States. Nontuberculous mycobacteria disease can 
also be more insidious and difficult to diagnose 
than Mycobacterium tuberculosis because NTM 
are environmental organisms with marked geo-
graphic variability and propensity to colonize 
airway and gastrointestinal mucosal surfaces as 
well as to contaminate cultures. Nontuberculous 
mycobacteria disease ranges from asymptomatic 
colonization, symptomatic, localized disease (pul-
monary, lymphatic, cutaneous, osteoarticular) to 
life-threatening, disseminated disease. In patients 
on TNF antagonist therapy, extrapulmonary 
NTM disease is reported to be more common 
than in patients with RA not receiving anti-TNF 
therapy [1, 9].

The critical anti-mycobacterial immune cell 
types are macrophages, natural killer cells, and 
CD4 T-helper type 1 cells [2] . After phagocytosis 
of mycobacteria, macrophages respond with pro-
duction of interleukin (IL)-12 and TNF-α. These 
cytokines are crucial to activation of the innate and 
adaptive immune systems for eradication of intra-
cellular pathogens, such as mycobacteria. Tumor 
necrosis factor-α is also essential for granuloma 
formation and its maintenance. Tumor necrosis 
factor-α is up-regulated in a variety of autoim-
mune diseases, including RA, inflammatory bowel 
disease, and psoriasis. Immunomodulator therapy, 
including anti-TNF drugs, paradoxically increases 

risk for granulomatous infectious diseases [3]. 
Both M tuberculosis and NTM infections have 
been reported with immunosuppressive therapy. 
Implicated drugs include biologic TNF-α inhibi-
tors (infliximab, etanercept, adalimumab), ritux-
imab, an anti-CD20+ peripheral B cell-depleting 
antibody, and nonbiologic drugs, such as corti-
costeroids that suppress cell-mediated immunity 
primarily by inhibiting the transcription of cyto-
kines (IL-1–8 and TNF-α) [3, 4].

Nontuberculous mycobacteria disease mani-
festations depend on host immune competence 
and the local tissue environment. Pulmonary 
disease is the commonest manifestation of NTM 
disease [1,  9]. From a primary inoculation site, 
mycobacteria can invade locally or disseminate 
hematogenously to multiple foci. Osteoarticular 
infection typically results from direct inocula-
tion during trauma or surgery and can manifest 
in a myriad of ways (e.g. bursitis, tenosynovitis, 
arthritis, or osteomyelitis [5] ). The NTM species 
causing bone and joint infection often depends 
on the environmental exposure. Nontuberculous 
mycobacteria have a predilection for infection 
of foreign devices, such as prosthetic joints and 
intravascular catheters [6,  7]. Clinical presenta-
tion of NTM bone and joint disease is similar to 
that of M tuberculosis in that it can be indolent, 
nonspecific, and therefore liable to be missed 
early, which can result in significant local damage. 
Nontuberculous mycobacteria can cause acute 
disseminated disease in patients with the-acquired 
immune deficiency syndrome (AIDS) , Most 
published reports of osteoarticular NTM disease 
involve chronic, localized infection of skin, ten-
don, or bone and joints [8]. Local pain or swell-
ing is the most frequent presenting complaint. 
Cutaneous fistulae, abscesses, and joint deformity 
usually develop with advanced disease. Systemic 
symptoms, such as fever, night sweats, or weight 
loss are most often seen with disseminated infec-
tion in AIDS patients. Disseminated NTM disease 
is almost always a manifestation of underlying 
immunologic dysfunction, as with human immu-
nodeficiency virus/AIDS, organ transplantation, 
immunosuppressive therapies, or genetic defects 
in the interferon-γ/IL-12 pathway [9].

Differential Diagnoses
In the immunocompromised host, clinicians need 
to have a high index of suspicion for unusual, 
slow-growing organisms. Recalcitrant muscu-
loskeletal symptoms despite standard antibac-
terial therapy or recurrent, culture-negative 

Mycobacterium avium
n = 52

M. fortuitum
n = 4

M. chelonae
n = 4

M. marinum
n = 8

NTM unspeci�ed
n = 14

NTM other species*
n = 11

FIGURE  4.2.7: Reported causes of 105 confirmed and 
probable NTM infections associated with anti-TNF-α 
agents (US Food and Drug Administration MedWatch 
database, 1999–2006). *Other species include Myco-
bacterium kansasii (n  =  3), Mycobacterium xenopi 
(n  =  3), Mycobacterium haemophilum (n  =  2), and 
Mycobacterium mucogenicum (n = 1) [1] .
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tenosynovitis or joint disease should raise sus-
picion for an atypical microorganism. This is 
especially significant in the context of immu-
nomodulator therapy where cytokine defects 
predispose to infection from slow-growing, 
intracellular organisms, including mycobacteria, 
fungi (Cryptococcus, Aspergillus, Histoplasma, 
Blastomyces, Coccidioidomyces, Sporothrix) as 
well as bacteria (Listeria, Nocardia, Bartonella, 
Salmonella). A careful history of recent exposures 
(trauma, surgery, animals, travel), occupation, 
and recreational activities usually provides impor-
tant clues to the diagnosis.

Diagnosis
When suspecting an atypical, indolent infec-
tion (especially in an immunosuppressed host), 
obtaining deep tissue for bacterial, fungal, and 
mycobacterial culture and histopathology is cru-
cial to making a diagnosis. In the case of bone and 
joint infection, multiple tissue cultures should be 
submitted from synovium, tendon sheath, syno-
vial fluid, and bone. Obtaining multiple deep 
samples is especially important in case of NTM 
infections because these organisms can also be 
culture contaminants. Nontuberculous myco-
bacteria have variable, interspecies antimicrobial 
susceptibilities, and empiric treatment is difficult 
to prescribe. For NTM, culture remains the gold 
standard despite the protracted time to grow the 
organism. (On average, it took thirteen days for 
mycobacteria to grown in multiple cultures from 
this patient and even longer for a definitive iden-
tification as MAI.) Certain NTM species have 
special culture requirements, and the microbiol-
ogy laboratory should be alerted if the specialist 
suspects such species (e.g. Mycobacterium mari-
num, Mycobacterium hemophilum). Molecular 
methods have been shown to be more sensitive 
than both AFB stains and culture for M tuber-
culosis on direct specimens and lead to faster 
identification of the bacteria; however, test 
expense and inability to discriminate between 
live and dead organisms has hindered its broader 
adoption [10].

Treatment
The 2007 American Thoracic Society guidelines for 
treatment of NTM infections recommends a com-
bined surgical and medical treatment approach 
to extrapulmonary M avium disease localized to 
the musculoskeletal system [9] . Aggressive sur-
gical debridement of the affected osteoarticular 
structure and removal of foreign devices provides 
the best chance of cure. This is especially relevant 

because mycobacteria may persist on foreign bod-
ies in biofilms, despite appropriate antimicrobial 
therapy. The recommended antimicrobial therapy 
for bone and joint MAI disease is the same as for 
MAI pulmonary disease, i.e. a multidrug regimen 
(two to three drugs) with a macrolide backbone 
(clarithromycin or azithromycin) guided by the 
isolate’s antibiotic susceptibility profile. It is nec-
essary to combine macrolide therapy with one to 
two other drugs (albeit drugs with less activity 
against MAI) to prevent the emergence of macro-
lide resistance. Macrolides should never be used 
as monotherapy for treatment of MAI disease. 
If there is a large MAI disease burden or prior 
treatment failure, a regimen of three oral drugs 
in combination with parenteral aminoglycoside 
is recommended. The optimal drug regimen and 
duration of treatment for MAI disease remains 
unknown, and drug toxicity can be severely 
limiting.

Our patient was especially challenging 
because he had a high disease burden, multiple 
affected osteoarticular foci, and had experienced 
relapse despite appropriate treatment courses 
(although the relapse occurred upon discontinu-
ation of treatment). De-escalation or discontinu-
ation of immunosuppressive therapy is typically 
recommended with active fungal or M tuberculo-
sis infection. There are no similar guidelines for 
NTM disease in patients receiving immunomod-
ulator therapy; presumably, the same approach 
would apply. Unfortunately, our patient’s Crohn’s 
disease was controlled only on steroid dose of 20 
mg/day and did not permit any modification of 
immunosuppressive therapy.

Latency and reactivation under immunosup-
pression is not known to occur with NTM. In our 
patient, we believe that most likely the initial MAI 
infection could not be eradicated due to profound 
immune suppression resulting in bacterial persis-
tence in 1 or more “sanctuary sites” (such as the 
spine or prosthetic knee) from where it “escaped” 
to seed other sites after anti-mycobacterial ther-
apy was discontinued. Unfortunately, the patient 
was a poor surgical candidate for removal of his 
prosthetic joints. In conclusion, this case was a 
prime example of a “cat and mouse” game where 
the MAI bacteria simply “kept getting away” from 
maximal therapeutic measures.
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4.3
Beware the Fish Tank

DILEK  INCE ,  MD

CA S E  P R E S E N TAT I O N
A 39-year-old woman with a history of psoria-
sis and psoriatic arthritis and on etanercept and 
methotrexate presented with a painful nodule 
on the dorsum of her right fourth finger of two 
months’ duration. She had been applying anti-
biotic ointment and moisturizers to the area 
without benefit. The lesion had enlarged over 
time and she developed pain over the whole 
finger, especially with movement. She had no 
fevers, chills, night sweats, or weight loss. Past 
medical history was significant for psoriasis 
and psoriatic arthritis of twelve years’ duration. 
She had received multiple tumor necrosis fac-
tor (TNF)-α inhibitors over this period, most 
recently etanercept for the last four years. Social 
history revealed she had a fish tank at home. 
Upon further questioning, she reported she 
might have cut her right fourth finger at the site 
of the lesion when she turned on the fish tank 
light, a few weeks prior to the development of 
the lesion.

On initial examination, she had a 1.5  cm 
nodule on the dorsum of the right fourth finger 
over the proximal interphalangeal joint (PIP) 
(Figure  4.3.1). There was small central crusting 
and erythema, but no drainage. Range of motion 

was preserved. There were small erythematous, 
scaly plaques over the lower extremities, consis-
tent with psoriasis. Her laboratory values were 
remarkable for a slight elevation in white blood 
cell count (13 000 cells/mm3) with 9000 cells/mm3 
polymorphonuclear cells.

D I F F E R E N T I A L  D I AG N O S I S
The chronicity and the appearance of lesion 
were most concerning for nodular lymphangi-
tis, typically due to organisms such as Sporothrix 
schenckeii, Nocardia sp, Mycobacterium marinum, 
systemic mycoses, tularemia or leishmaniasis, 
Sporotrichosis, and primary cutaneous nocardiosis 
are commonly associated with gardening injuries. 
The patient’s social history did not reveal such an 
exposure, nor did it reveal travel to a leishmania 
endemic area. Tumor necrosis factor inhibitors 
are commonly associated with infections due to 
atypical mycobacteria or endemic fungi, such 
as histoplasmosis in the Midwest. Given the fish 
tank exposure, highest on the differential was 
M  marinum infection. A  biopsy was performed, 
after which she was empirically started on clar-
ithromycin and ethambutol for probable M mari-
num infection. Etanercept and methotrexate were 
discontinued. Anatomic pathology showed spon-
giosis with superficial and deep perivascular and 
perieccrine inflammation, suggestive of perniosis. 
Gram stain, acid-fast bacilli stain, and fungal stain 
were negative.

One week after starting treatment, she pre-
sented with worsening pain over the right 4th 
PIP joint and a new erythematous nodule with 
fluctuance at the base of her 3rd and 4th dig-
its (Figure  4.3.2). A  magnetic resonance image 
of the right hand showed increased cutaneous 
and subcutaneous T2 signal and postcontrast 
enhancement along the dorsum of the hand 
along the mid/distal second to fourth meta-
tarsals and along the dorsal aspect of the ring 
finger at the PIP joint. There was no evidence 

FIGURE 4.3.1: Nodular lesion on the PIP of the fourth 
finger on initial examination.
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of abscess, synovitis, or septic arthritis (Figure 
4.3.3). A Gram stain of an aspirate of the fluctu-
ant lesion over the third metacarpal area showed 
ghost-like beaded rods, suggestive of nontuber-
culous mycobacterial infection (Figure 4.3.4). 
Acid-fast bacilli smear was also positive. Both 
the initial biopsy sample and the aspirate eventu-
ally grew M marinum. Clarithromycin and eth-
ambutol were continued.

Approximately one month after starting treat-
ment, she presented with worsening pain and new 
satellite lesions around the lesion on her fourth 
finger (Figure 4.3.5). She also had new nodu-
lar lesions over the anterolateral wrist and arm, 

tracking up toward the elbow. Incision and drain-
age of the two hand lesions were performed to 
decrease bacterial load, and rifampin was added 
to the antimicrobial regimen. Approximately 
one month later, subcutaneous abscesses on the 
wrist and arm were still getting larger. Surgical 
debridement was performed for these lesions. 
Anatomic pathology showed poorly developed 
granulomas and culture again grew M mari-
num. Over the course of her treatment, all surgi-
cal sites healed well (Figure 4.3.6). Nine months 
after starting treatment, etanercept was restarted 
due to inability to control psoriatic arthritis with 
other therapies. Her antimycobacterial therapy 
was continued for an additional three months to 
complete a year of therapy, with full resolution of 
her lesions. When seen in follow up four months 
after cessation of anti-mycobacterial therapy, 
there was no evidence of relapse despite continu-
ation of etanercept.

FIGURE 4.3.2: New nodule at the base of the third and 
fourth digits one week after initiation of treatment.

FIGURE 4.3.3: MRI of the right hand showing cutane-
ous and subcutaneous inflammation without evidence of 
abscess or septic arthritis.

FIGURE 4.3.4: Gram stain of lesion aspirate. Ghost-like 
beaded rods seen in the stain are suggestive of mycobac-
terial infection.

FIGURE  4.3.5: New satellite lesions on the fourth 
finger despite one month of antimicrobial therapy for 
M. marinum.
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D I S C U S S I O N

Epidemiology of Nontuberculous 
Mycobacteria
Nontuberculous mycobacteria (NTM) are ubiqui-
tous environmental organisms, which are found in 
water and soil [1] . They are opportunistic patho-
gens that can lead to a wide variety of infections, 
the majority of which involve pulmonary disease 
[2]. In the United States, most pulmonary NTM 
disease is caused by Mycobacterium avium com-
plex, Mycobacterium kansasii, or Mycobacterium 
abscessus [3]. It almost exclusively occurs in indi-
viduals over age forty-five, with a predilection for 
women and those with underlying lung disease 
[3]. Nontuberculous mycobacteria also cause skin 
and soft tissue infections, bone and joint infec-
tions, lymphadenitis, and, disseminated disease, 
which is usually in the immunocompromised 
host [4].

Mycobacterium marinum is commonly iso-
lated from fresh and salt water, and it can cause 
granulomatous soft tissue or bone disease when 
contaminated water is exposed to traumatized 
skin, leading to “swimming pool” or “fish tank” 
granuloma [5] . Lesions are usually solitary but 
ascending lesions can occur, leading to “sporo-
trichoid disease”. Cutaneous disease can be seen 
in both immunocompetent and immunocompro-
mised persons, whereas disseminated disease with 
bursa, tendon, or bone involvement is more com-
mon in immunocompromised persons [6].

Tumor Necrosis Factor Inhibitors and 
Nontuberculous Mycobacteria
Tumor necrosis factor-α plays an essential role 
in in host defense against intracellular patho-
gens [7] . An initial review by the US Food and 
Drug Administration postmarketing surveillance 

system (MedWatch) in 2004 for reports of granu-
lomatous disease occurring on anti-TNF therapy 
found that mycobacterial disease was more com-
mon than other granulomatous diseases [8]. In 
regions with low tuberculosis (TB) incidence, 
NTM infection may be a more frequent complica-
tion of anti-TNF therapy [9]. In a large cohort of 
anti-TNF users from Northern California, NTM 
disease rates were found to be ten-fold higher 
than that in the unexposed rheumatoid arthri-
tis and general population [10]. In this cohort, 
NTM disease occurred more frequently and a 
greater proportion of NTM patients died. With 
good adherence to screening for TB prior to use, 
anti-TNFs NTM has become more common than 
TB. Extrapulmonary disease, disease dissemina-
tion, and mortality have also been reported to be 
higher in patients on anti-TNF therapy [4, 10].

Mycobacterium marinum infection, similar 
to other NTM infections, has been reported with 
anti-TNF therapy as well as steroid use. Review 
of PubMed does not reveal increased incidence 
of M marinum infections with disease-modifying 
antirheumatic drugs.

Diagnosis of M marinum infections is usu-
ally delayed by weeks to months, with the time 
from clinical presentation to correct diagno-
sis varying from one to twenty-seven months, 
with a mean interval of seven months [11,  12]. 
Atypical pathogens, including M marinum, are 
usually only considered when these infections 
do not respond to treatment for typical bacte-
rial infections. In the presence of compatible 
exposure history, diagnosis should be confirmed 
by histology and bacteriology. Histology can 
be nonspecific during early stages of infection 
[11, 13]. Acid-fast bacilli staining of skin and soft 
tissue specimens is positive in only 9%–13% of 
cases of localized cases, but it can yield higher 
results in disseminated cases [13]. Culture from 
a tissue biopsy is the gold standard for diagnosis, 
with reports of 70%–80% positivity with rapid 
transportation and processing of specimens and 
appropriate culture conditions [14]. It is impor-
tant to notify the microbiology laboratory that M 
marinum infection is suspected because optimal 
growth temperature is 30–32°C.

Treatment and Prevention
Nontuberculous mycobacteria infections 
in patients on anti-TNF therapy may show 
delayed response to therapy and cause signifi-
cant morbidity and mortality [15]. The optimal 
anti-mycobacterial combinations and duration 
of therapy are unknown. Although there are 

FIGURE 4.3.6: Resolution of nodular lesions after sur-
gery medical therapy.
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multiple reports of successful treatment with 
a single agent (doxycycline, clarithromycin, or 
trimethoprim-sulfamethoxazole), the American 
Thoracic Society/Infectious Disease Society of 
America guidelines recommend treating M mari-
num infections with two active agents for one to 
two months after resolution of symptoms [5] . 
Clarithromycin and ethambutol combination 
is probably the most effective and best tolerated 
combination, with the addition of rifampin for 
deep tissue infections. In a review of M mari-
num arthritis cases, average treatment was eight 
months with a range of three to twelve months 
[6]. Use of second-line agents, such as amikacin 
or streptomycin, has been reported in cases of 
progressive cutaneous or joint involvement [6]. In 
most patients, surgery is not necessary and may 
be contraindicated due to possible extension of 
infection to deeper tissues or to the creation of 
wounds that do not heal for prolonged periods 
[16]. Although there are no criteria for timing of 
surgical intervention, debridement may be nec-
essary for disease involving closed spaces of the 
hand or disease that fails to respond to antimicro-
bial therapy alone [5, 6].

There are many reports of NTM disease pro-
gression on aggressive antimicrobial therapy 
while anti-TNF therapy is continued. Given the 
morbidity and mortality associated with these 
infections, discontinuation of anti-TNF therapy 
is recommended when NTM infection is diag-
nosed [17,  18]. There are reports of reinitiation 
of anti-TNF therapy with or without recurrence 
of NTM disease after treatment with antimicrobi-
als [18, 19]. It is not known when and in which 
patients it might be safe to reinitiate anti-TNF. 
There are few reports of NTM infections in 
patients on disease-modifying drugs and steroids. 
Animal models suggest other biologic agents, 
such as tocilizumab and abatacept, might carry 
less mycobacterial risk than anti-TNFs. It might 
be reasonable to start a disease-modifying drug or 
second-line biologic agent rather than anti-TNF, 
especially if the NTM infection has taken a pro-
longed period of time to be cured [3] . If anti-TNF 
is definitely needed, in the absence of definite 
criteria, it seems reasonable to continue atypical 
mycobacterial therapy for a few months to ensure 
NTM disease will not relapse.

Unlike TB, NTM does not cause reactiva-
tion disease; consequently, most NTM disease on 
anti-TNF therapy reflects newly acquired disease. 
In rare cases, pulmonary NTM disease may be due 
to progression of active disease that had not been 
diagnosed before initiation of anti-TNF therapy. 

There are no evidence-based recommendations 
for screening patients for pulmonary NTM prior 
to initiation of TNF blockers, but chest computed 
tomography scan or culture of respiratory speci-
mens might be considered in patients with abnor-
malities on chest-ray or chronic cough [10,  20]. 
A complete social history could also help physicians 
identify risk factors for NTM disease. Specific activ-
ities that should be queried for M marinum infec-
tion include aquarium care, fishing, or handling of 
saltwater fish, shrimp, fins, and other marine life, 
and swimming in nonchlorinated pools. Patients 
can then be counseled about avoiding these activi-
ties or, if not possible, to use skin protection such as 
gloving to decrease the likelihood of exposures that 
might lead to NTM disease [15, 19].

In conclusion, NTM infections, including M 
marinum infection, are more common and can be 
more severe in patients on anti-TNF. Enhanced 
suspicion is required for diagnosis, and treatment 
can be more challenging, occasionally necessitat-
ing surgical intervention.
Acknowledgment: I  thank Bradley Ford, MD 
PhD for providing the Gram stain picture of the 
nodule aspirate.
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4.4
The Perils of Processed Foods

J ESS IE  TORGERSEN, MD AND TODD BARTON,  MD

CA S E  P R E S E N TAT I O N
A 56-year-old female presented to the emergency 
room with one day history of word-finding dif-
ficulties and right-sided weakness. Her past 
medical history was notable for ulcerative colitis 
treated with infliximab for over one year, sarcoid-
osis on chronic prednisone at 30 mg daily, seizure 
disorder treated with phenobarbital, and history 
of completed therapy for latent tuberculosis infec-
tion. In the emergency room, she was afebrile and 
normotensive, but she subsequently sustained 
three witnessed right-sided partial seizures with 
secondary generalization. Seizures were aborted 
with lorazepam, and her postictal exam was nota-
ble only for somnolence and mild right leg and 
arm weakness. Initial laboratory data revealed 
leukocytosis with white blood cell (WBC) count of 
15 300 cells/µL, normal comprehensive metabolic 
panel, therapeutic phenobarbital levels, and nega-
tive urinalysis and urine toxicology screen. A sub-
sequent computed tomography scan of the head 
noted no acute process, and cerebrospinal fluid 
(CSF) fluid analysis was remarkable for absence of 
all cells, mildly elevated protein at 63 mg/dL, and 
normal glucose at 50 mg/dL.

Therapy was started empirically with intra-
venous acyclovir for herpes encephalitis, and 
she was given therapeutic doses of antiepilep-
tics as well. A magnetic resonance image (MRI) 
of the brain performed on hospital day two did 
not note obvious pathology, but it was signifi-
cantly limited by motion artifact. She continued 
to have intermittent partial seizures and, on hos-
pital day four, became febrile to 103.9°F and pro-
gressed to status epilepticus requiring intubation 
and midazolam infusion. An MRI of the brain 
noted abnormal signal intensity in the left pari-
etal lobe on T2 (Figure 4.4.1) and diffuse cortical 
hyperintensity on FLAIR imaging. Therapy with 
vancomycin, cefepime, and metronidazole was 
started for aspiration pneumonia, yet the patient 
remained febrile with negative cultures to date. 

Additional CSF studies including paraneoplas-
tic panel and herpes simplex virus (HSV) poly-
merase chain reaction were negative. Acyclovir 
was discontinued, and extensive evaluation to 
uncover etiology of febrile seizures was contin-
ued. Repeat CSF analysis on hospital day seven 
showed 1830 WBC/µL with 86% neutrophils, 120 
red blood cells/µL, elevated protein at 186 mg/dL, 
and low glucose at <20 mg/dL while CSF cytology 
was nondiagnostic, revealing acute and chronic 
inflammation.

D I F F E R E N T I A L  D I AG N O S I S
Meningoencephalitis in an immunosuppressed 
patient is an infectious disease emergency and 
warrants empiric broad-spectrum antimicrobi-
als while a thorough evaluation is undertaken. 
Immune suppression induced by tumor necro-
sis factor (TNF)-α antagonists can increase the 

FIGURE  4.4.1: MRI image showing left parietal lobe 
signal intensity.
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risk of infection due to community-acquired, 
opportunistic, and environmental organisms. 
Typical central nervous system (CNS) patho-
gens such as Streptococcus pneumoniae and 
Neisseria meningitidis should be considered 
as well as members of the Herpesviridae fam-
ily, including HSV, varicella-zoster virus, and 
cytomegalovirus. Opportunistic infections with 
CNS manifestations, including tuberculosis, 
toxoplasmosis, and cryptococcosis should also 
be part of the differential diagnosis. Additional 
environmental organisms to consider include 
those with CNS tropism, such as Nocardia spe-
cies and Listeria monocytogenes. On hospital 
day nine, the patient’s CSF cultures were grow-
ing Gram-variable bacilli, prompting change of 
antibiotic regimen to ampicillin and gentamicin. 
Cerebrospinal fluid cultures later identified the 
organism as Listeria monocytogenes. After a pro-
longed hospitalization, the patient recovered with 
minimal neurologic sequelae and was discharged 
to a rehabilitation center.

D I S C U S S I O N

Listeria meningoencephalitis: Clinical 
Features
Listeria monocytogenes is a Gram-positive motile 
bacillus that is found widely throughout the envi-
ronment, often in decaying vegetation. It also has 
been isolated from a host of food products includ-
ing processed meats and soft cheeses. A  well 
known, albeit rare foodborne pathogen, Listeria, 
is generally associated with gastrointestinal ill-
ness, occurring one to ten days after ingestion 
(mean six days), which is self-limited with symp-
toms abating in one to three days [1] . Although 
the Centers for Disease Control and Prevention 
estimates that major foodborne pathogens cause 
9.4 million cases of gastroenteritis in the United 
States annually, only 1591 cases and 255 deaths are 
attributable to Listeria [2].

Invasive listeriosis can manifest as bacteremia, 
septic arthritis, meningoencephalitis, or brain 
abscess. This disease predominantly affects the 
very young, elderly, and immunosuppressed pop-
ulations. Invasive disease likely follows ingestion 
of the organism, and although incubation periods 
are not clearly established, estimates range from 
eleven to seventy days (mean thirty-one days) [1] .

Listeria has a tropism for the CNS and is one 
of the most common causes of bacterial menin-
gitis in adults >50 years old [3] . It is thought that 
Listeria enters the CNS via three pathways: hema-
togenously, direct spread along cranial nerves, 

or via intracellular passage with leukocytes [4]. 
Affected patients often present with encephalitis 
and focal neurological deficits. The intracellular 
nature of this pathogen often complicates recov-
ery of the organism in culture with case series of 
meningoencephalitis reporting positive CSF cul-
tures in approximately 40% of cases [1]. There are 
no findings of CNS listeriosis that are pathogno-
monic. Cerebrospinal fluid profiles can vary but 
commonly have normal glucose with neutrophilic 
pleocytosis, and, despite the species nomencla-
ture, monocytosis is an unusual finding in human 
disease [5, 6]. Rare manifestations, including sub-
cortical abscesses in thalamus or brainstem and 
rhomboencephalitis, have been highly associ-
ated and should prompt one to consider Listeria 
infection.

Since the licensing of the first TNF-α antago-
nists in the United States in 1998, several case 
reports of invasive listeriosis have been reported 
in patients receiving such therapies, offering 
insight into pathogenesis of systemic disease 
(Table 4.4.1) [7] . Tumor necrosis factor-α is an 
important component of cell-mediated immu-
nity, released from macrophages in response to 
proinflammatory stimuli and leading to a cascade 
culminating in T- and B-cell activation. Tumor 
necrosis factor-α similarly is an important cyto-
kine involved in immune defense against intra-
cellular pathogens through granuloma formation 
and maintenance. Inhibition of TNF-α has been 
shown to increase the incidence of infection 
by several intracellular organisms, and murine 
models have demonstrated a clear susceptibil-
ity to CNS Listeria in TNF-deficient mice [8]. 
Although these agents have revolutionized the 
treatment of inflammatory and autoimmune dis-
eases, the increased number of invasive listeriosis 
cases in patients on such therapy led the US Food 
and Drug Administration (FDA) to require that 
package inserts include increased risk of infec-
tion with Listeria in patients treated with TNF-α 
antagonists.

The absolute risk of invasive listeriosis con-
ferred by TNF-α antagonists has not been delin-
eated, likely due to the overall low incidence 
of disease and the concomitant use of various 
immunosuppressive agents. Several postlicensing 
studies published to date have provided some esti-
mates of disease risk where incidence estimates 
range from 1.8 to 15.5 cases of listeriosis per 100 
000 treated people [9] . Most cases published to 
date have been associated with infliximab, one of 
the first TNF-α antagonists to be licensed. This has 
led some investigators to suggest that infection 
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risk may be agent-specific, varying by mecha-
nism of action and relative level of TNF-α sup-
pression [10]; however, additional investigation 
is required to determine incidence of infection by 
specific agent.

Diagnosis and Treatment
Diagnosis of invasive listeriosis requires a high 
index of suspicion and is largely dependent upon 
recovery of the organism by culture. Standard 
culture media is adequate to support growth 
of Listeria. Colonies are often identified as 
Gram-positive bacilli or coccobacilli with char-
acteristic tumbling motility on wet mount; how-
ever, the small colonies can be initially mistaken 
for diphtheroids. Empiric therapy for invasive 
listeriosis should be considered in all immuno-
suppressed patients presenting with meningoen-
cephalitis, including patients treated with TNF-α 
antagonists.

No randomized clinical trials have been 
performed to identify the optimal antibiotic 
agent against Listeria, yet clinical experience 
is greatest with ampicillin and trimethoprim-  
sulfamethoxazole. In severe infections, such as 
endocarditis or CNS infections, or in patients 
with severely impaired T-cell function, ampicil-
lin with gentamicin is recommended given find-
ings of in vitro synergy [4] . Duration of treatment 
is generally prolonged with recommended dura-
tion of Listeria meningitis ≥3 weeks. Ongoing 
TNF-α antagonist therapy should be carefully 
considered in the setting of an acute serious 
infection, such as Listeria meningoencephali-
tis. Although it is likely that deferring ongoing 
therapy would be beneficial for treatment of the 
infection, no specific data are available to assess 
this, and the risks of either holding immuno-
suppression or substituting alternative immu-
nosuppression must be considered for each 

TABLE 4.4.1. DESCRIPTION OF TNF-α ANTAGONISTS LICENSED IN UNITED STATES

TNF-α Antagonists

Name Year of FDA approval Mechanism of Action

Etanercept 1998 Recombinant DNA-derived fusion protein of TNF receptor 
and Fc portion of human immunoglobulin (Ig)G1

Infliximab 1998 Chimeric IgG1κ monoclonal antibody (Ab) against TNF-α
Adalimumab 2002 Recombinant human monoclonal IgG1 Ab against TNF-α
Certolizumab pegol 2008 Humanized Fab’ fragment of monoclonal Ab against 

TNF-α conjugated to polyethylene glycol
Golimumab 2009 Human monoclonal IgG1κ Ab against TNF-α

TABLE 4.4.2. STANDARD INFECTION PREVENTION MEASURES OF FOOD 
HANDLING IN IMMUNOCOMPROMISED [12]

Wash •	 Wash	hands	before	eating	and	between	preparing	produce	and	raw meats
•	 Rinse	or	scrub	all	produce	with	clean	brush	in	tap	water	before	eating

Clean •	 Utensils,	countertops,	and	cutting	boards	used	to	prepare	raw	meats	should be	cleaned	
thoroughly after each use

•	 Juices	from	raw	or	refrigerated	meats	should	be	cleaned	promptly	to avoid	contamination	of	
other foods

Prepare •	 Cook	meat,	poultry,	and	seafood	to	internal	temperature	over	165°F	or until	steaming
Store •	 Keep	refrigerator	below	40°F	and	freezer	below	0°F	to	limit	bacterial growth

•	 Produce	and	raw	meats	should	be	stored	separately	to	avoid	contamination
•	 Discard	foods	near	or	past	expiration date
•	 Promptly	refrigerate	or	freeze	foods;	use	leftovers	within	3 days

Avoid •	 Unpasteurized	dairy	products	and	soft	cheeses
•	 Raw foods
•	 Processed	meats,	hot	dogs,	cold	cuts,	and	refrigerated	meats/fish	unless cooked	to	internal	

temperature above 165°F
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individual. Despite antibiotic treatment, CNS 
Listeria is associated with significant morbidity 
and mortality of 11%–30% [9]. Standard infec-
tion prevention measures should be discussed 
with patients receiving TNF-α antagonists, and 
consideration of dietary restrictions to reduce 
exposure to Listeria should also be taken into 
account (Table 4.4.2) [11, 12].
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4.5
When the Dust Settles

J ENNIFER  M.  BABIK , MD,  PHD

CA S E  P R E S E N TAT I O N
A 75-year-old woman with rheumatoid arthri-
tis presented to her rheumatologist with left eye 
pain and decreased visual acuity. She was found 
to have sight-threatening scleritis with scleral per-
foration. She had previously been on leflunomide 
alone and at that visit was changed to prednisone 
60 mg daily, low-dose weekly methotrexate, and 
infliximab 5 mg/kg every eight weeks. Screening 
interferon-gamma release assay (for latent tuber-
culosis infection) and chest x-ray were nega-
tive before starting infliximab. She had excellent 
improvement in her joint and eye disease, and the 
prednisone was tapered down to 10 mg PO daily 
over the next few months. She was continued on 
methotrexate and infliximab. Nine months after 
her initial presentation with scleritis, the patient 
was admitted to the hospital with a one-month 
history of severe fatigue, anorexia, and weight 
loss. She had lost fifteen pounds in the last month 
due to fatigue that was so profound she felt she 
did not have the energy to prepare food. She com-
plained of multiple new painful, mildly pruritic 
skin lesions on her face, chest, and arms that had 
developed over the last few weeks. She otherwise 
denied fevers, chills, night sweats, shortness of 
breath, cough, hemoptysis, headache, abdominal 
pain, diarrhea, dysuria, or new joint symptoms.

The patient’s other medical history was unre-
markable except for mild hypertension, for which 
she was taking hydrochlorothiazide. She was on 
no other medications aside from the immuno-
suppression, as mentioned, and she had no drug 
allergies. She was white and was born in San 
Jose, California but had been living in Fresno, 
California for the past 20  years. She lived in an 
apartment complex that had been undergoing 
construction of new units over the last year. She 
had not traveled outside of California for many 
years and had not spent significant periods of time 
in the midwestern or eastern United States. Her 
only prior international travel was to Mexico on 

vacation while she was a college student. She had 
no known risk factors for tuberculosis. She owned 
a cat but had no other animal exposures. She did 
not consume any unpasteurized milk or cheese 
products. She had no sick contacts.

On admission to the hospital, she was febrile 
to 39˚C and tachycardic to 110 beats per  minute. 
Other vital signs were normal. Her exam was 
notable for scattered wheezes as well as skin 
lesions on the face, arms, and trunk (Figure 
4.5.1). The remainder of the physical exam was 
normal. Initial laboratory studies were signifi-
cant for a white blood cell count of 11.3  × 109 
cells/L with a neutrophil predominance (9.7  × 
109 cells/L) and slightly elevated eosinophil count 
(0.46  × 109 cells/L). She had a hemoglobin of 
11 g/dL, which was her baseline, and a normal 
creatinine. Her total bilirubin was normal, but 
aspartate transaminase, alanine transaminase, 
and alkaline phosphatase were all mildly elevated 
at 50 U/L, 86 U/L, and 206 U/L, respectively. Her 
sedimentation rate was >100  mm/hour. A  chest 
radiograph was normal but computed tomogra-
phy (CT) of the chest revealed innumerable tiny 
nodules distributed throughout the lungs in a 
random pattern with marked mediastinal ade-
nopathy (Figure 4.5.2). An abdominal ultrasound 
was normal.

D I F F E R E N T I A L  D I AG N O S I S
This woman’s history of recently augmented 
immunosuppression including infliximab, fever, 
fatigue, weight loss, skin lesions, and a mili-
ary pattern on chest CT were highly concerning 
for a disseminated infection. Framing the dif-
ferential broadly, infections that can cause con-
comitant skin and pulmonary disease include 
endemic mycoses (Histoplasma, Coccidioides, 
Blastomyces), Cryptococcus, mycobacteria (both 
tuberculosis and nontuberculous mycobacteria), 
Nocardia, and endocarditis. The initiation of a 
tumor necrosis factor (TNF) antagonist in the 
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last year raises significant concern for granulo-
matous disease, in particular tuberculosis, histo-
plasmosis, and coccidioidomycosis—all of which 
can cause a miliary pattern on chest CT. Tumor 

necrosis factor blockers also increase the risk of 
Legionella, Listeria, Salmonella, and other fungi 
such as Pneumocystis, Cryptococcus, Aspergillus, 
and Candida. Of these, only cryptococcal infec-
tion would be consistent with the clinical picture 
described here. Given the patient’s residence in 
the San Joaquin Valley and low-grade eosino-
philia, disseminated coccidioidomycosis is the 
most likely diagnosis.

A D D I T I O NA L  T E S T I N G
Histopathologic examination of a skin biopsy from 
the right wrist lesion showed suppurative and gran-
ulomatous inflammation with Coccidioides spher-
ules (Figure 4.5.3). Microbiologic examination 
of the skin biopsy showed spherules containing 
endospores, and fungal cultures grew Coccidioides 
immitis (Figure 4.5.4). Bacterial and mycobacterial 
stains and cultures were negative. In addition, one 
of four blood cultures (in standard bacterial cul-
ture bottles) grew C immitis. Serum Coccidioides 
immunodiffusion testing for immunoglobulin (Ig)
G/IgM was positive, and complement fixation titers 

A B

C

FIGURE 4.5.1: Photos of the patient’s rash on the cheek (A), trunk (B), and wrist (C). Photos courtesy of Roberto 
R. Ricardo-Gonzalez, MD, PhD.

FIGURE  4.5.2: Computed tomography of the chest 
showing innumerable tiny nodules distributed in a ran-
dom (miliary) pattern.

 



When the Dust Settles 301

were 1:256. A lumbar puncture was performed and 
showed a white blood cell count of 2 × 106 cells/L 
with no red blood cells and normal protein and 
glucose. Cerebrospinal fluid fungal culture and 
Coccidioides immunodiffusion and complement 
fixation assays were negative. Urine Histoplasma 
antigen and serum galactomannan were negative. 
β-d-glucan was >500 pg/mL. One sputum was 
smear and culture negative for acid-fast bacilli, and 
a mycobacterial blood culture was also negative.

T R E AT M E N T  O U T C O M E
The patient was treated with high-dose fluconazole 
(800 mg by mouth daily) and began to improve 

A

B

FIGURE 4.5.3: Skin biopsy from the right wrist lesion. (A) Hematoxylin and eosin stain, which shows suppurative 
and granulomatous inflammation and Coccidioides spherules. (B) Periodic acid-Schiff-diastase (PAS-D) stain, which 
highlights the fungal cell wall of the spherule. Photos courtesy of Philip E. LeBoit, MD.

A B

FIGURE  4.5.4: Microbiological examination of the skin biopsy from the right wrist lesion. (A) Direct examina-
tion of a biopsy specimen by calcofluor white staining, which shows a Coccidioides spherule containing endospores. 
(B) Lactophenol cotton blue stain of fungal colonies grown on brain heart infusion agar, which shows septate hyphae 
and thick-walled arthroconidia. This illustrates that Coccidioides is a dimorphic fungus:  it grows as a yeast form 
(spherule) when infecting an animal host at body temperature, but grows as a mold (hyphae with arthroconidia) 
when outside the body at lower temperatures, such as in the environment or when incubated on media. Photos cour-
tesy of the UCSF Clinical Microbiology Laboratory.

slowly over the next several weeks. Her infliximab 
and methotrexate were held on admission and 
prednisone was continued. Her mild eosinophilia 
and liver enzymes eventually normalized. She will 
continue on fluconazole for a prolonged course, 
possibly lifelong given her need for continued 
immunosuppression for her rheumatoid arthritis. 
She was not restarted on infliximab.

Final Diagnosis: Disseminated coccidioi -  
do mycosis

D I S C U S S I O N
Coccidioidomycosis is caused by C immitis and 
Coccidioides posadasii, which live in the soil of the 
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arid areas of southwestern United States, Mexico, 
and Central and South America. Coccidioides spp 
are highly endemic in the San Joaquin Valley of 
California, hence the moniker “Valley Fever,” and 
south-central Arizona (Figure 4.5.5). In fact, more 
than 95% of cases in the United States are reported 
from Arizona and California, and the incidence 
has been increasing over the past decade [1] . The 
arthroconidia of Coccidioides are easily released 
into the air by disruption of the soil, for example, 
during construction or from heavy winds, where 
they can then be inhaled and cause infection [2].

Approximately 60% of Coccidioides infec-
tions are asymptomatic. In the remaining 40% 
of patients, symptoms develop after an incu-
bation period of one to three weeks. The most 
common manifestation of primary Coccidioides 
infection is a self-limited pneumonia similar to 
community-acquired pneumonia. This illness 
may be associated with erythema nodosum, head-
ache, prominent fatigue, and arthralgias (“desert 
rheumatism”). Pulmonary sequelae such as nod-
ules or thin-walled cavities develop in ~5% of 
patients [3] . A  small proportion of patients may 
progress to develop diffuse pulmonary disease, 
chronic pulmonary disease, or extrapulmonary 
(disseminated) disease.

Disseminated coccidioidomycosis can mani-
fest in any organ, but the most common sites are 
the skin, skeletal system, and meninges. Patients 
at risk for disseminated disease include those 
of African or Asian (especially Filipino) ances-
try, pregnant women in the third trimester, and 

immunocompromised patients such as those who 
are human immunodeficiency virus-positive, 
recipients of solid organ transplants, or those 
receiving high-dose corticosteroids or TNF antag-
onists. Immunocompromise is a major risk factor 
for disseminated disease: although dissemination 
usually occurs in <1% of all infections, it has been 
reported to occur in up to 30%–50% of infections 
in immunosuppressed patients [2, 3].

Tumor necrosis factor antagonists include the 
soluble TNF receptor etanercept and the anti-TNF 
monoclonal antibodies infliximab, adalimumab, 
golimumab, and certolizumab. Use of these bio-
logics increases the risk of several infections, but, 
in particular, there is an increased risk for granu-
lomatous infections such as tuberculosis, histo-
plasmosis, and coccidioidomycosis [4,  5]. This 
is because these agents interfere with granuloma 
formation and weaken the integrity of existing 
granulomas. The risk of granulomatous infec-
tion is approximately two- to seven-fold higher 
with infliximab and adalimumab compared with 
etanercept, and, specifically, the risk of coccidioi-
domycosis is six-fold higher [4, 5]. The biological 
basis for this difference in infection risk is not 
entirely clear, although it likely relates to differ-
ences between the soluble TNF receptor and the 
monoclonal antibodies in terms of their mecha-
nism of action and pharmacokinetics. When 
compared with etanercept, infliximab and adalim-
umab achieve higher peak and steady-state levels, 
have more binding sites for TNF, and can cause 
antibody-mediated cytotoxicity of monocytes and 

Highly endemic

Moderately endemic

Mildly endemic

Suspected endemic

FIGURE 4.5.5: Map showing the areas in the southwestern United States that are endemic for Coccidioides [12].
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T cells; taken together, these differences may lead 
to a more prolonged and/or robust TNF inhibi-
tion in conjunction with effector cell death, all of 
which could contribute to the increased infectious 
risk seen with these agents [4] .

There are two case series of coccidioidomyco-
sis in rheumatologic patients residing in endemic 
areas of the Southwest who were taking TNF 
blockers [6, 7]. Of the twenty patients described, 
eighteen were taking infliximab and two were 
taking etanercept. All patients had pulmonary 
disease and 25% had disseminated disease. One 
study calculated the incidence of coccidioido-
mycosis in rheumatologic patients receiving inf-
liximab at 2.8%, compared with 0.5% for those 
receiving other therapies, yielding a relative risk 
of 5.23 [6] . In that study, the cases clustered at two 
different time points:  within three months and 
approximately forty weeks after starting anti-TNF 
therapy. The basis for this bimodal distribution 
is not entirely clear. It does not appear to simply 
reflect reactivation at the earlier time point versus 
acute infection at the later time point, because the 
cases of presumed reactivation and acute infection 
were distributed equally between the two clusters. 
Five patients who were diagnosed with coccidi-
oidomycosis by positive serology while on inf-
liximab had negative serologies before anti-TNF 
therapy initiation. This appears to represent acute 
infection rather than reactivation, although it is 
possible that these patients had falsely negative 
pretreatment serologies in the setting of immuno-
suppression. Taken together, these results suggest 
that a significant proportion of Coccidioides cases 
in the setting of anti-TNF inhibition may repre-
sent acute infection and would therefore not be 
detected by serologic screening before anti-TNF 
therapy initiation [6]. This is in contrast to tuber-
culosis infection, which is thought to be largely 
due to reactivation of latent disease given the clus-
tering of cases within the first three months after 
starting anti-TNF therapy [4].

The diagnosis of coccidioidomycosis is usually 
made based on a combination of serologic, micro-
biologic, and histopathologic analysis. Detection 
of IgM and IgG is usually made by either immu-
nodiffusion or enzyme immunoassay, which 
have a sensitivity of approximately 70% and 80%, 
respectively [2] . The IgG titers are measured by 
complement fixation assay, which has a sensitiv-
ity of ~60% [2]. Complement fixation titers can 
be used to follow disease course over time and are 
predictive of disease burden; a titer ≥1:16 raises 
concern for disseminated infection. Sensitivity 
of serologic testing is lower before the second 

or third week of symptoms and in some immu-
nosuppressed patients. In solid organ recipients, 
for example, the sensitivity of a single serologic 
test is only 21%–56%, but this can be increased 
to 77% by sending a battery of serologic tests and 
increased up to 92% by rechecking serologies 
approximately one month later [8]. It is interest-
ing to note that serologies were positive in >85% 
of rheumatologic patients taking TNF block-
ers who developed Coccidioides infection [6,  7]. 
Nevertheless, is important to note the limited 
sensitivity of serologic assays in immunosup-
pressed patients, and, as such, negative serologic 
testing cannot exclude Coccidioides infection. 
When Coccidioides infection is suspected, mul-
tiple test modalities—including different types of 
serologic assays as well as cultures of respiratory, 
skin, or other tissue specimens—should be used 
[8]. Coccidioides antigen testing is a promising 
new modality, especially in cerebrospinal fluid. 
Lumbar puncture should be performed in patients 
with persistent or progressively severe headaches, 
mental status changes, meningeal signs, persistent 
nausea/vomiting, evidence of increased intracra-
nial pressure, or focal neurologic deficits [3,  9]. 
In addition to routine studies, cerebrospinal fluid 
should be sent for fungal culture, which is only 
~30% sensitive, as well as Coccidioides antibod-
ies, which are ~60%–70% sensitive [9]. Clinicians 
should notify the microbiology laboratory when 
Coccidioides is suspected so that laboratory per-
sonnel can be sure to take appropriate precautions 
to prevent inadvertent inhalational exposure.

Although not all immunocompetent patients 
with acute pulmonary coccidioidomycosis require 
treatment, all immunosuppressed patients should 
be treated given their risk of progression to diffuse 
pulmonary disease or dissemination. Fluconazole 
is the treatment of choice in most situations, 
although amphotericin B may be chosen in some 
cases where there is rapid progression of disease 
[3] . Therapy is usually prolonged, and possibly 
lifelong, depending on the site of infection and 
need for continued immunosuppression. Patients 
who develop Coccidioides infection while taking 
a TNF blocker should stop anti-TNF therapy. 
Whether these patients can safely resume their 
anti-TNF therapy is unclear. Restarting a TNF 
blocker would need to be undertaken carefully in 
the setting of frequent serologic monitoring and 
likely continued antifungal prophylaxis [10,  11]. 
Some experts recommend avoiding rechallenge 
of anti-TNF therapy in patients with prior central 
nervous system (CNS) Coccidioides given the con-
sequences of relapsed CNS disease [10].
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There are no official guidelines for Coccidioides 
screening before initiation of a TNF antagonist in 
patients living in endemic areas. Patients should 
be screened for symptoms, and a chest x-ray 
should be obtained to rule out active disease. Some 
experts recommend obtaining a Coccidioides 
serology before starting therapy, but there are no 
studies evaluating this approach, and the benefit 
is not clear given that many patients are already 
on immunosuppression before starting anti-TNF 
therapy (impacting the sensitivity of the screening 
test) and many infections in this setting appear to 
be acute [6, 10, 11]. At the very least, patients in 
endemic areas on TNF blockers should be closely 
monitored for signs of Coccidioides infection and 
counseled to avoid dust storms and high-risk 
activities that can disrupt soil [10, 11].
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A Tough Pill to Swallow

MATTHEW WHITSON, MD AND VANDANA KHUNGAR,  MD MSC

CA S E  P R E S E N TAT I O N
A 56-year-old woman with a history of psoriasis 
with psoriatic arthritis and hepatitis C presented 
for an initial hepatology consultation after being 
referred by her primary care doctor to consider 
new hepatitis C therapies. Her previous treatment 
history included an attempt with pegylated inter-
feron in 2008, which was truncated after three 
months due to the development of new onset 
psoriasis. Initially, the rash was thought to be 
secondary to the hepatitis C virus itself, but dur-
ing tapering of steroids for inflammatory arthri-
tis, she experienced a severe flare of skin plaques 
on her hands, feet, palms and soles, torso, and 
buttocks. This was recognized as psoriasis, and 
her dermatologist prescribed adalimumab, an 
anti-tumor necrosis factor-alpha (TNF)-α medi-
cation, with subsequent improvement in her 
 psoriatic plaques.

The patient presented to a hepatologist for 
evaluation of hepatitis C, but during her appoint-
ment, a thorough gastrointestinal review of sys-
tems uncovered a complaint of odynophagia. The 
patient reported that the odynophagia had begun 
suddenly to both solids and liquids. She denied 
any fevers, chills, cough, or any other sign of recent 
infection. Initial physical examination was most 
notable for psoriatic lesions on her upper and 
lower extremities and a normal oropharyngeal 
examination. When asked whether she had pre-
viously experienced thrush or a whitish coating 
on her tongue, she revealed that her primary care 
physician had given her nystatin swish and spit 
two weeks prior that cleared up her oropharyn-
geal thrush but did not resolve her odynophagia. 
The decision was made to treat her empirically for 
Candida esophagitis (CE) with a two-week course 
of fluconazole and schedule an esophagogastro-
duodenoscopy (EGD) at the end of that period 
in case symptoms did not improve. The patient’s 
symptoms did not resolve with a full two-week 
course of fluconazole 200 mg orally daily.

D I F F E R E N T I A L 
D I AG N O S I S
At this time, a broader differential of odynophagia 
in an immunocompromised patient was consid-
ered. This includes CE that has been incompletely 
or inadequately treated, viral ulcerations (specifi-
cally, cytomegalovirus and herpes simplex virus), 
medication-induced esophagitits (nonsteroidal 
anti-inflammatory drugs, bisphosphonates, and 
antibiotics are the most common), or even reflux 
esophagitits. The decision was made to continue 
with the planned EGD given the need for direct 
visualization of the esophagus and potentially for 
biopsies.

On EGD, she was found to have significant 
white and yellow exudates throughout the esopha-
gus and atop the tongue [Figure 4.6.1a, 4.6.1b]. 
Brushings were taken during the procedure. The 
brushings demonstrated Candida species on 
pathology (further speciation and minimum inhib-
itory concentration were unable to be provided by 
pathology) [Figure 4.6.2a, 4.6.2b,]. She was treated 
with a two-week course of voriconazole because she 
likely had a fluconazole-resistant Candida, and she 
experienced complete resolution of her symptoms.

(a)

FIGURE 4.6.1a: Whitish yellow exudate at 20 cm into 
esophagus
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M I C R O B I O L O G Y
The Candida species are native to the gastroin-
testinal tract of humans. There are more than 
350 separate species within this genus, with at 

least thirteen different species of Candida that 
have been documented to cause infection in 
humans. The most common type of Candida to 
cause infection in humans is Candida albicans. 
Infections involving Candida can range from 
life-threatening blood stream infections to rela-
tively benign mucocutaneous infections. Candida 
spp are commonly present in low concentrations 
in the oral cavity but rarely causes symptoms 
unless patients are on antimicrobial therapy or are 
immunocompromised hosts.

Candida esophagitis is a mucocutaneous infec-
tion predominantly caused by Candida albicans, 
although there have been case reports of Candida 
glabrata and Candida krusei as the predominant 
pathogen involving the esophagus [1] . Some stud-
ies examining the microbiome of patients with 
inflammatory bowel disease have successfully 
cultured other strains of Candida compared with 
normal hosts, including the following:  Candida 
tropicalis, Candida guilliermondii, Candida kefir, 
and Geotrichum candidum [2].

R I S K  FAC TO R S  F O R 
CA N D I DA  E S O P H AG I T I S
There are multiple factors that put patients at an 
increased risk for CE: human immunodeficiency 
virus (HIV)/acquired immune deficiency syn-
drome (AIDS), various medications, esophageal 
motility disorders, malignancy, diabetes, alcohol 
use, and reflux [3] . The medications that may 
increase the risk for CE include proton pump 
inhibitors, histamine-2 antagonists, corticoste-
roids, and immunosuppressant drugs. Tumor 
necrosis factor (TNF)-α antagonists (infliximab, 
adalimumab, certolizumab pegol, golimumab, 
and etanercept) also have been demonstrated to 
increase the risk of CE. Anti-TNF-α agents are 
one of the major modalities to treat a variety of 
illnesses including psoriasis, rheumatoid arthritis, 
and inflammatory bowel disease. These medica-
tions are monoclonal antibodies (chimeric, partly 
humanized, or fully humanized) that bind to 
TNF-α and therefore interfere with endogenous 
TNF-α activity.

Tumor necrosis factor-α has multiple activi-
ties in the body including induction of interleu-
kins (ILs), enhancement of leukocyte migration, 
and the activation of neutrophils and eosinophils. 
Mechanisms of Candida infection in patients 
receiving anti-TNF-α drugs can be hypothe-
sized. It may be that during anti-TNF-α therapy, 
patients are more susceptible to fungal infections 
because their immune systems cannot recog-
nize fungal antigens through Toll-like receptor 

(b)

FIGURE 4.6.2b: Low power view of candida
Special thanks to Dr. David Braxton and Dr. Emma. Fourth of 
pathology for providing figures 4.6.2a and b

(b)

FIGURE 4.6.1b: Whitish yellow exudate at 35 cm into 
esophagus

(a)

FIGURE 4.6.2a: Low power view of candida
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signaling; in particular through Toll-like recep-
tor 4 host cells (dendritic cells and macrophages). 
Blocking TNF-α could inhibit the production of 
interferon gamma, leading to defective activa-
tion of phagocytosis and killing of intracellular 
pathogens. Tumor necrosis factor-α inhibition 
could affect E-selectin, vascular cell adhesion 
molecule-1, and IL-8, which recruit leukocytes at 
the site of fungal infection. It could also increase 
apoptosis of peripheral blood monocytes [4] . 
Regardless of the true mechanism of action, clini-
cally an increased risk of CE is seen with these 
medications.

A large meta-analysis involving over 7000 
patients with inflammatory bowel disease dem-
onstrated a statistically significant increase in oral 
and esophageal candidiasis (0.03% vs 0.15%) in 
patients undergoing anti-TNF-α treatment [5] . 
This increase was seen with each of the varied 
agents in the class. The relative risk of develop-
ing any opportunistic infection was significantly 
higher with anti-TNF-α therapy (2.05; 95% confi-
dence interval [CI], 1.10–3.85, number needed to 
harm = 500; 95% CI, 200–1567).

Candidal infections are not specific to 
anti-TNF-α therapy in the setting of inflamma-
tory bowel disease alone. A  case-control study 
conducted in psoriatic patients being treated 
with anti-TNF-α agents aimed to study oral 
Candida colonization in this population [6] . In 
this study, the group treated with anti-TNF-α 
drugs had more frequent colonization with 
Candida (61.5% vs 41.2% in the nonimmune 
suppressed group).

D I AG N O S I S  A N D 
T R E AT M E N T
Although patients with CE may present with no 
symptoms, they often have typical symptoms 
of abdominal pain, odynophagia, dysphagia, or 
heartburn [7] . Complications can arise in patients 
with CE including stricture, hemorrhage, per-
foration, and tracheoesophageal fistula forma-
tion. With a high index of clinical suspicion (for 
example, new onset odynophagia in a patient with 
AIDS and a low CD4 count), CE is often treated as 
a presumptive diagnosis. In the right clinical con-
text, a presumptive diagnosis is all that is needed 
before initiating first-line therapy. A  definitive 
diagnosis of CE requires endoscopic evaluation. 
Visually, one can see white plaques throughout 
the esophagus (as seen in our case patient) as 
well as potential fistulas or strictures as compli-
cations. Microscopic diagnosis is confirmed with 
biopsy and or cytology collection. This is usually 
sufficient and further culturing is not routinely 

performed. As resistance patterns continue to 
change, there may be a future role for culture and 
susceptibility testing.

Candida esophagitis requires systemic ther-
apy; topical agents have not been shown to be 
effective treatment for CE. First-line therapy is 
oral fluconazole for fourteen to twenty-one days. 
With an increasing pattern of resistance, other 
antifungal therapies are often considered for 
second-line therapy, specifically itraconazole and 
voriconazole. Itraconazole has been shown to suc-
cessfully treat up to 80% of fluconazole-resistant 
cases of CE in some studies. Voriconazole is less 
favored secondary to adverse events. Patients 
requiring intravenous formulations have also 
been treated with amphotericin, caspofungin, and 
micafungin [8] .

S U M M A RY
There does appear to be a clinically significant 
increased risk in esophageal candidiasis for 
patients undergoing anti-TNF-α treatment regard-
less of the indication. Other immunosuppressed 
disease states, such as HIV, can also predispose 
patients to CE. Symptoms such as odynophagia in 
an immunosuppressed population on anti-TNF-α 
treatment should prompt clinicians to consider 
esophageal candidiasis. An empiric trial of sys-
temic therapy with fluconazole is an appropri-
ate first step in managing these patients, because 
topical treatments such as nystatin swish and 
swallow will not treat esophageal candidiasis. An 
endoscopy is warranted if symptoms are not com-
pletely resolved after empiric treatment to evalu-
ate for alternative causes or fluconazole-resistant 
candidiasis.
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4.7
A Construction Hazard

RACHEL  MILLER ,  MD

CA S E  P R E S E N TAT I O N
A 33-year-old woman with rheumatoid arthritis, 
treated with adalimumab, presented to her pri-
mary care physician with a two-week history of 
progressive fatigue, myalgias, fever, and nausea. 
She was admitted to the hospital and initiated on 
empiric antibacterial therapy pending evaluation. 
Over the course of the next five days, she contin-
ued to have fevers of 102–103°F with the develop-
ment of cough, diarrhea, and hepatic dysfunction. 
Given her clinical decline, she was transferred to a 
tertiary care center for further management.

She was diagnosed with rheumatoid arthritis 
two years previously based on synovitis involv-
ing multiple joints and a markedly positive rheu-
matoid factor and anticyclic citrullinated peptide 
antibody. Because she was pregnant at the time 
of diagnosis, she was treated with low-dose 
prednisone. Methotrexate was added after her 
delivery. Persistently active disease prompted 
the addition of adalimumab, which she received 
monthly for four months before the onset of her 
present illness. She had no other significant med-
ical history.

The patient is married with a 9-month-old 
child and works as a realtor in Eastern Iowa. Her 
child attends day care. She frequently gardened in 
her yard and noted that there was new construc-
tion ongoing in her neighborhood. She had no 
animal exposure, ill contacts, or significant travel 
history.

Physical exam revealed an ill-appearing 
female in mild respiratory distress with tempera-
ture of 38.9°C, blood pressure 100/62  mm mer-
cury, pulse 110 beats per minute, respirations 22 
per minute, and oxygen saturation 93% on 2 liters 
of oxygen by nasal cannula. Her exam was other-
wise notable for coarse crackles at the lung bases 
bilaterally and mild hepatosplenomegaly. She had 
no abdominal tenderness, lymphadenopathy, 
or rash. Her laboratory studies were remarkable 
for the following:  white blood cell count 2400/

mm3, hemoglobin 10.9 g/dL, platelets 110 000/
mm3, aspartate aminotransferase (AST) 540 U/L, 
alanine aminotransferase (ALT) 294 U/L, alka-
line phosphatase 891 U/L, total bilirubin 6.3 mg/
dL, and direct bilirubin 5.4 mg/dL. Abdominal 
ultrasound imaging confirmed the enlarged liver 
(20.9  cm) and spleen (13.9  cm). A  chest x-ray 
revealed right lower lobe consolidation (Figure 
4.7.1). Additional chest computed tomography 
imaging also showed right lower lobe consolida-
tion with several patchy areas of focal airspace 
disease in the left lower lobe and associated bilat-
eral effusions, as well as enlarged pretracheal and 
subcarinal lymph nodes (Figure 4.7.2).

D I F F E R E N T I A L  D I AG N O S I S
This patient presented with a subacute, pro-
gressive, multisystem illness characterized by 
fever, constitutional symptoms, cough, diarrhea, 
hepatic dysfunction, and mild pancytopenia. 

FIGURE  4.7.1: Chest X-ray (PA view) showing right 
lower lobe consolidation.
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FIGURE  4.7.3: Hematoxylin and eosin stain of a 
liver biopsy specimen identifying a nonnecrotizing 
granuloma.

Her preceding and concurrent immunosuppres-
sive therapy implicates a higher susceptibility to 
opportunistic pathogens, as well as a higher likeli-
hood for more severe manifestations of common 
infections. The recent addition of adalimumab 
therapy, a tumor necrosis factor (TNF) antagonist, 
and the most potent immunosuppressive agent 
in her regimen raises heightened concern for a 
granulomatous infection. Infections that could 
manifest with nearly all of these findings include 
tuberculosis (TB), nontuberculous mycobacte-
rial infections, endemic fungal infections, legio-
nellosis, cytomegalovirus (CMV) infection, and 
adenovirus infection. Her lack of TB risk factors 
and geographic area of residence with proxim-
ity to a construction zone make endemic fungal 
infection, particularly histoplasmosis, more likely 
among the other possible granulomatous infec-
tions. Her child’s daycare attendance raises sus-
picion for viral infections, specifically CMV 
and adenovirus infection. Legionella infection is 
associated with exposure to and/or inhalation of 
contaminated aerosols, whether in the commu-
nity or hospital setting, and is more common in 
immunocompromised hosts.

A D D I T I O NA L  D I AG N O S T I C 
T E S T I N G  A N D  C L I N I CA L 
C O U R S E
A liver biopsy showed nonnecrotizing granuloma-
tous inflammation with fungal organisms mor-
phologically consistent with Histoplasma (Figure 
4.7.3 and 4.7.4). A  urine Histoplasma antigen 

assay was positive at 8.95 ng/mL, and fungal blood 
cultures returned positive for Histoplasma cap-
sulatum three weeks later. Histoplasma serology 
was negative. A  urine Legionella antigen assay, 
QuantiFERON-Gold assay, CMV/adenovirus 
polymerase chain reaction assays, and stool stud-
ies were negative. Based on these results, she was 
diagnosed with disseminated histoplasmosis, and 
therapy was initiated with liposomal amphoteri-
cin 5 mg/kg daily. She continued to have fevers but 
with a downward trend over the next five days. She 
received fourteen days of liposomal amphotericin 
therapy before transitioning to oral itraconazole 
solution 200 mg daily. All immunosuppressive 

(a) (b)

FIGURE  4.7.2: Chest CT imaging, a. Lung windows showing right lower lobe consolidation with several patchy 
areas of focal airspace disease in the left lower lobe and associated bilateral effusions. b. Mediastinal windows show-
ing a conglomeration of several enlarged subcarinal lymph nodes (2.6 × 1.8 cm).
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therapy for her rheumatoid arthritis was held dur-
ing and after her admission.

At a follow-up clinic visit three weeks into her 
treatment course, she noted gradual improvement 
of all of her symptoms. Concurrent liver func-
tion tests were the following: AST 43 U/L, ALT 41 
U/L, alkaline phosphatase 389 U/L, total bilirubin 
1.8 mg/dL, and direct bilirubin 0.9 mg/dL. She 
remained anemic, but her other blood counts nor-
malized. The urine Histoplasma antigen level fell 
to 5.02 ng/mL. Her rheumatoid arthritis therapy 
was resumed five months into her histoplasmosis 
treatment course, necessitating initiation of ritux-
imab and leflunomide to control her symptoms. 
Despite the resumption of immunosuppressive 
therapy, her infection-related symptoms and labo-
ratory abnormalities continued to resolve over the 
next several months, with her first negative urine 
Histoplasma antigen assay occurring nine months 
into her treatment course. Itraconazole was con-
tinued to complete a year of antifungal therapy, 
without relapse after discontinuation of treatment 
and ongoing immunosuppressive therapy.

D I S C U S S I O N
Histoplasma capsulatum is a dimorphic fungus 
widely distributed in nature and endemic to the 
Ohio and Mississippi River valleys in the United 
States (Figure 4.7.5). Primary infection occurs 
via inhalation of H capsulatum mycelia, typically 
found in high concentrations in excavated soil 
and in avian or bat droppings in endemic areas. 
Exposure to disrupted soil around construction 
or agricultural areas, caves where bats reside, or 
buildings inhabited by birds or bats pose particu-
lar risk. The clinical spectrum of infection ranges 

from a self-limited febrile illness to severe multi-
organ dysfunction, depending on the size of the 
host inoculum and immune status of the infected 
individual. Intact immunity is critical to contain-
ing and eradicating Histoplasma infection. In 
addition to other host defense factors, TNF plays 
a critical role in the host’s immune response to 
H. capsulatum and other pathogens whose infec-
tions are characterized by granulomatous inflam-
mation [1] . Tumor necrosis factor antagonists 
impair macrophage activation, which leads to 
ineffective granuloma formation, with subsequent 
inability to compartmentalize viable organisms. 
Tumor necrosis factor inhibition also disrupts 
the orderly induction of macrophage apoptosis, 
which further perpetuates the organism’s intracel-
lular sanctuary and viability.

Postmarketing surveillance of patients receiv-
ing TNF antagonist therapy identifies an increased 
rate of granulomatous infections among this 
population. Of these, histoplasmosis is the most 
commonly reported endemic fungal infection. 
Individuals with rheumatoid arthritis and other 
autoimmune diseases, who receive corticosteroid 
therapy and/or other disease-modifying antirheu-
matic agents, are also at higher risk for more severe 
histoplasmosis. In 2008, the US Food and Drug 
Administration (FDA) issued a warning notifying 
healthcare providers of this increased risk among 
individuals on TNF antagonist therapy based on 
their review of 240 reported cases of histoplasmo-
sis in this population, including twelve deaths [2] . 
Late recognition of infection was associated with 
a poor outcome. Since that time, histoplasmosis 
complicating TNF antagonist therapy has been 
increasingly recognized [3–5]. Several reports 
indicate that the incidence of granulomatous 
infections among individuals treated with TNF 
antagonists varies depending on which agent is 
used (inflixamab, etanercept, adalimumab, or cer-
tolizumab). Differences in both drug kinetics and 
mechanisms of action may explain this variability 
[6]. Among accumulated reports of histoplasmo-
sis in the setting of TNF antagonist therapy, inf-
liximab is the mostly commonly associated agent 
with far fewer reports with concomitant adalim-
umab or etanercept therapy [2–5]. There are only 
isolated reports of histoplasmosis associated with 
certolizumab therapy, which likely reflects lesser 
clinical experience with this agent given its more 
recent FDA approval relative to the other TNF 
antagonists.

Early clinical symptoms of histoplasmosis are 
nonspecific, which usually include fever and con-
stitutional symptoms. As the infection progresses, 

FIGURE  4.7.4: Grocott’s methenamine silver (GMS) 
stain of liver tissue with fungal forms morphologically 
consistent with Histoplasma (3–5  μm, round/oval nar-
rowly budding yeast).
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usually over two to four weeks, associated clinical 
findings include hepatosplenomegaly, pneumo-
nia, gastrointestinal involvement, pancytopenia, 
hepatic dysfunction, mucosal/skin lesions, and/
or weight loss. Pulmonary involvement is com-
mon with imaging findings showing single-lobar 
or multilobar infiltrates, reticulonodular infil-
trates, cavitary lesions, and/or pleural effusions. 
Individuals on immunosuppressive therapy fre-
quently have disseminated infection at the time of 
presentation, so a high index of suspicion is nec-
essary to identify the infection before it becomes 
severe.

Evaluation of symptomatic patients should 
include fungal blood cultures and urine and serum 
Histoplasma antigen assays. Histopathologic 
examination of biopsy specimens from suspected 
sites of involvement, including liver, lung, skin, 
lymph nodes, and bone marrow, can also expedite 
diagnosis. Direct visualization of H.  capsulatum 
yeast forms with or without granulomas and/or 
a positive culture in involved tissues is confirma-
tory of the diagnosis. Although serologic testing 
is beneficial for the diagnosis of histoplasmosis 
in the normal host, the effects of immunosup-
pressive agents on the humoral immune response 
may blunt the serologic response to infection, 
decreasing the sensitivity of serology in individu-
als treated with these agents [7] .

Empiric treatment with antifungal agents 
should be considered while awaiting results of 
diagnostic tests for individuals with compat-
ible epidemiologic and clinical features. Once 

the diagnosis is confirmed, antifungal treatment 
is indicated for all patients, according to pub-
lished guidelines [8] . For moderate to severely ill 
patients, a lipid formulation of amphotericin is 
recommended initially with transition to itracon-
azole to complete the treatment course. For mildly 
ill patients, itraconazole may be used for the entire 
course. In general, treatment should be continued 
for at least twelve months. Limited experience 
suggests that cautious reintroduction of immu-
nosuppressive therapy, including TNF antagonist 
agents, can proceed with low risk of infection 
relapse if the clinical manifestations of histo-
plasmosis have resolved, even if the individual is 
still completing the course of antifungal therapy. 
Itraconazole prophylaxis may be considered for 
individuals who have had active histoplasmosis 
during the previous two years if immunosuppres-
sive therapy is continued or intensified, although 
the duration of prophylaxis is unclear.

Education of patients and physicians is the 
most important approach for histoplasmosis pre-
vention. Before the initiation of TNF antagonist 
therapy, patients should be asked about travel 
or residence in endemic regions, with particu-
lar emphasis on high-risk exposures such as old 
buildings, bird roosts/coops, wood piles, and 
caves. In addition, a thorough patient review of 
past infections (especially pneumonia) and sug-
gestive symptoms of past or current histoplas-
mosis should be performed. This provides an 
opportunity to discuss histoplasmosis risk fac-
tors and common presenting symptoms with the 

Highly endemic

Areas Endemic for Histoplasmosis

Moderately endemic

Mildly endemic

Suspected endemic

FIGURE  4.7.5: Areas endemic for histoplasmosis in the United States. http://www.cdc.gov/fungal/pdf/
histoplasmosis-lifecycle508c.pdf. Accessed Mar 7, 2014.

http://www.cdc.gov/fungal/pdf/histoplasmosis-lifecycle508c.pdf
http://www.cdc.gov/fungal/pdf/histoplasmosis-lifecycle508c.pdf
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patient, as well as identify individuals that may 
have active infection. Screening asymptomatic 
individuals with serology or antigen detection 
before or during immunosuppressive therapy is 
not recommended, because most histoplasmosis 
infections are the result of exogenous exposure 
rather than reactivation of latent infection [4] .

Tumor necrosis factor antagonists are now 
frequently used in the management of autoim-
mune diseases, often in combination with other 
disease-modifying immunosuppressive agents. 
Histoplasmosis is an increasingly recognized 
infectious complication of this therapy, particu-
larly among individuals from endemic areas with 
at-risk environmental exposures. Clinicians must 
maintain vigilance to recognize the often subtle 
manifestations early, to pursue prompt diagnostic 
and treatment interventions to minimize morbid-
ity and optimize outcomes.
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FIGURE 4.8.2: Chest X-ray on admission.

4.8
The Dyspneic Diplomat

IGE  ABRAHAM GEORGE , MD AND GLENN E IGER ,  MD

CA S E  P R E S E N TAT I O N
A 67-year-old woman with rheumatoid arthritis 
(RA) was admitted during the summer with a 
two-week history of fever, cough, and shortness 
of breath. She also complained of worsening pain 
in her knees and small joints of her hands. Her 
cough was predominantly dry and she denied 
any pleurisy or hemoptysis. Her primary care 
physician prescribed oral levofloxacin ten days 
prior to admission with no relief. A  chest x-ray 
(CXR) taken during that visit that was normal 
(Figure 4.8.1).

Her past medical history was significant for 
RA for the past twenty years, and she had been 
on methotrexate (MTX) at 20 mg weekly for the 
past ten months and prednisone 10 mg daily for 
over one year with no recent change in dose. In 
addition, she was started on etanercept by her 
rheumatologist eight weeks before admission. 
She was a nonsmoker of Pakistani origin but has 
been residing in the United States for the past two 
years and had served as a diplomat to several east-
ern European nations. Her tuberculin skin tests 
(TSTs) were always negative with the most recent 
one done early this year. She denied any sick 

contacts and had no known significant exposure 
to tuberculosis.

On examination, she appeared dyspneic on 
conversation and mildly cushingoid. Her vitals 
included a blood pressure of 102/68 mm Hg, heart 
rate 102 beats per minute, and respiratory rate 24 
breaths per minute with an oxygen saturation of 
85% on room air. She had no evidence of digital 
clubbing or cyanosis. Auscultation revealed bilat-
eral crepitations in all lung fields with a normal 
cardiovascular system examination. Wrists and 
ankles revealed synovitis with diffuse tender-
ness over most joints and muscles. Admission 
CXR suggested new bilateral alveolar and reticu-
lonodular infiltrates (Figure 4.8.2), and a chest 
computed tomography (Figure 4.8.3) revealed 
scattered-ground glass opacities with interstitial 
infiltrates. Her respiratory status declined rapidly, 
and she required intubation and mechanical ven-
tilation on the second day of admission.

Her white blood cell count was 3500/mm3 
(Neutrophils 72% Lymphocytes 16%) and 

FIGURE 4.8.1: Initial Chest X-Ray.
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hemoglobin was 9.2 g/dL with normal renal and 
hepatic function tests. Serum lactate dehydroge-
nase was 126 U/L. Her human immunodeficiency 
virus (HIV) enzyme-linked immunosorbent assay 
and TST were negative.

D I F F E R E N T I A L 
D I AG N O S I S
The differential diagnoses in this immune-  
compromised patient with hypoxia and bilateral 
interstitial lung infiltrates included infectious and 
noninfectious etiologies. Atypical bacterial, viral, 
or pneumocystis pneumonia and other fungal or 
mycobacterial diseases could lead to this presen-
tation. Rheumatoid arthritis-related interstitial 
lung disease or drug-induced pneumonitis are 
noninfectious etiologies to be considered.

Hospital Course
The patient underwent a fiber optic bronchos-
copy, and the bronchoalveolar lavage (BAL) 
stained positive with methylamine and toluidine 
for Pneumocystis jirovecii (Figure 4.8.4). She was 
treated with trimethoprim-sulfamethoxazole 

(TMP-SMX) (dosed at 20 mg/kg TMP daily), 
and her chronic dose of corticosteroids (10 mg of 
prednisone daily) was continued. She improved 
symptomatically and was discharged home on the 
tenth hospital day. She was advised to continue 
the prophylactic dose of TMP-SMX after her 
treatment duration of 21 days.

D I S C U S S I O N
Over the past decade, Pneumocystis jirovecii 
pneumonia (PCP) has been increasingly rec-
ognized to cause disease in non-HIV patients, 
whereas its incidence in HIV-infected patients 
has steadily declined. This is due to widespread 
use of prophylaxis and better immune recovery 
in patients with acquired immune deficiency syn-
drome with potent antiretrovirals. In contrast, 
the number of patients receiving hematopoietic 
stem cell and solid organ transplants and those 
receiving novel therapeutic agents for the control 
of malignancies and inflammatory and rheuma-
tologic diseases has increased [1] . Common risk 
factors for PCP amongst non-HIV patients are 
hematologic malignant disorders (30.2%), organ 
transplantation (25.0%), inflammatory disorders 
(22.4%), solid tumors (12.9%), and other mis-
cellaneous immune compromised states (9.5%) 
[2]. Before the era of disease-modifying agents, 
especially biologic therapies, PCP had an inci-
dence of 1%–2% amongst patients with rheu-
matologic conditions and approximately 90% of 
them while on corticosteroids. A higher risk for 
PCP was seen in patients on a prednisolone dose 
greater than 20 mg/day for more than four weeks 
and in patients diagnosed with granulomatosis 
with polyangiitis (formerly known as Wegener’s 
Granulomatosis) [3].

The risk of PCP is higher with the increased 
use of biological agents such as tumor necrosis 

FIGURE  4.8.3: CT Chest with B/L scattered ground 
glass opacities and interstitial infiltrates.

(a)

FIGURE  4.8.4a: Cysts of P.  jirovecii in BAL, stained 
with methenamine silver.

(b)

FIGURE  4.8.4b: P.  jirovecii stained with modified 
toluidine blue.
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factor (TNF)-α inhibitors (infliximab, etaner-
cept, and adalimumab) and anti-CD monoclonal 
antibodies. Tumor necrosis factor blockade pre-
vents both clearance and control of the pneu-
mocystis by the host defense system and results 
in more severe infection by their inhibitory effect 
on macrophage and phagosome activation, as 
well as neutrophil and cytokine recruitment [4] . 
Postmarketing surveillance studies from Japan 
report the risk of developing PCP to be 0.4% 
among infliximab-treated patients, 0.3% with 
adalimumab, and 0.18% with etanercept, and 
these studies show a ten-fold higher incidence of 
PCP after the introduction of biological medica-
tions [5, 6]. In the United States, 84 cases of PCP 
following infliximab therapy were identified in a 
review of the US Food and Drug Administration 
data between 1998 and 2003 [7].

The most frequent symptoms are fever, non-
productive cough, and shortness of breath. Often, 
symptoms develop during a period of corticoste-
roid dose reduction. Chest radiographs typically 
reveal bilateral infiltrates, although atypical pre-
sentations can be seen. Diagnosis is most often 
confirmed by bronchoscopy. The clinical presen-
tation of PCP in non-HIV patients is character-
ized by a more fulminant course, shorter duration 
of symptoms, and a higher mortality rate. This 
difference in presentation and outcomes may be 
related to the significantly lower parasite burden 
in the lower respiratory tract as reflected in BAL 
specimens and a superior capacity for inflamma-
tion in the non-HIV group (Table 4.8.1) [3, 14]. 
However, a higher prevalence of P jirovecii colo-
nization in BAL specimens (up to 44%) has been 
noted in non-HIV patients who receive cortico-
steroids equivalent to >20 mg of prednisone per 

day [9] . Hence, clinical findings and laboratory 
data should be considered when confirming a 
diagnosis.

Treatment: Pneumocystis 
Pneumonia in Patients 
on Immunosuppressive Agents
Trimethoprim-sulfamethoxazole, administered 
orally or intravenously, is the first-line agent for 
the treatment of any form or severity of PCP. 
Trimethoprim-sulfamethoxazole has a syner-
gistic effect with MTX, inactivating dihydrofo-
late reductase and increasing free MTX levels 
and thereby inducing pancytopenia. Reducing 
the dose of MTX when using TMP-SMX con-
comitantly should be considered [10]. Unlike in 
HIV-infected patients, there are no randomized 
controlled trials in non-HIV patients with PCP 
that clearly demonstrate that adjunctive cortico-
steroids in moderate-to-severe disease acceler-
ate symptomatic and physiologic improvement 
and prolong survival. Small retrospective studies 
have shown no significant difference in mortal-
ity, respiratory failure, or pulmonary co-infection 
with the use of adjunctive corticosteroids [11]. It is 
argued that in patients on corticosteroids for their 
primary rheumatologic disease, the dose should 
not be reduced, but whether the dose should be 
increased is unknown.

There are no strict guidelines on when to 
offer prophylaxis to patients on immunosuppres-
sive agents without HIV. Universal prophylaxis 
is unrealistic because of the long-term nature of 
the anti-RA therapy, adverse effects related to 
TMP-SMX, and the potential for development 
of resistance to Pneumocystis. Experts recom-
mend that prophylaxis is warranted for patients 

TABLE 4.8.1. CLINICAL PRESENTATION AND OUTCOMES OF    
PCP IN PATIENTS WITH AND WITHOUT HIVa

HIV Non-HIV

Median duration of symptoms prior 
to diagnosis (in days) [3] 

28 5

Degree of hypoxia on room air  
(PaO2 in mm) [3, 8]

69 52

Marker for susceptibility CD4 <200 a good marker No reliable laboratory marker
BAL parasite burden [14] High Low
Survival [3, 8] Survival approaches 90% 40%–70%

aAdapted from Sepkowitz KA. Opportunistic infections in patients with and patients without acquired immunodeficiency 
syndrome. Clin Infect Dis. 2002;34:1098, Gripaldo R, Lippmann ML. Pneumocystis pneumonia in HIV-negative patients: a 
review of the literature. Clin Pulm Med. 2012;19:5, and Limper AH, Offord KP, Smith TF, Martin WJ 2nd. Pneumocystis carinii 
pneumonia. Differences in lung parasite number and inflammation in patients with and without AIDS. Am Rev Respir Dis. 
1989;140:1204.
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with rheumatologic diseases receiving ≥20 mg of 
prednisone daily for one month or longer in com-
bination with a second immunosuppressive drug 
or if the risk of PCP is >3.5% during the period 
of immunodeficiency [12]. A recent study identi-
fied age >65 years, coexisting pulmonary disease, 
and the use of glucocorticoids as risk factors for 
PCP in RA patients being treated with biologics. 
Trimethoprim-sulfamethoxazole prophylaxis in 
this high- risk group reduced the incidence of 
PCP from 0.93 to 0.00 per 100 person years [13]. 
However, further trials addressing prophylaxis in 
at-risk patients are warranted. Although widely 
prescribed, there are no data on secondary pro-
phylaxis in this population either.
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Take One’s Breath Away

DANA D.  BYRNE , MD, MISHA A .  ROSENBACH, MD,  

AND KE ITH W.  HAMILTON,  MD

CA S E  P R E S E N TAT I O N
A 54-year-old Cambodian woman with rheumatoid 
arthritis and recent diagnosis of interstitial lung dis-
ease presented to the emergency department with 
a week of worsening abdominal pain, nausea, and 
vomiting accompanied by fevers, chills, cough, and 
diarrhea. The patient had seen her primary doc-
tor for abdominal pain and nausea approximately 
two weeks prior to presentation and had been pre-
scribed a proton pump inhibitor with no improve-
ment. In the emergency room, her temperature was 
101.7°F, pulse was 120 per minute, and blood pres-
sure was 94/54 mmHg. Her oxygen saturation was 
90% on room air and 99% on 2 liters of oxygen. 
Physical examination was significant for moderate 
distress, pallor, a macular rash on the abdomen, dif-
fuse scattered wheezing bilaterally on pulmonary 
examination, diffuse upper abdominal tenderness 
to palpation without rebound, and a normal rectal 
examination. Routine laboratory tests were signifi-
cant for anemia with hemoglobin 8.5 g/dL (baseline 
was 11.0 g/dL three months earlier) and normal 
white blood cell and platelet counts. Chemistry 
and liver function tests were normal. A  computed 
tomography (CT) scan of the abdomen and pelvis 
showed “nonspecific colitis” with thickening of the 
small bowel. A CT scan of the chest showed exten-
sive bilateral pulmonary infiltrates (Figure 4.9.1).

The patient was diagnosed with rheumatoid 
arthritis thirty years ago. She was treated with 
methotrexate, hydroxychloroquine, and most 
recently was on etanercept and 5 mg of prednisone 
daily. She recently completed a pulse of high-dose 
prednisone (0.5 mg/kg per day) prescribed by 
her pulmonologist because of concern for rheu-
matoid arthritis-induced interstitial lung disease. 
However, her symptoms worsened. Other signifi-
cant medical history included treated latent tuber-
culosis. Her initial abdominal pain was thought to 
be due to gastritis from prednisone. At the time 

of presentation, she had resided in Albuquerque, 
New Mexico for approximately two years. She last 
traveled to Cambodia approximately one year 
prior to presentation and had traveled back to the 
area approximately once every two to three years 
to visit family. She was a retired restaurant worker.

D I F F E R E N T I A L 
D I AG N O S I S
In this case, the most salient features were enteri-
tis, pulmonary infiltrates, and rash. Because of 
the patient’s chronic condition and immuno-
suppression, these symptoms could have been 
caused by more than one etiology. Rheumatoid 
arthritis can cause pulmonary as well as skin 
manifestations. However, the rash described in 
this case would be atypical. Rheumatoid arthri-
tis would also be an unlikely explanation for this 
patient’s prominent enteritis. Therefore, alterna-
tive explanations would have to be implicated for 

FIGURE  4.9.1: Non-contrast computed tomography of 
the chest showed extensive bilateral pulmonary infiltrates.
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some of these findings. Disseminated tuberculo-
sis or coccidioidomycosis could explain many of 
the features of this case and should be consid-
ered, given the patient’s history of latent tubercu-
losis, residence in the American Southwest, and 
immunosuppressed state. Several parasitic infec-
tions endemic to many tropical and subtropical 
regions can cause enteritis, pulmonary infil-
trates, and rash, so these should be strong con-
siderations in this case. These infections include 
schistosomiasis, strongyloidiasis, and infections 
with the hookworms Ancylostoma duodenale 
and Necator americanus. Noninfectious condi-
tions such as polyarteritis nodosa (PAN) can 
also cause multiorgan involvement. Because of 
the high prevalence of hepatitis B in Cambodia 
and its association with PAN, PAN should be 
considered.

The patient was admitted to the hospital and 
started on vancomycin and cefepime empirically. 
She subsequently developed respiratory distress 
and was transferred to the intensive care unit 
and intubated. A bronchoalveolar lavage was per-
formed for her persistent respiratory failure.

The bronchoalveolar lavage revealed numer-
ous filariform larvae. A skin biopsy also demon-
strated larval forms (Figure 4.9.2). Subsequent 
stool microscopy and serum antibody were posi-
tive for Strongyloides stercoralis (Figure 4.9.3). 
The patient was treated successfully with daily 
ivermectin.

D I S C U S S I O N
Strongyloides affects more than 10 million persons 
worldwide and is an especially important parasitic 
infection to recognize in immunocompromised 
hosts [1] . It is more common in warm, humid 

climates where sanitation is poor, but it is endemic 
to many more moderate climates as well, including 
the Southeastern United States, Southern Europe, 
and Japan [2]. The lifecycle of Strongyloides can 
result in an autoinoculation syndrome, which 
allows the infection to persist with little or no 
symptoms in immune competent hosts. When 
the host becomes immunosuppressed or when 
an immunosuppressed host acquires the infec-
tion, a severe form of the infection, called “hyper-
infection syndrome” can occur. Hyperinfection 
syndrome results in mortality rates as high as 
50%, making it important to recognize and treat 
early [3].

Strongyloides Infection in the 
Immunocompromised Host
In immunocompromised patients, Strongyloides 
most commonly occurs as reactivation of chronic 
subclinical infection. When the immune system 
becomes suppressed for the treatment of medi-
cal conditions such as rheumatologic diseases, 
cancer, or transplantation, symptoms can become 
severe [4] . Glucocorticoids in particular have 
been associated with risk for Strongyloides infec-
tion, although other immunosuppressive agents 
and disease-modifying antirheumatic drugs 
(DMARDs) are also considered risk factors. There 
have been several reports of Strongyloides infec-
tion or hyperinfection after treatment with tumor 
necrosis factor (TNF)-α inhibitors such as etan-
ercept [5,  6]. This class of medications is often 
administered in the setting of other concomitant 
immunosuppressive and immunomodulatory 
drugs, so isolating the risk for individual medica-
tions is difficult [4–6].

FIGURE  4.9.2: Skin biopsy demonstrated larval forms 
of Strongyloides.

FIGURE  4.9.3: Stool microscopy demonstrated larval 
forms of Strongyloides.
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Nonetheless, hyperinfection syndrome has a 
plausible association with TNF-α inhibitors, espe-
cially when added to other immunosuppressive 
agents [5, 6]. The Th2 CD4+ T cells are important 
for the immune control of Strongyloides as well as 
other helminthic infections, and TNF-α plays an 
essential role in T-cell communication. By sup-
pressing response to TNF-α, TNF-α inhibitors 
alter cellular immunity and can increase the sus-
ceptibility to infection with Strongyloides [4, 7].

Clinical Manifestations Associated 
With the Life Cycle of Strongyloides
Initial infection occurs after cutaneous contact 
with Strongyloides larvae in contaminated soil [2] . 
After the larvae penetrate the skin, they migrate 
to the lungs through the vasculature where they 
ascend the trachea and are eventually swallowed. 
They then travel to the small intestine to lay eggs, 
which hatch into larvae that are excreted in the 
stool. Common symptoms of infection in immune 
competent hosts include skin rash at the site of 
inoculation or perirectal area, pulmonary symp-
toms such as cough, and gastrointestinal symp-
toms such as abdominal pain and diarrhea [2, 8].

Autoinfection occurs when the larvae in the 
small intestine penetrate the wall of the bowel 
or the rectum and reinitiate the infection pro-
cess. In an immune competent individual, auto-
infection can cause chronic strongyloidiasis, 
which is often asymptomatic and can persist for 
decades. Approximately two thirds to three quar-
ters of these individuals have peripheral eosino-
philia and/or elevated immunoglobulin E levels. 
However, eosinophilia may not be apparent in 
immunosuppressed hosts. Some individuals may 
have nonspecific gastrointestinal symptoms or 
may develop urticaria or larva currens, a linear 
pruritic rash usually on the lower body [4, 8, 9]. 
Larvae can migrate in a retrograde fashion to por-
tosystemic anastomoses, causing purpuric mac-
ules to appear in a periumbilical distribution due 
to extravasation of red blood cells. This finding is 
known as thumbprint purpura and is pathogno-
monic for the diagnosis of strongyloidiasis [10].

When the autoinfection process occurs 
rapidly, often in the setting of immunosup-
pression, such as in patients on steroids or 
DMARDs, hyperinfection syndrome can occur. 
Hyperinfection syndrome can lead to intestinal 
obstruction or bacteremia from the frequent and 
rapid penetration of the larvae through the bowel 
wall. Hyperinfection can also lead to dissemi-
nated strongyloidiasis, in which the parasites can 
migrate to organs other than the gastrointestinal 
tract and airways. In humans, Strongyloides can 

disseminate to the lung parenchyma, skin, and 
central nervous system [4, 11, 12].

Diagnosis
Diagnosis of Strongyloides infection can be made in 
several ways. The most common diagnostic method 
is direct stool examination by microscopy; however, 
this test can be insensitive because parasites and 
eggs can be excreted intermittently in cases of more 
mild infection. In hyperinfection syndrome, the 
parasite burden is high, and the sensitivity of stool 
microscopy as well as the microscopy of specimens 
from other involved body sites, such as sputum or 
surgical aspirates, becomes higher [13]. Stool can 
also be plated on an agar plate and incubated so that 
if larvae are present, they will make bacterial growth 
patterns on the plate. Other modalities for diagno-
sis include duodenal aspiration, which is usually 
reserved for children or immunocompromised 
patients with a high parasite burden. Skin exam can 
sometimes confirm the diagnosis when thumbprint 
purpura is present. Even when this skin finding is 
not present, skin biopsy can reveal the presence of S 
stercoralis larvae, confirming the diagnosis. Serology 
with enzyme-linked immunosorbent assay can also 
be useful, but it can be falsely negative in patients 
with immunosuppression [13, 14].

Treatment
For uncomplicated infection, ivermectin 200 mcg/
kg doses administered either on two consecutive 
days or two weeks apart is considered standard and 
cost-effective therapy [15, 16]. In general, immu-
nocompromised patients require more intensive 
treatment, although there is no consensus amongst 
experts on an optimal regimen. For hyperinfection 
syndrome, daily ivermectin at a dose of 200 mcg/
kg is often administered until symptoms resolve 
and stool tests have been negative for at least two 
weeks (one autoinfection cycle) or longer if the 
patient remains immunosuppressed. Effective 
treatment also involves holding or decreas-
ing immune-modulating agents if possible, and 
patients with ongoing immunosuppression are 
often treated with maintenance monthly doses of 
ivermectin for approximately six months, although 
the ultimate duration is not clearly defined [17]. 
There are also reports of using combination ther-
apy with albendazole and ivermectin, subcutane-
ous ivermectin, and a veterinary formulation of 
intravenous ivermectin for successful treatment of 
hyperinfection syndrome [18–22].

Prevention
Because of the association between Strongy-
loides hyperinfection syndrome and immune-  
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modulating agents, patients from endemic areas 
likely should be screened for Strongyloides before 
initiation of DMARDs. Data to guide this recom-
mendation is not strong, but screening has been 
mandated in special immunosuppressed popula-
tions based on the ease with which the infection 
is treated in immune competent individuals, cou-
pled with the severity of disease in those patients 
with hyperinfection syndrome [23]. In most cases, 
latent infection can be identified by serologic test-
ing. In some immunosuppressed hosts, serology 
may be negative and stool ova and parasites may 
help identify infected individuals. If Strongyloides 
infection is found, a treatment course should 
be administered before initiation of DMARD 
therapy.
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CA S E  P R E S E N TAT I O N
A 76-year-old man with a history of rheumatoid 
arthritis (RA) and systemic lupus erythematosus 
(SLE) overlap syndrome, complicated by lupus 
nephritis, presented with chronic diarrhea for 
two months. The patient first noticed a change in 
his bowel habits two months earlier. He charac-
terized his bowel movements as “large volume,” 
“watery,” and “nonbloody.” He did not have any 
associated abdominal pain, cramping, nausea, or 
vomiting. By the time he presented to the hos-
pital, his frequency of bowel movements had 
steadily increased and he was noting diarrhea 
occurring more than hourly. After he began to 
note fecal urgency and inability to get to the bath-
room before losing bowel control, he presented 
to the emergency department. He denied any 
fevers, chills, or night sweats, but complained of 
decreased appetite and generalized weakness. He 
also had noted an approximately fifteen-pound 
weight loss since the onset of his symptoms. He 
had initiated mycophenolate mofetil (MMF) after 
the onset of his symptoms, but given the close 
temporal association with the onset of diarrhea, 
the MMF was held upon admission. However, 
the patient did not experience any significant 
improvement in his symptoms with discontinu-
ation of the drug. A  comprehensive laboratory 
and microbiological workup was conducted, and 
esophagogastroduodenoscopy and flexible sig-
moidoscopy were performed.

The patient’s complex autoimmune disease 
history included seropositive RA for over twelve 
years, primarily manifest as swelling of his meta-
carpophalangeal joints, wrists, and proximal 
interphalangeal joints bilaterally. He had a posi-
tive rheumatoid factor and cyclic citrullinated 
peptide antibody, and he had been treated previ-
ously with various antirheumatic agents including 
methotrexate, hydroxychloroquine, sulfasalazine, 
and more recently with cyclophosphamide. He 
was also noted to have high positive antinuclear 

antibodies with a titer of 1:1280, as well as posi-
tive antibodies to double-stranded DNA and anti-
neutrophil cytoplasmic antibodies. During the fall 
of the previous year, he had developed worsening 
renal function with hematuria and proteinuria 
and was ultimately diagnosed with membranous 
nephritis secondary to SLE. After initiation of 
cyclophosphamide and prednisone, renal func-
tion returned to baseline and prednisone was 
tapered to 10 mg daily. Cyclophosphamide was 
discontinued and he was transitioned to MMF 
less than two months ago.

In addition to the history above, he had been 
diagnosed with hypothyroidism, benign pros-
tatic hypertrophy, and had a history of a con-
genital solitary kidney. His complete medication 
list at time of presentation included levothyrox-
ine, MMF, prednisone, ranitidine, cotrimoxazole 
double-strength tablet daily, and tamsulosin. He 
had no known drug allergies. He was a retired 
docking pilot, having spent most of his career 
working in the Northeast. He had a remote 
twelve-pack per year history of tobacco use, had 
one to two alcohol drinks a day, and denied any 
illegal drug use. There was no known family his-
tory of autoimmune, vascular, and renal diseases 
or malignancies.

On physical exam, he was afebrile and other 
vital signs were stable. He was an elderly man in 
no acute distress. His head and neck exam was 
unremarkable including normal oropharynx and 
no cervical or supraclavicular lymphadenopathy. 
He had a normal cardiopulmonary examination. 
His abdomen was tender to deep palpation dif-
fusely but with normoactive bowel sounds and no 
hepatosplenomegaly. On musculoskeletal exam, 
he had no evidence of synovitis, joint swelling, or 
tenderness.

Laboratory data were notable for a white 
blood cell count of 3800 cells/µL (nor-
mal:  4000–11 000), hemoglobin of 10.3 g/dL 
(normal:  13.5–17.5), and platelets of 137 000 
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cells/µL (normal: 150 000–400 000). Electrolytes 
and serum creatinine were within the normal 
range. Liver function tests demonstrated an 
elevated aspartate transaminase of 72 U/L (nor-
mal:  15–41) and alanine transaminase of 141 
U/L (normal:  17–63), as well as elevated alka-
line phosphatase of 316 U/L (normal: 38–126). 
Total bilirubin was normal at 0.7 mg/dL (nor-
mal: 0.3–1.2). Albumin was low at 2.0 g/dL (nor-
mal: 3.5–4.8). Thyroid stimulating hormone and 
free T4 were within the normal range, as was 
adrenal corticotropin hormone. Microbiology 
data including stool culture for Salmonella, 
Shigella, Campylobacter, Pleisomonas, and 
Aeromonas were negative. Clostridium diffi-
cile stool polymerase chain reaction (PCR) test 
was negative. Stool examination of ova and 
parasites was negative for cryptosporidia, giar-
dia, and microsporidia. Additional stool stud-
ies demonstrated elevated fecal α1-antitrypsin 
(1050 mg/dL; normal: 0–62 mg/dL) and normal 
qualitative fecal fat testing. Antibody testing 
for human immunodeficiency virus (HIV) and 
celiac disease were negative.

Esophagogastroduodenoscopy demonstrated 
normal esophagus and stomach. A small (<5 mm) 
clean-based punctate ulcer was identified in the 
second portion of the duodenum. Multiple cold 
forceps biopsies were obtained from the duo-
denum. Flexible sigmoidoscopy was notable for 
internal hemorrhoids with overlying ulcerated 
mucosa. Otherwise, normal mucosa was seen up 
to the rectosigmoid junction, and multiple cold 
forceps biopsies were obtained. Histopathological 
examination of small bowel biopsy demon-
strated viral inclusions consistent with cytomeg-
alovirus (CMV) (Figure 4.10.1). Subsequently, 

quantitative serum CMV PCR was found to be 41 
158 copies/mL (normal: < 150).

D I F F E R E N T I A L  D I AG N O S I S 
A N D  T R E AT M E N T
The differential diagnosis for chronic diarrhea is 
broad and can be classified into inflammatory, 
watery, or fatty diarrhea. Infectious diseases, 
including invasive bacterial, parasitic, and viral 
infections, typically cause an inflammatory diar-
rhea, although bacterial toxins can produce a 
watery diarrhea [1] . Other common etiologies 
of inflammatory diarrhea are ischemic colitis, 
neoplasia, diverticulitis, and radiation colitis. 
Inflammatory bowel diseases can be associated 
with either inflammatory or watery diarrhea. 
Watery diarrhea can also be produced by osmotic 
laxatives, medications, motility disorders such as 
diabetic autonomic neuropathy or irritable bowel 
syndrome, endocrinopathies, or vasculitides [2]. 
In this patient, the initial differential diagnosis 
included medication-induced, protein-losing 
enteropathy, adrenal insufficiency, or an infec-
tious etiology. Based on the histopathology dem-
onstrating viral inclusions characteristic of CMV, 
the patient was diagnosed with CMV enteritis and 
started on intravenous ganciclovir. He responded 
promptly to treatment, with a reduction in stool 
frequency within three days and transition to 
formed bowel movements after five days of treat-
ment. After a week of intravenous ganciclovir, 
he was transitioned to PO valganciclovir and 
completed four weeks total of antiviral therapy. 
Regarding his immunosuppression, MMF was 
held and prednisone was tapered slowly. He had 
complete resolution of his abdominal symp-
toms and was not transitioned to prophylactic 

A B

FIGURE 4.10.1: Duodenal mucosal biopsy (A: H&E stain 200× magnification; B: 400×) reveals characteristic intra-
nuclear inclusions (arrows) consistent with Cytomegalovirus infection.
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valganciclovir therapy. Subsequently, given his 
stable renal function and minimal arthritic pain, 
he has been closely monitored off all maintenance 
immunosuppression.

D I S C U S S I O N
Most cases of infectious diarrhea are acute and 
self-limited, with a narrow list of infectious 
pathogens implicated in chronic diarrhea in the 
immunocompetent person. However, the clini-
cal presentation of infectious diarrhea among 
immunosuppressed patients is often more severe. 
Furthermore, chronic diarrhea can result from 
infections that are classically associated with 
acute disease in healthy hosts [3] . In this case, our 
patient had a complex autoimmune disease for 
which he was taking several immunosuppressive 
medications including high doses of corticoste-
roids, cyclophosphamide, and mycophenolate. As 
a result, the potential list of infectious pathogens 
was broader and required an extensive evaluation 
looking for bacterial, viral, and parasitic agents 
(Table 4.10.1). In addition to evaluating for com-
mon bacterial pathogens, as performed in this 
case with stool culture and C difficile PCR testing, 
multiple stool specimens were examined for ova 
and parasites including cryptosporidia and micro-
sporidia, which may be associated with chronic 
and more severe disease in patients with immune 
compromise. Finally, endoscopic evaluation was 
performed with tissue sampling that culminated 
in the diagnosis.

Cytomegalovirus is an important example 
of an opportunistic pathogen implicated in 
gastrointestinal disease. As a member of the 
Herpesviridae family, CMV typically produces a 
self-limited viral syndrome during acute infec-
tion before going on to establish latency within 
the immunocompetent host. However, CMV 
reactivation or even primary infection in patients 
with acquired defects of cellular immunity can 
manifest clinically as severe disease with sig-
nificant morbidity. The pathogenic potential of 
CMV has been increasingly recognized with the 
advent of organ transplantation and the acquired 
immune deficiency syndrome (AIDS) epidemic. 
For example, CMV is the most common viral 
opportunistic infection in AIDS patients, pri-
marily manifesting in patients with CD4 counts 
below 50 cells/µL. In transplant recipients, the 
harsh immunosuppressive regimens designed to 
prevent organ rejection invariably predispose to 
severe CMV disease [4] .

Systemic corticosteroids, although notable 
for their inhibitory effects on both the innate 

TABLE 4.10.1. LIST OF INFECTIOUS 
PATHOGENS IMPLICATED IN DIARRHEA 

IN IMMUNOCOMPROMISED PATIENTS

Acute Diarrhea Chronic Diarrhea

Bacterial Pathogens
Enterotoxigenic 

Escherichia coli
Enterohemorrhagic 

Escherichia coli
Clostridium difficile
Salmonella spp
Shigella spp
Campylobacter spp
Vibrio spp
Listeria monocytogenes
Yersinia enterocolitica
Small intestinal bacterial 

overgrowth

Enteroaggregative 
Escherichia coli

Enteropathogenic 
Escherichia coli

Yersinia enterocolitica
Aeromonas hydrophilia
Plesiomonas shigelloides
Clostridium difficile
Mycobacterium 

tuberculosis
Mycobacterium avium 

complex
Tropheryma whipplei
Small intestinal 

bacterial overgrowth

Viral Pathogens
Rotavirus
Norovirus
Adenovirus
Herpes simplex virus
Astrovirus

Cytomegalovirus
HIV

Parasitic Pathogens
Giardia lamblia Entamoeba histolytica

Giardia lamblia
Cyclospora
Isospora belli
Cryptosporidia
Microsporidia
Blastocystis
Balantidium coli
Strongyloides stercoralis
Ascaris lumbricoides
Ancylostoma duodenale
Necator americanus
Trichuris trichiura
Taenia saginata and 

Taenia solium
Diphyllobothrum latum
Hymenolopsis nana

Miscellaneous
Candida albicans
Histoplasmosis
Brainerd diarrhea 

(unknown etiologic 
agent but presumed 
infectious)
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and acquired immune system, likely predispose 
to reactivation of CMV infection and gastro-
intestinal disease through the impairment of 
cell-mediated immunity. In particular, glucocor-
ticoid therapy leads to rapid reductions in cir-
culating effective T lymphocytes by impairing 
dendritic cell maturation, inhibiting important 
cytokine and growth factor signaling for y dif-
ferentiation, and inducing lymphocyte apoptosis. 
Glucocorticoids render dendritic cells less func-
tional as antigen-presenting cells by preventing 
the up-regulation of major histocompatibility 
complex class  II and costimulatory molecules, 
thereby impairing the ability for a T-cell response 
to infection. In addition, by inhibiting 
interleukin-12 secretion, glucocorticoids block 
lymphocyte differentiation and secretion of cyto-
kines interferon-γ and tumor necrosis factor-α 
involved in the T-helper cell type 1 (Th1) immune 
response. Furthermore, supraphysiologic doses of 
glucocorticoids can induce T-cell apoptosis [5] . 
Taken together, these effects can lead to profound 
cellular immunodeficiency and impaired defense 
against opportunistic pathogens.

Given the onset of gastrointestinal symptoms 
after the initiation of corticosteroids and prior 
to MMF use in this patient, corticosteroids were 
implicated as the most likely predisposing factor 
for the development of CMV disease. However, 
subsequent MMF use may have exacerbated his 
symptoms further. It is unknown whether there 
is a minimum dose or duration of corticosteroid 
therapy that is associated with CMV disease. 
Although most clinical reports describe high 
doses of steroids, including pulse-dosing ini-
tially, with slow tapers planned over months, even 
low-dose steroid therapy has been associated with 
severe CMV disease [6–8]. The timing of CMV 
disease can range from weeks to months after the 
initiation of steroids. Given the lack of consen-
sus on the timing and dose of steroids associated 
with CMV disease, there are no indications for 
CMV prophylaxis in the setting of corticosteroid 
therapy. However, a diagnosis of CMV should 
be entertained in these patients presenting with 
systemic and organ-specific complaints. Finally, 

treatment of CMV disease includes not only anti-
viral therapy but also tapering of corticosteroids 
and other immunosuppression as tolerated by the 
patient. Reintroduction of immunosuppression 
should be accompanied with close monitoring for 
recurrence of symptoms and/or CMV viremia.

Glucocorticoids are a classic double-edged 
sword wielded by physicians. Despite serving a 
therapeutic benefit in the management of auto-
immune conditions such as RA or SLE, they can 
unfortunately induce a profound cellular immu-
nodeficiency that leaves patients vulnerable to 
intracellular and opportunistic infections. Thus, a 
thorough evaluation for common and uncommon 
bacterial and viral and parasitic pathogens should 
be undertaken when confronted with a patient 
who develops chronic diarrhea in the setting of 
chronic corticosteroid use.

R E F E R E N C E S
 1. Kaiser L, Surawicz CM. Infectious causes of 

chronic diarrhea. Best Pract Res Clin Gastro-
enterol. 2012;26:563.

 2. Fine KD, Schiller LR. AGA technical review on 
the evaluation and management of chronic diar-
rhea. Gastroenterology. 1999;116:1464.

 3. Schiller LR. Definitions, pathophysiology and 
evaluation of chronic diarrhea. Best Pract Res 
Clin Gastroenterol. 2012;26:551.

 4. Baroco AL, Oldfield EC. Gastrointestinal cyto-
megalovirus disease in the immunocompromised 
patient. Curr Gastroenterol Rep. 2008;10:409.

 5. Franchimont D. Overview of the actions of glu-
cocorticoids on the immune response. Ann NY 
Acad Sci. 2004;1024:124.

 6. Buckner FS, Pomeroy C. Cytomegalovirus disease 
of the gastrointestinal tract in patients without 
AIDS. Clin Infect Dis. 1993;17:644.

 7. Ohashi N, Isozaki T, Shirakawa K, et al. Cytome-
galovirus colitis following immunosuppressive 
therapy for lupus peritonitis and lupus nephritis. 
Intern Med. 2003;42;362.

 8. Aukrust P, Moum B, Farstad IN, et al. Fatal cyto-
megalovirus (CMV) colitis in a patient receiving 
low dose prednisolone therapy. Scand J Infect Dis. 
1991;23:495.

 



4.11
Don’t Judge a Book by Its Cover

DEBORAH KAHAL  MD, MPH AND FATEN N.  ABERRA MD,  MSCE

CA S E  P R E S E N TAT I O N
A 29-year-old female with ulcerative colitis (on 
6-mercaptopurine [6MP]), stage V chronic kid-
ney disease secondary to mesalamine-induced 
acute interstitial nephritis, and on the renal trans-
plantation list initially presented to an outside 
hospital with coryza, a mild sore throat, persistent 
and progressively higher fevers, productive cough 
with scant hemoptysis, nausea, vomiting, and a 
new whole body rash that began nearly one week 
earlier while on vacation in Las Vegas. The patient 
worked with children in a school but denied any 
sick contacts, pets, or animal exposures.

After receipt of an outpatient prescription for 
levofloxacin without improvement in her symp-
toms, the patient sought medical care five days 
into the course of her illness. Multifocal pneumo-
nia was diagnosed on the basis of cross-sectional 
imaging, and therapy was started with empiric 
broad-spectrum antibiotics for her unrelenting 
cough and ongoing high fevers up to 103.4⁰F. 
Seven days into her admission, the patient was 
transferred to our institution with diagnoses of 
fever of unknown origin (FUO) and pancytopenia.

At the time of transfer, she had a temperature 
of 99.4°F with a heart rate of 115 beats per minute, 
blood pressure 115/77  mm mercury, respiratory 
rate of 18 beats per minute, and oxygen saturation 
of 97% on room air. Physical exam was notable 
for lack of adenopathy, anicteric sclera, conjunc-
tival pallor, clear oropharynx without oral lesions 
or palatal petechiae, a normal respiratory exami-
nation, tachycardia without murmurs, no lower 
extremity edema, a palpable spleen tip but other-
wise benign abdominal examination, a nonfocal 
neurological examination, and a diffuse erythem-
atous maculopapular rash involving her bilateral 
upper and lower extremities with sparing of the 
palms and soles.

She had progressive pancytopenia with a white 
blood cell count nadir of 1300/mm3 (4000–11 
000/mm3), absolute neutrophil count (ANC) of 

820/mm3 (1800–7500/mm3), hemoglobin of 8.0 g/
dL (12.0–16.0 g/dL), and platelet count of 90 000/
mm3 (150 000–400 000/mm3). A viral respiratory 
panel and serial blood cultures were negative.

Her initial chest x-ray (CXR) revealed 
increased interstitial markings, with a follow-up 
CXR and computed tomography chest scan 
revealing patchy opacities in the mid and lower 
right lung and in the left lung base suggestive of 
pneumonia (see Figure 4.11.1).

Monospot, urine legionella antigen, serum 
cryptococcal antigen, serologies for tick-borne 
illnesses (Rocky Mountain spotted fever, Lyme 
disease, Ehrlichia, Anaplasma), parvovirus, and 
human immunodeficiency virus (HIV) were 
negative. Adenovirus DNA polymerase chain 
reaction (PCR) and human herpesvirus-6 DNA 
PCR were both negative. Antinuclear antibodies 
(ANAs) were positive at 1:160, and her antineu-
trophil cytoplasmic antibody serology was also 
weakly positive. Serial blood cultures and a urine 
culture were negative. Given her pancytopenia, 
she underwent a bone marrow biopsy with dem-
onstration of a hypocellular marrow and no other 
abnormalities including hemophagocytosis. She 
had serum ferritin 17 000 ng/mL (13–150 ng/mL), 
triglyceride 532 mg/dL (25–150 mg/dL), fibrino-
gen 305 mg/dL (170–410 mg/dL), sedimentation 
rate 60  mm/hour (0–25  mm/hour), creatinine 
4.25 mg/dL (0.44–1.03 mg/dL), albumin 2.2 
mg/dL (3.5–4.8 mg/dL), as well as transaminitis 
with alanine transaminase 79 U/L (14–54 U/L), 
aspartate aminotransferase 61 U/L (15–41 U/L), 
and alkaline phosphatase 148 U/L (38–126 U/L). 
Viral hepatitis (A, B, C) serologies were negative. 
Quantitative cytomegalovirus (CMV) PCR from 
serum was markedly elevated at >130 350 cop-
ies/mL. Epstein-Barr virus (EBV) serologies were 
consistent with acute infection with a highly posi-
tive EBV capsid antigen immunoglobulin (Ig)M 
of 117.9 U/mL (0–43.9 U/mL) and IgG of >749.9 
U/mL (0–21.9 U/mL) and antibody to EBV 
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nuclear antigen of 7.0 Index Value (IV) (0–0.8IV). 
Quantitative EBV PCR was detectable in serum, 
and her soluble interleukin-2 receptor alpha 
level was 43 200 pg/mL (0–1033 pg/mL). After 
consultation with rheumatology, the patient was 
determined to not have a primary rheumatologic 
diagnosis in the setting of a weakly positive ANA.

D I F F E R E N T I A L 
D I AG N O S E S
The differential diagnoses for an immunosup-
pressed patient presenting with FUO and mul-
tisystem disease, rash, cough, hepatitis, and 
pancytopenia is very broad and may be divided 
into infectious, neoplastic, autoimmune-mediated, 
and iatrogenic etiologies. The most likely infec-
tious diagnoses include acute or reactivation 
of viral infections (adenovirus, CMV, EBV, 
HIV, parvovirus), tick-borne infections (Rocky 
Mountain spotted fever, Lyme disease, Ehrlichia, 
Anaplasma), disseminated bacterial infections 
(syphilis, Legionella, tuberculosis, nontuberculous 
mycobacteria), and disseminated fungal infec-
tions (Cryptococcus and dimorphic fungal infec-
tions such as Histoplasmosis, Blastomycosis, and 
Coccidiodes). Also meriting consideration are 
primary hematologic neoplasms such as lympho-
mas and acute leukemias as well as solid tumor 
metastatic disease. Immune dysregulatory etiolo-
gies include, but are not limited to, drug-induced 
systemic lupus erythematosus, adult-onset Still’s 
disease, hemophagocytic lymphohistiocytosis 
(HLH), and drug reaction with eosinophilia and 
systemic symptoms.

D I AG N O S I S
On the basis of the patient’s clinical presentation 
and accompanying serologic and radiographic 
data, the patient was diagnosed with acute CMV 
and EBV infection. Given the additional findings 
of fever, splenomegaly, peripheral blood cytopenia 
of at least two cell lines with hemoglobin <9 g/dL 
and platelet count <100 000/µL, hypertriglyceri-
demia, ferritin level >500 ng/mL, and an elevated 
soluble interleukin-2 receptor alpha level, she was 
diagnosed with HLH.

T R E AT M E N T
A high-dose dexamethasone taper was initi-
ated for HLH treatment, and intravenous gan-
ciclovir was concomitantly initiated for the 
treatment of CMV viremia, pneumonia, and 
CMV-associated HLH. After steroid initia-
tion and CMV treatment, her fevers resolved, 
and her transaminases, ferritin, and triglycer-
ides all trended toward normal with concomi-
tant improvement of her pancytopenia by the 
time of discharge three weeks later. At the time 
of discharge, her outpatient 6MP was with-
held and a slow steroid taper was continued 
along with trimethoprim-sulfamethoxazole for 
Pneumocystis jirovecii pneumonia prophylaxis.

C L I N I CA L  F E AT U R E S 
A N D  D I AG N O S I S
Thiopurines, 6MP and azathioprine, are used to 
treat patients with inflammatory bowel disease 
(IBD), Crohn’s and ulcerative colitis are types 
of inflammatory bowel disease. Thiopurines 

(a) (b)

FIGURE 4.11.1: CT chest showing interstitial edema and right greater than left lower lobe consolidation likely from 
CMV and EBV. 1a transverse view 1b. sagittal view.
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suppress T cells and cell-mediated immunity that 
may increase the risk for viral infections such as 
EBV and CMV. Of the cases of HLH reported in 
patients with IBD, most were on thiopurine ther-
apy and had either CMV or EBV acute infection 
[1–5]. Inflammatory bowel disease patients in 
particular are at risk for the development of HLH 
as a result of chronic systemic inflammation as 
well as exposure to immune-suppressing thera-
pies [2] . Primary infection with EBV and EBV 
reactivation are well appreciated precipitants of 
HLH in pediatric and adult populations, respec-
tively [1, 2, 6]. Cytomegalovirus-associated HLH 
has been described in both immune-competent 
and immune-suppressed patients [6].

Hemophagocytic lymphohistiocytosis is a 
rare disorder with current estimates suggesting 
an incidence of 1.2 cases per million individuals 
annually [6, 7]. Hemophagocytic lymphohistiocy-
tosis may present as either primary or secondary 
disease. Primary HLH, familial HLH, is an auto-
somal recessive disease that is often diagnosed in 
early infancy via genetic testing [8] . Secondary 
HLH may present in either the pediatric or adult 
population, with underlying infection, hemato-
logic malignancy, autoimmune disease, or immu-
nosuppression serving as potential precipitants for 
the development of HLH [7, 8]. Hemophagocytic 
lymphohistiocytosis is a result of intense immune 
activation and inappropriately activated macro-
phages and lymphocytes leading to the phago-
cytosis of all bone marrow-derived cells [1, 2, 
6,  8]. The Histiocyte Society developed the first 
prospective international treatment protocol, 
HLH-94, in 1994. These diagnostic guidelines 
underwent revision in 2004 leading to HLH-2004, 
which remains the standard guidelines for HLH 
diagnosis and treatment [8]. Diagnosis with HLH 
requires either a molecular diagnosis consistent 
with HLH or fulfillment of at least five of the fol-
lowing eight diagnostic criteria: (1) fever ≥38.5°C; 
(2)  splenomegaly; (3)  peripheral blood cytope-
nia involving at least two cell lines with a hemo-
globin <9 g/dL, platelet count <100 000/µL, and 
ANC <1000/µL; (4)  hypertriglyceridemia with 
fasting triglycerides >265 mg/dL or hypofibrino-
genemia with a fibrinogen <150 mg/dL; (5) hemo-
phagocytosis of bone marrow, spleen, lymphatic, 
or hepatic tissue; (6)  ferritin >500 ng/mL; (7)  a 
soluble interleukin-2 receptor alpha level (also 
known as soluble CD25) >2 standard deviations 
above age-adjusted, laboratory-specific norms; 
and (8)  low or absent natural killer cell activ-
ity (the latter three criteria were added as part of 
HLH-2004) [8].

T R E AT M E N T  A N D 
P R E V E N T I O N
The five-year survival rate from HLH in the 
late twentieth century was 55% on the basis of 
HLH-1994 treatment protocols. With the imple-
mentation of HLH-2004 diagnostic and treat-
ment guidelines, the five-year survival rate from 
HLH has greatly improved to be over 80% [3] . The 
HLH-2004 protocol includes treatment recom-
mendations that do not discriminate on the basis 
of whether an infection precipitated the HLH, 
although there are some data to suggest that this 
protocol is particularly successful in patients with 
EBV-associated HLH [4, 8]. Present guidelines do 
not provide recommendations on how to manage 
those patients on immunomodulating agents at 
time of diagnosis. This specific patient’s thiopurine 
was held due to her pancytopenia and the immu-
nosuppression causing EBV and CMV infection. 
The thiopurine was not restarted after her pancy-
topenia resolved due to the sensitivity of devel-
oping pancytopenia with the standard treatment 
dose for ulcerative colitis. Of note, there have been 
case reports of HLH in IBD patients taking other 
immunosuppressants that do not typically cause 
leukopenia, such as infliximab and corticosteroids 
used in the setting of severe disease or chronic use 
[1]. Of these cases, an infectious pathogen was 
usually detected, mostly CMV or EBV and one 
case associated with histoplasmosis [1].

Treatment recommendations for HLH are 
based on controlling the cytokine storm and 
impressive cellular proliferation that mark HLH 
[6] . The HLH-2004 protocol suggests initial 
treatment during weeks 1 through 8 with a com-
bination of a high-dose dexamethasone taper 
in conjunction with cyclosporin A, etoposide 
(VP-16), and consideration of intrathecal che-
motherapy with methotrexate or corticosteroids 
in the case of refractory central nervous system 
involvement [6, 8]. Salvage therapy recommenda-
tions in cases of recurrent, refractory, or persistent 
severe disease are not specifically delineated in the 
HLH-2004 guidelines and are deferred to the dis-
cretion of the treating clinicians or subspecialty 
center, including consideration for possible hema-
topoietic stem cell transplantation [8]. In patients 
with CMV, treatment of CMV with hyperimmune 
globulin, ganciclovir, or foscarnet can help with 
recovery from HLH [6].

Although there is no definitive prophylaxis 
to protect against the development of HLH, 
patients with HLH are at increased risk of sec-
ondary viral, fungal, and bacterial infections. 
Prophylaxis with trimethoprim-sulfamethoxazole 
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and consideration for treatment with intravenous 
immunoglobulin during the initial phase of treat-
ing HLH have been recommended [8] .
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CA S E  P R E S E N TAT I O N
A 39-year-old woman with history of rheumatoid 
arthritis, on adalimumab (HUMIRA), presented 
with crusted painful lips and a new rash on her 
hands, feet, arms, and legs. Preceding her rash, 
she had noted a “cold sore” on her lower lip and 
she described getting cold sores a few times per 
year for many years. In the year prior to presenta-
tion, she noted two episodes of cold sores followed 
within a week by eruption of similar but slightly 
milder version of her current skin eruption, with 
lesions accentuated on the palms and soles. She 
denied any urinary discomfort, vaginal or anal 
erosions, or ulcerations. She had no known his-
tory of genital herpes simplex virus (HSV). She 
denied any new medications. Due to the severity 
of the most recent eruption, she presented to the 
emergency room, where she was admitted for fur-
ther workup and management. Her medications 
at the time of presentation included albuterol, 
gabapentin, montelukast, and adalimumab.

On physical exam, she was noted to have ten-
der, round, well defined, violaceous-to-red mac-
ules, some with a target appearance with three 
distinct zones involving her legs, hands, and feet 
(Figure 4.12.1). Focal lesions demonstrated cen-
tral bullae formation. Her lips were crusted, and 
ulcerated and ulcerations were also present on 
the tongue and buccal mucosa (Figure 4.12.2). 
The differential diagnosis for her mucocutane-
ous findings included Stevens-Johnson syndrome 
(SJS), erythema multiforme (EM), and small ves-
sel vasculitis.

Workup included a normal complete blood 
count, complete metabolic profile, including liver 
function tests, and urinalysis. Viral culture from 
one of the vesicular lesions on the arm was nega-
tive. Herpes simplex immunoglobulin (Ig)M was 
positive. She was evaluated by ophthalmology 
and determined to have slight epicanthal edema 
but no involvement of the cornea or sclera. She 

FIGURE 4.12.1: Cutaneous exam. Hands and feet with 
tender, round and focally target shaped macules. Legs 
with non-blanching, violaceous-to-red macules with 
focal bullae formation.
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was started on valacyclovir 500 mg twice daily 
along with prednisone, and her adalimumab was 
discontinued. She rapidly improved and had full 
resolution of her skin lesions.

D I S C U S S I O N
Erythema multiforme is an acute, self-limited, 
type IV hypersensitivity reaction associated with 
certain infections, most commonly HSV, as well 
as some medications. In up to 50% of cases, no 
identifiable cause can be found [1] . The herpes 
simplex-associated form of EM is called “Herpes 
Simplex Associated EM” (HAEM). The HAEM 
may present with recurrent episodes in the con-
text of flares of genital or oral HSV.

The degree of severity can vary; some patients 
present with only a few scattered lesions on the 
palms and soles, and others present with many 
exuberant lesions and extensive mucosal involve-
ment. Severe mucosal involvement may lead to 
difficulty with oral intake and severe pain. The 
degree of mucosal involvement in this patient 
raised concern for SJS, prompting inpatient der-
matology consultation. Although EM is now 
generally considered separate and distinct from 
SJS and toxic epidermal necrolysis (TEN) by 
most experts, these entities were previously felt 
to have overlap, and some experts discussed 
them as a spectrum of severity. Nevertheless, 
distinguishing these entities can be challenging. 
Stevens-Johnson syndrome almost always has two 
mucous membrane sites involved, with marked 
conjunctival involvement classically and “targe-
toid” or two-colored nonblanching spots. Toxic 
epidermal necrolysis involves multiple mucous 
membrane sites and sheets of epidermal necrosis. 

Stevens-Johnson syndrome and TEN exist on a 
spectrum. Erythema multiforme generally has 
one site of inflamed mucous membrane (often the 
lips, particularly if oral HSV is present), and skin 
lesions are generally limited and distinct, with 
target lesions (three zones of color) symmetri-
cally on acral sites. It is important to note that 
our patient demonstrated involvement of only her 
oral mucosa without involvement of the genitals 
or eyes, thus lacking involvement of two or more 
sites of mucosal membranes for the definition 
of SJS.

It is also important to note that bullous lesions 
of EM can occur, as seen in the leg lesions of this 
patient. If the inflammatory infiltrate is brisk 
enough, pseudovesiculation or true vesiculation 
may occur. It is noteworthy that clinically avail-
able HSV culture and polymerase chain reaction 
assays may not detect HSV viral DNA in periph-
eral skin lesions, because these represent a host 
immune response to a localized HSV infection; 
some studies have demonstrated the presence of 
fragments of HSV DNA and expression of virally 
encoded antigens on keratinocytes within cutane-
ous target lesions [2, 3].

Adalimumab is a recombinant human IgG 
monoclonal antibody tumor necrosis factor 
(TNF)-α inhibitor. The occurrence of EM occurring 
in patients being treated with adalimumab as well 
as with other TNF-α inhibitors, including etaner-
cept and infliximab, have been reported in multiple 
patients [1, 4–7]. There are total of eight reported 
cases of severe skin reactions to adalimumab in the 
literature [1] : five cases of EM, two cases of SJS, and 
one case classified as concurrent EM and SJS [1]. 
There are additional reports in the literature of EM 
associated with other TNF-α inhibitors including 
infliximab [5, 6] and etanercept [7].

In patients on TNF-α inhibitors, it has been 
suggested that immunosuppression induced by 
TNF-α inhibitors may lead to increased suscepti-
bility to HSV infections and flares, consequently 
promoting eruptions of HAEM [1] . Immune com-
promise caused by TNF-α inhibition specifically 
decreased levels of proinflammatory cytokines 
such as interleukin (IL)-1 and IL-6, inhibition of 
leukocyte migration, and decreased activation of 
neutrophil functional activity [1]. This may pro-
vide an opportunity for viral DNA fragments to be 
disseminated peripherally into the circulation with 
subsequent development of HAEM. Widespread 
use of TNF-α inhibitors has led to the observation 
that there may be frequent latent virus reactiva-
tion in patients on these medications. Patients on 

FIGURE  4.12.2: Oral findings. Lips with hemorrhagic 
crusting and extensive, painful ulcerations coalescing on 
the tongue.
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TNF-α inhibitors seem to be at an increased risk 
for developing reactivation varicella-zoster virus 
infection as well HSV.

Immunosuppressed patients, overall, are at 
higher risk for developing EM. Patients with human 
immunodeficiency virus infection, corticosteroid 
exposure, history of bone marrow transplantation, 
systemic lupus erythematosus, graft-versus-host 
disease, and inflammatory bowel disease, and those 
undergoing radiation, chemotherapy, or neurosur-
gery for brain tumors have all been shown to be at 
higher risk for development of EM [8] .

Most cases of EM are self-limited, with lesions 
evolving over a few weeks, followed by sponta-
neous resolution and healing without scarring. 
Recurrence may occur and is a particular problem 
for patients with HAEM. Recurrent episodes are 
often associated with flares of oral or genital her-
pes, as in this patient with recurrent cold sores, 
but recurrence may also be seen with subclinical 
HSV disease in absence of lesions recognized by 
patients or their providers.

In severe cases of EM, a one- to three-week 
course of oral prednisone at 0.5 to 1 mg/kg daily 
may be used. In cases of HAEM, patients should 
also be treated with acyclovir. For those patients 
who experience recurrent episodes, daily suppres-
sive therapy (with acyclovir, valacyclovir or fam-
ciclovir) should be considered. For comfort and 
symptom management, topical therapy including 
topical antiseptics and local anesthetic solutions 
may be useful.
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Multiple Sclerosis Treatments: Friend and Foe

DAVID  HOLTZMAN, MD, MSC  AND AMY PRUITT,  MD

CA S E  P R E S E N TAT I O N
A 55-year-old woman with relapsing remitting 
multiple sclerosis (MS) in remission on monthly 
natalizumab infusions for the past three years pre-
sented with several days of difficulty focusing and 
subtle cognitive difficulties. She stated that she felt 
uncertain about everything she tried to do but 
could not pinpoint any other specific symptoms. 
She denied any weakness, vertigo, ataxia, or other 
symptoms that have typically appeared with her 
prior MS flares.

Her other medical problems included gastro-
esophageal reflux, hypertension, and neuropathic 
pain due to her MS. The medications she was tak-
ing at the time of her initial presentation included 
aspirin, baclofen, gabapentin, hydrochlorothia-
zide, omeprazole, valsartan, and natalizumab. Her 
last natalizumab infusion was three weeks before 
the onset of her current symptoms.

Physical Exam and Data
She was afebrile and normotensive. Her gen-
eral physical examination was unremarkable. 
Neurologic examination revealed fluent speech, 
normal prosody and articulation, and intact 

comprehension. Her attention span, memory, and 
affect were normal. Her cranial nerve exam was 
normal except for optic pallor bilaterally on fun-
doscopic examination. Her motor strength was 
5/5 in all extremities. Her coordination and gait 
were normal. She had decreased vibratory sensa-
tion in both feet, but her sensory examination was 
otherwise normal. Her deep tendon reflexes were 
3+ in the upper extremities and 2+ in the lower 
extremities. Plantar responses were flexor.

Basic serum chemistries, liver functions panel, 
and a complete blood count were normal. A lum-
bar puncture demonstrated a normal opening 
pressure and normal glucose and protein with 1 
white blood cell/µL. Magnetic resonance image 
(MRI) of the brain revealed stable appearance of 
numerous foci of increased signal intensity in the 
subcortical, deep and periventricular white mat-
ter, splenium, and left brachium pontis in keeping 
with the diagnosis of MS. However, new com-
pared with her MRI of the brain from four months 
earlier was a confluent, nonenhancing T2 hyper-
intensity with corresponding T1 hypointensity in 
the left frontal and parieto-occipital white matter 
involving the subcortical U fibers (Figure 4.13.1).

FIGURE 4.13.1: Initial MRI after onset of new neurologic symptoms (fluid attenuated inversion recovery [FLAIR] 
sequence). The lesions did not enhance with gadolinium on T1 sequences (not shown).
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D I F F E R E N T I A L  D I AG N O S I S
The differential diagnosis of nonenhancing white 
matter lesions is broad and includes neurologic 
disorders (MS, neuromyelitis optica, acute dissem-
inated encephalomyelitis); infections (progressive 
multifocal leukoencephalopathy [PML], human 
immunodeficiency virus [HIV] encephalopathy); 
primary glial neoplasms; vascular disease (stroke, 
vasculitis, posterior reversible encephalopathy 
syndrome [PRES]); metabolic disorders; toxic 
exposures (methotrexate and other drugs), and 
genetic syndromes (leukodystrophies).

D I AG N O S I S
An initial polymerase chain reaction (PCR) for 
JC virus (JCV) DNA from a cerebrospinal fluid 
(CSF) sample was indeterminate, but a second 
CSF sample collected eleven days later and tested 
at a different laboratory demonstrated a CSF JCV 
DNA viral load of 2427 copies/mL, confirming the 
diagnosis of PML.

T R E AT M E N T  O U T C O M E 
A N D  F O L L OW- U P
The patient underwent urgent plasmapheresis to 
remove natalizumab and to decrease the bind-
ing of any remaining drug from its receptor. 
Mefloquine and mirtazapine were administered 
for potential inhibitory effects on JCV replica-
tion. She was discharged from the hospital nine-
teen days after her presentation with minimal 
symptoms but presented four days later with 
the acute onset of expressive aphasia and gait 
instability. A repeat MRI of the brain redemon-
strated the confluent areas of increased T2 and 
fluid-attenuated inversion recovery (FLAIR) 
signal intensity in the left frontal, parietal, and 
occipital lobes without significant change from 
her recent MRIs. An electroencephalogram 
showed periodic lateralized epileptiform dis-
charges, and herpes simplex virus-1 infection was 
excluded by CSF PCR. Phenytoin, levetiracetam, 
and lacosamide were required to control seizure 
activity, and high-dose corticosteroids (methyl-
prednisolone 1000 mg intravenously for seven 
days) were given for presumed immune recon-
stitution inflammatory syndrome (IRIS) associ-
ated with the discontinuation of natalizumab. 
Over the course of the following six weeks, her 
symptoms of expressive and receptive aphasia, 
right-sided weakness, and right homonymous 
hemianopsia waxed and waned before slowly 
beginning to improve. She was placed on a slowly 
tapering course of oral steroids and discharged to 
an acute rehabilitation facility for ongoing thera-
pies. Clinical symptoms gradually resolved, and 

she was left with minimal right-sided weakness 
and language impairment.

Over this same period of time, serial MR imag-
ing of her brain showed significant progression of 
the left hemispheric white matter lesions due to 
PML and development of enhancement consis-
tent with IRIS that appeared approximately five 
weeks after her initial presentation and four weeks 
after receiving plasmapheresis (Figure 4.13.2). The 
PML lesions and enhancement due to IRIS began 
to slowly improve by eight weeks after her initial 
presentation (Figure 4.13.3). A  repeat CSF JCV 
DNA PCR was negative six months later.

D I S C U S S I O N

Overview of Progressive Multifocal 
Leukoencephalopathy
Progressive multifocal leukoencephalopathy is 
a demyelinating disease caused by infection of 
myelin-producing oligodendrocytes with JCV. 
JC virus is a large polyoma virus that infects the 
majority of the population by early adulthood. 
Primary infection is essentially asymptomatic, 
and the exact mechanism of transmission is 
unknown. JC virus persists in the bone marrow, 
kidneys, and lymphoid tissues [1] . B lymphocytes 
are felt to be the primary agents of dissemination 
during primary infection and periods of reacti-
vation, which are frequent and asymptomatic. 
Wild-type JCV is not able to infect and repli-
cate within the central nervous system (CNS), 
but JCV isolated from persons with PML has 
been shown to undergo genetic rearrangement, 
enabling it to productively infect oligodendro-
cytes and propagate [2].

Epidemiology
Before the beginning of the HIV epidemic in the 
1980s, PML was a rare disease that had only been 
described in immunocompromised patients with 
malignancies (chronic lymphocytic leukemia and 
Hodgkin’s lymphoma), bone marrow and solid 
organ transplants, or systemic lupus erythemato-
sus. Human immunodeficiency virus is now the 
predominant cause of PML with HIV-infected 
patients, accounting for approximately 80% of 
PML cases [1] . Progressive multifocal leukoen-
cephalopathy occurs in HIV-infected persons 
with an overall prevalence of 4% among those 
with a CD4 count below 200 cells/mL [2]. Human 
immunodeficiency virus-associated PML can also 
present after the initiation of antiretroviral ther-
apy (ART) as a manifestation of IRIS.

Progressive multifocal leukoencephalopathy has 
been associated with the use of immunosuppressive 
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medications for several decades in solid organ and 
bone marrow transplant recipients and certain 
chemotherapeutics, especially fludarabine [1] . The 
introduction and rapidly expanded use of bio-
logic medications since the mid-1990s has led to 
a notable increase in medication-associated PML 
cases. That PML has been associated with certain 
immune-modulating biologics and not others has 
also shed light on how latent JCV infection may 
reactivate, spread to and gain access to the CNS, 
and then infect oligodendrocytes to produce the 
characteristic changes of PML.

Clinical Presentation
The most common presenting symptoms of PML 
reflect lesions in supratentorial and posterior fossa 
locations and typically involve changes in cogni-
tion and personality, motor weakness and gait 
abnormalities, speech and language difficulties, 
visual field deficits, and incoordination. Seizures 
are an uncommon presenting symptom [3] .

Two other forms of PML have been described. 
(1) Granule cell neuronopathy is the result of JCV 
infection of the granule cells of the cerebellum 
and presents with cerebellar and brainstem find-
ings. (2) A fulminant JCV encephalopathy involv-
ing infection of the cortical pyramidal neurons 
has also been described [3] .

Radiographic Findings
Both computed tomography and MRI can detect 
PML brain lesions, but MRI is more sensitive. 
Progressive multifocal leukoencephalopathy 
lesions are hypointense on T1-weighted MRIs 
and hyperintense on T2-weighted and FLAIR 
sequence images [3] . In HIV-associated PML, 
gadolinium enhancement is present in approxi-
mately 10% of patients, although this propor-
tion increases in HIV-infected persons who 
develop PML after initiating ART due to restora-
tion of immune function that may be accompa-
nied by worsening symptoms of IRIS. Immune 

FIGURE 4.13.2: MRI 5 weeks after presentation, 4 weeks after plasmapheresis (top row-FLAIR sequence, bottom 
row–T1 post-gadolinium sequence). The extent of FLAIR abnormality has increased since Figure 1 and there is now 
patchy contrast enhancement.
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reconstitution inflammatory syndrome is more 
severe and more common in MS patients with 
natalizumab-associated PML, approximately one 
half of whom have enhancing lesions at presen-
tation [3]. Radiographic evidence of IRIS occurs 
in essentially every MS patient as the effects of 
natalizumab wane [4, 5].

Association of Progressive Multifocal 
Leukoencephalopathy With 
Immune-Modulating Medications
Table 4.13.1 lists the immune-modulating medi-
cations that have been reported to be associated 
with PML. Natalizumab, rituximab, mycopheno-
late, brentuximab, and efalizumab all have “black 
box” warnings on their package inserts mandated 
by the US Food and Drug Administration (FDA). 
Efalizumab was voluntarily withdrawn worldwide 
in 2009 after four patients out of 1200 on the med-
ication developed PML. Natalizumab, rituximab, 
and mycophenolate are highlighted below because 
of the strength of their association with PML or 

their frequent use among immune-modulating 
medications.

Natalizumab
Natalizumab is a humanized immunoglobulin 
(Ig)G4 monoclonal antibody. It is a selective adhe-
sion molecule (SAM) blocker and targets the α4 
subunit of the very late antigen-4 (VLA-4) inte-
grin, which is used by lymphocytes to bind to 
vascular cell adhesion molecule 1 on endothelial 
cells. The primary mechanism theorized by which 
PML develops in patients receiving natalizumab 
is that the drug leads to decreased immune sur-
veillance of the CNS due to its inhibitory effect on 
T-cell trafficking into the CNS. It is approved for 
use in MS and Crohn’s disease.

Cases of PML were identified during clinical 
trials of natalizumab when combined with other 
immune-modulating medications [6–8]. As a 
result, it was approved for monotherapy use only, 
but cases of PML continue to be associated with 
its use. As of April 2013, approximately seven 

FIGURE  4.13.3: MRI 8 weeks after presentation (top row-FLAIR sequence, bottom row–T1 post-gadolinium  
sequence). While the FLAIR abnormalities are slightly more extensive than in Figure 2, the decrease in gadolinium 
contrast enhancement after corticosteroid therapy indicates resolving IRIS.

 

 

 



TABLE 4.13.1. IMMUNE-MODULATING MEDICATIONS ASSOCIATED WITH PML

Drug Molecular Target Disease Indications

Adalimumab TNF-α Anklylosing spondylitis*
Inflammatory bowel disease*
Juvenile idiopathic arthritis*
Psoriasis*
Rheumatoid arthritis*

Alemtuzumab CD52 B-cell chronic leukocytic leukemia*
Chronic graft-versus-host disease
Multiple sclerosis
Solid organ transplant immunosuppression
Hematopoietic stem cell transplant conditioning 

chemotherapeutic

Azathioprine Antimetabolite, purine analog Chronic immune thrombocytopenia
Dermatomyositis
Inflammatory bowel disease
Lupus nephritis
Myasthenia gravis
Neuromyelitis optica
Pemphigus vulgaris
Polymyositis
Rheumatoid arthritis*
Sjogren’s syndrome
Solid organ transplant immunosuppression*
Vasculitis

Brentuximab† CD30 Anaplastic large cell lymphoma*
Hodgkin lymphoma*

Cyclophosphamide Alkylating agent Acute lymphoblastic leukemia*
Acute myelocytic leukemia*
Autoimmune hemolytic anemia
Breast cancer*
Chronic lymphocytic leukemia*
Chronic myelocytic leukemia*
Cutaneous T-cell lymphoma*
Hodgkin lymphoma*
Idiopathic thrombocytopenic purpura
Lupus nephritis
Multiple myeloma*
Multiple sclerosis
Myasthenia gravis
Nephrotic syndrome in children*
Neuroblastoma*
Non-Hodgkin lymphoma*
Ovarian cancer*
Retinoblastoma*
Severe rheumatologic diseases
Various solid organ cancers

Cyclosporine Calcineurin inhibitor Focal segmental glomerulosclerosis
Graft-vs-host disease (prophylaxis and 

treatment)
Psoriasis*
Rheumatoid arthritis*
Solid organ transplant immunosuppression*
Systemic lupus erythematosus
Ulcerative colitis

(continued)



Drug Molecular Target Disease Indications

Efalizumab†,‡ CD11a Psoriasis*

Fludarabine Antimetabolite, purine analog Acute lymphocytic leukemia in children
Acute myeloid leukemia
B-cell chronic leukocytic leukemia*
Hematopoietic stem cell transplant conditioning 

chemotherapeutic
Non-Hodgkin lymphoma
Waldenstrom’s macroglobulinemia

Ibritumomab CD20 B-cell non-Hodgkin lymphoma*
Follicular non-Hodgkin lymphoma*

Infliximab TNF-α Anklylosing spondylitis*
Inflammatory bowel disease*
Psoriasis*
Rheumatoid arthritis*
Sarcoidosis

Methotrexate Folate analog inhibitor Acute lymphoblastic leukemia*
Acute promyelocytic leukemia
Bladder cancer
Breast cancer*
CNS tumors
Cutaneous T-cell leukemia*
Dermatomyositis
Graft-versus-host disease (prophylaxis)
Head and neck cancer (epidermoid)*
Juvenile idiopathic arthritis*
Lung cancer*
Non-Hodgkin lymphoma*
Osteosarcoma*
Polymyositis
Rheumatoid arthritis*
Psoriasis*
Soft tissue sarcoma
Systemic lupus erythematosus
Takayasu arteritis

Mycophenolate† Inosine-5′-monophosphate 
dehydrogenase inhibitor

Autoimmune hepatitis
Autoimmune glomerular disease
Graft-vs-host disease (prophylaxis and 

treatment)
Lupus nephritis
Myasthenia gravis
Neuromyelitis optica
Psoriasis
Solid organ transplant immunosuppression*

Natalizumab† α4 integrin CD49d Crohn’s disease*
Multiple sclerosis*

Rituximab† CD20 Autoimmune hemolytic anemia in children
Chronic immune thrombocytopenia
Chronic lymphocytic leukemia*
Chronic graft-versus-host disease
Granulomatosis with polyangitis*

TABLE 4.13.1 (CONTINUED)

(continued)
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years after becoming available for prescription, 
347 cases of confirmed PML have been reported 
in persons receiving natalizumab.

The estimated risk of developing PML is 1 case 
for every 1000 patients receiving natalizumab. 
Three risk factors identified with the highest risk 
of developing PML are as follows:  (1)  the prior 
use of immunosuppressive medications, such as 
azathioprine, methotrexate, mitoxantrone, cyclo-
phosphamide, or mycophenolate; (2)  a positive 
JCV serology; and (3) natalizumab monthly treat-
ment for more than two years. Individuals with all 
three risk factors have an estimated risk of devel-
oping PML of 11 per 1000 persons [9] .

Rituximab
Rituximab is a chimeric IgG1 anti-CD20 mono-
clonal antibody that depletes CD20+ B and pre-B 
cells. It is used in a wide range of disease states, 
including neurologic disorders, malignancies, and 
autoimmune diseases. Cases of PML have been 
observed in patients receiving rituximab across 
this entire spectrum of diseases, including dis-
eases such as rheumatoid arthritis where PML 

does not occur in untreated patients [10]. This 
observation strongly suggests that rituximab itself 
is associated with an increased risk of PML.

The mortality rate of reported rituximab-  
associated PML cases is 90%, with a median time 
to death of two months [11]. This mortality rate 
is higher than the observed rate of death in PML 
cases attributed to other immune-modulating 
drugs, such as natalizumab, and is likely because 
the majority of rituximab-associated PML cases 
occur in patients with leukemia or lymphoma. 
These patients often are receiving additional 
immune-modulating chemotherapeutics that may 
decrease their ability to survive PML.

Mycophenolate
Mycophenolate is a selective, noncompetitive, 
reversible inhibitor of inosine-5’-monophosphate 
dehydrogenase, which is the first of two enzymes 
responsible for conversion of inosine monophos-
phate to guanosine monophosphate. Depletion 
of guanosine and deoxyguanosine metabolites 
inhibits B and T cell proliferation. Although 
patients taking mycophenolate typically receive 

Drug Molecular Target Disease Indications

Inflammatory myositis
Lupus nephritis
Membranous nephropathy
Microscopic polyangitis*
Multifocal motor neuropathy
Multiple sclerosis
Myasthenia gravis
Nephrotic syndrome in children
Neuromyelitis optica
Non-Hodgkin lymphoma*
Pemphigus vulgaris
Posttransplant lymphoproliferative disease
Rheumatoid arthritis*
Thrombotic thrombocytopenic purpura
Waldenstrom’s macroglobuliemia

Tacrolimus Calcineurin inhibitor Graft-vs-host disease (prophylaxis and 
treatment)

Solid organ transplant immunosuppression*

Abbreviations: FDA, US Food and Drug Administration; TNF, tumor necrosis factor.
*FDA-approved indication.
†Black-label warning mandated by FDA regarding risk of PML associated with medication.
‡Voluntarily withdrawn from market worldwide in 2009. Table adapted from Schmedt N, Andersohn F, Garbe E. Signals of progressive 
multifocal leukoencephalopathy for immunosuppressants:  a disproportionality analysis of spontaneous reports within the US Adverse 
Event Reporting System (AERS). Pharmacoepidemiol Drug Saf. 2012;21:1216, Bosch X, Saiz A, Ramos-Casals M, BIOGEAS Study Group. 
Monoclonal antibody therapy-associated neurological disorders. Nat Rev Neurol. 2011;7:165, and Berger JR. Progressive multifocal leukoen-
cephalopathy and newer biological agents. Drug Saf. 2010;33:969.

TABLE 4.13.1 (CONTINUED)
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additional immunosuppressive medications, an 
increased incidence of PML has been observed in 
patients on mycophenolate-containing immuno-
suppressive regimens compared with patients on 
mycophenolate-sparing regimens [12].

D I F F E R E N T I A L  D I AG N O S I S
It is crucial that PML be considered in the dif-
ferential diagnosis of any patient receiving an 
immune-modulating medication associated with 
PML and presenting with new neurologic symp-
toms. An MRI of the brain should be obtained 
promptly, and evidence of JCV infection in the 
CNS should be investigated. Differential diagnosis 
depends on the patient’s underlying disease and 
immune-compromising regimen.

It can be difficult to ascertain the etiology 
of neurologic symptoms in MS patients receiv-
ing natalizumab. Multiple sclerosis and PML 
both cause demyelinating lesions, and half of 
natalizumab-associated PML cases present with 
some degree of enhancement on MRI, a typi-
cal finding in MS. Corticosteroids can improve 
symptoms attributable to PML IRIS, thus further 
confounding the picture because steroids are also 
a mainstay of treatment for MS exacerbations.

In MS patients on natalizumab, comparison of 
MRIs obtained after the onset of new neurologic 
symptoms with prior MRIs is important. Certain 
features can help discern between demyelinating 
lesions caused by PML or MS. Multiple sclerosis 
lesions often occur in a periventricular pattern, 
so-called “Dawson’s fingers”, in contrast to PML 
lesions, which frequently appear in the subcorti-
cal white matter or the gray-white matter junc-
tion. Progressive multifocal leukoencephalopathy 
lesions are rarely found in the optic nerves or spi-
nal cord, but MS lesions preferentially affect these 
locations [13].

Two additional diagnoses that should be con-
sidered in oncology patients and bone marrow or 
solid organ transplant recipients presenting with 
new neurologic symptoms are posterior revers-
ible encephalopathy syndrome (PRES) and post-
transplant lymphoproliferative disorder (PTLD). 
Posterior reversible encephalopathy syndrome 
is associated with immunosuppressive medica-
tions frequently used in transplant populations, 
including tacrolimus, cyclosporine, sirolimus, and 
rituximab. Posterior reversible encephalopathy 
syndrome presents as acute onset of confusion, 
seizures, headache, and visual disturbances. Brain 
imaging reveals a primarily posterior cerebral 
hemispheric process with imaging features con-
sistent with vasogenic edema [13]. Posttransplant 

lymphoproliferative disorder is caused by a pro-
liferation of B lymphocytes that is driven by 
Epstein-Barr virus reactivation in the setting of 
immune suppression. Some of these B lympho-
cytes may undergo mutations leading to B-cell 
lymphoma. Most patients with PTLD present 
with extranodal masses and 20%–25% have CNS 
disease.

Diagnosis of Progressive Multifocal 
Leukoencephalopathy
There are two main approaches to establishing the 
diagnosis of PML: (1) demonstration of character-
istic histopathologic changes consistent with JCV 
infection or (2)  correlating clinical and radio-
graphic criteria for PML with the identification of 
JCV in CSF [3] . Before the development of PCR 
techniques to identify JCV DNA, brain biopsy was 
the primary means of confirming the diagnosis 
of PML. Biopsies of PML lesions demonstrate a 
unique triad of histopathologic changes consisting 
of white matter inflammation and demyelination; 
enlarged, reactive, so-called “bizarre” astrocytes; 
and enlarged basophilic oligodendrocytes that 
stain positive for JCV SV40 antigen [3].

Identification of JCV DNA via PCR in CSF 
combined with the presence of characteristic 
clinical and/or radiographic findings of PML 
is the more common diagnostic approach used 
now. The sensitivity of various commercial labo-
ratories’ JCV PCR tests varies, and false-negative 
results can occur because CSF JCV viral loads can 
be low early in the course of PML. The research 
laboratory at the National Institutes of Health can 
reliably detect 10 copies of viral DNA/mL, and 
CSF samples can be sent to this laboratory in the 
situation of a suspected false-negative CSF JCV 
PCR [3] . Aside from the detection of JCV DNA 
in CSF, the CSF profile of patients with PML in 
the absence of IRIS is typically normal with the 
majority of patients having only a few white 
blood cells and a modest elevation in protein lev-
els at most.

JC virus serology is not useful in diagnosing 
PML given the frequency of JCV infection by 
adulthood. Likewise, detection of JCV DNA in 
plasma or urine has not been shown to directly 
correlate with development of PML [14, 15].

Treatment
Reconstitution of the immune system is the 
mainstay of PML treatment, because there is no 
drug that has proven to be effective in combat-
ing JCV infection. In natalizumab-associated 
PML, immune reconstitution is accomplished 
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by stopping the drug and performing plasma 
exchange transfusion (PLEX) or immunoadsorp-
tion. Plasma exchange transfusion and immu-
noadsorption serve to rapidly decrease the levels 
of natalizumab remaining in the body. They also 
decrease the drug’s binding to lymphocytes’ α4 
subunit of the VLA-4 integrin, thus minimizing 
further interference with lymphocytes trafficking 
into the CNS [4, 5].

Immune reconstitution inflammatory syn-
drome predictably occurs several days to weeks 
after PLEX in natalizumab-associated PML. 
Patients with IRIS after PLEX typically present 
with subacute progression of their prior PML 
symptoms [5] . High-dose corticosteroids (dexa-
methasone 32 mg daily in four divided doses for 
two weeks or methylprednisolone 1 gram daily 
for five days) are often administered for several 
days when patients present with IRIS symptoms 
followed by a slow taper of oral steroids. Immune 
reconstitution inflammatory syndrome symptoms 
can last up to several months and, in certain cir-
cumstances, prove to be fatal. Despite the poten-
tial worsening of symptoms due to IRIS, it is vital 
to reconstitute the immune system as soon as pos-
sible given the natural progression of PML in the 
setting of ongoing immune suppression.

Several medications have been studied in the 
treatment of PML, but none has proven clinically 
beneficial. Mirtazapine blocks the entry of JCV 
into cells in vitro via its 5-hydroxytryptamine2A 
serotonin receptor blockade but has not been 
shown to stop PML disease progression in clini-
cal experience [16]. Mefloquine inhibits JCV 
replication within cells in vitro after a virion has 
entered but also has not demonstrated any posi-
tive effect on disease outcomes [17]. Cytarabine 
was found to prevent JCV replication in vivo, 
but a placebo-controlled trial in patients with 
HIV-associated PML showed no benefit [18]. 
Cidofovir has in vitro activity against JCV but has 
not been found to affect PML morbidity or mor-
tality [19]. CYT107, a recombinant form of human 
interleukin-7 that serves as a T-lymphocyte 
growth factor, received orphan drug designation 
for the treatment of PML in the United States 
and Europe, but its development was suspended 
when the pharmaceutical company developing it 
declared bankruptcy.

Prevention
Several strategies have been proposed for prevent-
ing PML associated with immune-modulating 
medications. Risk-stratifying recipients of 
immune-modulating drugs based on JCV 

seropositivity can be useful because 90%–100% 
of natalizumab-associated PML occurs in JCV-  
seropositive patients [15]. However, the high rates 
of JCV seropositivity in the general population 
suggest that few patients would be exempted from 
closer monitoring due to being seronegative.

Routine surveillance for JCV DNA in urine, 
plasma, and peripheral blood mononuclear cells 
does not seem to be a useful screening tool. No 
significant differences were found in the detec-
tion rates of JCV viremia and viruria between 
people exposed and unexposed to natalizumab. 
Moreover, there were no significant differences 
found in JCV DNA detection over time in people 
receiving natalizumab. In addition, JCV DNA was 
unable to be isolated from the blood of five patients 
who developed PML while on natalizumab [15].

Surveillance magnetic resonance brain 
imaging is another recommended surveillance 
approach for any patient receiving an immune-  
modulating drug that has been associated with 
PML. Comparison with baseline MRIs is particu-
larly important among patients with MS given the 
difficulties distinguishing the etiology of white 
matter lesions.

Drug holidays from agents such as natali-
zumab have also been used to allow for at least 
partial immune reconstitution. However, the risk 
of a patient’s underlying disease recurring during 
the drug holiday is significant, and the magni-
tude of any potential benefit of reducing the risk 
of PML is offset by the risk of IRIS. Prevention of 
IRIS by prophylactic administration of corticoste-
roids after PLEX for PML or discontinuation of 
natalizumab for indications other than suspected 
PML is not advised because steroids may blunt 
effective anti-JCV cell response [20].

Prompt assessment of patients with new 
neurologic symptoms or MRI findings who are 
receiving immune-modulating drugs associated 
with PML remains the most crucial intervention. 
Drug safety databases and registries of patients 
receiving particular immune-modulating medi-
cations are important data repositories for bet-
ter understanding the risk factors for developing 
PML associated with these drugs as well as patient 
outcomes and responses to various treatments.
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CA S E  P R E S E N TAT I O N
A 35-year-old woman with a longstanding his-
tory of Crohn’s disease presented to the gastroen-
terology office for evaluation of abdominal pain 
and diarrhea that had been getting progressively 
worse over the last six months. She reported fre-
quent, loose bowel movements, requiring trips to 
the bathroom as often as every two to three hours, 
as well as significant fatigue. She had lost over ten 
pounds in the preceding three months.

The patient had been diagnosed with Crohn’s 
disease in her late 20s after an initial presentation 
of fatigue, abdominal pain, and diarrhea. Upper 
and lower endoscopy revealed ileocolonic disease, 
and pathology confirmed the diagnosis of Crohn’s 
disease. Her disease had been quiescent on mesa-
lamine, and she was otherwise healthy requiring 
no other daily medications. She was born in Korea 
but subsequently raised in Philadelphia after being 
adopted at age one year. She denied any tobacco, 
alcohol, or drug use. She had a negative human 
immunodeficiency virus (HIV) test at the time of 
her Crohn’s diagnosis.

Physical examination revealed a well devel-
oped, thin woman in no significant distress. Her 
head and neck exam was notable for pale con-
junctivae and was without oropharyngeal lesions 
or cervical lymphadenopathy. Cardiopulmonary 
exam was normal. She was diffusely tender to 
palpation throughout her abdomen, and assess-
ment of organomegaly was limited by pain. Rectal 
examination revealed hemoccult-positive stool in 
the rectal vault, and no fissures or ulcers were vis-
ible on perianal exam.

Laboratory data were notable for a white blood 
cell count of 11 000 cells/mm3 (normal: 4000–11 
000), hemoglobin of 9.6 g/dL (normal: 13.5–17.5), 
and platelets of 196 000 cells/mm3 (normal:  150 
000–400 000). Serum creatinine was normal with 
no derangement of her electrolytes. Liver function 
tests demonstrated an elevated aspartate trans-
aminase of 56 U/L (normal:  15–41) and alanine 

transaminase of 75 U/L (normal:  17–63), with 
normal alkaline phosphatase and total bilirubin 
levels. Albumin level was mildly depressed at 3.2 
mg/dL (normal: 3.5–4.8). Erythrocyte sedimenta-
tion rate was 69 mm/hour (normal: 0–40). Initial 
workup for the chronic diarrhea was negative 
including thyroid studies, serologic testing for 
Celiac disease, Clostridium difficile stool poly-
merase chain reaction testing, and microbiologic 
stool cultures.

Colonoscopy was subsequently performed. 
Endoscopic findings included multiple small 
ulcers with surrounding erythema as well as ser-
piginous, deeper ulcers involving the ileum and 
primarily right side of the colon. It was noted that 
the rectum was spared with normal-appearing 
mucosa. Biopsies from the colon and ileum 
revealed acute and chronic inflammation with 
occasional granulomas. These findings confirmed 
the diagnosis of active Crohn’s disease.

The severity of disease activity prompted a 
discussion about the use of immunomodulatory 
agents to achieve disease control and provide 
symptomatic relief for the patient. The patient 
was amenable to more aggressive therapy since 
her symptoms had been progressively worsening 
without any symptom abatement. The patient’s 
gastroenterologist hoped to start the patient on 
infliximab, but he was troubled by the patient’s 
elevated liver function tests. As part of the initial 
workup for hepatitis and in preparation for pos-
sible initiation of infliximab, the patient under-
went serologic testing for HIV and hepatitis B 
and C.  She also had a Mantoux tuberculin skin 
test placed for tuberculosis screening, which was 
read as negative at seventy-two hours. Antibody 
testing for HIV and hepatitis C were all negative. 
Screening tests for hepatitis B virus (HBV) were 
as follows:  hepatitis B surface antigen (HBsAg) 
positive, hepatitis B core antibody (HBcAb) posi-
tive, and hepatitis B surface antibody (HBsAb) 
negative. Subsequent testing revealed that a serum 
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HBV DNA level was elevated at 2100 IU/mL (nor-
mal: < 20), hepatitis B e antigen was negative, and 
hepatitis B e antibody was positive.

D I S C U S S I O N
The use of immunomodulatory agents has revolu-
tionized the management of autoimmune diseases 
such as inflammatory bowel diseases, rheumatoid 
arthritis, and psoriasis [1–3]. Disease pathogenesis 
in these conditions has been linked to enhanced 
proinflammatory activity by the cytokine tumor 
necrosis factor (TNF)-α. Blockade of this cytokine’s 
activity with TNF-α inhibitors has dramatically 
altered disease progression and improved clinical 
outcomes for these patients. However, the immu-
nosuppression induced by these biologic agents 
carries substantial infection risk, particularly the 
reactivation of latent infections [4–6]. Hepatitis 
B virus is one such infection, where inhibition of 
TNF-α can lead to reactivation and potentially 
life-threatening hepatitis or liver failure.

Tumor necrosis factor-α is an important 
proinflammatory cytokine that exerts multiple 
effects on both the innate and adaptive immune 
response. Synthesized and secreted by activated 
macrophages and T lymphocytes, TNF-α is 
responsible for stimulating the release of other 
proinflammatory cytokines such as interleukin 

(IL)-1β, IL-6, IL-8 and granulocyte-macrophage 
colony-stimulating factor, up-regulating endo-
thelial adhesion molecules, recruiting neutrophils 
and macrophages, as well as coordinating granu-
loma formation and maintenance [7,  8]. Tumor 
necrosis factor-α seems to have multiple functions 
in the eradication and control of HBV infection 
including down-regulation of HBV replication 
in hepatocytes and promotion of the apoptosis of 
infected hepatocytes. Reduction in TNF-α secre-
tion is associated with diminished proliferation of 
HBV-specific cytotoxic T lymphocyte activity and 
subsequent impairment of HBV clearance [9, 10]. 
Thus, use of TNF-α inhibitors could be associ-
ated with the loss of immune control in chronic 
or occult HBV infection, leading to reactivation 
[11, 12].

Since the first TNF-α inhibitor, infliximab, 
received initial approval by the US Food and Drug 
Administration (FDA) in 1998, multiple drugs 
have been introduced, with important structural 
differences within the class (Table 4.14.1). Most 
of the available agents, including infliximab, 
adalimumab, certolizumab, and golimumab, are 
monoclonal antibodies that bind TNF-α, prevent-
ing subsequent binding of TNF-α to its receptor 
and activation of downstream signaling pathways. 
Although infliximab is a chimeric monoclonal 

TABLE 4.14.1. CHARACTERISTICS OF THE DIFFERENT TNF-α INHIBITORS 
CURRENTLY AVAILABLE

TNF-α Inhibitor  
(Brand Name)

Structure Route Specific Features

Infliximab (Remicade) Chimeric monoclonal antibody IV •	 Can	fix	complement	→ cytolysis
•	 Greater	immunogenicity	compared	

with other monoclonal antibodies 
and etanercept

Adalimumab (Humira) Fully human monoclonal antibody SC •	 Can	fix	complement	→ cytolysis

Golimumab (Simponi) Fully human monoclonal antibody SC* •	 Can	fix	complement	→ cytolysis

Certolizumab (Cimzia) Pegylated humanized monoclonal 
antibody (lacks Fc portion of the 
antibody)

SC •	 Unable	to	fix	complement
•	 Reduced	immunogenicity	

compared to other monoclonal 
antibodies

Etanercept (Enbrel) Recombinant human protein  
mimic of TNF-α receptor

SC •	 Able	to	bind	and	neutralize	
lymphotoxin (TNF-β)

•	 Forms	less	stable	complexes	with	
TNF-α, compared with monoclonal 
antibodies

•	 Unable	to	fix	complement

Abbreviations: IV, intravenous; SC, subcutaneous.
*Has FDA approval for intravenous administration in rheumatoid arthritis.
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antibody derived from human and murine com-
ponents, adalimumab and golimumab are fully 
humanized. Certolizumab differs slightly in that 
it is a humanized monoclonal antibody coupled 
to polyethylene glycol, which is thought to reduce 
immunogenicity and prolong the drug’s half-life. 
In contrast, etanercept is a recombinant human 
protein that mimics the soluble TNF-α recep-
tor, thereby preventing TNF-α from binding 
functional receptors. Such structural variation 
may have mechanistic implications that, along 
with differences in routes of administration, 
may portend differential infection risk profiles 
for these drugs [13]. Postmarketing drug stud-
ies have suggested that infliximab may carry a 
higher risk of HBV reactivation compared with 
the other drugs, possibly owing to its uniqueness 
as an intravenously administered and chimeric 
agent. However, it is also postulated that currently 
observed higher infection rates simply may be 
driven by the longer history and more widespread 
use of infliximab [14].

Hepatitis B virus is one of the most com-
mon chronic viral infections worldwide, with 
over 350  million people chronically infected 
[15]. Thus, with more widespread use of TNF-α 
inhibitors, the potential for activation of HBV 
infection will likely become more clinically 
important. Currently, providers from multiple 
specialties—gastroenterology, rheumatology, 
and dermatology—prescribe TNF-α inhibitors, 
but to date no consensus has been established 

as to how best to manage these patients [16]. 
The American Association for the Study of Liver 
Diseases (AASLD) has expanded its recommen-
dations on antiviral prophylaxis for HBV carriers 
who receive immunosuppressive or cytotoxic che-
motherapy to apply to patients receiving TNF-α 
inhibitors as well [17].

Drawing from the AASLD guidelines [17], 
Figure 4.14.1 depicts a simplified algorithm for 
the management of antiviral prophylaxis for HBV 
infection in the setting of therapy with a TNF-α 
inhibitor. Prior to the initiation of a TNF-α inhibi-
tor, the first priority should be to determine HBV 
infection status by measuring HBsAg, HBsAb, 
and HBcAb. Interpretation of these laboratory 
tests will allow for identification of patients with 
chronic, occult, or resolved infection; each of 
these disease states carry a different risk for dis-
ease reactivation or flare. Negative HBsAg and 
HBcAb testing essentially rules out the possibility 
of previous or current HBV infection, and these 
patients should be offered HBV vaccination if not 
previously administered. Unfortunately, adher-
ence to these screening guidelines is poor.

Patients who test positive for HBsAg should 
be started on antiviral therapy regardless of 
being categorized as active or inactive carriers. 
Among those with a negative HBsAg who test 
positive for HBcAb, further testing should be 
performed to determine the presence of HBV 
viremia. Those with detectable viremia should 
be treated with antiviral therapy, as in the case 

2 weeks

Contemplating use of TNF-α
inhibitor: screen for HBV with

HBsAG, HBcAb, HBsAb

Start antiviral therapy if needed

Start TNF-α inhibitor Stop TNF-α inhibitor

Stop antiviral therapy
if HBV DNA ≤ 2000 IU/mL

at start of treatment

HBV viremia: start
antiviral therapy

If HBsAg – and HBcAb +:
Check HBV DNA level

If HBsAg +: obtain HBV DNA
level and start antiviral therapy

If HBsAg – and HBcAb – :
consider HBV vaccination

No HBV viremia: monitor
AST, ALT, HBV DNA

If HBV DNA > 2000 IU/mL at
start, then continue antiviral
therapy until reach stopping

rules for HBV treatment

Monitor AST, ALT, HBV DNA 6 weeks

FIGURE  4.14.1: Managing the potential reactivation of hepatitis B infection in the setting of initiation of TNF-α 
inhibitors.
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of the HBV carriers. The risk of reactivation in 
patients without detectable viremia, classified 
typically as occult hepatitis B, is considered low 
enough that prophylactic therapy is not routinely 
recommended in the setting of TNF-α inhibitors. 
Instead, these patients should be closely observed 
with routine monitoring of liver function tests 
and HBV DNA levels and subsequent initiation of 
antiviral therapy if laboratory abnormalities arise. 
An important exception is patients with occult 
hepatitis B who will receive rituximab, a chimeric 
monoclonal antibody targeting B lymphocytes, 
because these patients should be prophylactically 
started on antiviral therapy. This recommendation 
is driven by the profound, long-lasting depletion 
of the B-cell population induced by rituximab, 
which leads to dysregulation in HBV immunity 
and contributes to a substantially increased risk of 
HBV reactivation. Loss of B cells leads to failure 
in HBV antigen presentation, allowing the virus 
to evade cytotoxic T lymphocyte control and ulti-
mately leading to viral reactivation [18].

Prophylactic antiviral therapy generally should 
be started one to two weeks prior to the initiation 
of TNF-α inhibitors and continued for at least six 
months after cessation of the immunosuppressive 
regimen. All patients initiated on treatment should 
have a baseline HBV DNA level drawn and receive 
routine monitoring of serum liver function tests 
and HBV DNA levels. Patients with HBV DNA 
levels >2000 IU/mL should continue antiviral ther-
apy until they reach therapeutic goals for chronic 
hepatitis B, which vary depending on their HBV 
infection status but generally consist of achieving 
sustained undetectable HBV DNA levels and possi-
bly HBsAg clearance. Most studies on prophylactic 
antiviral therapy during courses of immunosup-
pression have focused on lamivudine, but alterna-
tive treatment with tenofovir or entecavir could 
be used. These alternatives may be preferred in 
patients who will be receiving a long duration of 
immunosuppressive therapy and thus may be at 
higher risk of developing resistance to lamivudine. 
Interferon-based therapy should be avoided.

Tumor necrosis factor-α inhibitors have 
become important agents in our armamentarium 
of drugs against autoimmune diseases. However, 
given the immunosuppression induced by these 
drugs, their safe application mandates careful, 
ongoing evaluation of a patient’s infection risk 
and adoption of prophylactic strategies as appli-
cable. The availability and ease of use of antiviral 
therapy for HBV infection should help prevent 
life-threatening complications of HBV infection 

from becoming a reality in the era of TNF-α 
inhibitors.
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4.15
Can We Inject to Protect

CRIST INA BR ICKMAN,  MD

CA S E  P R E S E N TAT I O N
A 60-year-old woman with rheumatoid arthritis 
presented with five days of fever and left ear pain. 
She had been diagnosed with rheumatoid arthri-
tis at age 45 after developing arthralgias, morning 
stiffness, and fatigue. She was treated with metho-
trexate and hydroxychloroquine but required pro-
gressively longer courses of steroids to alleviate her 
symptoms, ultimately becoming dependent on 20 
mg of prednisone daily after a few years. By age 55, 
she had developed progressive joint deformities of 
the metacarpal joints as well as steroid-induced 
diabetes mellitus. A  decision was made to start 
therapy with infliximab, a tumor necrosis fac-
tor (TNF)-α inhibitor. A tuberculin skin test was 
negative, and she received pneumococcal polysac-
charide and tetanus-diphtheria-acellular pertussis 
vaccines prior to therapy. Immunization with live 
herpes zoster vaccine (Zostavax, Merck) was con-
traindicated given her longstanding steroids and 
methotrexate [1] . The patient responded quickly 
to infliximab and was maintained on this along 
with methotrexate:  steroids were tapered and 
ultimately discontinued. Although she still noted 
mild stiffness and occasional arthralgias, these did 
not significantly impact her daily activity.

At age 60, she was in her usual state of health 
until one week prior to admission when she noted 
left ear pain and swelling. Her primary care pro-
vider diagnosed otitis externa and prescribed 
ciprofloxacin otic drops, but symptoms did not 
improve. On the day prior to admission, she 
developed subjective fevers, dizziness, and gait 
instability, eventually prompting her husband to 
bring her to the emergency department (ED).

In the ED, she had a temperature of 39.2°C, 
blood pressure of 166/72 mmHg, and heart rate of 
100 beats per minute. Physical exam was notable 
for a mild left-sided facial droop and a grossly 
inflamed, erythematous ear with copious grayish 
yellow exudate (Figure 4.15.1). Two small, clear 
vesicles were present along the antihelix of the 

ear. She was started on broad-spectrum antibiot-
ics for possible malignant otitis media externa, 
but a magnetic resonance image did not show 
evidence of bony or deep tissue involvement. She 
was then noted to have several scattered, crusted 
erythematous papules on her left anterior neck 
(Figure  4.15.2). A  lumbar puncture was signifi-
cant for 60 white blood cells/µL (65% lympho-
cytes), 18 red blood cells/µL, protein 127 mg/dL, 
and glucose 59 mg/dL. Gram stain was negative 
for organisms.

Based on her rash, cerebrospinal fluid pleo-
cytosis, and underlying immunocompromised 
status, a variety of diagnoses were considered. 
Although the pattern of involvement suggested 
herpes zoster, other potential diagnoses included 
herpes simplex and enteroviral infections. Her 

FIGURE  4.15.1: Swollen and erythematous left ear 
with grayish yellow exudate. Several small vesicles are 
visible within the antihelix of the ear.
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neurologic findings might have been consistent 
with other diagnoses, such as cytomegalovirus, 
tuberculous meningitis, endemic mycoses (e.g. 
Coccidioides), and Lyme disease; however, the 
cutaneous manifestations were inconsistent with 
these diagnoses. The Infectious Diseases consul-
tant suspected disseminated zoster and recom-
mended high-dose acyclovir.

The patient improved clinically over the next 
few days with resolution of her pain and vertigi-
nous symptoms. She reported a history of child-
hood varicella-zoster, prompting a diagnosis 
of disseminated herpes zoster with facial nerve 
involvement (Ramsey-Hunt syndrome) and cen-
tral nervous system involvement. Polymerase 
chain reaction from her cerebrospinal fluid was 
positive for varicella-zoster virus, confirming the 
diagnosis. She received a fourteen-day course 
of acyclovir 10 mg/kg intravenously every eight 
hours along with seven days of vancomycin and 
piperacillin-tazobactam for superimposed bac-
terial infection of her ear, and she recovered 
completely.

D I S C U S S I O N
The widespread use of immunosuppressive agents 
in transplant recipients and patients with auto-
immune conditions has led to a steady increase 
in the number of people living with immuno-
suppression [2] . Immunosuppressive agents 
can be divided into three categories:  glucocor-
ticoids, nonbiologic immunomodulators, and 
biologic agents. Nonbiologic immunomodula-
tors include potent anti-inflammatory agents 
such as the calcineurin inhibitors and mycophe-
nolate mofetil, as well as the antimetabolites, 
which have less marked effects on the immune 
system. Antimetabolites such as methotrexate, 

azathioprine, and 6-mercaptopurine comprised 
the mainstay in treatment of rheumatologic dis-
ease and inflammatory bowel disease (IBD) until 
the advent of biologic agents. Due to their clear 
efficacy, biologics such as the TNF-α inhibitors 
are now front-line agents in the treatment of many 
rheumatic diseases and IBD despite the associated 
risk of serious infection [3].

Given the association between immunosup-
pression and infection, the Centers for Disease 
Control and Prevention (CDC) and the Academy 
for Immunization Practices recommend that 
persons on immunosuppressive drugs receive 
inactivated trivalent influenza vaccine as well as 
all age-appropriate polysaccharide-based vac-
cines (e.g. pneumococcal conjugate vaccine and 
pneumococcal polysaccharide vaccine, menin-
gococcal conjugate vaccine or meningococcal 
polysaccharide, and Haemophilus influenza type 
b vaccine) [1] . However, the safety and/or effec-
tiveness of this practice has not been completely 
established.

In addition, live vaccines such as herpes zoster 
vaccine (Zostavax) are currently contraindicated 
due to the theoretical risk of developing clinical 
disease from the attenuated virus [1] . This deci-
sion arises primarily from the absence of data 
rather than from evidence that live vaccines actu-
ally harm immunosuppressed patients. Therefore, 
it is also important to address whether live vac-
cines can be used in patients on immunosuppres-
sive therapy.

Inactivated Vaccines in Patients 
Receiving Immunosuppressive Drugs
A recent review evaluated all prospective con-
trolled trials that measured pre- and postimmu-
nization titers of vaccines for children and adults 
on immunosuppressive therapy [4] . Only fifteen 
trials were identified, all of which measured anti-
body titers to the influenza vaccine and/or the 
pneumococcus polysaccharide vaccine.

None were powered to detect differences in 
the risk of infection, and none evaluated live vac-
cines or other inactivated vaccines such as hepati-
tis A, hepatitis B, TDaP, pneumococcus conjugate, 
or H influenzae type B.

The studies were notable for the heterogene-
ity in underlying medications and disease pro-
cesses:  eight included subjects with rheumatic 
disease, three with IBD, and four with a solid organ 
transplant. Two conclusions can be gleaned despite 
this diversity. First, vaccines were well tolerated and 
not associated with disease flares or graft rejection. 
Second, although the response to the influenza and 

FIGURE 4.15.2: Scattered, crusted, erythematous pap-
ules along the skin of the left anterior neck.
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pneumonia polysaccharide vaccine was reduced 
by immunosuppressants, the majority of subjects 
still attained seroprotective levels. Although true 
efficacy data is lacking, it is reasonable to infer that 
patients with evidence of seroprotection may be 
protected against actual infection.

Whether biologics inhibit vaccine responses 
more than nonbiologic immunomodulators has not 
been clearly answered. Of the trials that addressed 
this question, six found that vaccine responses 
were more impaired by biologics compared with 
nonbiologic immunomodulators. However, all six 
were cohort studies that did not account for con-
founding by indication: that is, the studies did not 
consider whether subjects with the most severe 
immune dysregulation were more likely to receive 
biologics. Thus, patients may fail to respond to vac-
cines because of differences in baseline immune 
function and not from the direct effect of biologics. 
In fact, the only two available randomized trials that 
addressed the specific role of biologics did not find 
a statistically significant difference compared with 
nonbiologic immunomodulators, although it is 
unclear whether they were powered appropriately.

In summary, there is substantial evidence that 
inactivated vaccines are safe and immunogenic 
in patients on immunosuppressive medications, 
although the exact impact of biologic agents 
remains to be determined. Furthermore, given 
the short follow-up time of the available studies, 
the long-term effects of vaccination and whether 
immunosuppressed patients would benefit from 
more frequent boosting are unknown.

The Live Herpes Zoster 
Vaccine in Patients Receiving 
Immunosuppressive Drugs
With approximately 1 million people in the United 
States affected each year, herpes zoster is exceed-
ingly common. Although rarely lethal, 25% of 
cases develop complications that result in signifi-
cant morbidity, including chronic pain, scarring, 
vision loss, and hospitalization [5] . Patients on 
immunosuppressive drugs are at increased risk for 
herpes zoster due to impaired cellular immunity. 
For example, patients with rheumatic disease have 
a two-fold risk of herpes zoster compared with the 
general population, and those treated with TNF- α 
inhibitors have a 75% greater risk than patients on 
nonbiologic agents [6]. Patients on biologics are 
also nine times more likely to be hospitalized for 
herpes zoster than the general population [7].

The live herpes zoster vaccine is derived from 
the same strain used to develop the varicella-zoster 

vaccine (Varivax, Merck), but it is fourteen times 
more potent; a stronger dose is used to boost host 
cellular immunity and allow recipients to maintain 
viral latency. A 2005 randomized controlled trial 
demonstrated its efficacy in preventing both the 
incidence of herpes zoster and its complications 
in an older patient population, but subjects on 
immunosuppressant medications were excluded 
[8] . Although inactivated zoster vaccines have 
shown promise in clinical trials, they are not yet 
available [9, 10]. Hence, patients on immunosup-
pressive agents are both particularly vulnerable 
to herpes zoster and paradoxically excluded from 
the potential benefits of immunization.

The most compelling evidence that Zostavax 
can be used in patients on immunosuppres-
sive drugs comes from a 2012 study of Medicare 
claims data [6] . Of 463541 subjects with rheu-
matic diseases or IBD, 4% received Zostavax from 
2006 to 2009. The incidence of herpes zoster or 
varicella-zoster within the first forty-two days, an 
endpoint used to determine safety, was the same 
as in the unvaccinated cohort. No cases of zoster 
or varicella were observed among the 663 patients 
who were vaccinated while on biologic therapy. 
The hazards ratio for herpes zoster in vaccinated 
patients was 0.61 (0.52–0.71) over a median 
follow-up of two years. These data strongly sug-
gest that the vaccine can be given safely and that 
it is effective in patients on immunosuppressive 
medications.

However, the work is subject to the inherent 
limitations of a retrospective study that was based 
on claims data, and it is insufficient to change 
practice guidelines by itself. It also does not 
address whether the varicella-zoster vaccine is safe 
for patients with severe rheumatic disease or IBD 
patients who require very high levels of immu-
nosuppression, nor does it address the potential 
differential risk with different disease-modifying 
agents. It does, however, draw attention to the fact 
that avoiding live vaccines in patients on immu-
nosuppressive drugs may be an outdated prac-
tice, and it highlights the need for clinical trials 
in this area.

In summary, there is substantial evidence to 
indicate that immunization with inactivated vac-
cines is safe and potentially effective in immu-
nosuppressed hosts, but there is insufficient 
information regarding the administration of live 
vaccines. The recommendations for immuniza-
tions in the immunosuppressed host are modi-
fied and updated regularly on the CDC Morbidity 
and Mortality Weekly Report website as new 
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data become available [1] . Prior to starting any 
immunosuppressive therapy, all patients should 
undergo a review of their vaccination history, and 
the appropriate immunizations should be admin-
istered to maintain currency of their vaccine sta-
tus. Annual reviews while on disease-modifying 
agents should also be conducted to ensure that 
appropriate preventive strategies are enlisted to 
prevent complications in this particularly vulner-
able population.
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5.1
Why Won’t My “Infection” Go Away?

GEORGE  J .  ALANGADEN,  MD

CA S E  P R E S E N TAT I O N
A 77-year-old man with prostate cancer and 
myelodysplastic syndrome for two years under-
went placement of an artificial urinary sphincter 
and suprapubic catheter for incontinence. Three 
weeks later, he developed severe pain at the sur-
gical site and dehiscence of the surgical wound. 
Debridement of the wound and removal of the 
artificial urinary sphincter and suprapubic cath-
eter were done. The patient was sent home with an 
urethral urinary catheter and a seven-day course 
of oral ciprofloxacin. Three days later, the patient 
was readmitted with increasing pain and worsen-
ing of wound and fevers of up to 103°F. There were 
no other associated systemic symptoms.

The patient was being treated for hypothyroid-
ism, hypertension, and gastroesophageal reflux 
disease. His medications included synthyroid, 
amlodipine, omeprazole, and ciprofloxacin. The 
patient has a history of generalized rash to peni-
cillin. He was a retired accountant who does not 
smoke nor drink alcohol.

On examination, his temperature was 101.3°F, 
blood pressure was 134/78 mm Hg, heart rate was 
92 beats per minute, and respiratory rate was 18 
breaths per minute. The patient was in mild dis-
tress. A faint ejection systolic murmur was pres-
ent in the aortic area radiating to carotids. An 
indwelling urinary catheter was present. Linear 
wound was present in the suprapubic region, with 
surrounding erythema, induration and warmth, 
and minimal purulent discharge (Figure 5.1.1). 
The reminder of the systemic examination was 
normal.

The white blood cell count was 9800/μL (neu-
trophils 52%), hemoglobin was 8 g/dL, and plate-
let count was 58 000/μL. Blood and urine cultures 
were obtained.

Therapy was started with empiric intravenous 
cefepime, vancomycin, and metronidazole, and 
additional surgical debridement of the wound 
was performed. All microbiological cultures were 
negative. After debridement, there appeared to be 
further worsening and enlargement of the wound.

Q U E S T I O N S
•	 What	is	the	etiology	of	the	patient’s wound?
•	 What	additional	tests	should	be	performed?
•	 What	therapies	should	be	discontinued?

D I F F E R E N T I A L  D I AG N O S I S
In a patient with a nonhealing, rapidly progres-
sive ulcer, one should consider a complicated 
skin and soft tissue infection with unusual organ-
isms including mycobacteria or fungi, vasculi-
tis, or noninfectious entity such as pyoderma 
gangrenosum.

A D D I T I O NA L   DATA
Wound	 swabs	 showed	 few	 polymorphonu-
clear cells, moderate red blood cells, and rare 
Gram-positive bacilli. Few Corynebacterium spp, 
few Enterobacter cloacae, few Enterococcus faeca-
lis, and rare Candida tropicalis were isolated on 
culture.

Skin biopsy of the lesion demonstrated skin 
and subcutaneous tissue with acute ulceration, 
focal necrosis, granulation tissue, and focally 
marked acute and chronic inflammation. There 
was no evidence of malignancy.

Final Diagnosis: Pyoderma gangrenosum

T R E AT M E N T  A N D  O U T C O M E
The antibiotic therapy was discontinued after 
ten days and surgical debridement was stopped. 
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The patient was initiated on oral prednisone 40 mg 
daily. Two weeks later, the ulcer had improved sig-
nificantly (Figure 5.1.2). Prednisone was tapered 
off and stopped over the next four weeks.

D I S C U S S I O N
The causes of inflammatory cutaneous ulcers are 
shown in Box 5.1.1.

Pyoderma gangrenosum is an inflammatory 
ulcerative condition first described in 1930 and 
was believed to be due hematogenous dissemi-
nation of bacterial infection, hence the misno-
mer “pyoderma”. Pyoderma gangrenosum is now 
believed to be an inflammatory reactive disorder. 
It is thought to be caused by neutrophil dysfunc-
tion that occurs as a consequence of immune 
dysregulation, as suggested by the association 
of pyoderma gangrenosum with autoimmune 

inflammatory diseases [1, 2]. It is estimated that 
approximately three to ten cases of pyoderma 
gangrenosum occur per million persons per 
year, and the average age of affected patients 
is about 50  years with more cases occurring in 
women [1–5].

Approximately half of patients have an under-
lying systemic disorder: approximately 20% have 
seropositive of negative arthritis; approximately 
35% have inflammatory bowel disease ([IBD] 
ulcerative	colitis	or	Crohn’s	disease);	and	approxi-
mately 20% have monoclonal gammopathy, 
hematological disorders (myelodysplastic syn-
drome, leukemias) [1–5]. Pyoderma gangreno-
sum is also associated with the inherited pyogenic 
arthritis, pyoderma gangrenosum, acne, and 
hidradenitis suppurativa, also known as PAPASH 
syndrome [6] .

Pyoderma gangrenosum commonly pres-
ents as painful, inflammatory pustule that devel-
ops into an ulcer. The margins of the lesions are 
boggy and bluish, undermining, peripheral zone 
of erythema, center fibrinoid mucopurulent exu-
date (Figure 5.1.1). In patients with hematological 
disorders, it can present as bullous lesions as was 
seen in our patient [5] . Pustular and vegetative 
forms are other variants that can occur. Pyoderma 
gangrenosum most often affects the legs, although 
lesions can occur on other cutaneous sites, geni-
talia, or at the site of intestinal stoma [3–5,  7]. 
Pathergy, the rapid extension of margins often as 
a consequence of trauma such as surgical debride-
ment (as in our patient), may be present in approx-
imately 20%–30% of patients [3, 4]. Healing of the 
pyoderma gangrenosum ulcerations leads to atro-
phic and cribriform scarring (Figure 5.1.2).

FIGURE  5.1.1: Necrolytic cutaneous ulcer with an 
irregular, violaceous undermined border.

FIGURE  5.1.2: Cutaneous ulcer healing with atrophic and cribriform 
scarring.
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Although there is no established definition 
for the diagnosis of pyoderma gangrenosum, the 
following major and minor criteria have been 
proposed [8] . The major criteria are (1) rapid pro-
gression of a painful necrolytic cutaneous ulcer 
with an irregular, violaceous and undermined bor-
der and (2)  other causes of cutaneous ulceration 
have been excluded. The minor criteria include the 
following: (1) history of pathergy or clinical find-
ing of cribriform scarring; (2) presence of systemic 
diseases associated with pyoderma gangrenosum; 
(3)  histopathologic findings of sterile dermal 
neutrophilia with or without mixed inflamma-
tion, with or without lymphocytic vasculitis; and 
(4) treatment response (rapid response to systemic 
steroids) [8]. Diagnosis requires the presence of 
both one major and at least two minor criteria.

E VA L UAT I O N  O F   PAT I E N T 
W I T H  S U S P E C T E D  P YO D E R M A 
G A N G R E N O S U M
The evaluation of a patient with suspected pyo-
derma gangrenosum should include a compre-
hensive history and examination, to define the 
evolution of the lesions and to identify any under-
lying conditions associated with pyoderma gan-
grenosum [1, 2].

Additional studies are as follows:

a) Biopsy of the lesions for histopathology 
and microbiological studies. The histology 
is often nonspecific (as described above) 
but primarily helps exclude other potential 
causes.

b) Laboratory studies are primarily 
directed at identifying conditions 
associated with pyoderma gangrenosum. 
These include a complete blood count 
and differential, peripheral smear, 
rheumatoid factor, antinuclear antibody, 
antineutrophilic cytoplasmic antibody, 
antiphospholipid antibody, cryoglobulins, 
protein immunoelectrophoresis, 
viral hepatitis  profile, studies of 
gastrointestinal tract, and venous and 
arterial function studies.

T R E AT M E N T  O F   P YO D E R M A 
G A N G R E N O S U M
Wound	 care	 is	 important	 and	 should	 consist	 of	
gentle cleansing followed by application of a suit-
able antiseptic or occlusive nonadherent dressing. 
Surgical debridement should be limited given the 
propensity for pathergy [9, 10].

In general, there are no well controlled clinical 
trials to guide the therapy of pyoderma gangreno-
sum. Commonly used therapies are summarized 
in Table 5.1.1.

The initial therapy should be directed at any 
associated underlying condition [9,  10]. The 
tumor necrosis factor (TNF)-α inibitors inflix-
imab, adalimumab, and etarnacept may be par-
ticularly effective in IBD-associated pyoderma 
gangrenosum [9–13]. In patients with poor 
response to therapy of the underlying disease 
or if no associated condition is identified, then 
systemic or topical therapy of pyoderma gan-
grenosum is necessary. For small stable limited 
lesions, topical or intralesional steroids or topical 
tacrolimus have been used with success. Systemic 
therapy is indicated for large, multiple, or progres-
sive lesions. The agents used most commonly are 
systemic corticosteroids e.g. 0.5–1 mg/kg per day 
of methylprednisolone. Cyclosporine in a dose of 
5 mg/kg per day has also been used as first-line 
therapy with success [9, 10]. Combination therapy 
has been used in refractory cases.

Response to corticosteroid therapy is often 
rapid, as was seen in our patient. Many patients 
need maintenance therapy for the underlying 
associated disease.

BOX 5.1.1  COMMON 
CAUSES OF INFLAMMATORY 
CUTANEOUS ULCERS

CAU S E S  O F   I N F L A M M ATO RY 

C U TA N E O U S   U L C E R S

Pyoderma gangrenosum

Infections (bacterial, mycobacterial, fungal, 

viral)

Vasculitis (e.g. Wegener’s granulomatosis, 

polyarteritis nodosa)

Vascular insufficiency (venous and arterial)

Antiphospholipid antibody syndrome

Cryoglobulinemia

Necrobiosis lipoidica diabeticorum

Medication reaction e.g. warfarin-induced 

skin necrosis

Calciphylaxis

Cutaneous malignancy

Factitious ulceration

References [1, 2]
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K E Y   P O I N T S
•	 Pyoderma	gangrenosum	should	be	

suspected if painful progressive ulcers 
occur in patients with IBD, inflammatory 
arthritis, or hematological malignancies.

•	 Pathergy	is	an	important	clue	to	the	
diagnosis.

•	 It	is	important	to	exclude	other	causes	of	
inflammatory ulcers before the diagnosis of 
pyoderma gangrenosum is established.

•	 Investigations	should	be	directed	to	identify	
any underlying conditions associated with 
pyoderma gangrenosum.

•	 Initial	treatment	should	be	directed	at	any	
underlying inflammatory disease.

•	 Topical	steroids	or	tacrolimus	can	
be used in limited cases. Systemic 
corticosteroids, cyclosporine, or TNF 
inhibitors may be necessary to treat more 
extensive disease.
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TABLE 5.1.1. COMMON AGENTS USED FOR THE TREATMENT  
OF PYODERMA GANGRENOSUM

Disease Severity Agents Comments

Limited disease Topical corticosteroids First-line

Topical tacrolimus Alternative

Extensive and severe  
disease

Systemic corticosteroids First-line
Cyclosporine First-line steroid sparing
Infliximab
Adalimumab
Etarnecept

Alternative,
first-line if underlying 

inflammatory disease
Mycophenolate, azathioprine
Dapsone

Alternative

References [9–13]

 

 



5.2
Why Do I Have a Groin Lump?

PR ISC ILLA  RUPALI ,  MD,  DTM&H

CA S E  P R E S E N TAT I O N
A 43-year-old man underwent a pancreas trans-
plant in 2007 and had been on stable immuno-
suppression with mycophenolate mofetil 720 mg 
BID, tacrolimus 3 mg BID, and prednisolone 5 
mg once daily. He presented with a one-week his-
tory of fever, chills, weight loss, and a painful red 
swelling in his left groin. He did not recall any 
trauma, scratches, or abrasions. He was a type 1 
diabetic with numerous vascular complications. 
He had a myocardial infarction in 2008 and recur-
rent osteomyelitis of his feet resulting in the loss 
of all toes of both feet. He was divorced for ten 
years and has not had sexual contact since then. 
There was no history of incarceration or intrave-
nous drug use. He was tested for human immuno-
deficiency virus (HIV). He did not have pets but 
did report that his neighbor had a cat. He did not 
remember being scratched by the cat or contact 
with any other animals. He was a funeral home 
director.

The patient was admitted to an outside hospital 
for evaluation of fever and left inguinal lymphade-
nopathy. Blood cultures were negative; however, 
therapy was empirically started with intravenous 
vancomycin and cefepime. Fine-needle aspira-
tion cytology of the left inguinal lymph node was 
done, and it revealed pleomorphic lymphocytes, 
scattered neutrophils, and monocytes. Because 
suspicion for malignancy was high, a core biopsy 
of the lymph node was done, which demonstrated 
areas of fibrosis and acute necrotizing inflamma-
tion. Stains for bacterial and fungal organisms 
were negative. He was referred to our institution 
for further evaluation.

On examination, the patient was a thin frail 
individual with a temperature of 36.9°C, blood 
pressure of 141/81  mm mercury, heart rate of 
80 beats per minute, and respiratory rate of 18 
breaths per minute. There was a healed scabbed 
over lesion in the left leg with no surrounding ery-
thema or tenderness (Figure 5.2.1a). There was a 

mildly erythematous, left inguinal indurated mass 
that was tender to palpation, with the biopsy site 
covered by adhesive tape (Figure 5.2.1b). There 
was no discharge. The rest of the examination was 
normal.

The white blood cell count was 8400/μL (neu-
trophils 54%), hemoglobin was 9.1 g/dL, plate-
let count was 149 000/μL, and serum creatinine 
was 0.78 mg/dL. Blood and urine cultures were 
obtained. The patient had been treated with intra-
venous cefepime and vancomycin without clinical 
response. Blood and urine cultures were negative.

Q U E S T I O N S
•	 What	is	the	differential	diagnosis	for	this	

clinical	presentation?
•	 What	additional	tests	should	be	performed?
•	 What	therapy	should	be	started?

D I F F E R E N T I A L  D I AG N O S I S
The differential diagnoses considered are lym-
phogranuloma venereum and chancroid among 
the sexually transmitted infections. Cat-scratch 
disease (CSD) would be considered in case 

(a)

FIGURE 5.2.1a: Skin lesion left leg.
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of exposure to a cat bite or a cat scratch. Given 
the history of solid organ transplantation on 
long-term immunosuppression, tuberculosis 
and posttransplant lymphoproliferative disorder 
would also be considered possibilities.

A D D I T I O NA L   DATA
A computed tomography scan of the abdomen 
and pelvis revealed enlarged lymph nodes local-
ized to the left pelvic and inguinal regions.

Human immunodeficiency virus and syphilis 
serologies were negative. Aspergillus galactoman-
nan, β-d-glucan assay, and cryptococcal and histo-
plasma antigen tests were negative. Skin biopsy of 
the lesion on the left leg did not demonstrate any 
inflammation, and bacterial, fungal, and myco-
bacterial	stains	including	the	Warthin	Starry	stain	
were negative. A  left inguinal excisional biopsy 
demonstrated lymphoid proliferation, necrosis, 
granulation tissue, and Epstein-Barr virus-positive 
staining of the cells. Lymph node biopsy cul-
tures sent for bacterial, mycobacterial, and fungal 

cultures were negative. Serum Bartonella hense-
lae immunoglobulin (Ig)G increased from 1:256 
to 1:1024 over one week, and the B henselae IgM 
increased from indeterminate to 1:256. Polymerase 
chain reaction (PCR) testing detected B henselae 
DNA in the lymph node tissue.

T R E AT M E N T  A N D  O U T C O M E
The patient was diagnosed to have CSD caused 
by B henselae. His therapy consisted of oral 
azithromycin for three weeks. The lymph nodes 
suppurated requiring surgical incision and drain-
age. Two weeks later, the inguinal adenopathy 
improved significantly (Figure 5.2.3).

D I S C U S S I O N
It is estimated that approximately 60% of all US 
households had at least one pet [1] . Pets serve 
as valuable adjuncts to medical treatment in the 
treatment of chronic medical conditions such as 
high blood pressure and hyperlipidemia while 
improving feelings of loneliness and increasing 
the chances of outdoor activities, exercise, and 
social interaction [2]. Even in transplant recipi-
ents, having pets improves the quality of life and 
psychological well being [3].

However, having pets is not without its prob-
lems and can present zoonotic risks, especially 
for immunocompromised hosts [4, 5]. The most 
common route of infection related to pet contact 
is through bites or scratches, especially in chil-
dren. Multiple outbreaks of enteric disease associ-
ated with animal exposure have also been noted 
in public settings such as fairs, farms, and petting 
zoos. Transmission related to pets can occur due 
to the following [4, 5]:

•	 Bites	or	infectious	saliva	or	other	body	
fluids contaminating skin abrasions or 
mucus membranes

(b)

FIGURE 5.2.1b: Enlarged lymphnodes left inguinal region.

(a) (b)

FIGURE 5.2.2: Computerized tomography scan of abdomen and pelvis demonstrating enlarged pelvic and inguinal 
lymphnodes.
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•	 Insect	bites	due	to	vectors	carried	by pets
•	 Aerosols	from	body	fluids	of pets
•	 Contamination	of	objects	put	into	mouth	

by animals

Common diseases transmitted from animals are 
shown in Table 5.2.1.

CAT- S C R AT C H  D I S E A S E
Cat-scratch disease is caused by B henselae. Cats 
serve as the natural reservoir for this organism, 
which causes intraerythrocytic bacteremia that 
can persist for up to one year in cats [6] . After 
inoculation of B henselae, humans may develop 
localized disease with lymphadenopathy, but a few 
patients can develop disseminated disease with 
neuroretinitis and visceral organ involvement.

Clinical manifestations start with a cutaneous 
inoculation lesion that evolves through a vesicu-
lar, erythematous papular phase to enlargement 
and suppuration of regional lymphadenopathy 
approximately two weeks later. Visceral organ 
involvement occurs with fever, abdominal pain, 
weight loss, and hepatosplenomegaly and can 
present with a fever of unknown origin, espe-
cially in children. Ocular manifestations include 
neuroretinitis, papillitis, and optic neuritis and 

FIGURE  5.2.3: Resolution of enlarged lymphnodes in 
the left inguinal region.

TABLE 5.2.1. COMMONLY TRANSMITTED INFECTIONS FROM PETS

Animals Pathogens Method of Transmission Clinical Presentation
in Humans

Cats Bartonella henselae
Pasteurella multocida
Toxocara cati

Toxoplasma gondii

Cat bite, scratch or contamination of 
abrasion by infectious saliva

Ingestion of eggs from contaminated 
hands, soil, fomites

Ingestion of cysts from raw or 
undercooked meat or cat faeces

Cat scratch disease
Visceral larva migrans

Toxoplasmosis

Dogs Rhabdovirus
Capnocytophaga canimorsus

Bordetella bronchoseptica

Dog bite/scratch

Aerosols from infected cats or dogs

Rabies
Fulminant sepsis or 

meningitis
Pneumonia or respiratory 

illness
Horses Salmonella

Campylobacter
Cryptosporidium
Rhodococcus equi

Fecal-oral transmission

Aerosol transmission

Gastroenteritis

Suppurative pneumonia
Birds Chlamydophila psittaci

Cryptococcus neoformans

Histoplasma capsulatum

Exposure to bird feces and nasal 
discharge

Psittacosis
Cryptococcal pneumonia 

or meningitis
Pulmonary histoplasmosis

Reptiles Salmonella spp
Edwardsiella tarda

Fecal-oral transmission Salmonellosis
Gastroenteritis

Monkeys Herpes B virus
Rabies virus

Bites or contact with feces or 
secretions

Fatal encephalomyelitis

Adapted	 from: Elliot	DL,	Tolle	SW,	Goldberg	L,	Miller	 JB.	Pet	 associated	 illness.	N Engl J Med. 1985;313:985; Kotton CN. Zoonoses in 
solid-organ and hematopoietic stem cell transplant recipients. Clin Infect Dis. 2007;44:857; Spach DH, Kaplan SL. Microbiology, epidemiol-
ogy, clinical manifestations and diagnosis of cat scratch disease. Available at: http://www.uptodate.com/contents/microbiology.
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usually present with fever, malaise, and unilateral 
blurred vision. Neurological manifestations of 
CSD include encephalopathy, transverse myeli-
tis, radiculitis, and cerebellar ataxia. In rare cases, 
myalgia, arthralgia, and arthritis can occur.

The diagnosis of CSD is based on positive serol-
ogy (enzyme immunoassay or indirect immunoflu-
orescence assay) with a titer >1:64, sterile pus/tissue 
positive for B henselae PCR, or a biopsy consistent 
with	CSD/positive	with	Warthin-Starry	silver	stain.	
Histopathological features in CSD include lym-
phoid hyperplasia and stellate granulomas. The 
centers of these are acellular and necrotic, and his-
tiocytes and lymphocytes surround these and lead 
to	the	formation	of	microabscesses.	Warthin-Starry	
stain may demonstrate delicate pleomorphic B 
henselae bacilli in clumps, chains, or filaments 
within areas of necrosis of involved lymph nodes. 
The diagnosis of CSD in our patient was based on 
the history of pet exposure, compatible clinical syn-
drome, and positive serology and PCR.

Treatment of CSD is based on the present-
ing clinical syndrome. Studies of lymphadenitis 
in immunocompetent adults revealed that treat-
ment with azithromycin decreased lymph node 
size significantly compared with those who did 
not receive the same treatment [7] . Hepatosplenic 
disease with prolonged fever is often treated 
with rifampicin combined with gentamicin or 
trimethoprim-sulfamethoxazole or even azithro-
mycin [8]. Neuroretinitis is generally treated with 
doxycycline and rifampicin for four to six weeks [9].

Cat-scratch disease can also occur in immu-
nocompromised patients (HIV, solid organ 
transplantation) and can produce bacillary angio-
matosis, peliosis hepatis, and splenitis in these 
individuals. These have been most commonly 
described in HIV-infected recipients. In a case 
series of 29 B henselae infections in solid organ 
transplant recipients [10], twenty-one had dis-
seminated disease, whereas eight had localized 
CSD. Two of these patients died due to endocar-
ditis. All of them were treated with azithromycin, 
doxycycline, levofloxacin, aminoglycosides, or a 
combination of any of these for a duration rang-
ing from two weeks to twelve months.

K E Y   P O I N T S
•	 Exposure	to	animals	can	result	in	

transmission of potential pathogens that 
can cause disease in transplant recipients.

•	 CSD	should	be	suspected	in	patients	with	
localized tender lymphadenopathy.

•	 Special	stains,	serial	serological	testing,	and	
PCR can help confirm the diagnosis of CSD.

•	 Transplant	patients	should	be	counseled	in	
safe-living strategies related to exposure to 
animals [11].
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5.3
Driveline Infection, Pocket Infection,  
or Endocarditis?

GEORGE  J .  ALANGADEN,  MD

CA S E  P R E S E N TAT I O N
A 58-year-old man with refractory idiopathic 
nonischemic cardiomyopathy underwent implan-
tation of a left ventricular assist device (LVAD) as 
a bridge to cardiac transplantation. Three months 
after the LVAD implantation, the patient pre-
sented with a two-day history of fever, chills, and 
abdominal pain. There were no other associated 
systemic symptoms.

The patient was being treated for hyperten-
sion, hyperlipidemia, gastroesophageal reflux 
disease, and atrial fibrillation. His medications 
included carvedilol, lisinopril, aldactone, amioda-
rone, warfarin, and omeprazole. He was a retired 
autoworker who did not smoke or drink alcohol.

On examination, his temperature was 38.4°C, 
the blood pressure and heart rate could not be 
recorded due to the LVAD, and the respiratory rate 
was 18 breaths per minute. The patient appeared 
well. Tenderness was present over the epigastrium. 
The exit site of the driveline of the LVAD had no 
erythema or discharge. The hum of the LVAD was 
heard on auscultation. The reminder of the sys-
temic examination was normal.

The white blood cell count was 12 000/μL 
(neutrophils 82%), hemoglobin was 12 g/dL, 
and platelet count was 152 000/μL. Blood and 
urine cultures were obtained. A chest radiograph 
showed a dilated heart and the LVAD.

Q U E S T I O N S
•	 What	is	the	etiology	of	his	symptoms?
•	 What	additional	tests	should	be	performed?
•	 What	empiric	antimicrobial	therapy	should	

be	initiated?

D I F F E R E N T I A L  D I AG N O S I S
In a patient with LVAD and fever, clinicians should 
consider the possibility of driveline infection, 
LVAD-pocket infection, and LVAD endocarditis. 

The presence of abdominal pain and tender-
ness suggests the possibility of a LVAD-pocket 
infection.

A D D I T I O NA L   DATA
Therapy was initiated with empiric antibiot-
ics including intravenous (IV) vancomycin and 
cefepime. Methicillin-susceptible Staphylococcus 
aureus was isolated from the blood cultures. 
A  computerized tomography (CT) scan of the 
abdomen demonstrated a localized fluid col-
lection beneath the anterior abdominal wall 
(Figure  5.3.1). An ultrasound-guided needle 
aspiration of the fluid collection obtained 5 mL 
serosanguineous fluid. Methicillin-susceptible S 
aureus was isolated from culture of the fluid.
Final Diagnosis: Left ventricular assist device 
infection and bacteremia due to methicillin- 
susceptible Staphylococcus aureus

T R E AT M E N T  A N D  O U T C O M E
Cefepime and vancomycin were discontin-
ued and therapy was switched to IV nafcillin 
(2 grams q 4 hours) and oral rifampin (600 mg 
daily). The bacteremia resolved on day five of 
antibiotic therapy. The patient completed six 
weeks of therapy with these antibiotics. He was 
then placed on suppressive therapy with oral 
trimethoprim-sulfamethoxazole (160 mg-800 mg 
twice daily) until cardiac transplantation.

D I S C U S S I O N
Left ventricular assist devices are an increasingly 
used effective therapeutic option that improves 
both functional status and survival in patients 
with end-stage heart failure. Although initially 
used as a bridge to cardiac transplantation, LVADs 
are now being considered as a permanent treat-
ment option or destination therapy for patients 
with heart failure refractory to medical therapy. 
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Newer continuous-flow LVADs are now being 
used instead of the old pulsatile LVADs. The 
components of an implantable LVAD are shown 
in Figure 5.3.2. The inflow conduit connected to 
the left ventricle directs the blood through the 
implanted pump that directs the blood through 
an outflow conduit to the aorta. The LVAD is con-
nected to an external controller and power source 
through the tunneled driveline that exits through 
the anterior abdominal wall.

Infections complicating LVADs can occur in 
18%–60% of patients, the wide range being the 
result of varying definitions of LVAD infection 
used in studies [1–4]. The newer continuous-flow 
LVADs are less likely to be complicated by infec-
tion compared with the older pulsatile-flow 
LVADs [5, 6]. The 2013 report of the Interagency 

Registry for Mechanical Assisted Circulatory 
Support on continuous-flow LVAD noted an 
early (<3  months after implantation) infection 
rate of 2.09 per 100 patient months and a late 
(>3 months) infection rate of 2.94 per 100 patient 
months [6] . Left ventricular assist device infec-
tions are generally subdivided into (1)  drive-
line infection, (2)  pump-pocket infections, and 
(3)  LVAD-associated pump/cannula (LVAD 
infective endocarditis), with frequent overlap 
among these infections [7]. Overall driveline 
infections are the most common (3.43 per 100 
patient months), pocket infections (0.75 per 
100  patient months), pump infections (0.10 per 
100 patient months), and cannula infections (0.05 
per 100 patient months) [6]. The predominant 
pathogens isolated from LVAD infections are the 
Gram-positive bacteria:  S aureus (20%–44%), 
coagulase-negative staphylococci (7%–40%), 
Enterococcus spp (5%–30%), Corynebacterium 
spp (2%–20%), and Propionibacterium [1–2, 5, 
8–10]. Gram-negative infections occur as well 
and are caused by Pseudomonas spp (5%–28%) 
and other enteric Gram-negative bacteria (0%–
30%), whereas Candida spp (0%–10%) has been 
occasionally reported. The relative distribution of 
these pathogens may vary depending on the site of 
the LVAD infection.

Predisposing risk factors for LVAD infections 
include both host factors and device-related fac-
tors. Older age, diabetes, high body mass index, 
and associated metabolic syndrome, renal failure, 
malnutrition, lymphopenia, and T cell-related 
defects may contribute to infections [8, 10,  11]. 
The smaller sized pump and driveline line of the 
newer continuous-flow LVADs are less likely to be 
complicated by infection compared with the older 
pulsatile-flow LVADs.

The clinical features of VAD-specific infec-
tions are summarized in Table 5.3.1. In addition, 
in patients with LVADs, bloodstream infection 
with no focus of infection is presumed to be 
LVAD-related. Similarly infective endocarditis or 
mediastinitis in a patient with LVAD should be 
considered to be LVAD-related [7] .

The workup for LVAD infections are summa-
rized in Table 5.3.1. Specimens for microbiologi-
cal studies should be obtained before initiation of 
empiric antibiotic therapy. Imaging studies should 
be done to evaluate the extent of infection and to 
identify any deep-seated abscesses. Ultrasound or 
CT scans are commonly used, but metallic arti-
facts caused by the LVAD can compromise study 
quality. Leukocyte single photon-emission CT scan 
(SPECT) has been shown to be an accurate imaging 
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FIGURE 5.3.1: CT scan demonstrating LVAD infection 
with abscess formation.
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FIGURE 5.3.2: Graphic shows the LVAD.
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modality that may be superior to CT scan [12]. 
Echocardiography should be done to detect if pump/
cannula infection (LVAD-endocarditis) is suspected, 
although its utility is limited in this setting.

The management of LVAD infections is sum-
marized in Table 5.3.1. There are no randomized 
controlled studies that have examined the opti-
mal regimens and duration of antibiotic therapy 
for LVAD infections. Initial empiric IV antibi-
otic therapy should be broad-spectrum to cover 
staphylococci including methicillin-resistant S 

aureus (MRSA) and Gram-negative infections 
including Pseudomonas spp [1–3]. Subsequent 
antibiotic therapy should be pathogen-directed 
and guided by the microbiology results. In addi-
tion to systemic antibiotics, incision and drain-
age of driveline site infections and replacement 
of the driveline may be needed in refractory 
complicated infections. Likewise, pump-pocket 
infection may require surgical drainage of the 
pocket infections. In LVAD-associated endocar-
ditis or refractory pump-infection, explantation 

TABLE 5.3.1. CLINICAL FEATURES AND MANAGEMENT OF VENTRICULAR  
ASSIST DEVICE INFECTIONS

VAD-Specific 
Infection

Features Investigations Treatment

Driveline  
infection

•	 Erythema
•	 Warmth
•	 Tenderness	at	exit	site	or	

over tunnel
•	 Purulent	discharge
•	 Fever

•	 Complete	blood	count	
and differential

•	 ESR	and	C-reactive	
protein

•	 Blood	culture	× 3 sets
•	 Aspirate	of	purulent	

discharge for Gram stains, 
fungal stains, and cultures

•	 TTE,	if	negative	
obtain TEE

•	 Chest	radiograph
•	 If	pocket	infection	

or abscess suspected 
obtain US, CT, leukocyte 
SPECT scan

•	 Empiric	IV	antibiotic	therapy	
to treat Gram-positive and 
Gram-negative bacteria

e.g. vancomycin and cefepime
•	 Modify	based	on	culture	and	

susceptibility results
•	 Duration	2–4	weeks,	4–6	

weeks if BSI
•	 Surgical	debridement	may	

be needed for tunnel and 
deep infection

•	 Need	for	chronic	suppressive	
therapy individualized 
decision based on recurrent 
infection, or if destination 
therapy

Pocket infection •	 Above
•	 Radiographic	evidence	 

of abscess
•	 Microbiological	evidence	

of infection on  
fluid aspirate

•	 Above tests
•	 US,	CT	scan	of	thorax	

and abdomen
•	 Leukocyte	SPECT	scan

•	 Above
•	 Surgical	debridement
•	 Surgical	revision	and	pump	

replacement may be needed
•	 Chronic	suppressive	therapy	

until VAD exchange or 
transplantation

Pump/cannula 
infection
(VAD 
endocarditis)

•	 Above
•	 Multiple	positive	blood	

cultures and no other foci  
of infection

•	 TTE	or	TEE	demonstrating	
vegetation noted on implanted 
material, abscess, or 
dehiscence of outflow cannula

•	 Embolic	phenomena	of	
infective endocarditis

•	 Above tests
•	 TEE

•	 Above
•	 6	weeks	or	longer	IV	therapy
•	 Explantation	of	VAD	or	

transplantation
•	 Chronic	suppressive	therapy	

until VAD exchange or 
transplantation

Abbreviations: BSI, bloodstream infection; ESR, erythrocyte sedimentation rate; TTE, transthoracic echocardiography; TEE, transesopha-
geal echocardiography; US, ultrasound.
References: 1–2, 7.



Infections in Patients With Immunosuppression366

of the device and all hardware may be required 
[13]. The duration of initial antibiotic therapy for 
uncomplicated driveline infections is two to four 
weeks with longer durations for infections asso-
ciated with bloodstream infections [1–2]. Most 
other LVAD infections are treated initially for 
four to six weeks. Because it is difficult to eradi-
cate infection without the removal of the pump 
and drivelines, chronic suppressive oral antibiotic 
therapy is often used until cardiac transplantation. 
However, given that LVADs are used as destina-
tion therapy, chronic suppressive therapy is often 
used in such patients if the hardware cannot be 
replaced. Despite chronic suppressive therapy, 
breakthrough infections can occur.

Antimicrobial prophylaxis is used periop-
eratively during LVAD implantation. The opti-
mal antimicrobial regimens and duration are 
unknown. Regimens have included coverage for 
MRSA, Gram-negative infections, and Candida 
[14]. In general, prophylaxis at a minimum should 
cover staphylococci; cefazolin is reasonable, with 
vancomycin as an alternative if MRSA coverage 
is needed [1] . The drug should be administered 
within one hour of incision and for not more 
than forty-eight hours postoperatively. Because 
driveline infections are the most common LVAD 
infection, various strategies to decrease driveline 
infections have been used. These include longer 
tunneling of drivelines and secure anchoring of 
the driveline to avoid traction-related trauma at 
the exit site. Meticulous care of the exit site of the 
driveline is recommended. This includes clean-
ing of the site using chlorhexidine and the use 
of silver-coated dressings [1–2]. Routine antibi-
otic prophylaxis during dental procedures is not 
addressed in prevention of endocarditis guidelines; 
however, it needs to be considered for patients 
with LVAD [15].

Patients with LVAD-associated infection and 
LVAD-associated endocarditis have lower survival 
rates. However, LVAD infection is not a contraindi-
cation to transplantation and does not significantly 
affect survival after transplantation [11–12, 16].

K E Y   P O I N T S
•	 Infection	is	an	important	cause	of	

morbidity in patients with LVADs.
•	 Infection	of	the	LVAD	should	be	considered	

in the presence of fever and bloodstream 
infection.

•	 Investigation	should	include	blood	cultures	
and imaging to identify deep-seated 
infection and LVAD endocarditis.

•	 Empiric	therapy	should	be	broad-spectrum	
to cover both Gram-positive and 
Gram-negative pathogens.

•	 Chronic	suppressive	therapy	until	
transplantation may be required for 
complicated driveline, pocket, and pump/
cannula infections if hardware cannot be 
removed.

•	 Perioperative	antibiotic	prophylaxis	and	
meticulous care of the driveline exit site is 
important to prevent LVAD infections.
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5.4
Delirium During Treatment for Pneumonia

MURAT GONULALAN,  MD

CA S E  P R E S E N TAT I O N
A 65-year-old woman with hypertension, and 
end-stage renal disease was diagnosed with lung 
cancer. She underwent lung resection and had 
completed adjuvant chemoradiation approxi-
mately four weeks ago. The patient was main-
tained on hemodialysis three times a week. 
During a dialysis session, she was noted to have 
shortness of breath. The dialysis was interrupted 
and the patient was transferred to the hospital for 
evaluation.

On presentation, her temperature was 98.2°F, 
blood pressure was 131/82  mmHg, heart rate 
was 115 beats per minute, respiratory rate was 20 
breaths per minute, and O2 saturation was 96% 
on room air. Lung examination revealed basilar 
crackles. The hemodialysis tunneled catheter was 
functioning well and the exit site was clean; the 
rest of the examination was unremarkable.

The	 patient’s	 white	 blood	 cell	 count	 was	 
12 600/μL (with neutrophils 62%), hemoglobin 
was 8.5 g/dL, and platelet count was 154 000/μL. 
Serum blood urea nitrogen was 50 mg/dL, and 
creatinine was 7.26 mg/dL. Chest radiograph 
demonstrated evidence of lung resection and atel-
ectasis in the lung bases.

The patient was admitted, and treatment was 
initiated for possible healthcare-associated pneu-
monia with intravenous (IV) vancomycin 500 mg 
1 dose (to be redosed after dialysis), cefepime 1 
gram once daily, and azithromycin 500 mg once 
daily. On the day after admission, the patient 
did not complete the hemodialysis session due 
to tachypnea. On third day of hospital stay, the 
patient was noted to be confused and delirious. 
Neurological examination revealed pupils equal 
and reactive to light, symmetric facial grimaces to 
supraorbital pain, movements of all extremities to 
painful stimuli, symmetric deep tendon reflexes, 
and down-going plantar reflexes. There was no 
photophobia or nuchal rigidity noted, and the rest 
of physical examination was unremarkable.

Q U E S T I O N S
•	 What	are	the	causes	of	acute	

encephalopathy	in	this	patient?
•	 What	diagnostic	tests	should	be done?
•	 Which	medication	should	be	discontinued?

D I F F E R E N T I A L  D I AG N O S I S
The acute encephalopathy in this patient could 
be due to multiple etiologies. These include azo-
temia, anoxia, drug-related toxicity, meningitis or 
encephalitis, cerebrovascular accident, and sei-
zure disorder.

A D D I T I O NA L   DATA
The rest of the biochemical panel was within normal 
limits. Computerized tomography of the brain did 
not reveal any abnormalities. Electroencephalogram 
(EEG) revealed diffuse, periodic, broad-based 
waveforms with a triphasic morphology and a 
prominent second downward component, an EEG 
pattern observed with toxic-metabolic encephalop-
athies (Figure 5.4.1). The patient was diagnosed to 
have nonconvulsive status epilepticus seizures and 
was initiated on IV phenytoin.

M A NAG E M E N T  A N D  O U T C O M E
All antibiotics were stopped because the patient 
had no symptoms or signs of infection. A  lum-
bar puncture could not be performed due to the 
patient’s	 agitation.	 Hemodialysis	 was	 continued	
daily.	The	 patient’s	mental	 status	 improved	 over	
four to five days. Repeat EEG showed a marked 
improvement in the frequency of the discharges 
compared with the previous study. Phenytoin was 
stopped, and the lumbar puncture was cancelled 
due to clinical improvement. The patient made 
a full recovery and was discharged home on day 
seven of hospitalization.

F I NA L  D I AG N O S I S
Cefepime-induced neurotoxicity was consid-
ered the most likely diagnosis. The temporal 
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relationship of the acute onset of encephalopathy 
and abnormal EEG after initiation of cefepime 
and the dramatic clinical improvement and nor-
malization of the EEG after stopping cefepime 
were consistent with this diagnosis.

D I S C U S S I O N
Cefepime is a fourth-generation cephalosporin 
with good activity against Gram-negative bac-
teria including Pseudomonas aeruginosa, and it 
is widely used to treat hospital-acquired infec-
tions. Neurotoxicity has been associated with the 
use of β-lactam antibiotics including penicillins, 
cephalosporins, and carbapenems. Although it 
is uncommon, there have been several recent 
reports of neurotoxicity associated with the use of 
cefepime [1–4].

The onset of neurotoxicity generally occurs 
within five days of initiation of cefepime. The clin-
ical manifestations of neurotoxicity can vary and 
include impaired consciousness, encephalopathy, 
myoclonus, seizures, nonconvulsive status epi-
lepticus, myoclonus, global aphasia, asterixis, and 
coma [1–5]. Clinical resolution occurs within a 
few days of stopping cefepime.

Advanced age and impaired kidney function 
are the most important risk factors associated with 
cefepime-induced neurotoxicity. Neurotoxicity 
is reported more frequently in patients without 
appropriate dose adjustments for impaired renal 
function, although it can occur in patients with 
dose adjustments as well [2, 6–7]. Cefepime has 
good penetration through the blood-brain bar-
rier, and renal impairment can result in higher 
serum and cerebrospinal fluid levels.

The mechanism of cephalosporin-induced 
neurotoxicity is believed to be due to 
decrease of the inhibitory neurotransmitter 
γ-aminobutyric acid from the nerve terminals, 

resulting in increased excitatory neurotransmis-
sion and lowering of the seizure threshold [8] . 
Cefepime-induced neurotoxicity is basically 
a diagnosis of exclusion. Initial investigation 
should address the more common etiologies of 
encephalopathy, including metabolic causes, elec-
trolyte imbalance, anoxia, infection, and stroke. 
Electroencephalogram findings, although not 
characteristic, can be suggestive of the diagnosis 
[9]. The EEG patterns described include diffuse 
delta slow-wave activity or periodic discharges. 
The pattern of triphasic waves associated with 
cefepime-induced neurotoxicity can be seen in 
many metabolic encephalopathies. A high degree 
of clinical suspicion of this condition is required 
to prevent delay in the diagnosis.

The primary management of cefepime-induced 
neurotoxicity is discontinuation of cefepime. 
In some instances, hemodialysis has been used 
to hasten clearance of cefepime [10], and it may 
have played a role in our patient. Antiseizure 
medications such as phenytoin or benzodi-
azepines have been used temporarily to treat 
cases of cefepime-induced nonconvulsive status 
epilepticus [9] .

K E Y   P O I N T S
•	 Cefepime-induced	neurotoxicity,	although	

uncommon, should be considered 
in the differential diagnosis of acute 
encephalopathy in the appropriate clinical 
context.

•	 Neurotoxicity	is	more	likely	to	occur	in	
the elderly and in patients with renal 
impairment without appropriate dose 
adjustment of cefepime.

•	 The	clinical	manifestations	include	
encephalopathy, myoclonus, or 
nonconvulsive status epilepticus.

FIGURE 5.4.1: Abnormal EEG with triphasic waves.
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•	 EEG	abnormalities	are	useful	in	supporting	
the diagnosis.

•	 Discontinuation	of	cefepime	generally	
results in prompt reversal of symptoms.
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5.5
Construction of a Bone Marrow Transplant Unit

GEORGE  J .  ALANGADEN,  MD

CA S E  P R E S E N TAT I O N
A tertiary care hospital is expanding their Cancer 
Center. The plans include the construction of 
a twenty-bed unit within the Cancer Center to 
house patients who will be undergoing bone mar-
row transplantation (BMT) and hematopoietic 
stem cell transplantation (HSCT). As the Medical 
Director of Infection Control and Prevention for 
the hospital, you have been consulted for advice 
on various aspects of the design of the new 
BMT Unit.

Q U E S T I O N S
In particular you have been asked for your recom-
mendation on the following:

•	 Specifications	for	room	ventilation	for	the	
new BMT unit.

•	 Infection	control	precautions	to	be	taken	
during the construction of the unit.

D I S C U S S I O N
Patients undergoing allogeneic HSCT are at risk 
for aspergillosis and mold infections. The risk is 
greatest during the pre-engraftment period of 
neutropenia and then again during therapy with 
high-dose corticosteroids for the treatment of 
graft-versus-host disease. Aspergillosis and mold 
infections are primarily acquired by inhalation 
of fungal spores. Most cases of invasive aspergil-
losis are sporadic; however, outbreaks of aspergil-
losis in the hospital settings have been reported 
[1] . The majority of these outbreaks occurred in 
patients undergoing treatment for hematologi-
cal malignancies and in allogeneic HSCT recipi-
ents [1]. Most of these outbreaks were associated 
with renovation or construction in or around the 
healthcare facility (HCF). Outbreaks of aspergil-
losis in the hospital environment have also been 
associated with malfunctioning ventilation sys-
tems, contaminated air filters, and water damage 
causing mold contamination [2].

Recommendations by the Centers for 
Disease Control and Prevention and the 
Healthcare Infection Control Practices Advisory 
Committee provide guidance to minimize expo-
sure to airborne environmental fungal spores 
within the hospital environment in high-risk 
patients [2–3].

The Protective Environment
The provision of a protected environment (PE) is 
recommended for housing the high-risk alloge-
neic HSCT patients [2] . The main components of 
the PE are summarized in Box 5.5.1.

Patients should limit time spent outside PE. 
When	 patients	 have	 to	 leave	 the	 PE	 areas,	 they	
should preferably wear an N95 mask and should 
avoid areas where there is ongoing construction 
[4] . Other recommendations include frequent 
monitoring of room pressure differentials, appro-
priate maintenance and removal of particulate 
matter, and excess moisture from the ventilator 
systems in the PE areas [2–5].

BOX 5.5.1  PROTECTIVE 
ENVIRONMENT

C O M P O N E N T S  O F   P R OT E C T I V E 

E N V I R O N M E N T  F O R   H S C T   U N I T S

Well sealed patient rooms that are kept closed.

Use of HEPA filters with 99.97% efficiency for 

removing particles ≥0.3 μm.

Directed airflow, air intake at 1 side, and air 

exhaust at the opposite side of the room.

Positive air pressure differential between 

room and corridor (≥2.5 Pa).

Maintenance of ≥12 air changes per  

hour [2] .
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Infection Control Measures 
During Construction
In addition the above engineering measures, addi-
tional precaution to minimize exposure to fungal 
spores are necessary during construction within 
the HCF. The Infection Control team should be 
an integral member of the multidisciplinary team 
involved with the construction project.

Before construction begins, an infection con-
trol risk assessment (ICRA) should be performed 
by the Infection Control team to assess potential 
exposure of patients to dust and fungal spores. 
Education should be provided to construction 
crew and staff in PE areas regarding dust and air-
borne fungal infections [2, 6–8]. Proactive mea-
sures should be implemented to ensure safe air 
handling including installation of dust barriers, 
maintenance of negative pressure in construc-
tion areas, and assessment for water damage. 
Surveillance should be maintained for possible 
outbreaks of nosocomial aspergillosis and mold 
infection in high-risk patients. Epidemiologic 
investigation and corrective measures should be 
performed if nosocomial invasive mold infections 
are identified.

Other Measures
Other measures to minimize environmental expo-
sure to fungal spores in PE areas include avoidance 
of fresh flowers and potted plants, no carpeting, 
and no upholstered furniture in patient care areas. 
Daily cleaning should be done to remove dust in 
these areas using measures to minimize dust dis-
persion such as wet-dusting and vacuuming using 
vacuum cleaners fitted with high-efficiency partic-
ulate air (HEPA) filters [2, 4]. In addition to these 
measures that minimize the risk of exposure to air-
borne fungal pathogens, high-risk allogeneic HSCT 

patients should also receive appropriate antifungal 
prophylaxis during high-risk periods [5] .

K E Y   P O I N T S
•	 Allogeneic	HSCT	patients	are	at	high-risk	

for aspergillosis and other airborne invasive 
mold infections.

•	 Outbreaks	of	aspergillosis	have	been	
associated with construction in and 
around HCFs.

•	 Protective	environment	is	recommended	
for housing allogeneic HSCT recipients 
to minimize exposure to airborne fungal 
spores.

•	 Barriers	to	dust,	safe	air	handling,	and	
environmental cleaning are essential to 
minimize exposure of HSCT patients to 
dust and fungal spores during hospital 
construction.
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BOX 5.5.2  MEASURES TO MINIMIZE EXPOSURE 
TO ENVIRONMENTAL AIRBORNE FUNGI DURING CONSTRUCTION

Perform an ICRA before construction begins.

Build rigid impermeable airtight barriers to keep dust out of patient care areas.

Maintain negative air pressure in construction areas. Place HEPA filter units between the 

 construction areas and patient care units if negative pressure cannot be maintained.

Direct construction traffic away from patient care areas.

Avoid transport of patients or patient care equipment through construction areas.

Daily thorough cleaning of dust in patient care areas.

Prompt cleanup and repair of water leaks to prevent mold growth.

Monitor for any cases of nosocomial aspergillosis during periods of construction [2, 3, 5, 6].
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5.6
Clostridium difficile Keeps Coming 
Back: Liver Transplant Recipient

GEORGE  J .  ALANGADEN,  MD

CA S E  P R E S E N TAT I O N
A 54-year-old woman with end-stage liver dis-
ease due to hepatitis C received an orthotopic 
liver transplant. She was on stable immune sup-
pression with tacrolimus and mycophenolate. 
The patient was being treated for hypertension 
and gastroesophageal reflux disease. Her medica-
tions included lisinopril, omeprazole, tacrolimus, 
and mycophenolate. Five months posttransplant, 
she was treated for a urinary tract infection with 
a seven-day course of oral ciprofloxacin. The fol-
lowing week, she developed diarrhea, five to six 
loose bowel movements that was associated with 
abdominal cramping. Clostridium difficile toxin 
was detected on testing a stool specimen. The 
patient was treated with a ten-day course of oral 
metronidazole with complete resolution of her 
diarrhea and abdominal cramps. Three weeks later, 
the diarrhea and abdominal symptoms recurred, 
and a repeat stool examination was positive for 
C difficile toxin. The patient was treated with a 
fourteen-day course of oral vancomycin with reso-
lution of her symptoms. She presented two weeks 
later with diarrhea and abdominal cramps, and C 
difficile toxin was detected in her stool sample.

On examination, her temperature was 38.2°C, 
her blood pressure was 134/80 mm Hg, her heart 
rate was 92 beats per minute, and her respiratory 
rate 16 breaths per minute. The patient appeared 
in mild distress, due to abdominal cramps. Mild 
distension and tenderness to palpation without 
rebound or guarding was noted over her lower 
abdomen. The remainder of the systemic exami-
nation was normal. The white blood cell count 
(WBC)	was	9000/μL	(neutrophils	52%),	hemoglo-
bin was 12 g/dL, and platelet count was 152 000/μL.

Q U E S T I O N S
•	 What	is	the	differential	diagnosis	of	her	

recurrent	diarrhea?

•	 What	is	the	likelihood	of	further	recurrences	
of C difficile	infection	(CDI)	in	this	patient?

•	 What	is	the	optimal	management	of	
recurrent CDI?

D I F F E R E N T I A L  D I AG N O S I S
In this patient with recent CDI, it is very likely 
that diarrhea and abdominal cramps are due 
to a relapse of the CDI. Cytomegalovirus 
(CMV)-related colitis is less likely given that the 
patient is at low risk for CMV reactivation given 
the stable immune suppression and CMV sero-
positive status of both donor and recipient.

A D D I T I O NA L   DATA
A repeat stool test was positive for C difficile toxin. 
A  computerized tomography (CT) scan of her 
abdomen was performed given the abdominal 
distension and tenderness. The CT scan demon-
strated distension of the colon and diffuse thick-
ening of the colonic wall (Figure 5.6.1).
Final Diagnosis: Recurrent Clostridium difficile 
infection

T R E AT M E N T  A N D  O U T C O M E
The patient was treated with a twenty-eight-day 
tapering course of oral vancomycin therapy with 
resolution of her diarrhea and abdominal cramps. 
However, approximately three weeks later, her 
symptoms recurred, and the repeat C difficile 
toxin assay on a stool specimen was positive. She 
received a fecal microbiome transplant (FMT) 
administered via nasogastric tube using stool 
provided by her sister. The symptoms resolved 
within forty-eight hours, and the patient was 
symptom-free at six months of follow-up.

D I S C U S S I O N
Approximately 15%–20% of patients with CDI 
will experience a second episode of infection 
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within four weeks of completion of therapy with 
oral metronidazole or oral vancomycin [1] . In 
patients with recurrence, the risk of a second and 
third recurrence is estimated to be 40% and 60%, 
respectively [2].

The potential risk factors for recurrent CDI 
include advanced age (>65  years), repeat hospi-
talization, continued exposure to antibiotics, use 
of proton pump inhibitors, and presence of can-
cer or receipt of organ transplant as in our patient 
[2–3]. Recurrence generally occurs due to per-
sistent disruption of the normal gut microbiome 
and resulting loss of “colonization resistance” to 
spores of C difficile [4] . Recurrence may also be 
due to the inability of the host to develop an ade-
quate antibody response to C difficile toxins [5]. 
Furthermore, hypervirulent NAP-1 strains of C 
difficile have also been associated with higher rates 
of recurrence [4]. Recurrence of CDI is not due to 
the development of resistance of metronidazole or 
vancomycin.

The general approach to prevention of recur-
rence of CDI includes avoidance of antibiotics 
and possibly H2 blockers or proton pump inhibi-
tors (Table 5.6.1). Most patients will respond 
to a second course of the therapy that was used 
initially, namely metronidazole or oral vancomy-
cin [6] . Therapy with fidaxomicin may be consid-
ered, because it is associated with half the rate of 

recurrence compared with oral vancomycin [7]. 
A second recurrence is generally managed with a 
tapering course of oral vancomycin therapy.

Fecal microbiome transplant should be con-
sidered for the treatment of patients with three 
or more recurrences of CDI. The use of FMT to 
treat recurrent CDI is based on the premise that 
the diversity of the disrupted gut microbiome in 
patients with CDI is restored with the infusion 
into the gut of stools from healthy donors [4] . In 
retrospective uncontrolled studies, the efficacy of 
FMT for the treatment of recurrent CDI is approx-
imately >90% [8–9]. The first prospective random-
ized study of FMT for the treatment of recurrent 
CDI was performed using a duodenal infusion of 
donor stool. The overall efficacy of FMT was 91% 
compared with 30% for oral vancomycin [10].

Initial reports suggested better response rates 
with related stool donors of 93% compared with 
84% with unrelated donors [8–9]. However, recent 
reports suggest efficacy of 92% of FMT done using 
unrelated donor stools that are frozen and thawed 
for use compared with 70% using related donors 
[11]. All CDI-related antibiotic therapy and 
other antibiotic therapies should be discontinued 
twenty-four hours before FMT, and antibiotics 
should be avoided after FMT.

Stool donors should be healthy with no gas-
trointestinal illness, no recent use of antibiotics 
(three to six months), and no high-risk behaviors 
for HIV infection. The screening tests for selection 
of donors include serology for HIV, hepatitis A, B 
and C, and syphilis. Stools of the donors should 
be tested for toxigenic C difficile (preferably poly-
merase chain reaction test), enteric pathogens, 
ova, and parasites. Some centers recommend 
more expanded stool testing [12].

The donor stool sample is blended in water 
and administered via nasogastric tube placed in 
the duodenum or by enema or colonoscopy. In 
approximately 75% of the published reports, FMT 
was done via enema or colonoscopy. In general, a 
single infusion is sufficient to achieve a response 
generally within three days. The reported adverse 
effects are mild and may include transient irritable 
bowel-like symptoms [8–10,  12]. The long-term 
adverse effects of FMT are unknown. There are 
currently ongoing clinical trials that are evaluat-
ing the efficacy and safety of FMT for recurrent 
and refractory CDI.

A recent retrospective multicenter study eval-
uated the safety and efficacy of FMT for recurrent 
or refractory CDI in eighty immunocompromised 
patients, including nineteen solid organ trans-
plant recipients. The overall cure rate in the study 

A

B

FIGURE  5.6.1: Computerized tomography scan dem-
onstrating (A)  distension of the colon and (B)  diffuse 
thickening of the colonic wall.
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was 89%, with a 78% cure rate after a single infu-
sion. One death occurred due to aspiration dur-
ing sedation for a colonoscopic FMT. None of the 
patients had FMT-related infections [13].

K E Y   P O I N T S
•	 Immunosuppressed	transplant	recipients	

are at risk for recurrent CDI.
•	 Patients	who	are	unresponsive	to	standard	

therapy including oral vancomycin taper 
should be considered for FMT.

•	 FMT	is	a	well	tolerated	therapeutic	option	
for recurrent CDI with a response rate 
of >90%.

•	 FMT	may	be	a	safe	and	effective	option	
even in immunocompromised patients.
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TABLE 5.6.1. MANAGEMENT OF RECURRENT CDI

Episodes of CDI Management

Initial episode of CDI •	 Stop	inciting	antibiotic
•	 Assess	severity	of CDI*
•	 Treatment:

(a) Mild or moderate disease
-oral	metronidazole	(500	mg	q	8	h)	×	10–14 d

(b) Severe disease†

-oral	vancomycin	125	mg	q	6	h	×	10–14 d
(c) Severe complicated disease‡

-oral	vancomycin	500	mg	q	6	h	×	10–14 d
+
-IV	metronidazole	500	mg	q8	h	×	10–14	d

First recurrence of CDI As above

Second recurrence of CDI •	 Stop	inciting	antibiotic
•	 Treatment

(a) Vancomycin tapering regimen
-125	mg	q	6	h × 14 d
-125	mg	q	12	h × 7 d
-125	mg	q	daily × 7 d
-125	mg	every	2 –3	d	×	2–8 wks
or

(b)	 Consider	oral	fidaxomicin	200	mg	q	12	h	×	10	d

Third recurrence of CDI •	 Stop	all	antibiotics
•	 Treatment

-Fecal microbiome transplant

*Severity of CDI.
†Severe	disease: WBC	>15	000/mm3,	serum	creatinine	>1.5 ×	baseline.
‡Severe complicated disease: hypotension, shock, ileus, megacolon [6–7, 12].
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5.7
Idiopathic CD4+ Lymphocytopenia:  
Dizziness and Headaches

ASHISH BHARGAVA,  MD AND PRANATHARTHI  H .  CHANDRASEKAR,  MD

CA S E  P R E S E N TAT I O N
A 63-year-old woman presented with worsen-
ing dizziness, new onset diplopia, and slurring of 
speech. Her initial symptom of dizziness started six 
weeks earlier, but it progressed to recurrent head-
aches and motion sickness despite symptomatic 
treatment. Magnetic resonance imaging (MRI) 
showed a 3 mm focal, nodular-enhancing lesion in 
the left cerebellar hemisphere. She was given a short 
course of prednisone without any clinical improve-
ment four weeks prior to her presentation. She had 
a history of hyperlipidemia, and she had no history 
of tobacco, alcohol, or intravenous drug abuse. She 
had no pets, and she had no recent travel history. 
Her current medication was only simvastatin.

On presentation, she was afebrile. She had 
bilateral horizontal nystagmus, worse on the left 
side, wide-based gait, significant vertigo, moder-
ate dysmetria, and dysdiadochokinesia on the left 
side. Her sensory and motor examinations were 
unremarkable as was the rest of the examination.

L A B O R ATO RY   DATA
Her white blood cell count was 5200/µL with 
morphed lymphocytopenia (neutrophils 3800/µL, 
lymphocyte 700/µL, monocytes 500/µL). Serum 
electrolytes, hemoglobin level, and platelet count 
were normal. Renal and liver function tests were 
unremarkable.

Magnetic resonance imaging of brain on 
T2-weighted	image	showed	a	3 ×	3 cm	bright	enhanc-
ing mass lesion in left cerebellar hemisphere. There 
were no additional lesions in the cerebrum, brain-
stem, or rest of the cerebellum. There was no sig-
nificant perilesional vasogenic edema, mass effect or 
hydrocephalus, or any leptomeningeal enhancement.

The following additional studies for lympho-
cytopenia were performed:

•	 CD4+ lymphocyte: 10 cells/µL
•	 CD8+ lymphocyte count: 12 cells/µL

•	 Human	immunodeficiency	virus	(HIV)	1	and	
2 (enzyme immunoassays) serology, HIV viral 
load, and serum rapid plasma reagin: negative

A lumbar puncture was done for cerebrospinal 
fluid (CSF) analysis. The CSF was unremark-
able; Gram stain and acid-fast bacilli smears were 
negative. Bacterial, fungal and viral cultures were 
negative. In addition, herpes viral polymerase 
chain reaction (PCR) (herpes simplex virus ½, 
vesicular stomatitis virus, cytomegalovirus, and 
Epstein-Barr virus) was negative.

D I F F E R E N T I A L  D I AG N O S I S

Central Nervous System Lesions   
With Mass Effects
A brain abscess is usually a focal collection within 
the brain parenchyma, which can arise from 
direct or hematogenous spread. Clinical mani-
festations can vary, depending upon the involved 
brain area. Magnetic resonance imaging shows 
ring-enhancing lesions. Absence of any prior den-
tal procedure, ear or sinus infections, negative 
blood culture, and absence of focal lesions on MRI 
makes this diagnosis unlikely.

Toxoplasma encephalitis is a reactivation dis-
ease from prior infection. Affected patients usu-
ally present with fever, headache, altered mental 
status, and/or focal neurological deficit. Lesions 
are generally multiple and have ring enhance-
ment. If clinical suspicion is high with a single 
lesion, then empiric therapy is initiated. A brain 
biopsy is recommended in patients without any 
clinical or radiological improvement.

Malignancy (primary lymphoma) can pres-
ent with focal neurological signs and symptoms, 
confusion, or seizures. It is commonly associated 
with fever, night sweats, and weight loss. It can be 
solitary or have multiple lesions that commonly 
have peripheral enhancement.

 

 

 

 

 



Idiopathic CD4+ Lymphocytopenia: Dizziness and Headaches 379

Tuberculomas frequently present as focal lesions 
without evidence of systemic illness or meningeal 
infection. They originate during hematogenous dis-
semination. Absence of exposure and negative epi-
demiology makes the diagnosis unlikely.

Granulomatous conditions (sarcoidosis and 
fungal disease such as Histoplasma, Cryptococcus, 
and Coccidioidomyces): Presence of a single lesion 
without any evidence of disseminated infection 
makes them less likely.

Neurocysticercosis usually presents with sei-
zures or focal neurological findings. Cystic or 
enhancing lesions are the most common form. 
Absence of these characteristics radiologically 
and no travel history to endemic areas makes this 
diagnosis less likely.

V I R A L  E N C E P H A L I T I S  ( H E R P E S 
S I M P L E X  V I R U S , VA R I C E L L A -
Z O S T E R  V I R U S ) :   N E G AT I V E 
C E R E B R O S P I NA L  F L U I D 
P O LY M E R A S E  C H A I N 
R E AC T I O N  T E S T S  M A K E  T H E S E 
E N T I T I E S  U N L I K E LY

Central Nervous System Lesions 
Without Any Mass Effect
Demyelinating condition (progressive multifocal 
leukoencephalopathy [PML]) is a demyelinating 
disease and characteristically presents with rapidly 
progressive focal neurological deficits including 
aphasia, ataxia, hemiparesis, and cognitive impair-
ment. Areas of demyelination are usually bilateral, 
asymmetric, and located mostly in the periventricu-
lar or subcortical white matter. Surrounding edema 
or mass effect on surrounding structures is absent.

Human immunodeficiency virus encephalop-
athy usually presents with a classic triad of depres-
sive symptoms, movement disorder, and memory 
and psychomotor speed impairment. On MRI, 
multiple bilaterally symmetrical, nonenhancing 
lesions are seen. Negative HIV serology makes it 
an unlikely diagnosis in this patient.

Cytomegalovirus encephalitis is an opportu-
nistic infection in immunosuppressed patients, 
most commonly seen in those with acquired 
immune deficiency syndrome (AIDS). Patients 
usually present with altered mental status and 
focal neurologic abnormalities. Magnetic reso-
nance imaging can either show diffuse micronod-
ules in cortex, brainstem, and basal ganglia or 
periventricular enhancement.

D I AG N O S T I C  P R O C E D U R E
An open needle biopsy specimen revealed 
marked atypia in the astrocytes and rare nuclei 

with abnormal inclusion-like material. Electron 
microscopy confirmed demyelinating process 
along with the presence of intranuclear virus par-
ticles. Cerebrospinal fluid PCR testing showed 32 
700 copies/mL of JC virus (JCV).

H O S P I TA L   C O U R S E
Her neurological condition rapidly declined after 
hospital admission. By the tenth admission day, she 
was unable to eat or follow simple commands. She 
received one dose of cidofovir (357 mg, IV), after 
confirmed diagnosis, but her condition continued 
to decline. On nineteenth day, she developed acute 
left cerebellar hemorrhage with noncommunicat-
ing hydrocephalus and midline shift. She expired 
secondary to cardiac complications. At autopsy, 
demyelinating lesions associated with viral inclu-
sion consistent with PML were noted in the brain.

Final Diagnosis: Progressive multifocal leukoen-
cephalopathy in idiopathic CD4 lymphocytopenia

Progressive multifocal leukoencephalopathy is 
a rare and usually fatal demyelinating viral disease 
of the brain, caused by reactivation of JCV. It typi-
cally occurs in immunosuppressive states and is 
characterized by rapid neurological deterioration, 
associated with progressive inflammation of the 
white matter at multiple locations.

Primary infection with JCV usually occurs in 
childhood and is asymptomatic. Proposed sites 
of latency included tonsillar tissue, kidneys, bone 
marrow, and brain. Immunosuppression allows 
JCV to reactivate. It infects the oligodendrocytes 
and astrocytes in the central nervous system (CNS) 
causing PML, possibly through 5HT2A serotonin 
receptors. Human immunodeficiency virus/AIDS 
and drugs such as natalizumab and rituximab 
are among the commonest predisposing condi-
tions. Other illnesses include myeloproliferative 
states (e.g. chronic lymphocytic leukemia), car-
cinoma, granulomatous conditions (tuberculosis, 
sarcoidosis), stem cell or organ transplantation, 
connective tissue diseases (systemic lupus erythe-
matosus), and other immune suppressive states 
(idiopathic CD4 lymphocytopenia) [1] .

The Centers for Disease Control and 
Prevention (CDC) defines idiopathic CD4 lym-
phocytopenia as CD4+ T cells <300/µL or a CD4+ 
cell count <20% of the total T cell on two occa-
sions, with no evidence of infection on HIV test-
ing and absence of any defined immunodeficiency 
or therapy associated with depressed levels of 
CD4+ T cells. An extensive review of cases from 
the CDC conducted by Ho et  al [2]  shows that 
PML in the setting of idiopathic CD4 lymphocy-
topenia is an exceedingly rare clinical occurrence.
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Progressive multifocal leukoencephalopathy 
causes multifocal demyelination of white matter 
of CNS resulting in behavioral, speech, cogni-
tive, motor, and visual impairment. An MRI is 
the imaging modality of choice and shows areas 
of hyperintensity on T2-weighted and FLAIR 
images. Cerebrospinal fluid is usually normal, but 
protein may be slightly elevated. Detection of JCV 
DNA in CSF (by PCR amplification) has high sen-
sitivity (72%–92%) and specificity (92%–100%) 
[3] . After a negative JCV PCR test result, one or 
more lumbar punctures are indicated if clini-
cal suspicion of PML persists [3]. Brain biopsy 
remains the gold standard for diagnosis of PML. 
No specific treatment exists for PML.

Correction of an underlying condition of 
immune suppression has been associated with 
clinical improvement in these patients [4] . 
Immunotherapies boosting the immune system 
have been tried as treatment modality with lim-
ited success. Cytarabine showed some efficacy in 
one clinical trial [5]. Cidofovir, mirtazapine, and 
mefloquine have shown in vitro potential to con-
trol JCV infection [6].

K E Y   P O I N T S
•	 PML	is	a	demyelinating	disease	of	the	brain	

caused by reactivation of JCV.
•	 PML	is	commonly	seen	in	patients	with	

HIV/AIDS and in patients receiving 
natalizumab and rituximab.

•	 Presentation	is	usually	characterized	
by fever, mental status changes, and 
focal neurologic defects usually in 
immunocompromised patients.

•	 MRI	is	the	imaging	modality	of	choice.
•	 Brain	biopsy	remains	the	gold	standard	for	

diagnosis of PML.
•	 The	most	effective	treatment	for	PML	is	the	

restoration of the immune system.
•	 Prognosis	is	very	poor	unless	immune	

function can be restored; even when 
immune function improves, neurologic 
deficits may persist.
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5.8
Confused: A Patient With Melanoma

MAHA ALHUSSE INI ,  MD, DEEPAK GARG,  MD, MARWAN AL-HAJE IL I ,  MD, 

AND PRANATHARTHI  H .  CHANDRASEKAR,  MD

CA S E  P R E S E N TAT I O N
A 35-year-old woman with a history of advanced 
melanoma, on treatment with a monoclonal anti-
body against cytotoxic T lymphocyte-associated 
antigen ([CTLA-4]; ipilimumab), was admitted 
with fever and altered mentation for one day. The 
patient had complained of progressively worsen-
ing headache for the prior one week. On exami-
nation, her temperature was 38.8°C, pulse was 
125 per minute, respiration was 16 per minute, 
and blood pressure was 109/60  mm mercury. 
She  was not oriented to time, place, or person 
and was confused; her neck was supple, and there 
was no focal neurological deficit. The rest of the 
examination was normal. Complete blood counts, 
serum electrolytes, and renal and liver function 
tests were normal. A computed tomography head 
scan (without contrast) done on admission was 
unremarkable. Initial management included cere-
brospinal fluid (CSF) examination and empiric 
broad-spectrum antibiotics (vancomycin and 
cefepime).	 With	 persistent	 fever	 and	 worsening	
mentation, she was transferred to the intensive 
care unit. Empiric antimicrobial therapy included 
ceftriaxone, vancomycin, ampicillin, and acy-
clovir. Her chest x-ray and blood and urine cul-
tures were negative. Lumbar puncture showed 
normal opening pressure; CSF exam revealed 10 
white blood cells (mostly lymphocytes), 0 red 
blood cells, glucose 59 mg/dL, and protein 48 
mg/dL. Cerebrospinal fluid Gram stain, acid-fast 
bacilli, fungal stains, Venereal Disease Research 
Laboratory test, bacterial and fungal cultures, and 
cryptococcal antigen were negative. Cerebrospinal 
fluid polymerase chain reaction for herpes sim-
plex virus (HSV) and varicella-zoster virus (VZV) 
and	CSF	West	Nile	virus	immunoglobulin	(Ig)M	
were negative.

A magnetic resonance image (MRI) of the 
brain showed diffuse enlargement of the pituitary 
gland with homogeneous enhancement. An MRI 

of the head obtained three months earlier was 
normal (Figure 5.8.1). The rapid rate of growth of 
the lesion with no evidence of intracranial neo-
plastic changes raised the possibility of an inflam-
matory process.

Based on the two MRIs, a diagnosis of lym-
phocytic hypophysitis was entertained by the 
radiologist. Hypophysitis is not a commonly 
encountered entity by oncologists, endocrinolo-
gists, or infectious disease physicians. The clinical 
features of fever and altered mentation combined 
with CSF pleocytosis rendered a diagnosis of 
meningoencephalitis.
Final Diagnosis: Lymphocytic hypophysitis and 
meningoencephalitis

D I S C U S S I O N
This patient, with metastatic melanoma, on ipili-
mumab, presented with fever and altered mental 
status. Her condition quickly deteriorated and 
required admission to the critical care unit, and 
a multidisciplinary team was also involved in her 
assessment. There was a strong suspicion for an 
infectious etiology initially; however, workup for 
the	 involvement	 of	 HSV,	 VZV,	West	 Nile	 virus,	
Cryptococcus, or bacteria were negative. Antibiotic 
therapy was stopped. A diagnosis of lymphocytic 
hypophysitis prompted a hormonal workup, 
which revealed depressed levels of ACTH, corti-
sol, thyroid-stimulating hormone, free T4, lutein-
izing hormone, and follicle-stimulating hormone. 
Therapy was started with prednisone 20 mg daily, 
and within twenty-four hours, fever and tachy-
cardia resolved, and her mentation was back to 
baseline. In a two-week follow-up appointment 
postdischarge, while still on corticosteroids and 
thyroid hormone replacement, repeat laboratory 
tests showed normalized cortisol and free T4.

Lymphocytic hypophysitis is a rare auto-
immune inflammatory disorder of the pitu-
itary gland, mostly reported in women in late 
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pregnancy or after menopause [1] . Lymphocytic 
adenohypophysitis involves anterior pituitary 
dysfunction that occurs in association with auto-
immune diseases and pregnancy, and lymphocytic 
infundibuloneurohypophysitis affects the poste-
rior pituitary, leading to diabetes insipidus. The 
most frequent presentation is pituitary dysfunc-
tion:  from pan hypopituitarism to a single hor-
mone deficiency. Suprasellar extension may lead 
to compression of the optic chiasm. Headaches, 
visual field disturbances, and hyperprolactinemia 
are common. More than half of the patients also 
present with secondary hypoadrenalism. Other 
reported presentations include febrile syndrome 
and aseptic meningitis [2,  3]. Lymphocytic 
hypophysitis is commonly a subacute process 
with atypical symptoms resulting in diagnostic 
delay. Magnetic resonance imaging findings are 
nonspecific and are typically characterized by dif-
fuse enlargement of the pituitary gland with loss 
of normal posterior pituitary signal intensity on 
the precontrast images and variable enlargement 
of the infundibulum [4]. Pathology consists of 
destruction of the pituitary acini by plasma cells 
and T lymphocytes. Some studies suggest that the 
lymphocytic subpopulation is represented mainly 
by cytotoxic T lymphocytes (CD8+) underscor-
ing the role of T cell-mediated cytotoxicity in the 
pathogenesis of this disorder [5].

Ipilimumab is an IgG1 monoclonal antibody 
against CTLA-4, a negative regulator of T cells. It 
augments unrestrained T-cell activation. It is cur-
rently approved for unresectable and metastatic 
melanoma because the drug has been shown to 
improve survival [6–8]. As a result of overstimu-
lation of T cells, this class of drugs is commonly 
associated with immune-related adverse effects 

including hypophysitis, colitis, rash, fever, hepa-
titis, pancreatitis, iridocyclititis, and nephritis [9] . 
Most of the immune-related adverse events are 
reversible upon drug discontinuation and respond 
well to corticosteroids. Hypopituitarism appears 
to be the only potentially irreversible event.

Lymphocytic hypophysitis is reported in 
0%–17% of patients receiving ipilimumab and is 
often associated with thyroid and adrenal insuf-
ficiency.	 Whether	 increased	 incidence	 of	 infec-
tions occurs with this new class of novel drugs 
is unclear. Early recognition of immune-related 
adverse events caused by this class of drugs is 
important because the events can lead to death if 
left unattended.
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FIGURE 5.8.1: MRI of brain before initiation of ipilimumab (A) and three months posttherapy (B).
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Infected Donor—What Do I Do?
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CA S E  P R E S E N TAT I O N
A 45-year-old man with end-stage renal dis-
ease underwent a renal transplant from a cadav-
eric donor. His donor was a Hispanic male from 
Mexico, who died of intracranial hemorrhage 
following head trauma. Posttransplant day five, 
the	 donor’s	 serum	 specimen	 was	 found	 to	 have	
positive serology for Chagas disease; the test was 
performed at the Centers for Disease Control and 
Prevention ([CDC] Atlanta, GA). Indirect fluores-
cence antibody titer against Chagas disease was 
1:32, and enzyme immunoassay was positive. The 
transplant recipient was doing well without any 
chest or abdominal pain, nausea, vomiting, dys-
uria, diarrhea, fever, chills, or shortness of breath. 
Another transplant recipient who received his 
kidney from the same deceased donor was doing 
well. Liver of the deceased donor was sent for 
research purposes, and no other organ donation 
was made from the deceased donor.

You are consulted for advice in managing the 
seronegative recipient who received a kidney from 
a seropositive, otherwise asymptomatic donor.

C H AG A S  D I S E A S E
Chagas disease is caused by a protozoan, 
Trypanosoma cruzi. It is endemic through-
out parts of South and Central America. Most 
infections are transmitted through skin breaks 
contaminated with feces of infected triatomine 
insects, but the parasite can be acquired through 
contaminated food, blood transfusion, organ 
transplantation, and vertical transmission from 
mother to child. Most acute infections in endemic 
areas are acquired during childhood and are 
asymptomatic. The signs of portal of entry of T 
cruzi through the skin (chagoma) or via the ocular 
mucous membranes (Romaῆa sign) are character-
istic in vector-borne transmission. Twenty to 30% 
of	 the	 patients’	 infection	 progresses	 to	 chronic	
phase involving the cardiovascular system most 
commonly, followed by gastrointestinal tract, 

and to a lesser extent the central nervous sys-
tem [1] . Clinical presentation of cardiac involve-
ment includes arrhythmias or cardiomyopathy. 
Megaesophagus and megacolon are common gas-
trointestinal manifestations. Demonstration of T 
cruzi in wet preparations of blood or buffy coat 
establishes acute diagnosis. After eight to twelve 
weeks, the parasitemia becomes undetectable by 
microscopy. Serologic testing is the mainstay for 
the diagnosis of chronic Chagas disease. Most 
immune competent patients with acute, inde-
terminate, and chronic disease are treated with 
antiparasitic therapy consisting of nifurtimox and 
benznidazole for 90 to 120 days.

C H AG A S  D I S E A S E  I N   S O L I D 
O R G A N  T R A N S P L A N TAT I O N
In solid organ transplantation, Chagas disease 
could be a donor-derived infection. Uninfected 
recipients who receive an organ from T 
cruzi-infected donor may develop acute T cruzi 
infection. In endemic areas, Chagas disease 
could result from a new infection or reactivation 
of chronic infection in the presence of intense 
immune suppression. A  study from Argentina 
showed reactivation of chronic Chagas disease 
in five (21.7%) of twenty-three recipients and 
development of acute T cruzi infection in three 
(18.7%) of sixteen non-chagasic recipients [2] . 
Transplantation of any organ from donors with 
acute Chagas disease is contraindicated [3]. In 
chronically infected patients, the heart is an 
important reservoir of T cruzi organisms. Heart 
transplantation from T cruzi seropositive donors 
is currently not recommended [3]. In view of 
shortage of organs, other organs (kidney, liver, 
lung, pancreas, and intestines) can be trans-
planted from donors with positive serostatus after 
obtaining informed consent from the prospective 
recipient. In a case series, risk for transmission of 
T cruzi was noted in the following order: heart (3 
of 4; 75%), liver (2 of 10; 20%), kidney (2 of 15; 
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13%),	 combined	 liver-kidney	 (0	 of	 1 =  0),	 com-
bined kidney and pancreas (1 of 1; 100%), and 
bilateral lung (1 of 1; 100%) [4].

Universal testing of all potential donors is per-
formed in endemic countries [5] . In an endemic 
area, if the donor is known to have Chagas dis-
ease, the diagnosis should be confirmed with 
serological tests. In nonendemic countries, tar-
geted testing with T cruzi serology is an effective 
screening strategy for all organ donors [3]. This 
testing is recommended for organ donors from an 
endemic country or patients with a prolonged stay 
(three to six months), or those who had extensive 
travel history in the endemic country, especially 
when in close contact with people from lower 
socioeconomic ranks and those in poor hous-
ing and rural areas. The Ortho EIA and Abbott 
Prism Chagas test are the two US Food and Drug 
Administration-approved systems for blood 
donor screening [3].

Recipients of organs from a seropositive donor 
should be monitored for clinical signs and symp-
toms of acute Chagas disease or its reactivation. 
Symptoms of acute T cruzi infection in a trans-
plant recipient are generally nonspecific, including 
fever, malaise, myocarditis, meningoencephali-
tis, and cutaneous lesions, or the symptoms may 
mimic transplant rejection. The incubation period 
for T cruzi transmitted via organ transplanta-
tion has been reported to be longer (two to three 
months) compared with vector-borne infections 
(three weeks) [1,  2]. The period can be delayed 
as long as six months. So, signs and symptoms 
of T cruzi infection can appear much later than 
those of more common infections conveyed via 
allograft. Current recommendations are for pre-
emptive monitoring of infections in recipients and 
prompt treatment with antitrypanosomal therapy 
if donor-derived T cruzi occurs [3, 4,  6]. The 
patient described in this report had no clinical 
signs, symptoms of T cruzi infection, or positive 
polymerase chain reaction (PCR) screening test 
throughout the one-year recommended period of 
follow up. A prophylactic treatment strategy is not 
recommended because antitrypanosomal agents 
have significant side effects and do not lead to 
cure of the chronic infection.

Laboratory monitoring for T cruzi includes 
microscopy of buffy coat blood sample, 
Giemsa-stained peripheral blood smears, and 
whole blood testing by PCR [3] . Due to intense 

immune suppression posttransplant, serologi-
cal testing may be less useful. Microscopy of 
peripheral smears and buffy coat preparations 
detects circulating trypomastigotes. Polymerase 
chain reaction is the most sensitive tool because it 
detects infection before parasitemia develops [7]. 
It is the best tool to diagnose acute Chagas disease 
as well as for monitoring reactivation of chronic 
Chagas disease in the immunosuppressed host. 
Trypanosoma cruzi infections in transplant recipi-
ents are treated with benznidazole or nifurtimox. 
Benznidazole is preferred over nifurtimox among 
transplant recipients due to fewer drug interac-
tions. Posaconazole and allopurinol have been 
found to have some antitrypanosomal activity but 
has not yet shown any promising results. In the 
United States, medication for Chagas disease is 
available only through the CDC. The CDC should 
be contacted as soon as Chagas infection is recog-
nized in the donor.
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Abatacept, 273
Abdominal zoster, 102
Achromobacter postobstructive pneumonia, 16, 17t
Acinetobacter postobstructive pneumonia, 16, 17t
Actinomyces postobstructive pneumonia, 16, 17t
Acute lymphocytic leukemia (ACL) 

Aspergillus pneumonia and superinfection after 
HSCT for, 226–227, 226f, 227f

P. jirovecii pneumonia prophylaxis in, 90–91, 91t
Acute myeloid (myelogenous) leukemia (AML) 

chronic hepatic candidiasis with, 51–54 (See also 
Candidiasis, chronic disseminated (CDC))

hepatitis B with, pre-HSCT evaluation, 254–255, 254f
mucormycosis with, pulmonary, 40–41, 41f (See 

also Mucormycosis, pulmonary, with hematologic 
malignancies)

neutropenia with, 3
pulmonary nodules with, 219–221, 219f, 220f
respiratory syncytial virus upper respiratory tract 

infection with, 229– 231, 230f, 230t, 231
S. mitis bloodstream infection with, 63–66, 64f, 65f

Acute myeloid (myelogenous) leukemia (AML), HSCT for 
acute respiratory distress after, 246–248, 247f, 248f
with aspergillosis, presumed prior invasive, 

243–244, 243f
Candida krusei with fluconazole prophylaxis for, 252
CMV colitis after, 217–218, 217f, 218f
CMV pneumonia after, 224–225, 224f
CMV viremia after, refractory, 262–263
hepatitis B in evaluation for, 254–255, 254f
influenza A upper respiratory with, 236–238, 237f
zoster after, visceral, 269–270

Acute myelomonocytic leukemia with eosinophilia, 
Clostridium difficile with, 21–22. See also 
Clostridium difficile, in cancer patient

Acute respiratory distress (ARDS) 
after HSCT for acute myeloid leukemia, 246–248, 

247f, 248f
with S. mitis bloodstream infection, 63–66, 64f, 65f

Acute retinal necrosis (ARN) from varicella-zoster. See 
also Varicella-zoster virus (VZV)

acyclovir for, 164

Acyclovir 
for acute retinal necrosis, 164
for Epstein-Barr virus posttransplant  

lymphoproliferative disorder prevention, 202
for herpes simplex associated erythema 

multiforme, 332
for herpes zoster, prophylaxis, 104–105, 104t
for herpes zoster, treatment, 101, 103, 103t
for progressive outer retinal necrosis, 164
for varicella-zoster virus, after solid-organ transplant, 

162, 164
for varicella-zoster virus reactivation, after 

HSCT, 269
for varicella-zoster virus reactivation prevention, with 

HSCT, 270
Adalimumab, 297t. See also Tumor necrosis factor-α 

(TNF-α) inhibitors
adverse effects of, 273
characteristics of, 344–345, 344t
erythema multiforme with, 330–332, 330f, 331f
progressive multifocal leukoencephalopathy 

with, 337t
for pyoderma gangrenosum, 357, 358t
on tuberculosis risk, 276

Adamantanes. See Amantadine; Rimantadine
Adriamycin. See Doxorubicin
Alemtuzumab (CD52), 4t

cryptococcosis with, 60
cryptococcosis with, after solid organ 

transplant, 173
P. jirovecii pneumonia prophylaxis with, 89, 90–91, 91t
progressive multifocal leukoencephalopathy 

with, 337t
Alfacept, 273–274
Alkylating agents, 4t
Amantadine, for influenza 

prophylaxis of, 72–73
treatment of, 73
upper respiratory tract, after solid organ transplant, 

178, 179t
Amikacin 

for CLABSI, 49, 49t
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for M. abscessus subspecies massiliense, after lung 
transplantation, 138

for Nocardia, 38
Amphotericin B. See also Liposomal amphotericin 

B (LAMB)
for coccidioidomycosis, disseminated, from TNF-α 

inhibitors, 303
for Fusarium, 77–78
for histoplasmosis, disseminated, 312
for lung transplantation prophylaxis, 135
for sinusitis after HSCT, 223

Amphotericin B deoxycholate (AMB-D) 
for aspergillosis, invasive, 116, 117t
for candidiasis, chronic disseminated, 55
for cryptococcosis, with hematological 

malignancy, 61
Amphotericin B lipid complex. See Liposomal  

amphotericin B (LAMB)
Ampicillin 

for listeriorosis, invasive, 297
for postobstructive pneumonia prevention, 19b

Anakinra, 273
Anaplastic astrocytoma, osteomyelitis from bevaci-

zumab for, 107–110. See also Osteomyelitis
Anemia. See also specific disorders

aplastic, in neutropenic enterocolitis, 29, 30
hemolytic, from chronic lymphocytic leukemia, 11
hypoproliferative, with parvovirus B19 in transplant 

patient, 181–183, 182f, 183t
refractive, with excess blasts ( See 

Myelodysplastic syndrome (MDS))
Anidulafungin 

for aspergillosis, 116, 118t, 119
for candidiasis, chronic disseminated, 55

Animal-derived infections, 360–361, 361t. See also 
Cat-scratch disease

Anthracyclines, 4t
C. difficile diarrhea with, 21, 22

Anticancer agents, 4t. See also specific types
Antidepressants, tricyclic, for postherpetic 

neuralgia, 104
Antimetabolites, 4t, 349. See also Azathioprine; Cytosine 

arabinoside; Fludarabine; 5-Fluorouracil (5FU); 
Methotrexate

C. difficile diarrhea with, 22
neutropenic enterocolitis with, 30, 30b

Aplastic anemia, in neutropenic enterocolitis, 29, 30
araC. See Cytosine arabinoside (cytarabine, araC)
Aspergillus (aspergillosis) 

after HSCT, 223
after HSCT, early postengraftment, 216
after HSCT, pulmonary, with fever and persistent, 

269–270, 267f
neutropenic fever from, 65
parainfluenza pneumonia with, 239–241, 239f–241f
pneumonia, prevalence of, 235
pneumonia with bacterial superinfection, after HSCT, 

226–227, 226f, 227f

in pulmonary nodules in cancer patient, 219–221, 
219f, 220f

Aspergillus fumigatus pulmonary nodules, after 
solid organ transplantation, 142–144. See 
also Pulmonary nodules, after solid organ 
transplantation

additional data in, 143
case presentation of, 142, 143f
diagnosis and outcome of, 143, 144f
differential diagnosis of, 142–143

Aspergillus (aspergillosis), invasive, 112–120
additional data in, 113, 113f, 114f
case presentation of, 112, 112f, 113f
diagnosis of, 114–116, 115f
differential diagnosis of, 112–113
in HSCT evaluation, presumed prior, 243–244, 243f
after HSCT, recurrence risk in, 244
management of, case, 116–119, 117t–118t
pathophysiology of, 114
prevention of, 119–120, 119t
risk factors for, 114
after solid organ transplantation, 134  

(See also Aspergillus tracheobronchitis)
treatment and outcome of, 113–114

Aspergillus tracheobronchitis, 133–136
additional data in, 134, 134f
case presentation of, 133, 133f
clinical presentation of, 134–135
diagnosis of, 135
differential diagnosis of, 133
epidemiology of, 134
prevention of, 135
treatment and outcomes of, 134, 135, 135f

Astrocytoma, anaplastic, osteomyelitis from  
bevacizumab for, 107–110. See also Osteomyelitis

Atovaquone, for P. jirovecii pneumonia 
prevention of, posttransplant, 205–206
prophylaxis against, 91, 91t

Avibactam, for carbapenemase-producing, 
multidrug-resistant Klebsiella pneumonia, 86

Azacitidine, 4t
Azathioprine 

hemophagocytic lymphohistiocytosis with, 
326–329, 327f

progressive multifocal leukoencephalopathy with, 337t
for pyoderma gangrenosum, 358t

Azithromycin 
for cat-scratch disease, 360, 362
on immunosuppressive drugs, 140
for M. abscessus subspecies massiliense, after lung 

transplantation, 138
for M. avium-intracellulare, 288

Bacitracin, for Clostridium difficile, in cancer patient, 25t
Bacteremia 

Aspergillus pneumonia with, after HSCT, 226–227, 
226f, 227f

left ventricular assist device, methicillin-susceptible 
S. aureus, 363–366, 364t

Amikacin (Cont.)
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S. aureus, with pulmonary abscess and multiorgan 
failure after HSCT, 246–248, 247f, 248f

β-hemolytic group B Streptococcus, in cancer patient, 
6–7, 6f (See also Cellulitis, recurrent)

Bacteroides postobstructive pneumonia, 16, 17t
Bartonella henselae, 359–362. See also Cat-scratch 

disease
pathophysiology of, 360, 361f

Bendamustine, 4t
Benznidazole, for Chagas disease in solid organ trans-

plant recipients, 385
β-hemolytic group B Streptococcus, in bacteremia and 

cellulitis, 6–7, 6f
β-lactamases 

cephalosporinase, 83
characteristics of, 82, 83t
drug resistance due to, 82

Bevacizumab (VEGF), 4t
adverse reactions of, 109
mechanism of action of, 108–109, 108f
osteomyelitis from, 107–110 (See also Osteomyelitis)
wound complications on, 108–110, 108f, 110f

Bile leaks, after orthotopic liver transplant, 186–187
Biliary anastomoses, 186
Biliary infections, after orthotopic liver transplant, 

185–188
additional data on, 185
bile leaks in, 186
biliary strictures in, 187, 187f, 188f
bilomas in, 187–188
case presentation of, 185
clinical presentation of, 185
diagnosis of, 188
differential diagnosis of, 185
epidemiology and timeline of, 186–197, 197f
follow-up of, 186, 186f
treatment and outcome of, 186, 186f, 188

Biliary strictures, 187, 187f, 188f
Bilomas, 186, 187–188
Biologic agents, 343–346, 344t, 345f. See also Tumor 

necrosis factor-α (TNF-α) inhibitors
hepatitis B reactivation with, 343–346, 345f

BK virus, 261
hemorrhagic cystitis after HSCT with, 260–261

Bloodstream infection 
central line-associated, 46–49 (See also  Central line-

associated bloodstream infection (CLABSI))
S. mitis, 63–66, 64f, 65f
viridans group streptococci, 63–68 (See also  Viridans 

group streptococci (VGS) bloodstream infection)
Bone marrow transplantation unit construction, 

371–372, 371t, 372t
Bortezomib, 4t

herpes zoster with, disseminated, 100–105 (See also  
Herpes zoster virus, disseminated)

Brain abscess, 378
Breast cancer, methicillin-susceptible S. aureus in, 

123–124, 124f. See also Methicillin-susceptible 
Staphylococcus aureus (MSSA)

Brentuximab, progressive multifocal  
leukoencephalopathy with, 336, 337t

Brincidofovir, for CMV pneumonia after HSCT, 225
Bronchogenic carcinoma, pneumonia with, 5
Burkitt’s lymphoma, Trichosporon asahii with, 93–96, 

93f, 94f, 96f. See also Yeast infections, non-Candida 
disseminated opportunistic

Busulfan 
Aspergillus pneumonia with bacterial superinfection, 

226–227, 226f, 227f
hemorrhagic cystic with, 261
Rhizopus sinusitis and orbital cellulitis with, 

222–223, 222f

Candida, 306, 306f
neutropenic fever from, 65
in pulmonary nodules in cancer patient, 221

Candida albicans, 306
Candida esophagitis, 305–307, 305f, 306f
Candida glabrata, 306
Candida krusei, 306

with fluconazole prophylaxis for HSCT, 252
Candidemia, in neutropenic patients, 252
Candidiasis, chronic disseminated (CDC), 51–55

case presentation of, 51–54, 51f, 52f
clinical presentation of, 54–55
diagnosis of, 51, 55
epidemiology of, 54
laboratory and radiographic trends in, 52–54, 53t
management of, 52, 55
pathogenesis of, 54

Capecitabine, 4t
C. difficile diarrhea with, 22
neutropenic enterocolitis with, 30, 30b

Carbapenem. See also  Imipenem; Meropenem
for carbapenemase-producing, multidrug-resistant 

K. pneumonia, 84
for febrile neutropenia, 65, 67, 86
neurotoxicity of, 369
resistance to, 83t, 84

Carbapenemase-producing Enterobacteriaceae (CPE) 
diagnostic considerations in, 84–85
emergence of, 82
multidrug resistance of, 84

Carbapenemase-producing, multidrug-resistant 
Klebsiella pneumoniae (KPC), 80–86. See also 
Klebsiella pneumonia, carbapenemase-producing, 
multidrug-resistant (KPC)

Carbapenemases, 83t, 84
Carboplatin, 4t
Carmustine (BCNU), 4t
Caspofungin 

for aspergillosis, invasive, 116, 118t
for candidiasis, chronic disseminated, 51, 55
for Pneumocystis pneumonia, 90

Cat-scratch disease, 359–362
additional data on, 360
case presentation of, 359, 359f, 360f
clinical manifestations of, 361–362
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diagnosis of, 362
differential diagnosis of, 359–360
risk factors for, 360–361
treatment and outcome of, 360, 361f, 362

CD4+ lymphocytopenia, idiopathic 
definition of, 379–380
progressive multifocal leukoencephalopathy with, 

378–380
Cefazolin, for left ventricular assist device implantation 

prophylaxis, 366
Cefepime 

for Aspergillus pneumonia with bacterial superinfec-
tion after HSCT, 227

for methicillin-susceptible S. aureus, 124, 125
neurotoxicity of, 368–370, 369f
for neutropenic enterocolitis, 31t
for neutropenic fever prophylaxis, 65
for Pseudomonas aeruginosa, 369
for viridans group streptococci bloodstream infection 

with neutropenia, 67
Cefotaxime, for disseminated nocardiosis after organ 

transplant, 169
Cefoxitin 

cephalosporinase β-lactamase on, 83
for CLABSI, 49, 49t

Ceftaroline 
for methicillin-susceptible S. aureus, 125
for postobstructive pneumonia prevention, 19b

Ceftazidime 
with avibactam, for multidrug-resistant 

Enterobacteriaceae, 83t, 86
cephalosporin-resistant viridans group  

streptococci after, 67
for neutropenic enterocolitis, 31t
neutropenic fever from prophylaxis with, 66, 66b
viridans group streptococcal bloodstream infections 

with, 65t, 66, 66b
Ceftriaxone 

for group B streptococcal cellulitis and bacteremia, 7
for nocardiosis, 36
for nocardiosis, disseminated, after organ 

transplant, 169
for postobstructive pneumonia prevention, 19b
viridans group streptococcal bloodstream infections 

with, 65
Cellulitis, in cancer patient 

orbital, after HSCT, 222–223, 222f
S. aureus, 7
β-hemolytic group B Streptococcus, 6–7, 6f

Cellulitis, recurrent, 6–9
additional data on, 7
case presentation of, 6, 6f
clinical presentation of, 7
differential diagnosis of, 6–7
management of, 7–8, 8f
pathophysiology of, 7
prevention of, 8
risk factors for, 7

Central line-associated bloodstream infection 
(CLABSI), 46–49

case presentation of, 46, 46f, 47f
clinical presentation of, 48
diagnosis of, 47, 48
differential diagnosis of, 46–47
epidemiology of, 47
management of, 48–49, 49t
risk factors for, 47–48
treatment and outcome of, case, 47

Central nervous system lesions. See also  specific types
with mass effects, 378–379
without mass effects, 379

Cephalosporinases, 82–83, 83t
Cephalosporins. See also  specific agents and types

broad-spectrum, C. difficile diarrhea with, 22
neurotoxicity of, 368–370, 369f
third-generation, for Nocardia, 38

Certolizumab, 276, 297t, 302. See also Tumor necrosis 
factor-α (TNF-α) inhibitors

adverse effects of, 273
Candida esophagitis with, 306
characteristics and actions of, 344–345, 344t
granulomatous infections with, 311
histoplasmosis with, 311
on tuberculosis risk, 276

Chagas disease, 384
donor-derived, from solid organ transplantation, 

384–385
Chickenpox, 163, 163f. See also Varicella-zoster 

virus (VZV)
Cholangitis 

after liver transplant, 185–188, 186f (See also Biliary 
infections, after orthotopic liver transplant)

pneumonia with, 5
Choledocho-choledochostomy (CC), 186
Choledocho-jejunostomy (Roux-en-Y), 186
Chronic lymphocytic leukemia (CLL), 11–12

central line-associated bloodstream infection with, 
46–47, 46f, 47f (See also Central line-associated 
bloodstream infection (CLABSI))

CMV infection with, 12
cryptococcal meningitis with, 58–60, 59f  

(See also Cryptococcosis, disseminated, with  
hematological malignancies)

Fusarium infection with, disseminated, 75–78  
(See also  Fusariosis (Fusarium), disseminated)

hypogammaglobulinemia with, 5, 10–13, 10f, 11f, 11t 
(See also Hypogammaglobulinemia, secondary)

hypogammaglobulinemia with, secondary, 5
nocardiosis with, disseminated, 35–36, 35f, 36f  

(See also Nocardiosis, disseminated)
rhinosinusitis with, acute, 10–11, 10f, 11f
S. pneumoniae with, 5

Chronic myeloid leukemia (CML), 
carbapenemase-producing, multidrug-resistant 
K. pneumonia with, 80–82, 81f. See also Klebsiella 
pneumonia, carbapenemase-producing . . .

Chronic neutrophilic leukemia (CNL), 63

Cat-scratch disease (Cont.)
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Cidofovir 
for BK virus, CMV, and adenovirus hemorrhagic 

cystitis, 261
for CMV colitis, after solid organ transplant, 193, 194t
for CMV pneumonia after HSCT, 225
for HHV-6 reactivation after umbilical cord 

transplant, 266
for JC virus, 341, 379
for progressive multifocal leukoencephalopathy,  

341, 379, 380
Ciprofloxacin 

for BK virus, 260–261
after cholangitis surgery, 186
for CLABSI, 47, 49, 49t
neutropenic fever from prophylaxis with, 66, 66b
for postobstructive pneumonia prevention, 19b
for Pseudomonas aeruginosa, 21
viridans group streptococcal bloodstream  

infections with, 66
Cisplatin, 4t
Citrobacter postobstructive pneumonia, 16, 17t
Clarithromycin 

for CLABSI, 49, 49t
on immunosuppressive drugs, 140
for M. avium-intracellulare, 284, 285, 286, 288
for M. marinum, 290, 291, 293
for nontuberculous mycobacterial pulmonary 

infections, 140
Clindamycin 

C. difficile diarrhea with, 22
for P. jirovecii pneumonia, posttransplant, 206

Clostridium difficile 
diagnosis of, 258
epidemiology of, 258
fecal microbiota transplant for, 374–376, 376t
in liver transplant recipient, recurrent, 374–376, 

375f, 376t
Clostridium difficile colitis, after HSCT, 257–258, 

257f, 258f
risk factors for, 258, 258t

Clostridium difficile, in cancer patient, 21–25
additional data on, 22
case presentation of, 21
diagnosis of, 23
differential diagnosis of, 21–22
management of, 23–24, 25t
prevention of, 26
risk factors for, 22–23, 24b
risk factors for recurrence/relapse of, 24b
severe, 23, 24t
treatment and outcome of, case, 22

CMV syndrome, 192
Coagulase-negative staphylococcus, neutropenic  

fever from, 64
Coccidioides immitis, 301–302
Coccidioides posadasii, 301–302
Coccidioidomycosis, disseminated, 299–304

additional testing for, 300–301, 301f
case presentation of, 299, 300f

clinical presentation of, 302
diagnosis of, 303
differential diagnosis of, 299–300
epidemiology of, 301–303, 302f
pathophysiology of, 302
screening for, before TNF-α initiation, 304
TNF-α in, 302–303
treatment and outcome of, 301, 303

Colitis, Clostridium difficile, after HSCT, 257–258, 257f, 
258f, 258t

Colitis, cytomegalovirus 
after HSCT, 217–218, 217f, 218f
after solid organ transplantation, 190–194  

(See also  Cytomegalovirus (CMV) colitis, after 
solid organ transplant)

Community-acquired respiratory viruses (CRVs).  
See also  specific types

nosocomial transmission of, 236–237, 237f
Cord blood transplantation 

Epstein-Barr virus-associated lymphoproliferative 
disease after, 249–250, 250f

HHV-6 reactivation after, 264–266, 264f, 265f
Corticosteroids. See also  specific types

CMV diarrhea with, 324–325
cryptococcosis with, in organ transplant 

recipients, 173
as double-edged sword, 325
for hemophagocytic lymphohistiocytosis, 328
for immune reconstitution inflammatory 

syndrome, 341
for P. jirovecii pneumonia, posttransplant, 205
for pyoderma gangrenosum, 357, 358t

Cryptococcosis, disseminated, after solid organ  
transplant, 171–174

additional data on, 172, 172f
case presentation of, 171, 171f, 172f
clinical presentation of, 173
diagnosis of, 173–174
differential diagnosis of, 172
epidemiology of, 173
management of, initial, 172
prevention of, 174
prognosis in, 174
risk factors for, 173
treatment and outcome of, 172–174, 173f

Cryptococcosis, disseminated, with hematological 
malignancies, 58–61

clinical presentation of, 61
diagnosis of, 61, 61f
etiology and pathogenesis of, 60
management of, 61
in meningitis case, 58–61 (See also  

Meningitis, cryptococcal)
risk factors for, 60–61

Cryptococcus, 95f, 95t
Cryptococcus neoformans, 60
Cunninghamella, 42. See also  Mucormycosis
Cutaneous phaeohyphomycosis, 152–154, 152f, 154f.  

See also Phaeohyphomycosis, cutaneous
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Cutaneous ulcers, inflammatory, 357t. See also  
Pyoderma gangrenosum

Cyclophosphamide, 4t
C. difficile diarrhea with, 22
diarrhea with, 324
hemorrhagic cystic with, 260
progressive multifocal leukoencephalopathy with, 

337t, 339
sinusoidal obstruction syndrome with, 256
voriconazole interaction with, 244

Cyclosporine 
for hemophagocytic lymphohistiocytosis, 328
progressive multifocal leukoencephalopathy 

with, 337t
for pyoderma gangrenosum, 357, 358t

Cystic fibrosis (CF)-associated bronchiectasis, 
Aspergillus tracheobronchitis after lung transplan-
tation for, 133–134, 133f, 134f. See also Aspergillus 
tracheobronchitis

Cystitis, hemorrhagic, 260–261
with polyoma BK virus infection, after HSCT, 

260–261
Cytarabine. See  Cytosine arabinoside (cytarabine, araC)
Cytomegalovirus (CMV) 

in chronic lymphocytic leukemia, 12
classification of, 192
clinical presentation of, 192
diagnosis of, 192, 193t
encephalitis, 379
management of, 192–193, 194t
as opportunistic pathogen, 324
P. jirovecii pneumonia co-infection with, 204
thiopurines on risk of, 327–328
tissue-invasive, 192

Cytomegalovirus (CMV),after HSCT 
early postengraftment, 216

Cytomegalovirus (CMV), after HSCT 
early postengraftment, 216
enterocolitis, 218
pneumonia, 224–225, 224f
refractory viremia, 262–263

Cytomegalovirus (CMV) colitis, after HSCT, 217–218, 
217f, 218f

Cytomegalovirus (CMV) colitis, after solid organ  
transplant, 190–194

additional data on, 191, 191f
case presentation of, 190, 190f
clinical presentation of, 192
diagnosis of, 192, 193t
differential diagnosis of, 190–191
management of, 192–193, 194t
prevention of, 194–195, 195t
risk factors for, 191–192, 192t
treatment and outcome of, case, 191

Cytomegalovirus (CMV) diarrhea, 322–325
case presentation of, 322–323, 323f
differential diagnosis of, 323
treatment of, 323–324

Cytosine arabinoside (cytarabine, araC), 4t

C. difficile diarrhea with, 21, 22
on JC virus replication, 341
neutropenic enerocolitis with, 30, 30b
neutropenic fever from, 66, 66b
for progressive multifocal leukoencephalopathy, 

341, 380
viridans group streptococcal bloodstream infections 

with, 66b

Dapsone 
for P. jirovecii pneumonia, prevention posttransplant, 

205–206
for P. jirovecii pneumonia, prophylaxis, 89, 91, 91t
for pyoderma gangrenosum, 358t

Daptomycin 
for methicillin-susceptible S. aureus, 125
for neutropenic fever prophylaxis, 65, 65t
for osteomyelitis, 108

DAS181, for respiratory syncytial virus pneumonia, 
240, 241f

Daunorubicin, 4t
neutropenic enterocolitis with, 30, 30b

Decitabine, 4t
invasive aspergillosis with, 113

Delirium 
ICU, with Trichosporon asahii, 93
in pneumonia treatment, 368–370, 369f

Desipramine, for postherpetic neuralgia, 104
Dexamethasone, high-dose taper. See also  

Corticosteroids
for hemophagocytic lymphohistiocytosis, 327, 328
for immune reconstitution inflammatory 

syndrome, 341
Diarrhea. See also  specific types

in cancer patient, 21–25 (See also  
Clostridium difficile, in cancer patient)

chronic, 323 (See also  specific pathogens and disorder)
after HSCT, 216–218, 217f, 218f
after solid organ transplantation, 209t

Diarrhea, infectious, 322–325
case presentation of, 322–323, 323f
corticosteroids in, 325
cytomegalovirus, 324
cytomegalovirus, corticosteroids in, 324–325
differential diagnosis of, 323
pathogens in, 324, 324t
treatment of, 323–324

Disease-modifying antirheumatic drugs (DMARDs), 
273. See also  specific agents

Strongyloides with, 319
Docetaxel, 4t

neutropenic enterocolitis with, 30, 30b
Donor infections, on solid organ transplantation, 

156–160
case presentation of, 156, 157f
Chagas disease in, 384–385
decision tree for, 157f
disease screening for, 156–159, 159b
expected vs. unexpected, 156–157
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screening tests for, 157–159, 158b
treatment and outcome in, 159, 159t

Doxorubicin, 4t
neutropenic enterocolitis with, 30, 30b

Doxycycline 
for cat-scratch disease neuroretinitis, 362
for CLABSI, 49, 49t
for M. fortuitum, 49, 104

Duloxetine 
for cat-scratch disease, 362
for M. fortuitum, 104
for M. marinum, 293
for postherpetic neuralgia, 104

Edema, leg, in cancer patient, 6–9. See also Cellulitis, 
recurrent

Efalizumab, progressive multifocal leukoencephalopathy 
with, 336, 338t

Encephalitis 
cytomegalovirus, 379
toxoplasma, 378

Encephalopathy 
HIV, 379
posterior reversible encephalopathy syndrome, 340
progressive multifocal leukoencephalopathy, 

333–341, 378–380 (See also Progressive multifocal 
leukoencephalopathy (PML))

Entecavir, for hepatitis B, pre-chemotherapy, 254, 
255, 346

Enterobacteriaceae, multidrug-resistant (MDRE), 
80–86. See also Multidrug-resistant 
Enterobacteriaceae (MDRE)

Enterobacter postobstructive pneumonia, 16, 17t
Enterocolitis 

cytomegalovirus, after HSCT, 218
neutropenic, 28–32 (See also  

Neutropenic enterocolitis)
Epigenetic modifiers, 4t
Epirubicin, 4t
Epstein-Barr virus (EBV), 200–201, 250

lymphoproliferative disease, after cord blood  
transplantation, 249–250, 250f

thiopurines on risk of, 327–328
Epstein-Barr virus (EBV), posttransplant, 199–202

additional data on, 200, 200f
case presentation of, 199–200, 199f, 200f
clinical presentation and diagnosis of, 201
differential diagnosis of, 200
management of, 201–202
pathophysiology of, 201
prevention of, 202
risk factors for, 201
treatment and outcome of, case, 200

Erythema multiforme 
herpes simplex associated, 330–332, 330f, 331f
TNF-α inhibitors with, 330–332, 330f, 331f

Erythromycin, for cellulitis prophylaxis, 8
Escherichia coli, postobstructive pneumonia from, 16, 17t
Esophagitis, Candida, 305–307, 305f, 306f

Etanercept, 297t
characteristics of, 344–345, 344t
in M. marinum, 290–293, 290f–293f
M. tuberculosis with, 287, 287f
nontuberculous mycobacteria with, 287, 287f
for pyoderma gangrenosum, 357, 358t
on tuberculosis risk, 276–277, 277f, 290–291

Ethambutol 
for M. avium-intracellulare, 139, 284, 285, 286
for M. marinum, 290, 291, 293
for nontuberculous mycobacterial pulmonary 

infections, 139
for tuberculosis, disseminated, with brain abscess, 

148, 149
Etoposide (VP-16), 4t

for hemophagocytic lymphohistiocytosis, 328
neutropenic enerocolitis with, 30, 30b

Exophiala dermatitidis cutaneous phaeohyphomycosis, 
152–153, 152f, 154f. See also Phaeohyphomycosis, 
cutaneous

Extended-spectrum β-lactamases (ESBL) 
characteristics of, 83–84, 83t
diagnostic considerations in, 84–85

Extensive drug resistance (XDR), 84
case study of, 80–81, 81f, 82t
diagnostic considerations in, 84–85

epidemiology and risk factors for, 84

Famciclovir 
for herpes simplex associated erythema 

multiforme, 332
for herpes zoster, 103, 103t
for herpes zoster prophylaxis, 104, 104t
for varicella-zoster virus infection after solid-organ 

transplant, 164
Febrile neutropenia. See  Neutropenic fever
Fecal microbiota transplant (FMT), for C. difficile 

in cancer patient, 22, 24, 26
recurrent, 374–376, 376t

Fidaxomicin, for Clostridium difficile, in cancer patient, 
22, 23, 24, 25t, 26, 375, 376t

Fluconazole 
for Candida esophagitis, 307
Candida esophagitis resistant to, 305, 307
on Candida risk, 114, 268
for candidiasis, chronic disseminated, 52, 53, 53t, 54, 55
C. krusei prophylaxis, in HSCT, 252
for coccidioidomycosis, disseminated, from TNF-α 

inhibitors, 301, 303
for cryptococcosis, with hematological 

malignancy, 60, 61
for cryptococcosis, with solid organ 

transplantation, 174
prophylaxis with, on differential diagnosis, 75
on Trichosporon, prophylaxis, 98
on Trichosporon, risk, 95t, 97

5-Flucytosine (5FC), for cryptococcosis 
disseminated, after organ transplant, 172, 174
with hematological malignancy, 60, 61
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Fludarabine, 4t
cryptococcosis from, 60
for hepatitis conditioning, pre-transplant, 355
immunosuppression from, 114, 244
P. jirovecii pneumonia prophylaxis with, 90–91, 91t
progressive multifocal leukoencephalopathy with, 338t
for varicella-zoster virus prevention, 104t, 105

Fluoroquinolone prophylaxis. See also  specific agents
C. difficile diarrhea with, 22
neutropenic fever from, 66, 66b
viridans group streptococci bloodstream infections 

with, 68
5-Fluorouracil (5FU), 4t

C. difficile colitis with, 22
neutropenic enterocolitis from, 30, 30b
neutropenic enterocolitis with, 30, 30b

Follicular lymphoma 
influenza B with, 70–72, 71f (See also Influenza B)
umbilical cord blood transplant for, HHV-6  

reactivation, 264–266, 264f, 265f
Food handling, infection prevention in  

immunocompromised for, 297t, 298
Foscarnet 

for CMV-associated hemophagocytic  
lymphohistiocytosis, 327, 328

for CMV colitis, after solid organ transplant, 
192–193, 194t

CMV enterocolitis after, 218
for CMV pneumonia, after HSCT, 225
for CMV, resistant, 263
for HHV-6 reactivation after umbilical cord  

transplant, 265, 266
for varicella-zoster virus, 104

Fosfomycin 
for carbapenemase-producing Enterobacteriaceae, 85
for extended-spectrum β-lactamases, 84

Fungemia, breakthrough, 93–98. See also  Yeast infections, 
non-Candida disseminated opportunistic

management of, initial, 94–96
Fusariosis (Fusarium), disseminated, 75–79

additional data in, 77, 77f
case presentation of, 75, 76f
clinical presentation of, 78
diagnostic challenges with, 78
differential diagnosis of, 75–76, 76t
prevention of, 78
prognosis in, 78
risk factors for, 78
treatment and outcome of, 76–78

Fusidic acid, for C. difficile in cancer patient, 25t
Fusobacterium postobstructive pneumonia, 16, 17t

Gabapentin 
for herpes zoster pain, 101
for postherpetic neuralgia, 104

Ganciclovir 
for CMV colitis, after HSCT, 218
for CMV colitis, after solid organ transplantation, 

191, 192

for CMV colitis prevention, after solid organ trans-
plant, 192t, 193–194, 194t

for CMV diarrhea, 323
for CMV hemophagocytic lymphohistiocytosis, 

327, 328
for CMV hemorrhagic cystitis, 261
for CMV pneumonia after HSCT, 224–225
cytopenia from, 192
for Epstein-Barr virus posttransplant lymphoprolif-

erative disorder prevention, 202
for HHV-6 reactivation after umbilical cord 

transplant, 266
resistance to, 262–263
for varicella-zoster virus reactivation prevention 

of, 164
Gas gangrene, cellulitis vs., 6–8, 6f
Gemcitabine, 4t
Gentamicin 

for carbapenemase-producing Enterobacteriaceae, 85
for cat-scratch disease, 362

Geotrichum, 95f, 95t
Glucocorticoids. See also  Corticosteroids; specific types

in cytomegalovirus diarrhea, 324–325
Golimumab, 297t. See also Tumor necrosis factor-α 

(TNF-α) inhibitors
adverse effects of, 273
characteristics of, 344–345, 344t
on tuberculosis risk, 276

Graft-versus-host disease (GVHD), from HSCT, 215
Gram-negative bacilli, multidrug-resistant. See also  

Klebsiella pneumonia, carbapenemase-producing, 
multidrug-resistant; specific types

emergence of, 82
GS-5806, for human parainfluenza virus, 240

Haemophilus influenzae 
with chronic lymphocytic leukemia, 5
in hypogammaglobulinema, 11
with multiple myeloma, 5
postobstructive pneumonia from, 16, 17t

Healthcare-associated pneumonia, 18. See also  
specific types

Heart-lung transplantation, P. jirovecii pneumonia after, 
204. See also  Pneumocystis jirovecii pneumonia 
(PJP), after solid organ transplant

Heart transplantation 
cytomegalovirus colitis after, 190–194 (See also  

Cytomegalovirus (CMV) colitis, after solid organ 
transplant)

nocardiosis after, disseminated, 166–167, 167f 
(See also Nocardiosis, disseminated, after organ 
transplant)

sirolimus-associated pulmonary toxicity after, 
196–197, 196f, 197f (See also Sirolimus-associated 
pulmonary toxicity)

Hematopoietic stem cell transplantation (HSCT). See 
also  specific complications

acute respiratory distress after, 246–248, 247f, 248f
allogeneic, 215
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aspergillosis after, 223
aspergillosis with fever after, pulmonary, 

267–268, 267f
Aspergillus pneumonia with bacterial superinfection 

after, 226–227, 226f, 227f
autologous, 215
Candida krusei with, in fluconazole prophylaxis, 252
C. difficile colitis after, 257–258, 257f, 258f, 258t
CMV after, 29
CMV colitis after, 217–218, 217f, 218f
CMV enterocolitis after, 218
CMV pneumonia after, 224–225, 224f
CMV viremia after, refractory, 262–263
fusariosis after, 78
graft-versus-host disease after, 29
hemorrhagic cystitis with polyoma BK virus after, 

260–261
herpes zoster after, 101–102
hypogammaglobulinema after, 10–12
immune deficiency periods in, 215–216
infections in, 215–216
influenza A upper respiratory tract infection with, 

236–238, 237f
influenza vaccination before, 237–238, 237f
mucormycosis after, 222–223, 233–235, 233f, 234f
nocardiosis after, 37
parainfluenza pneumonia with, 239–241, 239f–241f
P. jirovecii pneumonia after, 88
P. jirovecii pneumonia prophylaxis for, 90–91, 91t
respiratory failure in, acute onset, 246–248, 247f, 248f
Rhizopus sinusitis and orbital cellulitis after, 

222–223, 222f
S. aureus bacteremia with pulmonary abscess and 

multiorgan failure after, 246–248, 247f, 248f
zoster after, visceral, 269–270

Hematopoietic stem cell transplantation (HSCT)  
evaluation, 215–216

aspergillosis in, presumed prior invasive, 
243–244, 243f

hepatitis B in, 254–255, 254f
hepatitis C in, 255–256
pulmonary nodules in, 219–221, 219f, 220f
respiratory syncytial virus in, upper respiratory tract, 

229– 231, 230f, 230t, 231
Hemolytic anemia, from chronic lymphocytic 

leukemia, 11
Hemophagocytic lymphohistiocytosis (HLH), 326–329

case presentation of, 326–327, 327f
clinical features of, 327–328
diagnosis of, 327–328
differential diagnosis of, 327
prevention of, 328–329
treatment of, 328, 329
types of, 327

Hemorrhagic cystitis, 260–261
with polyoma BK virus, after HSCT, 260–261

Hepatitis B virus (HBV) 
in HSCT evaluation, 254–255, 254f
prevalence of, 345

Hepatitis B virus (HBV), TNF-α inhibitor reactivation 
of, 344–346, 345f

case presentation of, 343–344
prevention of, 344–345, 344f

Hepatitis C virus (HCV), HSCT risks with, 255–256
Hepatitis viruses, 255–256
Hepatosplenic candidiasis, 51–55. See also Candidiasis, 

chronic disseminated (CDC)
Herpes simplex associated erythema multiforme 

(HAEM), 330–332, 330f, 331f
Herpes zoster ophthalmicus, 102, 103
Herpes zoster vaccination 

live, 164
live, in immunosuppressed, 350–351

Herpes zoster virus, disseminated, 100–105, 348–351
abdominal zoster in, 102
additional data in, 101
case presentations of, 100–102, 101f, 102f, 348–349, 

348f, 349f
clinical presentation of, 102
complications of, 103t
diagnosis of, 102–103
differential diagnosis of, 101
management of, 103–104
management of, initial, 101
postherpetic neuralgia in, 104
prevention of, 104–105, 104t
prognosis in, 104
Ramsay Hunt syndrome in, 102
reactivation of, 104
risk factors for, 101–102
treatment and outcome of, case, 101, 101t

Histoplasma capsulatum, 311
Histoplasmosis, disseminated, with TNF-α inhibitors, 

309–313
additional diagnostic testing and clinical course of, 

310–311, 310f, 311f
case presentation of, 309, 309f
clinical manifestations of, 311–312
diagnosis of, 312
differential diagnosis of, 309–310
epidemiology of, 311, 312f
prevention of, 312–313
TNF-α inhibitors in, 311
treatment of, 312

HIV encephalopathy, 379
Human herpes virus-6 (HHV-6) reactivation, after 

umbilical cord blood transplant, 264–266, 
264f, 265f

Human parainfluenza virus (HPIV), 240–241, 240f, 241f
Hyperimmune globulin, for CMV-associated  

hemophagocytic lymphohistiocytosis, 327, 328
Hypogammaglobulinemia, secondary, 10–13

additional data on, 11, 11t
case presentation of, 10, 10f, 11f
with chronic lymphocytic leukemia, 5, 10–13
clinical manifestations of, 11
diagnosis of, 11, 12
differential diagnosis of, 10–11
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H. influenza in, 11
malignancies with, 11–12
management and prevention of, 12–13, 12b
with multiple myeloma, 5
mycoplasma infections in, 11
rhinosinusitis from, recurrent, 10–11, 10f, 11f
risk factors for, 12
S. pneumoniae in, 10, 11
treatment and outcome in, case, 11

Hypophysitis, lymphocytic, with meningoencephalitis, 
381–382, 382f

Hypoproliferative anemia, from parvovirus B19 in 
transplant patient, 181–183, 182f, 183t

Ibritumomab, progressive multifocal  
leukoencephalopathy with, 338t

Ibrutinib, 4t
Idarubicin, 4t

C. difficile diarrhea with, 21, 22
Idelalisib, 4t
Imatinib, 4t

on wound healing, 109–110
Imipenem 

for CLABSI, 47, 49, 49t
for extended-spectrum β-lactamases, 83
for M. abscessus subspecies massiliense, after lung 

transplantation, 138
for methicillin-susceptible S. aureus, 125
for neutropenic fever prophylaxis, 65
for Nocardia, 38
for postobstructive pneumonia prevention, 19b
for viridans group streptococci bloodstream infection 

with neutropenia, 67
Immune-mediated inflammatory diseases (IMIDs) 

latent tuberculosis infection screening with, 
pre-TNF-α inhibitor, 276

TNF-α inhibitors for, 276
Immune reconstitution inflammatory syndrome (IRIS), 

334, 341
Immune suppression, net state of, 131
Immunoadsorption, for natalizumab progressive  

multifocal leukoencephalopathy, 340–341
Immunoglobulin (Ig), for norovirus posttransplant, 

210, 211t
Immunosuppressive agents. See also  specific drugs

categories of, 349
classes of, 273
infections with, 273–274
for M. avium-intracellulare with, 283–288 (See 

also  Nontuberculous mycobacteria (NTM), 
M. avium-intracellulare)

M. marinum with, 290–293 (See also  
Mycobacterium marinum)

Ramsay Hunt syndrome after herpes zoster vaccination, 349
Inactivated vaccines, 349–350
Infection control. See also  specific pathogens

in bone marrow transplantation unit construction, 
372, 372t

for upper respiratory tract infections, 230, 231f, 
236, 237f

Infection control risk assessment (ICRA), 372, 372t
Inflammatory cutaneous ulcers, 357t. See also Pyoderma 

gangrenosum
Infliximab, 297t. See also Tumor necrosis factor-α 

(TNF-α) inhibitors
adverse effects of, 273
Candida esophagitis with, 306
characteristics of, 344–345, 344t
coccidioidomycoses with, disseminated, 299–303, 

300f, 301f
erythema multiforme with, 331
hemophagocytic lymphohistiocytosis with, 328
histoplasmosis with, 311
Listeria meningoencephalitis with, 295–298, 

295f, 297t
M. tuberculosis with, 287
nontuberculous mycobacteria with, 287
P. jirovecii pneumonia with, 316
progressive multifocal leukoencephalopathy 

with, 338t
for pyoderma gangrenosum, 357, 358t
on tuberculosis risk, 275–277, 277f

Influenza A upper respiratory tract infection, after 
HSCT, 236–238, 237f

Influenza B, 70–74
additional data in, 71
case presentation of, 70, 71f
clinical presentation of, 71–72
diagnosis of, 72
differential diagnosis of, 70
management of, 73, 73t
management of, initial case, 70–71
prevention of, 72–73, 73t
treatment and outcome of, case, 71

Influenza upper respiratory tract infection, after solid 
organ transplant, 176–179

additional data on, 177
case presentation of, 176, 176f
clinical presentation of, 177
diagnosis of, 177–178, 178t
differential diagnosis of, 176–177
epidemiology and pathogenesis of, 177
prevention of, 178
treatment and outcome of, 177, 178, 179t

Influenza upper respiratory tract infection, pneumonia 
from, 236–237, 237b

Influenza vaccination, 72
for HSCT recipients and candidates, 237–238, 237f
after solid organ transplant, 178–179

Interferon, pegylated, for hepatitis C, pre-HSCT, 256
Intravenous immune globulin (IVIG) 

for CMV pneumonia after HSCT, 225
for hypogammaglobulinemia, 11, 12–13, 12b
for respiratory syncytial virus upper respiratory tract 

infection, 230
Invasive fungal infections (IFIs), CNS, 59
Ipilimumab 

Hypogammaglobulinemia, secondary (Cont.)
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immune effects of, 381–382
lymphocytic hypophysitis with, 381–382, 382f

Irinotecan, 4t
Itraconazole 

for aspergillosis, invasive, 116, 118t
for aspergillosis, prevention, 119, 119t, 120
for Candida esophagitis, 307
for histoplasmosis, disseminated, 311, 312
for phaeohyphomycosis, cutaneous, 154

Ivermectin, for Strongyloides, 319, 320

JC virus (JCV), in progressive multifocal leukoencepha-
lopathy, 334–335, 340–341, 379

Kidney-pancreas transplant 
P. jirovecii pneumonia after, 203–204, 203f, 204f (See 

also Pneumocystis jirovecii pneumonia (PJP), after 
solid organ transplant)

posttransplant lymphoproliferative disorder after, 
199–200, 199f, 200f

varicella-zoster virus infection after, 160–164 (See also  
Varicella-zoster virus (VZV))

Kidney transplant 
cutaneous phaeohyphomycosis after, 152–154, 

152f, 154f
influenza upper respiratory tract infection after, 

176–179 (See also  Influenza upper respiratory tract 
infection, after solid organ transplant)

parvovirus B19-induced transient aplastic crisis after, 
181–183, 182f, 183t

Klebsiella pneumonia, carbapenemase-producing, 
multidrug-resistant (KPC), 80–86

additional data in, 81, 81f, 82t
case presentation of, 80
diagnosis of, 84–85
differential diagnosis of, 80
management of, 85–86
pathogenesis of, 82–84
risk factors for, 84
treatment and outcome of, case, 81

Klebsiella pneumoniae 
postobstructive, 16, 17t
in pyogenic lung necrosis and cavitation, 248

Lamivudine, for hepatitis B, 346
pre-chemotherapy, 255

Large B-cell non-Hodgkin’s lymphoma, hemorrhagic  
cystitis with polyoma BK virus after HSCT for, 260–261

Latent tuberculosis infection (LTBI) 
preventive treatment of, 281
screening for, pre-TNF-α inhibitor, 278–281, 279f, 280t

Left ventricular assist device (LVAD) 
infection prevention for, 366
infections of, 364–366, 365t
use and positioning of, 363–364, 364f

Left ventricular assist device (LVAD) infection and  
bacteremia, methicillin-susceptible S. aureus, 
363–366

additional data on, 363, 364f

case presentation of, 363
differential diagnosis of, 363
epidemiology of, 363–364
treatment and outcome in, 363

Leg edema, in cancer patient, 6–9. See also Cellulitis, 
recurrent

Legionella, 310
Letermovir, for CMV pneumonia after HSCT, 225
Leukemia, 3–5
Levofloxacin prophylaxis 

invasive aspergillosis with, 113
neutropenic fever from, 63, 64, 66–67, 66b
for postobstructive pneumonia prevention, 19b

Levofloxacin, resistance to, 84
Lidocaine 

for herpes zoster pain, 101
for postherpetic neuralgia, 104

Linezolid 
for CLABSI, 49, 49t
for M. abscessus subspecies massiliense, after lung 

transplantation, 138
for methicillin-susceptible S. aureus, 125
myelosuppression from, 38
for nocardiosis, disseminated, after organ 

transplant, 169
for postobstructive pneumonia prevention, 19b

Liposomal amphotericin B (LAMB) 
for aspergillosis, invasive, 116, 117t
for candidemia, before HSCT, 252
for candidiasis, chronic disseminated, 55
for cryptococcosis, disseminated, after organ  

transplant, 172, 174
for cryptococcosis, with hematological 

malignancy, 60, 61
for Fusarium, 77, 78
for mucormycosis, after HSCT, 234, 235
for mucormycosis, pulmonary, 41, 43–44
for Rhizopus sinusitis and orbital cellulitis, after 

HSCT, 222
for Trichosporon, 96

Listeria meningoencephalitis, with TNF-α inhibitors, 
295–298, 295f, 297t

Listeria monocytogenes, 296
Listeriorosis, invasive 

clinical features of, 296–297
diagnosis and treatment of, 297–298, 297t
TNF-α inhibitors in, 296–297, 297t

Liver sarcoma, P. jirovecii pneumonia with, 88–89, 89f. 
See also Pneumocystis jirovecii pneumonia (PJP)

Liver transplantation. See also Solid organ 
transplantation (SOT)

biliary infections after, 185–188 (See also  
Biliary infections, after orthotopic liver transplant)

C. difficile after, recurrent, 374–376, 375f, 376t
cholangitis after, 185–186, 186f
disseminated tuberculosis after, with brain abscess, 

147–148, 148f
with donor-derived S. pneumoniae, 156–160 (See also  

Donor infections, on solid organ transplantation)
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Liver transplantation, orthotopic 
biliary anastomoses in, 186
biliary infections after, 185–188 (See also  

Biliary infections, after orthotopic liver transplant)
Lung cancer, primary. See also  specific types

postobstructive pneumonia from, 16
Lung cavitation, after HSCT, 246–248, 247f
Lung transplantation. See also Solid organ 

transplantation (SOT)
Aspergillus tracheobronchitis after, 133–134, 133f, 

134f (See also Aspergillus tracheobronchitis)
M. abscessus subspecies massiliense pulmonary  

infection after, 137–138, 137f
pulmonary infiltrates after, infectious agents in, 

138, 138t
pulmonary infiltrates after, noninfectious causes of, 

137, 139b
Lymphedema, chronic, in cancer patient, cellulitis from, 

6–9. See also  Cellulitis, recurrent
Lymphocytic hypophysitis, with meningoencephalitis, 

381–382, 382f
Lymphoma, 3–5. See also  Hematopoietic stem cell 

transplantation (HSCT); specific types and therapies
CNS symptoms of, 378

Lymphoproliferative disorder 
Epstein-Barr virus, after cord blood transplantation, 

249–250, 250f
posttransplant, 199–201, 199f, 200f (See also 

Epstein-Barr virus (EBV), posttransplant)

Marginal cell lymphoma, leptomeningeal, neutropenic 
enterocolitis with, 28–29, 28f. See also Neutropenic 
enterocolitis

Mastectomy, tissue expander after, 
methicillin-susceptible S. aureus infection of, 
123–124, 124f. See also Methicillin-susceptible 
Staphylococcus aureus (MSSA)

Melanoma, confusion with, 381–382, 382f
Melphalan, 4t
Meningitis, bacterial, on solid organ transplantation, 

156–160
case presentation of, 156, 157f
decision tree for, 157f
disease screening for, 156–159, 159b
expected vs. unexpected, 156–157
screening tests for, 157–159, 158b
treatment and outcome in, 159, 159t

Meningitis, cryptococcal, 58–61
additional data in, 60
case presentation of, 58–59, 59f
diagnosis of, 60
differential diagnosis of, 59–60
treatment and outcome of, 60

Meningoencephalitis 
Listeria, 295–298, 295f, 297t
lymphocytic hypophysitis with, 381–382, 382f
varicella-zoster virus, with vasculitis, 161–162, 161f, 162f

6-Mercaptopurine (6MP), hemophagocytic  
lymphohistiocytosis with, 326–329, 327f

Meropenem 
for extended-spectrum β-lactamases, 83
for methicillin-susceptible S. aureus, 125
for neutropenic enterocolitis, 31t
for neutropenic fever prophylaxis, 65–66, 67
for postobstructive pneumonia prevention, 19b
for viridans group streptococci bloodstream infection 

with neutropenia, 67
Methicillin-resistant Staphylococcus aureus (MRSA) 

left ventricular assist device infection with, 363–366
postobstructive pneumonia from, 16, 17t

Methicillin-susceptible Staphylococcus aureus (MSSA), 
123–126

from breast tissue expander, 123–124, 124f
case presentation of, 123, 124f
clinical presentation of, 125
diagnosis of, 125
differential diagnosis of, 123–124
management of, 125–126
management of, initial, case, 124
postobstructive pneumonia from, 16, 17t
prevention of, 126
prognosis in, 126
risk factors for, 124–125
treatment and outcome of, case, 124

Methotrexate, 4t
C. difficile diarrhea with, 22
for hemophagocytic lymphohistiocytosis, 328
neutropenic enerocolitis with, 30, 30b
P. jirovecii pneumonia prophylaxis with, 89
progressive multifocal leukoencephalopathy with, 338t
trimethoprim-sulfamethoxazole synergism of, 316

Methylprednisolone 
for immune reconstitution inflammatory 

syndrome, 341
for pyoderma gangrenosum, 357, 358t

Metronidazole 
for C. difficile, in cancer patient, 22, 23–24, 25t, 26
for C. difficile, recurrent, 374, 376t
for neutropenic enterocolitis, 31t

Micafungin 
for aspergillosis, invasive, 116, 118t, 119
for Candida esophagitis, 307
for candidiasis, chronic invasive, 55

Minocycline, for disseminated nocardiosis after organ 
transplant, 169

Monoclonal antibodies, ligand, 4t. See also  
Bevacizumab; Rituximab; specific drugs

on tuberculosis risk, 276–277
Moxifloxacin 

for CLABSI, 47, 49, 49t
for postobstructive pneumonia prevention, 19b
for tuberculosis, disseminated, 148

mTOR inhibitors, for norovirus, posttransplant, 
211, 211t

Mucor, 42. See also  Mucormycosis
Mucormucosis, after HSCT, 222–223
Mucormycosis, pulmonary, with hematologic 

malignancies, 40–44
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acute myeloid leukemia in, 40–41, 219–221, 233–235
additional data in, 41, 41f
case presentation of, 40, 41f
clinical manifestations of, 42
diagnosis of, 42
differential diagnosis of, 41–42
epidemiology and risk factors for, 42
management of, 43–44
prognosis in, 44
treatment and outcome of, case, 41

Mucositis 
chemotherapy-related, 3, 4t, 54
from HSCT, 215, 216
neutropenic fever from, 66, 66b
with viridans group streptococci, 64–66, 65t, 66b

Multidrug resistance (MDR), 84
Multidrug-resistant Enterobacteriaceae (MDRE) 

case study of, 80–81, 81f, 82t
definition of, 84
diagnostic considerations in, 84–85
epidemiology and risk factors for, 84

Multidrug-resistant gram-negative bacilli (infections), 
80–86. See also  Klebsiella pneumonia, carbapene-
mase-producing, multidrug-resistant; specific types

case study of, 80–81, 81f, 82t
definition and classification of, 82–84, 83t
diagnostic considerations in, 84–85
emergence of, 82
epidemiology and risk factors for, 84
treatment considerations for, 80–86

Multiple myeloma 
C. difficile colitis after HSCT for, 257–258, 257f, 

258f, 258t
herpes zoster infection with, disseminated, 

100–101, 100f, 101f (See also Herpes zoster virus, 
disseminated)

H. influenza in, 5
hypogammaglobulinemia with, 5
S. pneumoniae in, 5

Multiple sclerosis treatment, progressive multifocal leu-
koencephalopathy from, 333–341

case presentation of, 333, 333f
diagnosis of, 334
differential diagnosis of, 334
treatment and follow-up of, 334, 335f

Mycobacteria, non-tuberculous. See  
Nontuberculous mycobacteria (NTM)

Mycobacterium abscessus 
CLABSI from, 46–49 (See also  Central line-associated 

bloodstream infection (CLABSI))
pretransplant, on lung transplant outcome, 140
after solid transplantation, 140t

Mycobacterium abscessus subspecies massiliense, after 
lung transplantation, 137–138, 137f, 138t, 139b. See 
also Nontuberculous mycobacteria (NTM), in solid 
organ transplants

Mycobacterium avium-intracellulare 
(MAI) complex, 283–286. See also  
Nontuberculous mycobacteria (NTM)

case presentation of, 283–284, 283f, 283t
clinical manifestations of, 287
diagnosis of, 288
diagnostic tests for, 284
differential diagnosis of, 284, 287–288
epidemiology of, 287–288, 288f
after lung transplantation, 140t (See also  

Nontuberculous mycobacteria (NTM), in solid 
organ transplants)

microbiology of, 285, 285f, 286f
outcome of, clinical, 286
pathophysiology of, 287
reactivation of, 283–284, 283f, 283t
surgical intervention for, 284, 285f
treatment of, 139, 285, 288

Mycobacterium chelonae 
CLABSI from, 46–49 (See also  Central line-associated 

bloodstream infection (CLABSI))
after solid transplantation, 140t

Mycobacterium fortuitum 
CLABSI from, 46–49 (See also  Central line-associated 

bloodstream infection (CLABSI))
after solid transplantation, 140t

Mycobacterium kansasii, 36, 292
after lung transplantation, 137–140 (See also  

Nontuberculous mycobacteria (NTM), in solid 
organ transplants)

Mycobacterium marinum, 290–293. See also  
Nontuberculous mycobacteria (NTM)

case presentation of, 290, 290f
differential diagnosis of, 290–291, 291f
epidemiology of, 292
prevention of, 293
TNF-α inhibitors in, 292
treatment and outcome of, 291, 291f, 292f, 293

Mycobacterium tuberculosis 
postobstructive pneumonia from, 16, 17t
prevalence of, 276

Mycophenolate 
progressive multifocal leukoencephalopathy with, 

336, 337t, 339–340
for pyoderma gangrenosum, 358t

Mycophenolate mofetil, cytomegalovirus diarrhea with, 
322–325, 323f

Mycoplasma. See also  specific types
hypogammaglobulinema with, 11

Myelodysplastic syndrome (MDS) 
aspergillosis with, 114
aspergillosis with, invasive refractory, 112–114, 

112f–114f
Rhizopus sinusitis and orbital cellulitis after HSCT for, 

222–223, 222f

Nafcillin, for methicillin-susceptible S. aureus, 125
Natalizumab 

mechanism of action and immunosuppression by, 273
progressive multifocal leukoencephalopathy with, 

333, 334, 336, 337t, 339, 340, 379
Necrotizing fasciitis, cellulitis vs., 6–8, 6f
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Net state of immune suppression, 131
Neuraminidase inhibitors. See  Oseltamivir; Zanamivir
Neurocystericercosis, 379
Neutropenia. See also  specific disorders

chemotherapy-related, 3
from myeloablative condition pre-HSCT, 215

Neutropenic enterocolitis, 28–32
case presentation of, 28, 28f
during chemotherapy, 29
clinical presentation and diagnosis of, 30, 30b
differential diagnosis of, 28–29
management of, 29, 31, 31t, 32f
pathogenesis of, 29
prognosis in, 31
risk factors for, 30, 30b

Neutropenic fever 
from chemotherapy, 63–64
empiric therapy for, 65, 65t
etiology of, 63–64
from S. mitis bloodstream infection, 63–66, 64f, 65f
upper respiratory symptoms in, 70–71, 71f
vancomycin or enhanced gram-positive antibiotics 

for, empiric, 65, 65t
New Delhi metallo-β-lactamase-producing,  

multidrug-resistant K pneumoniae, 80–86. See also  
Klebsiella pneumonia, carbapenemase-producing, 
multidrug-resistant

Nitazoxanide 
for C. difficile, in cancer patient, 25t
for norovirus, posttransplant, 210, 211t

Nitrofurantoin 
for carbapenemase-producing Enterobacteriaceae, 85
for extended-spectrum β-lactamases, 84

Nocardia, 167–168
clinical presentation of, 37–38
culture and susceptibility patterns of, 37t
diagnosis of, 38
management of, 38–39
pathogenesis of, 36–37
risk factors for, 37
types of, 167–168

Nocardiosis, disseminated, 35–39
additional data in, 36
case presentation of, 35, 35f–37f
differential diagnosis of, 36
treatment and outcome of, 36

Nocardiosis, disseminated, after organ transplant, 
166–170

additional data on, 167
case presentation of, 166–167, 166f, 167f
clinical manifestations of, 168
diagnosis of, 168–169, 168f, 169f
differential diagnosis of, 167
microbiology and epidemiology of, 167–168
prevention of, 169
treatment and outcome of, 167, 169

Nodules, pulmonary. See  Pulmonary nodules
Nonhematopoietic stem cell transplantation 

recipients, 3–5

Non-Hodgkin’s lymphoma, hemorrhagic cystitis with 
polyoma BK virus after HSCT for, 260–261

Nontuberculous mycobacteria (NTM). See also  
specific types

epidemiology of, 292
postobstructive pneumonia from, 16, 17t
prevention of, 293
TNF-α inhibitors and, 292
treatment of, 292–293

Nontuberculous mycobacteria (NTM), in solid organ 
transplants, 137–141

additional data in, 138, 138f
case presentation of, 137–138, 137f
diagnosis of, 138, 139
differential diagnosis of, 138, 138t, 139b
epidemiology and clinical presentation of, 138–139, 140t
treatment and outcome of, 138, 139–140

Nontuberculous mycobacteria (NTM), 
M. avium-intracellulare, 283–288

case presentation of, 283–284, 283f, 283t
clinical manifestations of, 287
diagnosis of, 288
diagnostic tests for, 284
differential diagnosis of, 284, 287–288
epidemiology of, 287–288, 288f
after lung transplantation, 140t (See also  

Nontuberculous mycobacteria (NTM), in solid 
organ transplants)

microbiology of, 285, 285f, 286f
outcome of, clinical, 286
pathophysiology of, 287
reactivation of, 283–284, 283f, 283t
surgical intervention for, 284, 285f
treatment of, 139, 285, 288

Nontuberculous mycobacteria (NTM), M. marinum, 
290–293

case presentation of, 290, 290f
differential diagnosis of, 290–291, 291f
epidemiology of, 290, 292
prevention of, 293
TNF-α inhibitors in, 292
treatment and outcome of, 291, 291f, 292–293, 292f

Norovirus, 210
Norovirus, after solid organ transplant, 140t, 208–211

clinical manifestations of, 210
diagnosis of, 210–211
epidemiology of, 210, 210b
prevention of, 211
treatment of, 211, 211t

Norovirus, in recurrent diarrhea after solid organ  
transplant, 208–210

additional results and treatment of, 209–210
case presentation of, 208–209, 208f, 209f
differential diagnosis of, 209, 209t, 210t

Nortriptyline, for postherpetic neuralgia, 104

Oka varicella vaccine, for organ transplant 
recipients, 164

Orbital cellulitis, after HSCT, 222–223, 222f
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Oritavancin, for methicillin-susceptible S. aureus, 125
Orthotopic liver transplantation (OLT) 

biliary anastomoses in, 186
biliary infections after, 185–188 (See also  

Biliary infections, after orthotopic  
liver transplant)

Oseltamivir, for influenza 
as prophylaxis, 179
as treatment, 71, 73, 73t
upper respiratory tract, after solid organ transplant, 

177, 178, 179t
Osteomyelitis, 107–110

case presentation of, 107, 108f
clinical evidence of, 109, 109t
management of, 109–110, 110f
pathogenesis of, 108–109, 108f
treatment and outcome of, case, 108
work up of, 107

Oxacillin, for methicillin-susceptible S. aureus, 
124, 125

Paclitaxel, 4t
neutropenic enterocolitis with, 30, 30b

Palivizumab, respiratory syncytial virus upper  
respiratory tract infection, 230

Pan-drug resistance (PDR), 84
Panitumumab, cellulitis from, 6, 7
Parainfluenza virus, human, 240–241, 240f, 241f

pneumonia, with Aspergillus co-infection, 239–241, 
239f–241f

Parvovirus B19
case presentation of, 181–182, 183t
in transient aplastic crisis, 181–183, 182f, 183t

Pazopanib, on wound healing, 109–110
Penicillin G, for cellulitis prophylaxis, 8
Penicillin VK, for cellulitis prophylaxis, 8
Pentamidine, for P. jirovecii pneumonia 

posttransplant, 205, 206
prevention of, 91, 91t
prevention of, posttransplant, 206
as treatment, 90

Peptostreptococcus postobstructive pneumonia, 16, 17t
Peramivir, for influenza upper respiratory tract infection 

after solid organ transplant, 178, 179t
Pet-derived infections, 360–361, 361t. See also 

Cat-scratch disease
Phaeohyphomycosis, cutaneous, 152–154

additional data on, 153, 154f
case presentation of, 152, 152f
clinical presentation and diagnosis of, 153–154
differential diagnosis of, 152–153
Exophiala dermatitidis, 152–153, 152f, 154f
treatment of, 153, 154

Phenazopyridine, for hemorrhagic cystitis, after 
HSCT, 261

Phenoxymethylpenicillin, for cellulitis prophylaxis, 8
Piperacillin-tazobactam 

after cholangitis surgery, 186
for methicillin-susceptible S. aureus, 125

for neutropenic enterocolitis, 31t
for neutropenic fever prophylaxis, 65
for viridans group streptococci bloodstream infection 

with neutropenia, 67
Plasma exchange transfusion, for natalizumab 

progressive multifocal leukoencephalopathy, 
340–341

Platinum compounds, 4t
Plazomicin, for carbapenemase-producing, 

multidrug-resistant K. pneumonia, 86
Pneumocystis carinii pneumonia (PCP). See  

Pneumocystis jirovecii pneumonia (PJP)
Pneumocystis jirovecii pneumonia (PJP), 88–91

additional data and diagnosis of, 89
case presentation of, 88
clinical presentation of, 89–90
cytomegalovirus co-infection with, 204
diagnosis of, 89, 90
differential diagnosis of, 88
after HSCT, early postengraftment, 216
management of, 90, 90t
prevention of, 89.90–91, 91t, 316–317
risk factors for, 89
treatment and outcome of, case, 89

Pneumocystis jirovecii pneumonia (PJP), after solid 
organ transplant, 203–206

additional data on, 203–204, 204f
case presentation of, 203
clinical presentation of, 204, 205t
diagnosis of, 204–205, 205f
differential diagnosis of, 203
epidemiology and risk factors for, 204
pathogenesis of, 204
prevention of, 205–206
treatment of, 205

Pneumocystis jirovecii pneumonia (PJP), with TNF-α 
inhibitors, 314–317

case presentation of, 314–315, 314f, 315f
clinical presentation of, 316, 316t
differential diagnosis of, 315
epidemiology of, 315–316
hospital course of, 315, 315f
prevention of, 316–317
treatment and outcomes of, 316, 316t

Pneumonia. See also  specific types
Aspergillus, prevalence of, 235
Aspergillus, with superinfection after HSCT, 226–227, 

226f, 227f
bronchogenic carcinoma or cholangitis, 5
cytomegalovirus, after HSCT, 224–225, 224f
healthcare-associated, 18
influenza upper respiratory tract infection, 

236–237, 237b
parainfluenza, with Aspergillus co-infection, 239–241, 

239f–241f
P. jirovecii, 88–91 (See also  

Pneumocystis jirovecii pneumonia (PJP))
respiratory syncytial virus upper respiratory tract 

infection, 230, 230b
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Pneumonia, postobstructive, 15–20
additional data on, 15–16
case presentation of, 15, 16f
clinical presentation of, 18
diagnosis of, 18
differential diagnosis of, 15, 16
management of, 16, 18
pathogens in, 16, 17b
prevention of, 19, 19b
risk factors for, 17, 17b

Polymyxin, for carbapenemase-producing, 
multidrug-resistant Klebsiella pneumonia, 85

Polyoma BK virus, 261
hemorrhagic cystitis with, after HSCT, 260–261

Posaconazole 
for aspergillosis, invasive, 116, 117t
for aspergillosis prophylaxis, 119–120, 119t
for Fusarium, 77, 78
for mucormycosis, pulmonary, 41, 43–44, 235
for phaeohyphomycosis, cutaneous, 153, 154
for Trichosporon, 98

Posterior reversible encephalopathy syndrome (PRES), 340
Postherpetic neuralgia, 104
Postobstructive pneumonia, 15–20. See also Pneumonia, 

postobstructive
Posttransplant lymphoproliferative disorder (PTLD), 

199–201, 199f, 200f, 340. See also Epstein-Barr 
virus (EBV), posttransplant

Prednisone. See also  Corticosteroids
neutropenic enerocolitis with, 30, 30b
for P. jirovecii pneumonia prophylaxis, 90–91, 91t
for P. jirovecii pneumonia treatment, 

posttransplant, 204
Pregabalin, for postherpetic neuralgia, 104
Prevotella postobstructive pneumonia, 16, 17t
Primaquine, for P. jirovecii pneumonia 

posttransplant, 205
Procarabazine, 4t
Progressive multifocal leukoencephalopathy (PML), 

333–341, 378–380
from alfacept, 273–274
case presentation of, 332, 332f
clinical presentation of, 335
diagnosis of, 334, 340
differential diagnosis of, 334, 340
epidemiology of, 334–335
idiopathic CD4 lymphocytopenia, 378–380
immune-modulating medications in, 336–340, 

337t–339t
immune-modulating medications in, mycophenolate, 

338t, 339–340
immune-modulating medications in, natalizumab, 

336, 338t, 339
immune-modulating medications in, rituximab, 

338t–339t, 339
JC virus in, 334–335, 340–341, 379
pathophysiology of, 334, 380
radiographic findings in, 335–336, 335f, 336f
treatment and outcomes of, 334, 335f

treatment of, 340–341
Progressive outer retinal necrosis (PORN). See also  

Varicella-zoster virus (VZV)
acyclovir for, 164

Protected environment, 371, 371t
Proteus postobstructive pneumonia, 16, 17t
Pseudomonas aeruginosa 

cefepime for, 227, 369
ecthyma gangrenosum from, 76, 76t, 157f
neutropenic fever from, 64
postobstructive pneumonia from, 16, 17t

Pulmonary infiltrates, after lung transplantation 
infectious agents in, 138, 138t
noninfectious causes of, 137, 139b

Pulmonary mucormycosis, 40–45. See also  
Mucormycosis, pulmonary

Pulmonary nodules 
in acute myeloid leukemia, 219–221, 219f, 220f
Aspergillus, in cancer patient, 219–221, 219f, 220f

Pulmonary nodules, after solid organ transplantation, 
142–146

additional data in, 143
case presentation of, 142, 143f
clinical presentation of, 144
diagnosis and outcome of, 143, 143f
diagnostic and therapeutic challenges of, 143–144
diagnostic evaluation of, 144–146, 145f
differential diagnosis of, 142–143
from nocardiosis, disseminated, 166–167, 167f
risk factors and etiology of, 144, 144t

Pyoderma gangrenosum, 55–358
additional data on, 355
case presentation of, 355, 356f
clinical presentation of, 356
diagnosis of, 357
differential diagnosis of, 355
pathophysiology of, 356
patient evaluation in, 357
treatment and outcome of, 355–356, 356f, 357, 358t

Quinolones, chronic disseminated candidiasis from, 54

Radiation therapy 
hemorrhagic cystic from, 260
P. jirovecii pneumonia prophylaxis with, 90–91, 91t

Ramsay Hunt syndrome, 102, 348–351
case presentation of, 348–349, 348f, 349f

Rapidly growing mycobacteria (RGM), central-line 
associated bloodstream infections from, 47–49, 49t. 
See also Central line-associated bloodstream infec-
tion (CLABSI)

Rational drug design, 3–5
Rectal adenocarcinoma, leg edema with, 6–7
Refractive anemia, with blasts. See Myelodysplastic 

syndrome (MDS)
Regorafinib, 4t
Resistance, antiviral, to ganciclovir, 262–263
Respiratory syncytial virus (RSV) upper respiratory 

tract infection 
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with acute myelogenous leukemia, 229– 231, 230f, 
230t, 231

pneumonia progression from, 230, 230b
Respiratory tract infection. See also  

Upper respiratory tract infection; specific types
viruses in, 71

Rhinosinusitis, acute, with chronic lymphocytic  
leukemia, 10–11, 10f, 11f

Rhizopus, 42. See also  Mucormycosis
sinusitis, after HSCT, 222–223, 222f

Rhodotorla, 95f, 95t
Ribavirin 

for hepatitis C, pre-HSCT, 256
for respiratory syncytial virus upper respiratory tract 

infection, 230, 231
Rifabutin 

on immunosuppressive drugs, 140
for M. avium intracellulare, 139, 285
for nontuberculous mycobacterial pulmonary 

infections, 139
for tuberculosis, in solid organ transplant, 149, 150

Rifamixin, for Clostridium difficile, in cancer 
patient, 25t

Rifampicin, for cat-scratch disease, 362
Rifampin 

on immunosuppressive drugs, 140, 149–150
for M. avium intracellulare, 139, 284, 286
for methicillin-susceptible S. aureus, 363
for M. marinum, 291, 293
for multidrug-resistant Enterobacteriaceae, 84
for nontuberculous mycobacterial pulmonary 

infections, 139
for tuberculosis, in solid organ transplant, 149–150

Rilonacept, 273
Rimantadine, for influenza 

as prophylaxis, 72–73
as treatment, 73
upper respiratory tract, after solid organ transplant, 

178, 179t
Rituximab (CD20), 4t

for Epstein-Barr virus posttransplant  
lymphoproliferative disorder, 200, 201, 249, 250

for Epstein-Barr virus prevention after HSCT, 250
with hepatitis B infection, 346
mechanism of action and immunosuppression 

by, 274
M. tuberculosis with, 287
nontuberculous mycobacteria with, 287
progressive multifocal leukoencephalopathy with, 

336, 338t–339t, 339, 379
Romidepsin, 4t
Roux-en-Y biliary anastomosis, 186

Saccharomyces, 95f, 95t
Serratia marcescens postobstructive pneumonia, 

16, 17t
Shingles vaccine, 164
Shotgun approach, 3
Sinusitis 

with chronic lymphocytic leukemia, 10–11,  
10f, 11f

Rhizopus, after HSCT, 222–223, 222f
Sirolimus, 197
Sirolimus-associated pulmonary toxicity, 196–198

additional data on, 197, 197f
case presentation of, 196, 196f
clinical presentation of, 197–198
diagnosis of, 198
differential diagnosis of, 196
epidemiology and risk factors for, 197
pathophysiology of, 198
treatment and outcome of, 197

6-mercaptopurine (6MP), hemophagocytic lymphohis-
tiocytosis with, 326–329, 327f

Skin and soft tissue infection (SSTI). See also  
specific types

methicillin-susceptible S. aureus, 123–126
Small cell lung cancer, postobstructive pneumonia with, 

15–16, 16f. See also Pneumonia, postobstructive
Solid organ transplantation (SOT), 131

Aspergillus tracheobronchitis after, 133–136 (See also  
Aspergillus tracheobronchitis)

biliary infections after, 185–188 (See also  
Biliary infections, after orthotopic  
liver transplant)

Chagas disease in, 384–385
CMV colitis after, 190–194 (See also  Cytomegalovirus 

(CMV) colitis, after solid organ transplant)
cutaneous phaeohyphomycosis after, 152–154, 152f, 

154f (See also Phaeohyphomycosis, cutaneous)
diarrhea after, infectious agents in, 209t
donor infections on, 156–160 (See also  

Donor infections, on solid organ transplantation)
infections, 131–132
influenza upper respiratory tract infection after, 

176–179 (See also  Influenza upper respiratory tract 
infection, after solid organ transplant)

nocardiosis after, disseminated, 166–167, 167f 
(See also Nocardiosis, disseminated, after organ 
transplant)

nontuberculous mycobacteria after, 137–141 (See also  
Nontuberculous mycobacteria (NTM), in solid 
organ transplants)

parvovirus B19-induced transient aplastic crisis after, 
181–183, 182f, 183t

P. jirovecii pneumonia after, 203–206 (See also  
Pneumocystis jirovecii pneumonia (PJP), after solid 
organ transplant)

pulmonary nodules after, 142–146 (See 
also  Pulmonary nodules, after solid organ 
transplantation)

varicella-zoster virus infection after, 160–164 (See also  
Varicella-zoster virus (VZV))

Solid tumors, 3–5, 88. See also specific types
Solitary lung nodule. See also  Pulmonary nodules

with acute myeloid leukemia, 219–221, 219f, 220f
Sorafenib, 4t

on wound healing, 109–110
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Staphylococcus aureus 
bacteremia, with pulmonary abscess and multiorgan 

failure, after HSCT, 246–248, 247f, 248f
in cellulitis, 7
methicillin-resistant (See  Methicillin-resistant 

Staphylococcus aureus (MRSA))
methicillin-susceptible (See  Methicillin-susceptible 

Staphylococcus aureus (MSSA))
in necrotizing pneumonia with cavitation, 248
neutropenic fever from, 64

Stem cell transplantation 
hematopoietic (See  

Hematopoietic stem cell transplantation (HSCT))
nonhematopoietic, 3–5

Stenotrophomonas maltophila, postobstructive  
pneumonia from, 16, 17t

Streptococcus. See also  specific types
neutropenic fever from, 64
viridans group (See  

Viridans group streptococci (VGS))
β-hemolytic group B, in cancer patient, 6–7, 6f (See 

also Cellulitis, recurrent)
Streptococcus milleri postobstructive pneumonia, 16, 17t
Streptococcus mitis bloodstream infection, with acute 

myeloid leukemia, 63–66, 64f, 65f. See also Viridans 
group streptococci (VGS) bloodstream infection

Streptococcus pneumoniae 
in hypogammaglobulinema, 10, 11
meningitis, in solid organ donor, on liver 

transplantation viability, 156–160 (See also  
Donor infections, on solid organ transplantation)

in multiple myeloma and chronic lymphocytic 
leukemia, 5

postobstructive pneumonia from, 16, 17t
Streptomycin 

for M. avium-intracellulare, 285, 286
for M. marinum, 293

Strongyloides, 318–321
case presentation of, 318, 318f
clinical manifestations of, 320
diagnosis of, 320
differential diagnosis of, 318–319, 319f
epidemiology of, 319
hyperinfection syndrome of, 319–320
in immunocompromised, 319–320
prevention of, 320–321
treatment of, 320

Sunitinib, 4t
on wound healing, 109–110

Tacrolimus 
progressive multifocal leukoencephalopathy 

with, 339t
for pyoderma gangrenosum, 357, 358t

Taxanes, 4t
C. difficile diarrhea with, 22
neutropenic enterocolitis with, 30, 30b

Taxotere, 4t
Tedizolid, for methicillin-susceptible S. aureus, 125

Teicoplanin, for C. difficile in cancer patient, 25t
Televancin, for methicillin-susceptible S. aureus, 125
Temozolomide, 4t

P. jirovecii pneumonia prophylaxis with, 90–91, 91t
Thiopurines. See also  Azathioprine

on Epstein-Barr virus and CMV risk, 327–328
hemophagocytic lymphohistiocytosis with, 

326–329, 327f
Tigecycline 

for carbapenemase-producing Enterobacteriaceae, 85
for carbapenemase-producing, multidrug-resistant 

K. pneumonia, 85
for C. difficile, in cancer patient, 25t

Tissue expander, post-mastectomy, 
methicillin-susceptible Staphylococcus 
aureus (MSSA) from, 123–124, 124f. See 
also Methicillin-susceptible Staphylococcus 
aureus (MSSA)

Tobramycin, for CLABSI, 49, 49t
Topoisomerase inhibitors, 4t. See also  Etoposide

C. difficile diarrhea with, 22
Topotecan, 4t
Toxoplasma encephalitis, 378
Tracheobronchitis, Aspergillus, 133–136. See also  

Aspergillus tracheobronchitis
Transient aplastic crisis, parvovirus B19-induced, 

181–183, 182f, 183t
Trichosporon, 95f, 95t, 96

classification of, 96
colonization and risk factors for, 96
presentation and diagnosis of, 96
treatment and outcome of, 96–97

Trichosporon asahii, severe disseminated, 93–95
additional data in, 95t, 96, 96f
antifungal susceptibilities of, 95t
case presentation of, 93–94, 93f, 94f, 94t
clinical and microbiologic features of, 95f, 95t, 96f
clinical presentation and diagnosis of, 97
differential diagnosis of, 94, 96f
epidemiology of, 96
management of, initial, 94–96
presentation and diagnosis of, 96
treatment and outcome of, case, 97–98

Trimethoprim-sulfamethoxazole (TMP-SMX) 
for cat-scratch disease, 362
for CLABSI, 49, 49t
for hemophagocytic lymphohistiocytosis prevention, 

327, 328
for listeriorosis, invasive, 297
methotrexate synergism of, 316
neutropenic fever from prophylaxis with, 66, 66b
for Nocardia, 36, 38
for nocardiosis, disseminated, after organ transplant, 

167, 169
for P. jirovecii pneumonia, from TNF-α inhibitors, 

315, 316
for P. jirovecii pneumonia, posttransplant, 204, 205
for P. jirovecii pneumonia, prevention, 89, 90–91, 91t, 

205–206
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Trypanosoma cruzi, 384
donor-derived, from solid organ transplantation, 

384–385
Tuberculomas, CNS symptoms of, 379
Tuberculosis, active, from infliximab, 274
Tuberculosis, disseminated, after liver transplant, 

147–150
additional results for, 138, 139f
with brain abscess, 147–148, 148f
case presentation of, 147, 148f
diagnosis of, 139
differential diagnosis of, 138
epidemiology and clinical presentation of, 

138–139, 140t
pretransplant infection with, 139–140
treatment of, 138, 139–140, 139f

Tuberculosis, latent (LTBI) 
preventive treatment of, 281
screening for, pre-TNF-α inhibitor, 278–281, 

279f, 280t
Tuberculosis, prevalence of, 276
Tuberculosis, with TNF-α inhibitors, 275–281. See 

also  Mycobacterium avium-intracellulare (MAI) 
complex

case presentation of, 275
clinical presentation of, 277–278, 278f
differential risks of, 276–277, 277f
latent tuberculosis infection screening for, 278–281, 

279f, 280t
mechanisms of, 276
risk of, by drug, 276–277, 277f

Tubulin-binding drugs, 4t
neutropenic enterocolitis with, 30, 30b

Tumor necrosis factor-α (TNF-α) inhibitors, 343–346, 
344t, 345f. See also specific agents and infections

adverse effects of, 273, 276, 306–307
benefits of, 344
Candida esophagitis with, 305–307, 305f, 306f
case presentation of, 343–344
characteristics of, by drug, 344–345, 344t
coccidioidomycosis with, disseminated, 299–304
erythema multiforme with, 330–332, 330f, 331f
hepatitis B reactivation by, 345–346
hepatitis B reactivation prevention with, 

344–345, 344f
histoplasmosis with, disseminated, 309–313
for immune-mediated inflammatory diseases, 276
Listeria meningoencephalitis with, 295–298, 

295f, 297t
mechanism of action of, 344
M. marinum with, 290–293, 290f–293f
P. jirovecii with, 314–317
for pyoderma gangrenosum, 357, 358t
Strongyloides with, 318–321
TB screening before, 278–281, 279f, 280t
tuberculosis with, 275–281 (See also  

Tuberculosis, with TNF-α inhibitors)
vaccination with, 349–351

Tumors, solid, 3–5, 88. See also specific types

Typhlitis. See  Neutropenic enterocolitis
Tyrosine kinase inhibitors, 4t. See also  specific types

Umbilical cord blood transplantation 
Epstein-Barr virus-associated lymphoproliferative 

disease after, 249–250, 250f
HHV-6 reactivation after, 264–266, 264f, 265f

Upper respiratory tract infection 
infection control for, 230, 231f, 236, 237f
influenza A, after HSCT, 236–238, 237f
influenza, after solid organ transplant, 176–179 (See 

also  Influenza upper respiratory tract infection, 
after solid organ transplant)

with neutropenic fever, during chemotherapy, 70–71, 71f
respiratory syncytial virus, 229– 231, 230f, 230t, 231
respiratory syncytial virus, pneumonia progression 

from, 230, 230b
virus, 71

Urinary tract infection 
carbapenemase-producing, multidrug-resistant 

K. pneumonia, 80–82, 81f (See also Klebsiella 
pneumonia, carbapenemase-producing, 
multidrug-resistant (KPC))

in men, 80
pathogens in, 80
sepsis, early goal-directed therapy for, 81–82

Vaccines 
herpes zoster, live, in immunosuppressed, 164, 

350–351
in immunosuppressed, 349
inactivated, 349–350
influenza, 72
influenza, after solid organ transplant, 178–179
influenza, for HSCT, 237–238, 237f
shingles, 164
TNF-α inhibitors and, 349–351
varicella-zoster virus, for organ transplant, 164

Valacyclovir 
for herpes simplex erythema multiforme, 331, 332
for herpes zoster, 101, 103, 103t
for herpes zoster, prevention, 104, 104t
for varicella-zoster virus, after solid-organ 

transplant, 164
for varicella-zoster virus, reactivation prevention with 

HSCT, 270
Valganciclovir 

for CMV colitis, 191, 192
for CMV colitis prevention, after solid organ trans-

plant, 192–194, 194t
for CMV diarrhea, 323–324
cytopenia from, 192
for varicella-zoster virus reactivation prevention, 164

Vancomycin 
for C. difficile colitis, after HSCT, 258
for C. difficile, in cancer patient, 22, 23–24, 25t, 26
for C. difficile, recurrent, 374, 376t
for left ventricular assist device implantation 

prophylaxis, 366
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for methicillin-susceptible S. aureus, 124, 125
for neutropenic fever prophylaxis, 65, 65t
for osteomyelitis, 108
for viridans group streptococci bloodstream 

infection, 67
Varicella-zoster immune globulin (VZIG), for herpes 

zoster prophylaxis after exposure, 105
Varicella-zoster virus (VZV), 160–164. See also Herpes 

zoster virus, disseminated
clinical manifestations of, 163
diagnosis of, 164
after HSCT, reactivation, 269
after HSCT, visceral, 269–270
management of, 164
meningoencephalitis, with vasculitis, 161–162, 

161f, 162f
pathophysiology of, 163
prevention of, 164
risk factors for, 163–164
syndromes with, 162, 163f

Varicella-zoster virus (VZV), after solid organ trans-
plantation, 161–162

case presentation of, 161–162, 161f, 162f
differential diagnosis of, 162
prevention of, 164
treatment and outcome in, 162

Varicella-zoster virus vaccine, for organ transplant 
recipients, 164

Vascular endothelial growth factor (VEGF) 
bevacizumab on, 108–109, 108f
in wound healing, 108

Vascular endothelial growth factor (VEGF) blockers. See 
also  Tumor necrosis factor-α (TNF-α) inhibitors

osteomyelitis from, 108 (See also  Osteomyelitis)
Venlafaxine, for postherpetic neuralgia, 104
Vinca alkaloids. See also  specific types

C. difficile diarrhea with, 22
Vincristine, 4t

neutropenic enerocolitis with, 30, 30b
Viral load, increase or decrease in, true, 262
Viridans group streptococci (VGS) 

neutropenic fever from, 64
in postobstructive pneumonia, 16, 17t

Viridans group streptococci (VGS) bloodstream 
infection, 63–68

additional data in, 65–66, 66f
case presentation of, 63, 64f

clinical presentation of, 67
diagnosis of, 67
differential diagnosis of, 63–65
management of, 67
penicillin-resistant, 67
prevention of, 68
risk factors for, 66–67, 66b
treatment and outcome of, case, 66

Voriconazole 
for Aspergillus, invasive, 113–114, 116, 117t, 143, 233, 

234, 244
for Aspergillus, pneumonia with superinfection after 

HSCT, 226, 227
for Aspergillus, prophylaxis, 119–120, 119t
for Aspergillus, tracheobronchitis, 134, 135
for Candida esophagitis, 305, 307
for candidiasis, chronic disseminated, 55
for Fusarium, 76, 77, 78
mucormycosis from, 40–42
for phaeohyphomycosis, cutaneous, 154
pulmonary mucormycosis with, 40–42
for Trichosporon, 94–96, 95t, 97–98

Vorinostat, 4t

Yeast infections. See  Candida
Yeast infections, non-Candida disseminated 

opportunistic, 93–98
additional data in, 95t, 96, 96f
case presentation of, 93–94, 93f, 94f, 94t
clinical presentation and diagnosis of, 97
differential diagnosis of, 94, 96f
epidemiology of, 96
management of, initial, 94–96
presentation and diagnosis of, 96
treatment and outcome of, 97–98

Zanamivir, for influenza 
as prophylaxis, 179
as treatment, 73, 73t
upper respiratory tract, after solid organ transplant, 

178, 179t
Zoonotic infections, 360–361, 361t. See also Cat-scratch 

disease
Zostavax, 164

in immunosuppressed, 350–351
Zoster. See  Herpes zoster virus, disseminated;  

Varicella-zoster virus (VZV)
Zoster sine herpete, 102

Vancomycin (Cont.)
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