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Managing infections that complicate care of neutropenic patients with leukemia 
and hematopoietic stem cell recipients has become a distinct specialty. 
So much so, that an otherwise veteran infectious diseases specialist would 
be uncomfortable for the first time applying his or her general expertise 
to the neutropenic patient. There is no shortage of review articles, expert 
opinions, consensus guidelines, and books to guide both hematology and 
infectious diseases practitioners. Expert reviews are valuable in educating 
and informing clinicians about the myriad of pathogens that can cause infec-
tions in immunocompromised patients. Their practical usefulness is limited 
to some extent because most expert reviews presuppose knowing the identity 
of the pathogen. Clinical medicine is not practiced looking backwards. In 
this volume, we therefore attempted to write an owners manual rather than 
a collection of reviews.

The audience for this book is the practicing hematologist who treats neutro-
penic patients with leukemia and stem cell transplant recipients. This targeted 
hematologist has experience treating infections but not the formal background 
of the infectious diseases specialist. This book is not a substitute for formal 
training in infectious diseases. However, we hope that it will provide a work-
ing insight into infections and cancer; enough information to promote under-
standing of the principles that are the basis for the approach to neutropenic 
fever and other infections in patients with hematological malignancies. This 
book is divided into three sections. The first section consists of three chapters 
reviewing viral, bacterial, and fungal pathogens. The emphasis has been on 
usefulness with brief descriptions of the microbes and diseases they cause 
in patients with hematological malignancies, diagnostic methods, and treat-
ments. These three chapters have extensive tables to improve quick access to 
information. The second section consists of chapters devoted to management 
of infections in patients with the different underlying hematological malig-
nancies. The emphasis in these chapters is not a comprehensive review of all 
possible infections. Instead, the authors have focused on their approaches to 
diagnosing potential pathogens in their infected patients. The authors of these 
chapters draw on their extensive expertise in providing a roadmap for hema-
tologists to manage efficiently the complexities of infections in their patients. 
The third section consists of several important topics that are often ignored 
in most books about infections and hematological malignancies. Treating the 
population of patients seen in a large cancer center entails several considera-
tions beyond finding the germ and prescribing the right drug.

Preface
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We hope that clinicians “in the trenches” will find this book useful not just 
in treating individual patients, but also in building strong infectious diseases 
programs within their respective cancer centers. History tells us that the future 
will continue to change with new pathogens, new treatments for hematological 
malignancies, and other new challenges.

Baltimore, MD Michael Kleinberg, MD, PhD
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Abstract The empirical treatment of febrile neutropenic patients with suspected 
infections is one of the true success stories in the supportive care of patients with 
hematological malignancies. The essence of the febrile neutropenia paradigm is 
the shift of focus from microbial pathogens to the immune deficiencies of the 
host: immune deficiencies intrinsic to the underlying malignancies themselves 
and to the therapies employed to treat them. The impact of immune dysfunc-
tion can be best understood in terms of assessments of risks and likelihoods: 
the risks of acquiring a particular infection and the likelihoods of achieving a 
successful outcome if infected. The risks of prolonged neutropenia associated 
with treatment of acute leukemia are probably the best known to hematologists 
and infectious diseases specialists because of a long record of groundbreaking 
studies published over the last 50 years. The lessons learned have been applied 
to other patients with different immune defects, such as recipients of allogeneic 
stem cell transplants. There have been many reviews, chapters, position papers 
from professional societies, etc. over the years, promoting various guidelines 
for the general approach to managing infections in patients with hematological 
malignancies. However, experienced clinicians know that these guidelines, ir-
respective of their origins, are merely stepping stones to the initial approach to 
the potentially infected patient. There is no substitute for standing at the patient’s 
bedside. The goal should be to individualize therapy based on the generic para-
digm, taking into account unique features in any patient’s situation that might 
optimize the condition for success and diminish the risks of failure.

1. Introduction

Dramatic improvements in the outcomes of neutropenic patients with serious 
infections represent one of the most significant advances in the treatment of 
hematological malignancies. The expected mortality rate was greater than 
60% for the bacteremic neutropenic patient treated for acute leukemia in the 
1960s [1]. Forty years later, the mortality rate has dropped to less than 5% 

Chapter 1
Introduction: Approach to the Patient
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[2], outcomes even better in many cases compared to bacteremias in patients 
without neutropenia. Success in treating neutropenic infections comes despite 
extension of therapy for acute leukemia to older patients with greater debili-
ties who would never have been considered as candidates for myeloablative 
chemotherapy in earlier decades. The improved outcomes can be traced to the 
improved general supportive care for patients with leukemia, the development of 
more potent anti-infectives with broader spectrum, and the development of the 
febrile neutropenia paradigm for managing the infected neutropenic patient. The 
latter is nothing more than a structured approach to the empirical administration 
of anti-infectives to the potentially infected neutropenia patient while awaiting 
the results of diagnostic tests such as cultures. Today, this empirical approach 
is a universally established standard of care for patients with acute leukemia. 
However, it should be noted that this was not the case in the 1960s and 1970s 
when the febrile neutropenia paradigm was a sharp break from infection dis-
eases orthodoxy. More recently, variations of the febrile neutropenia approach 
have been adapted to non-neutropenic immunocompromised patients, such as 
stem cell transplant recipients with suspected infections.

2. Treatment of Infections in Neutropenic Patients:  
A Brief History

Fever and infection represent the most important complications of myeloabla-
tive cytotoxic therapy that results in severe mucositis and prolonged neutro-
penia. More than 90% of patients undergoing intensive cytotoxic therapy for 
acute leukemia (AL) or myeloablative conditioning for allogeneic hematopoietic 
stem cell transplantation (HSCT) will develop a febrile neutropenic episode 
suspicious for infection [3, 4]. The differential diagnosis must consider both 
infectious and non-infectious causes, and vary over the course of the bone 
marrow reconstitution/engraftment.

It was more than 40 years ago that the relationship between the circulating 
neutrophil count and the risk of pyogenic infection was established through 
the observations of Bodey et al. [5, 6]. During the 1950s, infectious diseases 
physicians adhered to the then accepted principles of infectious diseases prac-
tice by not prescribing antibacterial therapy until a source of infection and/or 
a specific pathogen had been identified. The infection-related mortality among 
febrile neutropenic patients with acute leukemia was very high during that 
period [7]. It was not until the early 1960s that the first randomized clinical trial 
on empirical antibiotic therapy in leukemia patients permitted the investigators, 
Curtin and Marshall, to conclude that “in some patients, therapy must be started 
before bacteriological data become available” [8]. The most common cause of 
infection during that period was penicillin-resistant Staphylococcus aureus. 
The principle of early administration of empirical antibacterial therapy did 
not become well accepted until Schimpff and colleagues from the University 
of Maryland Cancer Center published their observations on the importance of 
prompt initiation of broad-spectrum combination antibacterial therapy with 
carbenicillin and gentamicin, broadening the spectrum of antimicrobial activ-
ity against gram-negative bacteria [9]. Moreover, the seminal observations by 
this group describing the relationship between mucosal colonization by health-
care facility-acquired bacterial pathogens and invasive infection in patients 
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with acute myeloid leukemia provided a foundation for our understanding of 
the pathogenesis of these infections [10] and for the introduction of preventa-
tive strategies [11].

The introduction of new antibiotics led to the successful treatment of targeted 
pathogens which were soon replaced by other bacteria with some resistance 
to the newly introduced antibacterials. After the introduction of methicillin in 
the early 1960s targeting Staphylococcus aureus, gram-negative enteric bacilli 
such as Escherichia coli and Klebsiella pneumoniae emerged as the predomi-
nant pathogens. Introduction of the first generation cephalosporin, cephalothin, 
effective against enteric bacteria, led to improved outcomes when combined 
often with an aminoglycoside. Predictable in hindsight, Pseudomonas aeru-
ginosa, resistant to cephalothin and poorly responsive to aminoglycosides, 
emerged as a prominent pathogen associated with mortality rates of more than 
75%, especially among patients who failed to recover myeloid function [7]. 
Subsequently, the introduction of the first anti-pseudomonal carboxypenicillin, 
carbenicillin, had a significant impact upon survival for leukemia patients with 
P. aeruginosa bacteremia. Compared to treatment with other monotherapies 
available at that time, such as polymyxin or gentamicin where survival rates 
for Pseudomonas bacteremias were only 20–40%, carbenicillin treatment 
was associated with improved survivals in excess of 75%. In the 1980s, the 
introduction of more potent anti-pseudomonal penicillins and third generation 
cephalosporins, such as ceftazidime, with broad anti-gram negative bacterial 
coverage replaced the older antibacterial agents.

The duration of antibacterial therapy once initiated was examined by Pizzo 
and his colleagues at the National Cancer Institute [12]. These investigators 
observed recrudescence rates of 41% among neutropenic patients in whom 
the initial empirical antibiotic regimen had been discontinued at the time 
of defervescence. Based upon these observations, guidelines have generally 
recommended that the initial antibacterial regimen be continued until myeloid 
recovery defined by an increase in the circulating absolute neutrophil count to 
at least 0.5 × 109/L over two successive days [13].

Every advance in infection management of neutropenic patients led to the 
revelation of new problems. With more and more effective antibacterial agents 
targeting bacterial infections, it became clear in the 1980s that the problem of 
life-threatening infections had not been solved in many neutropenic patients. 
The question of how to manage patients with persistent neutropenic fever 
despite broad-spectrum antibacterial therapy was addressed first by Pizzo and 
colleagues in the early 1980s [14] and later by the European Organization 
for Research and Treatment of Cancer (EORTC) [15]. Pizzo demonstrated 
that the persistent pyrexia was associated with systemic fungal infections in a 
high proportion of patients and that the empirical addition of a systemic anti-
fungal agent, amphotericin B deoxycholate improved outcomes. Since those 
seminal observations, empirical anti-fungal therapy has become a standard 
practice world-wide [13, 16–22]. The role of other antibacterial approaches 
specifically targeting gram-positive infections among patients with the persist-
ent neutropenic fever syndrome has also been studied [23].

And so, after almost 50 years of evolving treatment strategies, there is a consen-
sus approach to managing infections in patients with hematological  malignancies 
practiced in broad outlines by virtually all hematologists and infectious diseases 
practitioners. The consensus approach to febrile neutropenia is undeniably  
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effective as will be detailed in the chapters that follow. The remainder of this 
chapter will discuss some general concepts on how the findings from the large 
body of published studies can be applied at the patient’s bedside.

3. Centrality of the Host and Immune Deficiency

In general, people with normal immune function are infected by professional 
pathogens such as Streptococcus pneumoniae, Staphylococcus aureus, influ-
enza, and other bacteria, viruses, and parasites that have evolved to survive the 
innate and adaptive immune defenses. Commensal GI and skin flora, fungal 
spores, and environmental microbes ingested, inhaled and contacted daily do 
not cause disease in the absence of injury, overwhelming exposure, or some 
other event that heightens infectivity. In contrast, these otherwise innocu-
ous microbes cause the majority of infections in neutropenic patients and in 
hematopoietic stem cell recipients. Pathogens and the infections they cause 
will be discussed extensively in the chapters that follow. However, it is the 
immune defects in the patient with hematological malignancies that permit 
infections by these otherwise harmless germs. Not surprisingly, the pheno-
types of infections will be modulated heavily across the spectrum of immune 
deficiencies of patients with hematological malignancies.

One of the most important concepts in the approach to infections in the 
febrile neutropenic patient is the recognition of risk [24–29]. Risk can be 
defined in two ways. First, risk may be defined in terms of the probability for 
developing a febrile neutropenic infection; and second, it may be defined in 
terms of the likelihood for significantly poor outcomes due to that infection. 
An understanding of the risks in the latter case may be used to define the 
approaches to management; for instance, in-patient versus out-patient treat-
ment strategies and administration of intravenous versus oral formulations of 
antimicrobial therapy. These considerations have significant economic and 
quality of life ramifications. These two aspects of risk will be expanded upon 
in several of the chapters that follow.

The centrality of the host is illustrated in the brief history of febrile neutrope-
nia mentioned above. The neutropenic patient can never be rendered free of all 
infections as long as the neutropenia persists. It is not possible to sterilize the 
neutropenic patient. Rather, the recurring story is that of conquering a trouble-
some pathogen by improvements in the approach to infection management or 
the introduction of new anti-infectives, followed soon after by the appearance 
of a new opportunistic germ. As long as the patient’s immune system remains 
crippled, there will always be a microbe, resistant to previous anti-infectives, 
capable of causing a life-threatening infection. This concept is at the heart of the 
management of infections in patients with hematological malignancies. This is 
also the most difficult concept to apply at the bedside of an individual patient.

4. Expectations

The immune dysfunction of the patient with a hematological malignancy 
determines the risk for acquiring a serious infection (modulated in part by the 
toxicity of chemotherapy and GVHD, co-morbid medical conditions, etc.). 
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The core concept of the febrile neutropenia paradigm is anticipation; that 
is, the prediction of likely pathogens in the potentially infected neutropenic 
patient and the probability that the pathogen will be treated successfully with 
the chosen course of anti-infectives. Positive blood cultures are not meant 
to diagnose a bacterial infection, but rather to confirm the correctness of the 
initial pathogen diagnosis and the appropriateness of the original antibiotic 
prescription. For this anticipatory strategy to be effective, the clinician must 
estimate correctly the probability that the febrile patient is truly infected, con-
sider the likely pathogens, and predict the susceptibilities of these pathogens 
to anti-infectives. Much of this information is well-described from febrile 
neutropenia trials and in hospital-specific antibiotic susceptibility profiles for 
bacterial infections in the neutropenic patient with acute leukemia. Similar 
information for viral and fungal infections is not well understood and limits 
the estimates of risk for these kinds of infections.

It is important to recognize that infection incidence rates from febrile 
neutropenia trials and even hospital-specific antibiotic susceptibility profiles 
reflect results from a population of patients. The challenge to the clinician 
is in applying this information at the bedside of the individual patient. The 
clinician cannot consider all patients with febrile neutropenia to be identical 
to each other or to the “average” patient composite characterized by the mean 
and median of the study populations. Most neutropenic patients with fevers 
and suspected infections will be managed successfully with generic protocol 
antimicrobial strategies. However, experienced clinicians recognize when 
trial-based estimates of infection risk, potential pathogens, and antimicrobial 
susceptibilities must be modified by individual patient considerations. For 
instance, the presence of cellulitis surrounding an indwelling catheter exit 
site may merit the addition of vancomycin. Or, a broad spectrum antibiotic 
with anaerobic activity may be preferred in a patient with abdominal pain 
and tenderness and suspected neutropenic enterocolitis. Less obvious, broader 
spectrum coverage should be considered for a patient hospitalized, even 
briefly, in a ward such as an intensive care unit, endemic with multiple-drug 
resistant bacteria. This process of generating an estimate of risk for the indi-
vidual patient with febrile neutropenia may seem daunting, especially to the 
non-infectious diseases specialist. However, the complexity of this process can 
be reduced by a systematic focus on potential infections rather than just fever 
and neutropenia and by predicting likely pathogens and their susceptibilities 
to antimicrobials. Developing a disciplined approach will be discussed in more 
detail in later chapters.

The large number of studies of bacterial infections in febrile neutropenia in 
patients with acute leukemia serves as an excellent illustration of the concepts 
of risk and expectations. In general, acute leukemia febrile neutropenia trials 
are single or multiple institution studies that compare the efficacies of two 
antibiotic regimens through randomized allocation of neutropenic patients into 
two treatment arms. While the particulars of individual trials do vary, there are 
considerable similarities between virtually all studies owing to the homogene-
ity of the depth and duration of neutropenia produced by the chemotherapies 
used to treat acute leukemia. The incidence of microbiologically and clinically 
documented bacterial infections varies between 20 and 40% [30–34]. These 
high rates of bacterial infections justify the empirical approach of treating 
all febrile neutropenic patients with antibiotics. It is remarkable that the 
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infectious mortality associated with the initial febrile neutropenia event is 
0–2%, especially considering the high frequency of bacteremias. In fact, today 
the clinician can stand at the bedside of a patient with newly diagnosed acute 
leukemia and answer with confidence that the risk of death from infection 
associated with that first fever is less than the risk of death from bacteremias 
in many other non-cancer patients without neutropenia. This low rate of infec-
tious mortality also explains the proliferation of so many permutations on 
the basic paradigm, so much so that it seems that no two institutions use the 
same febrile neutropenia protocols [35]. All protocols will appear effective to 
their advocates. In fact, using the clinically appropriate infectious mortality 
outcome endpoint, there is no standard comparative trial design with suf-
ficient statistical power to differentiate between two variations of standard 
febrile neutropenia protocols. Therefore, it is not surprising to find that many 
physicians feel most comfortable using the febrile neutropenia protocols they 
learned at the institutions where they trained, and they are sometimes resistant 
to adopting the specifically established guidelines at other hospitals.

It is important to recognize that there is potential danger even when the 
attributable mortality rate associated with the initial febrile neutropenia event 
is so low. For example, suppose that an institution adopts new antibiotic 
guidelines that lead to a doubling of the baseline mortality rate for initial 
febrile neutropenia from 1 to 2%. It is doubtful that treating physicians or 
even a database tracking patient outcomes would be capable of identifying 
this “spike” in the mortality rate because adverse outcomes are so rare. This 
example illustrates the potential problems in dealing with serious future 
issues such as the increasing rates of antibacterial resistance in both Gram 
positive and Gram negative bacteria. Even a serious problem with resistance, 
one that doubles the mortality rates for the initial febrile neutropenia event, 
may get lost in the noise of statistical fluctuations and may not be detectable 
in standard clinical trial designs. Therefore, it is imperative that institutions 
design their own febrile neutropenia protocols with this in mind. Cancer cent-
ers should focus considerably on adherence to the best practices in much the 
same way that airlines, surgeons, and critical care specialists developed quality 
assurance checklists and procedures to further reduce the already low rates 
of airline accidents, surgical deaths [36], and blood stream infections [37], 
respectively. To maintain low mortality rates for infections associated with the 
initial neutropenic fever, cancer centers should all have standard procedures 
for a periodic review of the appropriateness of protocol empirical antibiotics in 
light of changing bacterial resistance patterns, mechanisms to quickly identify 
the initial fever in the neutropenic patient, administration of antibiotic within 
15–30 min of prescription, and a robust quality control system. This critically 
important topic will be discussed further in Chap. 13.

Most often, infectious mortality in patients with hematological malignan-
cies is not due to infections associated with the initial neutropenic fever [38–41]. 
These later infections are often referred to as secondary infections or superinfec-
tions and will be discussed in detail in Chap. 5. Unfortunately, estimating the 
risk for developing these subsequent infections is not as straightforward as for 
the risks of febrile neutropenia. For neutropenic patients, the cumulative risk for 
later infections appears to be time-dependent; that is, there is a fixed risk per 
day of neutropenia developing an infection. Over time, patients with the long-
est periods of neutropenia will have the highest cumulative risks of developing 
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later infections [5]. The risks for developing infections in allogeneic stem cell 
recipients are significantly more complicated and will be discussed in Chap. 8.

5. Attributable Success and Attributable Failure

The second element of risk is the likelihood of achieving a successful response 
in an immunocompromised patient with a hematological malignancy in whom 
a specific infection is treated with the appropriate anti-infectives. In general, a 
successful outcome depends on three factors; the potency of the anti-infective 
against the pathogen, the correct identification of all the causative infections 
and pathogens, and the degree and duration of the immune dysfunction. For 
an example of the latter, a patient with newly diagnosed acute leukemia or an 
autologous stem cell recipient is likely to recover near complete immune func-
tion with the resolution of neutropenia. These patients are likely to have better 
outcomes for any infections compared to patients with refractory leukemia and 
persistent neutropenia or allogeneic stem cell recipients with slow engraftment 
or ongoing GVHD and resultant unresolved immune dysfunction. Therefore, 
achieving a successful outcome depends on more than just prescribing the 
correct anti-infective.

The task of estimating the chances for successful outcomes is complicated 
by one fundamental problem. For many infections, physicians are unable to 
assess conclusively whether a patient’s lack of response to an anti-infective 
is due to failure of the drug or to failure of the host. An example of the latter 
is a patient with refractory leukemia and chronic neutropenia. This patient is 
not expected to have a long life span; in fact, it is predictable that the patient 
may succumb to one infection or another at some point in an uncertain future. 
The perpetually neutropenic patient may survive one or more life-threatening 
infections. For these successes, most would agree that the prescribed anti-
infectives functioned successfully, especially because there was no assistance 
from immune system. However, at some point, the crippled immune system 
will fail, despite the best efforts with anti-infectives known to be effective in 
identical infections in patients whose neutropenia has resolved. Attribution of 
the cause in these anti-infective treatment failures is difficult and controver-
sial. For instance, in a multicenter trial of unrelated allogeneic HSCT, there 
were sharp disagreements between the local site investigators and the central 
expert panel in attributing the causes of death of study participants [42]. The 
expert panel changed 56% of the local cause-of-death determinations, many 
of which reclassified infection-related causes to progression of malignancies 
or advanced GVHD. An infection may have been the “final nail in the coffin,” 
but it was the malignancy-related failures and treatment toxicities that were the 
principal causes of the deaths. Because of this uncertainty, all-cause mortality 
is more widely accepted as a trial endpoint than mortality attributed to infec-
tion because determining whether death has occurred is less controversial than 
determining why the death occurred. Use of the all-cause mortality endpoint is 
probably reasonable when a majority of deaths are infection related. However, 
use of the all-cause mortality endpoint is suspect when non-infectious mortal-
ity rates exceed infection-related rates.

Attribution of success and failure is central to the interpretation of trials 
of anti-infectives in infections in patients with hematological malignancies. 
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Unfortunately, the design of trials examining outcomes for infections in 
patients with hematological malignancies largely ignores this difficult issue. 
Most influential studies are randomized trials, often with blinding, that com-
pare two anti-infectives against defined pathogen(s) in patients with hemato-
logical malignancies. Sometimes, there is enrollment stratification for known 
pre-existing risks to prevent confounding results by skewed assignment to the 
two treatment arms. Other heterogeneities that cannot be foreseen at enroll-
ment, such as bone marrow recovery after chemotherapy or occurrence of 
severe GVHD, are assumed to be balanced between the two arms through 
randomization. The endpoints of many of these trials are often complex, usu-
ally as concessions to sample size limitations and feasibilities of trial design. 
For example, side effects and breakthrough infections with pathogens resistant 
to the study anti-infectives are considered treatment failures in febrile neutro-
penia trials even if the patient’s infection was successfully treated by bedside 
clinical criteria [30, 32, 34, 43]. Disregarding these complexities, trial results 
are designed to show that either the two agents are equivalent (or non-inferior), 
or in some cases, superior or inferior within the bounds of statistical uncer-
tainty. However, these trials are not designed statistically to be a clinically 
relevant measure of anti-infective efficacy, despite comments to the contrary 
in the discussion sections of publications. Several of these pivotal trials will be 
discussed in the chapters that follow.

Examining a trial comparing voriconazole and amphotericin B deoxy-
cholate for treatment of aspergillosis in patients with acute leukemia and 
stem cell recipients illustrates how difficult it is to predict individual patient 
responses because of problems in attributing bad outcomes to anti-infective 
failure [44]. In this trial (to be discussed more fully in the Chap. 4), patients 
with aspergillosis were randomized to receive either voriconazole or 
amphotericin B deoxycholate for 12 weeks. Analysis showed that patients 
treated with voriconazole had a 53% rate of success by trial defined criteria 
which was 21% better than the success-rate for the amphotericin B-treated 
patients. This difference met the statistical criteria for superiority, and the 
results of this trial led to the licensing of voriconazole around the world for 
treatment of aspergillosis. While this study clearly showed that voriconazole 
should be preferred over amphotericin B deoxycholate in treating aspergil-
losis, the trial-defined success rate of 53% hardly inspires confidence of a 
successful outcome in the voriconazole-treated individual patient. However, 
a closer examination of all the outcomes in this trial show that only 28% 
of the voriconazole-treated patients failed because of aspergillosis that was 
unresponsive to voriconazole [44]. The other 25% were judged failures by 
trial-defined criteria, and included patients lost to follow-up, deaths unrelated 
to aspergillosis, and patients alive after 12 weeks but with responses to treat-
ment less satisfactory than the preset defined criteria for success. There is 
an inherent uncertainty in attributing outcomes to infection versus nonin-
fectious causes and it is likely to be impossible to resolve this uncertainty. 
In the real world, the physician at the bedside must be satisfied with an 
educated best estimate, rather than being able to predict treatment success 
with absolute certainty. For example, the clinician caring for a neutropenic 
patient with aspergillosis should expect a successful clinical response with 
voriconazole much better than the stated 53% in the trial report. In fact, 
clinical responses for Aspergillus pneumonia treated with voriconazole are 
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consistent with the outcomes for serious bacterial pneumonias treated with 
antibiotics generally regarded as highly effective.

As discussed in the preceding paragraphs, it is difficult with so many infec-
tions to know accurately just how effectively an anti-infective performs, even 
when the pathogens and infections are reasonably well-understood. In many 
cases, a treating physician may not even know with certainty the identity of the 
infecting pathogen. Patients with hematological malignancies are notorious for 
being multiply infected with more than one pathogen at a time, or for developing 
serial infections, including the sudden onset of a life-threatening superinfec-
tion. Unfortunately, this leads frequently to successive cycles of empirical anti-
infective prescription in an attempt to stay ahead of new clinically diagnosed 
infections for which no pathogens have yet been identified. The danger in this 
situation is that the estimates made by any clinician in these situations may be 
erroneous, especially when they result from a string of serial assumptions.

The third consideration for estimating the likelihood of achieving a suc-
cessful response in the immunocompromised patient with a hematological 
malignancy is determining how the nature and extent of immune dysfunction 
contribute to the outcomes. This important topic will be discussed extensively 
in several of the chapters that follow. In the face of a serious infection, many 
physicians will attempt to reverse the immune suppression. There is little 
published data suggesting that this intuitively attractive approach is help-
ful. The effects of some measures, such as administering G-CSF to hasten 
granulocyte recovery or stopping marrow suppressive agents, may be seen in 
a few days and should be pursued. Reducing the doses of some immunosup-
pressants such as corticosteroids is unlikely to have any benefit in the short 
or even intermediate term. The immune suppression induced by other agents 
such as alemtuzumab or anti-thymocyte globulin is probably irreversible on 
the time scale of an infection. Unfortunately, patients with the greatest degree 
of immune dysfunction have the highest likelihoods of developing infection, 
especially with fungal and viral pathogens, and they are also likely to have the 
poorest outcomes.

6. Approach to the Patient

The treating physician should not be daunted by the complexity of treating 
infections in patients with hematological malignancies. Chapters 2–4 in this 
book provide the information necessary to choose the best anti-infectives 
to treat specific pathogens. Chapters 5–8 focus on the host and the specific 
immune deficiencies that influence the outcomes of infections. The remaining 
chapters discuss important issues that detail the institutional component of an 
effective infectious diseases program.

The following comments should be kept in mind

1. The importance of the careful construction of institution-specific infectious dis-
eases protocols as described in Chap. 13 cannot be overemphasized. A common 
approach to treating infections leads to institutional memory and experience 
which is the foundation for a wise evolution of the protocols over time.

2. Having said that, an institutional protocol is only a guide that provides a 
common starting point for managing infections. This protocol should not 
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be a sacred text etched in stone. The clinician should strive to develop suf-
ficient expertise to recognize the outlier patient whose infection deviates 
from the norm.

3. Even though empirical treatment is rampant (and often necessary) in 
patients with hematological malignancies, the proper management of infec-
tions must always be grounded in a thorough understanding of the potential 
pathogens, the pharmacokinetics and pharmacodynamics of anti-infectives 
used to treat these infections, the expected course of the treated infections, 
and the impact of the underlying malignancies and immune dysfunction 
on outcomes. There should always be in place the necessary expertise to 
construct a reasoned approach, grounded in the fundamentals of infectious 
diseases, to diagnosis and to treat even in the most difficult situations.

4. Infections do not respond instantaneously after anti-infectives are started. 
Persistence of fever for 3–4 days is to be expected in the patient suc-
cessfully treated for febrile neutropenia (see Chap. 5). The patient with 
aspergillosis may worsen clinically after starting antifungals, and the chest 
CT may worsen for 14 days even with ultimately successful treatment 
(Chap. 4). Persistence of fever should not supersede other clinical indica-
tors of patient improvement. A persistent fever should not be an automatic 
invitation to modify an otherwise appropriate anti-infective regimen.

There will, undoubtedly, be major changes in the future for the management 
of infections in patients with hematological malignancies. These changes will 
be driven by new pathogens, increased resistance to existing anti-infectives, 
and evolution in practice of oncology, in particular for allogeneic stem cell 
transplants. Sadly, changes we are less likely to see will be continuation with 
the anti-infective pipeline which has, in the past regularly produced new 
agents to attack new problems. As drug resistance in both Gram positive and 
Gram negative bacteria spreads, monotherapy for febrile neutropenia will 
likely become the first casualty to this inexorable onslaught. This tsunami of 
resistant bacteria will not wash over all the institutions at once; rather, hospi-
tals with high rates of Pseudomonas, Acinetobacter, and Klebsiella, resistant 
to all beta-lactam antibiotics and Staphylococcus aureus and Enterococcus, 
increasingly resistant to vancomycin, will be in the forefront of development 
of novel empirical treatment regimens.
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Abstract Viral infections are an important and often unrecognized compo-
nent of disease in immunocompromised patients. The diagnosis and manage-
ment of viral infections have expanded largely because of new quantitative 
molecular diagnostic assays. Well-recognized pathogens such as herpes sim-
plex virus (HSV), cytomegalovirus (CMV), and respiratory viruses have been 
joined by newly recognized pathogens such as BK virus, human herpesvirus-6 
(HHV-6), and human metapneumovirus in this highly susceptible patient popu-
lation. The role of Epstein-Barr virus (EBV) and Human herpesvirus-8 (HHV-
8) in lymphoproliferative diseases also continue to be clarified. As a result, 
the management of viral infections in patients with hematologic malignancies 
continues to be a growing challenge for the clinician.

Keywords  Antivirals  • Cytomegalovirus  • Herpes viruses  • Hematological 
malignancy  •  Respiratory  viruses  •  Epstein-Barr  virus  •  Polyoma  virus  • 
Adenovirus • Viral infections

1. Herpesviruses

The herpesviruses are large, enveloped double-stranded DNA viruses that pro-
duce a lifelong infection within the host. The ability to establish latency makes 
these viruses a common and potentially life-threatening challenge in patients 
with hematologic malignancies or in those who have undergone hematopoietic 
stem cell transplantation (HSCT). Herpesvirus infection should be considered 
a dynamic interaction between latent virus and the immune system of the indi-
vidual patient. In the immunocompromised host, latent infection reactivates 
leading to invasive disease, immune-mediated complications or, Epstein-Barr 
virus (EBV) and human herpesvirus-8 (HHV-8), malignancy.

There are eight known human herpesviruses that are traditionally divided 
into three subfamilies based on genomic organization, homology, and location 
of latency (Table 2-1).
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2. Herpes Simplex Virus, Type 1 and 2

Herpes simplex viruses, type 1 and 2 (HSV-1 and HSV-2), are transmitted 
through intimate or mucocutaneous contact including the oral mucosa, genita-
lia, ocular epithelium, anal mucosa, respiratory tract, and bloodstream. HSV-1 
is classically associated with herpes labialis, infection of the oral mucosa. 
HSV-2 is classically associated with herpes genitalis, infection of the genital 
tract. Both are common throughout the United States. Previous studies have 
suggested that as many as 62% of healthy adults have serologic evidence of 
previous infection with HSV-1, and 21% with HSV-2 [1]. Recent trends sug-
gest an overall decrease in the incidence of HSV-2, though HSV-1 may be 
becoming a more common cause of genital herpes infection [2]. Clinically, the 
two viruses are indistinguishable.

2.1. Clinical Syndromes

Localized reactivation of HSV-1 or -2 can lead to cutaneous herpes lesions or 
keratoconjunctivitis through distribution of the involved nerve fibers from the 
dorsal root ganglia where the virus remains latent. With the loss of cellular 
immunity in the setting of hematologic malignancy, disseminated disease has 
been reported [3]. Diffuse cutaneous eruptions covering multiple dermatomes 
may occur, or may involve other organs with or without concomitant cutane-
ous lesions (Table 2-2).

Tonsillar abscess formation due to HSV has also been reported in a 
patient with a history of chronic myelogenous leukemia who underwent 
HSCT [9]. In patients with chronic lymphocytic leukemia, a syndrome 
of generalized lymphadenopathy has been attributed to HSV alone [10] 
and with coinfection of HSV-1, HSV-2, and EBV [11]. Localized lym-
phadenopathy due to HSV may be seen in individuals with oral or genital 
infections that may be asymptomatic in the severely compromised host. 
Necrotizing spinal myelopathy has been reported in a patient with T-cell 
leukemia, confirmed with immunohistochemical staining [12]. These pres-
entations are uncommon.

Table 2-1. Classification of the herpesviruses.
Virus Subfamily Location of latency

Herpes simplex virus, type 1 a Dorsal root ganglia

Herpes simplex virus, type 2 a Dorsal root ganglia

Varicella-zoster virus a Dorsal root ganglia

Cytomegalovirus b Bone marrow myeloprogenitor cells

Human herpesvirus-6 b Bone marrow myeloprogenitor cells

Human herpesvirus-7 b Bone marrow myeloprogenitor cells

Epstein-Barr virus g B lymphocytes

Human herpesvirus-8 
(Kasposi’s sarcoma  
herpesvirus)

g B lymphocytes
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2.2. Diagnosis

The diagnosis of HSV can often be made clinically for limited oral, peri-oral, 
or genital infections with characteristic vesicles or ulcerations. The use of the 
classic Tzanck smear looking for viral cytopathic effect can be useful although 
the study is limited by lack of specificity and the need for expert interpretation. 
Molecular techniques and immunostaining provide increased speed, sensitiv-
ity, and specificity and are gaining wider use (Table 2-3).

Mucocutaneous disease is often diagnosed with fluorescent immunostain-
ing of cell scrapings taken from the lesions. This allows testing for other 
herpesviruses that may cause a similar clinical picture (e.g., varicella-zoster 
virus), and to exclude HSV involvement in the evaluation of oral lesions that 
could result from other causes such as drug toxicity. Esophagitis, pneumonitis 
and hepatitis are also frequently best diagnosed through the use of immunohisto-
chemical staining for HSV-specific antigens on biopsy specimens. In these 
settings, HSV may be a part of a dual infection (e.g., with Candida species, 
other viruses). Cultures are of little value in disease involving organs beyond 
the mucocutaneous barrier. Cultures from respiratory specimens, in particular, 
can be misleading if positive, given the frequency of asymptomatic shed-
ding of the virus from the oropharynx in immunocompromised individuals. 
Disease involving the central nervous system (CNS) is frequently diagnosed 
by molecular amplification assays such as polymerase chain reaction (PCR) 

Table 2-2. HSV-1 and HSV-2 syndromes.

Anatomic location/syndrome Symptoms/presentation

Mucocutaneous
Oral/peri-oral Vesicle formation with or without ulceration in affected skin areas, 

usually followed by crusting of the visible lesionsGenital
Disseminated

Esophagitis Odynophagia, dysphagia, retrosternal chest pain [4]

Hepatitis Fever, abdominal pain, leucopenia, nausea/vomiting, with or with-
out cutaneous lesions [5]

Pneumonitis Dyspnea, cough, fever [6]

Central/Peripheral Nervous System

Meningitis Fever, headache, nausea/vomiting, photophobia, stiff neck

Encephalitis Fever, headache, impaired consciousness, seizures, other focal neu-
rologic deficits

Radiculopathy (myelitis) Autonomic dysfunction [7], radiculopathy, possibly transverse 
melts [8]

Ocular

Keratoconjunctivitis Pain, decreased vision, characteristic dendritic corneal lesions

Chorioretinitis Decreased vision, acute retinal necrosis with blindness

Immunologic

Erythema multiforme Distinctive eruption on affected skin with characteristic histology 
(T-cell infiltration)

HSV Herpes simplex virus
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of cerebrospinal fluid (CSF) samples. The sensitivity and specificity of HSV 
PCR from CSF is  thought  to be close  to 95% [13], though specimens taken 
early or late in the clinical course may be more likely to be falsely negative 
[14]. Brain biopsy with immunohistochemical staining remains definitive for 
HSV  encephalitis  if  PCR  is  unrevealing  and  diagnosis  is  essential.  Ocular 
disease is often made on clinical examination, though PCR of cell scrapings 
in keratoconjunctivitis or vitreous fluid in the case of retinal disease may also 
play a role [15].

2.3. Therapy

Treatment should be considered in all patients with active HSV infection and 
underlying hematologic malignancy or HSCT. Immunocompromised hosts 
are at a greater risk for severe disease and dissemination. Minor herpes labia-
lis infections can spread rapidly to the pharynx, the esophagus, and via the 
bloodstream to multiple organs and cutaneous dermatomes. The most widely 
available agents for treatment of HSV infections are nucleoside analogues that 
inhibit the synthesis of HSV viral DNA. The most frequently used agent by far 
is acyclovir, though valacyclovir, famciclovir, vidarabine, and foscarnet can 
be used depending on the clinical scenario (Table 2-4). Intravenous therapy 
should be considered as initial therapy for progressive or disseminated infec-
tion in immunocompromised hosts.

Valacyclovir is an l-valine ester prodrug of acyclovir. After absorption, it 
is metabolized into acyclovir by the liver. This prodrug form of acyclovir can 
achieve higher plasma levels than equivalent doses of oral acyclovir, and thus less 
frequent dosing can be used for similar therapeutic levels of drug (bid vs. 5/day).  

Table 2-3. HSV-1 and -2 Diagnostics.
Diagnostic test Description Comments

Serology Evaluation of the serum for presence of 
HSV-1 and HSV-2-specific IgG and IgM 
antibodies

Can be negative in acute infection or in 
patients with hypogammaglobuline-
mia; indicates only past infection

Culture Swabs taken from the lesions or biopsies 
from tissue samples grow HSV in 
cell culture media; results in 24–48 h 
depending on viral titer

Dependent on proper processing of 
specimen (viral culture media and 
transport and storage at 4°C); sen-
sitivity decreases if lesions are over 
48 h old; may give false positive 
results from respiratory specimens

PCR Molecular gene amplification specific for 
HSV; commonly used on CSF, tissue 
lesions or vitreous fluid

Assay not standardized, but high sensi-
tivity and specificity

Routine pathological 
examination

Histopathology of biopsies with routine 
H&E staining or from Tzanck smears 
reveal giant multinucleated cells, cyto-
pathic effect or intranuclear inclusions

Cellular changes from tissue can be 
seen with other herpesviruses (VZV, 
CMV, etc.); dependent on quality of 
sample and local expertise

Fluorescent or 
immunohisto-
chemical staining

Slides of cells prepared from scrapings of 
lesions or tissue biopsies; HSV-specific 
monoclonal antibodies with indirect 
fluorescence or direct immunostaining

Proper cell handling technique required

HSV Herpes simplex virus; PCR Polymerase chain reaction; CSF Cerebrospinal fluid; H&E Hematoxylin and eosin; VZV 
Varicella-zoster virus; CMV Cytomegalovirus
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Famciclovir is the diacetyl ester prodrug of penciclovir and is rapidly 
converted by the body. Vidarabine was the first antiherpesvirus drug to be of 
proven value, but is rarely used in clinical practice due to inferiority in 
clinical trials to acyclovir and significant toxicities, including neurotoxicity with 
parasthesias, ataxia, seizures, and rarely coma [16, 17]. Foscarnet is a direct 
noncompetitive inhibitor of herpesvirus DNA polymerase and has in vitro 
activity against all herpesviruses. Foscarnet undergoes little intracellular 
metabolism, and is not dependent on the herpetic thymidine kinase (required 
to phosphorylate acyclovir to the active state) and therefore may be used in the 
treatment of acyclovir-resistant strains of HSV that arise due to mutations in 
the viral thymidine kinase. The utility of foscarnet is limited by nephrotoxicity,  
symptomatic hypocalcemia, and other electrolyte (magnesium, potassium) 
losses that require co-infusion with a large amount of fluid.

With the exception of the topical ocular antiviral agents, dosages of all 
agents listed in Table 2-4 are modified in the setting of renal insufficiency. 
Length of therapy is usually for 7–14 days, with the exception of disease 
involving the CNS, wherein therapy is often extended to a total of 14–21 days 
because of risk for recurrence [18, 19]. For acyclovir resistance, foscarnet is 
generally used at doses of 40 mg/kg IV every 8 h for 14–21 days, depending 
on clinical response [20].

Patients with hematologic malignancies have a higher incidence of HSV 
shedding in their saliva, are at increased risk for reactivation of HSV with 
intensified immunosuppression, and are at increased risk of atypical manifes-
tations and dissemination of disease. In the setting of HSCT, HSV-seropositive 
individuals may have a reactivation rate of 65–90% [21]. Thus, the routine 
implementation of prophylaxis has been advocated in any patient who has 
evidence of prior infection with HSV (HSV-1 or -2 seropositive) with hema-
tologic malignancy undergoing chemotherapy or HSCT. Suppression can be 

Table 2-4. HSV therapeutics.
Syndrome Therapeutic options

Mucocutaneous HSV Acyclovir 400 mg po 5x/day
Acyclovir 5 mg/kg IV q 8 h
Valacyclovir 500 mg to 1 g po bid
Famciclovir 500 mg po bid

Disseminated HSV Acyclovir 10 mg/kg IV q 8 h

Esophagitis Acyclovir 5 mg/kg IV q 8 h

Hepatitis Acyclovir 5–10 mg/kg IV q 8 h

Pneumonitis Acyclovir 5–10 mg/kg IV q 8 h

Encephalitis/meningitis Acyclovir 10 mg/kg IV q 8 h

Keratoconjunctivitis Topical therapy with either:
3% acyclovir gel
3% vidarabine ointment
1% trifluorothymidine drops

Chorioretinitis or acute retinal necrosis Acyclovir 10 mg/kg IV q 8 h

Erythema multiforme Treat as localized mucocutaneous disease

HSV Herpes simplex virus
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in the form of acyclovir 400 mg po bid or higher, valacyclovir 500 mg po 
qd or bid, or famciclovir 250 mg po bid beginning on the day of condition-
ing or induction and continuing until resolution of neutropenia or 6 weeks, 
whichever is longer. If patients cannot tolerate oral therapy, then IV acyclovir 
250 mg/m2 IV every 12 h is also effective [22].

3. Varicella-Zoster Virus

Varicella-zoster virus (VZV) is the third member of the a-subfamily of human 
herpesviruses. Classically, VZV is associated with two clinical syndromes: 
varicella, known as chickenpox, and herpes zoster, known as shingles. As with 
HSV, the patient with an underlying lymphoproliferative disorder or HSCT is 
at higher risk for dissemination of disease and systemic involvement, blurring 
the clinical entities. Although frequently considered a benign childhood illness 
in the immunocompetent population, VZV carries an overall case fatality rate 
of 2–4 deaths per 100,000, with greatest risk among older adults and infants 
[23]. Older estimates before the era of effective antiviral therapy and zoster 
immunoglobulin put the mortality in those children with acute lymphocytic 
leukemia who developed primary VZV at 7% [24]. Compared to HSV, how-
ever, infection is even more ubiquitous, with over 90% of people in temperate 
climates infected before adolescence [25]. Infection is typically spread via the 
respiratory tract during acquisition of primary infection, or by physical contact 
with mucocutaneous lesions. Due to the great infectivity of VZV, attack rates 
can be as high as 100% in the susceptible host [26].

3.1. Clinical Syndromes

Primary infection, or varicella, presents with fever and often the simultaneous 
development of a characteristic cutaneous vesicular rash that can involve  
mucosal surfaces (oropharynx, conjunctiva, genitourinary tract, etc.). It begins 
with small macular erythematous lesions that progress to a vesicular stage 
before crusting-over during a 1-2 day period. The lesions evolve at different 
times so that some lesions may be healing while fresh lesions emerge.

Primary infection in patients with leukemia or in patients who have under-
gone HSCT occurs most often in children and can lead to dissemination with 
involvement of multiple organs, including the CNS as meningitis, encephalitis, 
or vasculitis of the intracranial vessels. In the immunocompromised or immu-
nologically naïve host, infection produces skin lesions that persist for longer 
periods, and may be associated with hepatitis, cholangitis, pneumonitis, uveitis, 
or cause a sepsis-like syndrome with disseminated intravascular coagulation 
[24]. Bacterial superinfection of skin lesions can occur with organisms including 
Staphylococcus aureus, leading to cellulitis, deeper soft-tissue involvement, 
and sepsis [27].

3.2. Diagnosis

Often, the diagnosis of routine varicella or zoster can be made based on 
physical examination when a characteristic rash and distribution is observed 
or when exposure in the case of primary infection is present. The differential 
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includes other viral infections such as HSV or enteroviruses, both of which 
can have atypical presentations in the immunocompromised host. Again, as 
with HSV, the Tzanck smear of cell scrapings from a cutaneous lesion may 
be useful, but lacks sensitivity and specificity. Use of specific molecular tech-
niques is common for diagnosis of VZV (Table 2-5).

There is some serological cross-reactivity between VZV and HSV-1 
due to similarities in the viral glycoprotein B [28]. Multiple methods 
exist to measure antibodies to VZV, including fluorescent antibody to 
membrane antigen (FAMA) methods, enzyme-linked immunosorbent 
assays (EIA), latex agglutination methods, complement fixation assays, 
and other immunofluorescent assays. Individual laboratories may vary 
in their approach. Overall, serologic tests are not as clinically useful in 
rapidly  diagnosing  VZV  as  PCR  and  antigen  detection.  Most  cases  of 
VZV in the immunocompromised occur as a result of viral reactivation; 
serologic testing to determine those at risk for primary infection is not 
100% reliable in these hosts [29]. Though the exact sensitivity and spe-
cificity  of PCR  from CSF  for VZV  is  unclear, PCR  is  becoming  relied 
upon by more and more physicians for diagnosing CNS infections due 
to  herpesviruses  in  general.  The  VZV  PCR  assay  is  likely  most  useful 
earlier in the patient’s clinical course, particularly if primary infection 
is suspected and seroconversion may be delayed [30, 31]. PCR can also 
be used to distinguish infection between wild-type VZV and that of the 
vaccine strain [32].

Table 2-5. VZV diagnostics.
Diagnostic test Description Comments

Serology Evaluation of the serum for presence 
of VZV-specific IgG and IgM 
antibodies

Can be negative in acute infection or 
in patients with hypogammaglob-
ulinemia; indicates past infection

Culture Swabs from mucocutaneous lesions 
or biopsies can grow VZV in cell 
cultures in 3–5 days

Dependent on proper processing of 
specimen (requires transport and 
storage at 4°C); difficult to isolate 
from nasopharynx

PCR Molecular gene amplification spe-
cific for VZV; used on CSF,  
tissues or skin lesions

Sensitive and specific, but not  
universally available

Routine pathological 
examination

Pathological examination from 
biopsies with routine H&E stain-
ing or from Tzanck smears can 
reveal giant multinucleated cells, 
cytopathic effect or intranuclear 
inclusions

Most cellular changes also seen with 
other herpesviruses (HSV, CMV, 
etc.); dependent on quality of 
sample, local expertise

Fluorescent or immuno-
histochemical staining

Slides of cells from scrapings of 
lesions or biopsies; VZV-specific 
monoclonal antibodies for indirect 
fluorescence or immunostaining

Proper cell handling technique 
required

VZV Varicella-zoster virus; PCR Polymerase chain reaction; CSF Cerebrospinal fluid; H&E Hematoxylin and eosin; HSV 
Herpes simplex virus; CMV Cytomegalovirus
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3.3. Therapy

In the non-immunocompromised population, primary infection with VZV is 
self-limited and usually treated with symptomatic intervention only. Antiviral 
therapy is indicated for reactivation disease such as shingles, or for diffuse 
disease in immunocompromised individuals. Intravenous acyclovir (10 mg/kg 
every 8 h) is considered first-line therapy for any patient with a hematologic 
malignancy or HSCT who develops primary infection or reactivation of VZV. 
Patients improving on this regimen may be converted to oral therapy with 
either acyclovir at 800 mg po 5x/day or valacyclovir 1 g po tid to complete 
the course. Famciclovir at a dose of 500 mg po tid may also be of value in 
this setting. The latter agents (famciclovir and valacyclovir) have better oral 
bioavailability than acyclovir. Most experts recommend extending therapy 
for at least 2 days beyond crusting of all lesions. Resistance is rare, reported 
most often in patients with underlying HIV infection [26]. Foscarnet may be 
an alternative agent when resistance develops. All of these medications require 
dose reduction with renal insufficiency.

Patients with hematologic malignancies or HSCT, regardless of serostatus, 
should avoid exposure to persons with active VZV infections [29]. Use of 
VZV immunoglobulin (VZIG) should be considered in the prevention of 
infection in seronegative patients and as a means to possibly reduce the risk 
for severe disease in patients with hematologic malignancies exposed to VZV. 
Vaccination with the live VZV vaccine should be considered in advance of 
immune suppression but cannot be used in immunocompromised hosts. In 
VZV-seronegative patients, administration of VZIG as soon as possible within 
96 h after exposure is indicated [33]. Some experts also report using those 
VZIG in HSCT patients with a significant exposure who are already known to 
be seropositive, but are often hypogammaglobulinemic. Significant exposures 
include contacts with individuals with chicken pox or who received the live 
VZV vaccine and subsequently developed a varicella-like rash with the risk of 
transmitting the vaccine-related strain of VZV [33]. Dosing of VZIG is 125 
international units per 10 kg of body weight with a maximum dose of 625 units 
and a minimum dose of 125 units given intramuscularly. Administration after 
96 h from the exposure is of unclear value.

In order to prevent the spread of VZV infection to other immunocompro-
mised individuals or VZV-seronegative individuals in the hospital setting, 
patients with VZV disease should be placed under airborne and contact pre-
cautions [34]. Although intravenous acyclovir over several months and oral 
acyclovir dosed at 800 mg po bid for up to 1 year have been shown to prevent 
VZV in patients undergoing HSCT [35], long-term acyclovir prophylaxis to 
prevent VZV is not routinely recommended [33]. Prevention in most immu-
nocompetent individuals is now through the use of the live, attenuated VZV 
vaccine. Though different formulations exist, all vaccines use the Oka strain of 
VZV isolated from a healthy child with varicella and then attenuated through 
sequential passage in cell culture [26]. Currently, live vaccine is contraindicated 
for use among HSCT recipients and other immunocompromised individuals. 
Further research is needed to determine the efficacy and safety of the VZV  
vaccine in this population. Ideally, however, all healthcare workers, family 
members of patients, or other household contacts who are VZV-seronegative 
should be immunized as soon as the decision is made to perform HSCT. 
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Completion of the vaccine should be done 4 or more weeks before the 
conditioning regimen begins [33]. An inactivated vaccine is under development.

4. Cytomegalovirus

Cytomegalovirus (CMV) is a member of the b-subfamily of herpesviruses. 
Infection in the United States population is common, with an age-adjusted 
estimate of 58.9% [36].  Risk  increases  steadily  throughout  an  individual’s 
lifetime, and lower socioeconomic status as well as ethnic background may 
play a role in the risk of infection. Spread of the virus is usually through 
mucocutaneous or intimate contact, as well as through congenital acquisition 
or transplantation of organs and transfusion of blood products. In the immuno-
compromised patient population, coinfection with multiple strains have been 
reported [37]. CMV is one of the most important viruses in immunocompro-
mised patients. Primary infection acquired through HSCT or blood products, 
or reactivation of latent virus can lead to significant morbidity.

4.1. Clinical Syndromes

Primary infection of CMV is classically associated with a mononucleosis-like 
syndrome that results in fever, lymphadenopathy, and leucopenia, often with 
a relative lymphocytosis similar to primary infection with EBV. In the case of 
CMV, the frequently used heterophile agglutinin test in EBV will be negative, 
however. In the immunocompromised patient, or in the patient with underly-
ing inflammatory disorder, CMV viral replication can lead to invasive tissue 
or end-organ disease (Table 2-6).

Virtually, all organ systems can be affected by invasive CMV infection. 
Aside from the syndromes listed in Table 2-6, CMV has also been blamed for 
causing a hemorrhagic cystitis in patients after HSCT [42, 43]. T-cell function 
is the primary determinant for control of CMV infection. Aggressive chemo-
therapy and use of T-cell depleting agents such as alemtuzumab increase the 
risk for CMV disease in patients with hematologic malignancy. Alemtuzumab 
in particular has been associated with rates of CMV viremia in patients with 
lymphoproliferative disorders of 15–44% [44–46].

4.2. Diagnosis

The development of sensitive molecular techniques to diagnose active CMV 
infection has revolutionized the approach to CMV management in the immu-
nosuppressed population. Identifying patients at risk who will require preemp-
tive or prophylactic therapy is becoming a more prominent approach to HSCT 
care in particular. Quantitative assays to measure the viral load in the blood 
have impacted management of infection (Table 2-7).

Serologies are most useful in determining past exposure and in identifying 
patients at risk for reactive disease when immunosuppressed. If negative, the 
patient may be at high risk for acquiring CMV infection if transplanted from 
a CMV seropositive donor. Cell culture techniques using human fibroblast 
cell lines are time-consuming, with results in 10 days to as long as 4–6 weeks 
in order to detect the cytopathic changes indicative of a positive assay. Shell 
vial cultures allow detection of CMV antigens prior to the development of 
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Table 2-6. CMV syndromesa.
Anatomic location/syndrome Symptoms/presentation

Mononucleosis Fever, lymphadenopathy, leucopenia with relative lymphocytosis

Pneumonitis Most severe complication of CMV infection with cough, dyspnea, 
interstitial infiltrates on chest radiography superinfection [38]

Gastrointestinal

Esophagitis/gastritis Odynophagia, dysphagia, retrosternal chest pain, anorexia, nausea, 
vomiting

Enteritis/colitis Fever, watery diarrhea (occasionally bloody), plaque-like pseu-
domembranes, erosive or ulcerative disease

Hepatitis/cholangitis Fever, abdominal pain, leucopenia, nausea/vomiting, elevated 
transaminases (bacterial co-infection)

Pancreatitis Fever, abdominal pain, and peritonitis, infection of the biliary tract [39]

Myocarditis Congestive heart failure

Central/Peripheral Nervous System

Meningoencephalitis Vasculitis with fever, headache, nausea/vomiting, photophobia, 
impaired consciousness, seizures, focal neurologic deficits

Polyradiculopathy Hyporeflexia, limb weakness, parasthesias and possibly sensory loss, 
myelitis [40]

Guillain–Barré syndrome Progressive ascending paresis [41]

Ocular

Retinitis Decreased vision, acute retinal necrosis with blindness

Hematologic

Disseminated intravascular Consumptive coagulopathy with thrombocytopenia and hemolytic 
anemia usually in the setting of fever and sepsis-like syndromecoagulation

CMV Cytomegalovirus
aNon-exclusive syndromes

cytopathic changes. The overall sensitivity and specificity are limited by the 
frequency of asymptomatic shedding in immunocompromised hosts in respira-
tory, urinary, and gastrointestinal sites [47]. Molecular-based techniques such 
as antigenemia assays, nucleic acid amplification, and hybrid capture assays 
are commonly used in the diagnosis of active CMV disease. The antigenemia 
assay is limited in the setting of profound neutropenia because of the lack of 
circulating granulocytes. Though exact predictive values of these tests may 
vary depending on what study is referenced, all appear to have a high sensi-
tivity and specificity in immunocompromised patients [48–50] and in patients 
who have undergone allogeneic HSCT [51]. PCR from whole blood tends to 
be a more sensitive assay than the others, but less specific than plasma when 
used for molecular amplification. The pp65 antigenemia assay, when not 
limited by neutropenia, may be the most specific in terms of predicting active 
disease [51]. PCR, the hybrid capture assay, and the antigenemia assay are all 
likely useful in monitoring a patient’s response to therapy. Viral loads may 
take several weeks to become undetectable on therapy, however [52, 53], and 
retesting a patient less than 1 week after initiation of treatment is generally 
not advised.
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Table 2-7. CMV diagnostics.
Diagnostic test Description Comments

Serology Evaluation of the serum for pres-
ence of CMV-specific IgG and 
IgM antibodies

Determines risk for latent CMV reac-
tivation, past infection; may be 
negative in acute infection and with 
hypogammaglobulinemia or immu-
nosuppression

Culture Shell vial culture of CMV with 
human fibroblasts for detection 
of immediate early antigens

Shell vial technique can be positive 
in 2–3 days; lacks specificity for 
detecting active CMV disease

Antigenemia assay Rapid detection of CMV-specific 
proteins (pp65) in peripheral 
blood leukocytes, correlates with 
total viremia

Semi-quantitative; requires circulating 
peripheral blood polymorphonu-
clear cells

Hybrid capture assay Signal amplification with RNA 
probe for CMV DNA; detec-
tion with antibodies specific for 
RNA:DNA hybrids

Semi-quantitative; range of ~1,400–
600,000 copies of CMV/mL

Nucleic acid amplification PCR of DNA with gene amplifica-
tion specific for CMV; nucleic 
acid sequence-based amplification 
(NASBA) for immediate-early 
and late gene expression

Few data on immunocompetent hosts; 
various assays are not comparable; 
highly sensitive with detection level 
~500 copies/mL or less

Pathologic inspection with 
or without immunohis-
tochemical staining

H&E stain can reveal “owl’s eye” 
intranuclear inclusions; sensitivity 
can be increased with staining 
for CMV-specific proteins

Proper cell handling technique required

CMV Cytomegalovirus; PCR Polymerase chain reaction; H&E Hematoxylin and eosin

4.3. Therapy

Although the nucleoside analogue acyclovir has some activity against CMV 
in vitro, the related purine analogue ganciclovir has become the gold standard 
for management of CMV disease. Acyclovir has been used in prophylaxis, 
but lacks the potency required for treatment of established CMV disease [54]. 
Other antivirals that have clinical utility for the treatment of CMV include val-
ganciclovir, which is the prodrug of ganciclovir, foscarnet, and cidofovir. The 
latter two are generally reserved for infections caused by ganciclovir-resistant 
strains of CMV because they can cause significant nephrotoxicity and other 
side effects. Other agents are less well-studied; use of ancillary agents may 
have benefit in certain clinical scenarios (Table 2-8).

Both valganciclovir and ganciclovir are capable of inducing hematologic abnor-
malities including neutropenia, anemia, and thrombocytopenia. Valganciclovir 
is the l-valyl ester prodrug of ganciclovir, and as such has a 1.7-fold greater 
bioavailability than oral ganciclovir. A 900 mg dose of valganciclovir is able 
to achieve a systemic exposure of IV ganciclovir dosed at 5 mg/kg [57], and 
has now replaced oral ganciclovir in clinical practice [54]. Ganciclovir resis-
tance among CMV isolates is frequently due to a mutation of the phosphatase 
UL 97 gene, or less commonly the DNA polymerase UL 54 gene [58]. New 
resistance mutations are under study. In cases of resistance, either documented 
or presumed due to no decrease in viral load after up to 3 weeks of therapy, 
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foscarnet or cidofovir or combination therapy is recommended. All of these anti-
viral agents require dose reduction in the setting of renal insufficiency. Foscarnet 
and cidofovir may provoke significant renal toxicity.

Although the use of CMV-negative and leukocyte-depleted blood prod-
ucts can help prevent CMV infection in seronegative patients, the risk is 
never reduced to zero. Prophylaxis and preemptive treatment have reduced 
the significant morbidity and mortality associated with CMV disease in this 
population. Late CMV disease post-HSCT remains a significant risk for mor-
tality and likely reflects ongoing immune dysfunction and ineffective T-cell 
control of viral replication [59]. Risk factors include ongoing pharmacologi-
cal immunosuppression such as high-dose corticosteroids, graft versus host 
disease (GVHD), need for donor lymphocyte infusions, and previous CMV 
disease. Prophylaxis with IV ganciclovir for up to 100 days post-transplant 
has been effective in preventing reactive CMV infection in seropositive HSCT 
recipients [60], as has use of oral acyclovir and valacyclovir [61, 62]. Many 
centers, however, advocate the preemptive approach in order to avoid unnec-
essary toxicity from prolonged antiviral drug use. Testing the blood of at-risk 
patients on a regular basis using molecular amplification or antigen detection 
techniques can often uncover low-level asymptomatic viremia that may be 

Table 2-8. CMV therapeutics.
Agent Dose Comments

Ganciclovir 5 mg/kg IV every 12 h for 7–14 days, 
followed by 5 mg/kg IV once 
daily

Induction therapy used initially followed by 
maintenance; length of therapy varies (treat 
to negative assay)

1–1.5 g po tid Oral formulation generally avoided as initial 
therapy for active CMV disease due to poor 
bioavailability

Valganciclovir 900 mg po bid for initial therapy, fol-
lowed by 900 mg po qd or 450 mg 
po bid

Data are limited on use as initial therapy for 
active CMV disease; some failures in GI 
disease

Foscarnet 40–60 mg/kg IV every 8–12 h, or 
90 mg/kg IV every 12 h

Dosing and duration of therapy less well-stud-
ied; given with saline hydration and electro-
lyte (Mg, K) replacement (renal toxicity)

Cidofovir 5 mg/kg IV once weekly Given with saline hydration and probenecid 
(renal toxicity)

Other agents

CMV immune 
globulin

150 mg/kg IV Clinical utility likely limited to HSCT patients 
with CMV pneumonitis [55] or hypogam-
maglobulinemia

Fomivirsen 330 µg intravitreally Used for the treatment of CMV retinitis only

Maribavir Under study (orphan drug) Novel anti-CMV agent currently undergoing 
active investigation

Leflunomide 100–200 mg po qd for up to 7 days, 
followed by 20–60 mg po qd (not 
approved for this indication); ideal 
dosing parameters unclear [56]

Immunosuppressive agent; induction therapy 
followed by maintenance; monitor serum 
levels (goal 60–80 mcg/mL) to avoid toxicity 
(liver); experimental use with failure of other 
antiviral agents; clinical benefit for active 
CMV disease unclear

CMV Cytomegalovirus; IVIG Intravenous immunoglobulin; HSCT Hematopoietic stem cell transplant
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amenable to antiviral therapy before symptomatic CMV disease can evolve. 
IV ganciclovir and valganciclovir have been used, though there are no large 
randomized, comparative studies completed in the HSCT population regarding 
valganciclovir for this purpose [63].

5. Human Herpesvirus-6 and -7

The role of the b-herpesviruses, human herpesvirus-6 (HHV-6) and human 
herpesvirus-7 (HHV-7), in causing disease among immunosuppressed patients 
remains unclear; prospective studies are needed to define the effects of reac-
tive infections in patients with hematologic malignancies. Both viruses infect 
most individuals at a young age, occasionally causing a self-limited childhood 
febrile illness with or without skin rash. Primary infection in adults is rare, 
though a mononucleosis-like syndrome caused by HHV-6 has been described 
in a few case reports [64, 65]. Among HSCT recipients, HHV-6 has also been 
associated with a syndrome of pneumonitis, hepatitis, encephalitis, bone mar-
row suppression, as well as asymptomatic viremia of unclear significance 
[66–73]. HHV-7 has been associated with meningitis and encephalitis and 
other neurologic dysfunction [74–76] with a possible role in bone marrow 
suppression uncertain [77].

Diagnostic assays for HHV-6 and -7 are evolving. All, unfortunately, 
still have limitations in differentiating active disease from latent virus 
(Table 2-9).

Serology can be performed using a variety of assays such as EIA, radioim-
munoassays, or indirect fluorescence assays. Because most adults are serop-
ositive, only paired sera showing a ³ 4-fold rise in titers can be considered 
diagnostic. IgM antibodies in HHV-6 may be limited by the presence of false 
positives in the general population [78]. Older HHV-7 serology assays are 
also limited by cross-reactivity with HHV-6 [79]. These tests are not widely 
available and have little clinical utility. PCR assays have been performed on 
serum, plasma, whole blood, CSF, and tissue. Cell-free samples such as serum, 

Table 2-9. HHV-6 and HHV-7 diagnostics.
Diagnostic test Description Comments

Serology HHV-6 or HHV-7-
specific IgG and 
IgM antibodies

Indicates presence of past 
infection; may be negative 
in acute infection or with 
hypogammaglobulinemia; 
paired samples for diagnosis

PCR Quantitative amplifica-
tion of HHV-6 or 
HHV-7-specific 
DNA from tissue or 
body fluid

PCR may not distinguish latent 
virus from active infection

Immunohistochemical 
antigen staining

Staining of tissues with 
monoclonal antibod-
ies to HHV-6 or 
HHV-7 antigens

Proper cell handling technique 
required

HHV-6 Human herpesvirus-6; HHV-7 Human herpesvirus-7; PCR Polymerase chain reaction
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plasma, or CSF may be better at differentiating active infection from the pres-
ence of latent virus [80]. Immunohistochemical staining of tissue samples for 
HHV-6 or HHV-7 can also be limited, and does not necessarily separate active 
from latent virus. PCR and antigen staining assays for HHV-7 have not been 
found to have much clinical utility to date and are frequently unavailable for 
routine testing outside of the research setting.

The need for, and the activity of, antiviral therapy in HHV-6 and, in par-
ticular HHV-7, remain unclear. Both ganciclovir and foscarnet have been 
used in the treatment of presumed HHV-6 infections [69, 70]. In vitro reports 
of resistance to ganciclovir among HHV-6 isolates have been reported [81]. 
There are no prospective studies to guide management with these agents. As 
of yet, there are no convincing clinical scenarios in which therapy of HHV-7 
infection is warranted [82]. In vitro, both foscarnet and ganciclovir inhibit 
HHV-7 replication [83].

6. Epstein-Barr Virus

Epstein, Achong, and Barr first described the infectious agent isolated from 
the cells of Burkitt’s lymphoma in 1964 [84]. The relationship between EBV 
and heterophile-positive infectious mononucleosis is well-established. The 
relationship between EBV and malignancies such as Burkitt’s lymphoma, 
nasopharyngeal carcinoma, post-transplant lymphoproliferative disorder 
(PTLD), Hodgkin’s disease, and others is an area of active investigation. 
Seroprevalence studies indicate EBV infection to be present in greater than 
90% of adults in most populations.

6.1. Clinical Syndromes

Primary infection with EBV in childhood is often asymptomatic. In adoles-
cence or adulthood, it can frequently result in infectious mononucleosis, causing 
fever, lymphadenopathy, and pharyngitis. Virtually, every organ system may 
be affected by active EBV infection. The role of EBV in the pathogenesis of 
malignancies and lymphoproliferative disorders is particularly challenging in 
patients with hematological disorders (Table 2-10).

In the setting of infectious mononucleosis, diverse complications have been 
reported, including the classic association of splenic rupture and hematologic 
dysfunction. Hemolytic anemia, thrombocytopenia, and disseminated intravascular 
coagulation have all been reported. Oral hairy leukoplakia is an uncommon benign 
lesion most frequently associated with human immunodeficiency virus (HIV) infec-
tion. Although reported in the setting of HSCT, it is exceptionally rare [90]. The 
development of post-transplant lymphoproliferative disorder (PTLD) is the most 
often encountered and most feared complication of EBV infection after HSCT. 
Risk is greatest among those who are EBV-seronegative prior to transplant.

6.2. Diagnosis

Infectious mononucleosis can be a clinical diagnosis in an immunocom-
petent patient in the right clinical setting. Supportive evidence in the form 
of atypical lymphocytes seen on peripheral blood smear and the presence of 
heterophile antibodies are sometimes employed. In the immunocompromised 
individual, serology may not be detectable, particularly in acute infection. 
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The myriad complications of EBV infection in this patient population and 
their atypical presentations have made use of molecular diagnostics essential 
for the diagnosis and management of active EBV infections (Table 2-11).

Serologic assays for heterophile antibodies, anti-viral capsid antigen IgM, 
IgG, early antigen IgG, and nuclear antigen IgG can be performed inde-
pendently through indirect immunofluorescence, EIA, or in combination 
simultaneously with a multiplexed bead assay [92]. Serologic assays are of 

Table 2-10. EBV clinical syndromes.
Anatomic location/syndrome Symptoms/presentation

Infectious mononucleosis Fever, lymphadenopathy, pharyngitis, splenomegaly

Neurologic syndromes

Meningitis/encephalitis Fever, confusion, headache, and cerebral edema [85]

Transverse myelitis Back pain, sensory loss, areflexia, ataxia, and difficulty with bowel 
and bladder function [86]

Optic neuritis Visual loss, possibly in combination with other neurologic deficits [87]

Pneumonitis Lymphocytic interstitial pneumonitis commonly with pediatric 
HIV/AIDS [88]

Myocarditis Congestive heart failure [89]

Nephritis Reports of tubulointerstitial nephritis, membranous nephropathy, 
and glomerulonephritis

Rash Diffuse morbilliform rash associated with administration of penicil-
lins in the setting of primary infection

Oral hairy leukoplakia White linear plaques usually on lateral surface of the tongue

Lymphoproliferative disorders

Hemophagocytic lymphohistio 
cytosis

Unusual syndrome of fever, lymphadenopathy, hepatosplenomegaly, 
hepatitis, pancytopenia, coagulopathy and T-cell, and histiocyte 
proliferation with hemophagocytosis in bone marrow, spleen and 
lymph nodes

X-linked lymphoproliferative disorder An inherited mutation of the X chromosome that leads to fulminant 
infectious mononucleosis after EBV infection with high mortality

Post-transplant lymphoproliferative  
disorder

Largely B-cell proliferation after solid organ or HSCT with extran-
odal presentations and risk for malignant B-cell lymphomas;  
T-, NK-, and null cell tumors – role of EBV variable

Malignancies

Burkitt’s lymphoma Lymphoma typically arising in the jaw; most frequently in Africa; 
both malaria and EBV may be cofactors

Nasopharyngeal carcinoma Tumor strongly associated with EBV, most frequently in southern 
China

Hodgkin’s disease EBV gene expression has been consistently detected in Reed-
Sternberg cells associated with Hodgkin’s disease; exact rates/
role of EBV varies by region

Non-Hodgkin’s lymphoma EBV may be related to non-Hodgkin’s lymphomas of HIV-infected 
population, as well as the post-transplant patient

Leiomyomas/sarcomas EBV associated with smooth muscle tumors in patients with HIV, 
children

HIV Human immunodeficiency virus; AIDS Acquired immunodeficiency syndrome; EBV Epstein-Barr virus; HSCT 
Hematopoietic stem cell transplant
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little value in diagnosing acute infection in the immunocompromised host 
as humoral responses may be delayed or absent. There is often a lag in the 
development of anti-viral capsid and anti-nuclear antigen IgG. Anti-viral 
capsid antigen IgM and anti-early antigen IgG may fail to appear altogether 
[93].  Quantitative  PCR  assays  differ  between  laboratories,  but  a  single 
assay in an individual should be used for patient management. There is no 
agreement as to the significance of quantitative values other than within an 
individual. In studies of HSCT recipients, 1,000 copies/mL has been used to 
assess risk for the development of PTLD [94]. In situ hybridization of biopsy 
samples using abundant, small EBV-encoded RNA (EBER) oligonucleotides 
has become the standard for detecting EBV in lymphoproliferative disorders 
and malignancies [95].

6.3. Therapy

In the absence of severe complications, there is usually no indication for 
therapy other than supportive care in primary infection with EBV in the 
immunocompetent individual. The use of corticosteroids to reduce tonsillar 
swelling and airway compromise is sometimes necessary [96]. Steroids and 

Table 2-11. EBV diagnostics.
Diagnostic test Description Comments

Serology

Heterophile antibody Serologic test for antibodies to anti-
gens on erythrocytes of other ani-
mal species; rapid Monospot assay 
uses latex agglutination

Frequently negative in leukemia or HSCT; 
monospot assay has a sensitivity of 85% 
in immunocompetent individuals [91]

Viral capsid antigen 
antibody

Serum assay for IgM or IgG antibod-
ies specific to the EBV viral cap-
sid antigen

IgM levels typically become undetectable 
after 3 months; may not develop with  
primary infection in immunocompromised 
host; IgG levels indicate past infection

Early antigen anti-
body

Testing of serum IgG for two sub-
sets of early antigens: anti-D and 
anti-R

Often present in acute infection, but may not 
develop in immunosuppressed patients

Nuclear antigen anti-
body

Testing of the serum for IgG toward 
EBV nuclear antigen

Usually not present during acute infection, 
but develop after 1–2 months, and may 
persist throughout life

Culture Culture of EBV from oropharyngeal 
washings or blood

Not routinely available; asymptomatic shed-
ding prevents separation of active versus 
latent infection

PCR Quantitative amplification of EBV-
specific DNA from tissue or body 
fluid

Does not distinguish latent EBV infection 
from active invasive disease; PCR of 
blood can detect active viral replication; 
optimal cut-off values for each assay 
unclear

Immunohistochemical 
staining

In-situ hybridization of tissue samples 
for EBV-encoded small ribonu-
cleic acid (EBER) using oligonu-
cleotide probes

Highly sensitive and specific for EBV gene 
expression from tissue samples

HSCT Hematopoietic stem cell transplant; EBV Epstein-Barr virus; PCR Polymerase chain reaction
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antiviral therapy may be employed with other life-threatening complications 
such as hepatitis and possible liver failure, hematologic crises including aplas-
tic anemia or hemolysis, though there are no prospective studies to support 
their use. In the immunocompromised individual, therapeutic modalities are 
diverse and are frequently indicated to either prevent or treat the lymphopro-
liferative complications and risk for malignancy from EBV. Both acyclovir 
and ganciclovir have in vitro activity against lytic replication of EBV, with 
ganciclovir having slightly greater efficacy [97]. However, there are few data 
to suggest that antivirals have a significant effect on the outcome of infection. 
EBV-related lymphoproliferative disorders and malignancies in immunocom-
promised hosts are thought to be dependent on latent infection that relies on 
cellular enzymes for EBV episomal DNA synthesis, and thus are not inhibited 
by the routine anti-herpesvirus nucleoside analogues [96]. Both acyclovir and 
ganciclovir have been used for prophylaxis in patients after solid organ trans-
plantation, with meta-analyses suggesting a benefit to universal prophylaxis 
against CMV in preventing PTLD [98]. However, no firm conclusions can be 
drawn because of the small size and heterogeneity of the patient populations 
and non-randomized nature of these studies. Induction of the EBV thymidine 
kinase gene through the use of compounds such as arginine butyrate has been 
attempted in order to induce susceptibility to antiviral therapy with a mixed 
degree of success [99, 100]. Another antiviral that has been investigated in 
in vitro assays and in case reports is high-dose zidovudine (AZT) [101]. 
Maribavir, a newer compound being investigated for the use of treating CMV, 
also has in vitro activity against EBV through a different mechanism of action 
than the nucleoside analogues [102]. Yet, there are no trials investigating its 
use in EBV infection.

Once PTLD is established, therapeutic approaches include reduction of 
immunosuppression to the degree possible, surgery for isolated lesions, 
traditional chemotherapy, radiation (especially for CNS lesions), and the use 
of rituximab, a monoclonal antibody directed toward the CD20 antigen fre-
quently found on B cells, the main site of EBV infection and latency [103]. 
The use of antiviral therapy in established disease may be used to reduce 
active viral replication and resultant immunosuppression but does not appear 
to directly impact tumor progression. In solid organ transplant recipients, 
CMV is a co-factor for PTLD, and prevention or treatment of CMV may be 
of benefit. The use of rituximab as a preemptive approach in HSCT to prevent 
PTLD in patients with otherwise asymptomatic but persistent EBV viremia 
has not always yielded persistent control in many patients [104]. Investigative 
approaches include infusion of EBV-primed autologous or allogeneic cyto-
toxic T-cells and anti-cytokine therapies [103].

7. Human Herpesvirus-8 (Kaposi’s Sarcoma Herpesvirus)

HHV-8 is the most recently discovered member of the herpesvirus fam-
ily, having been isolated in 1994 from a patient with Kaposi’s sarcoma and 
co-infection due to HIV [105]. HHV-8 is a recognized cofactor in Kaposi’s 
sarcoma and in the development of a variety of lymphoproliferative and 
malignant disorders. The virus is endemic in the Mediterranean region, in 
central and southern Africa, and much of South America although the route of 
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transmission remains unclear and may vary depending on the population being 
analyzed [106]. In endemic areas, prevalence increases after 2 years of age, 
consistent with transmission from family members or close contacts. In low-
seroprevalence areas such as the United States, infection is highest among men 
who have sex with men, suggesting possible sexual transmission [107, 108]. 
Increased numbers of sexual partners and HIV coinfection also increase risk, 
though heterosexual transmission and the risk in other HIV-risk groups such 
as injection drug users appear to be much lower [106]. Among patients with 
underlying hematologic disorders, there is a suggestion that infection may be 
higher compared to the general population [109].

7.1. Clinical Syndromes

Primary infection with HHV-8 among immunocompetent children has been 
associated with a mononucleosis-like syndrome, while in adults, it is a milder 
illness and frequently asymptomatic. In immunocompromised patients, pri-
mary infection has been associated with a wide array of clinical presentations, 
including mononucleosis in patients with non-Hodgkin’s lymphoma after 
autologous HSCT [110], bone marrow suppression after renal transplantation 
or autologous HSCT [111], hemophagocytic syndrome in a patient after renal 
transplantation and others with HIV infection [112, 113], and in one report 
of an infant with DiGeorge syndrome, disseminated disease with hepatitis, 
enterocolitis, and pneumonitis [114].

Disease associated with latent or reactivated infection from HHV-8 includes 
Kaposi’s sarcoma, and also primary effusion lymphoma and multi-centric 
Castleman disease. Kaposi’s sarcoma is a mesenchymal neoplasia of the blood 
and lymphatic vessels with varying presentations and outcomes in different 
patient populations. Castleman disease, a lymphoproliferative disorder, can 
lead to HHV-8-positive plasmablastic lymphoma. Other possible associations 
with HHV-8 that have not been well validated include multiple myeloma and 
germinotropic lymphoproliferative disorders, as well as non-lymphoid malig-
nancies such as cardiovascular disease, pemphigus vulgaris, and the autoim-
mune disorder sarcoidosis [115].

7.2. Diagnosis

Current HHV-8 diagnostics may not be available in many clinical centers, and 
the optimal use of such assays is unclear [115]. The lack of a gold standard 
test, the inability to assess individual risk for infection among different patient 
populations, and, in particular, ignorance about the natural history of HHV-8 
are barriers to proper management. Among the available assays (Table 2-12), 
PCR is most commonly used.

HHV-8 antibodies are measured by various techniques, including EIA, 
immunofluorescence, and Western blot. Sensitivity and specificity vary among 
these tests, although EIA is technically easier to perform and has been used 
in large-scale seroprevalence studies [116]. PCR of whole blood has not been 
well studied and may not offer any value in diagnosing patients with Kaposi’s 
sarcoma or other malignancies with HHV-8 infection. PCR assays vary widely 
in terms of sensitivity and specificity in diagnosing primary HHV-8 infection. 
Sensitivity is closer to 100% for detection of HHV-8 in tissue samples such as 
Kaposi’s sarcoma lesions [117].
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7.3. Therapy

Antiviral therapy with acyclovir, ganciclovir, foscarnet, and cidofovir appears 
to have activity against HHV-8 viral replication in vitro. Acyclovir may be 
less active compared to the others [118]. As for EBV, antiviral therapy does 
not alter latent gene expression, limiting the clinical value of these drugs. 
There are case reports of antiviral therapy, but no general conclusions are 
merited [112, 119]. For established Kaposi’s sarcoma and lymphoproliferative 
disorders due to HHV-8, chemotherapy and radiotherapy have been used with 
some success. Intralesional injections of cidofovir have had little effect in 
Kaposi’s sarcoma compared with the benefit of liposomal doxorubicin, though 
recurrence and resistant disease have been described with the latter [120]. For 
primary effusion lymphomas, resistance to traditional chemotherapy is com-
mon, and response rates are lower [121]. Therapies targeting latent viral gene 
expression are under study. Activation of lytic gene expression to make the 
virus more sensitive to traditional antiviral therapies, similar to EBV, is also 
under investigation. Hydroxyurea may have activity against latently infected 
cells in some cases, although resistance has developed frequently [122]. Use 
of interferon (−a or −g) may be able to trigger cell death in infected HHV-8 
cells in vitro, but has not undergone clinical evaluation [123]. In HIV infec-
tion, immune reconstitution through the use of highly active antiretroviral 
therapy (HAART) has had a salutatory effect on the treatment and prevention 
of Kaposi’s sarcoma and HHV-8. Immune reconstitution through decreased 
immunosuppression may also be of benefit in patients with HHV-8-related 
disease post-transplant.

8. Respiratory Viruses

The viruses primarily affecting the respiratory tract include some closely- and 
not so closely-related viruses. Adenovirus, influenza, parainfluenza, respira-
tory syncytial virus (RSV), the other less studied or less clinically significant 
infections such as rhinovirus, coronavirus, and the relatively newly described 
metapneumovirus are included in this section. Measles, mumps, and rubella 
also may cause respiratory syndromes. These viruses spread through the com-
munity by air-borne droplet inhalation, physical contact with environmental 

Table 2-12. HHV-8 diagnostics.
Diagnostic test Description Comments

Serology Presence of HHV-8-specific IgG and 
IgM antibodies

Presence of past infection; may be nega-
tive in acute infection and with hypog-
ammaglobulinemia. Sensitivity and 
specificity vary by target population

PCR Quantitative or qualitative amplification 
of HHV-8-specific DNA from blood, 
tissue, or body fluid

Sensitivity and specificity vary by tissue 
studied and clinical syndrome

Immunohistochemical 
staining of tissue 
or cells

Staining of fixed cells using antibodies 
specific to HHV-8 antigens

Detects HHV-8-specific gene expression 
for diagnosis of Kaposi’s sarcoma and 
other HHV-8-related malignancies

HHV-8 Human herpesvirus-8; PCR Polymerase chain reaction
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fomites, or ingestion, and are easily transmitted to patients with hematologic 
malignancies. Infection control measures, vaccination, and proper hand 
hygiene for healthcare workers and household contacts is a crucial component 
in preventing the spread of these infections and their potentially lethal compli-
cations in immunocompromised hosts. Reduction in immune suppression and 
immune reconstitution remains keys to successful outcomes in immunocom-
promised hosts.

Respiratory viruses cause more severe disease with more frequent compli-
cations in immunocompromised individuals. The true incidence of asympto-
matic respiratory viral infection is unknown. Atypical presentations often go 
unrecognized. Although infections limited to the upper respiratory tract are 
rarely fatal, there is a higher mortality associated with lower respiratory tract 
infections particularly in allogeneic HSCT recipients.

9. Adenovirus

Adenovirus is a double-stranded, DNA-based, non-enveloped virus associ-
ated with diverse clinical findings. Current classification of the virus dis-
tinguishes a total of 51 distinct serotypes divided into six subgroups (A–F) 
based on DNA homology [124]. Infection is usually acquired by inhalation 
of respiratory droplets, ingestion, or direct contact with the conjunctiva. 
Infection occurs year-round with no particular peak season, other than that 
noted in military recruits within the first 4 weeks of fall basic training [125]. 
Immunocompromised hosts are at high risk for severe disease and dissemina-
tion of the virus, leading to significant morbidity and mortality. A case fatality 
rate has been reported to be as high as 60% among pediatric and young adult 
HSCT recipients [126].

9.1. Clinical Syndromes

Infection with adenovirus results in upper respiratory tract infection that is 
usually benign and self-limited. Other clinical syndromes are common, par-
ticularly in the immunocompromised host (Table 2-13). Allogeneic HSCT 
recipients are at the greatest risk for infection and disease due to adenovirus, 
though complications are reported in patients with other underlying hemato-
logic malignancies.

Risk for infection among HSCT-recipients is reported to be as high as 29%, 
with the respiratory tract being the most common location of virus isolation. 
Risk  for  complicated  disease  includes  GVHD,  young  age,  and  presence  of 
other opportunistic infections [130]. Not surprisingly, patients who are more 
heavily immunosuppressed and who are suffering from other immunologic 
and infectious complications of transplant are at higher risk for infection and 
disease due to adenovirus. Mortality is most strongly associated with pneumo-
nia, with or without evidence of dissemination [131].

9.2. Diagnosis

Standard culture-based and serologic methods for detection of adenovirus 
infection are commonly available but may have limited clinical utility. The 
availability of newer molecular techniques for diagnosis of active infections 
may offer opportunities for earlier intervention (Table 2-14) [132].
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EIA assays for serologic testing are replacing older tests and are likely 
more sensitive. To diagnose a recent infection with antibodies, however, acute 
and convalescent sera for testing are required in order to document a ³ 4-fold 
increase over time. Serotype-specific neutralizing antibody assays may be 
useful in therapeutic decision-making. Cultures can be performed on sam-
ples from the respiratory tract, conjunctiva, stool, urine, CSF, or other sites. 
Samples from the stool and urine, in particular, need to be interpreted with 
caution. Ongoing shedding in asymptomatic immunocompromised individuals 

Table 2-13. Adenovirus Clinical Syndromes.
Anatomic location/syndrome Symptoms/presentation

Upper respiratory tract infection Pharyngitis and coryza, laryngitis or otitis media with fever and malaise

Conjunctivitis Usually with pharyngitis; epidemic form associated with subgroup D and 
painful bilateral conjunctivitis and blurring of vision

Pneumonitis Dyspnea, cough and fever, with or without upper respiratory tract signs 
and symptoms accompanied by often diffuse bilateral pulmonary infil-
trates; significant mortality in immunocompromised, especially with 
bacterial or fungal superinfection

Gastroenteritis Acute diarrheal illness with fever or other systemic signs and symptoms

Hepatitis Fever, elevated hepatic transaminases, hepatic necrosis, and fulminant 
hepatic failure in patients after HSCT [127]

Nephritis Renal failure with possible prodrome of fever, hematuria, and flank pain 
after HSCT [128]

Hemorrhagic cystitis Fever, gross hematuria, anemia, pain

Meningoencephalitis Fever, headache, and confusion reported in children during an adenovirus 
outbreak [129]

HSCT Hematopoietic stem cell transplant

Table 2-14. Adenovirus diagnostics.
Diagnostic test Comments Limitations

Serology Adenovirus-specific IgM and IgG 
antibodies

High prevalence of antibodies in the population 
limits diagnostic utility for acute infection

Culture Epithelial cell culture assays with 
characteristic adenovirus cyto-
pathic effect

Excretion of virus may persist in the stool or 
urine for months after acute infection; culture 
can be positive after only 2 days, but may 
take up to 28 days depending on serotype

Antigen assay Rapid detection of adenoviral anti-
gens through either direct immun-
ofluorescence or enzyme-linked 
immunosorbent assays

Not serotype-specific; lacks sensitivity depend-
ing on source of specimen

PCR Molecular amplification and detection 
of adenovirus-specific DNA

Highly sensitive and specific; not universally 
available

Pathology with or 
without immu-
nohistochemi-
cal staining

On tissue biopsy, intranuclear inclu-
sions and occasional obscuring of 
the nuclear membrane, resulting in 
“smudge cells”

Findings can be nonspecific and not always 
appreciated; changes confused with other 
viral processes, particularly CMV; immuno-
histochemical staining to increase sensitivity 
and specificity

PCR Polymerase chain reaction; CMV Cytomegalovirus
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limits the utility of culture-based diagnostics. Antigen detection assays can be 
much more rapid, but lag in sensitivity. Tests for use in conjunctival samples 
suggest an overall sensitivity of 38%, though this rate was higher when taken 
earlier in the illness [133]. Among respiratory specimens, the sensitivity of 
antigen testing may also be relatively low compared to testing for other respi-
ratory viral pathogens. The specificity and predictive values remain close to 
100%, however, and ultimately the value of the test is most likely dependent 
on the adequacy of the sample taken [134]. PCR is emerging as the method of 
choice for detecting active adenoviral disease from any infected site. Although 
further studies are needed, there is an association of viremia with end-organ 
disease and mortality [132]. Asymptomatic viremia appears to be more com-
mon than is generally appreciated.

9.3. Therapy

There are no controlled clinical trials regarding the treatment of adenovirus 
infection to date. There are only limited in vitro susceptibility assays and 
uncontrolled clinical reports (Table 2-15).

The exact role of antiviral therapy in adenovirus disease remains unclear. 
Reduction in immune suppression and immune reconstitution is important 
when feasible. The two most commonly used agents, cidofovir and ribavirin, 
have significant toxicities. Cidofovir has significant nephrotoxicity, while 
ribavirin has bone marrow toxicity, risk for anemia, and is a teratogen. 
Cidofovir appears to be the most active agent against adenovirus in vitro, 
and clinical experience suggests the capacity to reduce viremia and viruria 
with subsequent clinical improvement in some patients. Various serotypes 
differ in response to cidofovir. Dosing and length of therapy remain unclear. 

Table 2-15. Adenovirus Therapeutics.
Agent Comments

Cidofovir Cidofovir has in vitro activity against all serogroups of adenovirus; case reports and 
uncontrolled case series suggest clinical effect [135–140]

DLI Donor lymphocyte infusions have been associated with clearance of adenovirus in a case 
report of gastroenteritis after HSCT [141] and in a case report of life-threatening 
hemorrhagic cystitis after HSCT [142]

Ganciclovir Ganciclovir may have in vitro activity against adenovirus at high levels (which may not 
be clinically achievable); studies in HSCT patients receiving ganciclovir for CMV 
prophylaxis may have shown a protective effect [143]

IVIG Combined use of IVIG with ribavirin or other agents has been reported in at least two 
cases [144, 145]

Ribavirin In vitro, ribavirin has mixed activity against adenovirus [146]; case reports are mixed in 
clinical effect; the largest case series showed no association of ribavirin with survival 
in HSCT recipients with adenovirus infection [131]

Vidarabine In vitro activity appears marginal; used in case reports for the treatment of hemorrhagic 
cystitis [147, 148]

Zalcitabine (ddC) ddC with some in vitro activity [149]; animal model of adenovirus infection with some 
efficacy in preventing pneumonia [150]

DLI Donor lymphocyte infusions; HSCT Hematopoietic stem cell transplant; CMV Cytomegalovirus; IVIG Intravenous immu-
noglobulin
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Doses of 5 mg/kg given IV once weekly for two to three doses, followed 
by infusions every other week, has been most often cited [138]. Cidofovir 
is usually given concomitantly with probenecid to help prevent some of 
the renal toxicity of the drug. Hemorrhagic cystitis may be relapsing with 
immune function, and hydration with urine flow is an essential component 
of care in these individuals. Despite some case reports, topical adminis-
tration of antiviral agents has not proven very helpful in therapy of this 
common syndrome.

10. Influenza, Parainfluenza, and Respiratory  
Syncytial Virus

The spread of influenza and RSV occurs in outbreaks and epidemics through-
out the winter. Parainfluenza infection occurs throughout the year, with epi-
demics arising occasionally in the fall and spring. For all three, spread within 
families and household contacts, as well as in the nosocomial setting, is com-
mon. Although much emphasis is placed on influenza, RSV is the single most 
common cause of lower respiratory tract infection in children, and both RSV 
and parainfluenza infections are likely under-recognized in the elderly and 
immunocompromised patient populations [151].

Influenza virus A and B are capable of invasive infection in patients with 
hematologic malignancies. Influenza A is most closely associated with changes 
in the two major glycoproteins:hemagglutinin (H) and neuraminidase (N). 
Antigenic shifts in these glycoproteins are associated with epidemics and 
worldwide pandemics of influenza A, while the role of minor changes, so 
called antigenic drifts, is more closely associated with localized outbreaks. 
Influenza B has a lesser propensity for antigenic changes. Parainfluenza 
is in the paramyxoviridae family and is divided into four major serotypes: 
Parainfluenza 1–4. Parainfluenza-3 is the most prevalent serotype and is also 
associated most strongly with the development of pneumonia and bronchio-
litis. RSV is also a member of  the paramyxoviridae  family. There are  two 
subtypes described: A and B. Both can be present simultaneously in commu-
nity outbreaks, though subtype A typically causes more severe disease [152]. 
Influenza, parainfluenza, and RSV are all associated with a more prolonged 
clinical course, risk of pneumonia, co-infection with other pathogens, and 
death in patients with hematologic malignancies [153].

10.1. Clinical Syndromes

Among immunocompetent non-elderly adults, influenza, parainfluenza, and 
RSV  tend  to  be  self-limited  upper  respiratory  tract  illnesses  or  febrile  syn-
dromes. In the setting of hematologic malignancies, the frequency of lower 
respiratory tract involvement increases dramatically with a risk of dissemina-
tion and systemic complications (Table 2-16).

Cardiac and CNS involvement have been reported in parainfluenza, com-
plicating the diagnosis of pulmonary infiltrates with infection and heart 
failure. Involvement of the lower respiratory tract increases the risk for 
bacterial or fungal superinfection including Streptococcus pneumoniae and 
Staphylococcus aureus.
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10.2. Diagnosis

The availability of molecular assays and viral antigen detection testing has 
altered the clinical approach to respiratory viral infection. Viral culture 
remains necessary for susceptibility testing, viral typing, and identification 
of new pathogens. However, laboratories are increasingly utilizing rapid 
testing methods for identification of respiratory viruses. None of the rapid 
antigen tests have been well studied in immunocompromised hosts, though in 
immunocompetent patients, they likely have a sensitivity and specificity in the 
80–99% range. Adequacy of the respiratory specimen provided for testing can 
be a limiting factor [134]. The sensitivity of these assays may also be limited 
when compared with newer molecular assays (Table 2-17). Rapid diagnostics 
have significant implications for successful therapy, however.

10.3. Therapy

Therapy for these viruses varies in terms of both efficacy and clinical data. 
Early diagnosis, and the early initiation of antiviral therapy for influenza, and 
likely  RSV,  is  of  importance.  Delaying  chemotherapy  or  HSCT  in  patients 
with hematologic malignancy with respiratory viral infections may improve 
outcomes [160], emphasizing the importance of appropriate and rapid diag-
nosis (Table 2-18).

Table 2-16. Influenza, parainfluenza, and RSV syndromes.
Virus Syndrome Symptoms

Influenza Uncomplicated Fever, myalgias, malaise, cough, sore throat

Complicated

Pneumonia Fever, dyspnea, and hypoxia with symptoms of 
uncomplicated influenza; Superinfection, bacte-
rial and fungal, is common and increases risk  
for sepsis and death [154]

Myocarditis Scattered reports of involvement of influenza with 
the myocardium during acute illness, leading to 
congestive heart failure

Meningoencephalitis Fever, encephalopathy and seizure with abnormal 
CSF findings, and a positive PCR for influenza 
in some children [155]

Myositis Myalgia with tenderness of the affected muscles 
(most commonly the legs), with elevation of 
serum creatinine phosphokinase, myoglobinuria, 
and renal failure

Parainfluenza Upper respiratory tract infection Fever, cough, sore throat, rhinorrhea, otitis media

Lower respiratory tract infection Fever, cough, dyspnea, and hypoxia, with bronchi-
olitis or pneumonia

RSV Upper respiratory tract infection Fever, cough, conjunctivitis, rhinorrhea, sinusitis, 
otitis media

Lower respiratory tract infection Fever, cough, dyspnea, with concomitant bronchos-
pasm and respiratory failure

CSF Cerebrospinal fluid; PCR Polymerase chain reaction; RSV Respiratory syncytial virus
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Table 2-17. Influenza, parainfluenza, and RSV diagnostics.

Virus Diagnostic test Comments Limitations

Influenza Serology Testing of serum for influenza-
specific antibodies

Can only diagnose disease retro-
spectively; requires fourfold 
increase in titers from both 
acute and convalescent sera

Culture Respiratory samples (sputum, 
nasal swabs or washings, 
bronchoalveolar lavage fluid 
or throat swabs) used on epi-
thelial cell culture assays

48–72 h positive result with rapid 
shell vial technique, otherwise 
5–10 days; remains the “gold 
standard” of diagnosis

Antigen assays Immunofluorescent antigen–anti-
body staining of respiratory 
samples (DFA); more rapid, 
diverse commercially prepared 
kits for testing of respiratory 
samples for influenza antigens 
using enzyme immunoassays

Rapid antigen assays may not test 
for both influenza A and B, or 
distinguish between the two (as 
for DFA and some rapid tests); 
sensitivity and specificity of 
rapid tests range from 72–95% 
and 76–84%, respectively [156]

PCR Influenza A- or B-specific 
molecular amplification of 
viral RNA from body fluid, 
nasopharyngeal aspirates, 
bronchoalveolar lavage fluid, 
or throat swabs

Highly sensitive and specific, but 
not available routinely; expen-
sive to perform

Parainfluenza Serology Testing of serum for parainflu-
enza-specific antibodies

Not routinely available, lacks 
specificity due to some cross-
reactivity, and can only diagnose 
retrospectively (need both acute 
and convalescent serum to dem-
onstrate at least a fourfold rise)

Culture Growth of parainfluenza from 
respiratory specimens on cell 
culture lines

Specific assay, though possibly 
limited sensitivity depending on 
source and timing of collection 
[157]

Rapid antigen 
assays

Immunofluorescent assays using 
parainfluenza-specific antibodies 
for antigen detection in cell 
samples or tissue

Most readily available sensitive and 
specific assay

PCR Parainfluenza-3-specific molecu-
lar amplification of viral RNA 
has been developed

No clinical experience to clarify 
its potential role in diagnosing 
active parainfluenza-3 infection 
[158]

RSV Culture Growth of RSV on cell culture 
lines using respiratory secretion 
samples

Culture can take anywhere from 
4 to 14 days, limiting clinical 
utility

Rapid antigen 
assays

Detection of RSV-specific anti-
gens on cell surfaces taken 
from respiratory samples using 
immunofluorescent antibody 
techniques

Rapid and widely available; sensi-
tivity may vary depending on 
patient and quality of sample

PCR RSV-specific molecular ampli-
fication using respiratory 
specimens

Sensitive and specific; may be 
superior to antigen detection 
in patients with hematologic 
malignancy [159]

RSV Respiratory syncytial virus; PCR Polymerase chain reaction



40 S.I. Martin and J.A. Fishman

BookID 146129_ChapID 2_Proof# 1 - 07/10/2009 BookID 146129_ChapID 2_Proof# 1 - 07/10/2009

Oseltamivir has emerged as the most commonly used antiviral therapy for 
influenza because of its ease of administration and tolerance. Being a neurami-
nidase inhibitor like zanamivir, it has efficacy against both influenza A and B. 
Usual treatment in the immunocompetent individual is for 5 days, but in the 
immunocompromised patient, particularly in HSCT recipients or patients with 
complicated disease, more prolonged therapy may be warranted [63]. Data 
specifically in HSCT recipients suggest that early therapy using oseltamivir 
can possibly reduce viral shedding and risk for pneumonia [165]. The ada-
mantanes, amantidine, and rimantidine, are classified as M2 inhibitors and are 
efficacious against influenza A only. Although they are less expensive than 
the neuraminidase inhibitors, they are limited by increasing rates of resistance. 
In January of 2006, the Centers for Disease Control (CDC) issued an alert to 
avoid the use of M2 inhibitors during the 2005–2006 influenza season in the 
United States due to unacceptably high rates of resistance seen in the H3N2 
strain circulating at the time. The same precaution has been recommended for 
the 2006–2007 season as well, until further more definitive susceptibility test-
ing can be established. All of the above agents have also been used for prophy-
laxis during outbreaks, though dosing, length of therapy, and susceptibilities 
of circulating strains may vary.

Immunization is a central component of influenza control. Use of the 
annual trivalent inactivated influenza vaccine among HSCT recipients, health-
care workers, and household contacts may decrease the attack rate both in 
the community and in the nosocomial setting [165]. Vaccine responses are 
generally reduced among patients with hematologic malignancies or HSCT, 
but the potential benefits of prevention far outweigh any risks incurred by 
administering the vaccine. Accordingly, annual vaccination is recommended 
in this patient population. The newer live-attenuated influenza vaccine that is 

Table 2-18. Influenza, parainfluenza, and RSV therapeutics.

Virus Drug Dosing

Influenza Oseltamivir 75 mg po bid75 mg po qd (for CrCl<30 mL/min)

Zanamivir Two inhalations (5 mg) bid

Amantidine 100 mg po bid or 200 mg po qd200 mg po x 1, then 100 mg po qd 
(for CrCl of 30–50 mL/min)

200 mg po x 1, then 100 mg po qod (for CrCl of 15–29 mL/min)
200 mg po every 7 days (for CrCl<15 mL/min)

Rimantidine 100 mg po bid100 mg po qd (for CrCl < 10 mL/min and for severe 
liver disease)

Ribavirin Dosing unclear, inhalation anecdotally effective in immunocompetent 
individuals, while oral therapy likely not [161]

Parainfluenza Ribavirin Dosing unclear, but reports of using 15–20 mg/kg/day in three 
divided doses with or without another 6 g/day inhaled therapy has 
been reported in HSCT recipients [162, 163]

RSV Ribavirin Dosing unclear, but reports of using 2 g aerosolized three times daily 
has been reported in patients with hematologic malignancies and 
HSCT [164]

Palivizumab 15 mg/kg IM q monthly during winter season (November through 
April) for prophylaxis only; no benefit seen in therapy

RSV Respiratory syncytial virus; CrCl Creatinine clearance; HSCT Hematopoietic stem cell transplant; IM Intramuscularly
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administered intranasally has been approved for use in the United States for 
individuals aged 5–49 years [166] but has not been recommended in immu-
nocompromised individuals or in their household contacts because of risk of 
transmission [167].

For parainfluenza, the efficacy of therapy is less clear, and there are no 
established or proven agents. Ribavirin (orally, IV and aerosolized) with and 
without intravenous immunoglobulin has only anecdotal efficacy. The largest 
study that evaluated the use of ribavirin in HSCT did not note any difference 
in mortality or virus shedding, particularly with parainfluenza-3 [163].

Treatment for RSV appears moderately effective in some studies. The use of 
inhaled ribavirin has not been proven effective in immunocompetent children, 
while there are data to suggest efficacy in the adult HSCT population [164, 
168]. Early diagnosis and intervention may be the key to improving outcomes 
in this particular group [168].  Repletion  of  antibodies  in  hypogammaglob-
ulinemic hosts may be useful. Currently, palivizumab, a monoclonal antibody 
directed toward RSV, has only been studied as a prophylactic agent in children 
at risk of respiratory complications from RSV infection. Trials investigating its 
use as a therapeutic agent in combination with ribavirin are reportedly ongoing 
[168]. It is well-tolerated in the HSCT population [169] and was successful at 
treating RSV pneumonitis in combination with corticosteroids in a case report 
of a women with relapsed Hodgkin’s disease after autologous HSCT [170].

11. Human Metapneumovirus

Human metapneumovirus (hMPV) is a recently described respiratory virus in 
the paramyxovirus family [171]. hMPV is a ubiquitous pathogen, accounting 
for a substantial portion of respiratory tract illnesses in normal children [172]. 
Recent studies suggest that hMPV was an unrecognized pathogen for as long 
as serologic samples have been available. hMPV is not as common as RSV 
but more common than parainfluenza [173], with a propensity for the winter 
months [172]. Many questions remain regarding the role of this agent in 
immunocompromised individuals, the mechanism of spread in the community 
and prevention and therapy.

hMPV is a likely cause of upper respiratory tract infection as well as 
bronchiolitis and pneumonia in infants, the elderly and immunocompromised 
individuals, particularly HSCT recipients. Upper respiratory tract prodromal 
symptoms are common prior to the onset of lower respiratory tract disease 
[174]. Death as a result of lower respiratory tract disease has been described 
in the setting of HSCT, and it may be a relatively common outcome of hMPV 
pneumonia [174].

PCR for viral RNA is the only established assay for diagnosis. Testing of 
respiratory secretions or tissue biopsy samples via PCR is sensitive, although 
the true incidence of asymptomatic viral shedding remains unclear [175]. 
Biopsies of lung tissue in patients with pneumonia presumably caused by 
hMPV show changes consistent with viral pneumonitis, but are otherwise 
non-specific. These changes may include diffuse alveolar damage and mono-
nuclear cell infiltration, but there are no definite viral inclusions [174].

Although there are no clinical data to guide therapy, ribavirin appears to 
have in vitro activity against hMPV equivalent to that of RSV [176]. A mouse 
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model of hMPV infection suggests that ribavirin may be efficacious in vivo 
[177]. Prospective clinical studies are needed.

12. Other Respiratory Viruses

Other respiratory pathogens include the rhinoviruses, coronaviruses, measles, 
mumps, and rubella. Rhinoviruses and coronaviruses are associated with the 
common cold. Symptoms are generally self-limited and consist of upper res-
piratory tract-related complaints: rhinorrhea, sinus congestion, pharyngitis and 
cough. Although these viruses are thought to be limited to the upper respira-
tory tract for replication, reports isolating them from the lower respiratory tract 
do exist [178–180]. The outcome of infection due to rhinoviruses or corona-
viruses in patients with hematologic malignancies is not well characterized. 
The incidence of severe infection due to rhinoviruses is unknown. Fatal pneu-
monia has been attributed to infection from rhinoviruses in patients who have 
undergone HSCT [181]. Use of reverse-transcriptase PCR (RT-PCR) for rhi-
noviruses and coronaviruses in bronchoalveolar lavage samples from patients 
who have undergone HSCT suggests that isolation of rhinoviruses from lower 
respiratory tract samples is associated with co-infection from other pathogens 
(e.g., bacteria, fungi and other viruses) [180]. The validity of RT-PCR in res-
piratory samples remains unclear. Most laboratories do not have the culture 
techniques or PCR available for the detection of these viruses in clinical sam-
ples. There is no established antiviral therapy for these infections.

Measles, mumps, and rubella are uncommon pathogens in the US due to 
an effective vaccine program. The vaccine is a live attenuated virus vaccine 
involving all three pathogens. Because it is a live virus vaccine, it is generally 
avoided in immunocompromised individuals, though it is considered safe and 
effective in children who had acute lymphoblastic leukemia after they have been 
effectively treated with chemotherapy [182]. Sporadic cases of all three viruses 
occur. Measles, or rubeola, is typically associated with cough, coryza, fever, and 
a maculopapular rash. There are limited data on measles in immunocompro-
mised patients. Cumulative case reports suggest that the case-fatality rate among 
oncology patients is as high as 70% [183]. Complications from the infection, 
including pneumonitis and encephalitis, may be more common. The typical 
rash of measles may be absent in immunocompromised patients, complicating 
the diagnosis. Serology, culture and RT-PCR can be used to diagnose measles. 
Serology is commonly available. Acute and convalescent sera are required to 
demonstrate the requisite fourfold increase over time to confirm the diagnosis. 
There is no known effective treatment for measles once infection is established. 
High-dose vitamin A when used in children has been reported to decrease the 
severity of the disease [184]. Ribavirin remains of unproven benefit [185].

Mumps, a member of the paramyxovirus family, is most commonly associ-
ated with parotitis, though its clinical manifestations can be diverse and include 
meningitis, encephalitis, hearing loss, orchitis, oophoritis, myocarditis, arthritis, 
and others. Like measles, mumps is usually a rare illness, though a large outbreak 
in the United States was recently characterized [186]. From January through 
October of 2006, a total of 5,783 cases of confirmed or probable mumps were 
reported, involving a total of 45 states. Most cases came from Iowa, Kansas, 
Wisconsin, and Illinois, and clustered around college campuses. The natural 
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history of this illness in immunocompromised individuals remains unclear. 
Diagnosis is usually through standard serologic methods. EIA is most often used 
due to ease of performance and reliability. Therapy is entirely supportive.

Rubella,  or  German  measles,  is  a  member  of  the  Togaviridae  family. 
Although most often associated with only mild, innocuous infections in adults 
and children, congenital acquisition can have devastating effects on unborn 
fetuses. Thanks to broad use of the live-attenuated vaccine; rubella is no longer 
endemic in the United States, with less than 25 cases reported annually among 
foreign-born persons [187].

12.1. Enteroviruses

Enteroviruses are a heterogeneous group of viruses that along with the rhi-
noviruses, aphthoviruses, cardioviruses, and Hepatitis A virus, make up the 
picornaviridae family. The enteroviruses are further subclassified into differ-
ent groups and 67 total serotypes (Table 2-19). There tends to be a peak season 
of infection in temperate climates during the summer and autumn months. 
Spread is generally via the fecal-oral route, though respiratory transmission 
may be possible. Although cell-mediated immunity generally plays an impor-
tant role in viral immunology, humoral immunity is thought to be of particular 
importance in controlling enteroviral infections, and some of the most severe 
outcomes have been noted in patients with agammaglobulinemia [188, 189].

12.2. Clinical Syndromes

In the immunocompetent host, the vast majority of enteroviral infections pro-
duce a completely asymptomatic infection. Occasionally, a mild febrile illness 
with or without upper respiratory tract symptoms may be present. Other symp-
toms are rarer, but have been well-characterized (Table 2-20). In patients who 
have undergone HSCT, fatal complications have been documented [189–196]. 
Occasionally, these viruses appear to precipitate gastrointestinal GVHD.

Most cases of protracted and fatal enteroviral infections have been 
among patients with severe B-cell dysfunction, such as hereditary forms 
of agammaglobulinemia. In these particular clinical scenarios, enterovirus  
RNA can sometimes be persistently  recovered over months  to years  from 
multiple anatomic sites such as the CSF, lung, myocardium or bone marrow 
[188]. In HSCT, the combination of underlying T-cell dysfunction combined  

Table 2-19. The enteroviruses.

Virus subgroup Serotypes

Polio 1–3

Coxsackie A 1–22, 24

Coxsackie B 1–6

Echovirus 1–9, 11–27, 29–33a

Enterovirus 68–71b

aEchovirus 34 is the same virus as a genetic variant of coxsackie
bHepatitis A is often classified as enterovirus 72
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with suppressed humoral responses may contribute to more profound infec-
tion as well. However, the true incidence of enteroviral infections in this popu-
lation remains unclear. Some estimate the incidence of enteroviral infections 
among HSCT recipients at 10%, though mortality is thought to be low overall 
and associated with coinfection of other pathogens. No clear independent risk 
factors for infection among HSCT recipients have been identified [196].

Diagnosis

Diagnosis of enteroviral infections involves the use of serology, culture, or 
PCR (Table 2-21). Because of many limitations in the other two methods, PCR 
is becoming a more favored approach.

Microneutralization serologic assays offer the benefit of being serotype-
specific. Other methods such as immunofluorescent assays and EIA may 
show some cross-reactivity between the serotypes. The specificity of meas-
uring serotypes also hampers the clinical utility of these tests. With 67 dif-
ferent serotypes known, routine diagnosis of enteroviruses with serology is 
not always realistic. Serologies are most useful when looking for evidence 
of polio infection. Culture can be labor-intensive and can require multiple 
cell lines to be effective [197]. Because excretion of enteroviruses from  
the gastrointestinal tract can persist after infection for as long as 8 weeks, 
[198, 199] isolation of the virus from stool, rectal swabs or possibly the 
oropharynx may result in a falsely positive assay. The same holds true for 
PCR  when  used  in  samples  taken  from  these  anatomic  locations.  Most 
experiences with PCR comes from CSF samples in cases of suspected aseptic 
meningitis where the sensitivity may be higher than culture and much more 
clinically useful [200].

Table 2-20. Enteroviral syndromes.

Syndrome Symptoms

Upper respiratory tract infection Fever, rhinorrhea, pharyngitis

Pneumonitis Fever, cough, possibly dyspnea

Rash Fever, erythematous macular or maculopapular exanthems, with 
or without other syndromes; occasionally purpuric resem-
bling meningococcemia

Hand-foot-and-mouth syndrome Fever, oral vesicular lesions and cutaneous maculopapular 
lesions on the hands, feet, and buttocks

Herpangina Vesicular lesions on the tonsils and soft palate similar to herpes 
labialis, sore throat, fever

Conjunctivitis/keratitis Ocular pain, injection, blurring of vision

Gastroenteritis Fever, diarrhea

Pericarditis/myopericarditis Chest pain, congestive heart failure

Aseptic meningitis Fever, headache, photophobia, nausea/vomiting, meningismus

Pleurodynia Fever and chest pains with spasms of chest and abdominal mus-
cles that mimic pulmonary emboli

Paralytic poliomyelitis Weakness or paralysis of one or more extremities following 
aseptic meningitis
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12.3. Therapy

There is no established treatment for enteroviruses [196]. Intravenous 
immunoglobulin (IVIG) has been used with mixed success in various case 
reports of patients with persistent meningitis and in children with myo-
carditis when compared to historical controls [188, 189, 201]. Antibody 
responses to enterovirus are serotype-specific, and because of this, IVIG 
may not be clinically useful in all cases [202]. There are no data regarding 
dosing and duration of use with IVIG. Previous investigations of specific 
antiviral therapy against enteroviruses resulted in the development of a 
compound known as pleconaril. Pleconaril acted by binding to the viral 
capsid antigen, impairing viral binding and uncoating [203]. Clinical trials 
and various case reports of pleconaril use in aseptic meningitis have shown 
only modest to no clinical benefit, and its further development was put on 
hold [189, 204].

Control of polio via vaccination has virtually eliminated wild polio viral infec-
tions in the Western hemisphere. Loss of immunity to poliovirus is well-documented 
in patients after allogeneic HSCT [205, 206], and has led to recommendations for 
revaccination with inactivated poliovirus vaccine after transplantation [207]. Live 
virus, vaccines should be avoided in immunosuppressed patients, and the live 
attenuated oral poliovirus vaccine is no longer available in the United States due 
to the rare but severe complication of vaccine-associated paralytic polio. Since the 
implementation of the inactivated vaccine, vaccine-associated paralytic polio has 
been eliminated in the United States [208].

13. Viral Hepatitides

Viral hepatitis A, B and C are unrelated viruses capable of inducing acute or 
both acute and chronic liver disease. Hepatitis B virus (HBV) and hepatitis C 
virus (HCV) are of particular importance because of their abilities to establish 
chronic infection and reactivate with immunosuppression.

Table 2-21. Enterovirus diagnostics.

Diagnostic test Comments Limitations

Serology Measurement of IgG and IgM antibodies 
specific to enteroviruses

Both acute and convalescent sera are required 
to make a diagnosis; may not be able to 
determine acute infection in a clinically 
relevant time period; can be limited in 
patients with agammaglobulinemia; are 
serotype specific; cross-reactivity can exist

Culture Growth of the virus in cell culture, look-
ing for a characteristic cytopathic 
effect

May take up to 1 week for identification; 
sometimes may detect carriage of virus 
rather than true infection

PCR Reverse transcriptase molecular ampli-
fication of RNA specific to entero-
viruses

Highly sensitive and specific; not available 
in all labs; does not identify specific sero-
types; sometimes may detect carriage of 
virus rather than true infection

PCR Polymerase chain reaction
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14. Hepatitis A

Hepatitis A is a member of the picornaviridae family that is transmitted via 
the fecal-oral route from one individual to another. Though most infections 
are mild, fulminant hepatitis with significant mortality has been reported. 
However, there are currently no reports of hepatitis A disease in HSCT 
patients, making the true risk and incidence of infection in this population 
unknown [209]. Transmission can result from person-to-person contact, sexual 
contact or ingestion of contaminated food or water. There are also rare reports 
of transmission via blood products [210]. Once ingested, the virus replicates in 
the gastrointestinal epithelium and then produces transient viremia, leading to 
infection of and further replication in the hepatocytes. The average incubation 
period is close to 4 weeks [211].

Symptoms of infection usually include fever, malaise, and hepatitis with or 
without jaundice. The differential diagnosis includes numerous infectious and 
non-infectious etiologies, including other viruses such as CMV, EBV, HSV, 
VZV, and the other hepatitides. The diagnosis is usually made via the meas-
urement of serum anti-hepatitis A IgM antibodies, in the right clinical setting. 
These antibodies can usually be detected by 1 week into the illness and persist 
in immunocompetent individuals for several months. Detection of viral RNA 
via PCR is only available only in the research setting. Treatment is supportive 
with no available antiviral therapy. Immune globulin specific for hepatitis A 
can be administered intramuscularly to provide short-term protection, though 
long-term prevention is ideally through the use of vaccination. Some groups 
have recommended that post-HSCT seronegative patients who live in or are 
traveling to endemic areas receive the inactivated hepatitis A vaccine [212].

15. Hepatitis B

HBV, along with HCV, has the ability to establish chronic infection and occa-
sionally cause a fatal post-transplant hepatitis in HSCT recipients [213]. Despite 
the availability of an effective vaccine, HBV continues to be an important cause 
of morbidity and mortality in the United States. Patients from higher-preva-
lence areas such as Southeast Asia, China and sub-Saharan Africa are at greater 
risk of exposure to the virus in the perinatal period, and are at greater risk of 
chronic infection and subsequent complications. The incidence of acute HBV 
in the United States seems to be declining among pediatric patients, reflecting 
most likely, the efficacy and implementation of universal vaccination. Among 
adults, acute infection continues to increase [214]. Among HSCT recipients, 
the prevalence of HBV infection in the United States is estimated to be about 
1% [215]. The most common risk factors for infection include having a history 
of multiple sex partners, men who have sex with other men and injection drug 
use. Aside from the usual inoculation by intimate mucocutaneous contact and 
perinatal infection, transfusion of infected blood products and transplantation 
of infected organs are well-described modes of transmission.

15.1. Clinical Syndromes

The majority of patients with acute HBV infection are asymptomatic despite 
active viral replication and elevated hepatic chemistries. The incubation period 
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can last up to 4 months during which time patients may experience constitu-
tional symptoms. About one-third develop icteric hepatitis. Fulminant hepatitis 
with hepatic failure is unusual with HBV (~1%) [216], and is likely due to 
immune-mediated complications rather than virally-mediated hepatic necrosis. 
The risk for developing chronic infection is inversely related to a patient’s age, 
with perinatal infection carrying the highest risk. Chronic infection is diagnosed 
by persistent (>6 months) elevation of hepatic chemistries, particularly the 
alanine aminotransferase (ALT) level. Most patients with chronic disease are 
asymptomatic unless they develop cirrhosis and complications thereof. Immune 
complex-mediated complications outside the liver can include membranous and 
membranoproliferative glomerulonephritis as well as polyarteritis nodosa.

15.2. Diagnosis

The diagnosis of HBV is usually with serologies and antigen-detection, with nucleic 
acid amplification which is now being commonly used. Immunohistochemical 
staining of liver biopsies are of use to assess hepatic injury and viral replication 
(Table 2-22).

Hepatitis B surface antigen testing has been the primary marker for identi-
fying acute and chronic infection, and can be detected as early as 9 days into 
infection with modern automated EIA tests [217]. Occasionally, patients with 
active infection are found to have a negative hepatitis B surface antigen assay. 
These patients will usually have serologic evidence of hepatitis B core anti-
bodies and low-level HBV DNA levels. This phenomenon is more common in 
patients with HBV and HIV coinfection [218]. The development of real-time 
PCR assays has created the most sensitive assays available for detecting HBV. 
HBV DNA levels as measured by PCR can be directly correlated to the risk of 
liver disease, death, and drug resistance in patients on therapy. Though base-
line values may vary from individual to individual, monitoring on a regular 
basis may be useful, particularly in those patients on therapy. Although differ-
ent algorithms exist, checking a patient’s HBV viral load by PCR two to four 
times yearly while on therapy may provide an assessment of their response. 
Failure of an antiviral agent to achieve a 1 log or more decrease in viral load 
over 3 months, or a rebound of viral replication of 1 log or greater after an 
initial response is often considered evidence of failure [219]. Standardization 
of quantification in international units (IU)/mL will enhance comparison of 
different molecular assays [220].

15.3. Therapy

For lamivudine, loading doses of 35–100 mg in the setting of decreased renal 
function are often given during the first day before starting a lower daily 
dose. Entacavir doses at the higher end of the range are generally reserved 
for lamivudine-refractory disease. Other agents being evaluated for treatment 
of HBV, but less-studied at this time, include emtricitibine (FTC), tenofovir 
(TDF), telbivudine, valtorcitabine and clevudine [221]. Tenofovir and emtric-
itibine are currently used in the treatment of HIV infection and have shown 
particular promise in the setting of HIV and HBV coinfection [222]. Although 
not studied in detail in the HSCT recipient population, numerous case reports 
exist regarding the efficacy of these antivirals as both prophylactic agents and 
as primary therapeutics in chronic carriers and in recipients of HBV positive 
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donor stem cells. Optimal length of therapy is yet to be well-established with 
many of the agents listed in Table 2-23, and the development of resistance may 
vary with any of the individual agents.

Implementation of the routine universal immunization protocol is the most 
effective means of preventing spread of HBV. In patients undergoing allogeneic 
HSCT, HBV immunization can result in an effective antibody response, 
though systemic re-immunization of recipients may be necessary to maintain 
long-term immunity [223].

Table 2-22. Hepatitis B Diagnostics.

Diagnostic test Comments Acute/chronic infection Limitations

Serology assays

Hepatitis B surface 
antibody

IgG antibody Recovery phase of acute 
infection and in chronic 
disease

Immunity due to vaccine or 
from past exposure; found 
in acute and chronic infec-
tion

Hepatitis B core 
IgM antibody

IgM antibody Early acute infection and 
occasionally during flares 
of chronic infection

Usually indicates acute infec-
tion, but can persist in 
serum for up to 2 years; 
increase with flares may 
be misleading

Hepatitis B core IgG 
antibody

IgG antibody Latter part of acute infection 
(recovery phase), and 
persist during chronic 
infection

In combination with hepatitis 
B surface IgG usually indi-
cates past exposure, but 
not yet chronic infection

Hepatitis B early 
antibody

IgG antibody Latter part of acute infection 
(recovery phase), and per-
sist in low-level non-repli-
cating chronic infection

Delayed seroconversion can 
occur in patients who 
develop chronic infection

Antigen assays

Hepatitis B surface 
antigen

Protein found in the 
viral envelope

Appears early in acute infec-
tion; persistence beyond 
6 months implies chronic 
infection

May be absent in brief win-
dow period of anti-hepatitis 
B surface IgG seroconver-
sion in acute infection

Hepatitis B early 
antigen

Secretory protein 
from the HBV 
precore protein

Early acute infection and 
associated with high levels 
of HBV DNA replication; 
occasionally persists into 
chronic infection when 
seroconversion (HBV 
early IgG) does not occur

Perinatally acquired infec-
tion may be hepatitis B 
early antigen positive 
with normal serum ALT; 
seroconversion does not 
always indicate resolution 
of acute infection

DNA assays

Hepatitis B viral 
DNA PCR

Molecular amplifica-
tion and detection 
of HBV-specific 
DNA

Usually detectable in imme-
diate acute infection and 
throughout chronic infec-
tion

Heterogeneity of PCR tech-
niques and absence of 
standardization

Hepatitis B hybrid 
capture

Capture oligonucle-
otide amplification 
of HBV-specific 
DNA

Usually detectable very early 
in acute infection, and 
can be persistently posi-
tive in chronic disease

Less sensitive than PCR, and 
generally fails to detect 
<5,000 copies/mL

HBV Hepatitis B virus; ALT Alanine aminotransferase; PCR Polymerase chain reaction
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16. Hepatitis C

Acquisition of HCV during HSCT has virtually disappeared due to effective 
testing of donors. HCV, like HBV, causes both acute and chronic infection, and 
acute infections are frequently asymptomatic. HCV leads to chronic infection 
in most patients. After HSCT, individuals acquiring HCV have an increased 
incidence of chronic infection and rapid progression to cirrhosis compared to 
otherwise healthy controls [224]. Symptoms of acute infection may include 
malaise and nausea, with or without jaundice. Chronic HCV infection is 
often asymptomatic with fluctuating transaminase levels. Patients undergo-
ing HSCT who acquire HCV infection rarely develop signs or symptoms of 
decompensated liver disease during the first 10 years after transplant [225]. 
Beyond the 10-year mark, a significant portion of HSCT recipients develop 
cirrhosis and often hepatocellular carcinoma [224].

16.1. Diagnosis

HCV diagnostic testing is based on quantitative molecular assays, though 
serologic assays are most often used for screening. The second-generation 
EIA test is widely used with greater sensitivity than the first-generation assay 
[226]. A third-generation EIA can detect an additional HCV antigen, provid-
ing an advantage in high-prevalence settings and in detecting acute infections 
before seroconversion [227, 228]. Previously, confirmation of HCV infection 
in the setting of a positive serology was done through the use of a recombinant 

Table 2-23. Hepatitis B therapeutics.

Drug Class Dosing Limitations

Interferon-a Immunomodulator 5 million units sq qd, or
10 million units sq tiw

Major side effects

Lamivudine (3TC) Nucleoside analogue 100 mg po qd for normal CrCl
50 mg po qd for CrCl 30–49 mL/min
15 mg po qd for CrCl 5–14 mL/min
10 mg po qd for CrCl <5 mL/min

Bone marrow sup-
pression

Adefovir Nucleotide analogue 10 mg po qd for normal CrCl
10 mg po qod for CrCl 20–49 mL/

min
10 mg po q 72 h for CrCl 10–19 mL/

min
10 mg q week for patients on hemo-

dialysis

Renal insufficiency

Entecavir Nucleoside analogue 0.5–1 mg po qd for normal CrCl
0.25–0.5 mg po qd for CrCl 

30–50 mL/min
0.15–0.3 mg po qd for CrCl 

10–29 mL/min
0.05–0.1 mg po qd for CrCl <10 mL/

min

Development of 
resistance poorly 
understood

Pegylated 
 interferon-a-2a

Immunomodulator 180 µg sq q week Major side effects; 
may be better 
tolerated than 
interferon-a
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immunoblot assay (RIBA-2). This immunoblot technique uses the same anti-
gens detected by the second-generation EIA. The RIBA-2 increases the spe-
cificity of a positive EIA and reduces false positive results in low-prevalence 
settings or in patients with normal hepatic chemistries. More commonly now, 
detection  of  HCV  RNA  through  the  use  of  molecular  amplification  is  used 
for confirmation and in patient management. Since patients with acute leuke-
mia after HSCT may be less likely to develop antibody responses to HCV, 
PCR has significant advantages as a diagnostic tool [229]. Various molecular 
methods are not directly comparable, but single quantitative assays should be 
used in individuals. Commercially available assays include both RT-PCR and 
branched chain PCR methods. Branched chain PCR for HCV  is  technically 
easier, but less sensitive than standard RT-PCR techniques. A small percent-
age of patients with chronic infection have low-grade viremia that may not be 
detected [230]. PCR assays also have clinical utility in monitoring patients on 
therapy. Successful virologic response is generally defined as at least a 2 log 
decline from baseline levels 12 weeks into therapy, whereas those patients who 
do not experience the same decline are defined as nonresponders. Eradication 
of infection, or sustained virologic response, is also measured by use of the 
PCR  assay  and  is  defined  by  undetectable  viral  levels  after  completion  of 
therapy and again 6 months later [231].

16.2. Therapy

Patients with chronic HCV infection after HSCT should be considered for 
therapy. Options are limited, and the current combination of interferon-a plus 
ribavirin is poorly tolerated. Pegylated interferon may be better tolerated, 
though the prolonged half-life may be of concern in patients with hematopoi-
etic toxicity [232]. Interferon may be an instigator of reactivation of GVHD 
as well. Dosing regimens depend on variables such as type of interferon used 
and patient tolerance. For HCV genotypes 1 and 4, ribavirin is typically dosed 
at 1,000 mg a day in two divided doses for individuals £ 75 kg and 1,200 mg 
a day in two divided doses for those > 75 kg. With genotypes 2 and 3, 800 mg 
in two divided doses is likely to be sufficient.

17. Retroviruses

Retroviruses are a group of RNA viruses with a common genetic profile and 
reproductive machinery using the viral-specific enzyme reverse transcriptase 
to convert the RNA genome into an integrated DNA sequence within the host 
genome. The clinically significant retroviruses in human infection include 
human immunodeficiency virus1- and -2 (HIV-1 and -2), and human T-cell 
lymphotropic virus-I and -II (HTLV-I and -II).

18. Human Immunodeficiency Virus

HIV infection increases the risk of non-Hodgkin’s lymphoma of which diffuse 
large B-cell lymphoma and Burkitt’s lymphoma are the two most common 
forms [233]. Primary effusion lymphomas and EBV-related polymorphic lym-
phoproliferative disorders are also well described [234, 235].
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18.1. Diagnosis

Testing for HIV infection is via EIA serologic assay from blood with confir-
mation by Western blot and quantitative molecular assay. The standard third-
generation EIA used in clinical practice utilizes recombinant DNA proteins 
from immunodominant regions of HIV-1 and HIV-2. Some detect both IgM 
and IgG with a sensitivity in the 96–99% range and a specificity of up to 99% 
[236]. False negative EIA tests may occur between the time of viral transmis-
sion and seroconversion and in hypogammaglobulinemia, replacement trans-
fusions, infection with HIV-1 subtype O [237] or infection with HIV-2 (if an 
HIV-2 specific-assay is not used) [238].

A positive EIA is confirmed through Western blot using proteins derived 
from the three major genetic domains of retroviruses (gag, pol and env). 
Possible explanations for false positive EIA assays include hematologic malig-
nancies,  autoimmune disorders,  positive  rapid plasma  reagin  (RPR)  tests  or 
infection with syphilis, HIV-2 infection (if an HIV-2 specific western blot is 
not used) and vaccination. If bands from at least two of the three major pro-
teins are identified, the test is scored as positive. If only a single band is identi-
fied, then the test is frequently interpreted as indeterminate. The patients from 
the latter group usually are not true positives, and represent cross-reactivity 
due to other retroviruses, autoantibodies, heterophile antibodies, vaccination 
(most  common)  or  lab  error.  Rarely,  it  is  reflective  of  early  primary  HIV-1 
infection prior to full seroconversion. In the presence of primary infection, 
antibodies to HIV are usually detectable an average of 3–7 weeks after infec-
tion. This is occasionally delayed, though 95% have detectable circulating IgG 
by 6 months [239].

Quantifying cell-free HIV RNA in plasma is now a critical part of assessing 
and monitoring disease progression and response to therapy. Current RT-PCR 
techniques can detect viral loads as low as 50 copies/mL and are thought to 
shorten the window period of HIV detection to within 2–14 days [240]. New 
rapid serologic tests have been developed in order to increase routine testing 
[241]. The CDC has recommended that positive tests with these assays be 
confirmed (usually via western blot) [242].

19. Human T-Cell Lymphotropic Virus

HTLV-I is a member of the retrovirus family known to infect as many as 20 
million people worldwide. HTLV-I is a cause of adult T cell leukemia and 
lymphoma, as well as HTLV-I-associated myelopathy or tropical spastic 
paresis [243]. HTLV-II has not been consistently linked to any significant 
disease process. Similar to HIV in that there is a tropism for CD4-positive T 
cells, HTLV does not lead to cell death, but rather promotes proliferation and 
transformation. It is endemic in Japan, Indonesia, the Middle East, and parts 
of the Caribbean, South America and Africa. Prevalence rates are less than 
1% in nonendemic areas such as the United States. Transmission is thought 
to be primarily through breastfeeding, although spread via blood transfusion, 
transplantation, and sexual contact are factors in endemic areas.

Diagnostic assays for HTLV are similar to those for HIV. Screening is 
primarily carried out via EIA assays to detect circulating HTLV-specific 
antibodies. Confirmation can be done with western blot analysis. Western 
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blot confirmation can also distinguish between HTLV-I and HTLV-II [244]. 
PCR  testing  is  available  to  detect  proviral  DNA  in  whole  blood.  Treatment 
for HTLV infection is usually not indicated for asymptomatic patients. In the 
setting of adult T cell leukemia, the combination of zidovudine, a nucleoside 
reverse transcriptase inhibitor, and interferon-a have been used with some 
possible benefit [245]. Once lymphoma is established, use of non-Hodgkin’s 
lymphoma chemotherapy regimens are moderately successful. Allogeneic 
HSCT has also been reported [246].

20. Polyomaviruses

The two polyomaviruses known to cause infection in humans include JC 
virus and BK virus. These are both small, non-enveloped, double-stranded 
DNA viruses closely related to the papillomaviruses. Both groups of viruses 
are in the Papovaviridae family. JC and BK virus were each first isolated and 
described in 1971 [247, 248]. JC virus is the cause of progressive multifocal 
leucoencephalopathy (PML), a demyelinating disease of the central nervous 
system. PML is best described in patients with acquired immunodeficiency 
syndrome (AIDS), though it is rarely seen in solid organ and HSCT recipients, 
and in other immunosuppressed individuals, including patients with hemato-
logic malignancies and in individuals receiving some forms of immunosup-
pressive antibody therapies. BK virus is associated with nephropathy and 
ureteric stenosis in renal transplant recipients and with hemorrhagic cystitis in 
HSCT recipients.

21. JC Virus

JC virus infection is usually acquired during childhood and is not associated 
with any known illness during the acute phase. Most adults are seropositive, 
and PML is related to reactivation of the latent virus during significant periods 
of immunosuppression [249]. Although it has the strongest association with 
AIDS, PML was originally described in the setting of lymphoproliferative 
disorders and is thought to have a low prevalence of 0.07% overall among 
patients with hematologic malignancies [250]. PML presents as a subacute 
neurologic disease, affecting multiple systems depending on the location of the 
CNS lesions. Changes in a patient’s mental status, ataxia, and motor deficits 
involving one or more extremities have been described. Infection of the oligo-
dendrocytes by JC virus leads to demyelination of the white matter and the 
subsequent neurologic consequences. The disease itself is progressive with a 
median survival of roughly 6 months in patients with AIDS, and probably less 
than that in non-HIV infected patients with hematologic malignancies [251].

21.1. Diagnosis

The diagnosis is frequently made based on clinical findings. In patients with 
HIV  infection  and  AIDS,  a  compatible  magnetic  resonance  imaging  (MRI) 
scan of the head demonstrating one or more white matter lesions without obvi-
ous contrast enhancement or mass effect suggests the diagnosis. Computed 
tomography  (CT)  scans  tend  to  be  less  sensitive  than  MRI  scanning  [252]. 
Confirmation of PML and active JC virus infection is made through use of 
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brain biopsy or JC virus molecular testing in CSF. Demyelination with intra-
nuclear inclusions seen in the oligodendrocytes is typical, with or without 
necrosis and inflammation. In situ hybridization using JC virus DNA probes 
can increase the sensitivity and specificity of the biopsy findings [253]. Testing 
for circulating IgG antibodies is of little diagnostic value due to the ubiquity of 
infection. Likewise, routine CSF analysis is often unhelpful and may or may 
not reveal any changes consistent with active inflammation such as elevation 
of cell counts and protein levels. PCR analysis of CSF for JC virus DNA in 
immunocompromised patients with a consistent clinical history and radio-
graphic findings is most often used to make the diagnosis. CSF PCR for JC 
virus has a sensitivity close to 90% and a high specificity [254]. Brian biopsy 
may be needed in the face of a negative CSF PCR to confirm a diagnosis.

21.2. Therapy

There  are  no  therapies  with  significant  value  in  treating  PML.  Reversal  of 
immune deficiency is the main modality of therapy. Cidofovir, which has 
limited in vitro activity against JC virus, has not shown any benefit in clinical 
trials of patients with HIV infection and PML [255]. Another agent, cytarabine, 
with some in vitro activity against JC virus [256], has also not been shown 
to be of benefit in comparative trials in patients with HIV infection and 
PML. However, a non-comparative, open-label study evaluating non-HIV 
infected individuals with PML found that cytarabine dosed at 2 mg/kg IV for 
5 days had an association with stabilization of neurological function in 36% 
of individuals [257]. In AIDS the use of highly active antiretroviral therapy 
(HAART) has been of benefit in some series.

22. BK Virus

BK virus infection in adults has an estimated prevalence of over 80%. Infection 
is usually acquired during childhood, and tends to be asymptomatic. The route 
of transmission remains unclear, though respiratory acquisition is postulated. 
After primary infection, the virus remains latent in the urogenital epithelium, 
as well as in some lymphoid tissue and circulating leukocytes. Viral reactiva-
tion can occur during periods of immunosuppression.

22.1. Clinical Syndromes

BK virus induces in vitro transformation of rodent cells but does not do so as 
often in human cells. Definitive evidence of a relationship with oncogenesis in 
humans has not been proven [258]. BK virus has been implicated as a cause of 
pneumonia in a patient with AIDS and in at least two patients with underlying 
hematologic malignancies [259–261]. BK virus has a central role in the devel-
opment of BK nephropathy (polyomavirus nephropathy or PVAN) and ureteral 
stenosis in renal transplant recipients [262] and in post-engraftment hemorrhagic 
cystitis of HSCT recipients [263]. The latter syndrome is increasingly being 
recognized (often in patients previously thought to have adenovirus infection). 
Symptoms range from microscopic hematuria to painful and severe hemor-
rhage, with or without bladder obstruction [263]. These symptoms can be 
persistent in the neutropenic or immunocompromised individual.
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22.2. Diagnosis

Though numerous methods may be available to diagnose BK viral infection 
(Table 2-24), urine cytology and molecular assays are often used as diagnostic 
tools for hemorrhagic cystitis after HSCT.

Detection of BK viruria with PCR can correlate with active disease, but is 
limited somewhat by a lack of specificity. Asymptomatic BK viruria can be 
documented in other non-renal solid organ transplant recipients, elderly patients 
not on immunosuppression, HIV-infected patients, pregnant women and other-
wise healthy individuals [266–270]. BK viruria is uncommon in general and 
tends to be lower in quantity than in HSCT recipients with hemorrhagic cystitis 
[271, 272]. HSCT patients with hemorrhagic cystitis have high level viruria 
(100,000,000–10,000,000,000 copies/mL), and levels of 10,000,000 copies/
mL correlate with risk for hemorrhagic cystitis in this patient population [271]. 
The pattern of BK viruria is also thought to be of potential significance. In one 
prospective cohort, some patients who went on to develop hemorrhagic cystitis 
invariably experienced a peaking of their BK viruria as measured by PCR in 
the 2–3 week period after HSCT, and before clinical hemorrhagic cystitis [273]. 
Measurement of plasma with PCR for the presence of BK virus may also show 
a correlation with the development of hemorrhagic cystitis. Levels greater than 
10,000 copies/mL strongly correlated with post-engraftment hemorrhagic cys-
titis in a case-control study among HSCT recipients [274].

22.3. Therapy

Most clinical strategies for hemorrhagic cystitis in HSCT recipients have 
not been successful. Reduced immunosuppression through the use of related 
donors or reduced-intensity conditioning regimens may reduce the risk post-HSCT 

Table 2-24. BK virus diagnostics.

Diagnostic test Description Comments

Serology BK virus-specific IgG antibodies in 
serum

Test not commonly available, evidence 
of prior exposure

Culture In vitro Not commonly available and requires 
weeks to months [264]

Urine cytology Detection of “decoy cells,” uroepi-
thelial cells shed in the urine with 
changes consistent with active BK 
virus infection (enlarged nucleus 
with a large intranuclear inclusion)

Nonspecific, and these changes can 
possibly be seen with other viral 
infections (e.g., adenovirus) or 
malignancy; highly sensitive for 
screening.

PCR Quantitative real-time amplification 
of polyomavirus-specific DNA 
sequence from either plasma or 
urine

Highly sensitive assay limited in specifi-
city (see text); real-time assays distin-
guish JC and BK virus by analysis of 
the melting curves [265]

Biopsy with in situ 
hybridization

Viral changes of uroepithelium with in 
situ hybridization or immunofluo-
rescence increases sensitivity and 
specificity

Hemorrhagic cystitis often prevents 
biopsy; often with thrombocytopenia

Electron microscopy Electron microscopy of viral particles 
in urine sediment or biopsy speci-
mens

Not widely available

PCR Polymerase chain reaction
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[275]. Other factors may contribute to risk including chemotherapy and 
irradiation injury to bladder mucosa, thrombocytopenia, neutropenia and co-
infection with  adenovirus or CMV. Reduction of BK viruria or viremia has 
not been well correlated with reduced incidence or severity of hemorrhagic 
cystitis.

In vitro suppression of BK viral replication is possible with some fluo-
roquinolone antibiotics or related compounds that inhibit DNA gyrase [276, 
277]. Other in vitro data have suggested that the selectivity index for fluoro-
quinolones and the inhibition of BK virus replication is too low to be of any 
clinically significant value [278]. Well-designed clinical trials are needed to 
validate these data.

Cidofovir has in vitro inhibitory effects on BK virus [279–281]. It has been 
used in case reports both systemically and through bladder instillation to treat 
BK virus-related hemorrhagic cystitis [282, 283]. Use of bladder instillation 
has not been very effective in patients and systemic therapy has been limited 
by renal toxicity [283].

Leflunomide is an immunosuppressive agent that inhibits CMV, HSV and 
BK replication in vitro [284]. It has been used to treat PVAN in small numbers 
of renal transplant recipients in combination with a reduction in immunosup-
pression [284, 285]. No studies have described its use in HSCT recipients with 
hemorrhagic cystitis.
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Abstract Despite the fact that survival among patients with hematologic ma-
lignancies has considerably improved, bacterial infections continue to occur 
as a result of prolonged, profound immunosuppression. Neutropenia, vascu-
lar catheters, and chemotherapy-induced mucositis are key risk factors. Data 
on blood stream infections show the predominance of aerobic gram-positive 
cocci; however, gram-negative bacilli continue to play a significant role. Bet-
ter microbiologic data on tissue site infections are needed. Rapid molecular 
methods of microbiologic diagnosis are entering clinical practice. In an era of 
ever fewer new antimicrobial drugs developed by pharmaceutical companies, 
the rising frequency of drug-resistant pathogens among staphylococci, strep-
tococci, enterococci, and aerobic gram-negative bacteria in cancer patients is 
alarming. Prudent use of available antimicrobial drugs is ever more critical to 
stem the tide of antibiotic-resistant bacteria.

Keywords  Bacterial  infections  •  Antibacterials  •  Febrile  neutropenia  • 
Gram-negative bacteria • Gram-positive bacteria • Nocardia • Tuberculosis • 
Viridans streptococci

1. Introduction

Bacteria, common and opportunistic, cause most infections in patients with 
hematologic malignancies. Survival rates in cancer patients have significantly 
improved over the past few decades, and patients with hematological malig-
nancies experience multiple cycles of prolonged periods of immunosuppression 
with consequent increased risk for infectious complications due to an expanding 
list  of  pathogens  (Tables  3-1 and 3-2). Episodes of neutropenia, prolonged 
use of indwelling vascular catheters, chemotherapy-induced mucositis, fre-
quent use of antimicrobial drugs, immunosuppressive therapy, T-lymphocyte 
deficiency, and administration of blood products are important risk factors for 
infections in patients with leukemia, lymphoma, or myeloma. Protocol-driven 
antimicrobial approaches (e.g., empiric and prophylatic strategies) in most 
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Table 3-1. Gram-positive bacterial pathogens in cancer patients and antibiotics commonly used to 
treat systemic infections caused by gram-positive bacteria.

Pathogens

Gram-positive cocci  
in clusters

Coagulase-positive

•  S. aureus

CoNS

•  S. epidermidis

•  S. hemolyticus

•  S. saprophyticus

•  S. hominis

•  Staphylococcus lugdunenesis

•  Staphylococcus warnerii

Gram-positive cocci in pairs 
or chains

Streptococci

Beta hemolytic

•  Staphylococcus pyogenes (Group A streptococcus)

•  Staphylococcus agalactiae (Group B streptococcus)

•  Group C, F, G streptococci

Alpha-hemolytic

•  Viridans streptococci

•  S. pneumoniae

Gamma hemolytic

•  Group D streptococci

Enterococcus

•  E. fecalis

•  E. fecium

Gram-positive bacilli Aerobic

•  Listeria monocytogenes

•  Corynebacterium sp.

•  Bacillus sp.

•  Lactobacillus sp.

•  Propionibacterium

Anaerobic

•  Clostridium species

Branching or filamentous

•  Nocardia sp.

•  Actinomyces sp.

Agent Adult dose Spectrum of activity Comments

Nafcillin 2 g IV q 4 h Gram-positive bacteria Best agent for S. aureus (methicillin-
susceptible)No adjustment for renal  
function

Vancomycin 15 mg/kg IV 
q12 h

Gram-positive bacteria including 
methicillin-resistant organisms. 
(MRSA)

Dose adjustment for renal function. Monitor 
drug levels.Inferior to Nafcillin against 
methicillin-susceptible organisms

(continued)
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Pathogens

Quinupristin/
dalfopristin

7.5 mg/kg 
IV q8 h

Gram-positive bacteria including 
methicillin- and vancomycin-
resistant organisms. No activity 
against E. fecalis

Dose adjustment for renal function. Phlebitis 
common, therefore central venous access 
preferred. Arthralgias and myalgias com-
mon; consequently, infrequent use.

Linezolid 600 mg PO/
IV q 12 h

Gram-positive bacteria including 
methicillin- and vancomycin-
resistant organisms.

No dose adjustment for renal function. 
Reversible thrombocytopenia, anemia 
and leukopenia usually after 2 weeks of 
therapy. Interaction with SSRIs.

Daptomycin 4–6 mg/kg 
IVq d

Gram-positive bacteria including 
methicillin- and vancomycin-
resistant organisms.

Dose adjustment for renal function. Can 
cause myopathy, monitor CPK levels 
weekly. Not effective in pneumonia since 
drug is inactivated by pulmonary sur-
factant

Table 3-1. (continued)

Table 3-2. Gram-negative and acid-fast bacterial pathogens in cancer patients and antibiotics commonly 
used to treat systemic infections caused by gram-negative bacteria and anaerobic bacteria.

Pathogens
Gram-negative bacilli Lactose fermenter

Oxidase-positive

•  Aeromonas

•  Pasteurella

•  Vibrio

Oxidase-negative

•  E. coli

•  Klebsiella sp.

•  Enterobacter sp.

•  Citrobacter sp.

Nonlactose fermenter

Oxidase-positive

•  P. aeruginosa

•  Achromobacter sp.

•  Alcaligenes sp.

•  Flavobacterium sp.

Oxidase-negative

•  Acinetobacter sp.

•  Stenotrophomonas sp

•  Morganella sp.

•  Proteus sp.

•  Providencia sp.

•  Salmonella sp.

•  Serratia sp.

•  Shigella sp.

Anaerobes

Bacteroides spp.

(continued)



74 P.H. Chandraseker and G. Alangaden

BookID 146129_ChapID 3_Proof# 1 - 07/10/2009 BookID 146129_ChapID 3_Proof# 1 - 07/10/2009

Pathogens

Gram-negative cocci Cocci

•  Neisseria gonorrhoeae

•  Neisseria meningitidis

•  Veillonella

Coccobacilli

•  Haemophilus influenzae

•  Moraxella catarrhalis

Acid-fast bacteria Mycobacteria

•  M. tuberculosis

•  M. avium-intracellulare complex

•  M. chelonae sp.

•  M. fortuitum

•  M. kansasii

Agent Adult dose Activity vs. gram-negative 
bacteria

Comments

Ceftazidime 1–2 g IV q 8 h. 
(In neutropenia use 
2 g IV q 8 h)

Gram-negative bacteria 
including P. aeruginosa.

Dose adjustment for renal function.

No activity against Enterococcus sp.  
and methicillin-resistant gram-positive 
bacteria.

Poor activity against anaerobes.

Cefepime 1–2 g IV q 12 h. 
(In neutropenia use 
2 g IV q 8 h)

Gram-negative bacteria 
including P. aeruginosa.

Dose adjustment for renal function. Better 
gram-positive (including MSSA) activity 
than ceftazidime.

No activity against Enterococcus sp. and 
methicillin-resistant gram-positive bacte-
ria. Poor activity against anaerobes.

Imipenem/
cilastatin

0.5 g IV q 6 h. 
(For P. aeruginosa 
use 1 g IV q 6–8 h)

Gram-negative bacteria 
including P. aeruginosa.

Dose adjustment for renal function. 
Penetration into central nervous system 
is not well established.

Good activity against anaerobes. No activity 
against Enterococcus sp. and methicillin-
resistant gram-positive bacteria.

Meropenem 0.5–1 g IV q8 h.

In neutropenia use 
1 g IV q 8 h

Similar to imipenem Dose adjustment for renal function. Useful 
in infection of central nervous system. 
Similar to imipenem vs. gram-positive 
bacteria.

Ertapenem 1 g IV q 24 h Similar to imipenem  
except poor activity 
against P. aeruginosa.

Dose adjustment for renal function.

Piperacillin/
tazobactam

3.375 g IV q 6 h.  
(For P. aeruginosa 
and in neutropenia 
use 4.5 g IV q 6 h.)

Gram-negative bacteria 
including P. aeruginosa

Dose adjustment for renal function. 
Effective against gram-positive bacteria 
(streptococci, enterococci and staphylo-
cocci except methicillin-resistant organ-
isms). Effective against anaerobes. May 
cause false-positive test with Aspergillus 
galactomannan.

(continued)

Table 3-2. (continued)
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Pathogens

Aztreonam 1–2 g IV q 8 h.  
(In neutropenia use 
2 g IV q 8 h)

Gram-negative bacteria 
including P. aeruginosa.

Dose adjustment for renal function. 
Useful if allergy to penicillins or cepha-
losporins. No activity against gram-
positive bacteria or anaerobes.

Ciprofloxacin 400 mg IV q 12 h, or 
500–750 mg PO 
q 12 h

Gram-negative bacteria 
particularly P. aerugi-
nosa.

Dose adjustment for renal function. Avoid 
monotherapy if treating P. aeruginosa. 
Reduced activity against gram-positive 
bacteria. No activity against anaerobes. 
Effective against “atypical pneumonia” 
pathogens. No activity against anaerobes.

Levofloxacin 500–750 mg IV/PO 
q 24 h

Gram-negative bacteria Dose adjustment for renal function.
Better activity against S. pneumoniae than 

ciprofloxacin. No activity against anaer-
obes. Effective against “atypical pneu-
monia” pathogens.

Antibiotics active against anaerobic bacteria

Agent Adult Dose Spectrum of Activity Comments

Metronidazole 500 mg IV/PO q 6 h Anaerobes including  
C. difficile.

Poorly active against 
gram-positive aerobes 
and anaerobes (e.g., 
Peptostreptococci)

Dose adjustment for renal function and 
severe hepatic dysfunction.

Clindamycin 600–900 mg IV q 
8 h, 150–450 mg 
PO q 6 h

Anaerobes, streptococci 
and staphylococci 
(MSSA). Some activ-
ity against MRSA. 
No activity against 
Enterococcus sp.

No adjustment for renal function.

Table 3-2. (continued)

cancer centers with potent, broad spectrum antibacterials have greatly reduced 
infection-related mortality. However, infectious episodes continue to cause 
high morbidity and interruption of anticancer therapy.

Our  understanding  of  bacterial  infections  in  patients  with  hematologic 
malignancies is based largely on data from blood cultures obtained during 
evaluations of neutropenic fever. Spectrum of bacterial infections in neutropenic 
patients has undergone periodic changes, and currently, aerobic gram-positive 
cocci have replaced aerobic gram-negative bacilli as the most frequent pathogens 
in blood stream infections [1, 2].

2. Gram-Positive Bacteria

In a large, national surveillance program of cancer patients with bacteremia, 
gram-positive cocci accounted  for 62% episodes  in 1995 and 76% episodes 
in 2000 [1].  A  Swedish  study  of  1,402  bacteremia  episodes  over  a  14-year 
period in patients with hematologic malignancies noted 45% infections to be 
due to gram-positive cocci [3].  Most  common  gram-positive  pathogens  are 
coagulase-negative staphylococci, Staphylococcus aureus, and enterococci. 
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Figure 3.1 shows the frequencies of various species of bacteria and Candida 
recovered from blood stream isolates of patients with hematologic malignancies 
or  solid  tumors  at  the Karmanos Cancer  Institute, Detroit, Michigan during 
2000–2001. Factors proposed to have caused such a shift towards gram-positive 
pathogens include widespread use of indwelling catheters, use of quinolone-based 
prophylactic strategies that effectively eradicate aerobic enteric gram-negative 
bacilli but not gram-positive cocci, intensive chemotherapeutic regimens 
causing upper and lower gastrointestinal mucositis, and the use of antacids 
and H2 receptor blockers which reduce gastric pH promoting overgrowth with 
oropharygeal gram-positive microflora [4–8].

2.1. Staphylococci

Coagulase-negative staphylococci (CoNS) are the most common organisms 
recovered from blood; among these, Staphylococcus epidermidis accounts 
for the majority [9]. Most CoNS bacteremia are believed  to be secondary  to 
catheter-related  infection,  following  colonization  of  the  catheter  hub  during 
manipulation. A positive blood culture for CoNS may imply  true bacteremia 
or skin contamination during blood collection. Thus, single positive blood cul-
tures for CoNS need to be viewed with suspicion and in those without catheters, 
such results can be assumed to represent contamination. Many centers initiate 
therapy only if two or more cultures are positive for CoNS. Simultaneous blood 
cultures via catheter and peripheral vein may help distinguish true bacteremia 
from catheter colonization. As these are low-virulence pathogens, antimicrobial 
therapy alone without catheter removal is adequate in most cases.

Most  S. epidermidis are penicillin- and methicillin-resistant and only 
susceptible  to  vancomycin.  Methicillin-resistant  staphylococci  are  resistant 
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Fig. 3-1. Pathogens causing blood stream infections among patients with hematological 
malignancies or solid tumor, Karmanos Cancer Institute (2000–2001)
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to  quinolones.  Treatment  of  culture-proven  bacteremias  due  to  CoNS  and 
suspected catheter-related infection are the most common reasons for high 
volume use of vancomycin in most cancer centers. Because of the concern 
for emergence of resistance in gram-positive bacteria, vancomycin is not 
used routinely in the initial antibacterial regimen for treatment of neutro-
penic fever except in some situations– positive blood cultures with smears 
showing gram-positive bacteria, empirical treatment of critically ill patients 
pending identification of a pathogen, presence of a skin/soft tissue infection 
with neutropenic fever, suspicion of a serious catheter-related infection, and 
known  colonization  with  methicillin  resistant  S. aureus. In vancomycin-
intolerant patients, alternate drugs against methicillin-resistant staphylococci 
include  linezolid,  daptomycin,  and quinupristin-dalfopristin  (Tables 3-3 and 
3-4). However, these drugs have limitations and are usually reserved for 
infections caused by vancomycin-resistant enterococci. Already resistance to 
these newer drugs has been reported among staphylococci. Currently, none  
of these newer agents have been shown to be superior in efficacy to vancomycin 
against methicillin-resistant staphylococci.

Less common CoNS include Staphylococcus hemolyticus, Staphylococcus 
saprophyticus, and Staphylococcus hominis which like S. epidermidis, are 
methicillin-resistant.  Of  note,  S. hemolyticus has reduced susceptibility to 
glycopeptides like vancomycin and teicoplanin [10–12]. Whether this obser-
vation has clinical relevance is unclear [13].

S. aureus, a far more virulent pathogen than CoNS, causes infections which 
originate mostly from indwelling catheters or skin/soft tissue. S. aureus accounts 
for 20–30% nosocomial blood stream isolates in the general population and 
11% blood stream isolates in cancer patients [14–16]. Most skin/soft infections 
respond promptly to antistaphylococcal therapy but, on occasion, incision 
and drainage of a large lesion may be required. In bacteremic cases, unlike 
CoNS, S. aureus can cause serious metastatic complications such as deep 
tissue infection (e.g., splenic abscess), infective endocarditis, septic phlebitis, 
septic arthritis, and epidural abscess. Predictors of such complications include 
community-acquired infection, positive blood cultures persisting for more 

Table 3-3. Specific features of some “newer” antibiotics.

Agent Adult dose Spectrum of activity Comments

Tigecycline 100 mg IV × 1 then 
50 mg IV q 12 h

Gram-positive bacteria including MRSA 
and VRE. Gram-negative bacteria 
including Acinetobacter spp., S. 
maltophilia and ESBL-producers; 
Effective against anaerobes.

Poor activity against P. aeruginosa

No dose adjustment for 
renal function. Dose 
adjustment in severe 
hepatic dysfunction.

Moxifloxacin 400 mg IV/PO q 24 h Gram-negative bacteria.

Better activity against S. pneumoniae 
than ciprofloxacin. Active against 
“atypical pneumonia” pathogens and 
anaerobes.

Not appropriate for urinary 
tract infection.

Colistin 2.5–5 mg/kg IV q 
24 h in 2–4 divided 
doses

Gram-negative bacteria including 
multidrug resistant P. aeruginosa and 
Acinetobacter spp.

Dose adjustment for renal 
function
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than 48 h, and persistent fever 3 days after the initial positive blood cultures 
despite therapy [17]. In a retrospective review of 91 patients with cancer 
and S. aureus bacteremia, renal failure significantly increased the likelihood 
of complications; patients with hematologic malignancies tended to develop 
more extravascular complications compared to patients with solid tumors [18]. 
A retrospective review of 85 cancer patients with nosocomial S. aureus bacteremia 
reported a low mortality rate of 3.5% with none developing any complications 
[19]. Early antimicrobial intervention and prompt catheter removal in hospi-
talized neutropenic febrile patients may explain such a good outcome.

Against methicillin-susceptible staphylococci, an antistaphylococcal penicillin 
such as nafcillin is preferred over vancomycin as the former has more rapid 
bactericidal activity. Antimicrobial resistance in staphylococci, particularly 
S. aureus, in the nosocomial and community settings has justifiably raised 
major concern. In recent years, specific clones of methicillin-resistant S. aureus, 
distinctly different from nosocomial strains, have emerged in the community 
[20–22]. Community-associated MRSA (CA-MRSA) tend to cause suppura-
tive skin/soft tissue infections and are transmitted by close physical contact. 
Unlike nosocomial MRSA, CA-MRSA is susceptible to many non-betalactam 
drugs (clindamycin, TMP-SMX, quinolones, doxycycline); however, it is antici-
pated  that exposure  to multiple antimicrobials will  render CA-MRSA in  the 
near future multidrug resistant similar to nosocomial MRSA. As CA-MRSA 
becomes widespread, empiric therapy with a betalactam drug (e.g., dicloxa-
cillin,  cefazolin)  for  skin/soft  tissue  infections  in  cancer  patients  may  no 
longer be prudent. Dalbavancin and telavancin are two new glycopeptides 
with promising clinical activity against methicillin-susceptible and –resistant 
staphylococci [23, 24]. It is unclear if these newer agents offer any advantages 
over vancomycin.

Explosive vancomycin use has resulted in the appearance of vancomycin resist-
ance among MRSA. These include heteroresistant S. aureus (hGISA, hVISA; 

Table 3-4. Characteristics of selected antibiotic-resistant gram-positive bacteria.

Bacteria Resistance profile Agents with activity Comments

Methicillin resistant  
S. aureus (MRSA)  
(nosocomial)

Resistant to penicil-
lins, cephalosporins, 
quinolones

Vanomycin, linezolid, dap-
tomycin, quinupristin/
dalfopristin,

TMP/SMZ, clindamycin may be 
useful.

Quinolones not useful.

Vancomycin-resistant  
S. aureus (VRSA)

Resistant to penicil-
lins, cephalosporins, 
quinolones

Linezolid, daptomycin,

quinupristin-dalfopristin,

TMP/SMZ, rifampin, gentamicin, 
clindamycin may be useful

Vancomycin-resistant 
Enterococcus spp. 
(VRE)

Ampicillin, linezolid,

daptomycin,

tigecycline,

quinupristin-dalfopristin,

Gentamicin may be useful for 
synergy.

Quinupristin-dalfopristin not 
effective against

E. fecalis

Resistance to linezolid or dap-
tomycin may emerge during 
therapy.

PCN-resistant viri-
dans Streptococcus

Advanced generation 
cephalosporins, vanco-
mycin, quinolones

S. mitis more resistant than other 
viridans strep. May be resistant 
to macrolides, quinolones
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MIC 0.5–2 µg/mL), glycopeptide/vancomycin intermediate susceptible S. aureus  
(GISA, VISA; MIC 4–8 µg/mL), and vancomycin resistant S. aureus (VRSA;  
MIC ³ 16 mg/mL [25]. It is believed that hetero-resistant S. aureus (hVISA) 
is increasing in frequency, and in infections due to hVISA, vancomycin treat-
ment failures have been reported [26–28]. Microbiology laboratories need to 
be equipped to provide exact MIC data promptly to the clinician. Vancomycin-
resistant S. aureus  may  be  less  susceptible  to  daptomycin  and  linezolid  as 
well. As cancer patients receive multiple, frequent courses of IV vancomycin 
for suspected or proven staphylococcal infection, eventual rapid emergence 
of VRSA would not be surprising. Most observations regarding vancomycin 
resistance are in S. aureus; little data exist for CoNS.

2.2. Streptococci

At  the  Karmanos  Cancer  Institute  during  2000–2001,  streptococci  (mainly 
viridans streptococci and Staphylococcus pneumoniae) accounted for 8% blood 
stream infection in patients with hematological malignancies. Beta-hemolytic 
streptococci  such as groups A and B streptococci are occasional pathogens. 
Viridans streptococci are commensals of the oral cavity, upper airway, 
gastrointestinal and genitourinary tracts, and invade the blood stream during 
mucositis and neutropenia. While viridans streptococci recovered from blood 
in noncancer patients may represent contaminants, these are considered true 
pathogens, even in single blood cultures, in the setting of febrile neutropenia. 
Bacteremia due to S. viridans has increased in recent years in patients with 
hematologic malignancies with 6–12% mortality rates [8, 29]. Risk factors include 
profound neutropenia, oral mucositis, quinolone, or trimethoprim-sulfame-
thoxazole  prophylaxis,  and  exposure  to  cytotoxic,  high  dose  chemotherapy  
(particularly cytosine arabinoside) [29–31].

A  group  of  24  streptococcus  species  comprise  viridans  streptococci;  the 
most common species in cancer patients are S. mitis, S. oralis, S. sanguis and  
S. salivarius. Most infected patients have fever and mucositis; those with S. mitis  
infection are generally younger with prolonged neutropenia and bacteremias 
are often associated with development of the adult respiratory distress syndrome 
(ARDS)  and/or  septic  shock  [32]. Bacteremic patients may have persistent 
fever despite prompt clearance of the organism from the blood stream. Such 
patients need close follow-up for early diagnosis of respiratory distress.

Though most viridans streptococci are exquisitely susceptible to penicillin, 
emergence of penicillin-resistant streptococci and macrolide-resistant strepto-
cocci has been widespread [33–35]. Prior exposure to quinolones is a common 
predisposing factor for the emergence of quinolone- and penicillin-resistant 
streptococci [31]. Resistance rates to penicillin range from 13% to 23% (high 
grade resistance, MIC ³4 µg/mL), and 17–43% (intermediate grade resistance, 
MIC  0.5–2.0 µg/mL).  Resistance  to  penicillin  and  quinolones  is  seen  more 
commonly with S. mitis than with non-S. mitis stains. S. parasanguis, a recently 
described viridans streptococcus, has documented resistance to penicillin as 
well as azithromycin [32, 36]. Increasing prevalence of antimicrobial-resistant 
viridans streptococci must serve as a warning against widespread antimicrobial 
use, particularly in the setting of quinolone prophylaxis.

Unlike viridans streptococci, S. pneumoniae causes infection in cancer 
patients in the community setting, mostly during nonneutropenic periods. 
S. pneumoniae infections in patients with hematological malignancies are 
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characterized by pneumonia and bacteremia [37]. At a tertiary care oncology 
center, pneumococcal bacteremia occurred in 122 patients over a 5-year period 
(1998–2002).and 36% of  the  isolates were penicillin-resistant. Of  interest  is 
the fact that factors including initial antibacterial therapy that did not cover 
S. pneumoniae, penicillin-resistant pneumococci, corticosteroid use, and neu-
tropenia were not associated with increased mortality. Investigators from the 
same institution noted pneumococcal infection to be infrequent but of a serious 
nature in stem cell transplant (SCT) recipients, particularly those receiving high 
dose corticosteroid therapy for graft-versus-host disease [38].

2.3. Enterococci

Common infections caused by enterococci in patients with hematologic 
malignancies include bacteremia, urinary tract infection, biliary tract infection, 
and vascular-catheter infection. Enterococci (E. fecalis, E. fecium, E. avium,  
E. durans) are normal inhabitants of the gastrointestinal tract and constitute the 
third most frequent cause of blood stream infection in the U.S [16]. Reported 
mortality rates in Enterococcus-infected patients with hematologic malignancies 
vary from 19% to 47% [39–42]; however, it remains unclear if death is attribut-
able to the enterococcal bacteremia per se or whether the bacteremia signifies 
the  severity  of  underlying  morbidity  and  consequent  poor  outcome.  A  large, 
retrospective study of 98 episodes of enterococcal bacteremia during 1984–2001 
in the setting of neutropenic patients with hematologic malignancies found that  
E. fecalis (53%) and E. fecium (40%) were the most common Enterococci spe-
cies giving rise to mortality rates of 30% [43]. Risk factors for death were age > 
than 50 years, advanced underlying disease, pneumonia, and shock. Severe neu-
tropenia, enterococcal species, and antibiotic resistance did not affect mortality.

Enterococci, though frequently recovered from the respiratory tract (sputum, 
bronchoalveolar  lavage  [BAL]  specimen),  rarely  cause  pneumonia.  Urinary 
tract infection or biliary infection caused by enterococci may be seen in the 
setting of a device (e.g., biliary stent) or after instrumentation (e.g., cystoscopy, 
ERCP). Clinically useful antibiotics active against enterococci are ampicillin, 
piperacillin, and vancomycin. Notably, nafcillin, cephalosporins, carbapenems 
(other than imipenem), macrolides, and quinolones are poorly active. Among 
the newer antibacterials, quinupristin–dalfopristin (active vs. E. fecium, 
not E. fecalis),  linezolid,  tigecycline,  and  daptomycin  possess  good  in  vitro 
activity and are clinically useful particularly against vancomycin-resistant 
organisms. However, resistance to these newer drugs has also been reported. 
Aminoglycosides, such as gentamicin or streptomycin, are not used in mono-
therapy but are useful as secondary agents to provide synergistic activity.

Antimicrobial  resistance  in  enterococci  is  of  major  clinical  importance, 
particularly in relation to vancomycin and penicillin (or ampicillin). Risk 
factors  for  vancomycin-resistant  enterococcal  (VRE)  colonization/infection 
include prior antimicrobial exposure, severe underlying disease, indwelling 
foreign devices, and frequent hospitalization or contacts within the health care 
system [44]. Vancomycin resistance is far more commonly encountered in E. 
fecium than E. fecalis; however, the latter is more commonly seen in clinical 
settings. Vancomycin resistant enterococci (VRE) colonize the gut, frequently 
as a result of prior antimicrobial (oral vancomycin or other agents that alter 
gut flora) exposure, and during chemotherapy-induced mucositis, may cause 
bacteremia. The rates of VRE gut colonization  in cancer patients have been 
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studied [45]. VRE colonization, as noted in fecal specimens, was seen in 6% 
patients with hematologic malignancies. Presence of  fecal colonization with 
VRE had a positive predictive value of 29% for subsequent development of 
bacteremia, and a high negative predictive value greater than 99% [45]; E. 
fecium was  the most common VRE colonizing species. Patients with hema-
tologic malignancies and stem cell recipients were far more likely than solid 
tumor patients to develop bacteremias and/or other infections because of VRE. 
Routine surveillance to detect VRE colonization in patients with hematologic 
malignancies or in any other clinical setting is not currently recommended. 
However, there are data to show that weekly surveillance programs and isola-
tion of VRE colonized patients have decreased the  incidence and density of 
VRE outbreaks [46–50]. In stem cell recipients, VRE bacteremia has been 
identified as a marker of critical illness [51, 52].

2.4. Listeria

Listeria monocytogenes, a facultative, gram-positive bacillus believed to gain 
entry via the gastrointestinal tract, has a tropism for the central nervous sys-
tem. Common clinical manifestations are bacteremia, meningitis, meningoen-
cephalitis, cerebritis, and rhombencephalitis [53–55]. Listeriosis may be seen 
in  immunocompetent and  immunocompromised (primarily  those with T-cell 
immune impairment) hosts. Specific “compromised” populations include 
neonates, pregnant women, alcoholics, those with diabetes, those receiv-
ing corticosteroids,  solid organ and stem cell  recipients, AIDS patients, and 
patients with cancer [54, 56–60].

Among cancer patients, listeriosis commonly infects patients with hemato-
logic malignancies, particularly lymphoreticular neoplasms such as chronic 
lymphocytic leukemia and lymphoma [61, 62]  where  T-cell  impairment  is 
common from both primary disease and therapy. Concurrent steroid use and 
immunosuppressive drugs such as fludarabine have been associated with liste-
riosis [56, 63, 64]. In a review of 34 cancer patients with listeriosis encountered 
over  a 11-year period, 59% were at  risk because of  lymphoma or  leukemia 
(76% had received prior corticosteroids). Bacteremia (74%) and meningoen-
cephalitis (21%) were common clinical presentations. Lymphocytopenia was 
seen in 62% patients whereas notably, neutropenia was not a risk factor [61].

Diagnosis  rests  primarily  on  blood  and  cerebrospinal  fluid  cultures.  Tiny 
gram-positive  rods  in  the  CSF,  almost  mimicking  pneumococci,  provide 
an  early  diagnostic  clue  prior  to  availability  of  culture  results.  Listeriosis 
is treated with ampicillin in combination with gentamicin in compromised 
patients [56]. In penicillin-allergic patients, trimethoprim-sulfamethoxazole is 
the alternative drug. However, patients who are seriously ill (e.g., meningitis)  
should  be  treated  with  ampicillin  after  penicillin  drug  desensitization. 
Vancomycin has also been used successfully for the treatment of listeriosis. 
Carbapenems, linezolid, and newer fluoroquinolones have good in vitro activity  
against listeria; whether they play a useful clinical role needs validation 
[57, 65]. Given the high frequency of CNS involvement in listeriosis, the drug 
chosen must be able to penetrate the blood brain barrier to achieve adequate 
concentration in the cerebrospinal fluid. Relapse of listeriosis may occur, thus 
therapy is recommended for a minimum duration of 3 weeks [53]. Controlled 
data are lacking for optimal duration of therapy. In general, bacteremic 
patients have a better prognosis as compared with those with CNS involvement. 
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Breakthrough cases of listeriosis have been described in allogeneic stem cell 
recipients  receiving  daily  trimethoprim-sulfamethoxazole  for  prophylaxis 
against pneumocystis [66].

2.5. Other Gram-Positive Bacteria

Other  emerging  gram-positive  bacterial  pathogens  include  Stomatococcus 
muciclaginosus, Bacillus sp., Rhodococcus equi, Corynebacteria, Leuconostoc, 
Pediococcus, and lactobacilli [9]. Most of these cause blood stream infections 
in the setting of oral/gastrointestinal mucositis during chemotherapy-related 
neutropenia  or  in  association  with  indwelling  catheters.  These  are  usually 
uncomplicated bloodstream infections that respond readily to appropriate anti-
microbial therapy. Notably, among these gram-positive bacilli, Leuconstoc, 
Lactobacillus, and Pediococcus species may be resistant to vancomycin.

3. Gram-Negative Bacteria

Most infections caused by gram-negative bacteria in patients with cancer have 
been reported in the context of bacteremia. The Surveillance and Control of 
Pathogens  of  Epidemiologic  Importance  (SCOPE)  prospectively  evaluated 
22,631 episodes of bacteremia in 2,340 cancer patients between 1995 and 2001 
[1]. Although gram-positive pathogens predominated, gram-negative bacteria 
accounted for 22% and 15% bacteremic episodes in 1995 and 2000, respec-
tively [1]. Of the gram-negative pathogens, Escherichia coli (7.6%),Klebsiella 
species (6.4%), Pseudomonas aeruginosa (4.4%), and Enterobacter species 
(3%) were isolated with similar frequency in neutropenic and nonneutropenic 
patients [1]. Some recent reports show gram-negative bacteria accounting for 
53–56% of all bloodstream infections [67, 68], with the predominant patho-
gens being E. coli, Klebsiella species, Enterobacter species, P. aeruginosa, and 
Acinetobacter baumannii (Table 3-5)

Table 3-5. Characteristics of selected antibiotic-resistant gram-negative bacteria.

Bacteria Resistance profile Agents with activity Comments

ESBL producing 
 E. coli and K. 
pneumoniae

Generally resistant to all 
penicillins, cephalosporins. 
Often resistant to fluoroqui-
nolones

Carbapenems: imipenem, 
meropenem. Tigecycline 
active against most 
strains.

Select drugs based on 
susceptibility testing. 
Clinical experience 
with imipenem

Multidrug resistant 
P. aeruginosa

Resistant to penicillins,  
cephalosporins, fluoroqui-
nolones carbapenems and 
aminoglycosides

Colistin (polymixin-E),  
polymixin B

Select drugs based on 
susceptibility testing. 
Limited clinical experi-
ence with colistin

Acinetobacter spp. Resistant to most penicillins, 
cephalosporins, fluoroqui-
nolones and most aminogly-
cosides

Some strains susceptible 
to ampicillin/sulbactam, 
imipenem, amikacin,  
colistin and tigecycline

Select drugs based on 
susceptibility testing

S. maltophilia Resistant to most penicillins, 
cephalosporins, fluoroqui-
nolones and most aminogly-
cosides

Trimethoprim/sulfamethox-
azole, chloramphenicol, 
tigecycline

Select drugs based on 
susceptibility testing.
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Patients with cancer who have infections caused by gram-negative patho-
gens present with fever and sometimes, hemodynamic instability. Occasionally, 
symptoms specific to the site of infection, for example, pneumonia or urinary 
tract infection, may be present. Bacteremia related to central venous catheters 
(CVCs) are not uncommon. Initial therapy in neutropenic patients generally 
includes broad-spectrum antibacterials with antipseudomonal activity [69]. 
Multidrug  resistance  in  many  gram-negative  bacteria  is  of  major  clinical 
concern [70]. CVC-related bacteremias have better outcomes compared to 
secondary bacteremias resulting from infections at other sites, for example, 
pneumonia.

Specific pathogens including their current epidemiology, clinical features, 
and therapy are discussed below.

3.1. Escherichia coli

E. coli is the commonest cause of gram-negative bacteremia in cancer patients. 
In the US SCOPE study, E. coli accounted for 7.3% and 7.7% of bacteremia 
in neutropenic and nonneutropenic patients, respectively [1]. E. coli was the 
causative pathogen in 13–27% of bacteremia in patients with leukemia, lym-
phoma, or myeloma reported from cancer centers in non-US countries [1, 3, 
67, 68, 71].  A  greater  incidence  of  gram-negative  bacteremia  was  noted  in 
neutropenic patients compared to nonneutropenic cancer patients [67].

Resistance to ampicillin in E. coli is common [71]; however, 10% were 
noted to be resistant to cefotaxime [68] and 5% to gentamicin [1]. Resistance 
to fluoroquinolones in E. coli among cancer patients has been reported from 
several cancer centers, especially with the widespread use of fluoroquinolone 
prophylaxis during neutropenia [72–77]. Data from a single center noted an 
increase in the incidence of bacteremia with fluoroquinolone resistant E. coli 
rising from <0.8% to 4.5%, following routine prophylaxis with ofloxacin  in 
patients with leukemia [72]. With subsequent discontinuation of quinolone 
prophylaxis, an increase in gram-negative bacteremia occurred but with a 
decline in the frequency of antibacterial resistance. These trends reversed with 
resumption of prophylaxis [77, 78].  IDSA  guidelines  discourage  the  use  of 
routine antibiotic prophylaxis in cancer patients with hematological malignan-
cies during neutropenia [69]. However, some recent large comparative studies 
demonstrated the efficacy of fluoroquinolones in decreasing rates of gram-
negative bacteremias and fevers and improved infection-related outcomes but 
not mortality in patients with cancer and neutropenia [79, 80]. Plasmid medi-
ated,  extended-spectrum  betalactamase  (ESBL)  producing  strains  of  E. coli 
(resistant to ceftazidime and other third generation cephalosporins) have been 
reported in cancer patients. The CANCER network reported 3.9% of E. coli 
were ESBL producers [81, 82]. Risk factors associated with ESBL-producing 
gram-negative bacilli include exposure to fluoroquinolones and other broad-
spectrum antibiotics, severity of illness, invasive procedures, CVC, urinary 
catheters, mechanical ventilation, and tube feeding [83].  ESBL  producing 
gram-negative bacteria are often multidrug resistant and a carbapenem such as 
imipenem or meropenem is the preferred drug therapy [84]. Tigecycline, a new 
glycylcycline, has in vitro activity against many ESBL strains and may be a 
useful agent except in the setting of urinary tract infection since the drug is not 
excreted in the urine [85]. Mortality due to E. coli bacteremia is 17–35%, with 
increased mortality when associated with polymicrobial bacteremia [86, 87].
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3.2. Klebsiella species

In  the  SCOPE  study,  Klebsiella species were the second most common 
gram-negative bacteria isolated (6.4%) [1]. Outbreaks of Klebsiella oxytoca/
Enterobacter cloacae resulting from contamination of saline flushes in cancer 
patients have been noted [88]. Frequency of ESBL resistance in Klebsiella has 
increased up to 20% in ICU isolates in the United States [84]. However, rates 
of  ESBL-producing  Klebsiella species are less common in cancer patients 
(2.4%) in the CANCER database [81, 82]. ESBL-producing Klebsiella pneu-
moniae can be multidrug resistant due to the acquisition of plasmid-mediated 
resistance determinants. Colistin has been used successfully for treatment of 
carbapenemase-producing K. pneumoniae [89]. However, strains resistant to 
all agents including colistin have been described recently [90].

3.3. Pseudomonas aeruginosa

In the National Nosocomial Survey in 2003 P. aeruginosa  caused 18.1% of 
the pneumonias, 3.4% of the bloodstream infections, and 16.3% of the urinary 
tract infections, twice as many compared to 1975 [91]. In the SCOPE study 
P. aeruginosa accounted for 3.6% and 4.7% of bacteremias in neutropenic 
and nonneutropenic cancer patients, respectively [1]. Sites of infections in 
patients with hematological malignancies  include bacteremias  (35%),  pneu-
monias (38%), and urinary tract infections (11%) [2]. A review of P. aeruginosa 
infections in cancer patients from the 1990s noted an incidence of 5–12% with 
no decline in the proportion of P. aeruginosa among gram-negative bacteria 
over the last two decades [92]. Significant local and regional differences in 
the incidence of P. aeruginosa bacteremia were seen. Similar rates of infec-
tion were noted in patients with hematological and solid malignancies and in 
neutropenic or nonneutropenic patients. In contrast, data from our institution 
shows that P.aeruginosa is an important and more frequent cause of bacter-
emia in patients with hematological malignancies as compared to patients with 
solid tumors (Fig. 3-1). Similar trends were noted from another cancer center 
where P. aeruginosa bacteremia rates of 19/1,000 in hematological cancer 
patients were less than the 2/1,000 rate seen in solid tumor patients [93].

The clinical presentation of infection with P. aeruginosa is nonspecific and 
is related to the site of infection. Occasionally, P. aeruginosa infection during 
neutropenia may manifest as painful discrete maculopapular skin lesions that 
rapidly develop central necrosis (ecthyma gangrenosum) [94]. Histopathology 
of these lesions demonstrates vascular invasion of the skin with P.aeruginosa 
resulting in skin infarction. Ecthyma lesions have also been seen in infections 
with other gram-negative bacteria, S. aureus, Aspergillus, and Candida.

In the 1980s, 71–94% of pseudomonal bacteremias in neutropenic patients 
were treated successfully with an antipseudomonal betalactam such as ceftazi-
dime [95, 96]. Subsequent studies using monotherapy with antipseudomonal 
agents such as piperacillin, imipenem, meropenem, and cefepime showed 
comparable outcomes to the combination therapy of a betalactam antibiotic 
with an aminoglycoside [97].  Monotherapy  with  any  of  these  potent  antip-
seudomonal antibiotics is currently favored over combination therapy in the 
empiric treatment of febrile neutropenia [69, 98]. Addition of an aminoglyco-
side to an antipseudomonal betalactam may be useful in selected patients who 
are critically ill, especially those at risk for infection with multidrug resistant 
gram-negative  bacteria.  Aztreonam  is  useful  in  cases  of  penicillin  allergy. 
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The  duration of  therapy  is  a minimum of 14 days  for  bacteremia or  longer 
until resolution of neutropenia. Factors associated with poor outcome include 
the presence of shock, associated pneumonia, and lack of neutrophil recovery 
[93, 95, 99–101].

Increases in resistance of 20%, 15% and 9% to cephalosporins, imipenem 
and fluoroquinolones, respectively, was noted in Pseudomonas strains isolated 
from ICU patients in 2003 when compared to 1998 [91]. Similar increases in 
resistant strains has been reported in cancer patients with antibiotic exposure 
[102, 103]. The increase in multidrug resistant pseudomonal strains has led to 
the use of polymyxin B or colistin (polymyxin E) with some success [90, 104, 
105]. Not surprisingly, reports of colistin resistance have emerged [106, 107]. 
Removal of indwelling CVC is usually warranted.

3.4. Stenotrophomonas maltophilia

Bacteremia with S. maltophilia is increasingly reported in patients with 
hematological malignancies [108–114]. Risk factors in cancer patients 
include  neutropenia,  mucositis,  prior  antibiotic  use,  prolonged  hospitaliza-
tion, mechanical ventilation, indwelling central venous and urinary catheters, 
and corticosteroid use [108, 109, 111, 113, 115, 116]. Common infections 
include  bacteremias,  pneumonias,  and  urinary  tract  infections.  A  review  of 
217 episodes of S. maltophilia bacteremia in cancer patients noted that 73% 
of infected patients had CVC [114]. S. maltophilia secondary bacteremias 
were often associated with pneumonia and were seen mostly in those with 
hematological malignancy. Breakthrough bacteremia with S. maltophilia may 
occur in patients receiving antibiotics including imipenem [108, 117].  Most 
isolates are multidrug-resistant and may only be susceptible to trimethoprim/
sulfamethoxazole,  ticaricillin/clavulanate,  chloramphenicol,  and  ceftazidime 
[114–116]. Tigecycline is active in vitro against strains of S. maltophilia and 
may be a useful agent [118]. Response to therapy in patients with CVC-related 
bacteremias was 95% with attributable mortality of 11% as compared to suc-
cessful  responses  of  56%  and  attributable  mortality  of  57%  in  patients  with 
secondary bacteremias [114].

3.5. Enterobacter species

Enterobacter species are often associated with nosocomial infections including 
pneumonias, UTI, wound infections, and venous catheter-related infections and 
account for about 3% of bacteremias in cancer patients [1]. Risk factors include 
prior exposure to antibiotics and ICU stays [119]. A report of Enterobacter 
bacteremias in 281 cancer patients noted that 74% were acquired nosocomially 
and 25% of patients presented with septic shock [120]. Enterobacter species 
can develop resistance during therapy to third generation cephalosporins via 
selection for stable derepressed mutants that overproduce inducible chromosomal 
AmpC extended spectrum beta-lactamases [84, 121]. Data from the CANCER 
network  noted  AmpC  mediated  resistance  to  ceftriaxone,  ceftazidime,  and 
piperacillin  in  8–12%  of  Enterobacter isolates, but most were susceptible 
to cefepime, a fourth generation cephalosporin, and to imipenem [81, 82]. 
Resistance may also emerge by acquisition of plasmids containing resistance-
determinants such as non-AmpC ESBL [84]. Therapy with antibacterials such 
as quinolones, carbapenems, cefepime, or trimethoprim/sulfamethoxazole are 
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acceptable alternatives. Pneumonia is the most feared invasive Enterobacter 
infection with successful responses to therapy in only 53% of cases compared 
to 86% success rate in nonpulmonary infections [120].

3.6. Acinetobacter species

Acinetobacter species are an emerging cause of nosocomial infections in 
cancer patients. Data from the NNIS reported a significant increase in ventilator-
associated pneumonias caused by Acinetobacter compared to other gram-
negative bacteria [91]. Acinetobacter can cause CVC-related bacteremias, 
pneumonias, UTIs, and wound infections, and is associated with poor outcome 
[122–124]. The most common species isolated is A. baumannii associated with 
CVC infections in 22% and respiratory tract infection in 18% of cases, respec-
tively [125]. Multidrug resistance to four or more classes of antibiotics is not 
uncommon (around 30%) with imipenem and amikacin being the most active 
agents [125].  Other  useful  drugs  include  ampicillin-sulbactam,  meropenem, 
and polymixins, Tigecycline has good activity in vitro against Acinetobacter. 
Predictors of mortality include older age, diabetes, recent surgery, pneumonia, 
septic shock, mechanical ventilation, multiorgan failure, decubitus ulcers, and 
burns [122, 124, 126, 127].

3.7. Achromobacter Species and Other Rare Gram-Negative Bacteria

Achromobacter species causing bacteremia have been reported in cancer patients 
[128–130]. A series of 52 bloodstream infections in 31 patients was reported 
from a single cancer center [131].  Most  patients  (67%)  had  hematological 
malignancies, only 33% of cases were acquired nosocomially. Polymicrobial 
infections, particularly with staphylococci, were common (52%), and a quarter 
of the cases were related to venous catheters. Mortality was around 15%, the 
commonest species being Achromobacter xylosoxidans.  Most  isolates  were 
resistant to fluoroquinolones, and aminoglycosides [131].  Antibiotic  therapy 
were based upon susceptibility data for the individual isolate. Predictors of 
mortality were sepsis, mechanical ventilation, and high APACHE score [131].

Other  uncommon  gram-negative  bacteria  reported  to  cause  infection  in 
patients with hematological malignancies include Aeromonas sp. [132], 
Roseomonas sp. [133], and Moraxella osoensis [134].

3.8. Clostidium difficile

Clostridium difficile, is an anaerobic spore-forming, toxin producing colonic 
bacteria. The number of cases of C. difficile associated disease (CDAD) has 
doubled from 31/100,000 of the US population in 1996 to 61/100,000 in 2003 
[135].  Besides  antibiotic  exposure,  other  risk  factors  include  age  over  65, 
hospitalization, residence in long-term care facilities, severity of underlying dis-
ease, gastrointestinal procedures, nasogastric tube, ICU stay, and long lengths 
of hospital stay [136, 137]. Gastric acid suppressive agents including proton-
pump inhibitors have been recently associated with an increased risk [138, 
139]. All classes of antibiotics have been implicated and a recent meta-analy-
sis identified the broad-spectrum cephalosporins cefotaxime and ceftazidime 
as being associated with the highest risk and tetracyclines with the lowest risk 
[136]. Newer fluoroquinolones, gatifloxacin, and moxifloxacin, have been 
strongly associated with CDAD in the context of outbreaks [140–143].
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Several studies have evaluated CDAD in patients with hematological malig-
nancies [144–153]. CDAD occurred  in 7% of 875 courses of chemotherapy 
in patients with hematological malignancies [147]. The reported incidence of 
CDAD  in  inpatients  with  cancer  at  2.4/1,000  patient  days  was  no  different 
from other medical and surgical patients [144]. However, surveillance data at 
our institution during 2006 identified higher rates of CDAD in cancer and SCT 
patients (Fig. 3-2). Besides traditional risk factors, antineoplastic therapy [154, 
155] and graft versus host disease [156] are associated with increased risk for 
CDAD.  The  anticancer  agents  implicated  include  methotrexate,  bleomycin, 
vinblastine,  5-fluorouracil,  cyclophosphamide,  doxorubicin,  and  cytarabine 
[155]. CDAD has also been associated with paclitaxel [157], cisplatin [158] 
and interleukin-2 [144].

Recent  reports  from  the USA  [159] and Canada [160] noted an increasing 
incidence  of  severe  CDAD  complications  such  as  toxic  megacolon,  ICU 
admissions, and need for colectomy [141, 143, 160, 161]. Severe disease often 
occurred in patients over 65 years of age, leukocyte counts over 20,000/mm3, 
renal impairment, and immunosuppression [141, 143, 160–162], and had an 
attributable mortality of 17% [160]. The outbreak strain designated as North 
American pulse-field gel electrophoresis strain (NAP-1) produces 16 times and 
23 times more toxins A and B, respectively, as compared to traditional strains 
possibly because of alteration of a toxin repressor gene [159, 163]. An additional 
binary toxin may contribute to the severity of NAP-1 infections [164].

Diarrhea is the predominant presentation of CDAD which may progress to 
colitis,  pseudomembranous  colitis,  and  fulminant  colitis.  A  grading  system 
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Fig. 3-2. Rates of Clostridium difficile Associated Disease per 1,000 Patient Days by 
Population, Karmanos Cancer Institute/Detroit Medical Center 2006



88 P.H. Chandraseker and G. Alangaden

BookID 146129_ChapID 3_Proof# 1 - 07/10/2009 BookID 146129_ChapID 3_Proof# 1 - 07/10/2009

for the severity of CDAD based upon the National Cancer Institute Common 
Terminology Criteria for Adverse Events (CTCAE version 3.0) was recently 
evaluated in allogeneic SCT recipients [165].

Although detection of C. difficile toxin using the slow and labor-intensive 
tissue culture assay of stool remains the gold standard for the diagnosis of 
CDAD, it has been largely replaced by the more rapid enzyme immunoassays 
that detect toxins A and B. Sensitivities of the toxin assays range from 58% 
to 95% and an overall sensitivity of 75% [166, 167]. A single toxin assay per-
formed on diarrheal stool in patients with suspected CDAD will identify most 
cases [168]. The sensitivity of toxin assays might be lower in SCT recipients 
with  CDAD  and  testing  two  and  three  stool  samples  improved  detection  to 
81% and 95% of CDAD infections, respectively [169].

Treatment  includes discontinuation of  the offending antibiotic,  supportive 
care, and avoidance of antimotility agents [137, 167].  The  preferred  initial 
agent is oral metronidazole which is as effective but less expensive than oral 
vancomycin capsules. Oral vancomycin, the only agent approved by the FDA, 
is not absorbed systemically and therefore, achieves high levels in the colonic 
lumen [167]. Duration of therapy is generally for 10 days but may vary depend-
ing on the severity of disease and rapidity of response. The response rate to 
initial  therapy  with  metronidazole  was  91%  in  patients  with  hematological 
malignancies and autologous SCT recipients [169]. Oral vancomycin as initial 
therapy may be considered in severe CDAD [170]. Intracolonic administration 
of vancomycin has been effective in severe cases [171]. Repeat toxin testing to 
define cure is not recommended in patients who respond clinically to therapy. 
In progressive disease or in fulminant cases with bleeding or imminent colon 
perforation or rupture, colectomy may be necessary [172–174].

Recurrence  rates  in general are about 15–20% but may be  lower  (3%)  in 
patients with hematological malignancies [147]. Relapse is managed by avoidance 
of antibiotics whenever possible and re-treatment with either metronidazole or  
vancomycin. Other measures may be pulse  therapy of vancomycin followed 
by slow taper [175, 176], serial therapy with vancomycin and rifaximin 
[177], biotherapy with probiotics using oral Lactobacillus rhamnosus or 
Saccharomyces boulardii [178, 179], anion exchange toxin-binding resin 
cholestyramine [180], fecal implants [181], and intravenous immunoglobulin 
[182, 183]. Treatment with nitazoxanide and the anionic polymer, tolevamer 
are promising [184, 185].

4. Nocardia

Nocardia is an aerobic actinomycete that is ubiquitous in nature and most 
infections are acquired by inhalation. Infections due to this opportunistic path-
ogen generally occur in patients with chronic lung conditions (e.g., alveolar 
proteinosis), solid and SCT recipients, corticosteroid recipients, HIV-infected 
patients, and cancer patients [186].  Over  a  13  year  period,  a  single  cancer 
center identified 43 episodes of nocardiosis with an incidence of 60 cases per 
100,000 admissions; 64% occurred in patients with hematological malignancies  
and 31% in bone marrow transplant recipients [187]. The incidence of nocar-
diosis among SCT recipients is 0.2–1.75% with higher rates among allogeneic 
recipients with graft versus host disease (GVHD) [188–190]. The lower fre-
quency of nocardiosis in this population might be due to the routine use of 
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trimethoprim/sulfamethoxazole as prophylaxis against Pneumocystis jiroveci. 
In  contrast  to  other  bacterial  infections  in  cancer  patients,  impairment  of  T 
cell-mediated immunity rather than neutropenia is the significant risk factor for 
nocardiosis. Lymphopenia resulting from exposure to corticosteroids, purine 
analogs, for example, fludarabine, and monoclonal antibodies (e.g., alemtuzumab) 
is a risk factor [191, 192].

Nocardiosis in cancer patients generally presents as pulmonary infection. 
Other  affected  sites  include  brain,  skin,  or  disseminated  disease  [187, 193]. 
Rarely, bacteremia may occur as a consequence of dissemination or catheter-
related infection [187, 194–196]. Pulmonary symptoms predominate and are 
generally subacute with a median duration of 3 weeks before diagnosis [187]. 
Chest radiograph often demonstrates lobar pneumonia or occasionally lung nod-
ules in SCT recipients [188–190]. The diagnosis is established from cultures and 
gram stains of respiratory specimens or biopsies of infected tissue. The recovery 
of Nocardia from sputum is about 30–50% compared to 85–90% recovery from 
specimens obtained from an invasive procedure [186]. It is important for the 
clinician to notify the laboratory if Nocardia is suspected in order to perform  
the special stains and prolonged incubation of cultures [186]. In cancer patients, the 
most common species isolated are Nocardia asteroides complex. New Nocardia 
species causing invasive disease in hematological cancer patients including  
N. otitidiscaviarum, N. transvalensis, N. veterana, and N. cyriacigeorgica 
have been recently reported [187, 197–199].

Most species of Nocardia are susceptible to sulfamethoxazole, third-generation 
cephalosporins (cefotaxime, ceftriaxone), imipenem, amikacin, and minocycline. 
Identification of the species and susceptibility testing are recommended as some 
of the emerging species are resistant to these agents [186, 200]. Nocardia 
species  are  generally  susceptible  to  linezolid  [201]. Recent breakpoints for 
susceptibility testing for Nocardia have been published [202].

Sulfonamides are the drugs of choice with trimethoprim-sulfamethaxozole 
as the formulation generally used. Combination therapy with amikacin plus 
imipenem or a third-generation cephalosporin has been recommended for 
severe disease [200, 203]. Alternatives to oral therapy with TMP/SMX include 
minocycline or amoxicillin-clavulanate. Linezolid has been used successfully 
in a few patients including those with brain abscesses [204, 205]. Treatment 
should be guided by susceptibility testing in case of poor response or relapse 
on therapy, when a resistant species is isolated, or when initial therapy with 
sulfonamide is not possible.

The duration of treatment in immunosuppressed patients is guided by the extent 
of disease, clinical/radiological response to therapy, and underlying immune 
status and generally lasts at least 6 months in immunosuppressed patients [206]. 
Surgical resection or drainage of large localized brain abscesses may be consid-
ered. TMP-SMX provides effective prophylaxis against Pneumocystis, Nocardia, 
and Toxoplasma in the immunosuppressed host but breakthrough nocardiosis has 
been reported [187, 188]. Mortality  in  immunosuppressed patients  is  approxi-
mately 50%, with the best response in infections with N. asteroides [207].

5. Mycobacteria

Mycobacteria  are  gram-positive  acid-fast  bacilli  of  which  Mycobacterium 
tuberculosis complex is the most pathogenic. Nontuberculous mycobacteria 
(NTM) are  less pathogenic, but  capable of  causing opportunistic  infections. 
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Early reports noted an incidence of mycobacteriosis of 607/100,000 in patients 
with cancer compared to 95/100,000 in the general hospital population [208]. 
Most  infections occurred  in patients with head and neck,  lung, or  testicular 
cancers; 50–73% were caused by M. tuberculosis with the remainder caused by 
NTM especially Mycobacterium kansasii, Mycobacterium avium-intracellluare, 
and Mycobacterium fortuitum [208, 209].

5.1. M. tuberculosis

Even though a third of the world’s population is infected with M. tuberculosis, 
it is surprising that tuberculosis is relatively uncommon in patients with cancer 
and SCT [209–213]. Data from two large cancer centers in the USA from 1950 
to 2004 noted a decline in the rates of tuberculosis in cancer patients from 
345/100,000 to 55/100,000 [209, 210, 213, 214]. However, the rate of tuber-
culosis was 50–100 times higher in foreign born patients with hematological 
malignancies compared to US-born patients [213]. This is consistent with cur-
rent data from the Centers for Disease Control which reported a steady decline 
in new cases of tuberculosis in the USA except in foreign-born persons [215]. 
Similarly, tuberculosis is rare in blood and marrow transplant recipients with 
an overall frequency of 0.4% [211].  Allogeneic  transplant  recipients  are  at 
greater risk particularly those with GVHD [211, 216]. Recent reports suggest 
the highest rates of tuberculosis are in patients with hematological malignan-
cies such as non-Hodgkin’s lymphoma, Hodgkin’s lymphoma, and leukemia 
[212, 213]. The frequency of tuberculosis was 1.3/1,000 in new leukemia diag-
noses compared to 0.2/100 new cancer diagnoses [212]. Tuberculosis and other 
mycobacterial infections are reported in patients with chronic lymphocytic 
leukemia treated with fludarabine, an agent that affects T-cell function [217]. 
The increasing use of monoclonal antibodies, for example, alemtuzumab and 
TNF-inhibitors in the treatment of GVHD can affect cell mediated immunity, 
and may further increase the risk of mycobacterial disease [218–220].

The majority of tuberculosis in cancer and bone marrow transplant patients 
involves the lungs with extrapulmonary disease primarily affecting the lymph 
nodes and pleura [211, 212, 221]. A high suspicion for tuberculosis should be 
maintained as the clinical presentation may mimic malignancy, as suggested 
by several reports of patients with suspected cancers eventually diagnosed 
correctly as extrapulmonary tuberculosis [221–227].  The  delayed  diagnosis 
of tuberculosis in patients with cancer can lead to transmission of infection 
to other immunocompromised patients and health care workers [228, 229]. 
Tuberculin skin test (TST) is positive in 60% of patients with tuberculosis and 
cancer [221]. False positive TST reactions may occur because of infection with 
NTM or in persons who had received BCG vaccine. New gamma interferon 
release assays performed on blood samples that improve the specificity of 
detection of latent tuberculous infection have been recently approved [230].

Most cases of pulmonary  tuberculosis have unilateral upper  lobe  involve-
ment suggesting reactivation of latent tuberculosis [212, 231]. The diagnosis 
of pulmonary tuberculosis requires microbiological testing of at least three 
sputum samples for acid-fast staining and mycobacterial cultures. Overall the 
sputum smear is positive in 50–70% of cases, more so in patients with cavitary 
disease. Sputum cultures may be negative in about 10–15% of cases [232]. BAL 
may be appropriate in cases where alternative diagnoses are being considered 
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or if tuberculosis is strongly suspected and the patient is unable to expectorate 
sputum, or induced sputum testing is inconclusive [233, 234]. In patients with 
cancer  and  pulmonary  tuberculosis,  35%  of  the  BAL  specimens  were  AFB 
smear positive and 95% were culture positive [187]. The potential delay in the 
time to diagnosis of M. tuberculosis by conventional AFB smear examination 
and culturing of clinical specimens has led to the use of molecular methods for 
the rapid identification of M. tuberculosis. FDA approved commercial nucleic 
acid amplification tests (NAA) have a sensitivity of at least 95% and specifi-
city of 100% when testing respiratory specimens that are AFB smear positive 
and reduced sensitivity but 99% specificity even in culture positive/smear 
negative cases [235]. The NAA tests have shown either comparable or slightly 
lower performance results when tested on nonrespiratory specimens [235]. 
PCR has been used successfully for the detection of M. tuberculosis in smear 
and culture negative tissue specimens [236, 237]. The time from detection of 
growth on culture to the identification of mycobacteria has been shortened 
to  a  few  hours  by  the  use  of  commercially  available  species-specific  DNA 
probes which are able to identify M. tuberculosis complex, M. avium complex, 
M. intracellulare, M. kansasii, and Mycobacterium gordonae [236, 238].  
Culture remains the only technique for isolating M. tuberculosis for testing 
susceptibility  with  results  available  in  6–8  weeks.  PCR  assays  are  being 
evaluated for the rapid detection of specific mutations associated with drug 
resistance [236, 239, 240]. Routine application of molecular genotyping of 
M. tuberculosis isolated from patients has helped identify transmission of M. 
tuberculosis in epidemiologically unsuspected cases or laboratory contamina-
tion, trace genealogy of multidrug resistant-strains, and distinguish relapse 
from reinfections [236, 240, 241].

Guidelines for the treatment of tuberculosis by the CDC and the American 
Thoracic Society were updated in 2003 and are available at http://www.cdc.
gov/mmwr and http://www.thoracic.org/adobe/statements/treattb.pdf. Close 
monitoring of patients on treatment is needed as drug interactions are common 
with  rifampin.  The  mortality  attributed  to  tuberculosis  in  patients  treated 
appropriately was 12–21%, and occurred mainly in patients receiving high-
dose corticosteroids and those with advanced solid-organ cancer [212, 221]. 
Although baseline tuberculin skin testing (TST) for the detection of latent TB 
infection (LTBI) in patients with cancer before initiation of immunosuppres-
sive therapy has been recommended by some authors [228], it is not routinely 
performed in cancer centers in the USA. Recommendations for treatment of 
LTBI have been published [242, 243].

5.2. Nontuberculous Mycobacteria

NTM infections have been reported in patients with AIDS, transplant recipients, 
and other immunocompromised hosts, however, they are uncommon in 
patients with cancer [244]. In general at least three respiratory samples within 
1 year positive by culture and/or smears for NTM or isolation of NTM from a 
tissue sample or sterile extrapulmonary site in appropriate patients is required 
for diagnosis of infection.

A review of NTM infections in cancer patients from a single center from the 
1960s through the 1990s reported colonization with Mycobacterium chelonei 
and M. fortuitum  in 77 patients and true infection in 14 patients. Most infec-
tions occurred in solid tumor patients [245, 246]. Predisposing factors for NTM 
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infection was prior  lung disease and chemotherapy. Most  infections  involved 
the lungs with nonspecific symptoms, signs, and radiographic findings.

M. avium complex infections and bacteremia were reported in few patients 
with leukemia [247].  Of  127  cancer  patients  who  had  M. avium or M. 
intracellulare isolated from a clinical specimen, only 16% had definite or 
probable infection [248]. Patients with hairy cell leukemia have a predilec-
tion  for NTM,  the commonest are M. kansasii and M. avium-intracellulare 
[249–251].

M. kansasii  infections  were  identified  in  25  patients  with  cancer  of 
which 33% occurred in patients with leukemia who had an estimated rate 
of  infection of 115/100,000 compared  to only 14/100,000  in patients with 
solid tumors [252]. Although 92% of the infections involved the lungs, the 
majority of patients had no fever, cough, or sputum production. Bilateral 
upper lobe lung infiltrates were common with cavitation noted in 33% of 
radiographs.

Mycobacterium haemophilum infection has been recently reported in 
patients  with  AIDS,  SCT  recipients,  and  few  patients  with  hematological 
malignancies [253, 254]. Patients with hematological malignancies had 
infections primarily affecting the skin and soft-tissue with a uniformly good 
treatment outcome. Contamination of chemotherapy with Mycobacterium 
bovis bacilli Calmette-Guerin (BCG) has resulted in nosocomial infections 
in patients with hematological malignancies [255].  Other  unusual  NTM 
reported in patients with hematological malignancies include Mycobacterium 
malmoense [256, 257], Mycobacterium marinum [258], and Mycobacterium 
vaccae [259].

Although  most  NTM  infections  reported  in  patients  with  cancer  involve 
the lungs [245, 246, 260], bacteremia related to CVC have been increasingly 
reported especially with M. fortuitum [261, 262]. CVC has also been reported 
with Mycobacterium mucogenicum, Mycobacterium brumae, Mycobacterium 
senegalense, and Mycobacterium szulgai [263–266].

NTM  infections  are  reported  in  SCT  recipients  with  incidence  of  0.4–
4.9%,  which  is  50–600  times  greater  than  that  in  the  general  population 
[267–269]. The commonly reported species are M. avium-intracellulare, M. 
haemophilum, M. fortuitum, Mycobacterium chelonae, and Mycobacterium 
abscessus [267]. Unlike in cancer patients where pulmonary infections pre-
dominate, CVC-associated infections were more common in SCT recipients 
[267].

The  susceptibility  of  NTM  to  antibiotics  is  variable.  However,  stand-
ardization of susceptibility testing of many NTM has facilitated selection 
of appropriate antimicrobial therapy. The therapy of NTM is summarized 
in  the ATS guidelines  [267, 270]. It is important to reduce the degree of 
immunosuppression whenever possible to improve treatment outcomes. 
The  duration  of  therapy  is  often  prolonged,  and  in  the  absence  of  large 
studies, it is guided by the degree of underlying immunosuppression, sta-
tus of malignancy, and the clinical and radiological response to therapy. 
Surgical excision of localized cutaneous infections may improve response 
to  therapy.  CVC-related  NTM  infections  require  removal  of  the  infected 
catheter [262]. The outcome is generally good and mortality is often related 
to progression or complication resulting from the underlying malignancy 
[245, 246, 252, 254].
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6. Anaerobic Organisms

Blood stream infections with anaerobic organisms have been perceived to be so 
uncommon that recent suggestions were made, without success, to discontinue 
routine use of anaerobic blood culture system. In cancer patients, anaeorbic 
organisms may be involved as a part of polymicrobial infection in the setting of 
neutropenic enterocolitis, pneumonia, urinary tract infection, or catheter-related 
blood stream infection. Cancer patients are at higher risk for an anaerobic infection 
following disruption of physical barriers (e.g., gastrointestinal tract mucositis, skin 
breaks, etc.) because of cytotoxic chemotherapy and vascular catheters. Data from 
the general population in hospitalized patients show 0.5–9% of bacteremia due to 
anaerobes [271]. Recently, an increase in the incidence of anaerobic blood stream 
infections has been noted in cancer patients and stem cell recipients [86, 272]. 
Hematological malignancies, quinolone prophylaxis, surgery, and broad spectrum 
antibiotic use have been identified as risk factors [272].

A  recent  French  study  in  nonsurgical  cancer  patients  found  45  patients 
with anaerobic bacteremia over a 6-year period at a tertiary oncology center 
(<1% of all positive blood cultures from hospitalized cancer patients) [273]. 
Abdominal  and  hematological  malignancies  were  the  most  common.  Most 
pathogens were suspected to be of oral or gastrointestinal origin; Bacteroides spp. 
(60% ) (mainly B. fragilis) and Clostridium spp.(22%) (mainly C. perfringens)  
were the most frequent. In 20 of 45 patients, E. coli was concomitantly recov-
ered. Occasional pathogens producing serious disease included Bifidobacterium 
and Lactobacillus. Mortality is high in patients with anaerobic infection [274]. 
Commonly  used  antianaerobic  drugs  include  clindamycin,  metronidazole, 
tigecycline, carbapenem, and betalactam – betalactamase inhibitor combi-
nations  (e.g.,  piperacillin-tazobactam,  ampicillin-sulbactam).  Among  the 
newer fluoroquinolones, moxifloxacin has reliable antianaerobic activity. 
Aminoglycosides are inactive. In all cases, in addition to antianaerobic drugs, 
removal of the source of infection must be attempted. Removal of infected ind-
welling device (e.g., vascular catheter, biliary stent etc.) and open or CT-guided 
drainage of abscesses are critical for improved outcomes.

Among  the  specific  anaerobic  pathogens,  Capnocytophaga causes bacter-
emia in patients with neutropenia and cancer [275].  These  are  facultatively 
anaerobic fusiform gram-negative bacilli that are part of the normal oral flora. 
Severe oropharyngeal mucositis after chemotherapy or periodontal disease 
are frequently associated with Capnocytophaga bacteremia. It is often seen in 
neutropenic patients with hematologic malignancies; uncomplicated bacteremia 
without organ involvement is the most common clinical presentation. The organ-
ism is susceptible to betalactam drugs, however, rising resistance to such drugs, 
presumably induced by previous exposure, is reported [276, 277]. Emergence 
of fluoroquinolone-resistant Capnocytophaga is also reported [275], and this 
phenomenon is an important consideration during quinolone prophylaxis.

7. Polymicrobial Infection

Most  reports/surveys  on  infections  in  cancer  patients  have  paid  exclusive 
attention to monomicrobial blood stream infection. Consequently, polymicro-
bial infections are inadequately documented. There are scant reports available 
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addressing the involvement of multiple organisms causing bacteremia, pneu-
monia, perirectal infection, typhlitis/neutropenic enterocolitis, urinary tract 
infection, and hepatobiliary infection [278–280].

In  a  large  study  of  507  polymicrobial  bacteremic  episodes  during  1972–
1981 at  the MD Anderson Cancer Center  in Texas, 76% involved at  least 1 
gram-negative bacillus and 33% infections involved only gram-negative bacilli 
[279]. Gram-positive bacteria, anaerobes or fungi were infrequent pathogens. 
Most frequent gram-negative bacteria were E. coli, Klebsiella, Pseudomonas 
and Enterobacter; gram-positive bacteria were streptococci, enterococci and 
staphylococci. Another large study conducted by the SCOPE project identified 
14% polymicrobial infections in 2,340 cancer patients with nosocomial blood 
stream infection (only 11% with neutropenia) with nosocomial blood stream 
infection [1]. Several large antibiotic trials involving febrile neutropenic 
patients have demonstrated 8–32% polymicrobial bacteremia [15, 281–285]. 
Most polymicrobial blood stream infections are believed to be of oropharyn-
geal/gastrointestinal origin; the clinical response in polymicrobial infections is 
lower ( »50%) than that seen with monomicrobial infections.

Typhlitis  (neutropenic enterocolitis)  is  a polymicrobial  infection  resulting 
from invasion of enteric microflora following chemotherapy-induced gut 
mucosal damage and is usually seen in patients with acute leukemia [286, 287]. 
This  entity,  best  characterized  in  children,  carries  a  high  mortality  (around 
50%)  [288].  Fever,  abdominal  pain  and  tenderness,  usually  starting  in  the 
right lower quadrant of the abdomen, and diarrhea are the common clinical 
features. Microbiologic diagnosis is generally made from blood cultures; com-
mon pathogens include aerobic gram-negative bacilli and among anaerobes, 
Clostridium septicum. Antimicrobial therapy consists of drugs targeted against 
anaerobic and aerobic gut microflora. Whether antifungal coverage must be 
empirically included is unclear.

Perirectal infections are of polymicrobial origin in patients with cancer. 
Also infections occurring at the hepatobiliary site or in the urinary tract can be 
polymicrobial.; these are seen mostly in patients with solid tumors who have 
undergone invasive procedures (e.g., biliary stents, ureteral stents, percutaneous 
nephrostomies, previous surgeries) [280, 289].

8. Diagnosis

The  traditional,  slow  culture-based  diagnostic  method  has  been  used  for 
over 100 years to detect and identify organisms in the blood stream. Results 
generally take 1–2 days; consequently, inappropriate therapy or a delay in 
therapy leading to adverse clinical outcomes is commonplace. Recently, a rapid 
molecular  testing method has been  introduced – peptide nucleic  acid  (PNA) 
fluorescence in situ hybridization (FISH). The peptide probes can specifically 
target the 16S ribosomal (r) RNA within living bacteria and yeasts. These 16S 
(r) RNA regions contain highly conserved species-specific sequences as targets 
[290, 291]. These probes are currently available to identify S. aureus, E. fecalis, 
and Candida albicans. The  tests can  identify organisms within 150 min, but 
has a limit of detection of 104 organisms/mL; thus,  it can only be performed 
in  specimens  with  a  positive  gram  stain.  Faster  identification  of  organisms 
using this method has been shown to decrease inappropriate drug use, shorten 
hospital stay, and even improve survival [292–295]. Real-time PCR testing 
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is another method undergoing evaluation for rapid diagnosis of pathogens in 
clinical specimens [296]. These tests need validation in cancer patients.

Fever  with  negative  blood  cultures  necessitating  empiric  antimicrobial 
use in cancer wards contributes to enormous antibiotic consumption in most 
hospitals. Vancomycin and antipseudomonal betalactams (e.g., cefepime, 
ceftazidine, piperacillin-tazobactam, imipenem, and meropenem) are the most 
commonly used drugs. Currently, no test can reliably distinguish fevers of 
infectious and noninfectious origins. A wide variety of inflammatory markers 
has been examined in febrile cancer patients with or without neutropenia. Such 
markers include serum C-reactive protein, procalcitonin, neopterin, endotoxin, 
tumor necrosis factor, and interleukins 6 and 8 [297–299]. Present data suggest 
that none of these markers provide early and accurate results to reduce inap-
propriate and empiric antibiotic use in cancer wards.

9. Vascular-Catheter Related Infection

Vascular catheters are indispensable in the care of cancer patients. All catheters, 
regardless of type and location, constitute a major target of infection, contributing 
to a large number of cases of coagulase-negative staphylococcal bacteremia 
in  cancer  patients.  Tunnelled  catheters  (e.g.,  Hickman,  Broviac  catheters), 
infusaports, and peripherally inserted central catheters (PICC) are the most 
commonly  used  catheters.  Types  of  infections  are  many  including  asympto-
matic bacteremia, exit site infection, superficial cellulitis, and more serious 
ones such as tunnel infection and symptomatic bacteremia/septic shock. Most 
catheter related infections present as unexplained fevers and are not accom-
panied  by  signs  of  infection  at  the  exit  site  or  along  the  tunnel.  Absence  of 
inflammation at the catheter exit site does not exclude infection. Malfunction 
of the catheter, abrupt onset of rigors and fever immediately after starting an 
infusion via the catheter, or rapid clinical improvement after catheter removal 
are clues highly suggestive of catheter-related infection. Blood cultures are the 
mainstay of diagnosis for catheter-related bacteremia. Confirming the catheter 
to be the source of bacteremia is difficult. More than 15 colonies growing from 
a catheter tip rolled on solid agar medium suggests that a bacteria is associated 
with contamination of a CVC [300]. Unfortunately, this method of detection 
requires sacrificing catheters even when bacteremias are found to be unlikely 
associated with a catheter source. “Differential time to positivity,” where paired 
blood cultures drawn through the catheter and through a peripheral blood draw, 
is highly predictive of catheter-related bacteremia when the specimen blood 
culture drawn from the catheter reveals growth 2 or more hours earlier than 
from the specimen drawn from a peripheral vein [301–303]. Importantly, this 
diagnostic method does not warrant catheter removal for diagnosis.

It is estimated that more than 70% of catheters removed as a result of sus-
pected catheter-related infection are removed unnecessarily [304]. Management 
of catheter-related bacteremia usually requires prompt catheter removal except 
in cases of coagulase-negative staphylococcal bacteremia in stable patients. This 
is especially true for organisms such as S. aureus, P. aeruginosa, or Candida 
where removal of the catheter is mandatory. In cases of S. aureus bacteremia, 
prolonged therapy (4–6 weeks) is indicated if blood cultures are positive over 
2–3 days in view of the potential for endovascular or metastatic infection. 
Duration of therapy may be short in cases of coagulase-negative staphylococcal 



96 P.H. Chandraseker and G. Alangaden

BookID 146129_ChapID 3_Proof# 1 - 07/10/2009 BookID 146129_ChapID 3_Proof# 1 - 07/10/2009

bacteremia.  For  catheter-associated  gram-negative  bacteremia,  total  duration 
of 7–10 days of appropriate therapy combined with catheter removal is usually 
adequate. If blood cultures remain persistently positive for CoNS, despite 
appropriate antimicrobial therapy, then the catheter needs removal. In catheters 
with multiple ports, the different ports may be used alternately for antibiotic 
infusion.  On  the  other  hand,  if  organisms  such  as  S. aureus, P. aeruginosa, 
or Candida are suspected as the cause of catheter-related bacteremia, prompt 
removal of the catheter is optimal. If bacteremia persists despite catheter removal,  
then a thorough search is warranted to look for sites of metastatic infection 
(e.g., endocarditis, or  infected thrombosed vein). Transesophageal echocardi-
ography to detect cardiac vegetations, or an ultrasound examination over the 
tunnel site to diagnose vascular thrombosis may be required.
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Abstract Fungal infections have emerged as major causes of morbidity and 
mortality among patients with hematological malignancies (Int J Antimicrob 
Agents 31:193–197, 2008). Although several new antifungal agents have be-
come available for clinical use in the past few years, mortality from fungal 
infections remains above 20%. Advances in the management of hematological 
malignancies, including use of more aggressive regimens and expansion of the 
range of potential recipients to include patients who had previously not been 
considered for such treatments (e.g., elderly patients or patients with particular 
types of comorbid conditions), have led to increases in the number of patients 
at risk for invasive fungal infections (IFIs), as well as potentially more se-
vere suppression of immune function (Int J Antimicrob Agents 31:193–197, 
2008).

Remarkable advances in systemic antifungal therapy have occurred in the 
last decade, offering more options for the treatment of IFI. This chapter will 
focus on the management of these infections, as well as parasitic diseases that 
are occasionally seen in this immunocompromised population.

Keywords  Fungal  infections  •  Antifungals  •  Aspergillosis  •  Candidiasis  • 
Zygomycosis • Pneumocystis • Toxoplasmosis • Parasitic diseases • Fusarium • 
Scedosporium

1. Fungal Infections

1.1. General Concepts

The management of invasive fungal infections (IFIs) in patients with hemato-
logical malignancies is difficult because of the life-threatening nature of these 
infections, the lack of reliable diagnostic tests, and the need for long-term 
treatment with agents that are expensive and often associated with toxicity.

Since research has shown that early treatment has a definite impact on patient 
outcomes [2, 3], contemporary management strategies go well beyond treat-
ment of full-blown disease. These strategies include prophylaxis, pre-emptive 
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therapy, and empirical therapy, in addition to traditional pathogen-specific 
curative treatment [4, 5]. Characteristics and examples of these stra tegies are 
shown in Table 4-1. It is very important to consider that the bulk of antifungal 
therapy given to immunocompromised hosts will be as empirical or pre-emptive 
therapy, as outcomes of delayed therapy are poor.

Candida and Aspergillus species are the most common organisms docu-
mented in most cases of IFI; however, significant numbers of other fungi, 
many that had not been considered pathogenic in the past, are now emerging as 
potential pathogens [6–9]. Table 4-2 shows the most frequent fungal pathogens 
seen in the hematological malignancy setting. A trend has been noted towards 
the appearance of infections with non-albicans Candida species (C. glabrata 
and C. krusei) and non-fumigatus Aspergillus species [10–12]. The clinical 
significance of this shift in the type of infectious organisms is that these species 
may be more virulent and more difficult to treat.

Table 4-1. Contemporary management strategies for fungal infections in 
hematological patients.

Strategy Concept Examples

Prophylaxis Prevention of the infection by 
administering antifungals to 
high risk hosts

Fluconazole prophylaxis for stem 
cell transplant recipients or 
during induction chemotherapy 
in AML

Pre-emptive 
therapy

Early initiation of antifungals 
on asymptomatic patients 
who have positive results as 
part of a monitoring strategy

Antifungals on patients with posi-
tive galactomannan or with CT 
findings of fungal pneumonia

Empirical 
therapy

Early initiation of antifungals 
in high risk symptomatic 
patients who have negative 
diagnostic test

Antifungals on day 3–5 for persist-
ently febrile neutropenic patients

Traditional 
treatment

Treatment of confirmed dis-
ease

Antifungals on a patient with a 
positive culture or biopsy show-
ing fungal elements

Table 4-2. Fungal pathogens in the hematological malignancy setting.

Yeasts

Common – Candida spp.

Rare – Trichosporon spp.

 Cryptococcus neoformans

 Malasezzia furfur

Endemic and dimorphic fungi

Common – Histoplasma capsulatum

Rare – Blastomyces dermatitides

 Coccidiodes immitis

 Sporotrix schenckii

molds

 Common – Aspergillus spp.

 Uncommon – Fusarium spp.

  Zygomycetes

 Rare – Pseudoallescheria boydii

  Penicillium spp.

Others

 Common – Pneumocystis jirovecii
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1.2. Yeast

1.1.1. Candida
Candida species are the fourth most common causes of nosocomial blood-
stream infections in the United States [13]. High rates of infections have been 
reported in infants less than 1 year old, adults over the ages of 65, cancer 
patients, adults with diabetes, and patients with central venous catheter [11, 
14]. Candida spp. reside predominantly in the gastrointestinal tract but can be 
also found as commensal colonizers of the skin, vagina, and urethra. In hospi-
talized patients, oral carriages rates of Candida spp. are higher than in healthy 
subjects (25–50% and 50–70%, respectively) with C. albicans being the most 
frequent species found. Candida spp. can cause a broad variety of infections, 
from superficial cellulitis to blood stream infections, major organ involve-
ment, and disseminated disease. In most cases, especially in patients with 
hematological malignancies, invasive candidiasis is of endogenous origin, but 
person-to-person transmission is possible. Translocation of Candida spp. from 
the gastrointestinal tract to the blood entails overgrowth of the yeast in their 
commensal habitat in patients treated with broad spectrum antibacterials fol-
lowed by concomitant loss of integrity of the gastrointestinal mucosa because 
of graft-versus-host disease (GVHD) or chemotherapy-induced damage.

The most frequent species of invasive Candida infection are C. albicans,  
C. glabrata, C. tropicalis, C. krusei, and C. parapsilosis. Less frequent species 
reported are C. guillermondii, C kefyr, and C. rugosa. Although C. albicans 
remains the most common causative agent of invasive candidiasis (66% of all 
Candida spp.), there has been a shift towards an increase in the isolation of 
non-albicans species such as C. tropicalis (from 4.6% to 7.5%) and C parap-
silosis (from 4.2% to 7.3%) [15]. Factors responsible for this change include 
the use of fluconazole for prophylaxis and treatment, and changes in demo-
graphics of patient whose underlying diseases put them at risk for invasive 
candidal infections. [16, 17] The use of broad spectrum antibiotics and central 
venous catheters also may be responsible for an increased risk for developing 
C. glabrata.

C. parapsilosis is an exogenous pathogen that can be found on the skin 
and can spread by hand carriage. It has a notorious ability to form biofilms 
on catheters and other implanted devices, and it has been also linked to infec-
tions in patients receiving parenteral nutrition. C. tropicalis and C. krusei are 
important, though uncommon, pathogens in patients with neutropenia, espe-
cially those with hematologic malignancies and bone marrow transplantation 
(BMT) [11, 18]. While the use of fluconazole prophylaxis has significantly 
decreased the incidence of C. tropicalis [18], infections caused by C. krusei 
have been associated with the use of vancomycin, piperacillin–tazobactam, 
and fluconazole [16, 18].

Candidemia and acute disseminated candidiasis are the most common 
forms of infection. Severe immunosuppression, caused by either underlying 
hematological disease or treatment or both, changes in the integrity of the gas-
trointestinal mucosa, indwelling central venous catheters, and overgrowth by 
Candida spp. in patients treated with broad spectrum antibacterial agents are 
the most significant factors related to the development of invasive candidiasis. 
Candidemia is characterized by the presence of persistent fever that does not 
respond to broad-spectrum antibacterials and, in the absence of timely therapy, 
it leads to general deterioration with signs and symptoms of shock. Because 
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many patients who develop candidiasis may already be receiving antifungal 
medications as prophylaxis or empirical treatment, blood cultures may be 
negative for Candida spp., and treating physicians should be aware of the 
possibility of such “false-negative” blood cultures even in the face of dissemi-
nated Candida infections. The organs most commonly involved in acute dis-
seminated candidiasis are the gastrointestinal tract, kidney, heart, liver, skin, 
and spleen. Skin lesions on the extremities may take the form of nonspecific, 
hard, nontender nodules or rashes. Endophthalmitis rarely occurs in patients 
with neutropenia.

Before the routine use of antifungal prophylaxis, candidiasis in patients 
with hematological malignancies undergoing chemotherapy or BMT often 
presented as chronic disseminated candidiasis (hepatosplenic candidiasis). 
Diagnosis of hepatosplenic candidiasis requires a high index of clinical sus-
picion in febrile patients with treated acute leukemia, who are recovering 
from chemotherapy-induced neutropenia. Symptoms of chronic disseminated 
candidiasis typically present as persistent fever, progressive debilitation, 
abdominal pain, and elevated alkaline phosphatase levels as well as, usually 
simultaneous or shortly after, increases in neutrophil counts. Other indicators 
of liver function usually are only moderately elevated. Blood cultures are 
negative frequently, and the diagnosis is usually made by identification of 
multiple hypo-echoic lesions in the liver, spleen, and kidneys on abdominal 
ultrasonography. Computed tomography (CT) or magnetic resonance imaging 
(MRI) of the abdomen can also be useful for diagnosis. The diagnosis is 
confirmed by identifying yeast with specific histopathological stains or with 
a positive culture from the biopsy. However, cultures and histopathology of 
biopsy specimens may be negative and patients may require empiric treatment 
if clinical suspicion remains high.

Prompt recognition and treatment of candidemia, as well as other forms of 
candidal infection, are important because delays in treatment are associated 
with higher mortality rates and longer hospital stays [2, 3, 19]. The Infectious 
Diseases Society of America (IDSA) recommends treating candidemia in 
neutropenic patients with an echinocandin (caspofungin, loading dose of 70 mg, 
then 50 mg daily; micafungin, 100 mg daily; anidulafungin, loading dose of 
200 mg, then 100 mg daily or a lipid formulation of amphotericin B (3-5 mg/
kg daily).  For patients who are less critically ill and who have no recent azole 
exposure, fluconazole (loading dose of 800 mg [12 mg/kg], then 400 mg [6 
mg/kg] daily. The IDSA candidemia guidelines also recommend prompt 
removal, when feasible, of indwelling central venous catheters though the 
benefit in neutropenic patients, in whom the gut may be the source for the 
Candida, is controversial.

Several issues must be considered in choosing the proper antifungal agent, 
to treat invasive candidiasis in patients with hematological malignancies. First, 
many patients may already have received antifungal prophylaxis or empirical  
antifungal therapy before the Candida infection is documented; hence infec-
tion with potentially azole-resistant Candida spp. should be considered. 
Second, although Candida albicans is still the most common species isolated, 
risk of infection with non-albicans Candida species, even in the absence of 
azole prophylaxis or empirical therapy, may be high in some institutions. 
Therefore, identification of the species must be accompanied by information 
on its susceptibility to fluconazole so as to guide the choice of therapy. In 
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many cases, clinicians should be aware that the best approach may involve 
individualizing initial antifungal choice on the basis of previous antifungal 
prophylaxis/empirical therapy, history of colonization with non-albicans 
species, epidemiology of non-albicans Candida in the institution, etc. Many 
patients may be treated most effectively by switching from a broad spectrum 
nonazole class of antifungal agents to fluconazole after species identification 
and determination of fluconazole susceptibility.

Antifungal prophylaxis with fluconazole or an extended spectrum azole like 
posaconazole is given in many centers to patients undergoing chemotherapy 
and likely to produce prolonged neutropenia and to recipients of allogeneic 
stem cell transplants. The most likely breakthrough infecting Candida species 
in patients with hematological malignancies on fluconazole prophylaxis are 
fluconazole-resistant Candida albicans, C. glabrata, and C. krusei ( the last 
one being inherently resistant to fluconazole). Although the overall percentage  
of C. albicans susceptible to fluconazole has changed little from 99.2% in 
1997 to 99% in 2001 [20], incidences vary widely between institutions and 
breakthrough candidemia due to C. albicans resistant to azoles has been 

Table 4-3. Antifungals commonly used to treat yeast pathogens.

Agent Adult dose Spectrum of activity Comments

Fluconazole 400–800 mg IV or oral 
q24h

Candida spp. (except C. krusei, 
C. glabrata in areas with 
high background resist-
ance), Trichosporon spp., 
Cryptococcus neoformans

Adjustment for renal function

Excellent CNS penetration

Excellent oral bioavailability

Caspofungin 70 mg IV load dose q24h 
once followed by 50 mg 
IV q24h

Candida spp. (C. parapsilosis 
has higher MICs) Not active 
against Trichosporon spp. or 
Cryptococcus neoformans

Dose adjustment for liver 
function

Micafungin 100 mg IV q24h Candida spp. (C. parapsilosis 
has higher MICs) Not active 
against Trichosporon spp. or 
Cryptococcus neoformans

Anidulafungin 200 mg IV load dose 
q24h once followed by 
100 mg IV q24h

Candida spp. (C. parapsilosis 
has higher MICs) Not active 
against Trichosporon spp. or 
Cryptococcus neoformans

Ethanol diluent

Amphotericin B 
deoxycholate 
(AmB-d) and 
lipid formula-
tions of AmB-d

0.7–1.0 mg/kg IV q24h

Lipids: 3–5 mg/kg IV q24h

Candida spp., Cryptococcus 
neoformans

Poorly active against 
Trichosporon spp.

Frequent renal toxicity may 
be ameliorated with saline 
loading before infusion

Potassium and magnesium 
wasting (sometimes pro-
found)

High incidence of infusional 
toxicities including fever 
and chills but rarely acute 
pulmonary toxicity, acutely 
elevated blood pressure, 
and hypotension. Toxicities 
less frequent with lipid  
formulations
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reported in patients with leukemia and taking azoles for prophylaxis [21]. 
If the isolate is determined to be fluconazole-resistant C. albicans, ampho-
tericin B deoxycholate [23], a lipid formulation of amphotericin B [24], or 
caspofungin [25] can be an appropriate option (Table 4-3).

Two other echinocandins, micafungin [22, 26] and anidulafungin [28, 29] 
have been approved for use in the United States during the past 2 years for 
treatment of candidemia. A randomized and blinded clinical trial compared 
micafungin 100 mg IV daily vs. micafungin 150 mg IV daily vs. caspofun-
gin 70 mg IV loading dose and 50 mg IV daily maintenance dose. This trial 
showed that neither micafungin dose was inferior to caspofungin and that 
there was no difference between the two dosing regimens [26]. Anidulafungin 
was compared to fluconazole for patients with candidemia and other forms 
of Candida infections [29]. Success rates among patients randomly assigned 
to receive anidulafungin were substantially higher (75.6%) than among those 
given fluconazole (60.2%). An analysis of response according to Candida 
species also demonstrated that overall success rates were better for recipients 
of anidulafungin (88.1%) than for those given fluconazole (76.2%, P = 0.02). 
Better success rates were seen even in infections with fluconazole-sensitive  
C. albicans. Experience with these two newly-approved echinocandins is limited 
in neutropenic patients and stem cell transplant recipient populations.

Voriconazole, a broad spectrum azole approved for treatment of candidemia, 
is an alternative to be considered for patients with hematological malignancies 
and C. albicans infections because of its low minimal inhibitory concentration 
(MIC)50 for this species (less than 0.1 mg/ml) [20]. This agent is also available 
in an oral dosage form, allowing treatment to be given on an outpatient basis in  
some cases or shifted from intravenous to oral dosing for completion of therapy.

If the infecting isolate is C. glabrata, either an echinocandin or ampho-
tericin B (deoxycholate or lipid formulations) is an appropriate option with 
similar efficacy [25]. It is unknown if there are significant clinical differences 
between the different echinocandins against this organism [32]. In many can-
cer centers, fluconazole resistant rates of C. glabrata are high, thereby limiting 
first-line fluconazole use only to those infections where there is some assur-
ance that C. glabrata is sensitive to azoles. Some concerns have been raised 
about possible cross-resistance of fluconazole-resistant C. glabrata species 
to voriconazole. When the isolated organism is C. glabrata that is resistant 
to fluconazole and to itraconazole, the likelihood that this species is cross-
resistant to the new triazoles voriconazole and posaconazole is high because 
of overexpression of CDR genes [33]. Therefore, use of new triazoles in these 
circumstances should be considered carefully.

C. krusei is resistant to fluconazole and itraconazole. Because some 
strains of C. krusei may be also resistant to amphotericin B [33], the echino-
candins are a safe alternative. Voriconazole can also be considered because 
of its good activity against C. krusei in vitro [33–35], which was confirmed 
in a clinical trial in which voriconazole was used as salvage therapy for 
patients with candidemia [34]. In that trial of 52 patients, 10 had invasive 
candidiasis due to C. krusei, and 7 of those patients (70%) responded to 
voriconazole treatment.

C. tropicalis is also common in patients with cancer, particularly in those 
with hematological malignancies, and is characteristically associated with high 
mortality rates [36–39]. This species is usually susceptible to amphotericin B 
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and the azoles, but some clinical isolates have been reported that are resistant to 
azoles, predominantly fluconazole [40–43]. Therefore, amphotericin B, vori-
conazole, or an echinocandin is an appropriate option for initial therapy, but 
the final decision about treatment should be made only after the susceptibility 
of the isolate to fluconazole has been determined.

C. parapsilosis is most commonly isolated in neonates and in patients receiv-
ing parenteral nutrition; however, it has also been noted recently in patients 
with hematological malignancies [37] and in patients receiving caspofungin 
[44]. Even though the MICs of all echinocandins against C. parapsilosis are 
high, the response rates in several clinical trials have been the same as that 
of the comparators. In a comparison of caspofungin and amphotericin B for 
invasive candidiasis, the response rate for C. parapsilosis was similar for both 
drugs (70% and 65%) [25]. Comparable response rates were reported when 
micafungin was used alone or in combination with caspofungin for newly 
diagnosed or refractory C. parapsilosis candidiasis [22]. However, response 
failures with echinocandins have been seen. Although these findings indicate 
that echinocandins may be useful for treating C. parapsilosis candidiasis, it 
seems reasonable in these cases to use a class of antifungal agents other than 
echinocandins. For clinically stable patients who have not been on antifungal 
prophylaxis, fluconazole (400 mg/day) should be considered as initial therapy. 
If the patient cannot tolerate oral medication, intravenous fluconazole should 
be considered as an alternative.

Azoles interact with cytochrome P450 3A4 which metabolizes many antineo-
plastic agents used in various chemotherapy strategies for hematological diseases. 
When possible drug interactions may occur, echinocandins may be preferred 
over voriconazole, itraconazole, and posaconazole in selected cases. Among 
patients receiving echinocandins for prophylaxis, C. parapsilosis may be the 
causative organism and therapy with another class of antifungal medication 
should be started. Both amphotericin B (and its lipid formulations) and the 
azoles are excellent choices to consider in these situations.

Treatment for patients with candidiasis and acute disseminated candidiasis 
should be given for at least 14 days after the last positive blood culture and 
resolution of signs and symptoms of infection and recovery from neutropenia. 
For patients with chronic disseminated candidiasis, treatment should be given 
until the resolution of radiologic and clinical signs of infections, usually taking 
8–12 weeks. Combination therapy with agents having different mechanisms 
of action has been recommended for patients with candidiasis refractory to 
monotherapy who are relatively stable clinically [45]. However, no data are 
available as yet to demonstrate the superiority of one form of therapy over 
another in this setting. Only one trial has compared monotherapy versus 
combination therapy for candidemia in nonneutropenic patients [46]. In that 
randomized, blinded multicenter study, amphotericin B plus fluconazole was 
compared with fluconazole plus placebo. The results showed a nonstatisti-
cally significant trend toward improved success and more rapid resolution of 
candidemia in the group given amphotericin B plus fluconazole than in the 
monotherapy group, but no difference was found in overall mortality (mortality 
rate at 90 days was 40% for the combination group and 39% for the mono-
therapy group). Importantly, these findings demonstrated a lack of antagonism 
between these two drugs.
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1.1.2. Trichosporon
Although the incidence of Trichosporon infection in immunocompromised 
patients is relatively low, trichosporonosis is becoming more common in patients 
with hematological malignancies, particularly those with acute myelogenous 
leukemia. Breakthrough infections due to Trichosporon have been reported 
during the administration of itraconazole [58], amphotericin B [59], and echi-
nocandins [9, 60]. Clinically, trichosporonosis presents similarly to invasive 
candidiasis with persistent fever that does not respond to broad-spectrum 
antibiotics (in neutropenic patients) and often with maculopapular lesions or 
necrotizing ulcers in the skin. If disseminated, Trichosporon can be found in 
the lungs and kidneys. The diagnosis can be made through blood cultures, 
which are positive in about 70% of cases, or through microbiologic or histo-
logical documentation of the organism in the involved organs. Involvement of 
the kidneys is associated with flank pain and hematuria and Trichosporon can 
be isolated from the urine.

Although amphotericin B and azoles show in vitro activity against 
Trichosporon species, disease resistance and clinical failure have been reported 
primarily with amphotericin B, but also with fluconazole, and itraconazole 
[61–64]. Two new triazoles, posaconazole and voriconazole, seem to be more 
active than amphotericin B, fluconazole, or itraconazole, and may be fungicidal 
against Trichosporon species [65]. Optimal therapy for trichosporonosis has yet 
to be determined, particularly in light of the high mortality rates (up to 78%) for 
patients treated with amphotericin B or azoles (such as fluconazole, itracona-
zole or micanozole). In addition to in vitro evidence that voriconazole is active 
against Trichosporon, in vivo data also support the superiority of voriconazole 
over amphotericin B for the treatment of trichosporonosis [66], and several 
reports have shown successful treatment of disseminated trichosporonosis with 
voriconazole [9, 64, 67]. Thus, even though few patients have been treated to 
date and no comparative studies have been done to confirm the superiority of 
voriconazole over amphotericin B, voriconazole seems to be a good alternative 
to high dose fluconazole for patients with Trichosporon infections.

1.1.3. Cryptococcosis
Cryptococcal infection is now rare among patients with hematologic malignan-
cies. The routine use of fluconazole as a prophylactic agent could be responsible  
for this low occurrence. It has been thought that patients with Hodgkin’s 
disease or lymphoma are at higher risk for cryptococcosis than are those with 
other kinds of hematologic malignancies. Yet in a recent series of 17 patients 
with hematologic malignancies and cryptococcosis, 47% had acute leukemia 
and only one had Hodgkin’s disease [73]. Use of steroids and diabetes mellitus 
are other additional risk factors.

The most common sign of infection, and the only sign in some patients, is 
fever. Pneumonia and fungemia are the most common clinical manifestations 
of disseminated disease. Invasive diagnostic tests such as biopsies cannot be 
performed in many patients with hematologic malignancies because of associ-
ated thrombocytopenia and neutropenia, and therefore, clinical suspicion of 
infection, with microbiological isolation of the organism (from bronchoal-
veolar lavage fluid or blood) or a positive serum cryptococcal antigen test, is 
necessary for the diagnosis.

In general, cryptococcosis in patients with hematologic malignancies is 
associated with a good prognosis and very low mortality rates if antifungal treatment 
is started promptly [73, 74]. Nevertheless, in one review, the 3-month survival 
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rate for HIV-negative patients with hematologic malignancies and crypto-
coccosis was significantly lower than that for HIV-negative patients without 
hematologic malignancies [75].

Fluconazole or amphotericin B (in either the conventional or liposomal 
formulation) seems to be effective in cryptococcosis. Combinations of both 
drugs have been used in some cases, especially meningitis; however no studies 
have shown that the combination of amphotericin B (conventional or lipid 
formulation) and fluconazole is better than monotherapy with either one. 
Because flucytosine can cause bone marrow suppression, this drug should 
not be used for patients with hematologic malignancies. Patients at high risk 
for cryptococcosis or those who come from endemic areas may benefit from 
prophylaxis with fluconazole.

1.3. molds

1.1.4. Approach to the Patient with a Suspected Mold Infection
The morbidity and mortality of mold infections in the hematological malig-
nancy population are extremely high. This is most likely related to delays in 
starting antifungal therapy because of poor diagnostics and to the overall state 
of immunosuppression of infected patients. While the work up of patients with 
suspected mold infections should be aggressive and expedited, antifungal ther-
apy should never be delayed pending results. Most authors recommend starting 
antifungals either in the setting of febrile neutropenia despite 3–5 days on broad 
spectrum antibiotics or for presumed “fungal pneumonia” when the patient has 
pulmonary infiltrates or nodules detected with chest imaging that are refractory 
to broad spectrum antibiotics. Recent developments in high resolution CT scan-
ning and serum testing, such as that for galactomannan and (1,3)-b-d-glucan, 
represent rapid, noninvasive, diagnostic adjuncts that have allowed movement 
beyond empirical therapy and into a pre-emptive approach (Table 4-1).

1.1.5. Aspergillus
Aspergillus is a filamentous fungus ubiquitous in the environment. The species  
that most often cause human disease include: A. fumigatus, A. niger, and A. flavus. 
Recent reports have mentioned an increase in disease by previously “rare” species, 
such as A. terreus and A. ustus. The incidence of invasive aspergillosis among 
patients with hematological malignancies can be as high as 40%, and the mor-
tality rates in such cases range between 40% and >90%, depending on the sites 
involved. The lungs are the most common site of infection, but Aspergillus can 
disseminate to any organ. Sino-pulmonary disease and central nervous system 
infection are relatively common in patients with leukemia. The most important 
risk factors for invasive aspergillosis are profound and prolonged periods of 
neutropenia and use of corticosteroids and other antigraft-versus-host disease 
treatments are involved in allogeneic stem cell transplant recipients. The route 
of infection is usually inhalation of airborne Aspergillus conidia, but some 
have proposed that molds, including Aspergillosis, can originate from water, 
especially through aerosolization [47, 48].

Immunocompromised patients with invasive pulmonary aspergillosis can be 
asymptomatic or present with nonspecific symptoms such as persistent fever, 
cough, mild hemoptysis, pleuritic chest pain, and dyspnea. Occasionally, 
patients can present with massive, life-threatening pulmonary hemorrhage.

Radiographically, invasive pulmonary aspergillosis can present in different 
forms, with one or multiple infiltrates (bronchopneumonia) or as lobar pneumonia 
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similar to a bacterial infection. Chest computed tomography provides more 
valuable information than conventional chest x-ray, and in addition, detects 
lesions in earliest stage of the disease; therefore, characteristic chest CT find-
ings have been included as one of the criteria for the case-definition of invasive 
aspergillosis (IA) in clinical studies.

The most characteristic finding on chest CT is the presence of a macro-nodule 
with a halo sign. The nodule is seen as a dense core surrounded by a halo of 
ground glass infiltrate. Pathologically, the core consists of necrotic lung destroyed 
by the infection and the halo is a combination of edema and local hemorrhage 
caused by advancing aspergillosis. However, the halo is a fleeting finding and 
many patients will have a chest CT with one or more nodules, often bilateral. Fewer 
patients present initially with cavitary lesions, consolidations, or wedge-shaped 
peripheral pulmonary infarcts. The presence of the halo sign has been considered 
a distinctive sign of early stages of invasive aspergillosis; however, it can also be 
seen in patients with cytomegalovirus pneumonia, tuberculosis, or zygomycosis.

Once the patient recovers from immunosuppression, pulmonary lesions may 
develop cavitations which mark the onset of resolution of the infection.

In immunocompromised patients, sinus infections, with or without antecedent 
sinusitis, are common and are usually associated with concomitant pulmonary 
disease. Headaches, sinus discharge, facial pain, fever, and cough are the most 
common clinical manifestations in such cases. Patients can present with necrotic 
lesions on the hard palate or nasal turbinates that can spread to the brain, orbits, 
or to other sinuses, causing thrombosis and infarction. Surgical drainage of 
infected sinuses has an essential role in the treatment of Aspergillus sinusitis.

Central nervous system (CNS) aspergillosis in immunocompromised hosts 
has been associated with mortality as high as 90%. Cerebral aspergillosis 
occurs most often after hematogenous dissemination of the infection from the 
lungs or direct extension from the sinuses, but primary cerebral aspergillosis 
has been also reported.

CNS aspergillosis can present as solitary or multiple brain lesions, meningitis 
or granulomas. Patients usually present with persistent fever, altered mental 
status, focal neurologic deficits, and, less often, meningeal symptoms. In severe 
immunocompromised patients, symptoms may be absent until late in the infec-
tion and progression with neurological deterioration occurs rapidly leading to 
death. Cerebrospinal fluid (CSF) cultures are usually negative for Aspergillus 
spp. MRI or CT is useful for the diagnosis. The development of poorly defined, 
low-intensity lesions with little or no mass effect and minimal contrast enhance-
ment on CT is suggestive of infarcts. On MRI scans, Aspergillus lesions are 
evident as heterogeneous high-signal intensity areas surrounded by low-density 
signal at the peripheral rim, resembling hemorrhagic infarcts.

In immunocompromised patients with invasive aspergillosis, the single 
most important prognostic factor predicting successful response is timely 
recovery of immune function. Current therapies have reduced mortality sig-
nificantly, although rates as high as 30–50% are still being reported in treated 
patients. The practice guideline published in 2008 by the IDSA [51] recom-
mends voriconazole as the new standard of care and reserves lipid formulations of  
amphotericin B as alternatives to this drug, in contrast to earlier recommen-
dation [9]. The recommended dose of voriconazole for invasive aspergillosis 
is two loading doses at 6 mg/kg given 12 h apart followed by 4 mg/kg given 
every 12 h, as maintenance (Table 4-4). In the 2008 IDSA guidelines for 
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Table 4-4. Antifungals commonly used to treat mold pathogens.

Agent Adult dose Spectrum of activity Comments

Voriconazole 6 mg/kg q12h load ×2 
doses followed by 
4 mg/kg q12h IV or 
oral

Aspergillus spp., Fusarium, 
Scedosporium spp., many 
dematiaceous molds, 
Candida spp. (except 
fluconazole-resistant  
C. glabrata), 
Trichosporon spp.

Not active against 
Zygomycetes

Adjustment for hepatic and renal 
function (IV only due to accu-
mulation of excipient in renal 
failure), frequent visual effects 
(photopsia, rarely hallucina-
tions), potential for serious 
interactions with drugs metabo-
lized through CYP 3A4 and 
CYP 2C9 (tacrolimus, sirolimus, 
cyclosporine A, many chemo-
therapy agents)

Excellent CNS penetration

Excellent oral bioavailability

Itraconazole 200–400 mg oral suspen-
sion q24h

(IV formulation no longer 
available)

Second-line for Aspergillus 
spp.

GI toxicity frequent

Adjustment for liver function

Variable absorption  
(use suspension, not tablets)

Drug interactions  
(see voriconazole above)

Caspofungin 70 mg IV load dose q24h 
once followed by 
50 mg IV q24h

Second-line for Aspergillus 
spp. for patients who 
failed or intolerant of 
first-line agents

Dose adjustment for liver function

Liposomal 
amphotericin 
B (L-AmB)

3–5 mg/kg IV q24h Aspergillus spp. except 
some A. terreus (3 mg/
kg/day)Fusarium, 
Zygomycetes (5 mg/kg/day)

Candida spp.

Poorly active against 
Trichosporon spp. and 
Scedosporium spp.

Threefold less renal toxicity  
compared to AmB-d

Potassium and magnesium wasting 
(sometimes profound)

Lower incidence of infusional  
toxicities compared to AmB-d

Amphotericin 
B lipid com-
plex (ABLC)

5 mg/kg IV q24h Aspergillus spp. except 
some A. terreus, 
Fusarium, Zygomycetes, 
Candida spp.

Poorly active against 
Trichosporon spp. and 
Scedosporium spp.

Threefold less renal toxicity  
compared to AmB-d

Potassium and magnesium wasting 
(sometimes profound)

Similar incidence of infusional 
toxicities compared to AmB-d

Posaconazole 200 mg oral suspension 
q6–8h

(IV formulation not  
available)

Prophylaxis in neutropenic 
patients with hemato-
logical malignancies 
and allogeneic stem cell 
recipients with GVHD

Second-line treatment of 
Zygomycetes (not FDA 
approved)

Adjustment for hepatic function

Variable absorption (take with 
fatty meals, avoid agents that 
suppress gastric acid production, 
monitor levels when used for 
treatment)

Drug interactions  
(see voriconazole above)
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treatment of aspergillosis, it has been recommended that maintenance treat-
ment with oral voriconazole should be 4 mg/kg per dose rather than the 
200 mg oral dose used in the voriconazole versus amphotericin B trial (see 
below) [52]. An advantage of voriconazole is its availability in both intrave-
nous and oral preparation forms with high bioavailabilities, which is important 
considering that treatment for invasive aspergillosis in some patients can last 
for several months. Oral voriconazole is provided as 50 mg and 200 mg tablets 
or as a liquid suspension. The dose for patients treated with oral tablets should 
be rounded to the nearest 50 mg increment. Voriconazole has excellent activity 
against invasive aspergillosis. A randomized study of 277 patients comparing 
voriconazole and amphotericin B deoxycholate for the initial treatment of 
invasive aspergillosis showed that response rates (53% and 32%) and survival 
rates (71% and 58%) favored voriconazole [52]. Principal side effects include 
visual disturbances (usually transient but can manifest as frank hallucina-
tions), hepatotoxicity, skin rash, and interactions with other drugs metabolized 
by several cytochrome P450 isoenzymes.

Use of conventional amphotericin B at 1–1.25 mg/kg daily or one of the 
lipid-based preparations ABLC or liposomal amphotericin B should be used 
for patients who fail voriconazole therapy or in those who may develop tox-
icities to voriconazole. The use of lipid formulations is particularly useful for 
patients with renal dysfunction because of the relatively low nephrotoxicities 
of these formulations. The recommended dose is 3–5 mg/kg/day depending 
on the lipid formulation. A recent study [50] reported similar success rates in 
patients with invasive aspergillosis treated with 3 mg/kg/day versus 10 mg/
kg/day of the liposomal formulation, with less toxicity at the lower dose. 
Therefore, treatment with higher doses of lipid formulated amphotericin B is 
not recommended.

Among the echinocandins, caspofungin has been approved for invasive 
aspergillosis in cases of refractory disease or patients who cannot tolerate 
standard therapies. The efficacy of caspofungin as salvage therapy has been 
shown in 83 patients with invasive aspergillosis who could not tolerate (or 
showed no response to) amphotericin B, lipid formulations of amphotericin B,  
or triazoles. The response rate to caspofungin in that study was 45%, with 
overall good tolerance and few side effects [53]. Caspofungin has been also 
used as single-agent first-line therapy for patients with hematological malig-
nancies and proven or probable invasive pulmonary aspergillosis [54]. In that 
study, 32 patients given the recommended dosage of caspofungin (70 mg on 
day 1 and 50 mg per day thereafter) showed a successful response (50–100% 
resolution) rate of 56%, with an additional 6% of patients showing stable 
or limited (<50%) improvement. However, given this limited experience, 
echinocandins should be used with caution as initial treatment of aspergil-
losis because their comparative efficacy versus that of voriconazole and lipid 
formulations of amphotericin B has not been demonstrated.

Optimal duration of therapy has not been determined. It would be prudent 
to individualize therapy taking into account response judged from clinical 
improvement, serial chest CT, serial serum galactomannan antigen levels, 
and recovery from neutropenia and GVHD/immunosuppression. Patients who 
have recovered fully from an episode of aspergillosis are at risk for recru-
descent infection with neutropenia resulting from subsequent chemotherapy 
or recurrent GVHD. Many experts advocate secondary prophylaxis with 
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antifungals during these periods of immune deficiency to prevent recurrent 
aspergillosis. Prophylaxis to prevent aspergillosis and other fungal infections 
is discussed in Chap. 11.

Combination therapy for invasive aspergillosis is very attractive from 
a theoretical standpoint as a way to gain synergy and reduce toxicities, as 
the mortality of this disease remains high despite many therapeutic options. 
However, this approach cannot be recommended routinely at this point as there 
are no randomized clinical trials to show its safety and efficacy. Retrospective 
reports of combination therapy for invasive aspergillosis failed to show any 
advantages for the combination of caspofungin and liposomal amphotericin B 
in cancer patients [55] or for the combination of voriconazole and caspofungin 
in transplant patients [56]. However, another retrospective report in stem cell 
transplant recipients showed improved survival for patients that received the 
later combination [57]. Until randomized clinical trials are available, clinicians 
are discouraged from following this approach routinely.

1.4. Other molds

1.1.6. Zygomycosis
Zygomycosis is a term used for infections caused by organisms in the 
orders Mucorales and Entomophthorales. The most common species include 
Mucor spp., Rhizopus spp., and Absidia spp. Risk factors for these infections 
include diabetes (with or without ketoacidosis), systemic or local steroid 
use, immunosuppressive therapy for solid organ or stem cell transplants, 
neutropenia, primary immunodeficiency, and deferoxamine therapy. Cases 
have been described in immunocompetent patients, usually in the setting of 
trauma or contaminated surgical wounds [70]. The classic syndromes and 
presentations include pulmonary, rhino-cerebral, and cutaneous diseases, 
with dissemination occurring typically in the most immunosuppressed 
patients. Mortality has been reported to be as high as 84% for disseminated 
disease [70].

In recent years, zygomycosis has been considered as an emerging mycosis. 
The increase in incidence may be related to an expanding immunocom-
promised population base or, as many reports have suggested, a possible 
epidemiological shift related to wide-spread use of antifungals, most notably 
voriconazole, that are inactive against these organisms [68]. Zygomycosis 
is a key differential diagnosis in leukemia patients with suspected fungal 
pneumonia, as it is very difficult to distinguish between clinical disease 
caused by these organisms and that caused by other filamentous fungi, such 
as Aspergillus [69].

Treatment of these infections includes lipid-based amphotericin B products 
and surgical debridement. The combined approach of antifungal treatment 
and surgery has been associated with 73% overall response rate with the best 
outcomes in sinusitis [70]. Posaconazole, a new oral triazole antifungal agent, 
has shown encouraging response rates in salvage and open-label settings [71]. 
Posaconazole is available only as an oral formulation with limited bioavail-
ability. Absorption is enhanced by ingesting posaconazole with food that 
contains some fat and by stopping gastric acid suppressants commonly given 
to patients with hematological malignancies. In patients where posaconazole is 
used for treatment rather than prophylaxis, measuring a serum posaconazole level 
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may be helpful to identify patients who fail to absorb posaconazole. Although 
echinocandins have no activity against these organisms, combination antifungal  
therapy with polyenes has shown some encouraging in vitro and in vivo 
synergy [72].

1.1.7. Fusarium
Local and disseminated fusariosis have been reported in patients with hemato-
logic malignancies with or without bone marrow transplant (BMT). In addition 
to the well known risk factors for mold infections, patients with fusariosis 
often have a history of trauma with infection and tissue breakdown at the site of skin 
trauma. Patients often present with persistent fever and painful skin lesions 
or cellulitis. Pneumonia, rhinocerebral infection, or endophthalmitis has been 
also reported in patients with fusariosis.

Three types of cutaneous lesions have been observed in patients with 
Fusarium infections: target lesions (ulcer/eschar lesions surrounded by a thin 
rim of erythema), multiple subcutaneous nodules, and ecthyma gangrenosum-
like lesions. In patients with hematological malignancies, the presence of ony-
chomycosis should alert the physician to the possible presence of Fusarium 
infection. Evaluation by a dermatologist to evaluate the etiology of the ony-
chomycosis is recommended. The isolation of the organism from cultures of 
skin lesions, sinuses, or lungs specimens is necessary for the diagnosis. In 
contrast to patients with Aspergillus, patients with fusariosis can have positive 
blood cultures. Patients with pulmonary infection may present with cavitary 
lesions or nonspecific bilateral infiltrates.

Amphotericin B or its lipid formulations have been the first option for 
the treatment of fusariosis for several years with response rates as high as 
50–70%. Voriconazole has been used in the treatment of fusariosis as a single 
agent, as well as in combination with amphotericin B, with success rates com-
parable to those of amphotericin B. However, the lack of a large randomized 
trial comparing monotherapy versus combination therapy mitigates against  
a firm recommendation of one over combination antifungals. Posaconazole is 
another option for the treatment of patients with fusariosis. However, experi-
ence is limited and the success rate reported in those cases was only 48%.
Debridement of infected tissue should be considered an integral part of treatment 
in addition to systemic antifungals.

1.1.8. Scedosporium
Although Scedosporium infections are not very frequent in immunocompro-
mised patients, the mortality associated with this infection is very high (>60%). 
There are two Scedosporium species: S. prolificans and S. apiospermum.

Immunocompromised patients with S. prolificans usually present with 
persistent fever despite broad spectrum antibiotics and signs and symptoms 
of respiratory or skin infection. Involvement of the central nervous system is 
common with Scedosporium infections and has been reported in 37% of the 
cases. Similar to Fusarium, Scedosporium can be isolated in blood cultures 
and manifest predominately with skin lesions. Because of its histological 
similarity to Aspergillus, isolation of the organism in cultures is necessary to 
make a microbiological diagnosis. Surgical drainage of the lesions and sys-
temic antifungal therapy are the two mainstays for treatment. Scedosporium 
are resistant to amphotericin B and voriconazole is the drug of choice for treat-
ment of Scedosporium spp. infections.
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1.5. Other mycoses

1.1.8. Pneumocystosis
Although pneumocystosis is often associated with HIV and other diseases requir-
ing corticosteroid therapy, it has been well known that this opportunistic pathogen 
has a high incidence in patients with hematological malignancies, in whom it 
is also associated with high morbidity and mortality rates up to 50% [76].

Pneumocystis jirovecii is the new accepted nomenclature for the organism 
formerly known as Pneumocystis carinii. This fungal organism is characterized 
by the formation of trophozoites and cysts, and although it presents most fre-
quently as localized or diffuse pulmonary involvement, it can also present rarely 
as a disseminated infection or with localized involvement of other organs.

The most frequent signs and symptoms related to Pneumocystis carinii 
pneumonia (PCP) infections in hematologic patients are fever, nonproductive 
cough, rales, and shortness of breath. Although the majority of the patients 
have positive findings at chest radiography (alveolar and/or interstitial opaci-
ties), some may present with normal chest x-rays, in particular, patients with 
neutropenia. Progression to respiratory failure may be very rapid in this group 
of patients, especially with granulocyte recovery. Pneumocystis pneumonia 
should always be considered in immunocompromised patients with diffuse 
alveolar involvement [77]. The current diagnostic gold standard is detection 
of the organism by direct immunofluorescence analysis of bronchoalveolar 
fluid, although recent research has shown that this organism can be detected 
by measurement of 1-3-b-d-glucan in serum [78]. The cornerstone of prophy-
laxis and treatment for pneumocystosis is trimethroprim/sulfamethoxazole 
[79]. Alternative regimens such as primaquine + clindamycin, or agents such 
as pentamidine and atovaquone are generally reserved for patients with sulfa 
allergy, intolerance (bone marrow suppression), or other contraindications to 
trimethroprim/sulfametoxazole [79–81].

2. Parasitic Diseases

2.1.1. General Concepts

Parasitic diseases are relatively uncommon in the hematological malignancy 
setting, although they can be devastating, particularly in highly immunosup-
pressed patients who live in or travel to endemic areas. This section will 
briefly cover toxoplasmosis as the most frequent endemic parasitic disease, 
as well as strongyloidiasis, which is associated with high morbidity and can 
be rapidly fatal.

2.1.2. Toxoplasmosis

Toxoplasmosis is rare in patients with hematologic malignancies, occurring 
most often in patients with Hodgkin’s disease or patients undergoing BMT 
[82, 83]. In a recent review, Pagano et al. reported an incidence of 8 per 1,000 
among patients who had had allogeneic BMT, as compared with only 0.9 per 
1,000 in patients who had had autologous BMT [84]. As has been described 
for patients with AIDS, severe immunosuppression is a major risk factor for 
toxoplasmosis. In patients undergoing BMT, the main risk factors are the 
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presence of graft-versus-host disease, low lymphocyte counts, and seroposi-
tivity for Toxoplasma before the transplant [84, 85]. Cerebral toxoplasmosis 
has also been reported in fludarabine-refractory, elderly patients with chronic 
lymphocytic leukemia treated with 2-chlorodeoxy-adenosine (2-CDA) [86]. 
Risk of infection in these patients appears to be associated with chemotherapy-
induced profound, long-lasting depression of CD4 lymphocytes.

The most common clinical presentations are fever and central nervous 
system symptoms such as seizures, headache, lethargy, confusion, and vomiting. 
In disseminated disease, signs of pulmonary infection such as cough, dyspnea, 
hypoxemia, and tachypnea can also be present concurrently with the neuro-
logic findings.

The diagnosis of toxoplasmosis can be made by demonstration of brain 
lesions on CT or MRI scans. Typical findings are multiple hypodense lesions 
with contrast enhancement that are located mainly in the basal ganglia and 
the cortico-medullary junction of the cerebral and cerebellar hemispheres. 
Positive results from polymerase chain reaction analysis of cerebrospinal fluid 
or tissues can help with the diagnosis. Serologic positivity for Toxoplasma 
gondii is of little help in the diagnosis or follow-up of active disease [87, 88], 
but serologic testing should be done before allogeneic transplant to determine 
if the patient is at risk for reactivation of a latent infection.

The worst outcomes have been reported for patients with disseminated disease 
(64% fatality), patients in whom the infection began between 31 and 100 days 
after allogeneic transplant (80% mortality), and in patients given total body irra-
diation and cyclophosphamide as a stem cell transplant conditioning regimen 
(74% mortality) [85]. Therefore, toxoplasmosis should be suspected in patients 
who were seropositive before transplant, were given total body irradiation and 
cyclophosphamide as conditioning regimen, and who develop fever and central 
nervous symptoms. Patients with disseminated toxoplasmosis will often have 
pneumonia on chest imaging. Toxoplasma can be detected sometimes by careful 
examination of silver stained cytology preparations from bronchoalveolar lavage 
samples where Pneumocystis is usually the suspected pathogen.

Transplant recipients who received pyrimethamine and sulphadiazine report-
edly had better outcomes than those given other treatments (survival rates of 88% 
vs. 12%, respectively, P = 0.05) [78]. Although routine prophylaxis against toxoplas-
mosis is not recommended generally, a reasonable approach would be to give 
pyrimethamine and sulfadoxime for toxoplasmosis prophylaxis to seropositive 
patients who live in endemic areas and who are undergoing allogeneic transplant, 
until CD4 lymphocyte counts rebound. It is unclear whether trimethoprim/
sulfamethoxazole provides the same protective benefit to patients with hemato-
logical malignancies as is seen in patients with advanced HIV infections.

2.1.3. Strongyloidiasis

Strongyloidiasis is acquired by inoculation from contaminated soil with sub-
sequent trans-epidermal migration of the larvae of the nematode Strongyloides 
stercoralis. Autoinfections can also occur by ingestion of larvae with trans-
rectal migration [89]. The disease is characterized by diarrhea, abdominal pain, 
and rash (as the larvae migrate). Eosinophilia is a common finding during 
routine laboratory examinations [90].

Immunocompromised patients, however, commonly present with a “hyperin-
fection syndrome,” which consists of a sepsis-like presentation with fever and 
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hypotension, eosinophilia, diffuse and rapidly changing pulmonary infiltrates, 
as well as Gram-negative sepsis and meningitis that occur as a result of bacterial 
gut translocation through the migrating larvae [91].

Strongyloidiasis is diagnosed by stool examination or by enzyme-linked 
immunosorbent assay of serum or stool. Treatment includes ivermectin 200 µg/
kg/day or albendazole 400 mg PO daily for 2–10 days [92]. Paradoxical reactions 
can occur when treatment is started [93].
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Abstract Aggressive chemotherapy has a deleterious effect on all compo-
nents of the defense system of the human body. The resulting neutropenia as 
well as injury to the pulmonary and gastrointestinal mucosa allow pathogenic 
micro-organisms easy access to the body. The symptoms of an incipient infec-
tion are usually subtle and limited to unexplained fever due to the absence 
of granulocytes. This is the reason why prompt administration of antimicro-
bial agents while waiting for the results of the blood cultures, the so-called 
empirical approach, became an undisputed standard of care. Gram-negative 
pathogens remain the principal concern because their virulence accounts for 
serious morbidity and a high early mortality rate. Three basic intravenous an-
tibiotic regimens have evolved: initial therapy with a single antipseudomonal 
b-lactam, the so-called monotherapy; a combination of two drugs: a b-lactam 
with an aminoglycoside, a second b-lactam or a quinolone; and, thirdly, a 
glycopeptide in addition to b-lactam monotherapy or combination. As there 
is no single consistently superior empirical regimen, one should consider the 
local antibiotic susceptibility of bacterial isolates in the selection of the initial 
antibiotic regimen. Not all febrile neutropenic patients carry the same risk as 
those with fever only generally respond rapidly, whereas those with a clinically 
or microbiologically documented infection show a much slower reaction and 
less favorable response rate.

Once an empirical antibiotic therapy has been started, the patient must be 
monitored continuously for nonresponse, emergence of secondary infections, 
adverse effects, and the development of drug-resistant organisms. The average 
duration of fever in serious infections in eventually successfully treated 
neutropenic patients is 4–5 days. Adaptations of an antibiotic regimen in a 
patient who is clearly not responding is relatively straightforward when a 
micro-organism has been isolated; the results of the cultures, supplemented 
by susceptibility testing, will assist in selecting the proper antibiotics. The 
management of febrile patients with pulmonary infiltrates is complex. 
Bronchoscopy and a high resolution computer-assisted tomographic scan 
represent the cornerstones of all diagnostic procedures, supplemented by sero-
logical tests for relevant viral pathogens and for aspergillosis. Fungi have been 
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found to be responsible for two thirds of all superinfections that may surface 
during broad-spectrum antibiotic treatment of neutropenic patients. Antibiotic 
treatment is usually continued for a minimum of 7 days or until culture results 
indicate that the causative organism has been eradicated and the patient is 
free of major signs and symptoms. If a persistently neutropenic patient has no 
complaints and displays no evidence of infection, early watchful cessation of 
antibiotic therapy or a change to the oral regimen should be considered.

Keywords  Neutropenic fever • Empirical antibacterial therapy • Unexplained 
fever • Immunodeficiency • Invasive fungus

1. Introduction

Only 50 years ago, dealing with a patient with a disseminated malignant dis-
ease was relatively simple. There were no curative options and information 
on the inevitable dismal prognosis was not shared with the patient or his fam-
ily. The mid sixties of the twentieth century witnessed the first successes of 
chemotherapeutic agents. This encouraged investigators to explore this route 
further, thereby escalating the dosage of the cytostatic drugs in the expectation 
of better results. It became rapidly clear that the destructive effects of cyto-
toxic compounds were not limited to malignant cells. Infection has emerged 
as a prominent complication of chemotherapy, which was particularly worri-
some in the sixties, a decade without powerful broad-spectrum antimicrobial 
agents. Since a possible cure of the cancer was seen as the primary goal, com-
plications of rigid cytotoxic regimens were taken for granted and when they 
occurred, treatment was more or less improvised. This situation remained 
unchanged until Bodey [1] pointed out that patients in remission of their 
underlying disease could die suddenly of an overwhelming infection during 
cytotoxic therapy-induced neutropenia. Neutropenia was and remains defined 
as an absolute neutrophil count of less than 0.5 × 109/l (500/mm3) or a count 
less than 1.0 × 109/l (1,000/mm3) expected to fall below 0.5 × 109/l (500/mm3) 
[1]. He even showed a positive correlation between the severity and duration 
of neutropenia and the risk of acquiring a life-threatening bacterial infection. 
This risk appeared even more pronounced in individuals who were treated 
for an acute leukemia or lymphoma as these disorders interfered directly 
with vital components of the immune system. Next to gram-negative bacilli, 
Staphylococcus aureus earned a notably bad reputation [2]. A few years later, 
Schimpff and co-workers demonstrated convincingly that early administra-
tion of antimicrobial agents covering the above suspected pathogens while 
waiting for the results of the blood cultures saved lives. His so-called 
empirical approach became an undisputed standard of care [3]. However, 
better options to manage infections encouraged hematologists to intensify 
their antileukemic regimens further in an attempt to improve the remission 
rates in previously refractory cases. These intensifications, in turn, inspired 
more thorough clinical research into potentially more effective antimicrobial 
regimens, which was facilitated by the booming development of new antimi-
crobial agents such as broad-spectrum synthetic penicillins, third and fourth 
generation cephalosporins, fluoroquinolones, and carbepenems in conjunc-
tion with a keen eagerness of the respective pharmaceutical companies to put 
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their compounds to test in large clinical trials that were usually conducted 
by cooperative trial groups [4, 5]. A cycle of several subsequent rounds of 
broader-spectrum antibiotics and further intensification of chemotherapeutic 
regimens has eventually lessened the mortal risk of neutropenia to only one 
of many problems in today’s clinical practice.

Modern anti-leukemic therapy is inherently associated with ulceration of 
the pulmonary and gastrointestinal mucosa thereby allowing micro-organisms 
originating from the damaged mucosal tracts easy access to the body [6, 7]. 
These pathogens may be part of the original indigenous flora but are commonly 
acquired during hospitalization [8]. In the 1970s, it was considered logical to 
prevent invasion of the body by indigenous flora by prophylactic administration 
of anti-infective agents. Since such prophylactic agents were mainly targeted 
against the gram-negative enterobacteriaceae, a shift from gram-negative to 
gram-positive micro-organisms, including coagulase-negative staphylococci, 
viridans streptococci, and enterococci, as the primary cause of fever in neutro-
penic patients was seen [9–15]. In the meantime, therapeutic regimens in the 
treatment of hematological malignancies have become so complex that use of 
surgically implanted venous access devices became universal in spite of the risk 
of catheter-associated infections and thrombosis [16, 17]. An epidemiological 
survey among hospitalized patients treated for hematological malignancies 
between 1995 and 2001 in  the United States showed that approximately 70% 
(64%  in  1995  and  76%  in  2001)  of  all  microbiologically  confirmed  febrile 
episodes were due to gram-positive bacteria and 18% (22% in 1995 and 14% 
in 2001) due to gram-negative bacilli [18]. This change in pathogens was facili-
tated by increased use of central venous catheters and other medical devices.

Introduction of immunomodulatory monoclonal antibodies into the thera-
peutic arena has extended the treatment-related immunodeficiency to T-cell 
functions and innate immunity. This, in turn, has brought viral and fungal 
infections, including Pneumocystis jeroveci, into play, particularly when 
impaired cellular immunity coincided with prolonged, severe neutropenia 
[19, 20]. The modern chemotherapeutic regimens designed to treat acute 
lymphoblastic leukemia incorporate high doses of corticosteroids. As a result, 
patients treated with such regimens are at increased risk of infections typi-
cally related to an impaired cellular immunity. In addition, allogeneic bone 
marrow transplantations have become a fully accepted treatment modality 
for many hematological malignancies. Nowadays, infections still account for 
substantial morbidity and mortality among patients who undergo myeloabla-
tive therapy for a hematological malignancy. In spite of all changes in the 
spectrum of infectious agents, gram-negative pathogens remain the principal 
concern because their virulence accounts for serious morbidity and high early 
mortality rate [21, 22].

2. Management of New Fever and Infections

2.1. Principles

Administration of potentially curative chemotherapy is the starting point in 
treating acute leukemias. Giving cytotoxic drugs is relatively straightforward 
since internationally accepted antitumor protocols have defined the optimal 
dosages. Once the chemotherapy has been administered, the hematologist 
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must wait patiently for the desired outcome a few weeks later. However, while 
the scientist in the hematologist has completed this first task, the general cli-
nician in him or her has to step forward to monitor the patient, as the natural 
host defense system gradually disintegrates. Close surveillance of the patients 
with attention to the emergence of infectious complications is mandatory. 
Management of infections during this time of danger must be individualized 
because fixed protocols and algorithms are of limited usefulness given the 
complexity of infectious diseases management [23, 24]. It is here that the 
science and art of medicine meet; listening to the patient’s complaints and 
meticulous physical examinations constitute the crucial factors for timely 
therapeutic interventions and eventual success. This applies to both patients 
who are treated with intensive chemotherapeutic regimens and to recipients 
of a stem cell transplant. During this period of neutropenia, appropriate coor-
dination of information coming from different sources is important, since, 
next to the patient, family members, nurses, microbiologists, pulmonologists, 
radiologists, and pathologists can assist in the timely discovery of an emerging 
complication. Different cancer centers approach these tasks in different ways 
but it occurs to us that the hematologist who is responsible for treating the 
underlying hematological disease must also act as the captain of the ship. This 
coordinating role obliges him or her to have at least some basic knowledge 
of likely infection problems and, perhaps even more importantly, to have fine 
communication skills to keep all parties on board as well as incorrect on the 
same course. Since the symptoms of an incipient infection are usually rather 
subtle due to the absence of granulocytes, teamwork is crucial to ensure that 
antibiotics are administered at the first signs or symptoms of infection [25]. 
In most cases, fever defined as a single oral temperature of more than 38,3°C 
(101°F) or a temperature of more than 38,0°C (100,5°F) for more than 1 h, 
will serve as a trigger for action. At the onset of fever, attempts to identify the 
cause of fever deserve absolute priority (see Table 5-1), immediately followed 
by institution of appropriate broad-spectrum antibiotic therapy preferably 
within one hour of fever [22]. Fever in a neutropenic patient is a warning sign 
that should be taken very seriously because self-limiting infection is virtually 

Table 5-1. Diagnostic procedures at the onset of fever.

•  Short history of the patient with recent complaints

•  Physical examination with special attention to:

o Vital signs

o Gastrointestinal tract: abdomen, perineum

o Respiratory tract: oropharyngeal area and lungs

o Skin, including bone marrow aspiration sites, vascular access sites, and tissue 
around the nails

•  Cultures of blood (minimal 15 ml) and any clinical suspicious body site, including 
urine

•  CT scanning of the chest

•  Check medication list, results of surveillance cultures, compliance with prophy-
laxis, course of the leukocyte count

•  Consider determination of CRP, galactomannan antigen, and viral serology
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nonexistent in neutropenic patients irrespective of whether they have been 
treated for acute leukemia or lymphoma or received a stem cell transplanta-
tion. In anticipation of the results of the diagnostic evaluation, fever denotes 
infection until proven otherwise. Absence of phagocytic cells in combination 
with a damaged skin and mucosal surfaces allows micro-organisms residing 
at a superficial site of infection easy access to the bloodstream. Under these 
circumstances, a relatively small inoculum, that easily can escape detection 
when limited volumes of blood are sampled for culturing, can cause a serious 
septic syndrome [3]. Therefore, withholding antibiotics while waiting for a 
blood culture to become positive is a bad idea, even though fever can be of 
noninfectious origin [26]. A sudden onset of fever accompanied by chills, 
tachycardia with or without a drop in blood pressure, and tachypnea is associ-
ated with a higher rate of positive blood cultures. Shock at the onset of fever 
is an ominous clinical sign but neither clinical manifestations nor the pattern 
of fever during neutropenia can serve as an indicator of a particular causative 
agent, not even when the most notorious pathogens such as Pseudomonas 
aeruginosa or Staphylococcus aureus are involved [19, 27]. A substantial 
minority of patients with true infections will have an insidious onset of fever. 
Although more frequently related to noninfectious causes than acute fever, 
a slow rise of temperature does not exclude an infectious origin, although 
gram-negative rods, viridans streptococci, and Staphylococcus aureus are 
less prevalent amongst these patients. Acute fever following transfusion is 
often related to the presence of irregular blood group antigens or to cytotoxic 
antibodies acquired during previous transfusions or a pregnancy [28]. Of note, 
relative bradycardia in patients who did not receive antiarrhythmic medication 
suggests either a viral or noninfectious origin of the fever. A possible rela-
tion between fever and frequently used drugs such as allopurinol, antibiotics, 
bleomycin, and cytarabine or with the underlying disease process itself should 
always be kept in mind [29, 30]. A dysfunctional immune system is presumed 
to be responsible for the high rate of drug allergy in patients with active acute 
leukemia; the allergy may abate when complete remission is achieved [29]. 
This phenomenon is well known in patients with infectious mononucleosis or 
acquired immunodeficiency syndrome.

Until  recently,  coagulase-negative  staphylococcal bacteremia was  thought 
to be entirely related to the use of central venous catheters but recent work 
points at mucosal sites as important portals of entry [31–33]. The clinical 
spectrum of catheter-related infections ranges from asymptomatic bacteremia 
as a manifestation of intraluminal colonization or a process confined to the 
site of insertion to marked inflammation of the tunnel tract and septicemia 
with metastatic emboli in the skin and other organs. Suspicion of a tunnel or 
exit line infection should arise when the catheter tract becomes painful, red, or 
swollen or when signs of inflammation are visible at the exit site. Malfunction 
of the catheter, illustrated by problems drawing blood through the line, is a 
common first warning of a possible lumen infection [16, 17].

2.2. Selection of Antimicrobial Agents for the Empiric Phase

2.2.1. Basic Regimens
In the selection of the initial antibiotic regimen, one should consider the 
type, frequency of occurrence, and antibiotic susceptibility of bacterial iso-
lates recovered from other patients at the same hospital. In addition, the use 
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of certain antibiotics may be limited by special circumstances, such as drug 
allergy, liver function disturbances, or renal insufficiency. Despite numer-
ous clinical studies, since the 1970s, no single empirical antibiotic regimen 
has been shown to be superior for initial treatment of patients who become 
febrile during a neutropenic episode after therapy with chemotherapy drugs 
for hematological malignancies (see Table 5-2) [4, 9, 34–44]. However, there 
is world-wide consensus that any initial antibiotic regimen should include 
drugs with reliable activity against Escherichia coli, Pseudomonas aeru-
ginosa, Klebsiella species, other enterobacteriaceae, and Staphylococcus 
aureus [22]. Three basic intravenous antibiotic regimens have evolved: 
initial therapy with a single b-lactam, the so-called monotherapy; a combi-
nation of two drugs, a b-lactam with an aminoglycoside, a second b-lactam 
or a quinolone but without a glycopeptide; and, thirdly, a glycopeptide in 
addition to b-lactam monotherapy or combination. Numerous extensive 
studies have shown that traditional combinations, consisting of an antip-
seudomonal b-lactam and an aminoglycoside, are not more effective than 
monotherapy in the empiric treatment of uncomplicated episodes of fever in 
neutropenic patients. A third or fourth generation cephalosporin, a carbap-
enem, as well as piperacillin–tazobactam, have been found to be effective 
single agents in the majority of cases [43, 45]. It appears appropriate to 
reserve two-drug regimens for complicated cases or if antimicrobial resist-
ance is a potential problem. The major disadvantages of an aminoglycoside 
are nephrotoxicity and ototoxicity, and the necessity to monitor serum levels 
[46–48]. Combination of drugs such as amphotericin B, cyclosporine, and 
cisplatinum with an aminoglycoside is best avoided because of their addi-
tive renal toxicity, whereas high sodium content may limit the simultaneous 
use of two b-lactam antibiotics in elderly patients. An extensive study by 
European Organization for Research and Treatment of Cancer – National 
Cancer Institute of Canada [11] showed unambiguously that vancomycin 
can be withheld and not administered empirically for persistent fever despite 
appropriate initial monotherapy or combination antibiotic treatment until the 
results of the cultures indicate the need for vancomycin. Vancomycin must 
be included in an initial empiric regimen for patients known to be colonized 
with penicillin- and cephalosporin-resistant pneumococci, viridans strepto-
cocci, or methicillin-resistant Staphylococcus aureus or in situations where 
b-lactam resistance is likely such as a catheter-associated cellulitis where 
coagulase-negative staphylococci predominate .

The choice to implement a particular antibiotic regimen is, at least partly, 
based on the results of clinical trials as reported in the literature. Yet, the results 
of such trials should be interpreted with great caution. Definitions for response 
as well as inclusion and exclusion criteria for clinical study protocols are usually 
very rigid and quite different from common clinical practice [23, 24].

2.2.2. Specifically Tailored Regimens
Conduct of clinical trials in febrile neutropenic patients was a booming 
business in the mid-seventies and eighties when many new broad-spectrum 
antibiotics became available. The data derived from these trials expanded 
our knowledge of the possible infectious complications tremendously. For 
instance, analyses of these studies revealed that only half of the patients who 
develop fever during neutropenia will have a clinically or microbiologically 
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Table 5-2. Efficacy of antibacterial regimens in the treatment of neutropenic patients with fever.

Study

No of evalu-
able episodes 

(patients) Treatment

Favorable 
responses/docu-

mented infections

Favorable 
responses/
bacteremia

Wade et al. [33] 121 (92) Piperacillin + Amikacin 22/38 (58%) 5/15 (33%)

Ticarcillin + Amikacin 19/34 (56%) 6/11 (55%)

Duprez and Michaux 
[34]

(118) Piperacillin + Amikacin 26/34 (76%) 9/14 (64%)

Cefotaxime + Amikacin 27/37 (78%) 15/20 (75%)

Winston et al. [35] 297 (244) Piperacillin + Amikacin 38/53 (72%) 16/25 (64%)

Carbenicillin + Amikacin 48/66 (73%) 20/36 (56%)

Winston et al. [36] 272 (219) Piperacillin + Moxalactam 45/61 (74%) 17/23 (74%)

Moxalactam + Amikacin 41/50 (82%) 13/18 (72%)

EORTC [9] (872) Azlocillin + Amikacin full 
course

75/138 (54%) 12/47 (26%)

Ceftazidime + Amikacin short. 69/118 (58%) 12/35 (34%)

Ceftazidime + Amikacin full 
course

95/145 (66%) 19/41(46%)

Winston et al. [37] (187) Piperacillin + Cefoperozone 39/50 (78%) 22/29 (76%)

Piperacillin + Moxalactam 31/38 (82%) 16/22 (73%)

Sage et al. [38] 174 (225) Piperacillin + Netilmicin 12/15 (80%) 1/2 (50%)

Ticarcillin + Netilmicin 11/14 (79%) 1/2 (50%)

Mezlocillin +Netilmicin 11/18 (61%) 1/5 (20%)

Cefoperozone + Netilmicin 4/10 (40%) 0/2 (0%)

Feliu et al. [39] 170 (118) Piperacillin + Amikacin 24/44 (55%) 9/21 (43%)

Ceftazidime +Amikacin 30/51 (59%) 14/23 (61%)

De Pauw et al. [4] 784 (696) Ceftazidime 127/367 (35%) 33/118 (28%)

Piperacillin + Tobramycin 117/335 (33%) 25/132 (19%)

Cometta et al. [13] 706 (475) Piperacillin–tazobactam + 
Amikacin

210/342 (61%) 40/50 (50%)

Ceftazidim + Amikacin 196/364 (54%) 35/101 (35%)

De Pauw et al. [40] 304 (225) Meropenem 54/110 (44%) 37/79 (47%)

Ceftazidime 35/105 (41%) 24/79 (30%)

Cometta et al. [14] 483 (475) Meropenem 270/483 (56%) 47/113 (42%)

Ceftazidime + Amikacin 245/475 (52%) 34/114 (30%)

Feld et al. [41] 409 (471) Meropenem 33/77 (54%) 14/31 (45%)

Ceftazidime 33/82 (44%) 22/43 (51%)

Del Favero et al. [42] (733) Piperacillin–tazobactam 67/186 (36%) 42/140 (30%)

Piperacillin–tazobactam + 
Amikacin

60/176 (34%) 44/137 (32%)

Bow et al. [43] (528) Piperacillin–tazobactam 71/265 (27%) 11/81 (14%)

Cefepime 54/263 (21%) 7/86 (8%)
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documented infection, the majority being pulmonary infiltrates and bacter-
emias (see Table 5-3) [49, 50]. Furthermore, it was obvious that neutropenic 
patients without a documented infection generally defervesced within a few 
days, whereas those with a clinically or microbiologically documented 
infection showed a much slower and less frequent fever defervescence rate 
[19, 27, 51]. This very consistent observation suggests that it might be prudent 
to select different antibiotic regimens for patients with different symptoms. 
Although there is no statistically valid evidence to support a more individually 
tailored approach, it appears reasonable to assume that patients might benefit 
from timely administration of the antibiotics with the highest intrinsic potency 
against a given micro-organism. A known or suspected focus of infection, if 
present at the time of initial fever, could help in the selection of additional 
case-specific anti-infective agents because the location of an infection is, 
at least to a certain extent, predictive of specific infective pathogens (see 
Table 5-4)[52]. Likewise, results of surveillance cultures and knowledge of 

Table 5-4. Sites of infection and prevalent causative micro-organisms.

Site Prevalent pathogens
Preferred antimicrobial 

agents

Upper respiratory tract Streptococci Amoxicillin, clindamycin

Lower respiratory tract Gram-negative bacilli Combination therapy <<?>>

Streptococci Amoxicillin, clindamycin, 
macrolides

Moulds Consider antifungal agents in 
an early phase

Diffuse infiltrates

Cytomegalovirus

Pneumocystis jeroveci

Antiviral agents

Trimethoprim–
sulfamethoxazole

Skin and soft tissue Staphylococci Glycopeptides

Streptococci, anaerobes Amoxicillin, clindamycin, 
macrolides, glycopeptides

Abdominal Anaerobes Metronidazole, glycopeptides

Perianal abscess Gram-negative bacilli Combination therapy <<?>>

Table 5-3. Classification of febrile neutropenic episodes.

FUO-fever of unknown origin

New fever, not accompanied by  
clinical or microbiological evidence 

of infection

Clinically documented infection Fever accompanied by a clinical infec-
tion, but pathogens cannot be identi-
fied, e.g., cellulitis, pneumonia

Microbiologically documented infection Fever accompanied by a localized 
infection and microbiologically 
plausible evidence, or fever without 
a localized infection, but infectious 
agents can be demonstrated in a 
(blood) culture
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the common complications associated with particular antileukemic regimens 
may offer valuable input to individualizing appropriate initial treatment of a 
neutropenic patient with fever.

2.2.2.1. Gastrointestinal Tract
A damaged integument probably plays a major etiologic role in virtually all 
infections that occur following aggressive cytoreductive therapy for a hema-
tological malignancy but its involvement is most obvious in infections of the 
skin and gastrointestinal tract. The use of high-dose cytarabine in conjunction 
with the occurrence of diarrhea were found to be independent risk factors for 
streptococcal infections among 513 patients evaluated during first episodes 
of neutropenic fever [53]. It has been recognized that bacteremias due to oral 
Streptococcus mitis and Streptococcus oralis may result in serious complica-
tions such as sepsis or adult respiratory distress syndrome, which carry high 
mortality [54–56]. Similarly, bacteremias due to Staphylococcus aureus, 
Pseudomonas aeruginosa, and Clostridium species as well as candidemias 
are more frequently encountered in patients with acute leukemia who suf-
fer from neutropenic enterocolitis or typhlitis, the most serious disturbance 
of the delicate balance between mucosal damage and microbial flora in the 
setting of prolonged exposure to antibiotics after intermediate or high-dose 
cytarabine chemotherapy. The signs and symptoms of chemotherapy-induced 
enterocolitis or typhlitis vary considerably from patient to patient and include 
nausea, vomiting, abdominal cramps, and severe abdominal pain with virtually 
no formed bowel movements but accompanied by profuse, watery diarrhea. 
Many patients are in such pain that they only gain relief from narcotic anal-
gesics which, in turn, induce constipation by reduction of bowel movements. 
This may create a very alarming situation as the clinical picture in severe cases 
resembles that of gut perforation, acute pancreatitis, or even toxic megacolon. 
Because there is a high mortality rate for surgical interventions in neutropenic 
and thrombocytopenic patients with acute leukemia, it is essential for physi-
cians to be aware of the existence of neutropenic enterocolitis/typhlitis with the  
accompanying symptoms. Ultrasonography or CT, showing pathological thick-
ening of the bowel walls, may be useful to establish the diagnosis of typhlitis. 
Patients treated for acute myeloid leukemia with a bowel wall thickness of 
more than 10 mm had a significantly higher mortality rate than did those with a 
bowel thickness of less than 10 mm [57]. Disproportional bacterial overgrowth 
in the gastrointestinal tracts of neutropenic patients with damaged mucosa 
can serve as a source of bacteremia for the endogenous gastrointestinal flora 
as well as for otherwise exclusively enteric pathogens such as Clostridium 
septicum [58, 59] and Bacteroides fragilis. In contrast, Salmonella species 
are rarely found in the stool or blood of granulocytopenic patients; these 
organisms are obviously not major players in this field. This is also true for 
pathogens like Campylobacter and Shigella species. Therefore, an adequate 
antibiotic regimen for patients with abdominal symptoms should cover gram-
negative rods but due consideration should be given to the use of compounds 
with activity against anaerobes. Next to glycopeptides and carbapenems, 
metronidazole is an attractive adjunct to a standard monotherapy/combination 
regimen under these circumstances. Pseudomembranous colitis caused by 
Clostridium difficile [60–64] constitutes a related but distinct entity that can be 
severe and even fatal. The stool should be tested immediately for Clostridium 
difficile toxin if the diagnosis is suspected. Enteric Clostridia infections 
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necessitate oral antibiotic therapy with either vancomycin or metronidazole. 
Relapses are frequent and may follow cancer chemotherapy or courses with 
antibiotics such as clindamycin. Relapse is harder to document because toxin 
may persist in the stool of successfully treated patients.

Diagnostic problems account for underestimating enteric viruses as causa-
tive agents in gastrointestinal infections. Although a compromised cell-mediated 
immunity is known to predispose for parasitic and protozoan infections, their 
incidence is surprisingly low in patients who are treated for a hematological 
malignancy [65, 66].

2.2.2.2. Skin
Folliculitis and cellulitis are the most common manifestations of infectious 
processes in the skin. Sometimes it is difficult to differentiate infectious lesions 
from drug-induced toxic skin eruptions. Infection-associated erythema and 
swelling are usually mild but, if left untreated, infiltration and abscess formation 
will involve extensive areas of the skin with necrosis and gangrene. Since the 
lesions associated with the various organisms are rather alike, a simple needle 
aspiration or biopsy should be performed to establish an accurate diagnosis as 
early as possible in the course of the disease. Causative micro-organisms include 
streptococci, staphylococci, and, less commonly, gram-negative bacilli and fungi 
[67–70]. Localized infections of the skin, particularly in the face, are usually 
caused by gram-positive bacteria that arise more frequently in carriers of organ-
isms like Staphylococcus aureus. None of the standard empiric regimens is the 
optimal choice for treating skin infections caused by the prevalent but usually 
indolent nonS. aureus gram-positive cocci that are often methicillin-resistant, 
but the morbidity from these infections should not be underestimated either. 
Pseudomonas aeruginosa acquired in a hot Jacuzzi may cause a folliculitis that 
occasionally progresses to a destructive ecthyma gangrenosum [71]. This char-
acteristic entity should be distinguished from similar lesions caused by other 
rare pathogens, such as actinomyces, Stenotrophomonas maltophilia [68] and 
fungi [69, 70] as well as from pyoderma gangrenosum, a noninfectious cutane-
ous process in patients with a myeloid malignancy [72, 73]. Sweet's syndrome, 
a dense, tender infiltration by neutrophils of the dermis on the head, neck, and 
upper extremities is associated with a leukocytosis [74]. Varicella zoster is the 
leading dermatologic complication in patients with impaired cell-mediated 
immunity [75–77]. If skin or mucous membrane lesions due to herpes simplex 
or varicella-zoster viruses are present, even if they are not the cause of fever, 
treatment with valacyclovir or another suitable antiviral is indicated with the 
intention to speed healing of lesions that could become potential portals of entry 
for bacteria and fungi.

The results of several prospective studies do not indicate a general need for a 
glycopeptide as part of the front-line therapeutic regimen unless one has a par-
ticular reason to suspect the presence of methicillin-resistant Staphylococcus 
aureus or penicillin-resistant viridans Streptococci on the basis of local patterns 
of resistance or surveillance cultures. Nevertheless, most physicians intuitively 
prefer an up-front glycopeptide-containing regimen to cover catheter-related 
infections as these are frequently due to coagulase-negative staphylococci, 
although early glycopeptide treatment does not contribute to improved sur-
vival from these usually indolent infections. Hence, when coagulase-negative 
staphylococci are involved, a few days of watchful waiting for a possible clini-
cal response and the results of the cultures will have no detrimental impact. 
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Most catheter-associated infections will respond to antibiotic therapy without 
the removal of the catheter. Rotation of antibiotics through each lumen of 
multilumen catheters to avoid microbial sequestration in one of the lines and 
the use of antibiotic-containing heparin lock solutions to supplement systemic 
therapy have been proposed by some investigators but such practices remain 
controversial. Pulling the catheter is most likely to be required for the cure if a 
concurrent venous thrombosis is found, the tunnel tract appears involved, or if 
the infection, regardless of the etiology, is recurrent, or if after several days of 
therapy an eventual response to antibiotics appears doubtful [78].

2.2.2.3.  Upper Respiratory Tract
Gingivostomatitis and periodontal lesions occur frequently in patients with 
acute leukemia [79]. Oral mucositis is characterized by pain, edema, ery-
thema, superficial lesions, pseudomembranous formation in conjunction with 
excessive mucous production, reduced saliva secretion, and bleeding. A wide 
array of pathogens can be found and include Herpes simplex, gram-negative 
bacilli, streptococci, anaerobes, and Candida species [80]. With the introduc-
tion of aggressive chemotherapeutic regimens, hitherto unusual pathogens 
such as Stomatococcus and Aerococcus are increasingly seen in patients with 
mucositis. Mixed and polymicrobial infections are more or less standard [80, 
81]. Given the range of prevalent pathogens, there is little need to deviate 
from one of the standard regimens, although, on theoretical grounds one might 
prefer to select a carbapenem, fourth generation cephalosporin, or extended-
spectrum penicillin given their superior intrinsic activity against viridans 
streptococci and pneumococci. The course of Herpes simplex stomatitis is 
usually prolonged in patients treated for leukemia or lymphoma, and relapses 
are common [82]. Herpes simplex lesions are most commonly white pain-
ful plaques with or without serpiginous borders on the gums, tongue, buccal 
mucosa, or oropharynx and may be difficult to discriminate from oropharyn-
geal candidiasis and, indeed, co-infections do occur. Swallowing can be so 
painful that saliva is expectorated and intake of food and fluids drastically 
reduced. It is not uncommon for oropharyngeal Herpes simplex and Candida 
infections to extend to the esophagus. Although neither herpes nor candidia-
sis belong to the category of diseases that requires an empiric approach, it is 
generally accepted that early treatment with valacyclovir and fluconazole, 
respectively, is important to prevent extension into the esophagus and further 
dissemination, particularly among bone marrow transplant recipients. When 
the paranasal sinuses are involved in the infectious process, moulds have to be 
considered as possible causes. Direct inspection of the nasal turbinates and a 
computer-assisted tomographic scan of the sinuses can be helpful to establish 
or reject the diagnosis.

2.2.2.4. Lower Respiratory Tract
Management of pulmonary infiltrates  that are responsible for 70% of all  fatal 
infections in febrile neutropenic patients is complex [83–85]. The importance of 
classic clinical complaints of cough, pain, and dyspnea should not be neglected  
but bronchoscopy and radiological examination of the chest by a computer-
assisted tomographic scan represent the cornerstones of all diagnostic procedures. 
Typically, chest radiographs performed early in the evolution of infection 
in patients with profound granulocytopenia fail to show infiltrates. It may 
take more than 3 days for the infection to generate enough necrosis with 
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hemorrhage and edema to produce a visible infiltrate. The critical decision 
faced by the clinician at the bedside of patients with pulmonary infiltrates is 
whether to undertake invasive procedures such as bronchoscopy with or with-
out bronchoalveolar lavage, transbronchial biopsy, transthoracic aspiration, 
thoracoscopy-guided biopsy, or open lung biopsy. The exact role of these diag-
nostic procedures in the optimal management of patients is still controversial 
because the yield depends on the collaboration and skills of various specialists. 
Moreover, concurrent thrombocytopenia precludes simple invasive diagnostic 
procedures such as transbronchial biopsies in many patients.

The radiologic pattern of a possible infiltrate is often suggestive of its cause. 
A diffuse opacity, usually of both lungs, is seldom of bacterial or fungal origin. 
Although viruses and Pneumocystis jeroveci typically cause diffuse, bilateral 
pulmonary infiltrations, it should be kept in mind that a similar picture of 
pneumonitis can be seen secondary to radiation, fluid overload, cytotoxic 
drugs such as methotrexate, cytarabine and bleomycin, and in pulmonary 
hemorrhage. Pneumocystis jeroveci pneumonia is manifested in patients with 
deficient cellular immunity as fever, progressive hypoxemia with dry cough, 
and dyspnea, typically beginning after discontinuation of corticosteroid ther-
apy given for other reasons [85]. High-dose trimethoprim–sulfamethoxazole 
with adjuvant corticosteroids for hypoxemic patients (PO2 < 70 mmHg) has 
become the preferred therapy for these infections [86]. Alternatives include 
intravenous pentamidine, oral dapsone in combination with trimethoprim, or 
oral atovaquone suspension alone.

Antiviral drugs are indicated only if there is clinical or laboratory evidence 
of viral disease. With the exception of a cytomegalovirus-related pneumonitis 
in allogeneic bone marrow transplant recipients with graft-versus-host dis-
ease, there appears to be no need for empiric coverage of respiratory viruses, 
such as respiratory syncytial virus, influenza [87, 88], and adenoviruses. 
Ganciclovir, valganciclovir, and foscarnet have established activity in the 
treatment of cytomegalovirus infection and their timely use might be life-
saving. Mycoplasma pneumoniae with or without cold agglutinins is remark-
ably infrequent in patients treated for leukemia. In more acutely ill patients, 
the possibility of acute lung injury following transfusion of a cellular blood 
product or respiratory distress syndrome related to streptococcal sepsis should 
be considered.

Patients with an infection by Streptococcus mitis, which has been linked 
with severe mucositis and high-dose cytarabine are at particular risk [53, 54]. 
The incidence of acute respiratory distress syndrome in such cases is more 
than 20% and mortality is substantial. The pathophysiology of adult respira-
tory distress syndrome following streptococcal bacteremia in a neutropenic 
patient is poorly understood. Probably several factors are involved, such as 
deleterious effects of sepsis superimposed on preexisting tissue damage. Even 
patients who had received appropriate antimicrobials at the onset of fever 
were reported to experience shock and death [54–56]. Therefore, in addition 
to antibiotics, corticosteroids should be considered in the management of 
patients affected by ARDS and streptococcal bacteremia.

Bacterial infections of the lung, accompanied by bacteremia in about 
50%  of  cases,  usually  create  infiltrates  on  a  computer-assisted  tomo-
graphic scan that are confined to one or more lobes. Pneumonias caused 
by Pseudomonas aeruginosa and Staphylococcus aureus do have a bad 
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reputation but enterobacteriaceae [89, 90], Haemophilus influenzae and 
Streptococcus species are hardly less dangerous. Given the uniformly poor 
outcomes of pulmonary infections in clinical trials, the empiric use of a 
combination of antibiotics is recommended with the addition of vanco-
mycin in centers that face resistance of S. pneumoniae to penicillin and 
macrolides. Outbreaks of Legionella pneumophila, an infection charac-
terized by patchy interstitial or nodular pulmonary infiltrates and some-
times accompanied by headache or gastrointestinal symptoms, have been 
observed among compromised patients in units with contaminated water 
systems [91]. Therefore, if a case of legionellosis is encountered, other 
patients with similar symptoms on the same ward should be treated with a 
macrolide or a fluoroquinolone from the start of antimicrobial therapy.

A nodular pattern of pulmonary infiltrates should lead the physician to 
consider the possibility of atypical pneumonia or, more commonly, a pul-
monary fungal infection. In the latter case, diagnostic procedures rather 
than immediate institution of antifungal drugs should be given priority. 
Especially in patients with concomitant impairment of the cell-mediated 
immunity, pulmonary aspergillosis has to be distinguished from tuberculo-
sis. Infections with Mycobacterium tuberculosis in patients with impaired 
cell-mediated immunity are manifested as either localized pulmonary 
disease or devastating miliary tuberculosis. Nontuberculous mycobacteria 
are still rather rare in patients with acute leukemia, but the introduction of 
purine analogues such as cladribine and fludarabine, which cause severe 
and prolonged depression of cellular immunity, may change this picture in 
the near future [92].

2.2.2.5. Other Foci of Infection
Urinary tract infections are astonishingly uncommon in patients who are treated 
for leukemia or lymphoma and, since gram-negative bacteria are the predominant 
urinary tract pathogens, the choice for a single broad-spectrum b-lactam is 
fully justified.

Malignant otitis externa is a very serious infectious complication that can 
emerge after administration of aggressive chemotherapy for a hematological 
malignancy. At the outset, the patient will complain of a painful, discharging 
ear, and physical examination will reveal a reddened edematous ear canal. 
Local maceration and humid conditions favor the growth of Pseudomonas 
aeruginosa which, indeed, can be isolated frequently from swabs taken from 
superficial lesions of the external canal. Untreated, the infection will penetrate 
into underlying soft tissues, threatening the retromandibular and parotid area. 
Likewise, spread to the middle ear, the mastoid air cells, and adjacent tem-
poral bone is possible. Once osteomyelitis becomes established, extension to 
the base of the skull with invasion of the cranial nerves and local thrombosis 
poses a direct danger to the patient’s life. A computer-assisted tomographic 
scan may be helpful to identify tissue damage in the early phase. Prolonged 
antibiotic therapy with ceftazidime, ciprofloxacin, or other antipseudomonal 
antibiotics in combination with surgical debridement constitutes the treatment 
of choice [93]. Occasionally, a similar clinical picture can be the result of an 
infection by Staphylococcus aureus or Aspergillus fumigatus. In such cases, 
surgery should be combined with an antistaphylococcal penicillin or vancomy-
cin, or with voriconazole, respectively.
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An insidious onset of fever accompanied by headache and confusion might 
be indicative of meningitis when causation by leukemia or lymphoma has 
been excluded by cytologic examination of the cerebrospinal fluid. In cases 
of infection, the cerebrospinal fluid is usually clear with moderate protein 
elevation. The prevalent pathogens are Listeria monocytogenes, Cryptococcus 
neoformans, and Toxoplasma gondii [65]. Recovery of one of Listeria mono-
cytogenes [94] and Cryptococcus neoformans from blood cultures should, 
provided that no intracranial hypertension is detected, always prompt a lumbar 
puncture even in the absence of neurological symptoms. Considering their low 
incidence and the relatively reliable diagnostic possibilities, there is no need to 
cover for these infections with a specific empiric regimen.

2.2.3. Management on an Out-Patient Basis
Outpatient management of infections in patients with hematological malignan-
cies is discussed in more depth in Chap. 6. When potent oral broad-spectrum 
antibiotics became available in the late eighties, many clinicians felt tempted 
to use these drugs in the treatment of febrile neutropenic patients. Several 
groups around the world assessed the options and limitations of this seem-
ingly revolutionary approach [95–97] systematically. These analyses showed 
that it is possible to define risk factors that can be used to classify patients into 
low or high-risk categories. In fact, these studies offered nothing more than 
identification of objective parameters that corroborate the gut’s feeling of the 
experienced clinician. Since the time of Bodey [1], it was already obvious that 
patients with absolute neutrophil count between 0,1 and 0.5 × 109/l (100–500/ml) 
carry a minor risk compared to those with a granulocyte count of less than 
0.1 × 109/l (100/ml). But now other risk factors have been identified. Patients 
with concurrent mucosal damage or impaired cellular immunity, as well as 
those with clinically documented infections or unstable vital signs, are at high 
risk and deserve increased vigilance. Patients with these additional risks can-
not be considered candidates for antibiotic treatment on an out-patient basis. 
The vast majority of patients with acute leukemia are considered high-risk 
patients and should continue to receive intravenous broad-spectrum antibiot-
ics in the hospital or similar setting. The remaining low-risk patients, namely 
those with unexplained fever who are clinically stable, may be safely treated 
with oral antibiotics provided that they have been seen at a qualified medical 
center promptly after the onset of fever [95, 96]. The possible use of antibiotic 
prophylaxis does not pre-empt the need for a thorough check-up but limits the 
choice of drugs that can be used for treatment. Patients with increasing granu-
locyte counts are considered to be better candidates for outpatient therapy than 
are patients without an indication of bone marrow recovery. Among the oral 
regimens that have been evaluated are ofloxacin, ciprofloxacin, and cipro-
floxacin plus amoxicillin–clavulanate. It is crucial to make sure that the patient 
is informed about the risk of unremitting fever during a neutropenic episode 
and that he or she fully understands the importance of seeking immediate 
medical advice in case any unexpected incident occurs. Vigilant observation 
at home by a relative or professional health care worker and prompt access 
to appropriate medical care must be available 24 h per day, 7 days a week 
[98–101]. As an alternative to initial outpatient therapy, early discharge with 
continued outpatient therapy for selected patients may be considered after 
a brief admission during which intravenous therapy is initiated, fulminant 
infection is excluded, and appropriate culture specimens are taken [102, 103]. 



Chapter 5 Acute Myelogenous Leukemia and Febrile Neutropenia 151

BookID 146129_ChapID 5_Proof# 1 - 07/10/2009

Two studies have demonstrated that children who lack signs of sepsis and 
severe mucositis, who are afebrile for >48 h, who have neutrophil counts of 
>100 cells/mm3 (>0.5 × 109/l), and who are at low risk for complications may 
have their intravenous antibiotic treatment safely stopped to be substituted by 
oral cefixime [104, 105].

3. Management of Fever After the Empiric Episode

3.1. Principles

After starting empiric antibacterial treatment, fevers will persist or return in 
about one third of patients. The average duration of fever in serious infections, 
in eventually successfully treated neutropenic patients is 4–5 days (Table 5-2, 
Fig. 5-1) [4, 9, 13, 14, 34–44]. Although fever can be inconvenient for the 
patient, it is important to realize that it is part of the body’s defense system 
[106]. Indeed, some retrospective studies have suggested that fever is associ-
ated with improved survival and shortened disease. Uncontrolled studies have 
reported an association of increased mortality with the absence of fever in 
polymicrobial or gram-negative sepsis and in elderly patients with community 
acquired pneumonia [107, 108]. So, when the body temperature remains above 
normal during 3 or 4 days on apparently effective broad-spectrum antibiotics, 
this should not be considered a complete waste of time, particularly not if 
the time is used for an appropriate diagnostic work-up. It should be kept in 
mind that empiric administration of antibiotics is only meant as an immediate 
cover for rapidly fatal bacteria such as gram-negative rods and Staphylococcus 
aureus, thereby, so to say, buying time for consideration of the next therapeu-
tic interventions and for waiting for the results of the diagnostic procedures. 
When the results of the cultures become available and the infection has had 
time to blossom clinically, there is a more solid basis for decisions on neces-
sary adjustments of an antibiotic regimen.

Unfortunately,  all  large,  randomized  clinical  trials  on  empiric  antibiotic 
therapy in the febrile neutropenic patients during the past 30 years have been 
pharmaceutical company-driven for purposes of attaining governmental agency 
approval [23, 24]. As a consequence, the design of these studies focused pri-
marily on the efficacy of a particular drug in comparison with another drug 
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Fig. 5-1. Typical course of fever after institution of empiric antimicrobial therapy in 
neutropenic patients.
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or combination of drugs. According to the protocols for these trials, only 
patients who survived the febrile episode without a change in the allocated 
regimen could be labeled as successes, whereas any change in therapy, inde-
pendent of the trigger, was denoted a failure, even if the patient survived 
unscathed and the infection was eradicated. Therefore, modification of the test 
regimens was discouraged, which constitutes a rather artificial situation, as 
clinicians are inclined to adjust an antibiotic regimen for no other reason than 
a subjective feeling of unease with the original choice of antibiotics. Changes 
often reflect impatience, nervousness, and lack of confidence on the part of 
the clinician concerned over the still febrile neutropenic patient rather than any 
deficiency in the original antibiotic regimen used. When restrictions surround-
ing a clinical trial do not apply, juggling antibiotics against an undulating line 
on a temperature chart is a well-known frequent occurrence on a ward full of 
patients suffering with hematological malignancies. Indeed, in daily practice, 
many modifications are not based on objective criteria and are made outside 
office hours, i.e., by less experienced physicians on call [103, 109]. However, 
it is generally recognized that exposure to many different antibiotics as a result 
of haphazard changes of regimens enhances the risk of drug-related adverse 
events and seldom improves the outcome of the patient under treatment. 
Moreover, such a policy of endless therapeutic trials of antibiotic changes 
might wrongly decrease the perceived need for further diagnostic procedures 
in poorly responding patients. Since there is evidence from clinical trials on 
what to do after the empiric phase, some experts have been promoting the 
so-called algorithms of planned progressive antibiotic therapy to treat neu-
tropenic patients with fever. A planned progressive strategy involves adjust-
ment of therapy every 2–3 days, until the patient becomes febrile or until all 
the potential causes of infection are covered by the best available microbial 
agents, irrespective of the development of additional symptoms. It is clear that 
algorithms featuring planned progressive therapy are destined to lead to over-
treatment with unnecessary expenses and drug exposures [108]. It appears 
more intellectually attractive not to rely on fixed algorithms but to weigh 
several different, patient-specific parameters, including fever and clinical 
response, as a guide for modification of an empiric regimen. It goes without 
saying that spending time at the bedside is crucial for those who feel attracted 
to the role of attending physician because careful observation often provides 
early clinical clues for a rational adaptation of the original empirical antibiotic 
regimen. The need for individualization is not only dictated by variations in 
the signs and symptoms of the patient that accompany persisting fever but also 
by differences in skills and expertise amongst attending specialists in various 
centers. For example, centers with excellent and interested departments of 
medical microbiology and pathology will rely more heavily on their findings 
than do centers with poorly functioning departments, whereas units with an 
active radiology service may benefit from the locally available know-how in 
this particular field.

3.2. Modifications in Poorly Responding Patients

3.2.1. Case-by-Case Modification of an Initial Empiric Regimen
Once an empiric antibiotic therapy has been started, the patient must be 
monitored continuously for nonresponse, emergence of secondary infections, 
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adverse effects, and the development of drug-resistant organisms. This 
implies that the start of antibacterial agents cannot be seen as an impetus 
to stop diagnostic procedures. Daily blood cultures are certainly justified 
as long as patients remain febrile and when a new temperature peak occurs 
because breakthrough bacteremia or fungemia may develop. Close monitor-
ing of sites that are prone to infection should start before the onset of fever 
and has to be continued after empirical antibacterial therapy has com-
menced. Subtle changes must bring diagnostic tools into play to confirm or 
exclude the presence of an infectious focus. Regular CT-scans of the chest, 
preferably in combination with serological monitoring for Aspergillosis 
antigen, have an established value in patients who are at increased risk of 
fungal infections [92].

As  a  rule,  approximately  65%  of  patients  without  a  focus  of  infection, 
which  includes  30%  overall  with  positive  blood  cultures,  will  show  some 
clinical improvement after 3 days of broad-spectrum empiric coverage in 
spite of persisting fever. In most cases, defervescence will follow rapidly. 
Elements that should be incorporated in clinical decision making include 
the course of fever and clinical condition with special attention to the vital 
signs, evolving symptoms of infection in relation to the granulocyte count, 
C-reactive protein levels, antigen monitoring, and risk for relapses of latent 
viral infections determined by pretreatment antiviral titers. The results of all 
cultures taken at the onset of fever have to be assessed and it is recommended 
to analyze surveillance cultures, if any, to identify possibly colonizing resist-
ant organisms. Without clinical deterioration or proof of an infection caused 
by a micro-organism resistant to the initial antibiotic regimen, persisting fever 
after 72–96 h of empiric therapy in and of itself is an unsatisfactory basis 
for changing the original empirical antibacterial regimen. It is better to alter 
the regimen only when there are objective reasons to do so: deterioration of 
vital signs, isolation of a resistant pathogen without clinical improvement, 
persistence of a pathogen, antibiotic-related adverse events, occurrence of 
a new focus of infection or progression of an existing focus in the absence 
of granulocyte recovery, unexplained fever persisting for more than 5 days, 
new fever, a new pathogen or recognition of a local outbreak with a resistant 
organism (Tables 5-5 and 5-6). In most patients, antimicrobial therapy can 
be adjusted objectively on the basis of clinical or microbiologic findings but 
such an individually tailored approach requires careful daily assessment of 
all possible parameters collaborating with consulting specialists, including 
microbiologists, pulmonologists, and radiologists. In contrast to the moment 
of the onset of fever, there is ample time for deliberation and contemplation 
in a situation where the patient’s fever persists for 3 or more days while on 
antibiotics because the origin of fever is obviously not a rapidly fatal micro-
organism that needs immediate treatment. Fever that persists for more than 3 
days suggests that the patient has a nonbacterial infection, a resistant bacterial 
infection, a second infection, or a drug fever [22, 110].

Despite extensive cultures, only around 30% of all febrile patients will be 
shown to have microbiologically defined infections. In 30% of patients, organ 
involvement is already apparent with the initial fever and an additional 10% 
will show clinically defined infection within the next 72 h (see Fig. 5-2). 
Others have neither a focus of infection, nor a positive culture and are defined 
as unexplained fevers. Using clinical well-being as a leading parameter, there are 
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roughly three possible situations after 3 days of treatment: the patient’s condi-
tion is (a) improving (approximately 55% of cases); (b) stable (approximately 
35%); or (c) deteriorating (10%; see Fig. 5-3 and Table 5-7). Patients belonging to 
each of these three categories may have either a microbiologically documented 
infection, a clinically documented infection, or an explained fever. All these 
factors that are partly subjective and partly objective can be exploited to steer 
the modification of an empiric regimen when there is a perceived need to do so.  
Ultimately, only 15–20% of patients with a persisting unexplained fever should 
require a continued empirical rather than a clinical or microbiologically 
directed approach after 72 h of broad-spectrum antibacterial therapy. 

Table 5-5. Reasons to modify an empirical antibiotic regimen.

•  Deteriorations of vital signs

•  Development of a new clinical focus

•  Progression of an existing focus

•  Persistence of a presumed causative pathogen

•  Isolation of an in vitro resistant organism in the absence of clinical improvement

•  Occurrence of a new fever

•  Isolation of a new pathogen

•  Adverse event attributable to one of the current antibiotics

•  Known local outbreak with an unusual micro-organism such as Legionella

Table 5-6. Possible causes for the lack of response to antibiotics.

•  A bacterial infection resistant to the antibiotics

•  Cell wall-deficient bacteremia

•  Infections at a avascular site (e.g., abscesses or catheters)

•  Inadequate serum and tissue levels of the antibiotics

•  Slow response to the drugs in use

•  The emergence of a second infection

•  A nonbacterial infection

o Fungal

o Viral

o Posttransplant lymphoproliferative disease (in allogeneic stem cell transplant 
recipients)

o Parasitic

•  Pyrogenic substances

o Cytokines

o (Auto)immune reactions

o Blood product antigens

o Toxins

o Drugs (antibiotics)

o Tissue (tumor) products
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Whichever modification is planned, it cannot be overemphasized that mainte-
nance of appropriate antigram-negative cover is mandatory as long as a patient 
is febrile and neutropenic.

3.2.1.1. Microbiologically Documented Infections
When the patient is improving or stable, there appears to be no imminent need 
to adjust an antibiotic regimen. Depending on the micro-organism isolated, a 
change to an oral regimen could be considered with caution. When a gram-
negative isolate is identified, broad-spectrum antibiotic coverage should be 
maintained in full dose. Whereas the clinical relevance of a blood culture 

IMPROVING
55%

MICROBIOLOGICALLY DOCUMENTED INFECTIONS

CLINICALLY DOCUMENTEN INFECTIONS

UNEXPLAINED FEVER

FEBRILE NEUTROPENIC POPULATION

WORSE
10%

STABLE
35%

EMPIRIC THERAPY FOR 72 HOURS

Fig. 5-3. Evolution of clinical condition during the first 72 h of empiric antimicrobial 
therapy.

UNEXPLAINED
FEVER

BACTEREMIA

LUNG

URINE

SKIN
SOFT TISSUE

URTI

ABDOMEN

at onset of fever after 72 hours

Fig. 5-2. Identified causes of infection at the onset of fever and at the end of the empiric 
episode.
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positive for gram-negative bacilli is never a matter of controversy, the impli-
cation of recovery of particular gram-positive cocci is less clear. Single blood 
cultures positive for S. aureus, S. pneumoniae, or Enterococcus faecalis in 
neutropenic patients should be regarded as significant and indicative of the 
need for further treatment. Viridans group streptococci, with an average mor-
tality of 15–20%, are perhaps  the most feared among the bacteremias  today 
[54–56]. Although viridans streptococci are common blood contaminants in 
the general population, positive blood cultures in patients with oral mucositis 

Table 5-7. Considerations for modification of antibiotic regimens in febrile 
neutropenic patients.

Improving clinical condition

•  Microbiologically documented infection

o Maintain gram-negative coverage

o Consider adjustment on the basis of susceptibility pattern

o Consider switching to an oral regimen

•  Clinically documented infection

o Continue existing regimen

•  Unexplained fever

o Maintain gram-negative coverage

o Consider switching to an oral regimen

Stable clinical condition

•  Microbiologically documented infection

o Maintain gram-negative coverage

o Consider adjustment on the basis of susceptibility pattern

o Consider switch to an oral regimen

•  Clinically documented infection

o Continue existing regimen

o Consider change on the basis of organ- or syndrome-specific pathogens

•  Unexplained fever

o Maintain gram-negative coverage

o Consider further diagnostic procedures

Deteriorating clinical condition

•  Microbiologically documented infection

o Maintain gram-negative coverage at maximally tolerated doses

o Consider adjustment on the basis of susceptibility patterns

•  Clinically documented infection

o Maintain gram-negative coverage at maximally tolerated doses

o Broaden coverage of organ- or syndrome-specific pathogens

•  Unexplained fever

o Cover relevant potential gaps in the spectrum of the existing regimen

o Consider further diagnostic procedures

o Consider institution of intravenous antifungals
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should not be disregarded, certainly not when S. mitis or related streptococci are 
isolated [53, 54]. Isolation of rare micro-organisms should prompt evaluation 
of the appropriateness of the starting antibiotic regimen, especially when the 
patient is not responding optimally. On the other hand, isolation of in vitro 
resistant organisms such as coagulase-negative staphylococci and, more 
rarely, Stenotrophomonas maltophilia, from the blood of a clinically, evidently 
improving patient, pose an interesting challenge. Many would be inclined 
to modify the initial regimen but in many cases other bacteria that were not 
recovered on the culture plate may have been the culprits in the current fever. 
A blood culture that yields Candida species or another fungus should be 
taken very seriously and dictates immediate institution of antifungal therapy 
[111–113]. The availability of the candins has extended the therapeutic options 
[114–116].

Adaptations of an antibiotic regimen in a patient who is clearly not respond-
ing is relatively straightforward when a micro-organism has been isolated; the 
results of the cultures, supplemented by susceptibility testing, will assist in 
selecting the proper antibiotics.

3.2.1.2. Clinically Documented Infections
All clinical trials so far have demonstrated consistently that patients diagnosed 
with a clinically documented infection respond much slower and remain 
febrile for a longer time than those without a focus of infection [19, 27, 51]. 
Moreover, due to problematic penetration into avascular sites, infections 
associated with abscesses or prosthetic devices usually respond poorly to anti-
microbial therapy. Attending physicians should, therefore, be more hesitant 
to change antibiotics in patients who are not deteriorating. On the other hand, 
there are indications that early addition of specific agents might be useful for 
more rapid control of clinically documented infections. For instance, considering 
the probable involvement of anaerobes, switching to a carbapenem, if not 
given initially, or addition of metronidazole to a standard anti-gram-negative 
regimen, appears a logical choice when fever is accompanied by abdominal 
symptoms. In cases with a clinically documented site who do not improve or 
stabilize, coverage of micro-organisms known to prevail at the involved site 
of infection (see Table 5-4) appears appropriate. Clinically documented infec-
tions that emerge later during the course of febrile neutropenia carry a dismal 
prognosis and are presumed to be related to the occurrence of resistant micro-
organisms, including invasive fungi, in combination with persisting immuno-
deficiency often as a result of a refractory underlying disease.

3.2.1.3.  Persistent Unexplained Fever or Fever of Unknown Origin
If the patient with an unexplained fever clinically improves or remains stable 
after 72 h of empirical treatment and re-evaluation by physical examination 
and diagnostic tests yields no new information, and no isolate was found, 
the initial antibiotic regimen can be continued or can be switched to an oral 
compound. The latter option is more reasonable clinically if neutropenia is 
expected to resolve within the ensuing days. If vancomycin is a component of 
the initial antimicrobial regimen, withdrawal of the drug should be considered 
if the results of the cultures do not support its use.

Deteriorating cases without any microbiological or clinical sign of infection 
pose a dilemma. Unexplained fever accompanied by deterioration can imply 
that the patient has a nonbacterial infection or a noninfectious cause of fever, 



158 A. Herbers and B.E. de Pauw

BookID 146129_ChapID 5_Proof# 1 - 07/10/2009 BookID 146129_ChapID 5_Proof# 1 - 07/10/2009

but foremost, a resistant bacterial infection or the emergence of a second 
infection should be taken into account [19, 110]. An initial response rate of 
about 35% may be expected  in patients with  shock,  compared with 70%  in 
patients without shock, which suggests the possible presence of an undetected 
toxin-producing pathogen in the former. Addition to the original empirical 
antibacterial regimen is mandatory in critically ill patients, independent of the 
level of fever. Escalation might include filling theoretical gaps in antibiotic 
spectrum and enhanced monitoring for any changes in the patient’s condition. 
Under these circumstances, the selection of agents should be guided by knowl-
edge of locally prevalent virulent pathogens and actual susceptibility patterns, 
which implies the necessity of close cooperation with the local microbiology 
laboratory. Addition of vancomycin appears reasonable in view of the fact that  
the spectrum of antibacterial drugs in traditional empiric regimens usually does not 
cover coagulase-negative staphylococci, methicillin-resistant Staphylococcus 
aureus, enterococci, and some strains of penicillin-resistant S. pneumoniae 
and viridans streptococci. On the other hand, liberal use of vancomycin has 
confronted the medical community with vancomycin-resistant enterococci and 
staphylococci, which has led to increasing use of new agents like quinupristin-
dalfopristin and linezolid in the treatment of febrile neutropenic patients. When 
the starting regimen consists of a single, broad-spectrum b-lactam, addition of 
an aminoglycoside is an attractive option to provide a better coverage when 
infections by resistant gram-negative rods are suspected. However, it has to 
be emphasized that development of resistance during therapy is extremely 
rare and that aggressive gram-negative organisms typically cause the infec-
tion to deteriorate rapidly to a stage beyond cure within a few days after first 
fever in most cases. Hence, if the local resistance pattern or a particular con-
cern in an individual patient prompts the use an aminoglycoside for resistant 
gram-negative bacteria, then aminoglycosides should be prescribed from the 
start in optimal doses with monitoring of the peak and trough serum levels. 
Clinical deterioration in a persistently neutropenic patient with unexplained 
fever is an important but rather rare event in daily practice and applies to 
only a quarter of the overall 10% of cases that deteriorate while on broad-
spectrum antibacterial treatment. Moreover, it is noteworthy that the success 
rate of empiric modifications is  less than 20%, whereas more than 50% of 
cases will respond to specifically customized modifications [41].

3.3. Specific Considerations

3.3.1. Invasive Fungal Disease
Invasive fungal infections are encountered in up to 40% of autopsies in patients 
with hematological malignancies. Fungi have been found to be responsible 
for two thirds of all superinfections, which surface during broad-spectrum 
antibiotic treatment of neutropenic patients. More than 20 years ago, when 
diagnostic capabilities were virtually nonexistent and the choice of effective 
antifungal agents limited, two prospective, randomized trials laid the scientific 
foundation for the addition of systemically active antifungals even though 
neither study was adequately powered to reach a statistically valid conclusion 
[111, 112]. This strategy appeared to reduce the incidence of invasive fungal 
infections in patients without any further sign of a clinically documented 
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infection. Solid statistical evidence to support the validity of this empiric 
approach was never obtained subsequently in further placebo-controlled 
trials because empirical antifungal treatment had become widely accepted as 
the standard of care. This so-called empiric antifungal therapy has remained 
popular as it seemed to make life easy for clinicians. The lack of reliable diag-
nostic tools combined with very poor outcomes of invasive fungal infections 
that were not timely treated contributed greatly to this popularity [117–119]. 
However, in most cases in 2007, antifungals prescribed empirically for fever 
alone are unnecessary because invasive fungal infection is present in a minor-
ity of cases. A better understanding of the pathophysiology of invasive fungal 
disease in combination with use of better diagnostics allows for a more indi-
vidualized approach [117, 120]. An optimal diagnostic work-up in conjunction 
with careful clinical observation will likely render routine empiric antifungal 
therapy superfluous in most cases because appropriate application of presently 
available diagnostic tools enables timely pre-emptive institution of appropriate 
antifungal therapy by experienced clinicians [121–123]. The most common 
initial presentation of invasive aspergillosis is unremitting fever despite broad-
spectrum antibacterial treatment, accompanied eventually in most patients by 
pulmonary infiltrates or sinusitis. Clinicians should suspect the diagnosis in 
a patient with pleuritic pain, hemoptysis, or a localized pleural rub. The halo 
sign (a dense central nodule with surrounding less dense infiltrate) on a  
computer-assisted tomographic scan of the chest, though not pathognomonic, 
is highly suggestive of an early phase of pulmonary aspergillosis or other 
mould pneumonia in immunosuppressed patients [124–126]. Even when gram-
negative pathogens, including Pseudomonas aeruginosa and Enterobacter 
cloacae, are isolated from the sputum or blood of such patients, aspergillosis 
should be the leading consideration when nodular chest CT findings are 
present. If no infiltrate is found in a high-risk patient with persisting fever, the 
investigation should be repeated within a few days, preferably supported by 
bronchoalveolar lavage if indicated and additional assays such as screening 
for the presence of galactomannan in the blood [121]. Even in patients with 
aspergillosis who are responding adequately to antifungals, the computer-
assisted tomographic chest scan will usually show some enhancement of the 
lesion when the neutrophils return with eventual development of cavitation 
within the infiltrate, the so-called air-crescent sign [124–126]. This finding 
is suggestive of aspergillosis, although mucormycosis and other moulds may 
cause an identical picture. Whether the increased incidence of non Aspergillus 
mould is due to more extensive use of the new azoles like voriconazole or to 
the use of more intensive immunosuppressive treatment schemes remains to 
be seen [127, 128]. Isolation of an Aspergillus species from sputum or bron-
choalveolar lavage specimens connotes either invasive infection or bronchial 
colonization, the latter conferring high risk for invasive aspergillosis. When 
voriconazole or posaconazole have been used as prophylaxis, it is sensible to 
select an antifungal compound with a different mode of action when therapy 
becomes mandatory [129, 130]. Surgery is indicated for patients in whom 
lesions near the pulmonary hilus pose a direct threat of invasion of a major 
vessel with the risk of fatal hemorrhage or for debridement of dead tissue after 
a period of antifungal therapy [126]. Low risk patients who test negative for 
Aspergillus in all diagnostic procedures do not need to be started on intrave-
nous antifungals. Treatment should be stopped for those patients started on 
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antifungals pending diagnostic test results. A more conservative wait-and-see 
approach can be implemented successfully once clinicians learn to accept that 
negative diagnostic results constitute sufficient evidence that there is no fungal 
infection in many persistently febrile neutropenic patients [121, 123].

Fluconazole given as prophylaxis has virtually eliminated infections with 
Candida albicans. However, Candida species or other fungi are still occasion-
ally identified as causes of disseminated infections in humans, albeit with a 
shift from Candida albicans to nonalbicans species [131, 132]. A candidemic 
patient typically presents with an irregular fever sometimes accompanied by 
polymyalgia and polyathralgia. In about 10% of cases, characteristic pinkish-
purple, nontender subcutaneous nodules may arise anywhere on the body. 
Biopsy specimens should be cultured and histologically screened at multiple 
levels in an attempt to establish a final diagnosis. Candida ophthalmitis is 
seldom seen in leukemic patients since the distinctive retinal exudates are the 
result of an inflammatory response that involves granulocytes. Upon the return 
of the neutrophils or tapering of corticosteroids, complaints of abdominal 
discomfort and elevation of alkaline phosphatase levels with or without hepat-
osplenomegaly may emerge. At this stage, an abdominal ultrasound or compu-
ter-assisted tomographic scan will display rather distinctive multiple abscesses 
in the liver and/or spleen, known as “bull’s-eyes” [133, 134]. Mortality from 
an invasive yeast infection may be as high as 40%, particularly when the start 
of antifungal therapy has been delayed. Trichosporonosis and fusariosis can 
produce a clinical syndrome identical to candidemia [135–137].

3.3.2. Biological Response Modifiers
Up to now, empirical antimicrobial therapy has been the backbone of improving 
survival of febrile neutropenia in leukemic patients. Hematopoietic growth 
factors have been studied as adjunctive therapy for febrile neutropenic patients 
in several randomized, controlled trials. G-CSF (filgrastim) and granulocyte-
macrophage colony-stimulating factor (sargramostim) when used as part of the 
treatment of febrile neutropenic patients were shown to consistently shorten 
the duration of neutropenia defined as a neutrophil count below 0.5 × 109/l 
(500/ml). However, the duration of absolute neutropenia, i.e., count of less 
than 0.1 × 109/l (100/ml), was not influenced, which might help to explain 
why neither a decrease in infection-related mortality rates nor a significant 
effect on morbidity, including duration of fever and use of anti-infectives, were 
observed [138, 139]. Therefore, the use of growth factors should be restricted 
to complicated cases for which there appears to be no rational alternative 
therapeutic option [140–142]. This concept also applies to the use of granu-
locyte transfusions. Transfusion of high numbers of granulocytes harvested 
after administration of G-CSF, with or without dexamethasone, to a donor is 
done by some clinicians without there being any unequivocal evidence of 
its efficacy. Patients with prolonged profound neutropenia and an uncontrolled 
clinically documented infection, such as severe cellulitis or sinusitis, appear 
to be the primary candidates for treatment with granulocyte transfusions, 
whereas administration of a colony-stimulating factor (G-CSF) should be 
preferred when a return of the neutrophils is imminent. Significant toxicities 
in granulocyte-transfusion recipients include transmission of cytomegalovirus,  
alloimmunization associated with fever, graft-versus-host reactions if granu-
locytes are not irradiated, progressive platelet refractoriness, and, possibly, 
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respiratory insufficiency associated with concomitant administration of ampho-
tericin B. New approaches with agents designed to protect the mucosa, like 
recombinant human interleukin 11 and keratinocyte growth factor palifermin, 
show promising results in terms of reducing severity of mucositis and occur-
rence of fever and bacteremia in neutropenic patients [143–145].

4. Cessation of Antimicrobial Therapy

4.1. Antibacterial Therapy

It is widely believed that antibiotic treatment should be continued for a mini-
mum of 7 days or until culture results indicate that the causative organism has 
been eradicated, infection at all sites has resolved, and the patient is free of 
major signs and symptoms. Ideally, the neutrophil count should be >500 mm3 
(0.5 × 109/l) before treatment is stopped [146]. When no infection has been 
identified after 3 days of treatment and the patient has become afebrile for 
48 h in association with a neutrophil count that has exceeded 500 cells/mm3 
(0.5 × 109/l), antibiotic therapy may be stopped. In addition, if a persistently 
neutropenic patient has no complaints and displays no clinical, radiological, or 
laboratory evidence of infection, cessation of antibiotic therapy or a change to 
oral antimicrobials should be considered after 4 days without symptoms. 
If antibiotics are discontinued while the patient is still neutropenic, the patients 
must be monitored closely and intravenous antibiotics restarted immediately 
with recurrence of fever or any other evidence of bacterial infection, since the 
initial infection may have only been suppressed, not eradicated. One should 
consider continuous administration of antibiotics throughout the neutropenic 
period in patients who have profound neutropenia, mucous membrane lesions 
of the gastrointestinal tract, or any other identified risk factor. Some experts 
suggest, in patients in whom hematological recovery cannot be anticipated, a 
change from the therapeutic regimen to a prophylactic scheme after 2 weeks 
of therapy with intravenous antimicrobials. When the suspicion of a noninfec-
tious cause of the fever is high, interruption of antibiotic therapy after ~4 days 
seems warranted in clinically well patients without any evidence of infection 
apart from persisting fever. Under these conditions, meticulous monitoring has 
to be maintained to guarantee the patients timely protection against subsequent 
infections that are likely to occur.

4.2. Antifungal Therapy

The decision to start antifungals may appear complex but is not as difficult 
as the decision to discontinue. If a systemic fungal infection has been identi-
fied, the course of antifungal therapy will be determined by the causative agent 
and the extent of the disease. In patients with pulmonary infiltrates or other 
suspicious lesions, it is essential to see a clinical and, preferably, a radiological 
response before one ponders cessation of antifungal therapy. However, if no 
fungal infection is found, it is not clear how long antifungal drugs should be 
administered [147]. For clinically well patients with prolonged neutropenia, it 
is suggested that antifungal agents can be stopped after 2 weeks of treatment, 
provided that no conspicuous lesions can be found by clinical evaluation or 
by computer-assisted tomographic scanning of the chest and the abdominal 
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organs. In the patient who appears ill or is at high risk, continuation of antifungal 
therapy throughout the neutropenic episode is recommended. Conversely, when 
neutropenic fever subsides, the patient is clinically well and computer-assisted 
tomographic scan of the abdomen and chest reveals no suspicious lesions; 
antifungals may be discontinued, particularly when the criterion for com-
mencing antifungal therapy had been simply fever unresponsive to antibiotics. 
This approach also applies when the presumptive diagnosis becomes question-
able during the course of granulocytopenia. When a patient diagnosed with 
and treated for a proven or probable invasive fungal disease requires further 
chemotherapy or bone marrow transplantation, protection against the offend-
ing pathogen has to be provided, even if the patient responded completely 
to initial antifungal therapy. The risk of relapse of invasive fungal disease is 
so high that secondary prophylaxis is warranted, requiring that a full dose of 
the most effective antifungal is administered [148, 149]. After introduction 
of routine CT scanning it became apparent that solitary lesions caused by 
invasive fungal disease are rare and this observation reduced the enthusiasm 
for surgical interventions. However, if the number of lesions is limited or a 
difficult-to-treat pathogen, such as a zygomycosis, has been found, surgical 
excision has to be considered, especially when the lesions are located close to 
a large vessel [150].

5. Concluding Remarks

Modern chemotherapy offers hope of a cure to many cancer patients, but 
it confronts the medical community with new challenges continuously. 
Infection remains an inevitable side-effect of the myeloablative therapy for 
acute leukemia and is the principal cause of morbidity and mortality amongst 
these patients. Optimal care can be delivered only by those who pay scrupu-
lous attention to the patient's clinical condition and are aware of the evolving 
therapeutic and diagnostic modalities. It cannot be denied that time remains an 
important factor in the management of infectious complications but we must 
try to distinguish more accurately between patients truly in need of immediate 
therapy and those who are not. Fixed treatment algorithms are only acceptable 
if they allow individual interpretation and reasonable deviations. Maintaining 
guidelines that dictate second line treatment of a population in which more 
than half of the patients do not have true infection is not justifiable in view of 
potential adverse events and the economical burden. The demand for an alter-
native strategy, built on clinical skills, modern and more accurate laboratory 
tests and imaging techniques, has become apparent and a broad application of 
this principle may change the approach to antimicrobial treatment in neutro-
penic patients completely. Overuse of antimicrobial agents, both antibacterial 
and antifungal, has become all too common in the belief that broader coverage 
will benefit the patient. Unfortunately, prescription of antimicrobials accord-
ing to a preset scheme may give a false sense of security with reduced or 
delayed diligence in pursuing a diagnosis. Diagnostic considerations should 
prevail whenever patients do not respond satisfactorily to an antibacterial 
regimen. In addition, neutropenia can no longer be seen as the major compass 
to steer antimicrobial therapy in a febrile patient because neutropenia is not 
the one and only factor predisposing for infection. A damaged integument 
and impairment of T cell-mediated immunity have altered the incidences of 
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causative micro-organisms. This change not only has consequences for the 
selection of antimicrobial agents but may also foster development of totally 
different future treatment modalities such as biological response modifiers that 
might  reduce  the  need  for  antimicrobial  agents.  Undoubtedly,  unwarranted 
widespread use of antibiotics has contributed to the development of resistance 
amongst micro-organisms. Resistance of previously susceptible pathogens to 
drugs like penicillins, cephalosporins, glycopeptides, fluoroquinolones, and 
azoles has become all too familiar of extended spectrum macrolides, carbap-
enems, and other agents . The primary purpose of prophylactic or empiric use 
of antimicrobial agents is not to make the physician’s life easier but rather to 
help patients most at risk survive a difficult and dangerous episode.
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Abstract Many solid tumor cancer patients are considered to be at “low-risk” 
for developing complications even during episodes of neutropenic fever and 
are routinely managed without hospitalization. Low-risk subsets are now be-
ing recognized in patients with hematologic malignancies (CLL/lymphomas) 
as well. The spectrum of infection in most of these patients is different from 
that seen in neutropenic patients, with fungal, viral, and bacterial infections 
primarily associated with defects in cellular immunity predominating. With 
improvements in supportive care and infusion technology, and the availability 
of many anti-infective agents for parenteral and oral administration, outpa-
tient management of low-risk patients with hematologic malignancies is be-
ing practiced with increasing frequency. This approach has several advantages 
and very few disadvantages but does require substantial initial investment in 
infrastructure by individual institutions. Nevertheless, it is an investment well 
worth making by institutions that care for cancer patients, as cancer survivor-
ship continues to rise.

Keywords  Hematologic malignancies • Low-risk patients • Fungal infections • 
Viral infections • Outpatient therapy

1. Introduction

Patients with hematologic malignancies are at substantial risk of developing 
infections as a result of immunologic deficits associated with underlying 
diseases, and those caused by antineoplastic therapy [1]. For a long time clini-
cians have been aware that not all patients with hematologic malignancies 
have the same risk of developing infections or infection-related complications. 
Nevertheless, until very recently, most patients particularly those with neu-
tropenia, were managed in the hospital when they developed fever or other 
symptoms and signs of infection [2]. This was considered prudent because 
(a) there were no reliable risk-assessment strategies which could accurately 
identify low-risk patients and, (b) most institutions did not have the necessary 
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infrastructure and multi-disciplinary teams necessary to support an active 
program of outpatient management. The situation has changed considerably 
over the past decade, particularly, at Comprehensive Cancer Centers and other 
institutions caring for patients with hematologic malignancies.

Several risk-assessment strategies have been developed which can identify 
with acceptable accuracy febrile neutropenic patients who are at low-risk for 
life-threatening outcomes from infections [3, 4]. Although majority of patients 
categorized as low-risk have solid tumors such as breast cancer or sarcoma, sev-
eral subsets of patients with hematologic malignancies have also been identified 
to be at low-risk. Many of these low-risk neutropenic patients do not need to be 
hospitalized when they develop an infection. With the ability to identify large 
numbers of low-risk patients came the commitment from many institutions to 
invest in the infrastructure required to manage patients in the outpatient setting, 
because of several advantages associated with this approach.

Newer therapeutic modalities for the treatment of lymphoproliferative dis-
orders including purine nucleoside analogs and monoclonal antibodies have 
now become commonplace. These modalities have changed the spectrum of 
infections seen in patients with hematologic malignancies. They have also 
created a subpopulation of patients that are at intermediate-to-low risk for the 
development of serious infection-related morbidity/mortality. In the real world, 
the majority of such patients are being managed without hospitalization. In 
this chapter, I will discuss various risk-assessment strategies, the changing 
spectrum of infections encountered in patients with lymphoma/CLL, and the 
feasibility of outpatient management for intermediate/low-risk patients.

2. Risk Assessment

Several risk prediction rules have recently been developed and validated in 
neutropenic patients presenting with fever. Some of these are based on statisti-
cally derived models whereas others utilize simple clinical characteristics and 
some laboratory data that are part of initial work-up of such patients [5–7]. The 
most widely accepted and used model is MASCC Risk Index developed by the 
Multinational Association of Supportive Care in Cancer. This index is derived 
by ascribing weighed points to various characteristics including age, clinical 
stability, severity of underlying disease, concurrent comorbidity, etc. which 
have been shown factors that predict good/bad responses in febrile neutropenic 
patients [4]. These points are then added up to achieve a cumulative score with a 
maximum possible score of 26. A cumulative score of >20 is predictive of low-
risk status with <5% chance of developing serious medical complications such 
as septic shock during an episode of fever and neutropenia (Table 6-1). Several 
studies have used MASCC risk index to identify low-risk patients for early 
discharge or outpatient therapy, with acceptable accuracy as mentioned above 
[8, 9]. This model is particularly useful when conducting multicenter trials or 
comparing data from different centers. It, however, may not be the most practical 
model for risk-assessment in a busy emergency center or clinical practice setting 
due to the need for calculating the index, and the time involved.

Several institutions/organizations (The University of Texas M. D. Anderson 
Cancer Center – Houston, Texas; The National Cancer Institute – NCI; The 
European  Organization  for  Research  and  Treatment  of  Cancer  (EORTC) 
have also used simple clinical criteria to reliably identify low-risk patients, 
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without having to calculate a risk index [6, 7, 10]. These criteria include the 
following:

Hemodynamic stability; absence of hepatic, renal, respiratory abdominal or central 
nervous system dysfunction; absence of documented catheter-related infection or 
pneumonia; expected duration of neutropenia not to exceed 7–10 days. Some clini-
cians include age >65 years and the presence of hematologic malignancies as markers 
of increased risk although MASCC risk prediction rules do not confirm this.

There  is close correlation  (>95%) between  the MASCC statistically derived 
risk-prediction rule and simple clinical criteria [11]. The latter are probably 
more user-friendly for the identification of low-risk patients in busy clinical 
practices and emergency room settings. Regardless of which method is used 
for risk assessment, a small proportion of patients will get misclassified. This 
is not a major issue in low-risk patients who get misclassified as intermedi-
ate or high-risk and get hospitalized for inpatient treatment of an episode of 
febrile neutropenia. It can be problematic when truly high-risk patients get 
misclassified as low-risk, and are sent home with outpatient therapy [5]. If 
there is any doubt, a short period of hospitalization is the prudent thing to do. 
In  fact,  many  investigators  admit  all  low-risk  patients  for  a  24–48  h  obser-
vation period to ensure clinical stability before discharging them to receive 
outpatient therapy.

These risk-assessment strategies apply only to febrile neutropenic patients. 
However, many patients with lymphoma/CLL develop infections when they 
are not neutropenic. These infections can be bacterial, mycobacterial, fun-
gal, viral or parasitic. The majority of these patients are stable enough not to 
require hospital admission either for diagnostic purposes, or for treatment, 
once a specific infection has been documented. Specific treatment recommen-
dations are discussed below.

Table 6-1. The scoring system for the MASCC risk-index.

Clinical characteristic Numerical weight assigned

Burden of illness: No symptoms, or mild symptoms 5

No hypotension (systolic BP >90 mmHg) 5

Absence of chronic obstructive pulmonary disease 
(COPD)

4

Underlying solid tumor/absence of previous fungal 
infectiona

4

Absence of dehydration (i.e., parenteral fluids not 
required)

3

Burden of illness: Moderate symptoms 3

Outpatient status on development of neutropenic 
infection (fever and neutropenia)

3

Age <60 years 2

Note: Maximum possible score is 26 as points from “burden of illness” are not cumulative.  
A cumulative score of >20 is considered to be predictive of low-risk (<5%) for the development of 
serious medical complications and <1% for death, during an episode of neutropenic fever [4]
MASCC Multinational Association for Supportive Care in Cancer
aMay be marker for underlying hematologic malignancy
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3. Infections in Patients with Non-Hodgkin’s Lymphomas

Non-Hodgkin’s lymphomas (NHL) are a diverse group of disorders. They are 
relatively common with approximately 63,190 new cases diagnosed in the 
United States each year [12]. The most common types are diffuse large B cell 
lymphomas and relatively indolent follicular cell lymphomas. Current treat-
ment modalities for many NHL include purine nucleoside analogs like fludara-
bine as a single agent or in various combinations, rituximab, a chimeric anti 
CD20 antibody, radio-immunotherapy, high dose chemotherapy with autol-
ogos stem cell rescue, and allogeneic stem-cell transplantation using either 
nonmyeloablative or high-dose regimens [13]. The immunological defects and 
infections associated with these modalities are listed in Table 6-2.

Fludarabine  is  a  purine  nucleoside  analog  that  inhibits  DNA  repair.  It  is 
used singly and in combination to treat low-grade NHL and is also active 
in both newly diagnosed and refractory CLL [14, 15]. It causes a marked 
decrease in CD4+ lymphocytes and has been associated with a number of 
opportunistic infections. The most common pathogens in fludarabine-treated 
patients include unusual bacteria such as Listeria monocytogenes and myco-
bacteria; fungal organisms such as Candida species, Aspergillus species and 
Cryptococcus neoformans; viruses including herpes-simplex virus, varicella-
zoster viruses, and Epstein–Barr virus, cytomegalovirus; and pneumonia 
caused by Pneumocystis jiroveci (PCP) (previously Pneumocystis carinii) 
considered by many to be a fungus, and Toxoplasma gondii, a unicellular 
parasite that can cause pneumonia, retinitis, and other infections. [16–19]. The 
use of trimethoprim/sulfamethoxazole for prophylaxis against PCP is strongly 

Table 6-2. Infections frequently associated with various defects in host defence 
mechanisms.

Prominent defecta Predominant infections

Neutropenia Gram-positive organisms (staphylococci, strep-
tococci, enterococci, Corynebacterium spp., 
Stomatococcus mucilaginosus) Gram-negative 
bacilli (Enterobacteriaceae, nonfermenta-
tive gram-negative bacilli) Candida spp., 
Aspergillus spp., and other molds

Hypogammaglobulinemia Encapsulated organisms (streptococcus  
pneumoniae, Haemophilus influenzae, 
Neisseria meningitis)

Impaired T-lymphocyte response Listeriosis, Salmonellosis, mycobacterial infec-
tions, Rhodococcus equi, Cryptococcosis, 
Endemic fungi, Pneumocystis jiroveci pneu-
monia, viral reactivation (HSV, VZV, CMV, 
EBV), adenoviruses; toxoplasmosis

Splenectomy Encapsulated organisms (S. pneumoniae, H. 
influenzae); Capnocytophaga canimorsus; 
gram-negative bacilli (E. coli, P. aeruginosa) 
Plasmodium spp., Babesia spp.

aMultiple defects are often present in the same patient, widening the spectrum of infection that 
needs to be considered as part of the diagnostic work-up and empiric therapy
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recommended even after discontinuation of fludarabine therapy. Use of pro-
phylactic antifungal and antiviral agents is recommended by some, but left to 
the discretion of the treating physician in most cases. Although no definitive 
data exist, some experts recommend monitoring CD4 counts in such patients 
and administering antifungal and antiviral prophylaxis in patients with CD4 
counts below 200/mm3.

Rituximab is a chimeric monoclonal antibody directed against the pan-B-
cell marker CD20. Although initially approved for the treatment of B-cell-
NHL, its usage has been expanded to include any CD20 positive NHL [20]. 
Rituximab targets and depletes both malignant and normal B-lymphocytes 
resulting in sustained reductions of immunoglobulins (IgM and IgG) levels 
causing impaired humoral immunity [21]. In the pivotal single agent trial 
of rituximab conducted at The University of Texas M. D. Anderson Cancer 
Center, hypogammaglobulinemia occurred in only 14% of cases and was not 
considered to cause significant morbidity [21]. Rituximab-treated patients 
developed only minor infectious complications which were predominantly 
bacterial (37 of 68 episodes of infection). Viral infections including ten epi-
sodes caused by HSV and five episodes caused by VZV were also reported. 
Overall,  infection-related  morbidity  and  mortality  was  low.  Rituximab  is 
also used  in  combination with CHOP-14  regimens with  some  success  [22]. 
R-CHOP-14 causes Grade 3–4 granulocytopenia in most patients and febrile 
neutropenic episodes are not uncommon. Pegfilgrastim used as hematopoeitic 
support enhances neutrophil recovery, reduces the frequency and intensity of 
neutropenia, and facilitates the timely administration of multiple cycles of the 
regimen. Many patients with episodes of fever and neutropenia may be stable 
enough to be treated with outpatient antibiotic therapy for the entire febrile 
episode or after a short period of hospitalization, .

Sporadic cases of viral infection or reactivation associated with rituximab 
have been reported including CMV, VZV, HSV, hepatitis B, parvovirus B19, 
West Nile Virus and progressive multifocal leucoencephalopathy associated 
with JC virus [23–33]. At least one case of fulminant and fatal adenoviral 
hepatitis has also been documented in a rituximab treated patient [34]. High 
incidence of fungal infections and non-neutropenic infections have been 
reported  with  rituximab + CHOP  and  rituximab + fludarabine  regimens  [35, 
36]. Increased vigilance for such infections is recommended when using 
rituximab based regimens as the recovery period from the immunosuppression 
is prolong. Adoptive immunotherapy might be a potential therapeutic option 
with potential benefits seen in adenoviral infections [37].

The main risk factor for infection in patients with NHL is treatment 
related neutropenia. Most agents used for chemotherapy (cyclophosphamide, 
etoposide, vincristine) cause myelosuppression with the risk of neutropenia 
increasing with each cycle. Approximately 30–40% of patients receiving com-
bination chemotherapy for aggressive NHL develop an episode of neutropenic 
fever. The most common infections in this setting are bacterial, with a clear 
predominance of gram-positive pathogens, and enteric gram-negative bacilli. 
An increasing number of infections in this setting are polymicrobial [38]. 
Broad-spectrum antimicrobial therapy based on local susceptibility/resist-
ant patterns is the standard of care [2, 39, 40]. Parenteral or oral outpatient 
antibiotic therapy may be an option in some stable, low to intermediate risk 
patients [39, 40].
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4. Infections in Patients with Hodgkin’s Disease

The American Cancer Society estimates that approximately 8,190 new cases 
of Hodgkin’s Disease will be diagnosed in the United States in 2007, a number 
that has not changed much over the past several years [12]. Hodgkin’s disease 
cells – the Reed Sternberg cells – are usually CD15 and CD30 T cells. T cell 
mediated immunity which is depleted in patients with HD provides protection 
against a wide variety of viral, fungal, and predominantly intracellular bacte-
rial and mycobacterial pathogens (Table 6.2). Common bacterial infections 
in this setting include Listeria monocytogenes, Nocardia spp., Salmonella 
spp., and occasionally Rhodococcus equi. Mycobacterium tuberculosis and 
nontuberculosis mycobacteria (M. avium complex, M. abscessus, M. chelonae, 
M. kansasii, and M. fortuitum) are not uncommon. Viral infections caused by 
HSV, VZV, CMV, EBV and other virus have been recognized. Pneumonia 
caused by Pneumocystis jiroveci and other fungal infections including those 
caused by Candida spp., Cryptococcus spp., and Aspergillus spp., have also 
been described. Additionally, endemic mycosis such as Histoplasmosis and 
Blastomycosis may also be more common in patients with HD [41]. Patients 
living in endemic areas also have a higher frequency of developing parasitic/
helminth infestations such as Strongyloidiosis, including the hyperinfec-
tion syndrome which is associated with high morbidity and mortality [42]. 
Knowledge of a patient’s residence in or travel to such endemic areas may 
provide important historical information and lead one towards making appro-
priate diagnostic and therapeutic decisions.

A splenectomy is sometimes performed as part of the diagnostic work up 
and staging of HD. Asplenic individuals are susceptible to infections caused 
by encapsulated organisms such as Haemophilus influenzae and Streptococcus 
pneumoniae [43].  Other  organisms  that  cause  infections  in  such  patients 
include Neisseria meningitis, Capnocytophaga canimorsus, and gram negative 
bacilli such as Escherichia coli and Pseudomonas aeruginosa. Since S. pneu-
moniae and H. influenzae  cause  >90%  of  post  splenectomy  sepsis,  patients 
undergoing elective splenectomy should receive the pneumococcal and 
H. influenzae type B (HIB) vaccines 2 weeks prior to surgery.

Chemotherapy for HD often results in neutropenia. Bacterial and fungal 
infections common in this setting need to be considered in addition to the 
infections related to the immunologic deficits already mentioned, when inves-
tigating and treating such patients (Table 6.2). A substantial proportion of HD 
patients with fever and neutropenia are at intermediate-to-low risk for compli-
cations and candidates for early discharge or outpatient management.

5. Infections in Patients with Chronic Lymphocytic 
Leukemia

CLL is the most frequent hematologic malignancy in the United States and 
accounts  for  approximately 30% of  all  leukemias  [12]. The number of new 
cases of CLL expected to be diagnosed in the US in 2007 is 15,340. As with 
many other hematologic malignancies, multiple factors predispose patients 
with CLL to develop infectious complications. These include hypogamma-
globulinemia, which is a well-known feature of CLL, and as discussed earlier, 
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is associated with infections caused by encapsulated organisms. Chemotherapy 
induced neutropenia is not uncommon. Cell-mediated immune function is also 
altered in patients with CLL, which leads to impaired immune responses to 
intracellular bacteria and viruses. Splenectomy is infrequently performed in 
patients with CLL, unless autoimmune hemolytic anemia or immune throm-
bocytopenia is present. Infections associated with all these risk-factors have 
already been discussed. So have infections associated with fludarabine use, 
which is one of the cornerstones of CLL treatment.

Alemtuzumab is a humanized monoclonal IgG1 antibody directed against 
CD52, a cell surface antigen expressed on B and T lymphocytes, monocytes 
and NK cells [44, 45]. Alemtuzumab has efficacy in the treatment of various 
malignancies including NHL, B cell chronic lymphocytic leukemia, and T cell 
prelymphocytic leukemia. Almost all clinical trials with alemtuzumab have 
reported an increased risk of infectious complications [46, 47]. This is prob-
ably due to the loss of circulating T cells resulting in defective cell mediated 
immunity. Treatment with alemtuzumab causes a profound and prolonged 
state of lymphopenia in all patients and can also cause neutropenia in approxi-
mately one-third of patients [44].

The most frequently observed opportunistic infection associated with ale-
mtuzumab therapy is CMV reactivation which occurs in 15–25% of patients 
[48]. This usually takes place between weeks 4 and 6 of therapy, shortly 
after  the T-cell nadir. Other opportunistic  infections  include HSV and VZV 
reactivation, Pneumocystis jiroveci pneumonia, candidiasis, cryptococcosis, 
mold infections (aspergillosis, mucormycosis) and toxoplasmosis [47, 49–52]. 
Antiviral prophylaxis (acyclovir, famciclovir, valacyclovir) is effective for the 
prevention of HSV and VZV reactivation and is recommended for all patients 
receiving alemtuzumab. Although CMV reactivation can also be prevented 
by valgancyclovir prophylaxis, most clinicians perform weekly monitoring 
for CMV reactivation during therapy and for 2 months after discontinuation, 
and administer pre-emptive treatment (ganciclovir or foscarnet) if evidence of 
CMV viremia is detected [47, 53] .

Nonopportunistic infections are also common and include listeriosis, sal-
monellosis, and infections caused by Staphylococcus spp., Streptococcus 
spp., Enterococcus spp., the Enterobacteriaceae, and nonfermentative gram-
negative bacilli [46, 47, 50, 51, 54].

6. Site of Care

The change in the spectrum of infection in patients with lymphoma/CLL (with a 
significant proportion of chronic viral and fungal infections), the development of 
accurate and reliable risk-assessment strategies for patients with neutropenic fever, 
and improvements in the supportive care of the cancer patient including infusion 
therapy has shifted the site of care for many of these patients from the hospital to 
the outpatient center/clinic [2, 5, 55]. In many patients the entire episode includ-
ing diagnostic work-up, therapy, maintenance and follow-up can all be conducted 
without hospitalization. There are several advantages and very few disadvantages 
associated with managing patients outside the hospital inpatient wards, as outlined 
in Table 6.3. This has led to the development of multidisciplinary teams of health-
care providers to meet the varied needs of these patients. Most institutions that 
take care of large numbers of patients with cancer including lymphoma/CLL have 
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invested in the creation of such teams and the infrastructure necessary to maintain 
a successful program of outpatient treatment. The salient features of such a pro-
gram are summarized in Table 6.4.

Multidisciplinary teams consist of the primary hematology/oncology serv-
ices with consultative input from Infectious Diseases, Pulmonary Medicine, 
and other medical or surgical specialties as needed, along with support from 
nursing, pharmacy, laboratory medicine, radiology, transfusions and infusion 
teams, the Emergency Center/outpatient clinics, and, last but not least, from 
administration/scheduling services. Most of these services need to be available 

Table 6-4. Requirements for a successful program of outpatient management 
of cancer patients with infections (Adapted from Refs. [5, 8, 10, 11, 55]).

•  Dedicated multidisciplinary team of healthcare providers (e.g., Physicians, Nurses, 
Pharmacists, Laboratory technicians)

•  Institutional support of adequate infrastructure (Emergency Center, Outpatient 
Pharmacy, Infusion services, Laboratory services, Radiology services) on a 24/7 
schedule

•  Availability of real time, local epidemiological, and susceptibility/resistance data

•  Selection of microbiologically appropriate (not merely convenient) treatment  
regimens

•  Adequate and frequent outpatient monitoring for response/failure or progression 
of infections, development of medical complications or comorbidity, or toxicity

•  Motivated and compliant patients supported by family members or other  
caretakers

•  Adequate transportation and communication (automobile, city transport,  
telephone) between patient and medical center

•  Access 24 h a day to multidisciplinary team (Hotline, Ambulatory or Emergency 
Center)

Table 6-3. The advantages and disadvantages of outpatient management 
of cancer patients with infections (Adapted from Refs. [5, 10, 11, 40, 55]).

Advantages

•  Avoidance of iatrogenic/logistic/and environmental hazards of hospitalization

•  Lower frequency of “Healthcare Associated Infections”

•  Lower overall cost of care

•  Increased convenience (patient, family, or other caregiver)

•  Improved quality of life and patient satisfaction

•  More efficient utilization of expensive resources (hospital or other healthcare 
organization)

Potential disadvantages

•  Possibility of development of serious events (sepsis, hemorrhage, seizure) in a 
relatively unsupervised environment (most likely to occur in patients who are mis-
classified as being low-risk)

•  Need to develop and maintain infrastructure, multidisciplinary team, and monitor-
ing capability (e.g., 24 h hotline)

•  Potential for noncompliance with therapy
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on a 24/7. Of key importance is the monitoring and tracking of patients who 
are  receiving  outpatient  therapy.  Our  institution  has  created  a  “neutropenic 
fever clinic” where all patients come for their follow-up visits. There is a 
mechanism for tracking and contacting patients who have failed to keep their 
appointments, and ensuring that they “do not fall through the cracks.” This is 
an expensive and time-consuming undertaking. However, benefits associated 
with such a program generally justify the investment needed to sustain these 
resources. These benefits include avoidance of some of the potential hazards 
(iatrogenic, logistic, environmental) associated with hospitalization, reduced 
frequency of healthcare-associated infections (many of which are caused by 
resistant pathogens), increased convenience and quality of life for the patient 
and family or other caregivers, and more efficient utilization of resources lead-
ing to lower overall cost of care [5, 55, 56].

Most non-neutropenic patients and many neutropenic patients with docu-
mented or suspected bacterial infections can be evaluated and treated as outpa-
tients using parenteral, sequential (IV →PO), or oral treatment regimens. Most 
patients with a pulmonary infiltrate can be evaluated (microbiology, serology, 
CT or other imaging, bronchoscopy) as outpatients if their respiratory status 
is stable. The availability of newer antiviral and antifungal agents, many of 
which can be administered orally, has made outpatient therapy (both acute and 
maintenance) of these infections feasible. Infusion services have also gained 
recognition and popularity and outpatient  antimicrobial  therapy  (OPAT) has 
now become commonplace [57].

7. Specific Recommendations

7.1. Neutropenic patients

Antibacterial, antifungal, and antiviral prophylaxis is not generally recom-
mended unless severe (ANC < 100) and prolonged neutropenia (>10–14 days) 
is expected [2, 39]. Low-risk patients with neutropenia can safely be treated 
with oral regimens if they do not have significant (>grade II) mucositis and are 
able to tolerate oral intake [2, 39, 40, 58]. Patients who are otherwise stable but 
are unable or unwilling to take oral therapy can be treated with parenteral out-
patient regimens. Intermediate and high-risk patients should be hospitalized 
and treated at least initially with parenteral antibiotics [2, 39]. Some of these 
patients can subsequently be discharged on outpatient anti-infective therapy 
(OPAT) if they stabilize over 24–72 h [8, 58–60].

7.2. Patients with Impaired Cellular Immunity

Patients with impaired cellular immunity are at increased risk for developing 
Pneumocystis jiroveci pneumonia, consequently prophylaxis with trimetho-
prim/sulfamethoxazole (TMP/SMX) is recommended. TMP/SMX prophy-
laxis may also protect against bacterial infections including listerosis, and 
possibly toxoplasmosis. Inpatients unable to tolerate TMP/SMX, alternative 
agents such as pentamidine, dapsone, or atovaquone will provide protection 
against P. jiroveci. Additional antibacterial prophylaxis with a fluoroquinolone 
is not recommended unless severe (ANC < 100) and prolonged (>10–14 
days) neutropenia is anticipated. Some authors recommend avoidance of food  
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items known to contain L. monocytogenes (soft cheeses, unpasteurized 
milk, raw vegetables, and undercooked poultry or meats) and advocate self-
administration of amoxicillin/clavulanate before transit to the hospital, clinic, 
or emergency department if signs and symptoms of infection such as fever 
and chills develop [61]. Acyclovir, famciclovir, and valacyclovir are active 
against Herpes viruses (HSV, VZV) and their use should be considered in 
patients with positive herpes serology, past history of recurrent HSV or VZV 
infections, especially if the CD4 count is £50 cells/ml. These agents are not 
active against CMV. Although valgancyclovir can prevent reactivation of 
CMV in high-risk patients, most authors recommend pre-emptive therapy with 
ganciclovir or foscarnet if CMV antigenemia testing is positive, rather than 
CMV prophylaxis [62]. Routine antifungal prophylaxis is not recommended. 
However, it should be considered if prolonged neutropenia is anticipated or 
mucositis and fungal colonization are present [61].

The management of documented infections in patients with lymphoma/CLL 
who have significant impairment in cellular immunity (e.g., those treated with 
purine analogs or alemtuzumab) depends upon the recognition of patients at 
high-risk of life-threatening infections and associated complications (pneu-
monia, meningitis) and the initiation of prompt antimicrobial therapy along 
with initiation of appropriate diagnostic workup. Most viral infections can 
be treated in the outpatient setting (HSV, VZV, CMV pre-emptive therapy). 
Similarly patients with fungal infections can be treated without hospitalization 
unless they have meningitis or worsening respiratory function. Patients with 
mild to moderate PCP can also be treated with a short period of hospitaliza-
tion for initial workup or, without hospitalization as long as close monitoring 
is available.

7.3. Impaired Humoral Immunity

The association between hypogammaglobulinemia and infections with 
encapsulated organisms (S. pneumoniae, H. influenzae) is well known. Conse-
quently the use of pneumococcal polysaccharide vaccine, and Haemophilus 
influenzae B (Hib) vaccine is recommended. Unfortunately, antibody responses 
to the pneumococcal polysaccharide vaccine particularly in patients with CLL 
are often suboptimal or poor [63]. There is evidence that the conjugate vac-
cine might be beneficial in patients who have poor antibody response to the 
polysaccharide vaccine [64, 65].

Staging laparotomy with splenectomy was used until recently for patients 
with HD. With the availability of sophisticated imaging and sampling tech-
niques, splenectomy for this indication is performed very rarely nowadays. 
Splenectomy is a therapeutic procedure for some hematologic disorders and 
is occasionally performed after trauma as well. Vaccination against pneumo-
coccal infections, H. influenzae type B and meningococci is recommended 2 
weeks prior to elective splenectomy [66–68]. Patients should also be offered 
annual influenza vaccination. The role of antimicrobial prophylaxis in asplenic 
patients remains unclear. Intravenous immunoglobulin (IVIG) may lower the 
incidence of bacterial infection in patients with hypogammaglobulinemia (IgG 
levels lower than 400 mg/dl). However, the high cost and limited availability 
of IVIG precludes its use in most patients.
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Bacterial infections in patients with hypogammaglobulinemia, particularly 
in splenectomized patients can be fulminant and associated with significant 
morbidity and mortality [69–72]. Prompt treatment with effective antimi-
crobial agents is critical, and most of these patients need to be hospitalized. 
Additional measures such as the use of recombinant human activated protein C 
may be of benefit in patients with fulminant infections [69]. Many authorities 
recommend that such high-risk patients should keep a supply of antibiotics 
with them and self medicate themselves at the first sign of a febrile illness, 
before seeking prompt medical attention [64].

As mentioned previously, many patients have a number of immunologic 
defects present at the same time. The treating physician should take all of these 
into consideration when ordering diagnostic studies and initiating antimicro-
bial therapy. Some physicians prefer the more conservative approach of a short 
period of hospitalization, prior to outpatient therapy, for all low-risk patients.

8. Summary

Lymphomas and chronic lymphocytic leukemias are relatively common dis-
orders with approximately 86,720 new cases expected  to be diagnosed each 
year in the U.S. These disorders are associated with multiple immunological 
defects that increase the risk of infection. Although some infections (such as 
those caused by encapsulated organisms, gram-negative bacilli, L. monocy-
togenes, and some fungi) can be fulminant, the majority of bacterial, viral and 
fungal infections in this setting are indolent or slowly progressive. The use of 
therapeutic modalities such as the purine nucleoside analogs (fludarabine) and 
monoclonal antibodies (rituximab, alemtuzumab) have changed the spectrum 
of infection towards predominance of viral and fungal infections. Specific 
infection prevention and treatment strategies have been developed for infec-
tions associated with the various immunologic defects. Advances in supportive 
care have shifted the site of patient management from the hospital to various 
outpatient settings, based on the relative risk of each patient. This has resulted 
in better utilization of valuable resources, and, more importantly in a substan-
tially enhanced quality of life for patients and their loved ones.
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Abstract Infection is the leading cause of death in patients with multiple 
myeloma (MM). Over the past decade, significant changes have occurred in 
the spectrum of infections in patients with multiple myeloma, paralleling the 
changes in the treatment of the disease. Although bacteria (particularly Gram-
negative organisms) remain the most frequent etiologic agents, invasive fun-
gal infections caused by moulds (Aspergillus sp. and Fusarium sp.) have been 
increasingly reported. While the increase in the intensity of the treatment of 
multiple myeloma represents a major advance having a positive impact on sur-
vival, problems related to new infections have emerged. Therefore, a practical 
approach to managing infections in MM patients must include recognition of 
likely pathogens depending on several factors, such as past medical history, 
status of the underlying disease, and past and current treatment for MM. Spe-
cific strategies of diagnosis, prophylaxis, and empiric and specific therapy are 
driven according to this approach.

Keywords  Myeloma  •  Multiple  myeloma  •  Infection  •  Complication  • 
Epidemiology  •  Prophylaxis  •  Treatment

1. Introduction

Infection has long been considered a significant cause of morbidity and the 
leading cause of death in patients with MM [1–4]. The increased susceptibility 
to infection is partly due to disease-related immunodeficiency characterized 
by a reduction in the production of normal immunoglobulins, defects in the 
complement cascade [5], and others [6]. Historically, these abnormalities pre-
disposed patients to infections by encapsulated bacteria, such as Streptococcus 
pneumoniae [7] and Haemophylus influenzae [8]. More recently, it has been 
suggested that increased susceptibility for infections is more likely due to 
the cumulative immunosuppressive effects of an ever expanding number of 
myeloma-specific therapies. Indeed, myeloma has become, in most patients, a 
chronic disease with multiple relapses and salvage therapies as a result of more 
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effective treatments, including high doses of dexamethasone, bortezomib, 
lenalidomide, and autologous and allogeneic hematopoietic stem cell trans-
plant (HSCT). Sequential, and often continuous, treatment with these thera-
pies leads to cumulative immunosuppression affecting various components 
of the immune system with the emergence of infections not associated with 
myeloma a decade ago, such as cytomegalovirus (CMV) [9], Varicella zoster 
virus (VZV) [10], Aspergillus spp. [11], and Fusarium spp. [12]. In addition 
to the immunosuppression associated with the underlying disease and its treat-
ment, patients with MM have other risk factors for infection (Table 7-1).

2. Infection in Different Phases of the Treatment of MM 
(Table 7-2)

2.1. Infections After Induction Therapy

The regimen of oral melphalan and prednisone (MP) is associated with a 
greater risk of infection during the first 2 months of treatment. In a study of 
60 patients evaluating risk factors for infection, the incidence of infectious 
episodes per year for patients treated with MP-based regimens was 4.68 
during the first 2 months, compared to 1.04 thereafter. Pre-existing renal 
dysfunction (serum creatinine >2 mg/dl) and low serum immunoglobulin 
levels were identified as risk factors for infection [13]. Pathogens included 
enterobacteriaceae and Staphylococcus aureus [14–17]. Randomized trials 
comparing MP with melphalan plus dexamethasone (3 trials) or with mel-
phalan, prednisone and thalidomide (1 trial) showed lower rates of infection 
in the MP arms [18–21].

Infections after VAD (vincristin, doxorubicin and dexamethasone) chemo-
therapy occurred in a significant proportion of cases despite the absence of sig-
nificant neutropenia, and they were related to dexamethasone-induced T-cell 
immunodeficiency. Hyperglycemia and central venous catheters may have 
been contributing factors [22]. Like in MP, the frequency of infection with 
VAD chemotherapy was higher in the first 4 months of therapy. Pneumonia 
accounted for the large majority of major infections, and the risk factors for 
infection included renal failure and hypogammaglobulinemia [23].

Other induction regimens include dexamethasone alone or in combination 
with thalidomide, bortezomib alone, in combination with dexamethasone, or 
with dexamethasone and thalidomide, and lenalidomide plus dexamethasone 
[24]. Thalidomide is not significantly myelotoxic, and the risk of infection 
does not necessarily increase with its use. However, thalidomide may indirectly 
increase the risk for infection because of a higher frequency of other compli-
cations associated with its use, such as deep vein thrombosis and peripheral 
neuropathy. In a randomized study in elderly (³60 years) patients with MM, 
129 patients receiving melphalan, prednisone and thalidomide (MPT) were 
compared with 126 receiving MP. The frequency of grade III–IV adverse 
events was much more frequent in the MPT group, especially deep vein throm-
bosis, peripheral neuropathy and infection. The incidence of infection (mostly 
pneumonia) was 10% in the MPT group compared to only 2% in the MP group 
(p = 0.01) [20]. However, the addition of thalidomide to standard MP did not 
increase serious infectious complications in another randomized controlled 
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Table 7-1. Risk factors for and strategies to prevent infection in patients with multiple myeloma.

Risk factor Pathogen/infection Prevention/management

Related to the disease

Hypogammaglobulinemia Encapsulated bacteria IVIG (if serum Ig G < 400 mg/dl), TMP–SMX, 
fluoroquinolones (if not on TMP–SMX), 
vaccine against S. pneumoniae,  
H. influenzae (vaccination rarely protective)

Renal failure Various Prevention of conditions that result in renal 
failure (hypovolemia, drugs, tumor lysis, 
obstruction, hypercalcemia, others)

Fractures Discitis, osteomyelitis Osteolysis inhibitors (clodronate, pamidro-
nate, zoledronate)

Related to its treatment

Dexamethasone-induced 
T-cell immunodeficiency

Virus (CMV, HSV, VZV, 
Influenza), fungi (oral and 
esophageal candidiasis,  
P jiroveci), tuberculosis

TMP–SMX (P. jiroveci), acyclovir (HSV), 
CMV antigenemia, isoniazid (M. tubercu-
losis) if PPD positive or prior history of 
tuberculosis, vaccine against Influenza

Iron overload (red blood cells 
transfusion)

Various Erythropoietin instead of transfusions, iron 
chelation (deferoxamine, deferasirox)

Dexamethasone-induced 
hyperglycemia

Various Strict control of glycemia

Renal failure Various Prevention of conditions that result in renal 
failure (hypovolemia, drugs, tumor lysis, 
obstruction, hypercalcemia, others)

Bisphosphonate-induced 
osteonecrosis of the jaw

Various Avoid bisphosphonates 3 months before and 
3 months after dental surgeryIntensive oral 
hygiene

Early diagnosis (pain, exposed bone)

Deep vein thrombosis Various Low-molecular weight heparin, others

Chemo-radiotherapy-induced 
mucositis

Viridans streptococci (oral), 
Gram-negative and Gram-
positive bacteria, Candida 
spp. (gut)

Amifostine, keratinocyte growth factor, oral/
dental hygiene

Chemotherapy-induced pro-
longed and severe neutro-
penia

Gram-negative (enterobacte-
riaceae, P. aeruginosa) and 
Gram-positive (staphyloco-
cci, viridans streptococci)

G-CSF, high cell dose (>5 × 106 CD34+ cells/
kg) in autologous transplant

Exposure to pathogens

History of infection Various (e.g., fungal,  
P. jiroveci, tuberculosis, 
viruses)

Antimicrobial prophylaxis/pre-emptive ther-
apy (e.g., CMV, others)

Colonization with pathogens Various Decolonization (e.g., S. aureus); specific 
prophylaxis (e.g., fungi)

Environmental exposure Respiratory viruses, water-
borne or food-borne patho-
gens, others

Immunizations; patient education and appro-
priate infection control measures

IVIG Intravenous immunoglobulin; TMP–SMX trimethoprim–sulfamethoxazole; CMV cytomegalovirus; HSV herpes simplex 
virus; VZV varicella–zoster virus; G-CSF granulocyte colony-stimulating factor
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trial in elderly patients [25], and in a large trial of MM patients receiving 
more intensive cytotoxic therapies, including tandem autologous HSCT [26]. 
In addition to an indirect effect on the risk for infection, thalidomide inhibits 
tumor necrosis factor alpha but stimulates T-cell proliferation with an increase 
in interleukin-12 [27]. The potential immunosuppressive effect of thalidomide 
may be illustrated by a case report of disseminated herpes simplex and VZV 
infection in a myeloma patient who was taking single agent thalidomide for 5 
years after an autologous HSCT [28].

Data on infectious complications associated with the use of bortezomib as 
first line therapy are scarce. Bortezomib is associated with a low incidence of 
neutropenia. The frequencies of grade III and grade IV neutropenia in a phase 
II study were 13 and 3%, respectively [29]. In another study, bortezomib was 
added to MP as primary treatment for 60 MM patients aged ³65 years [30]. 
Seventy-five percent of patients developed at least one episode of infection 
(16% grade III–IV). Of note was the incidence of herpes zoster: 13% in 
the first 38 patients, and reduced to 7% after the introduction of acyclovir 
prophylaxis. A low rate of herpes zoster was also observed when prophylactic 

Table 7-2. Type and pattern of infections among patients with multiple myeloma 
according to treatment regimen.

Phase of treatment Regimen
Type and pattern of infection, 
agent

Induction MP Pneumonia, bacteremia 
(Encapsulated bacteria,  
S. aureus, enterobacteriaceae); 
higher incidence in the first 2 
months after diagnosis of MM

Induction/Relapse VAD and other 
Dexamethasone-
based regimens

Pneumonia, bacteremia 
(Encapsulated bacteria,  
S. aureus, enterobacteriaceae), 
herpes zoster, oral candidiasis; 
higher incidence in the first 4 
months after diagnosis of MM

Induction MP + Thalidomide Higher incidence of infection 
(mostly pneumonia) in elderly 
patients

Induction/Relapse Bortezomib Herpes zoster

Induction/Relapse Lenalidomide Higher incidence of neutropenia 
and neutropenia-related infec-
tions

Early after autologous 
HSCT

Any Infections associated with neu-
tropenia and mucositis (entero-
bacteriaceae, P. aeruginosa, 
staphylococci, viridans strepto-
cocci)

Late after autologous 
HSCT

Herpes zoster, CMV reactivation

MP melphalan + oral prednisone; MM multiple myeloma; VAD vincristina, doxorubicin, dexam-
ethasone; HSCT hematopoietic stem cell transplant; CMV cytomegalovirus
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acyclovir was given to bortezomib recipients in a randomized trial of MP with 
or without bortezomib [31].

Preliminary data on lenalidomide suggests that neutropenia is relatively 
common. In a phase II study, lenalidomide and dexamethasone were given to 
34 newly diagnosed patients with MM. Grade III–IV neutropenia occurred in 
12% of the patients. Granulocyte colony stimulating factor (G-CSF) was given 
in subsequent courses of treatment if the patient developed neutropenia, and 
grade III–IV infection occurred in only 3% of patients [32]. In a randomized 
clinical trial of 445 newly diagnosed MM patients treated with lenalidomide 
plus two different doses of dexamethasone, grade III–IV neutropenia occurred 
in 14% of the patients[33]. No increase in viral infection was observed.

2.2. Infection After HSCT

2.2.1. Autologous HSCT
Autologous HSCT may be divided into two risk periods for infection; the first is 
associated with chemotherapy-induced neutropenia and mucositis, and the second, 
which begins with the resolution of neutropenia, is related to the slow recovery 
of T-cell mediated immunity [34]. In the first phase, the incidence and severity of 
infection is related to the duration of neutropenia which varies according to the 
conditioning regimen. In general, conditioning regimens that include total body 
irradiation (TBI) are associated with higher rates of infectious complications [35, 
36]. During the neutropenic period, infectious complications are comparable to 
those seen with other underlying diseases receiving autologous HSCT [37, 38], 
and consist mainly of bacteremia, pneumonia, soft tissue infection and mucositis-
associated gastrointestinal infection. Typical agents of infection are Gram-negative 
(enterobacteriaceae and Pseudomonas aeruginosa) and Gram-positive (staphy-
lococci and viridans streptococci) bacteria. In addition to neutropenia, some 
myeloma-specific co-morbidities, such as renal failure and iron overload, may 
increase the risk for infection. In one study, the rate of pneumonia was higher in 
patients with renal failure than in patients with normal renal function (17% vs. 1%, 
respectively) [39], while in another study, rates of infection after autologous HSCT 
were similar, even though mucositis was more frequent and severe in patients with 
renal failure [40]. Iron overload, associated with multiple transfusions, was associ-
ated with aspergillosis in an autopsy study [41], and was an independent risk factor 
for infection (together with smoking) in another study [42].

Infections associated with T-cell immunodeficiency predominate during the 
post-engraftment period. T-cell reconstitution occurs slowly and is influenced 
by the status of the underlying disease, the stem cell manipulation (CD34 
positive selection, CD19 negative selection), the conditioning regimen (TBI), 
and more importantly, the intensity of subsequent MM therapy [34]. Late 
infections (mostly dermatomal VZV infection) are more likely to occur in MM 
patients compared to patients who undergo autologous HSCT for other under-
lying diseases [43]. Besides VZV infection, patients not receiving appropriate 
prophylaxis are at increased risk to develop Pneumocystis jiroveci pneumonia. 
CMV reactivation may also occur, and may present as fever without other 
clinical manifestations. In one study, CMV reactivation occurred in 39% of 
41 CMV seropositive patients who presented with non-neutropenic fever 
after autologous HSCT [9]. The increased risk for late infections in myeloma 
patients is likely the result of a combination of intensive conditioning 
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regimens and extensive pre-transplant induction therapy with regimens con-
taining high-dose dexamethasone.

2.2.2. Allogeneic HSCT
The use of allogeneic HSCT with myeloablative conditioning regimen 
in MM is associated with a high rate of complications, with transplant-
related mortality (TRM) exceeding 40%. The main cause of death is 
infection (bacteremia, fungal infections and interstitial pneumonia) [44]. 
By contrast, non-myeloablative HSCT was associated with lower TRM 
(10%) in a series of 31 patients with MM treated at a single center [45]. 
More recently, in a randomized trial in patients with newly diagnosed MM, 
double autologous HSCT followed by allogeneic HSCT showed a slightly 
higher TRM rate compared with allogeneic HSCT alone (10% vs. 2%), 
but the difference was not statistically significant [46]. The spectrum of 
infections after allogeneic HSCT in patients with MM is not different from 
infections in allogeneic HSCT overall, and a detailed description of these 
complications is discussed in Chap. 8.

2.3. Infections After Consolidation and Maintenance: Total Therapy 
and Other Intensive Therapy Approaches

A Total Therapy MM treatment protocol consisting of induction chemotherapy, 
consolidation with one or two HSCT, and post-transplant maintenance therapy 
prolonged event-free and overall survival in a non-randomized comparison 
with historical controls [47]. However, as expected, the frequency of infections 
was higher. In the Total Therapy I protocol, bacteremia or pneumonia occurred 
in 17% after VAD; in 28% after high-dose cyclophosphamide; in 11% after 
EDAP protocol (etoposide, dexamethasone, cytarabine and cisplatin) induc-
tion chemotherapies; in 25% after the first autologous HSCT; in 31% after 
the second autologous HSCT given without TBI; and in 40% after the second 
HSCT given with TBI [48].

In a randomized study, the use of post-transplant maintenance dexamethasone 
was associated with higher rates of infection when compared with no mainte-
nance (40% vs. 27%, p = 0.02) [21]. Thalidomide maintenance was evaluated 
in a three-arm randomized trial comparing pamidronate plus thalidomide, to 
pamidronate alone, or to no therapy. While neutropenia was more frequent 
among thalidomide recipients (6% vs. 2% and 0%, respectively), the frequencies 
of overall infections were similar (6%, 7% and 4%, respectively) [49].

2.4. Infections After Salvage Therapy

Different salvage regimens have been given to patients with MM who have had 
a relapse or disease progression after the completion of induction chemotherapy 
with or without autologous HSCT. The rates of infectious complications tend to 
be higher with salvage therapy because of the presence of severe organ dysfunc-
tion that is associated with advanced myeloma disease. In addition to the risks 
of the chemotherapeutic regimen itself (the intensity and duration of neutropenia 
and mucositis), the risk of infection after salvage therapy depends on other fac-
tors as well, such as the extent and intensity of prior therapy (including the dose 
and duration of corticosteroids), control of MM, and other co-morbidities which 
tend to worsen with myeloma progression.
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Bortezomib has been increasingly used as salvage therapy in MM. In a 
randomized study comparing bortezomib with dexamethasone for relapsed 
MM, grade III and IV neutropenia occurred more frequently (12 and 2%, 
respectively) with bortezomib [10]. An unexpected finding of this study was 
the 13% incidence of herpes zoster infection in patients receiving bortezomib 
compared to 2% in patients receiving dexamethasone. A similar rate of herpes 
zoster infection was observed in 38 elderly MM patients who received bort-
ezomib, melphalan, and prednisone as primary therapy [30] Bortezomib exerts 
potent immunosuppressive effects on T-cells [50–55], and its use increases the 
risk for infection due to Varicella zoster virus, and possibly other infections 
associated with T-cell mediated immunodeficiency.

The use of lenalidomide in relapsed or refractory patients is associated with 
a higher incidence of neutropenia, compared to lenalidomide use in newly 
diagnosed MM patients. In a randomized study comparing dexamethasone plus 
lenalidomide or dexamethasone plus placebo, grade III–IV neutropenia occurred 
in 16.5% of patients in the lenalidomide arm and only 1.2% in the placebo 
arm. However, grade III–IV infections occurred with similar frequencies in 
both arms [56]. In another study, 102 relapsed/refractory MM patients were 
randomized to receive oral lenalidomide at a dose of 30 mg once-daily or 15 
mg twice-daily every 28 days. Grade III–IV neutropenia was observed in 69 
and 61% of patients in each group (the difference not statistically significant), 
but the time to first clinically significant Grade III–IV myelosuppression was 
shorter in the patients receiving the twice-daily dose of 15 mg[57].

3. Changing Spectrum of Infections in Multiple Myeloma

In recent years, a significant change in the spectrum of infections in patients 
with MM has been reported, with an increase in severe fungal infections, 
such as aspergillosis and fusariosis [11]. Although speculative, it is possible 
that this is a reaction to an increase in the intensity of treatment of MM, with 
sequential chemotherapeutic strategies coupled with double transplants and 
post-transplant maintenance, rendering these patients functionally neutropenic 
and immune suppressed for prolonged periods of time.

In a recent study of invasive aspergillosis after HSCT, late onset aspergil-
losis (occurring after day +30) was increasingly observed. Patients with MM 
were at higher risk to develop late aspergillosis by multivariate analysis, with 
a 4.5 greater risk compared to patients with chronic myeloid leukemia in the 
chronic phase [58]. This finding was unexpected because MM is not a hema-
tological malignancy classically associated with invasive aspergillosis [59]. 
That the risk for aspergillosis in patients with MM may be increasing is 
illustrated by the observation that among the 31 cases of invasive aspergillosis 
occurring in non-HSCT recipients reported from 15 European centers, eight 
cases were diagnosed between 1984 and 1991, compared to 23 cases between 
1992 and 1996. Neutropenia was present in 51% of patients with aspergillosis 
with a median duration of neutropenia before the diagnosis of 19 days. Forty-
five percent of patients had received high doses of corticosteroids within 1 
month before diagnosis, and 36% had received high doses of melphalan. All 
non-neutropenic patients were on corticosteroids at the time of the diagnosis 
of aspergillosis [60].
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In an autopsy study of 69 cases of MM, 38 deaths were attributed to 
infection. In 21 of these 38 deaths, a mould infection was diagnosed (20/21 
aspergillosis), with a 45% incidence in autopsied MM patients after alloge-
neic HSCT (nine of 20 cases), 21% after autologous HSCT, and 25% after 
receiving chemotherapy [11]. In another study describing the incidence and 
characteristics of non-Aspergillus mould infections in HSCT, MM was associ-
ated with a 6.9 higher risk for the development of fusariosis compared to other 
underlying hematological malignancies [12].

4. Approach to Infection in MM

4.1. Infections at Diagnosis and During Induction Therapy

4.1.1. Risk Assessment and Prevention (Table 7-1)
Risk assessment for newly diagnosed patients should include past medical 
history, with emphasis on prior infections that may recur (tuberculosis, herpes 
simplex (HSV), VZV, CMV, chronic sinusitis, endemic fungi), assessment of 
co-morbidities (renal function, iron overload), and serology (herpes simplex, 
VZV, CMV). For patients from areas endemic to tuberculosis, a tuberculin 
skin test should also be performed before starting induction therapy [61]. 
Serum levels of immunoglobulins should be obtained both for future compari-
sons, and for identifying patients with IgG levels <600 mg/dl who may benefit 
from antibacterial prophylaxis.

Most of the recommendations for prophylaxis in MM patients are inferential, 
and lack strong scientific support from randomized clinical trials. The decision 
to offer prophylaxis and the appropriate prophylactic regimens depend on the 
induction regimen and, importantly, on whether or not the patient will receive 
dexamethasone or other corticosteroids. All patients with MM, including 
those recently diagnosed and those receiving induction without dexametha-
sone, are at increased risk for bacterial infections because of deficiencies in 
humoral immunity. In addition, the use of high doses of dexamethasone is 
associated with T-cell mediated immunodeficiency besides rendering patients 
at increased risk for viral and fungal infections. Patients treated with corticos-
teroid-containing induction regimens should receive prophylaxis against  
P. jiroveci pneumonia with trimethoprim–sulfamethoxazole (TMP–SMX 
– 800 mg/160 mg per day). Alternative regimens, such as aerosolized penta-
midine (150 mg every 2 weeks or 300 mg/month) or dapsone (100 mg/day) 
may be used, but they are associated with more breakthrough infections than 
TMP/SMX [62]. Antiviral prophylaxis against HSV and /or VZV (acyclovir 
400 mg TID, valacyclovir 500 mg TID or famciclovir 500 mg TID) may be 
used if the patient is seropositive for HSV or, importantly, presents a history of 
recurrent fever blisters, cold sores, or other indications of recurrent HSV infec-
tions, especially if the CD4 counts are low (<50/mm3). However, the benefit 
of prophylaxis must be weighted against the cost, toxicity, and the potential 
for resistance [63]. The same is true for mucosal candidiasis, which occurs 
frequently in patients receiving dexamethasone, especially after a course of 
broad-spectrum antibiotics. Although primary prophylaxis (fluconazole 100 
mg/day) is effective, there is the danger that prolonged exposure to flucona-
zole will lead to replacement of the sensitive Candida albicans colonizing the 
GI tract and skin with fluconazole resistant Candida species. An alternative is 
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to monitor closely and to treat appropriately with fluconazole (200 mg daily 
for 7–14 days) if oral and/or esophageal candidiasis develops. Patients with a 
past history of tuberculosis (or a positive tuberculin test) should receive isoni-
azid (500 mg daily) or alternative regimens [64].

Intravenous immunoglobulin (400 mg/kg) every 4 weeks may be effec-
tive for the prevention of bacterial infections, and this recommendation is 
supported by a randomized controlled study [65]. However, since its use is 
costly, intravenous immunoglobulin should be reserved for the population of 
patients with repeated episodes of severe infections. A cheaper alternative to 
immunoglobulin is quinolone prophylaxis with levofloxacin (500 mg/day), 
moxifloxacin (400 mg/day), or TMP–SMX [66]. Routine vaccination against 
S. pneumoniae, H. influenzae and influenza has been advised, but response 
rates to vaccination may be very low [67].

4.1.2. Management of Infections (Fig. 7-1)
Fever in MM patients must be considered as caused by infection until proven 
otherwise. However, in occasional patients, especially those with relapsed or 
advanced disease, fever may be caused by MM disease itself. These patients 
usually have obvious signs of active MM, sometimes with extramedullary 
plasmacytoma or pancytopenia secondary to massive bone marrow infiltration by 

Fig. 7-1. Initial management of fever in myeloma patients receiving induction therapy.

Endemic area for
tuberculosis (or other
endemic infections) 

Still febrile, no
diagnosis

YES 

Screen and obtain diagnostic specimens according to endemicity  

Rule out non-
infections causes

of fever 
Active myeloma (rare) 

Deep vein thrombosis (D-dimer, Doppler scan, if clinically indicated) 

NO 

INITIAL SCREENING

1. CBC, serum C - reactive protein, glucose, liver and renal function tests, blood and urine cultures
2. Workup and management according to history, clinical findings, and receipt of antimicrobial prophylaxis
3. Start empiric antibiotic therapy (local susceptibility profile and prior exposure to antibiotics should dictate selection of
appropriate antibiotic)
 a) non-neutropenic: beta-lactam or quinolone*
 b) neutropenic:Pseudomonas aeruginosa-active beta-lactam or quinolone*  

Infection diagnosed Adjust antimicrobial regiment appropriately No response after 4-5 days 

Consider PET scan Still febrile, no diagnosis 

CBC = complete blood counts; CMV = cytomegalovirus; PCR = polymerase chain reaction;*levofloxacin (500 -750 mg / d
PO) or moxifloxacin (400 mg/d PO); PET = positron emission tomography 

HSV = Herpes simplex virus; VZV = Varicella-zoster virus; *Valaciclovir (500 mg PO TID) or famciclovir (500 mg PO TID); ** Acyclovir
(400 mg PO 5x/d) or valaciclovir (1 g PO TID); TMP-SMX = trimethoprim-sulfamethoxazole; ***Moxifloxacin (400 mg/d PO); CMV = 
cytomegalovirus; PCR = polimerase chain reaction 
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plasma cells. Nevertheless, every febrile patient must be screened for infection 
and treated appropriately. This includes an understanding of the most frequent 
pathogens associated with that particular phase of MM disease and its treat-
ment, as well as the appropriate use of empirical antimicrobial therapy. All 
these actions must be guided by an assessment of the risks of specific infec-
tions, taking into account the medical history (past history of recurrent infec-
tions such as aspergillosis, tuberculosis, sinusitis, reactivated latent herpes 
infections, contact with patients with tuberculosis, geographic origin of the 
patient), co-morbidities (renal failure, chronic pulmonary disease or sinusitis, 
fractures, deep vein thrombosis), and past and current treatment for MM.

Infections in newly diagnosed patients and in those receiving induction ther-
apy are usually caused by encapsulated bacteria, Staphylococcus aureus and 
Gram-negative bacilli, and the airways, the urinary tract, and the bloodstream 
are the most frequent sites of infections. Therefore, the workup of fever must 
include a search for respiratory tract infections, including a chest X-ray (and 
computed tomography [CT] scans if the X-ray is non-informative), a sinus CT 
scan, blood and urine cultures, C-reactive proteins, complete blood counts, 
and liver enzyme tests. If the initial tests are negative, non-infectious causes 
of fever, such as deep vein thrombosis (very frequent in MM patients [68, 69]) 
must be ruled out. In addition, depending on the number of cycles of dexam-
ethasone received and other past medical history, tuberculosis (especially in 
endemic areas) is another possibility that should be ruled out.

Empirical antibiotic therapy should be initiated at the same time as the 
diagnostic workup because the risk of rapid, fatal sepsis associated with 
Streptococcus pneumoniae is high [70]. The choice of the appropriate 
antibacterial agent depends on the local rates of penicillin-resistant pneu-
mococci, as well as on the patient’s general clinical condition. Reasonable 
options for ambulatory patients include cefuroxime, semi-synthetic penicil-
lins with beta-lactamase inhibitors (amoxacillin/clavulanate, amoxacillin/
sulbactam or ampicillin/sulbactam), quinolones with good activities against 
streptococci (levofloxacin or moxifloxacin), and macrolides (erythromycin, 
azithromycin and clarithromycin). If resistance is a concern, vancomycin or 
linezolid are good options. Patients requiring hospitalization should receive 
broad-spectrum betalactam antibiotics. Empirical therapy is also indicated 
for febrile neutropenic patients. Because induction therapy of MM is seldom 
associated with severe and prolonged neutropenia, oral empirical therapy 
with a broad spectrum quinolone such as moxifloxacin or levofloxacin (but 
not ciprofloxacin which lacks potent anti-streptococcal activity) is an accept-
able choice [71].

4.2. Infections During Autologous HSCT

4.2.1. Risk Assessment and Prevention
Risk assessment before autologous HSCT must take into account the factors 
that increase the risk of infection, as well as those associated with severe 
complications and death from infection (Table 7-3). Prophylaxis during the 
neutropenic phase of autologous HSCT for low-risk patients is not different 
from that for other diseases. In most instances, the transplant is performed in 
an outpatient setting, and the patient receives prophylaxis against HSV (acy-
clovir 250 mg/m2 IV TID or 400 mg PO TID, valacyclovir 500 mg TID or 
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famciclovir 500 mg TID) and G-CSF (5 mg/kg/day SC) to accelerate neutrophil 
recovery. Prophylaxis for chemotherapy-induced mucositis includes the use of 
amifostine [72] and keratinocyte growth factor (palifermin) [73]. Antibacterial 
prophylaxis with quinolones may be also given, especially if the frequency of 
Gram-negative bacteremia is high. However, close monitoring for the potential 
of induction of resistance is mandatory. Antifungal prophylaxis with flucona-
zole 200–400 mg/day PO is not universally recommended, but should be con-
sidered in patients who develop severe mucositis. In high-risk patients (HSCT 
performed after repeated courses of chemotherapy, second HSCT), special 
attention should be given to the occasional occurrence of a systemic fungal 
infection, such as aspergillosis, zygomycosis or fusariosis. In this situation, one 
may consider obtaining Aspergillus antigenemia twice weekly and / or PCR, 
serum beta-glucan, and giving fluconazole prophylaxis or a mould-active pro-
phylactic agent (posaconazole 200 mg PO TID, voriconazole 200 mg BID PO, 
micafungin 50 mg/day IV, lipid amphotericin B 3 mg/kg/day IV).

4.2.2. Fever During Neutropenia
Immediately after autologous HSCT, the patient becomes neutropenic and 
usually develops fever. The management of fever in MM patients is similar 
to that in other autologous transplant recipients. The choice of the antibiotic 
regimen for febrile neutropenia must be guided by the local epidemiology and 
the past history of colonization and / or infection due to resistant organisms. 
With an adequate cell dose (>5 × 106 CD34+ cells/kg), bone marrow recovery 
occurs by the 10–11th day of transplant, with a median duration of neutropenia 
of 7 days.

4.2.3. Infections After Bone Marrow Recovery of an Autologous HSCT 
(Fig. 7-2)
4.2.3.1. Fever of Unknown Origin
After bone marrow recovery of autologous HSCT, T-cell immunodeficiency 
predominates, and its intensity depends largely on the type of additional 
therapies used for the treatment of MM. This is a distinguishing feature of 

Table 7-3. Risk assessment of infection in patients with multiple myeloma 
prior to autologous hematopoietic stem cell transplantation.

Factor Low risk High risk

Extent of prior therapy Minimal Extensive, including prior 
transplant

Status of myeloma Remission Progressive disease

Conditioning regimen Melphalan Melphalan-total-body-
irradiation-based-regimens

In vitro manipulation of stem 
cells

No CD34 selection

Cell dose ³5 × 106 CD34/kg <2 × 106 CD34/kg

Co-morbidities None Smoking, iron overload, poor 
performance status, organ 
dysfunction (renal failure, 
particularly hemodialysis, 
cardiac disease, liver dis-
ease), bone fractures
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MM when compared with other diseases such as lymphomas or leukemia. 
Therefore, in addition to the common pathogens (encapsulated bacteria and 
enterobacteriaceae), the workup of fever must include CMV antigenemia or 
PCR for those who are seropositive because CMV reactivation may be the 
cause of fever. In a retrospective study that analyzed fever after bone marrow 
recovery from autologous HSCT in different underlying diseases (mostly MM 
and lymphoma), CMV antigenemia was positive in 39% of 41 seropositive 
patients, and appropriate anti-CMV therapy resulted in the resolution of fever 
in all but two patients [9]. If CMV antigenemia (and / or PCR) is positive, a 
course of anti-CMV treatment is recommended (gancyclovir 5 mg/kg BID, or 
valganciclovir 900 mg daily or foscarnet 60 mg/kg BID for 2 weeks).

Because occasional patients with Clostridium difficile-associated diarrhea 
may present with fever before overt diarrhea is manifested (especially if 
accompanied by abdominal cramps) [74], stool samples should be screened 
for the presence of toxin A and B [75]. If positive, metronidazole (500 mg 
TID PO for 10–14 days) or vancomycin (125 mg PO QID for 10–14 days) 
should be given.

If all the tests are negative, non-infectious causes of fever, such as deep 
vein thrombosis and active MM should be investigated (serum D-dimer and 
Doppler ultrasonography, if clinically indicated). If a cause of fever is still 
not reveaed, other tests, such as CT scan (head, thorax and abdomen) or a 
positron emission tomography (PET) may be helpful in selected patients. 
PET may diagnose occult infection that is not evident from other image 
exams, particularly in a patient with MM, a disease in which neoplastic lung 
involvement is exceedingly rare [76–78]. In a study in 1,100 MM patients 
who had at least one PET performed, infection was present in 20 of 125 
patients (16%) with no clinical manifestations of infection, as well as in all 
49 patients whose PET was performed as part of the workup for infection, 
and in 74 patients with the signs and symptoms present at the time of PET 
but whose PET was performed for the staging of MM. The sites of infection 
were the respiratory tract (99 episodes), bone, joint and soft tissues 
(26 episodes), the vascular system (18 episodes), the gastrointestinal tract 
(12 episodes), and dentition (10 episodes) [79].

4.2.3.2. Diarrhea
Diarrhea is frequent in the neutropenic phase following autologous HSCT, 
and may have different causes, both infectious and non-infectious. In addi-
tion, diarrhea may occur after bone marrow recovery. Infectious causes in this 
period include Clostridium difficile-associated diarrhea, viral diseases (CMV, 
adenovirus, rotavirus, calicivirus, others) and parasitic diseases (strongyloi-
diasis [80], cryptosporidiosis [81], and others). The workup for patients with 
diarrhea in the post-engraftment period must include non-specific tests such 
as C-reactive proteins, complete blood counts and liver enzyme tests, as well 
as CMV antigenemia and / or PCR (in CMV seropositive patients), and stool 
screening for Clostridium difficile toxins A and B. In the case of unrevealing 
and persistent diarrhea, stool examination for ova and parasites, stool cultures 
for bacteria, and stool and serum tests for viruses (culture, PCR, enzyme 
immunoassay, others) and Strongyloides stercoralis [82] should be performed. 
If all the tests are negative and diarrhea is still present, colonoscopy with 
biopsy is indicated.
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4.2.3.3. Pulmonary Infiltrates
After bone marrow recovery from autologous HSCT, the spectrum of 
pathogens causing pneumonia is much broader, and includes bacteria (Gram 
positive, Gram-negative, Legionella, Nocardia), viruses (CMV, respiratory 
syncytial virus [RSV], influenza, and parainfluenza viruses), fungi (especially 
Aspergillus, but also other moulds, such as Fusarium, Zygomycetes and 
Scedosporium), mycobacteria, and rarely parasites (Strongyloides stercoralis, 
Toxoplasma gondii). These infections are more likely to occur in patients 
with severe T-cell immunodeficiency, typically after intensive and prolonged 
periods of treatment, including two or more HSCT. In addition, non-infections 
causes of pneumonia, such as engraftment syndrome [83], conditioning-
induced pneumonitis, and pulmonary embolism, may be present. The patient’s 
medical history must detail his/her exposure (contact with patients with tuber-
culosis or respiratory viral infection, contact with dust or constructions), travel 
(to areas endemic to specific pathogens), and a latent infection that may recur 
(tuberculosis, aspergillosis, toxoplasmosis, CMV). In addition, the timing of 
the appearance of pulmonary manifestations is important because some condi-
tions occur specifically in certain periods, such as the engraftment syndrome 
that usually occurs within 10 days from neutrophils engraftment [83].

The initial workup for patients with pulmonary infiltrates and / or hypox-
emia in the post-engraftment period may include non-specific tests such as 
C-reactive proteins, complete blood counts, and liver enzyme tests, as well as 
pathogen-specific testing such as CMV antigenemia and / or PCR (in CMV 
seropositive patients), Aspergillus antigenemia or PCR, and 1-3 beta-d-glucan. 
In addition, a thorax X-ray should be obtained, and if the X-ray is normal or 
shows discrete abnormalities, a CT scan is mandatory.

The pattern of pulmonary infiltrates helps to define the additional tests 
that are needed. Because non-cardiogenic pulmonary edema is a relatively 
common cause of diffuse pulmonary infiltrates, the physician should rule out 
fluid overload (and give diuretics) before ordering additional tests. If this is 
not the case, additional investigation should include: (a) a nasal wash with 
culture, PCR and / or antigen detection for viruses; (b) bronchoalveolar 
lavage with cytology, Gomori methenamine-silver or alternative stains for 
P. jiroveci, Gram stain, cultures for bacteria, viruses, fungi and mycobacteria, 
immunofluorescence for Legionella, and PCR for virus and mycobacteria. The 
performance of transbronchial biopsy depends on the platelet counts (usually 
safe if the platelet counts are >50,000/mm3). If all the tests are negative, a 
non-infectious cause of diffuse pulmonary infiltrates should be considered 
(chemo and / or radiotherapy, lung injury, engraftment syndrome, pulmonary 
embolism). In the case of engraftment syndrome or lung toxicity of cancer 
treatment, the physician should consider giving a course of intravenous corti-
costeroids (methylprednisolone 0.5–1.0 g daily for 3 days). The next step, if 
this extensive evaluation fails to identify a cause, may be a second broncho-
alveolar lavage or an open lung biopsy, depending on the patient’s clinical 
condition.

Empiric antibiotic therapy is usually indicated, especially if the patient is hypox-
emic. If the pneumonia is likely community-acquired, and the patient is not 
hypoxemic, the coverage for respiratory pathogens common in outpatients 
(Streptococcus pneumoniae and Haemophylus influenzae) is enough (cefuro-
xime, a semi-synthetic penicillin associated with betalactamase inhibitors, 
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newer quinolones or macrolides). In hospital-acquired pneumonia, empiric 
therapy should include broad-spectrum antibiotics for bacteria potentially 
resistant to usual first-line outpatient antibiotics. In addition, if the patient is 
hypoxemic, empiric treatment-dose TMP–SMX (especially if the prophylactic 
regimen for P. jiroveci was pentamidine or dapsone), or ganciclovir (if the 
patient is seropositive for CMV) may be considered in selected patients pend-
ing further diagnostic evaluation.

Workup for patients with localized pulmonary infiltrates includes sputum 
analysis (cytology, culture), but interpretation may be difficult because positive 
cultures may represent colonization of the oropharynx. Empiric antibiotic ther-
apy targeting encapsulated bacteria is indicated, but if the patient is hospitalized, 
broad-spectrum coverage is needed to cover hospital-acquired pathogens. If the 
patient does not respond to treatment, bronchoalveolar lavage is indicated 
(cytology, Gram stain, cultures for bacteria, viruses, fungi and mycobacteria, 
immunofluorescence for Legionella, PCR for virus and mycobacteria). Some 
additional tests may be necessary, depending on the other characteristics of the 
preliminary exams. Patients with nodular lesions (especially with a halo sign) 
should have serum galactomannan or 1-3 beta-d-glucan tests, because invasive 
aspergillosis (or other mould infection) may be the cause. This diagnosis must 
be specially considered if the patient has received more than one transplant, has 
been on prolonged use of corticosteroids, or has received a transplant with stem 
cell manipulation (positive or negative selection). If all the tests are negative, a 
pulmonary biopsy should be undertaken.

4.3. Prophylactic Measures to Reduce the Impact of Co–morbidities  
on the Risk of Infection

Every effort should be made to avoid conditions that may worsen or cause 
renal failure, such as dehydration and hypercalcemia. Patients should be 
encouraged to quit smoking [42]. Likewise, iron overload should be minimized 
by avoiding unnecessary red blood cell transfusions, giving erythropoietin to 
control anemia, and giving chelating agents (subcutaneous deferoxamine or 
oral deferiprone or deferasirox), if significant iron overload is present [84]. 
Other measures include the use of bisphosphonates (clodronate, pamidronate 
or zoledronate) to reduce the risk of bone fractures, strict control of glucose 
metabolism during treatment with corticosteroids, and low-molecular weight 
heparin for patients at high risk for deep vein thrombosis.

5. Special Considerations

Infection in patients with MM represents a great challenge to physicians. 
A broad list of pathogens may cause infection, including Gram-negative and 
Gram-positive bacteria, fungi, viruses and parasites. In addition, the signs 
and symptoms of infection may be masked by manifestations of the underly-
ing disease or its complications. On the other hand, the pathogens causing 
infection may vary over time, because severe immunodeficiency tends to 
develop as the disease progresses, and the patient receives different courses 
of treatment. In this context, the physician must be alert to the possibility 
of infection due to uncommon pathogens, as well as to the recurrence of 
infection.
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Patients with MM may require prolonged courses of treatment for specific 
infections because of organ damage caused by the disease, such as bone frac-
tures, bed restriction and renal failure. This is the case for bacteremia due 
to Staphylococcus aureus and other microorganisms with high potential to 
complicate with septic emboli. In these situations, the duration of treatment 
may be prolonged to 4–6 weeks. Likewise, in the choice of particular antimi-
crobial agents, the physician should consider the potential for additional 
toxicity to the kidneys, as well as drug–drug interactions (P450 competi-
tors or inducers which may interfere with metabolism of corticosteroids, 
thalidomide, bortezomib, and drugs that prolong the QT interval). Finally, 
the physician should be familiar with new diagnostic tools (such as PET 
scan) that may help to discriminate between infectious and non-infectious  
complications.

6. Conclusions

Infections represent a major problem in patients with MM. Changes in the 
spectrum of infections parallel changes in the way MM is treated. A practical 
approach to infections in MM patients must include the recognition of the 
likely pathogens, depending on several factors, such as past medical history, 
status of the underlying disease, and past and current treatment for MM. 
Specific strategies of diagnosis, prophylaxis, and empiric and specific therapy 
are driven according to this approach
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Abstract Hematopoietic cell transplantation (HCT) is associated with pro-
found compromises in host defenses. The patterns of immune compromise 
change over time. Infections are an important cause of serious morbidity and 
pose substantial threats to life. Thus, the challenges of infection facing the 
transplant clinician are both myriad and dynamic. Early after transplant, neu-
tropenic infections are most important. Later herpesvirus and invasive fungal 
infections predominate. Even late after transplant, patients with chronic graft 
versus host disease remain susceptible to encapsulated bacterial, varicella 
zoster virus, and invasive fungal infections. Over time, with robust engraft-
ment and control of GVHD, the risk of serious infections recedes with immune 
reconstitution.

Keywords  Hematopoietic cell transplant • Antifungal prophylaxis • Antibiotic 
prophylaxis • Pneumonia • Diarrhea • Neutropenic fever • Cytomegalovirus • 
Respiratory viral infections • Varicella zoster virus infection

1. Hematopoietic Cell Transplantation

Hematopoietic cell transplant (HCT) is variously known as bone marrow 
transplant, stem cell transplant, or hematopoietic stem cell transplant. It is used 
to treat conditions that result in bone marrow failure (such as aplastic anemia 
or myelodysplastic syndromes), immunodeficiencies (such as severe combined 
immunodeficiency or chronic granulomatous disease), or congenital disorders 
that result in enzyme deficiencies in cells derived from hematopoietic precur-
sors that result in metabolic disorders (such as mucopolysaccharidoses or 
glycogen storage diseases). These disorders are relatively rare in the general 
population. More commonly, HCT is used as a cancer therapy, primarily 
for hematologic malignancies (such as lymphomas, leukemias, and multiple 
myeloma). In this latter type of application, HCT is used to facilitate admin-
istration of intensive chemoradiotherapy. The intensive conditioning regimen 
suppresses and sometimes ablates the normal hematopoietic precursors. The 
graft is given to rescue the hematopoietic injury. In the case of allogeneic 
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HCT, the graft also provides adoptive immunotherapy targeting cancer cells 
that express novel antigens.

Autologous transplants do not require prolonged immunosuppressive therapy 
after the transplant and robust immune recovery typically occurs within 3–9 
months. Allogeneic HCT necessitates stringent HLA matching to optimize 
engraftment and minimize the risk of graft versus host disease (GVHD). Immu-
nosuppressive therapy is typically given posttransplant for 4–6 months and then 
tapered gradually and finally stopped after approximately 6 months. The occur-
rence of GVHD may necessitate a more prolonged course of immunotherapy 
and slow immune recovery. Immunodeficiency is more prolonged after alloge-
neic HCT (typically a year, sometimes longer) than after autologous transplant 
and the risk of infection is greater.

Each of the basic components of the transplant (the conditioning regimen, 
the graft, the posttransplant immunosuppressive therapy, and other supportive 
care regimens) influence the risk for infection and types of infectious syndromes 
that occur after transplant (Table 8-1).

Ablative  conditioning  regimens  consisting  of  intensive  chemotherapy 
or chemoradiotherapy have been the standard regimens used for decades. 
Ablative regimens have been associated with a number of toxicities to normal 
tissues (including mucosal injury) that are natural barriers against potential 
microbial pathogens. Mucosal injury allows easier entry of organisms that 
ordinarily colonize mucosal surfaces, leading to susceptibility to streptococcal 
organisms, enteric Gram negative organisms, anaerobes, and Candida.

In the past decade, transplant clinicians are increasingly using reduced 
intensity conditioning regimens in allogeneic HCT. Potent immunosuppressive 

Table 8-1. Elements of the transplant procedure and their effects on infectious risk.
Component Transplant role Influence on infectious risk

Conditioning  
regimen

•  Anticancer activity

•  Immunosuppression to 
facilitate engraftment

•  Intensive conditioning regimens cause mucosal injury 
that increases susceptibility to bacteria and Candida 
infections

•  Myelosuppression poses risk for bacterial and Candida 
infections

Graft •  Hematopoietic reconstitu-
tion

•  B & T cell recovery

•  Higher numbers of CD34+ cells associated with shorter 
neutropenia, fewer and less severe neutropenic infection

•  T cell depletion slows T cell reconstitution increasing 
susceptibility to viral and fungal infections

•  High T cell content increases risk for GVHD and  
susceptibility for viral and fungal infections

•  Histocompatibility differences between donor and  
recipient increases the risk for GVHD and susceptibility 
for viral and fungal infections

Immuno- 
suppressive  
regimen

•  Prevents graft rejection

•  Prevents GVHD

•  Deficiency of T cell protective responses increases the 
risk for herpesvirus and fungal infections

Supportive care •  Central venous catheters 
permit administration of 
medications, transfusions, 
and blood sampling

•  HEPA filters in rooms

•  Catheters breach the integument and increase risk for 
skin colonizing bacteria

•  Air filters reduce the exposure to air-borne mold  
pathogens
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agents are used in the place of intensive chemoradiotherapy. Such regimens pro-
duce less acute toxicity sparing mucosal injury. In addition, myelosuppression 
is less and times to engraftment are typically shorter. With reduced intensity 
transplants, there is less susceptibility for neutropenia-associated bacterial and 
fungal infections. However, there still are substantial risks for later viral and 
fungal infections typically seen with GVHD and immunosuppressive therapy.

The graft used in HCT consists of a mixture of hematopoietic stem cells, more 
differentiated hematopoietic precursors, and mature immune cells. The grafts 
differ in several respects: peripheral blood grafts typically have higher numbers 
of hematopoietic precursors and also more lymphoid cells. Peripheral blood 
grafts are associated with faster neutrophil engraftment and more chronic 
GVHD. Cord blood grafts have fewer hematopoietic precursors and the lym-
phoid cells are more naïve immunophenotypically and functionally. Such cord 
blood grafts are associated with slower neutrophil recovery and less GVHD.

T lymphocytes in the donor graft are responsible for GVHD. The various 
immunosuppressive regimens used after transplant to prevent and treat GVHD 
suppress T cell function and increase the patient’s vulnerability for infection. 
Fungal and herpesvirus infections are especially problematic. T cell depletion 
of the donor graft is sometimes used to reduce the risk for GVHD but T cell 
depletion increases the risk for graft rejection and slows B and T cell immune 
reconstitution, rendering the recipient vulnerable to opportunistic infections for 
a longer time after transplant. Several polymorphisms in immune response genes 
that affect the likelihood for both GVHD and infection have been identified.

2. Effects of HCT on Host Defenses: A Dynamic Scenario

There are three phases after HCT: early, mid, and late recovery. Each period 
is characterized by different kinds of deficits of host defenses and these differ-
ences account for varying susceptibilities to different kinds of infectious risks.

The early recovery phase is the interval from the start of the conditioning regi-
men to the time of engraftment, generally 3–4 weeks in duration. Compromises 
in host defenses during this interval are characterized by gut mucosal injury 
due  to  the  cytotoxic  effects  of  chemoradiotherapy  and  myelosuppression  from  
the conditioning regimen. Tunneled central venous catheters are routinely used and 
these foreign bodies breach the integument, allowing invasion by skin colo nizing 
organisms. The types of infectious syndromes commonly seen during the early 
phase are neutropenic infections due to enteric bacteria and Candida (discussed 
in more detail elsewhere), catheter-related infections, primarily due to skin 
colonizing bacteria, especially Staphylococcus epidermidis or less commonly 
Staphylococcus aureus, and organisms that colonize the oral mucosa, such as 
alpha  streptococci.  Reactivation  of  herpes  simplex  virus  occurs  in  most  patients 
treated with intensive conditioning regimens, with an average onset between 2 and 
3 weeks after initiation of the conditioning regimen in the absence of prophylaxis.

Patients treated with a nonablative conditioning regimen have shorter times 
of neutropenia and also less mucosal injury. Typically, neutrophil counts do 
not fall until 7–10 days after graft infusion and the neutrophil count may not 
fall below 100 cells/mL. Thus, such patients are much less susceptible to early 
infections of all types. For that reason, nonablative transplant patients are 
generally managed in the outpatient clinic.
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Upon engraftment, the transplant recipient enters the mid recovery phase. 
This phase spans the second and third month after transplant. With the restora-
tion of neutrophils and healing of the damaged mucosal barriers, the overall 
risk for infection is less. The central venous catheter still poses a breach in the 
skin barrier and catheter-related infections remain a concern.

The mid recovery phase is characterized by a profound immunodeficiency 
of both B and T cell functions, which eventually recover later over a period of 
several months (after autologous HCT) or up to a year (for allogeneic HCT). 
Pneumocystis jiroveci (PCP), Aspergillus, and cytomegalovirus (CMV) infec-
tions can occur during this period. The risk for serious infection is greater 
after allogeneic HCT since GVHD or the use of high dose corticosteroids can 
intensify T cell immunodeficiency [1–4]. The use of anti-thymocyte globulin 
(or alemtuzumab) to prevent or treat GVHD or promote engraftment can have 
enduring effects on T cells  (and NK cells  in  the  case of  alemtuzumab)  and 
may render the patient vulnerable for a longer period of time. T cell depletion 
of the graft and HLA disparity between the donor and recipient delay T cell 
recovery. With nonablative transplants, the immunosuppressive regimen is 
frequently tapered more quickly (to provoke a graft-versus-tumor effect); this 
may increase the risk for GVHD. Various single center reports have suggested 
either an increase or decrease in infectious risk with nonablative transplants; 
as yet, the difference in conditioning regimens, case mix, and immunosuppres-
sive regimens prevent a clear understanding of whether the risk of infection or 
timing of infection and epidemiology of infection is truly similar or different. 
Further study is needed.

The late recovery phase follows after the third month. The overall risk for 
infection recedes greatly as B and T cell immunity gradually improves. There 
remains some risk for PCP. There is also a risk for reactivation of varicella 
zoster  virus  (VZV)  that  occurs  in  approximately  40%  of  VZV  seropositive 
patients. Patients who develop chronic GVHD require prolonged immunosup-
pressive therapy and are susceptible to fungal and viral infections due to T cell 
immunodeficiency. The need for prednisone at daily doses of 1 mg/kg/day for 
extended periods of  time has been associated with a particularly high  risk 
for aspergillosis. The use of infliximab renders the patient at even higher risk for 
aspergillosis. In patients with chronic GVHD, there is also a risk for infections by 
encapsulated bacteria (e.g., S. pneumoniae, N. meningiditis, and H. influenzae) 
due to poor opsonization.

Generally, by 1 year posttransplant, patients will recover their immune 
competence and will be no longer at risk for opportunistic infections except 
for patients who have developed chronic GVHD and who may have prolonged 
immunodeficiency extending for many months or years. At 1 year posttransplant, 
immunizations with the childhood vaccines should be given (see Chap. 13).

3. Major Infectious Syndromes: Clinical Manifestations  
and Diagnostic Approaches

3.1 Neutropenic Fever

Prior to engraftment, neutropenia lasts for a variable duration according to 
the transplant type: 10–14 days after autologous transplant, 17–21 days after 
myeloablative allogeneic transplant, and only 4–7 days after nonablative 
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allogeneic transplant. Cord blood transplants often have longer durations of 
neutropenia that may extend up to 28–35 days. Neutropenic fever is common in 
the pre-engraftment period but is less problematic in nonablative transplants. 
Fever may be generally the only manifestation of infection and, operationally, 
infection should be approached as the likely cause since serious morbidity 
may ensue if untreated. Evaluation should include elicitation of symptoms 
suggestive of an infectious site and examination to look for an infectious site 
(especially skin, oral mucosa, lungs, catheter site, abdomen, and perianal area). 
Blood cultures should be obtained and cultures of any site suspected to be 
infected. A chest  radiograph  is generally done, but  if  the  lungs are highly 
suspected from history or examination, then a CT scan is preferred since it 
would be more likely to yield useful information [6]. Persistent or recrudescent 
fever may be due to antibiotic-resistant Gram negative bacteria, Gram positive 
bacteria (especially S. epidermidis, less commonly an alpha streptococcus, or 
S. aureus), or fungus (especially Candida or Aspergillus). Evaluation and more 
specific diagnostic considerations for infections in the neutropenic host are 
addressed in Chap. 5 and have been delineated in consensus guidelines [7, 8].

3.2 Pneumonia

Pneumonia commonly occurs after HCT during all three phases of the 
postHCT period and may have both infectious and non-nfectious etiologies 
(Table 8-2) [9]. In the early recovery phase, bacterial and mold infections may 
be etiologic, and adult respiratory distress syndrome due to toxicity from the 
conditioning regimen may also occur. In the mid recovery phase, interstitial 
pneumonitis due to conditioning regimen toxicity or due to CMV may occur. 
Also, bacterial and fungal pneumonia due to Aspergillus or other molds may 
occur. During the late recovery phase, late-onset CMV pneumonia may occur, 
especially in patients with early CMV infection or a history of acute GVHD 
[10]. Late-onset Aspergillus pneumonia may also occur, especially in patients 
with chronic GVHD. In recent years, increasing instances of very late onset 
Aspergillus pneumonias occurring 6–12 months after HCT have been noted in 

Table 8-2. Various etiologies of pneumonia after HCT.
Radiographic  
pattern Early recovery Mid recovery Late recovery

Diffuse  
infiltrates

•  ARDS

•  Hemorrhagic 
alveolitis

•  Respiratory  
virus

•  Idiopathic intersti-
tial pneumonitis

•  Hemorrhagic  
alveolitis

•  CMV

•  Respiratory virus

•  PCP

•  Bronchiolitis obliterans or 
bronchiolitis obliterans with 
organizing pneumonia

•  CMV

•  Respiratory virus

•  PCP

Localized  
infiltrates

•  Bacterial

•  Aspergillus

•  Zygomycete  
or other mold

•  Bacterial

•  Aspergillus

•  Zygomycete or 
other mold

•  Nocardia

•  Bacterial

•  Aspergillus

•  Zygomycete or other mold

•  Nocardia
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patients with chronic persistent GVHD. PCP may occur during any of the 3 
phases if prophylaxis is not given.

Respiratory viruses may occur during any of the 3 recovery phases. Influenza 
and respiratory syncytial virus (RSV) generally occur seasonally during the 
winter months [11–14]. Parainfluenza may occur at any time during the year. 
Adenovirus  is  an  occasional  pulmonary  pathogen  [15]. Upper respiratory 
symptoms generally precede lower tract involvement with respiratory viral 
infections, but not always.

Pneumonias may be caused by more than one pathogen; for example CMV may 
be accompanied by bacterial or Aspergillus infections. Thus, isolation of one path-
ogen may be an inadequate explanation for cause of pneumonia when the clinical 
syndrome suggests another etiology and further investigation is warranted.

Radiologic assessment by high resolution CT scan is key to the assessment 
of pneumonia [6, 16]. Pneumonias can generally be categorized radio-
graphically into either diffuse infiltrates or localized infiltrates (Table 8-2). 
The diffuse infiltrates can be either non-specific alveolar ground glass, intersti-
tial, mixed alveolar/interstitial, or diffuse micronodular patterns. The localized 
infiltrates may be macronodules (³1 cm in diameter), consolidation, cavitary, 
or wedge-shaped.

The etiologies differ according to both the radiographic pattern and timing 
after transplant and evaluation and management strategies differ for each radio-
graphic category and timepoint (Table 8-2). In the early recovery phase, diffuse 
infiltrates are most commonly due to noninfectious causes such as pulmonary 
edema, ARDS, or idiopathic interstitial pneumonitis. These are thought to be 
due mostly to toxicity related to the conditioning regimen and fluid balance. 
Occasionally, respiratory viruses may also be causative. Localized infiltrates 
during the early recovery period are usually due to bacterial pneumonia or 
mold pathogens (Aspergillus most commonly, or Zygomycetes, Fusarium, or 
Scedosporium less commonly).

During the mid recovery period, diffuse infiltrates are divided evenly between 
noninfectious and infectious etiologies. The potential etiologies are the same as 
in the early recovery period, but in addition, CMV becomes the major infectious 
etiology during this time interval. PCP assumes an important consideration but 
is effectively prevented by prophylaxis, which should be routinely given (see 
below). The diagnostic considerations for localized infiltrates are also the same 
as during the early period, but mold infections are more prominent concerns. In 
a large series of IA, macronodules with or without halos were present in 94% 
of cases of IA and 79% had multiple nodules [17]. Halo signs were present in 
61%. In another small series, more than ten nodules or a pleural effusion tended 
to more likely in Zygomycosis compared to IA [18].

In the late recovery period, diffuse infiltrates have a more varied spectrum 
of etiologies [19]. CMV still is an important consideration as are PCP and 
respiratory viruses. Also important noninfectious considerations are bronchi-
olitis obliterans or bronchiolitis obliterans with organizing pneumonia. As for 
localized infiltrates, the same potential causes as during the earlier period are 
possible. Encapsulated bacteria are particularly important pathogens since 
opsonization is impaired in chronic GVHD. Also important is Nocardia, which 
can present in a similar manner as mold infections.

Prompt and thorough evaluation is crucial to treatment success. Elicitation 
of  lower  tract  symptoms  and  evidence  of  consolidation  on  physical  exam 
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should alert the clinician to the possibility of pneumonia. However, even in 
the absence of any of these, fever of uncertain etiology may warrant investiga-
tion of pneumonia as the source of fever. Hemoptysis may occur with diffuse 
alveolar hemorrhage early after transplant. Hemoptysis, pleuritic pain, and 
the presence of pleural rub may suggest Aspergillosis. Upper respiratory tract 
symptoms suggest a respiratory viral infection. Lack of sputum is typical of 
respiratory virus, CMV, and PCP pneumonias. However, these manifestations 
are too insensitive and not sufficiently specific to indicate firmly the etiology. 
CT scans to determine the character of infiltrate is more useful. Prior to the 
onset of pneumonia symptoms, a number of tests may identify those at risk 
for  or  with  incipient  lower  respiratory  tract  infection.  Nasal  viral  cultures, 
shell vial centrifugation cultures using RSV-specific monoclonal antibodies, 
or rapid diagnostics using DFA or ELISA assays are important for diagnostic 
assessment of the respiratory viruses, and may be useful in the assessment 
of patients with symptoms of upper respiratory tract infection. CMV antigen 
assays or PCR assays of blood samples should be performed and often are 
positive 1–2 weeks in advance of CMV pneumonia. Serum galactomannan can 
be useful as an adjunct in the diagnosis of Aspergillus pneumonia [20–32].

For patients suspected to have pneumonia, CT examination, as noted above, 
is  essential  and  should  be  done  promptly.  Bronchoscopic  examination  with 
bronchoalveolar lavage should be performed early in the assessment of pneu-
monia wherever feasible [33, 34]. The yield is high for agents that cause diffuse 
infiltrates (e.g., PCP, CMV, respiratory viruses), but tends to be low with 
agents that cause localized infiltrates, especially Aspergillus. Even in localized 
pneumonias where the yield is suboptimal, performance of bronchoscopy is 
advisable to exclude certain pathogens in order to narrow the use of agents in 
presumptive therapy and to identify co-infecting pathogens.

In many cases, treatment should be initiated presumptively for the most likely 
pathogen(s) while evaluation is proceeding since early initiation of therapy is 
crucial to optimize treatment success. Presumptive therapy, however, should not 
be given in order to justify the failure to perform a careful and thorough evalu-
ation, since the spectrum of pathogens is large and the toxicities of prolonged 
“shot-gun” anti-infective therapies is considerable. Once the evaluation is com-
plete, elimination of the presumptive therapies no longer justified is appropri-
ate. In the case of a suspected mold infection, even with an extensive negative 
evaluation, continued therapy may be justified if the clinical suspicion remains 
high. If the etiology is not clear and the patient does not improve clinically 
and radiographically, further investigation should be undertaken. Typically, 
infiltrates may get worse early even in the face of clinical improvement and 
even though pneumonia ultimately responds. It generally requires 2 weeks at a 
minimum to see radiographic improvement. If a patient clinically deteriorates  
with empirical antimicrobial therapy, then additional evaluation should be 
considered, including a lung biopsy if the patient’s condition permits.

3.3 Diarrhea

Diarrhea can occur at any time after HCT and there are a myriad of both 
infectious and noninfectious causes (Table 8-3). During or shortly after com-
pletion of the conditioning regimen, diarrhea may be caused by intestinal tract 
mucosal injury due to cytotoxicity from the conditioning regimen.
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Later during neutropenia, diarrhea is more likely to be infectious, due to 
either neutropenic enterocolitis or C. difficile. A highly virulent strain of C. 
difficile has been noted in outbreaks in Canada and northeastern US cities, 
and also in other locales in the US and Europe [35–39]. The use of fluoroqui-
nolones (and other antibiotics as well) has been associated with predisposition 
to C. difficile infection. The use of gastric acid suppressants has also been 
implicated to add to the risk [40].

Neutropenic  enterocolitis  (typhlitis)  is  usually  accompanied  by  abdominal 
pain [41–43]. Although there  is a predilection for  the ascending colon, other  
portions of the gut can also be involved. The microbiological etiology of neu-
tropenic enterocolitis is rarely discerned but is presumed to be caused by 
gram-negative bacteria and anaerobic bacteria. In recent years, Candida has 
also been implicated as contributory [44, 45]. Toxic megacolon, perforation, 
and hypotension are complications of progressive enterocolitis and may result 
in death.

A variety of viruses are occasional causes of diarrhea in the HCT patient, 
such as the enteroviruses (including the coxsackieviruses), caliciviruses (inclu-
ding  the Norwalk virus), and astroviruses  [46–49]. These infections do not 
occur at specific times after HCT like the herpesviruses but rather may occur 
at different seasons of the year, tracking along with outbreaks in the general 
population of the local community. Also, adenovirus and CMV may be viral 
causes of diarrhea. Other infectious agents including enterobacteria, such as 
Salmonella, Shigella, E. coli, and protozoal and helminthic infections may 
also be rare causes of diarrhea.

GVHD may also present as diarrhea. Usually a skin rash is also present, 
but some cases of GVHD may present with gut involvement alone. This 
occurs mostly during the mid recovery phase, but in recent years late 
onset GVHD with features resembling acute GVHD have been noted with 
transplants performed with the use of peripheral blood as stem cell source, 
reduced intensity conditioning regimens, and donor lymphocyte infusions 
after transplant.

Evaluation should include stool assay for C. difficile antigen and toxin, viral 
cultures or ELISA assays, and CMV antigen or quantitative PCR testing. An 
abdominal CT scan should be performed to look for bowel thickening and/
or dilatation. Serial KUB radiographs should be performed in patients with 
bowel  wall  thickening  to  screen  for  toxic  megacolon.  Colonoscopy  should 
be performed for visual inspection, looking for pseudomembranes, and to 
perform biopsy for  tissue examination and culture for  the various  infectious 
etiologies or GVHD.

Table 8-3. Etiologies of diarrhea.
Early recovery Mid recovery Late recovery

•  Chemotherapy

•  Neutropenic enterocolitis

•  C. difficile colitis

•  Enteric viruses

•  GVHD

•  C. difficile colitis

•  CMV

•  Adenovirus

•  Enteric viruses

•  GVHD

•  C. difficile

•  CMV

•  Adenovirus

•  Enteric viruses
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3.4 Cytomegalovirus Infection

Historically, CMV was the most dangerous infectious pathogen and the cause 
of death in 15–20% of allogeneic HCT recipients. Although CMV infections 
(detected  by  detection  of  CMV  pp65  antigen  or  quantitative  PCR  testing) 
occur frequently in autologous transplant recipients, CMV disease is generally 
infrequent. The chief risk factors identified for CMV symptomatic disease are 
allogeneic transplant type, older age, CMV seropositivity (of the recipient), and 
the occurrence of GVHD [4, 50]. Other factors that diminish T cell recovery 
also increase the risk for CMV disease, such as T cell depletion of the stem cell 
graft, HLA disparity between donor and recipient, and the use of certain immu-
nosuppressive agents that produce profound and prolonged T cell deficiency 
such as antithymocyte globulin, alemtuzumab, or high doses of corticosteroids. 
Purine analogs, such as fludarabine, cladrabine, and pentostatin, given in the 
posttransplant period may also have prolonged immunosuppressive effects, but 
whether or not their more common use in the pretransplant conditioning regi-
men has any lingering posttransplant effects has not been studied.

The most common manifestation of CMV disease is pneumonia, but gastro-
enteritis can also occur. Rarely does CMV opthalmitis occur in HCT recipients 
in contrast to the situation with advanced HIV infection.

In past decades, most episodes of CMV pneumonia occurred during the 
mid  recovery  period,  and  only  10%  occurred  after  100  days.  However,  in 
recent years there has been a dramatic shift to later onset (beyond 100 days) 
[10]; this is particularly true in patients who develop acute GVHD or receive 
pre-emptive antiCMV therapy for CMV reactivation infection during the mid 
recovery period (see below).

The usual presentation of CMV pneumonia is low grade fever, a nonpro-
ductive cough, and dyspnea. Progressive worsening of symptoms occurs if 
untreated and the mortality untreated has ranged 80–90%. Chest radiographs 
show a mixed interstitial/alveolar infiltrate. Bronchoscopy with immunofluo-
rescent stains for pp65 antigen of cytologic samples and shell vial cultures of 
BAL samples has a high diagnostic yield with sensitivity and specificity of at 
least 90%. Bronchoscopic biopsies are somewhat less sensitive than the BAL 
for CMV. Blood pp65 antigen and the PCR assay are usually positive before 
and at the onset of pneumonia, but since CMV viremia may be present without 
pneumonia, bronchoscopy is still required to determine if the lung process is 
due to the viremia. Co-infections with bacteria or Aspergillus may be present. 
Diarrhea is the chief manifestation of CMV enterocolitis. Colonoscopy with 
tissue biopsy is the diagnostic test of choice with immunofluorescent stains

3.5 Other Viral Infections

Adenovirus infections occasionally occur (generally in less than 5% of allogeneic 
HCT recipients) [15, 51, 52] and case fatality rates of 30–50% have been reported. 
As with CMV infections, factors that result in more profound T cell immunode-
ficiency pose greater susceptibility for adenovirus infection; in contrast to CMV, 
younger patients are at greater risk. Pneumonia, hepatitis, and gastrointestinal dis-
ease are the most common manifestations, but less frequent presentations include 
nephritis and cystitis. Viremia can be detected with PCR assays. Detection of 
virus in BAL or tissue samples can be achieved using rapid culture techniques or 
immunofluorescent antibody staining of cytologic or tissue specimens.
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Community acquired respiratory viruses have been increasingly recognized 
as important respiratory pathogens as noted above [13, 53–56]. RSV, influenza, 
rhinovirus, and metapneumovirus infections have a seasonal pattern, mirror-
ing occurrences in the community, whereas parainfluenza virus infections 
occur during all seasons. Upper tract symptoms typically occur before lower 
tract disease and this offers an opportunity for early diagnosis and potential 
intervention, although no studies have shown definitively that treatment of 
upper  tract  infection prevents  lower  tract disease. Nasal  swabs are excellent 
means of detecting the virus in patients with upper tract symptoms by culture, 
immunofluorescent antibody staining, or PCR assays of specimens. BAL or 
tissue specimens can be assessed with the same diagnostic assays.

Herpesvirus 6 persists lifelong (like HSV, CMV and VZV) in most individuals 
after  primary  infection  during  infancy.  Active  infection  can  be  detected  in 
about one-third of HCT recipients. In most cases, it is asymptomatic, but it 
can be a cause of rash, encephalitis, and possibly pneumonitis [57, 58]. PCR 
assays can be useful in the diagnosis [57].

BK virus is a polyoma virus that infects many individuals early in life 
and persists lifelong in urogenital epithelial tissues. Reactivation may occur 
after allogeneic HCT, especially in patients with GVHD and is a cause of 
hemorrhagic cystitis [59, 60]. Cystitis generally occurs during the mid recovery 
period, but may occur at any time after HCT. Diagnosis is made generally by 
the use of immunofluorescent antibody staining or PCR assays of urine speci-
mens. BK virus can also be detected in blood samples but its correlation with 
hemorrhagic cystitis has been less well documented.

3.6 Nonneutropenic Fever

At time of engraftment, fever occasionally occurs in the absence of infection 
(sometimes  known  as  “engraftment  syndrome”).  After  cultures  are  obtained 
with no growth after 24–48 h and CT scans of chest and abdomen are negative, 
a noninfectious etiology should be considered. A short course of corticoster-
oids is highly efficacious with rapid taper. Rash, elevation of transaminases or 
bilirubin, or dyspnea with an ARDS-like syndrome may accompany the fever.

After engraftment  fever may present occasionally  in  the absence of other 
symptoms. A  systemic  evaluation  strategy  is necessary. Continued monitor-
ing to elicit symptoms that may provide clues is needed. Careful examination 
of sinuses, oral cavity, catheter site and tunnel, skin, lungs, and perineal area 
is important and should be ongoing. Blood cultures for bacteria, fungi, and 
mycobacteria should be obtained. Urinalysis is useful. Blood sampling for 
CMV assays, galactomannan, or glucan assays may be useful. CT scans of 
sinuses, chest, and abdomen should be considered. If these do not provide 
an explanation after  several days,  removal of  the venous catheter  should be 
considered. Since drug fever may occur, careful consideration tof stopping any 
discretionary medications should be entertained.

3.7 Rash

Rashes are frequent and there are a myriad of causes. Erythema may be a promi-
nent sign of GVHD. Involvement of palms, soles, and earlobes are especially seen 
in GVHD. Focal lesions may be seen with bacterial or fungal bloodstream infec-
tions. Paronychia should suggest the possibility of Fusarium. Vesicular lesions, 
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especially in a dermatomal distribution, should suggest VZV infection. In 
most cases a biopsy should be done. Cultures should be performed if an infec-
tion is suggested. For lesions where a fungal etiology is suspected, fungal 
stains are necessary.

3.8 Hepatitis

The hepatic transaminases may be elevated for a variety of reasons, both infec-
tious and noninfectious. Most commonly, this is a result of some drug reaction. 
Viral hepatitis, iron overload, sepsis, and GVHD may also be etiologic. Hepatic 
veno-occlusive disease (VOD) and GVHD more commonly have a cholestatic 
predominance rather than transaminemia. In the case of VOD, the onset is almost 
always before day 30; in the case of GVHD, onset is usually after engraftment. 
Hepatitis serologies and PCR assays, ferritin measurement should be performed. 
A liver biopsy should be considered if the patient is able to tolerate it.

In patients with chronic GVHD, a rare manifestation of VZV infection is 
fulminent hepatitis (with or without concomitant pancreatitis) antecedent to 
the cutaneous rash and which can pursue a virulent course leading rapidly to 
shock and death. Prompt presumptive antiVZV therapy is warranted.

4. Management Strategies

Specific management of the individual infections described above is discussed 
in other chapters. Only anti-infective strategies that pertain to HCT will be 
discussed below.

4.1 Bacterial Prophylaxis

A variety of  antibacterial  regimens have been  evaluated  in  the HCT  setting 
over the past decades. Indeed, several decontamination regimens have been 
advocated more as a way to reduce the release of proinflammatory cytokines, 
key contributors to GVHD, in order to reduce the risk for severe GVHD, rather 
than to reduce bacterial infections. Such regimens were difficult for patients 
to tolerate and definite benefits could not be discerned; over time, they have 
largely been abandoned.

Today, the fluoroquinolones have largely replaced other antibiotic regimens 
for the purpose of preventing bacterial infection during the pre-engraftment 
phase. The benefits of antibiotic prophylaxis after HCT have been debated and no  
firm recommendation was given in the HCT consensus guidelines in 2000 [5]. 
However, they are widely used in the pre-engraftment phase, and more recent  
studies suggest such benefits as reductions in febrile episodes, bacterial infec-
tions, and death (from any cause) in patients with neutropenia. Such benefits 
have been seen in patients with acute leukemia and HCT [61–63]. Ciprofloxacin 
and levofloxacin are the most suitable agents. Drawbacks include cost, toxici-
ties, and the risk of antibiotic resistance. If antibiotic prophylaxis is elected, 
surveillance of isolates for resistance is important since various centers have 
reported  the  emergence  of  fluoroquinolone  resistance  [64].  Although  most 
infections that are prevented are from gram-negative bacteria, there seems to 
also be some protection against alpha streptococcal and methicillin-sensitive 
Staphylococcus aureus infections as well [61]. Another concern is an increased 
susceptibility for C. difficile infection. Accordingly, centers that choose to use 
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fluoroquinolone prophylaxis must monitor both resistance as well as C. difficile 
infection rates. The issues concerning antibiotic prophylaxis are discussed in 
greater detail in Chap. 10.

Severe infections by the encapsulated bacteria can occur in allogeneic HCT 
recipients with  chronic GVHD. Although never  tested  in  randomized  trials, 
routine  prophylaxis  with  antibiotics  effective  against  this  group  of  bacterial 
pathogens is advisable [5].

4.2 Fungal Prophylaxis

Several studies have demonstrated that the fluconazole is highly effective in 
the prevention of invasive Candida infections [65–67]. The use of fluconazole 
prophylaxis has been embraced by consensus guidelines for HCT [5] and the 
subject has been discussed widely [68, 69]. There are two HCT scenarios in 
which  its  use  may  not  be  necessary.  After  nonablative  allogeneic  HCT,  the 
duration of neutropenia is short and the risk for invasive Candida infection is 
low;  the need  for  routine prophylaxis  in  this  situation has not been studied. 
Also, in autologous transplantation for solid tumors, some conditioning regi-
mens do not cause significant mucosal injury and the risk for invasive Candida 
infections may be sufficiently low to not warrant routine prophylaxis. This has 
not been well studied.

Micafungin has also been found to be effective in the prevention of Candida 
infections after HCT [70] and caspofungin has been found to be effective in 
patients with neutropenia after treatment for hematologic malignancies [71]. 
Although the echinocandins do act against Aspergillus and have been studied as 
a salvage therapy for invasive aspergillosis (IA), they have not been adequately 
evaluated as prophylaxis against Aspergillus.

The lipid formulations of amphotericin B have been evaluated only in a limited 
manner as prophylaxis but they do offer protective effects [72, 73]. Both the 
echinocandins  and  polyenes  will  likely  have  limited  roles  for  prophylaxis 
since  they  require  parenteral  administration,  a  major  shortcoming  for  the 
prolonged period of risk for mold infections.

Most interest for antimold prophylaxis has been in the extended spectrum 
azoles, since oral formulations make them suitable for prolonged administra-
tion necessary to cover the protected risk period. Itraconazole, posaconazole, 
and  voriconazole  have  been  shown  to  offer  protection  against  IA  during 
neutropenia in nontransplant oncology settings [74–77]. Two studies of itra-
conazole  prophylaxis  in  the  allogeneic  HCT  setting  suggest  a  potential  for 
benefit  to  prevent  IA  [78, 79], but limitations include poor tolerability and  
concerns about toxicity. Posaconazole has been evaluated in HCT patients with 
acute and chronic GVHD and compared to fluconazole [80]. This “targeted”  
approach seems sensible since GVHD and its therapy are the major risk factors  
for IA. Although there was a decrease in breakthrough IA, there was no impro-
vement in clinical success (defined as survival without IFI or use of systemic 
antifungal therapy). Voriconazole prophylaxis has also been studied in standard-
risk allogeneic BMT patients in a randomized double-blind multicenter trial 
and is not found to be superior to fluconazole in terms of survival at 6 months 
free of invasive fungal infection although there were fewer IA infections and 
voriconazole was not associated with greater toxicity [81]. One potential con-
cern with voriconazole is its lack of activity against Zygomycetes; its routine 
use has been associated with an apparent increase in zygomycosis in several 
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single center studies [18, 82–84]. However, there were no increases in IA rates 
in the prospective randomized prophylaxis trial [81].

4.3 Neutropenic Fever

The management of neutropenic fever is a frequent challenge for the transplant 
clinician. The diagnostic considerations and approaches for evaluation and 
treatment in the HCT patient are similar to those in the nontransplant neutro-
penic patient and are discussed in detail elsewhere in Chap. 5.

4.4 CMV Management Strategies

The risks for serious morbidity and mortality from CMV disease are substan-
tial. Technological advances have quelled this threat. Improvements in rapid 
diagnostics including the shell vial culture assay, pp65 antigen assay, and PCR 
assay, the validation of a high degree of accuracy in detection of CMV pneu-
monia by BAL to supplant the need for open lung biopsy [4, 10, 50]. The rec-
ognition that viremia generally precedes the onset of disease, the introduction 
of effective antiviral agents including ganciclovir, foscarnet, and cidofovir, 
and the testing of strategies to prevent or pre-empt CMV disease have all been 
major strides in reducing sequelae from CMV.

Prophylaxis with  acyclovir,  ganciclovir,  and  foscarnet  has been  shown  to 
be effective [85–89].  Although  acyclovir  and  its  prodrug,  valacyclovir,  are 
well tolerated the relatively poor in vitro activity against CMV has led most 
clinicians to rely on ganciclovir which has much greater intrinsic anti-CMV 
activity. Unfortunately, ganciclovir is associated with myelosuppression. 
This toxicity has led to evaluation of serial monitoring of HCT patients with 
weekly testing of blood by the pp65 antigen or PCR assay, and institution of 
pre-emptive antiCMV therapy with ganciclovir (or foscarnet) in patients who 
become viremic [87, 90]. In general, there are advantages and disadvantages 
to both approaches. Prophylaxis  is generally associated with fewer episodes 
of breakthrough CMV pneumonia, but more toxicity. Pre-emptive therapy is 
associated with more episodes of late-onset CMV pneumonia. Oral valganci-
clovir has good bioavailability and has been used in limited studies to replace 
intravenous ganciclovir. Although the toxicities are the same, there are obvious 
advantages in convenience and cost.

Most centers use the pre-emptive antiCMV strategies. Some centers stratify 
patients by risk: standard risk patients receive the pre-emptive strategy, while 
patients  at  high  risk  for  CMV  disease  receive  prophylaxis.  Typical  risks  to 
consider  include  the  use  of  a  T  cell  depleted  graft,  HLA  disparity  between 
donor and recipient, use of antithymocyte globulin or alemtuzumab after 
transplant, or the use of steroids as prophylaxis. There are no data that suggest 
that nonablative transplant recipients should be monitored differently from 
ablative transplants.

A phase 2  trial of maribavir  as CMV prophylaxis  appears promising and 
a phase 3 trial is underway. This agent has the potential advantages of oral 
formulation and excellent tolerability and safety profiles.

Monitoring of patients beyond 100 days has assumed greater importance 
today with rising rates of late onset CMV disease. This is a challenge since 
most HCT patients are no longer receiving routine follow-up care at the trans-
plant center after the mid recovery period and the knowledge level of community 
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physicians of this threat is low and availability of the screening assays in the 
community  setting  is not good. A  trial  to evaluate  the use of valganciclovir 
prophylaxis in patients at risk for late CMV disease is underway.

4.5 VZV Prophylaxis

VZV reactivation occurs in approximately 40% of HCT patients with a median 
onset of 5 months. Although acyclovir (or valacyclovir) treatment is effective, 
some patients can present with a life-threatening visceral infection (involv-
ing serosal intestinal wall, liver, or pancreas) without cutaneous lesions with 
a high fatality rate. This condition should be suspected in any HCT patient 
presenting with excruciating abdominal pain, even with a benign abdominal 
exam. Moreover, sequelae of VZV can pose significant compromises in quality 
of  life  in  HCT  survivors.  Accordingly,  there  has  been  considerable  interest 
in prevention. Acyclovir prophylaxis given for 6 months was associated with 
fewer VZV infections while the patient was receiving acyclovir, but relapses 
occurred shortly after cessation of drug abrogating the benefit. However, more 
recently,  prophylaxis  for  1  year  has  been  shown  to  offer  durable  protection 
[91] and preservation of viral T cell helper responses but without rebound 
relapses after stopping prophylaxis.

4.6 Infection Control Measures

Infection control measures have not been well studied in HCT patients. 
Hospitalization in air filtered rooms with >12 air exchanges/hour is generally  
recommended [5]. This is particularly important during construction periods when  
air-borne pathogens (especially Aspergillus) pose threats to HCT patients [92]. 
Survival benefits of air filtration have been observed in allogeneic HCT 
patients given ablative conditioning regimens [93, 94]. Whether there is a 
demonstrable benefit for patients receiving nonablative conditioning regimens 
(whose treatment is mostly outpatient) or in patients undergoing autologous 
HCT is not known.

Handwashing has been recognized to be the single most important tool in 
infection prevention [95]. The use of alcohol-based rubs as a substitute for 
hand washing has become widely adopted. Although they have been shown to 
reduce the risk for antibiotic-resistant bacteria such as methicillin-resistant 
S. aureus and vancomycin-resistant enterococci [96], they lack activity against 
C. difficile and there is a potential for increased risk for nosocomial outbreaks 
from this organism. Guidelines for the prevention of nosocomial transmission 
of these infectious pathogens have been developed [97] and are discussed in 
detail in Chap. 12.

The occurrence of antibiotic resistance in bacteria continues to plague 
hospital environments and the HCT unit is no exception. HCT patients are at 
especially high risk due to immune compromise, the widespread use of mul-
tiple antibiotics, often for prolonged intervals, and the universal use of central 
venous catheters. Infections by methicillin-resistant S. aureus and vancomycin-
resistant enterococci have been abundantly reported in HCT patients. Such 
resistant organisms are frequently associated with considerable morbidity and 
mortality. Handwashing and contact isolation of colonized patients is advo-
cated to reduce the risk for nosocomial transmission [5].
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Patients with respiratory viral infections should be placed under both con-
tact and droplet precautions [5]. Prolonged shedding of virus can occur due to 
high viral burden and poor immune status and follow-up cultures are advis-
able to determine when isolation procedures may be discontinued. Infected 
health care workers (HCW) should avoid contact with patients until symptoms 
resolve.
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Abstract Patients with hematologic malignancies and hematopoietic stem 
cell transplant recipients have a broad range of immune deficits that predispose 
to common and opportunistic infectious diseases. Infectious complications are 
a major cause of morbidity and mortality in these patients. Effective immune 
augmentation strategies used as prophylaxis and as adjunctive therapy repre-
sent an important unmet need. We discuss several immune-based strategies 
tailored to specific patient populations. These include strategies to augment 
neutrophil number, enhance function of neutrophils and macrophages, passive 
antibody therapy, and augmentation of cellular immunity. We evaluate im-
mune-based therapies that are currently available and the evidence supporting 
their use. There is a large “pipeline” of novel and promising immunotherapies 
that are at preclinical and early stages of clinical development. These include 
augmentation of innate and antigen-specific immunity by stimulating pathogen 
recognition pathways, adoptive transfer of cellular immunity, and vaccine de-
velopment. We review these more cutting-edge approaches, with an emphasis 
on opportunistic fungal and viral infections. We discuss gaps in knowledge and 
challenges in bringing promising immune-based therapies to clinical trials.

Keywords  Immune  modulation  •  Immune  reconstitution  •  Growth  factors 
• Adoptive transfer • Cellular immunity • Granulocyte transfusion • Colony-
stimulating factors

1. Introduction

Patients with hematologic malignancies encompass a broad range of immuno-
compromised states. Important differences in both the degree and nature of the 
immunocompromise exist among different patients. Quantitative features of 
immune impairment are generally straightforward. For example, in neutropenic 
patients, the degree and duration of neutropenia predict the risk of life-threaten-
ing infections. Among allogeneic hematopoietic stem cell transplant recipients 
(HSCT), the early period of risk of infections corresponds to neutropenia and 
disruption of mucosal barriers following the conditioning regimen, and later 
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periods correspond to the intensity of immunosuppressive therapy required 
to  control  graft-vs.-host  disease  (GVHD).  In  severe  GVHD,  global  immune 
impairment occurs that affects both innate phagocyte function and cellular and 
humoral immunity. The spectrum of opportunistic pathogens to which patients 
are susceptible  is  in  fact broader  in  the setting of GVHD than  in  leukopenia 
from cytotoxic chemotherapy. Other agents, such as purine analogs and ale-
mtuzumab disable host defense pathways that render patients susceptible to 
specific groups of pathogens. Indeed, multiple host defense pathways may be 
disabled by immunodeficiencies associated with the primary malignancy and 
cytotoxic and immunosuppressive agents (Tables 9-1 and 9-2).

Immunotherapy must be tailored to the specific immunodeficiency that 
exists in a given patient population (Table 9-3). This concept is straightfor-
ward for neutropenia in which the aim is to augment neutrophil number, for 
example, by colony-stimulating factors (CSFs) or granulocyte transfusions. 
In GVHD, the immune impairment is more complex; the immunotherapeutic 
strategy may at best ameliorate some features of the immunocompromised 
state, but would not reconstitute all of the disabled host defense pathways.

Major advances in preventing and treating life-threatening infectious com-
plications in patients with hematologic malignancies have resulted from more 

Table 9-1. Risk factors and infectious diseases associated with hematologic malignancies.

Risk factors Infection Comment

Malignancy-related factors

Hematologic malignancies

Myelodysplastic syndrome 
and acute leukemia

Bacteria, viruses, and fungi Infectious risk related to  
prolonged neutropenia

CLL Encapsulated bacteria Infectious risk linked to  
hypogammaglobulinemia

Hairy cell leukemia Mycobacteria, herpes viruses Defective T cell immunity

Hodgkin’s disease Mycobacteria, herpes viruses Defective T cell immunity

Adult T cell lymphoma/
leukemia

Pneumocystis jiroveci (formerly 
Pneumocystis carinii), C. neoformans, 
CMV, Strongyloides stercoralis

Defective T cell immunity

Multiple myeloma Encapsulated bacteria, particularly  
S. pneumoniae

Impaired B-cell immunity

Treatment-related factors

Neutropenia Bacterial infections (Staphylococci., ente-
rococci, viridans group streptococci, 
Enterobacteriaceae, P. aeruginosa) 
Fungal infections (candidiasis, aspergil-
losis, and other moulds)

Viral infections (herpes simplex virus, 
community respiratory viruses, e.g., 
influenza, parainfluenza, respiratory 
syncitial virus, adenovirus, and human 
metapneumoviruses)

Mucositis Bacterial infections caused by gastrointes-
tinal bacterial flora, candidiasis

(continued)
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Risk factors Infection Comment

Corticosteroids Bacteria, Pneumocystis jiroveci, C. neofor-
mans, moulds, herpes viruses

Defects in phagocytosis and T-cell 
immunity. Decrease signs and 
symptoms of inflammation

Nucleoside analogues  
(e.g., fludarabine,  
2-chlorodeoxyadenosine, 
and 2-deoxycoformycin)

Bacteria, Pneumocystis jiroveci, C. neofor-
mans, herpes viruses

Defective T-cell immunity

Alemtuzumab Opportunistic and nonopportunistic  
infections, including bacteria, viruses 
(e.g., herpes simplex virus, CMV, 
varicella zoster virus), Pneumocystis 
jiroveci, and other fungi

Defective cellular immunity  
and neutropenia

Rituximab Rituximab, by itself, has modest  
immunosuppressive properties. Overall 
infectious risk dependent on coadminis-
tered chemotherapy cases of progressive 
multifocal leukoencephalopathy (PML) 
and fulminant reactivation of hepatitis B 
infection have occured

Impaired B-cell immunity

Daclizumab Bacterial sepsis Infections in the setting of  
steroid-refractory GVHD

Antibodies inhibiting 
cytokine signaling (e.g., 
infliximab)

Bacterial infections, Tuberculosis and 
other mycobacterial infections, mould 
infections in GVHD, other fungal  
infections (e.g., histoplasmosis)

Suppression of inflammation may 
allow infections to progress 
undetected

Calcineurin inhibitors Pneumocystis jiroveci, VZV

Radiation therapy Local and systemic bacterial infections, 
mucosal candidiasis and HSV infection

Damages mucosal surfaces,  
marrow suppression

Asplenia Encapsulated bacteria (S. pneumoniae, 
H. influenzae, and Neisseria menin-
gitidis), Salmonella, Capnocytophaga 
canimorsus, Babesia microti, malaria

effective and safer drugs. The development of antipseudomonal beta-lactams 
in the 1960s and 1970s and the routine use of empirical antibacterial therapy 
at the onset of neutropenic fever reduced mortality from bacterial infections 
[1]. Prophylactic and preemptive antiviral therapy for cytomegalovirus (CMV) 
has significantly reduced CMV disease, though not overall mortality, in allo-
geneic HSCT recipients [2–5]. Indeed, with improvements in antibacterial and 
antiviral therapy and the widespread use of fluconazole prophylaxis against 
invasive candidiasis [6–10], invasive mould infections became a leading 
cause of infection-related mortality among patients with acute leukemia and 
allogeneic HSCT recipients [11–17]. Recent developments in the antifungal 
armamentarium have translated into a reduction in the incidence and mortality 
due to invasive aspergillosis in randomized studies [18–20]. These important 
advances require us to look back at older trials of immunotherapy and ask 
what results are relevant today, and to look forward in asking what are the 
unmet needs that immunotherapy might address.

Our chapter focuses on immunotherapy to prevent and treat infectious diseases 
in patients with hematologic malignancies and allogeneic HSCT recipients, 

Table 9-1. (continued)
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Table 9-2. Time line of principal immune defects and infectious complications in allogeneic hemat-
opoietic stem cell transplant recipients.

Months after transplantation

<1 1–6 >6a

Principal immune 
defect

Neutropenia T cell, humoral Humoral

Phagocytic (qualitative)

Bacterial pathogens Staphylococci, ente-
rococci, viridans 
group streptococci, 
Enterobacteriacea, 
P. aeruginosa

Bacterial infections encoun-
tered during neutropenia (e.g., 
Staphylococci, streptococci, 
gram-negative infections) are less 
common after neutrophil recovery. 
Encapsulated bacteria (generally 
3 months or more after HSCT), 
Listeria monocytogenes, mycobac-
teria, nocardiosis are more common 
during the 1–6 month period than 
during neutropenia.

Encapsulated  
bacteria

Fungal pathogens Candida species, 
Aspergillus species, 
and other moulds 
(e.g., zygomycetes, 
Fusarium species, 
Scedosporium species, 
dark-walled moulds)

Same as <1 month plus Pneumocystis 
jiroveci, Candida sp.,  
C. neoformans, dimorphic fungi 
(e.g., histoplasmosis,  
coccidioidomycosis)

Risk of invasive 
fungal  
infections 
decreases after 
6 months in 
absence of GVHD

Viral pathogens Herpes simplex virus, 
community respiratory 
viruses (e.g., influ-
enza, parainfluenza, 
RSV, adenovirus, 
metapneumoviruses)

CMV, varicella zoster virus, herpes 
simplex virus, EBV-associated lym-
phoproliferative disease,community 
respiratory viruses

Varicella zoster virus, 
community respira-
tory viruses. Risk 
of other opportun-
istic viral infec-
tions decreases 
after 6 months in 
absence of GVHD.

Parasitic infections Toxoplasmosis, strongyloidiasis
aGraft-vs.-host  disease  necessitating  intensive  immunosuppressive  therapy  leads  to  lack  of  reconstitution  of  phagocytic 
(qualitative) and cell-mediated immunity, thus prolonging the period of risk for infection with both common bacteria and 
opportunistic pathogens

with an emphasis on opportunistic fungal and viral infections. We discuss 
currently available modes of immunotherapy in the context of host factors and 
best practices for antimicrobial therapy. We also discuss novel experimental 
modes of immunotherapy that show promise at the preclinical level and pitfalls 
in paving the way from preclinical studies to early clinical trials.

2. Augmentation of Neutrophil Number

2.1. Colony-Stimulating Factors As Prophylaxis

Normal myelopoiesis requires myeloid stem cells. Under the influence 
of  stem  cell  factor,  interleukin-3  (IL-3),  and  granulocyte-macrophage 
colony-stimulating factor (GM-CSF), these give rise to the colony-forming 
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unit-granulocyte/macrophage  (CFU-GM).  Granulocyte-colony-stimulating 
factor  (G-CSF)  acts  at  a  later  stage  in  concert  with  other  growth  factors 
to specifically drive granulopoiesis. Primary administration of CSF has 
reduced  the  incidence  of  febrile  neutropenia  by  approximately  50%  in 
randomized trials in adults in whom the incidence of neutropenic fever was 
greater  than  40%  in  the  control  group  [21].  Multiple  randomized  clinical 
trials  of  prophylactic  recombinant  G-CSF  and  GM-CSF  have  shown  the 
benefit of CSFs in reducing the time to neutrophil recovery and duration 
of fever and hospitalization in patients with acute myelogenous leukemia 
(AML) [22]. In one randomized study in patients receiving chemotherapy 
for AML with GM-CSF led to a lower frequency of fatal fungal infections 
compared with placebo and reduced overall early mortality [23].

A meta-analysis of randomized trials of prophylactic G-CSF and GM-CSF 
in autologous and allogeneic HSCT recipients showed that CSFs were asso-
ciated with a small reduction in the risk of documented infections, but did 
not affect infection or treatment-related mortality [24]. In allogeneic HSCT 
recipients, G-CSF, but not GM-CSF, results  in Th2 skewing of  lymphocytes 
and promotes the development of T regulatory cells [25, 26].  G-CSF  given 
after T-cell depleted haplotype-mismatched transplantation was associated 
with faster neutrophil recovery but prolonged cellular immune dysfunction 
[27]. A recent analysis of a large data registry from the Center for International 
Blood and Marrow Transplant Research (CIBMTR) found no risk or benefit of 
using G-CSF to promote myeloid recovery after allogeneic HSCT for myeloid 
leukemias  with  regard  to  GVHD,  treatment-related  mortality,  leukemia-free 
survival, and overall survival [28].

Table 9-3. Summary of immune augmentation strategies.

Aim Strategya

Increase neutrophil number •  Colony stimulating factors (CSFs)

•  Granulocyte transfusions

•  Experimental myeloid transfusion studies (see text)

Augment neutrophil and 
macrophage function

•  Colony-stimulating factors (CSFs)

•  Cytokines (e.g., IFN-g)

•  Toll-like receptor (TLR) ligands

•  Pentraxin-3

Augment T-cell immunity •  Vaccination

•  Adoptive transfer of T-cell populations

•  Cytokines (e.g., IFN-g)

•  Toll-like receptor (TLR) ligands

•  Pentraxin-3

Augment humoral immunity •  Intravenous immunoglobulin

•  Yeast killer toxin antiidiotypic antibodies

•  Vaccination

Complement activation •  Mannose-binding lectin
aSeveral of the listed strategies are experimental (see text)
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The principal benefit of CSFs in patients receiving treatment for acute 
leukemia relates to modestly more rapid neutrophil recovery and fewer hos-
pitalization days – which are important supportive care goals. In contrast, the 
benefit of CSFs in patients with solid tumors receiving cytotoxic regimens 
principally relates to prevention of neutropenic fever. The American Society 
of  Clinical  Oncology  (ASCO)  has  established  authoritative  guidelines  that 
expanded the use of prophylactic CSFs [29]. The panel considered the use 
of CSFs to be justified when the risk of neutropenic fever is approximately 
20% and no other equally effective regimen is available. In the prior ASCO 
guidelines, the use of CSFs was advised when the risk of neutropenic fever 
was 40% or higher [21]. Reduction in the incidence of neutropenic fever is an 
important clinical outcome in terms of avoiding unnecessary use of antibiot-
ics and potential hospitalization. An additional concern related to neutropenic 
fever is the potential for delay or dose-reduction of subsequent cycles of 
chemotherapy that can adversely affect the response to therapy. Whether CSFs 
in patients with solid tumors receiving cytotoxic regimens will translate into 
improved long-term outcomes is unknown.

ASCO guidelines also advise CSF prophylaxis in patients at  increase risk 
for complications from prolonged neutropenia, even with regimens in which 
the expected frequency of neutropenic fever is less than 20% [29]. Examples 
include  age  >65  years,  poor  performance  status,  poor  nutritional  status, 
advanced cancer, bone marrow involvement by tumor with cytopenias, exten-
sive prior treatment, and the presence of open wounds or active infections. 
Secondary prophylaxis with a CSF is advised in patients who experienced 
a neutropenic complication from a prior cycle of chemotherapy in which a 
reduced dose of chemotherapy may adversely affect treatment outcome.

2.2. Colony-Stimulating Factors As Adjunctive Therapy

The rationale for CSFs for established infections (as opposed to prophylaxis) 
stems from both the quantitative and qualitative effects of these agents on 
phagocytic cells. In neutropenic patients with life-threatening infections, 
survival is strongly influenced by the rapidity of neutrophil recovery [30]. 
Thus, CSFs may be used in these settings to augment the number of circulat-
ing neutrophils. CSFs should not routinely be used as adjunctive therapy for 
neutropenic  fever.  ASCO  guidelines  advise  that  CSFs  can  be  considered  in 
patients with neutropenic fever at high risk for infectious complications or 
prognostic factors predictive of poor clinical outcomes. Examples include age 
>65 years, uncontrolled malignancy, and prolonged (>10 days) and profound 
(absolute neutrophil count <0.1 × 109/L) neutropenia [29]. Although the ben-
efit of a CSF for established infections in neutropenic patients is unproven, 
ASCO guidelines reasonably advise that they can be considered in neutropenic 
patients with serious infections, such as pneumonia, hypotension, multiorgan 
dysfunction, and invasive fungal infection, and hospitalization at the time of 
development of fever [29].

There is significant interest in the potential for adjunctive CSFs in patients with 
invasive fungal infections, though the clinical database is limited. CSFs, in addi-
tion to augmenting leukocyte numbers, also augment phagocyte function. G-CSF, 
GM-CSF, and macrophage colony-stimulating factor (M-CSF) increase the fungi-
cidal activity of phagocytes in vitro against Candida and Aspergillus species [31–34]. 
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G-CSF  influences  survival,  proliferation,  and  differentiation  of  all  cells  in  the 
neutrophil lineage and augments the function of mature neutrophils.

M-CSF  increases  phagocytosis,  chemotaxis,  and  secondary  cytokine  pro-
duction in monocytes and macrophages [35], but has no effect on neutrophils. 
M-CSF was protective when given prophylactically in experimental aspergil-
losis in neutropenic animals [36], illustrating the potential for macrophages 
as a target for immunotherapy. A Phase I trial of rM-CSF in HSCT recipients 
with invasive fungal infections reported benefit in patients with invasive 
candidiasis  (but  not  aspergillosis)  and  Karnofsy  scores  >20  compared  with 
historical controls [37, 38].

GM-CSF  stimulates  various  neutrophil  effector  functions  and  prolongs 
neutrophil survival in vitro, increases antibody-dependent cytotoxicity of eosi-
nophils, accelerates the proliferation of the monocytes-macrophage system, 
and is a potent activator of monocytes and macrophages [35]. Thus, GM-CSF 
may have a theoretical advantage against pathogens such as Candida and 
Aspergillus species, for which host defense is dependent on both neutrophil 
and macrophage function.

Some studies in vitro [39] and in animal models [40, 41]  show that G-CSF 
and GM-CSF have additive antifungal activity when combined with antifungal 
agents. A Phase II randomized study of G-CSF plus fluconazole for invasive can-
didiasis and candidemia in nonneutropenic patients showed the safety of G-CSF, 
but was not powered for efficacy [42]. Currently, the clinical database on CSFs as 
adjunctive therapy for fungal infections is inadequate to assess efficacy.

Another gap in knowledge is whether CSFs are safe and effective as either 
prophylaxis or adjunctive therapy in nonleukopenic patients with severe 
impairment in phagocyte function. Several studies have reported the predomi-
nance of invasive aspergillosis cases occurring in the postengraftment rather 
than in the neutropenic period in allogeneic HSCT recipients [13, 16, 43–48], 
with  immunosuppressive  therapy  for  GVHD  and  T-cell  depletion  being  the 
principal risk factors. Intensive immunosuppressive corticosteroid-based 
regimens for GVHD cause global impairment of phagocyte effector functions 
and disable reconstitution of antigenspecific immunity, though circulating 
neutrophil counts are generally normal.  In  theory,  the ability of GM-CSF to 
augment qualitative macrophage and neutrophil function may be of value as 
adjunctive therapy for severe invasive fungal infections in nonleukopenic, 
highly immunocompromised patients. The benefit vs. the risk of this approach, 
particularly  with  regard  to  exacerbating  GVHD,  is  unknown;  we  therefore 
reserve  adjunctive  GM-CSF  in  nonleukopenic  allogeneic  HSCT  recipients 
for treatment of life-threatening, refractory invasive fungal infections. There 
are no data to support prophylactic CSFs in nonneutropenic patients, and they 
should not be used as prophylaxis in this setting outside of a clinical trial.

2.3. Myeloid Progenitors

Hematopoietic progenitors committed to the myeloid lineage, the common mye-
loid and granulocyte-monocyte progenitors (CMP/GMP), have been  identified. 
The addition of these progenitors to hematopoietic grafts in mice rendered 
neutropenic conferred protection against challenge with Pseudomonas aerugi-
nosa and Aspergillus fumigatus [49]. Novel strategies such as this approach to 
accelerate neutrophil recovery merit further study.
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2.4. Granulocyte Transfusions

The rationale for granulocyte transfusions is to provide supportive therapy for 
the neutropenic patient with a life-threatening infection by augmenting the 
number of circulating neutrophils until myeloid recovery occurs. In the 1970s, 
apheresis technology for harvesting large numbers of donor granulocytes 
became available. Controlled trials of granulocyte transfusions as adjunctive 
therapy in neutropenic patients with significant infections produced mixed 
results [50–53].  In  the  1980s,  the  enthusiasm  for  granulocyte  transfusions 
waned as more effective antibiotics became available, survival from serious 
bacterial infections improved, and recombinant growth factors reduced the 
duration of neutropenia. In addition, concerns about the toxicity of granulocyte 
transfusions,  including  acute  pulmonary  reactions,  HLA  alloimmunization 
(which could render patients refractory to platelet transfusions and potentially 
impair myeloid engraftment following HSCT), and transfusion-associated 
infections (particularly CMV) outweighed the perceived benefits.

Today, the impetus to reexamine the role of granulocyte transfusions stems 
largely from improvements in donor mobilization methods. Bensinger et al. 
[54] showed that G-CSF mobilization significantly increased the granulocyte 
yield, and resulted in improved circulating neutrophil levels in neutropenic 
recipients. Using a standard continuous flow centrifugation apparatus, the 
mean absolute neutrophil yield per collection is typically in the range of 
8 × 1010  cells  when  both  G-CSF  and  dexamethasone  are  used  in  the  donor 
preparatory regimen. Higher numbers of harvested neutrophils correlated with 
higher posttransfusion neutrophil counts. Furthermore, the increase in  circulating 
neutrophils tends to be sustained for 24–30 h following  transfusion, as a  
consequence of prolonged circulating half-life of G-CSF mobilized granulocytes 
[55]. The qualitative  functions of G-CSF- and steroid-mobilized neutrophils 
are intact based on in vitro bactericidal activity, respiratory burst, migration to 
experimental skin chambers, and localization to sites of inflammation.

Successful outcomes using granulocyte transfusions have been described 
in patients with life-threatening fungal infections in small series and in case 
reports. A phase I/II trial using G-CSF-mobilized granulocyte transfusions for 
refractory fungal infections in neutropenic patients with hematologic malig-
nancies reported favorable responses in 11 of 15 patients [56]. Peters et al. [57] 
evaluated granulocyte transfusions (G-CSF- or prednisolone-mobilized) in 30 
patients with neutropenia and life-threatening, refractory infections. Infections 
cleared in 20 of 30 patients, including 5 of 9 patients with invasive aspergil-
losis. No benefit of granulocyte transfusions was noted in neutropenic HSCT 
recipients with invasive mould infection in a retrospective series in which 
G-CSF donor granulocyte mobilization was not used [58].

Price et al. [59] conducted a phase I/II study of granulocyte transfusions 
derived  from  unrelated,  non-HLA-matched,  community  donors,  following 
G-CSF and dexamethasone mobilization. Chills, fever, and oxygen desaturation 
of ³3% occurred in association with 7% of transfusions, but did not limit therapy. 
Eight of the 11 patients with bacterial infections or candidemia survived, but all 
the 8 patients with invasive mould infection died. This study showed the safety 
and feasibility of using community donors for granulocytapheresis donations.

The Transfusion Medicine and Hemostasis network of  the National Heart 
Lung and Blood Institute is currently in the planning stages of a randomized 
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study of adjunctive granulocyte transfusions in neutropenic patients with 
severe bacterial and fungal infections. This study is expected to definitively 
evaluate the benefits and risks of adjunctive granulocyte transfusions.

In the absence of modern, prospective, randomized studies when might 
granulocyte transfusions be considered? Currently, there is no justification 
(outside of a clinical trial) to use granulocyte transfusions either as prophy-
laxis or in cases of documented infections that are likely to respond to conven-
tional therapy. We reserve granulocyte transfusions for patients with prolonged 
neutropenia and life-threatening infections refractory to conventional therapy. 
Filamentous fungi are likely to constitute the majority of such refractory infec-
tions. Infusions of amphotericin B should be separated several hours from 
granulocyte transfusions to avoid pulmonary toxicity. In some highly alloim-
munized patients, transfused granulocytes are rapidly consumed and are likely 
to have more toxicity than benefit. In allogeneic transplants in which the donor 
and  recipient  are  CMV  seronegative,  using  CMV  seronegative  granulocyte 
donors is advised [60].

3. Immunoglobulin Therapy

Dysfunctional humoral immunity can be a consequence of the underlying 
malignancy or result from therapy. Patients with chronic lymphocytic leukemia 
(CLL) frequently have hypogammaglobulinemia leading to increased suscep-
tibility to encapsulated bacteria, principally Streptococcus pneumoniae [61]. 
Such patients may have recurrent sinopulmonary infections and septicemia. 
In patients with multiple myeloma, the repertoire of antibody production is 
restricted, predisposing to an increased risk of infection by encapsulated bacteria. 
Savage et al. [62] noted a biphasic pattern of infection among patients with 
multiple myeloma. Infections by S. pneumoniae and Haemophilus influenzae 
occurred early in the disease and in patients responding to chemotherapy, 
whereas infections by Staphylococcus aureus and gram-negative pathogens 
occurred more commonly in advanced disease and during neutropenia.

One randomized study showed that prophylactic intravenous immunoglobulin 
(IVIG) protected against serious infections in patients with multiple myeloma 
[63]. The patients who benefited most from immunoglobulin therapy were 
those with poor IgG antibody responses to pneumococcal vaccination. Today, 
more effective agents are available to treat multiple myeloma, notably thalido-
mide analogues and bortezomib. IVIG is not advised routinely in patients with 
CLL or multiple myeloma given the expense and lack of known benefit. IVIG 
should be considered in patients with refractory disease and recurrent sinopul-
monary infections. Baseline and convalescent antibody titers following pneumo-
coccal immunization will provide data on the patient’s ability to respond to new 
bacterial antigens and may be useful in deciding whether to initiate IVIG.

Defective reconstitution of humoral immunity is a major factor contribut-
ing to increased infection susceptibility in the late transplant period. Winston 
et al. [64] noted a high frequency of pneumococcal infections between 7 and 
36 months after transplantation, associated with serum opsonic deficiency 
for S. pneumoniae.  Kulkarni  et  al.  [65] reported that pneumococcal sepsis 
occurred in a median of 10 months after transplant (range, 3–187 months) and 
was significantly more frequent in patients with chronic GVHD.
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Initial studies suggested that IVIG may decrease the incidence of infectious 
complications and GVHD in allogeneic HSCT recipients [66, 67]. However, 
a randomized, controlled study showed that monthly administration of IVIG 
given from day 90 to 360 did not reduce infectious complications or GVHD 
in allogeneic HSCT recipients and may impair long-term humoral immune 
reconstitution [68].  Thus,  prophylactic  IVIG  should  not  be  administered  in 
HSCT recipients unless clinically significant hypogammaglobulinemia occurs. 
CMV  immune  globulin  was  ineffective  in  preventing  acquisition  of  CMV 
infection or improving CMV disease in CMV-seronegative allogeneic HSCT 
recipients [69].

IVIG  is  used  as  adjunctive  therapy  (as  opposed  to  prophylaxis)  in  specific  
viral  diseases.  Ganciclovir  paired  with  CMV  IVIG  led  to  dramatically 
improved  survival  in  allogeneic  HSCT  recipients  with  CMV  pneumonia 
compared  with  historical  patients  with  CMV  pneumonia  treated  with  other 
regimens (52% vs. 15%, respectively) [70]. Pilot studies suggest that ribavirin 
paired with IVIG with high neutralizing titers for respiratory syncytial virus 
(RSV)  or  [71, 72]  RSV-specific  monoclonal  antibody  (palivizumab)  [72] 
is safe and may be associated with better outcomes than ribavirin alone as 
therapy for RSV infection in HSCT recipients. Machado et al. [73] reported 
high survival rates in allogeneic HSCT recipients with RSV infections treated 
with aerosolized ribavirin alone. Anaissie et al. [74] noted a high frequency 
of nasopharyngeal isolation of RSV in patients with cancer (mostly multiple 
myeloma) and HSCT recipients (mostly autologous) that did not correlate with 
serious morbidity or mortality in the absence of therapy.

Taken together, routine prophylaxis with IVII in the absence of symptomatic 
hypogammaglobulinemia is not supported in the literature. Pairing IVIG with 
antiviral agents is advised as the therapy for CMV pneumonia. The value of 
adjunctive IVIG as therapy for RSV and other community respiratory viruses 
is unknown.

4. Recombinant Interferon-g

Interferons are immune modulators that regulate the expression of numerous 
genes that mediate inflammation. Interferon (IFN)-a is a cornerstone of 
therapy for chronic hepatitis C infection [75]. Several laboratories have shown 
that IFN-g augments the antifungal activity of effector cells (macrophages and 
neutrophils) ex vivo against a variety of fungal pathogens, including Candida 
albicans, Histoplasma capsulatum, Coccidiolides immitis, Cryptococcus neo-
formans, and Aspergillus species [76]. Data in mouse models using cytokine 
depletion, gene knockout mice, and administration of exogenous cytokines 
have been instrumental in establishing the conceptual basis for immuno-
therapy in invasive mycoses and in paving the way to early clinical trials. 
Several  cytokines,  including,  IL-12,  IL-15  [77, 78], and TNF-a [79], and 
chemokines [80] hold promise as adjunctive therapeutics for invasive fungal 
infections. We will focus our discussion on rIFN-g because the database is the 
most developed.

IFN-g  is  produced  by  lymphocytes  (CD4+,  CD8+,  NK  cells)  as  well  as 
 macrophages and perhaps neutrophils [81]. It is induced by a number of 
signals,  including IL-12 and IL-18 [82, 83] and in turn induces hundreds of 
genes, including its own inducers [84, 85]. Exposure to various pathogens can 
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stimulate at least two patterns of cytokine production by CD4+ T cells. Th1 
cells are defined by the production of IFN-g, lymphotoxin and IL-2, and Th2 
cells by the production of IL-4, IL-5, IL-9, IL-10, and IL-13. The antimicro-
bial activity induced by IFN-g encompasses intracellular and extracellular 
parasites, bacteria, fungi, and viruses. In patients with hematologic malignan-
cies, the use of rIFN-g as adjunctive therapy for invasive fungal infections has 
attracted substantial interest.

Recombinant IFN- g is licensed as a prophylactic agent in patients with 
CGD  based  on  a  randomized  trial  in  which  IFN-  g reduced the number 
and  severity  of  infections  in  CGD  by  about  70%,  regardless  of  antibiotic 
prophylaxis  or  genetic  subtype  of  CGD  [86]. Despite the widespread use 
of prophylactic rIFN- g in CGD, invasive fungal infections have remained a 
persistent problem with an incidence of 0.1 fungal infections per patient in 
a year [87].

The value of rIFN- g as adjunctive therapy for established fungal infection 
is unknown. Pappas et al. [88] conducted a phase II placebo-controlled study 
of adjunctive rIFN-g  in  patients  with  AIDS-associated  cryptococcal  menin-
gitis. Among 75 patients, negative CSF cultures at 2 weeks occurred in 13% 
of  placebo  recipients,  36%  of  rIFN-g (100 mg subcutaneous thrice weekly) 
recipients, and 32% of rIFN-g (200 mg subcutaneous thrice weekly) recipients. 
rIFN-g was well tolerated, did not have an apparent effect on CD4 counts, 
and showed a trend toward an improved and combined clinical mycologic 
success.

Studies in vitro, in animal models [79], and limited patient data provide a 
rationale for adjunctive IFN-g for invasive aspergillosis. rIFN-g augmented 
human neutrophil oxidative response and killing of A. fumigatus hyphae in vitro 
and acted additively with G-CSF  [31]. It prevented corticosteroid-mediated 
suppression of neutrophil killing of hyphae [89]. rIFN-g also enhanced kill-
ing of A. fumigatus hyphae by human monocytes [32].  Administration  of 
rIFN-g  to  CGD  patients  augmented  ex  vivo  neutrophil-mediated  damage  of 
A. fumigatus hyphae [90]. It was disappointing that a randomized trial evaluat-
ing rIFN- g as adjunctive therapy for invasive aspergillosis was prematurely 
terminated before any patient was enrolled and before Institutional Review 
Board approval at most of the study sites.

Dignani et al. [91] reported successful outcomes using rIFN-g paired with 
CSFs in four patients with leukemia and refractory fungal disease. One concern 
about rIFN- g in allogeneic HSCT recipients is the potential for worsening 
GVHD. Though preliminary results suggest that rIFN-g may be safe in alloge-
neic HSCT recipients [92, 93], the safety of rIFN-g cannot be predicted based 
on this limited database, and therefore merits evaluation in a clinical trial with 
safety as the primary endpoint.

We reserve rIFN-g for patients with life-threatening invasive mould infections 
refractory to standard antifungal therapy. There is no standard dose as adjunc-
tive rIFN-g  therapy. A dose of 100–200 mg subcutaneously thrice weekly was 
well tolerated in a preliminary trial in AIDS-associated cryptococcal meningitis 
(described above) [88]. Such decisions are necessarily based on retrospec-
tive analyses and anecdotal data. Pairing rIFN-g  with  G-CSF  or  GM-CSF  is 
another reasonable option in the setting of refractory fungal disease, though we 
emphasize that the clinical experience is anecdotal and that the efficacy of this 
approach is not established.
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5. Innate Pathogen Recognition Receptors

5.1. Toll-Like Receptors

Toll-like receptors (TLR) are a conserved family of receptors that recognize 
common protein, carbohydrate, or DNA pattern motifs on microbes, leading 
to initiation of signaling for cytokine production and T-cell and dendritic cell 
(DC) maturation [94, 95]. Manipulation of TLR pathways has extraordinary 
potential as immunotherapy against bacteria, fungi, and viruses and as immune 
modulation in chronic inflammation relevant to the pathogenesis of diverse 
diseases, including cancer, inflammatory bowel disease, and atherosclerosis 
[96, 97]. We will focus our discussion on three classes of pathogen recognition 
receptors, TLRs, pentraxin 3, and mannose-binding lectin (MBL).

TLRs  recognize  motifs  on  Candida [98] and Cryptococcus species [99] 
and  regulate  the  induced  inflammatory  responses.  TLR4-defective  mice  are 
more susceptible to C. albicans infection, and this is associated with impaired 
chemokine expression and neutrophil recruitment [98]. Aspergillus conidia, 
but not hyphae, stimulate macrophages to produce the proinflammatory 
cytokines TNF-a  and  IL-1  in  a TLR4-dependent  fashion  [100]. In contrast, 
Aspergillus hyphae, but not conidia, stimulate production of the antiinflam-
matory  cytokine  IL-10  through  TLR2-dependent  mechanisms.  This  switch 
from a proinflammatory to antiinflammatory signals during germination may 
help Aspergillus evade host defense. Wang et al. [101] reported that TLR4, but 
not TLR2, mediated activation of human monocytes by A. fumigatus hyphae. 
Other investigators found that both TLR 2 and 4 recognize Aspergillus hyphae 
stimulate proinflammatory cytokines in effector cells and neutrophil recruit-
ment [102, 103].

Local delivery of CpG oligodeoxynucleotides (which signal through TLR 9) 
and the Asp f 16 Aspergillus allergen resulted in activation of airway DCs capa-
ble of inducing Th1 priming and resistance to the fungus [104]. Thymosin-a 1, 
a naturally occurring thymic peptide, induced maturation and IL-12 production 
in dendritic cells pulsed with Aspergillus, an effect mediated by distinct TLRs 
[105]. Thymosin-a 1 augmented Th1 immunity against Aspergillus, accelerated 
myeloid recovery in neutropenic mice and was protective against Aspergillus 
challenge in murine bone marrow transplant recipients.

Recognition of Aspergillus motifs and activation of neutrophils is coordinated 
by distinct members of the TLR family, each likely activating specialized anti-
fungal effector functions and inflammatory responses [106]. Indeed, liposomal 
amphotericin B, in addition to its intrinsic antifungal activity, may activate 
antifungal  resistance  by  activating  TLR-4  in  neutrophils  [107]. These studies 
provide a rationale to stimulate or inhibit specific classes of TLRs as a means of 
enhancing both innate and antigen-specific immunity to fungi.

5.2. Pentraxin 3

Pentraxins are a superfamily of conserved proteins characterized by a cyclic 
multimeric structure. Pentraxin (PTX) 3 is an innate pathogen recognition pro-
tein that binds to specific motifs on P. aeruginosa, Salmonella typhimurium, 
and A. fumigatus. PTX3-deficient mice were highly susceptible to Aspergillus 
infection [108]. These mice demonstrated defective recognition of conidia 
by alveolar macrophages and dendritic cells, as well as inappropriate induction 
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of  type  2  cytokine  responses.  Administration  of  PTX3  protected  against 
Aspergillus challenge in murine T-cell depleted allogeneic bone marrow trans-
plant recipients [108] and potentiated the protective effect of subtherapeutic 
amphotericin B [109]. Recombinant pentraxin 3 is in early stages of clinical 
development.

5.3. Mannose-Binding Lectin

MBL  is  an  innate  pathogen  recognitions  receptor  that  recognizes  carbohy-
drate motifs present on a broad range of pathogens, including certain bacteria, 
viruses,  and  fungi.  MBL  is  a  liver-derived  protein  and  is  secreted  into  the 
serum, where it can activate an immune response before the induction of anti-
gen-specific immunity. MBL is able to activate to complement in the absence 
of antibodies. MBL-deficient mice are more susceptible to S. aureus [110] and 
herpes simplex virus-2 [111] infection than wild-type mice and have an altered 
immune response in experimental fungal asthma [112]. Epidemiological 
studies  have  suggested  that  allelic  polymorphisms  that  affect  MBL  serum 
concentration influence the susceptibility to and the course of different types 
of infections, autoimmune, metabolic and cardiovascular diseases but this is 
still a subject of debate [113]. The fact that these allelic polymorphisms are 
common in the general population and that most individuals with low levels 
of serum MBL have no phenotype indicate that substantial redundancy exists in 
host defense and regulating inflammation.

A number of studies have reported an increased risk of infectious complica-
tions in patients with cancer receiving chemotherapy and in allogeneic HSCT 
recipients who harbor specific MBL polymorphisms [114–117], but this has 
not been a consistent finding [118–120]. One study reported that MBL defi-
ciency increased the risk of childhood leukemia [121]. There is an interest in 
evaluating MBL replacement therapy in patients with cancer at a high risk for 
treatment-related infectious complications who have allelic polymorphisms 
that cause low endogenous serum MBL levels [122].

6. Adoptive Immunotherapy in HSCT Recipients

Intensive preparative regimens used in allogeneic HSCT result in a profound 
disruption of T-cell immunity. Reconstitution of T-cell immunity occurs over 
several months in uncomplicated cases and is further delayed in cases of GVHD 
requiring  high-dose  steroid  therapy  and  antilymphocyte  globulins.  CMV  and 
EBV  establish  latent  infection  in  normal  hosts,  and  control  of  reactivation  is 
largely mediated by CD8+ cytotoxic T-lymphocytes (CTLs) [123]. CTLs recog-
nize intracellular proteins that are presented by surface MHC class I molecules 
on antigen presenting cells. Viral antigen specific CD4+ T-cells may be required 
for long-term CD8+ T-cell persistence. Over the past decade, researchers have 
explored whether adoptive transfer of virus-specific CTLs may be protective.

In the first study evaluating the potential of CMV-specific CTLs to restore 
immunity,  HLA-matched  sibling  allogeneic  HSCT  recipients  received  infu-
sions  of  CD8+  CMV-specific  CTL  clones  from  their  donors  [124]. Such 
an  approach  led  to  early  reconstitution  of  CMV-specific  immunity,  which 
persisted for at least 12 weeks after infusion, corresponding to the period of 
maximal risk for CMV disease. Dendritic cells and EBV-transformed cell lines 
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transduced with a vector encoding the CMV early antigen pp65 and dendritic 
cells pulsed with pp65 also induce antigen-specific CTL responses.

While withdrawal of immunosuppression is often effective in controlling 
EBV-PTLD in solid organ transplant recipients, this approach is usually insuf-
ficient to generate adequate immune recovery in allogeneic HSCT recipients 
to control the disease. Infusions of unfractionated peripheral blood mono-
nuclear  cells  from  EBV-seropositive  donors  have  been  used  to  treat  PTLD 
in allogeneic HSCT recipients [125]. However, alloreactive T-cells in such 
unfractionated preparations may induce GVHD. A potentially safer approach 
involves transfer of EBV-specific donor CTL clones which have been selec-
tively enriched in vitro [126, 127]. This method has led to persistent cellular 
immune responses to EBV for as long as 18 months [127]. Adoptive transfer 
of  EBV-specific  CTLs  has  been  generally  safe  and  effective  in  controlling 
PTLD and in preventing EBV-LPD when used prophylactically.

The above studies establish a proof of principle with regard to the feasibility 
of  adoptive  transfer  of  viral  antigen-specific  CTLs.  Additional  research  is 
focused on strategies to produce antigen presenting cells that display major 
antigens from multiple clinically relevant viruses to generate multispecific 
CTL populations [123].

7. Vaccine Development

Vaccine development is a priority for opportunistic fungal and viral pathogens 
that afflict patients with hematologic malignancies and allogeneic HSCT 
recipients. One impediment to vaccine development is that those patients who 
are most susceptible to opportunistic infections are least able to mount protec-
tive responses. Another impediment relates to the limited number of licensed 
vaccine adjuvants.

Candidate adjuvants that act on multiple innate and antigen-specific host 
defense pathways are likely to be the most effective in protecting against 
opportunistic fungal infections. The definition of adjuvants has mostly been 
restricted to those that stimulated antibody titers (e.g., pneumococcus) or, 
in  the  case  of  the  Bacillus  Calmette-Guerin  (BCG)  vaccine,  delayed  type 
hypersensitivity responses. More recently, the concept of adjuvants has been 
expanded to include soluble mediators and antigenic carriers (e.g., endotoxin, 
Flt3L, heat shock proteins) that activate antigen presenting cells and stimulate 
innate and cellular immunity [128].

Vaccine-based  strategies  have  been  effective  in  immunocompromised 
animal models. In mice, the importance of cell-mediated immunity against 
Aspergillus infection (an extracellular pathogen) has become well established 
[129, 130]. Immunization of immunocompetent mice with an Aspergillus 
crude filtrate resulted in memory responses mediated by antigen-specific, 
Th-1-committed CD4+ T-cells [131]. Adoptive transfer of these cells conferred 
protection to neutropenic mice – establishing a “proof of principle” regarding 
cellular immunity as a target for immune augmentation in invasive aspergillo-
sis [131]. This study also showed that the dichotomy that host defense against 
extracellular pathogens (such as Aspergillus) is humoral while defense against 
intracellular pathogens that is cellular is overly simplistic. Torosantucci et al. 
[132] developed a fungal vaccine consisting of laminarin, a poorly immuno-
genic beta-glucan preparation (beta-glucan is a cell wall constituent in fungi, 



Chapter 9 Modulation of Immune Function 249

BookID 146129_ChapID 9_Proof# 1 - 07/10/2009

plants, and algae), conjugated to diphtheria toxoid. The vaccine was protective 
in experimental candidiasis and aspergillosis. Protection was, at least in part, 
mediated by anti-beta-glucan antibodies that could be adoptively transferred 
to naïve mice. Since beta-glucan is a ubiquitous cell wall constituent in fungi, 
this vaccine may be protective against a broad spectrum of fungal pathogens.

7.1. Cytomegalovirus

Although  CMV  exposure  results  in  seroconversion,  effective  immunity  is 
cellular. The immunodominant targets in CMV are the pp65 major matrix pro-
tein and the immediate early antigen [133]. There are several reasons why the 
development of effective CMV vaccination strategy is relevant and necessary 
in the HSCT setting. Antivirals, although effective in preventing CMV disease, 
may adversely affect immune reconstitution in allogeneic HSCT recipients 
through  two  possible  mechanisms.  First,  suppressing  CMV  reactivation  by 
antivirals may lead to reduced CMV antigenic stimulation and delayed recon-
stitution  of  CMV-specific  cellular  immunity  that  in  turn  predisposes  to  late 
CMV disease [134, 135]. Second, ganciclovir is marrow suppressive, leading 
to neutropenia in a significant minority of patients [3, 4, 136] and an increased 
risk of bacterial infections. Ganciclovir also inhibits lymphocyte proliferation 
[137].  Finally,  CMV  reactivation  by  itself  has  negative  immunomodulatory 
effects that may increase the frequency of other infections and potentially 
inhibit the graft-vs.-leukemia effect [138].

Effective immunity is dependent on the frequency of CMV-specific CTLs in 
the graft [139]. Adoptive transfer of CTLs, although effective, is prohibitively 
expensive and labor  intensive. To meet  this need, several CMV-vaccines are 
in clinical development, including recombinant protein subunit vaccines, live-
attenuated vaccines, poxvirus and alphavirus vectored subunit vaccines, and 
DNA vaccines [140–146]. Potential vaccine-based strategies to protect patients 
undergoing HSCT are pretransplant donor vaccination, pre- and/or posttrans-
plant recipient vaccination, combined donor/recipient vaccination, or passive-
vaccination.

The best studied vaccine is the live attenuated Towne vaccine. Towne 
vaccine is safe, well tolerated, and able to elicit humoral and cell-mediated 
immune responses in healthy seronegative individuals [147, 148]. The 
Towne  vaccine  was  effective  in  preventing  severe  CMV  disease  in  CMV-
seronegative renal transplant recipients, but did not significantly affect the 
overall  incidence of CMV infections  [149]. Adjuvant  IL-12 combined with 
the Towne vaccine augmented antibody and T cell immune responses to the 
CMV vaccine in CMV-seronegative health volunteers [150]. Another strategy 
to improve the immunogenicity involves generating recombinant chimera 
vaccines consisting of the Towne and virulent Toledo CMV strains [151].

8. Conclusions

There are a large number of promising immune-based strategies at the preclinical 
level and at early stages of clinical development. Most early studies focused 
on technology that was available, principally CSFs, granulocyte transfusions, 
and passive immunotherapy. Modern studies will involve strategies that refine 
older technologies (e.g., improved methods for donor granulocytapheresis for 
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granulocyte transfusions). Trials that evaluate CSFs and cytokines as adjunc-
tive therapy for severe infectious diseases are also required. Stimulation of 
innate pathogen recognition receptors is a promising experimental strategy to 
augment host defense against a number of opportunistic pathogens. Adoptive 
transfer of cellular immunity has been used to treat serious opportunistic viral 
infections in the clinic and this approach showed promise in experimental fun-
gal infections. Finally, developing methods to enhance the efficacy of existing 
vaccines and developing novel vaccines against opportunistic fungal and viral 
infections are important priorities.
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Abstract Neutropenic states are most often a function of haematopoietic 
failure secondary to myelophthisic disease or cytotoxic therapy for malignant 
and nonmalignant conditions. Patients so affected are susceptible to a rather 
wide spectrum of potentially life-threatening infections due to pathogens 
(bacterial fungal and viral) with a risk inversely proportional to the severity 
and duration of neutropenia. Strategies designed to prevent these infections 
have required an understanding of the normal human microbial ecology, the 
pathogenesis of the specific infection, and the pathogenesis of the neutropenic 
state. Fluroquinolone-based antibacterial chemoprophylaxis has been success-
ful in reducing the incidence of febrile neutropenic episodes; documented 
bacterial infections, particularly gram-negative bacteraemia; infection-related 
mortality; and, all-cause mortality over the course of the neutropenic period. 
Success has been confounded by the prevalence of fluroquinolone resistance  
among gram-negative bacilli in the population at risk. Fluconazole-based 
antifungal prophylaxis has been successful in reducing invasive fungal infection, 
particularly due to fluconazole-susceptible Candida spp., but has had no effect 
on the incidence of filamentous fungal infections. Some studies have been able 
to demonstrate effects of reducing fungal infection-related mortality and all-
cause mortality. Mold-active extended-spectrum azole antifungal agents such 
as posaconazole or voriconazole have been successful in reducing infections 
due to Aspergillus spp. Antiviral chemoprophylaxis targeting Herpes group 
viruses, particularly Herpes simplex virus and Human Cytomegalovirus, have 
been successful in reducing clinical disease in hematopoietic stem cell trans-
plantation. The success of any given preventive strategy is directly related to 
the selection of the most appropriate risk group for application, the duration 
of time over which the risk applies, and the prevalence of resistance to the 
strategy among the pathogens of concern.

Keywords Prophylaxis • Prevention of infection • Barrier restrictions • Che-
moprophylaxis • Protected environments • Neutropenic infections
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1. Introduction

The desired outcome for antimicrobial prophylaxis strategies in neutropenic 
patients is to prevent infectious morbidity and all of its consequences including 
hospitalizations, impact upon quality of life, costs of treatment, treatment-
related adverse effects, and death. Fever may represent the only manifestation 
of infection in the neutropenic host and, therefore, often represents the primary 
end-point for chemoprophylaxis strategies. It is also recognized that infection 
in the neutropenic patient may develop unassociated with fever. Moreover, 
fever may be a function of noninfectious processes including transfusion of 
blood products [1] or anticancer treatments, such as high-dose cytarabine [2]. 
Over 30 years ago it was recognized that the classical components of inflam-
mation by which the clinician recognizes the presence of an infection may  
be muted or even absent as a function of the reduction in the absence of inflam-
matory cells [3]. Neither the pattern nor the magnitude of fever are predictive of 
the presence of infection relative to other noninfectious causes of fever [4].

The origins of the definition of normal body temperature are somewhat unclear 
[5]; however, the writings of Carl Wunderlich in 1868 suggested that any tem-
perature above 38°C should be regarded as a febrile state [6]. However, a study 
of 148 healthy men and women at the University of Maryland demonstrated the 
mean of 700 baseline oral temperatures to be 36.8 ± 0.4°C (98.2 ± 0.7°F) [7]. 
While medical textbooks have varied with respect to the upper limit of normal 
(37.1–38°C) [5], published clinical guidelines, based upon clinical trial designs, 
have recommended that a single oral temperature ³38.3°C or an oral temperature 
of ³38.0°C sustained over at least 1 h be regarded as representing a febrile 
state [8–11]. The Japan Febrile Neutropenia Study Group recommended that a 
single oral temperature of ³38.0°C or a single axillary temperature of ³37.5°C 
be accepted as the definition of a febrile state.

Neutropaenia is defined by the number of segmented neutrophils and band 
neutrophils circulating in the bloodstream. As the absolute neutrophil cell 
count (ANC) falls below 1.0 × 109/L the risk of fever and pyogenic infection 
increases [12]. Moreover, over two-thirds of febrile episodes (70.1%) and 
documented infections (72.3%) occur when the ANC is <0.5 × 109/L [12].  
Bacteremic episodes tend to occur more often as the ANC falls below 0.1 × 109/L 
[13, 14]. In the context of fever and neutropaenia, risk may be defined in two 
broad ways. The infectious Diseases Working Party of the German Society 
of Hematology and Oncology define risk in terms of developing a poten-
tially life-threatening infection [9]; whereas the Multinational Association of 
Supportive Care in Cancer (MASCC) and the Infectious Diseases Society of 
America (IDSA) define risk in terms of developing a medical complication 
such that admission to hospital or prolonged hospitalization is required 
[8, 15]. A scoring system has been developed and validated for use in segre-
gating febrile neutropaenic patients into high- or low-risk for such complica-
tions [15–17]. This scoring system is useful for identifying risk in the context 
of febrile neutropaenic patients but not for identifying risk of febrile events for 
the purposes of allocating a preventive strategy.

Approximately, one-quarter of febrile neutropenic episodes represent  
bacteremia. Among neutropenic patients not receiving antibacterial chemoprophy-
laxis in one American study, the bacteremic isolates included coagulase-negative 
Staphylococci in 19%, viridans group Streptococci in 27%, other gram-positive 



Chapter 10 Prophylaxis 261

BookID 146129_ChapID 10_Proof# 1 - 07/10/2009

bacteria in 16%, and gram-negative bacilli in 37% [18]. Only 8% of the febrile 
episodes were unexplained fevers and the remaining infections were clinical 
infections. The clinical site most involved was the gastrointestinal tract in 
43% of cases, of which oropharyngitis (70%), oesophagitis (3%), enterocoli-
tis (17%), and perirectal cellulitis (10%) comprised the major infected sites. 
Infections involving the skin and soft tissues occurred in 10% (venous access 
device-related infection 59%, cellulitis 35%, folliculitis 6%), pneumonias in 
10%, and urinary tract in 6%. In another recent trial of fluoroquinolone-based 
antibacterial chemoprophylaxis unexplained fevers comprised 43%, clinical 
infections comprised 11%, bacteremias comprised 40%, and nonbacteremic 
microbiologically documented infections comprised 6% of febrile episodes, 
respectively, among placebo recipients [19]. The difference in these two studies 
appears to be in the proportion of cases in which clinical foci were identified. 
The former had significantly fewer unexplained fevers and more clinical infec-
tions despite having a very similar patient demographic. Not all investigators 
regard mucositis, oral or gastrointestinal, as clinical foci of infection [20] 
despite clear linkages to infection risk and febrile events [21, 22].

Prophylaxis strategies in neutropenic patients have focused upon preven-
tion of exposure through management of patients in protected environments, 
augmentation of the damaged host defenses through hematopoietic growth 
factor-mediated stimulation of early myeloid reconstitution, suppression of 
reactivation of previously acquired viruses, and suppression of endogenous 
colonization and translocation by specified bacterial and fungal pathogens. 
This chapter will discuss each of these areas in light of newer understanding 
of pathogenesis and clinical trial-based experience.

2. Protected Environments

Comprehensive infection control procedures that include isolating patients 
within protective hospital environments have become accepted practices for 
certain patient groups during periods of particularly high risk. The objective 
for such procedures is to reduce the risk for nosocomial acquisition of infec-
tious agents through contact (for example, vancomycin-resistant enterococci, 
VRE, or methicillin-resistant Staphylococcus aureus, MRSA) and air-borne 
(for example, some DNA viruses such as Varicella, or conidia of various 
molds such as Aspergillus spp.) transmission. Various authorities have recom-
mended that patients receiving myelosuppressive and immunosuppressive 
therapy for acute leukemia or haematopoietic stem cell transplant (HSCT) be 
housed in hospital rooms equipped with high-efficiency particulate air filters 
(HEPA) with or without laminar air flow (LAF). A number of guidelines have 
been published regarding the use of such protected environments in high-
risk patients [23–29]. A total of 211 recommendations applicable to HSCT 
recipients were graded by strength of recommendation (A to E) and quality 
of supportive evidence (I to III). Of these, 171 (81%) recommendations were 
level III (That is, expert opinion, consensus committee or descriptive stud-
ies), 33 (17%) were level II (that is, supported by at least one well-designed 
nonrandomized clinical trial, case-control or cohort study, multiple time-series 
studies, or dramatic results from uncontrolled studies), and only 7 (3%) were  
level I (supported by data from at least one randomized-controlled trial).
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Table 10-1. Randomized-controlled trials evaluating the impact of protective environments 
on the incidence of pneumonia.

Reference Subjects Study Control PE event rate Control event rate

[221] AL PE+PA Ward 5/19 (26.3%) 19/33 (57.6%)
[222] AL PE+PA Ward±PA 1/22 (4.5%) 11/66 (16.7%)
[223] AL LAF+PA Ward±PA 3/24 (12.5%) 18/40 (45.0%)
[224] AL PE+PA Ward±PA 17/86 (19.8%) 39/51 (76.5%)
[225] AL PE+PA+SA Ward±PA/SA 8/63 (12.7%) 23/82 (28.0%)
[226] AL PE+PA Ward±PA 0/11 (0) 6/31 (19.4%)
[227] HSCT LAF+PA Ward±PA 0/56 (0) 3/45 (6.7%)
[228] AL PE+PA Ward±PA 4/24 (16.7%) 4/21 (19.0%)
[229] AL PE Ward 8/20 (40.0%) 10/23 (43.5%)
[230] AL PE+PA Ward 2/47 (4.3%) 6/48 (12.5%)
[231] HSCT LAF+PA Ward±PA 5/36 (13.9%) 15/64 (23.4%)
[232] SCCL PE+PA Ward±PA 6/25 (24.0%) 12/30 (40.0%)

60/433 (13.9%)a 166/534 (31.1%)a

AL acute leukemia; HSCT haematopoietic stem cell transplant; PE protective environment; PA prophylactic oral 
nonabsorbable antibiotics; LAF laminar air-flow; SA systemic antibiotics
aOR 0.29 (95% CI 0.20–0.41)

The bases for most of these recommendations are, therefore, uncontrolled 
studies, expert opinion, and only a handful of randomized controlled trials. 
This is the subject of a recent review [30]. A summary of randomized-con-
trolled trials evaluating the impact of protective environments on incidence of 
pneumonia is shown in Table 10-1

The infections most prevalent during the premyeloid engraftment/reconsti-
tution period include Herpes simplex virus, pyogenic bacterial infections due 
to gram-positive cocci, gram-negative bacilli, and Candida spp. colonizing 
mucosal surfaces, and opportunistic molds such as Aspergillus spp. [31]. Of 
these, only the opportunistic mold infection rate may be influenced by HEPA/
LAF protective environments, and only while the patient is maintained within the 
environment. These facilities are expensive and are associated with significant 
psychological and emotional adverse effects as a function of social isolationism 
[32]. The overall value of these isolation strategies has been questioned [33].

Retrospective studies have demonstrated reduction in the number of air-
borne Aspergillus conidia in the air of clinical in-patient hospital wards 
equipped with HEPA filtration units as well as reduction in the event rate 
for invasive aspergillosis [34–36]. The efficacy of HEPA protected environ-
ments with or without LAF on outcome has been addressed in relatively few 
randomized-contolled clinical trials. A recent systematic review of the literature 
with meta-analysis, examined 16 trials with respect to two outcomes; all-cause 
mortality and proven infection due to Aspergillus spp. and non-Candida fungi 
[37]. Among six randomized-controlled trials which included death as an out-
come, the all-cause mortality rate was 21% and 23% for the protective envi-
ronments and unventilated control groups, respectively (Relative Risk [RR], 
0.85, 95% confidence interval [CI] 0.65–1.14). Moreover, the event rates for 
invasive mold infection were similar, 4% and 7% for the protective environ-
ments and unventilated control groups in four trials reporting this outcome 
among 238 randomized subjects, respectively (RR 0.57, 95% CI 0.13–2.53). 
These analyses failed to document a protective effect for protective environ-
ments against invasive mold infections or an impact on all-cause mortality. 
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Despite these discouraging results, a further systematic review examining the 
efficacy of protective environments against undifferentiated clinical pneumonia 
syndromes (Table 10-1) suggested that the management of patients in protected 
environments can reduce the event rate for lower respiratory tract infections 
overall (OR 0.29, 95% CI 0.20–0.41). The potential impact of HEPA filtration 
units has been obviated to a great degree by transfer of much of the treatment 
of neutropenic patients and stem cell transplant recipients to an outpatient 
environment.

Strength of recommendations/quality of evidence regarding the use of 
HEPA-equipped protective environments has ranged from moderate evidence 
“for” based upon randomized-controlled trials (B-I) to moderate evidence “for” 
based upon expert opinion (B-III). The use of high-efficiency masks for acute 
leukemia and HSCT patients undergoing transport outside of the protective 
environment has been associated with as much as a 67% reduction in the 
incidence of nosocomial aspergillosis [38]. It seems prudent to recommend 
masking for such patients during transport within the hospital.

3. Antibacterial Chemoprophylaxis for Severely 
Neutropaenic Patients

Fluoroquinolones have emerged as popular choices for antibacterial 
chemoprophylaxis in the United States [39] and continental Europe [40], and 
the United Kingdom [41] with 59%, 61%, and 71% of centres, respectively, 
prescribing these agents for this indication. The start time for prophylaxis 
typically parallels that of the cytotoxic therapy. In Europe, 80–90% of physi-
cians recommend that the course of chemoprophylaxis begin before the onset 
of neutropaenia until myeloid reconstitution (defined by recovery of the 
absolute neutrophil count to at least 0.5 × 109/L over two consecutive days). 
Approximately, two-thirds (70%) of European physicians tend to discontinue 
antibacterial prophylaxis with the onset of the febrile neutropaenic episode 
[40] whereas all centres surveyed in the USA recommended termination of the 
prophylaxis agent with onset of neutropenic fever [39].

A large database of published experience in this field has accumulated upon 
which policies and recommendations regarding antibacterial chemoprophy-
laxis might be based. There have been several recently published systematic 
reviews of antibacterial prophylaxis [42–52]. Two large clinical trials in high- 
[19] and lower-risk [53] patients have also been published. Several guidelines 
have been published that include recommendations for or against antibacterial 
prophylaxis strategies [8, 23, 54–60]. In addition, there have been recently 
published guidelines from Europe that have taken into account the experience 
contained in the published literature in this field [40].

3.1. Outcomes of Clinical Trials of Antibacterial Prophylaxis

There have been eight published systematic reviews encompassing 29 meta-
analyses examining the role of antibacterial prophylaxis in neutropenic cancer 
patients [42, 44, 45, 47–50]. These analyses are reviewed in Table 10-2

Early observations over 30 years ago suggested that oral antibacterial agents 
such as trimethoprim/sulfamethoxazole (TMP/SMX) could reduce bacterial 
infections in children with acute lymphoblastic leukemia [61]. Subsequent tri-
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als further provided seminal evidence that antibacterial prophylaxis with TMP/
SMX could reduce infectious morbidity in adults with acute leukemia [62, 63]. 
Among randomized, placebo or no treatment-controlled trials in neutropenic 
patients, TMP/SMX has been associated with reductions in febrile episodes 
(Relative risk reduction (RRR) 21%, number needed to treat (NNT) to prevent 
one febrile episode 7) [48], clinically documented infections (CDI; RRR 32%, 
NNT 6) [48], microbiologically documented infections (MDI; RRR 50%, 
NNT 5) [48], and bloodstream infections overall (RRR 49%, NNT 14) [47]. 
However the treatment effect was not consistent across all outcomes. Despite 
these encouraging observations, gram-negative bacteremia (RR 0.65, 95% 
CI 0.36–1.17) and all-cause mortality (RR 0.71, 95% CI 0.49–1.02) were not 
affected by TMP/SMX [48]. Moreover, two meta-analyses reported opposite 
observations for [48] and against [47] a treatment effect on infection-related 
mortality. Side effects were more common among TMP/SMX recipients com-
pared to placebo or non treatment controls (RR 3.63, 95% CI 1.32–9.98) [48].

Fluoroquinolone-based (FQ) antibacterial prophylaxis has emerged as the 
preferred strategy to prevent pyogenic infection in neutropenic cancer patients 
[46]. The design of clinical trials examining this approach may be grouped as 
follows: FQ versus placebo or no treatment controls, FQ versus TMP/SMX or 
nonabsorbable oral antimicrobials (NAA), FQ versus other FQ, and FQ plus 
additional prophylactic agents with gram-positive activity (GPP) versus FQ 
alone. The outcomes studied in these trials include total infections overall, 
fever episodes; clinically documented infections; microbiologically docu-
mented infections including gram-negative infections overall, gram-negative 
bacteremia, gram-positive infections overall, gram-positive bacteremia, and 
invasive fungal infections; all-cause mortality, infection-related mortality, and 
side effects associated with therapy. These results of these study designs are 
reviewed in Table 10-2

The FQ versus placebo or no treatment trials have demonstrated protective 
treatment effects against bloodstream infections overall [47, 48], gram-
negative infections overall [42, 43, 48], gram-negative bacteremia [43, 44, 
47], gram-positive infection overall [48, 50], fever episodes [42, 43, 48, 50], 
clinically documented infections in some [48] but not all analyses [43], 
microbiologically documented infections [43, 48], infection-related mortality 
[48] (although other analyses failed to document similar effects [43, 44, 47]), 
and all-cause mortality [48, 50]. Side effects were more common among FQ 
recipients than placebo or no treatment recipients in some analyses [42] but 
not others [48]. FQ were associated with fewer side effects than TMP/SMX 
[42, 48]. Invasive fungal infections were not more likely to occur among FQ 
recipients compared to placebo or no treatment control recipients [42, 43, 47, 
48]. Moreover, colonization by FQ-resistant bacteria, infection by FQ-resistant 
microorganisms, Clostridium difficile-associated diarrhea, did not occur more 
often among FQ recipients compared to their placebo or no treatment coun-
terparts [48–50]. Of all the FQ studied compared to placebo or no treatment, 
ciprofloxacin has been associated with a reduction in all-cause mortality 
[50]. Protective effects of FQ for fever episodes and all-cause mortality have 
been demonstrated in both acute leukemia/HSCT and solid tumor/lymphoma 
patients [50]. FQ plus additional gram-positive agents such as roxithromycin 
or rifampin versus FQ alone have reduced gram-positive infections but not 
gram-negative infections [42, 44, 45].
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These observations have led to recommendations for the use of FQ 
prophylaxis by the Infectious Diseases Working Party of the European Blood 
and Marrow Transplant Group, the European Leukemia Net, the Infectious 
Diseases Group of the European Organisation for the Treatment and Research 
in Cancer, and the International Immunocompromised Host Society [40]. FQ 
(levofloxacin [A-I], ciprofloxacin [A-I], ofloxacin [B-I], or norfloxacin [B-I]), 
are being recommended for the prevention of bacterial infections, primarily 
gram-negative infections, among acute leukemia patients and HSCT recipients 
starting with the initiation of the cytotoxic therapy until myeloid reconstitu-
tion or the onset of a febrile neutropaenic episode (A-II) [40]. The National 
Comprehensive Cancer Network (NCCN) guidelines have made recommenda-
tions regarding antibacterial prophylaxis on the basis of infection risk; low, 
intermediate, or high [9, 60, 64–67]. Prophylaxis is not recommended for 
those at low-risk defined as recipients of conventional chemotherapy regimens 
for solid tumors and those wherein the expected duration of neutropenia (ANC 
<0.5 × 109/L) is less than 7 days [60]. The NCCN panel recommended that FQ 
prophylaxis be considered for intermediate-risk patients defined as autologous 
HSCT recipients or patients with lymphoma, chronic lymphocytic leukemia, 
myeloma, recipients of purine analog therapy (fludarabine or 2-doxyadenos-
ine), and those with an anticipated duration of neutropenia of 7–10 days [60]. 
FQ prophylaxis should also be considered for high-risk patients such as those 
undergoing allogeneic HSCT, intensive cytotoxic therapy for acute leukemia 
or myelodysplastic syndromes wherein the expected duration of neutropenia 
is more than 10 days [60]. The Infectious Diseases Working Party of the 
German Society of Hematology and Oncology recommend the use of FQ 
prophylaxis for the prevention of gram-negative infections primarily during 
the pre-engraftment period among allogeneic HSCT recipients [56]. Other 
organizations have not yet adopted these recommendations [8, 23, 57].

Despite this experience and these recommendations there remains consider-
able controversy. Concerns regarding cost, drug-related toxicities, selection, 
emergence of antibiotic-resistant bacteria, and overgrowth of fungi prevent 
universal applicability [8]. Moreover, there is controversy regarding the patient 
populations most likely to benefit from antibacterial chemoprophylaxis when 
balanced against the cost of the chemoprophylaxis strategy, the drug-related 
toxicities, and the development of antimicrobial resistance.

3.2. Fluoroquinolone Prophylaxis and Antimicrobial Resistance

One of the main arguments against the wider application of antibacterial prophy-
laxis in neutropenic patients, has been based upon the concern for the emergence 
of antimicrobial resistance [68]. This may be considered on three levels; namely, 
colonization by and then infection with resistant microorganisms in the indi-
vidual neutropenic patient, the change in the microflora of the in-patient unit 
where the policy of chemoprophylaxis has been adopted, and change in resist-
ance profiles to the chemotherapeutic agent in the population at large [50].

The rise in bacterial antimicrobial resistance is directly related to resource 
expenditures such as prolonged hospital stays (US Congress, Office of Technology 
Assessment. Impacts of antibiotic resistant bacteria. Document no. OTA-H-629. 
Washington, DC: US Government Printing Office, 1995). Increased FQ use in 
the community is associated with increased risk of FQ-resistance among gram-
negative bacilli [69]. Observational studies have reported that routine use of 
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antibacterial prophylaxis is often followed by colonization by prophylactic 
agent-resistant bacteria; however, this has not predictably resulted in infec-
tion by these resistant bacteria [70–73]. Despite this, concerns remain about 
the possibility of an increased risk for FQ-resistant gram-negative bacteremia 
among neutropaenic cancer patients receiving FQ prophylaxis [70, 74].

A retrospective study from Ulm, Germany, examined the effect of discon-
tinuing a policy of FQ-based (levofloxacin) chemoprophylaxis in neutropenic 
patients on infectious morbidity and mortality over three time periods; a 
baseline period of levofloxacin prophylaxis (1 year), a period of discontinu-
ance of the policy (3 weeks), and a period of reintroduction of the policy (3 
months) [75]. During the first period the rates of gram-negative bacteremia 
and overall mortality were 4.8% (15 of 310 patients, of which 9 isolates, 60%, 
were FQ-resistant) and 2.9% (9 of 310 patients), respectively. During the sec-
ond period, the rates of gram-negative bacteremia and overall mortality were 
44.4% (4 of 9 patients, of which all were susceptible to FQ) and 33.3% (3 of 9 
patients), respectively. During the third period, following the reintroduction of 
the FQ-prophylaxis policy, the rates of gram-negative bacteremia and overall 
mortality rate were 5.7% (4 of 70 patients, of which 3 of 4 isolates, 75%, were 
FQ-resistant) and 1.4% (1 of 70 patients), respectively. It is noteworthy that 
the mortality rates during periods one and three were low despite the numbers 
of FQ-resistant gram-negative bacteremias. The authors concluded that levo-
floxacin prophylaxis had a beneficial protective effect upon infectious morbid-
ity and overall mortality despite increased gram-negative FQ resistance [75]. 
This, among few others [76], was one of the earliest observations of a possible 
FQ prophylaxis-related effect on all-cause mortality.

A more systematic examination of this question has been undertaken. 
Colonization by FQ-resistant bacteria was observed in only 9 (11%) of 82 
FQ-prophylaxis recipients compared to 6 (8%) of 79 placebo or no treatment 
controls (RR 1.68, 95% CI 0.71–4.00, P = 0.461) in the three trials report-
ing this outcome [49]. A systematic review of eight studies demonstrated 
that patients receiving FQ were no more likely to develop an infection due 
to an FQ-resistant microorganism than a placebo recipient (54 of 1,358 
subjects vs. 51 of 1,354 subjects, respectively, OR 1.06, 95% CI 0.72–1.56) 
[50]. Moreover, FQ-recipients were no more likely to develop fungal infec-
tions than placebo or untreated controls (RR 1.07, 95% CI 0.83–1.37) [48]. 
However, approximately one-third (54 of 154, 35%) of all microbiologically 
documented infections occurring among FQ recipients have been due to 
FQ-resistant organisms; accordingly, it seems appropriate to recommend that 
FQ should not be administered as a treatment for the febrile episode.

It seems reasonable to speculate that a high prevalence of gram-negative 
bacterial FQ-resistance would reduce the potential efficacy of FQ prophylaxis 
in neutropenic patients. This begs the question of the existence of a thresh-
old prevalence above which the protective effects are lost [50]. In a large 
randomized placebo-controlled study among higher-risk neutropenic cancer 
patients, levofloxacin prophylaxis reduced the number of gram-negative 
infections by 56% (NNT = 13) despite a prevalence of FQ-resistance in gram-
negative bacilli of 17% in the placebo control group [19]. These observations 
suggest that a protective treatment effect can be demonstrable even under 
circumstances of gram-negative FQ resistance of at least that magnitude.

Taken together, these observations suggest that in neutropenic cancer 
patients infections due to FQ-resistant bacteria may be expected; however, 
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these events are relatively uncommon and do not appear to affect the overall 
efficacy of the strategy for the important outcomes.

3.4. Who Should Receive Antibacterial Prophylaxis: High- or Low-Risk?

The majority of the recommendations for the application of antibacterial 
prophylaxis strategies have focused upon the patients with the highest risk 
of developing infection during the neutropenic period, predominantly those 
undergoing allogeneic HSCT and intensive induction or reinduction therapy 
for acute leukemia [60] wherein the neutropenic fever event rate has been 
reported to be in the order of 87% (95% CI 83–89%) [50]. In contrast, the 
event rates of patients with solid tumors and lymphomas having neutropenic 
fever is approximately 70% lower (25%, 95% CI 22–28%) [50].

However, this latter group of patients is very heterogeneous with respect 
to the risk for febrile neutropenic episodes.[64]. The risk factors cited for 
neutropenic fever in this group have included older age, poor performance 
status, underlying disease for which cytotoxic therapy is being administered 
(testicular carcinoma 28%, small cell lung cancer 17%, non-Hodgkin’s lym-
phoma 14%, breast cancer 12%), low serum albumin (<35 g/L), elevated lactate 
dehydrogenase, bone marrow involvement with lymphoma, lymphopenia 
(ALC < 0.7 × 109/L) at day 5 of the treatment regimen, and choice of cytotoxic 
regimen [52, 64, 67, 77]. The incidence of neutropenic fevers is highest within 
the first one to two cycles of chemotherapy [52, 64].

Arguments for the use of antibacterial chemoprophylaxis in solid tumor and 
lymphoma patients have been based upon the results of clinical trials. The largest 
clinical trial, the SIGNIFICANT trial, included 1,565 subjects with solid tumors 
or lymphoma randomly allocated to receive oral levofloxacin (500 mg) or 
placebo prophylaxis once daily for 7 days beginning on day 8 for all 14- and 
21-day cycles and on day 15 for all 28-day cycles [53]. While all-cause mortality 
in this study was unaffected by the prophylaxis (RR 0.67, 95% CI 0.32–1.38), 
the event rates for fever and bacterial infection were reduced (RR 0.71, 95%  
CI 0.55–0.92, NNT 23; and, RR 0.82, 95% CI 0.73–0.94, NNT 13, respectively). 
The need to admit patients to hospital for the treatment of suspected infection 
during the first cycle was reduced by 36% with prophylaxis (NNT 27). 
Despite these positive outcomes, there were no effects upon the incidence of 
severe infection or death from severe infection and there was a 92% increase 
in side effects [78].

The role of prophylactic ciprofloxacin plus roxithromycin for reducing 
febrile neutropaenic episode in small cell lung cancer patients receiving an 
intensified chemotherapeutic regimen of cyclophosphamide, doxorubicin, 
and etoposide (CDE) plus filgrastim compared to standard-dose CDE without 
filgrastim has been explored in a randomized placebo-controlled trial using a 
2 × 2 factorial design [79]. Among the standard CDE recipients, the antibiotic 
prophylaxis had no effect upon the febrile neutropaenic episode rate (24% vs. 
29%, c2 = 0.210, P = 0.647) whereas among the intensified CDE plus filgrastim 
recipients, the prophylaxis strategy reduced the FNE rate by 57% from 56% to 
24% (c2 = 8.570, P = 0.003, NNT = 3). Among the placebo recipients, the febrile 
neutropaenic episode rate was significantly higher (56%) in the intensified CDE 
plus filgrastim group compared to the standard CDE group (29%, c2 = 5.93, 
P = 0.015). However, among ciprofloxacin plus roxithromycin recipients, the 
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febrile neutropaenic episode rates for the intensified CDE plus filgrastim group 
were the same as for the standard CDE group (24%). While the prophylactic 
antibiotic strategy appeared effective for controlling neutropenic fevers in 
the intensified CDE plus filgrastim group, it is disconcerting that the febrile 
neutropaenic episode rates were the same (24%) for the prophylaxis recipients 
independent of whether standard or intensified CDE was administered and that 
these rates were similar to that for the placebo group receiving standard CDE 
(29%). Lastly, overall mortality was not affected in any arm of the trial.

A second study from the same group addressed the question of the role 
of the haematopoietic growth factor support [80]. The overall febrile neutro-
paenic episode rate was reduced by 44% (NNT = 7) from 32% to 18% among 
filgrastim recipients. It is to be noted that the event rate among control patients 
receiving standard CDE and prophylactic antibiotics in this study (32%) was 
similar to that (24%) in the previous trial (P = 0.394) [79]. Moreover, the treat-
ment effect was observed predominantly in the first cycle of chemotherapy. 
Despite a baseline febrile neutropaenic episode event rate of 24% and the 
58% relative risk reduction, a follow-up pharmacoeconomic analysis failed to 
demonstrate that the addition of filgrastim was cost-effective [81].

An analysis of four trials [53, 79, 82, 83] comparing FQ to placebo in this 
same patient population was able to demonstrate an effect upon all-cause 
mortality (first cycle) in 30-days (RR 0.51, 95% CI 0.27–0.97, NNT 72) [50]. 
Approximately 50–60% of all the deaths associated with these treatments 
occur during the first cycle [50, 64].

The available evidence suggests that patients undergoing cyclical chemo-
therapy for solid tumors or lymphoma glean a survival benefit from FQ-based 
antibacterial prophylaxis during at least the first cycle of anticancer treatment 
[50, 52]. The effects of prophylaxis on febrile event rates and hospitalization 
are also most pronounced over the first cycle of chemotherapy [52]. Moreover, 
febrile episodes during the first cycle of anticancer treatment appear to predict 
circumstances wherein, FQ-based prophylaxis should be considered for the 
reduction of febrile events during subsequent cycles [52].

The design of the SIGNIFICANT study drug administration protocol [53] 
could conceivably improve compliance, reduce expense, and exposure-related 
side effects and bacterial resistance by the intermittent short duration of drug 
exposure rather than the more usual continuous administration protocols 
employed in other trials. Despite this design, almost one-fifth (19%) of 
subjects in the SIGNIFICANT study [53] declined to take the study drug 
over all the cycles of anticancer treatment. In order to obtain the protective 
benefits described in the trial, almost 18,000 doses had to be administered. 
For example, in order to prevent one febrile episode over a mean of 4.4 cycles 
per patient for 7 days per cycle, 23 patients would require the administration 
of just over 700 doses of prophylaxis.

FQ has become an important part of the empirical antibiotic management of 
neutropenic fevers in low-risk cancer patient populations [9, 60]. A systematic 
review of clinical trials examining the efficacy of oral FQ-based empirical 
antibiotic therapy compared to standard intravenous antibiotic regimens, dem-
onstrated that regimens containing FQ alone or FQ plus additional oral agents 
such as amoxicillin/clavulanic acid, phenoxymethyl penicillin, or clindamycin 
had similar outcomes (all-cause mortality, RR 0.7, 95% CI 0.37–1.35; and, 
treatment failure, RR 0.91, 95% CI 0.75–1.11) as for intravenous antibiotic 
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regimens [84]. Use of FQ-based prophylaxis precludes use of a FQ as part 
of the empirical treatment for neutropenic fever in this group of patients. The 
reported all-cause mortality rates for patients receiving chemotherapy for solid 
tumor and lymphoma in clinical trials of FQ prophylaxis (1.4% and 2.7% for 
FQ and placebo recipients, respectively) [50] are very similar to those in clinical 
trials of oral FQ empirical antibiotic therapy for neutropenic fever (1.7% and 
2.5% for oral FQ treatment and intravenous antibiotic recipients, respectively 
(84), c2 = 5.708, df = 3, P = 0.127). This consideration suggests that for the group 
of low-risk patients receiving chemotherapy for solid tumors or lymphoma 
there appears to be no survival advantage for the FQ-based prophylaxis strategy 
compared to the FQ-based treatment strategy. Accordingly, an argument may 
be made for reserving FQ for treatment rather than prophylaxis.

4. Role of Hematopoietic Growth Factors for the Prevention 
of Infection in Neutropenic Cancer Patients

Chemotherapy-induced neutropenia is a major risk for infection-related 
morbidity and mortality for patients undergoing sequential therapy for solid 
tumors and lymphoma [64]. It is also a major factor governing clinical decisions to 
attenuate subsequent chemotherapy dose-intensity which, in turn, has an impact  
upon overall survival [85]. Hematopoietic growth factors, granulocyte colony-
stimulating factor (G-CSF) and granulocyte-macrophage colony-stimulating 
factor (GM-CSF), have been administered as a prophylactic strategy to reduce 
chemotherapy-induced neutropenia and, thereby, neutropenic fevers.

At least six systematic reviews with meta-analyses have been published 
evaluating the efficacy of hematopoietic growth factors in randomized, placebo- 
or no treatment controlled clinical trials for a variety of outcomes including 
neutropenic fevers, documented infections, use of amphotericin B, duration 
(in days) of neutropenia (ANC < 0.5 × 109/L), duration (in days) of hospitaliza-
tion, duration (in days) of parenteral antibiotic therapy, duration (in days) of 
chemotherapy delay due to neutropenia, and infection-related and all-cause 
mortality [86–91]. Not all of these examined the same outcomes or per-
formed the same meta-analyses. These reviews are summarized in Table 10-3.  
Five of these studies were able to demonstrate significant reductions in the event 
rate for neutropenic fevers (RRR 37%) and for documented infections (RRR 
30%), respectively. One pediatric study reported a 50% reduction in the need 
to prescribe amphotericin B (RR 0.5, 95% CI 0.28–0.87) [87]. There were 
consistent reductions demonstrable in the duration of neutropenia, duration 
of intravenous antibiotic therapy, and duration of hospitalization across stud-
ies [87, 90, 91]. Infection-related mortality was unaffected by hematopoietic 
growth factors in four reviews [86, 87, 91]. All-cause mortality in lymphoma 
patients and HSCT recipients was similarly uninfluenced by hematopoietic 
growth factors (RR 0.93, 95% CI 0.60–1.43, and RR 0.93, 95% CI 0.82–1.04, 
respectively) [89, 91]. Although there were noted increases in dose-intensity 
among lymphoma patients receiving hematopoietic growth factors, there was 
no increase in complete response rate (RR 1.02, 95% CI 0.94–1.11) [89]. It is 
noteworthy that in the lymphoma population, antibiotic prophylaxis reduced 
the risk of neutropenic fevers and documented infections by 26% independ-
ent of the hematopoietic growth factors (RR 0.74, 95% CI 0.62–0.89, and RR 
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0.74, 95% CI 0.64–0.85, respectively) [89]. Despite this, no impact upon the 
numbers of subjects requiring intravenous antibiotics was observed (RR 0.82, 
95% CI 0.57–1.18) [89]. G-CSF may have an advantage over GM-CSF with 
regard to documented infection. Adverse effects such as bone pain, skin rash, 
and local reactions at the injection sites were more common among hemat-
opoietic growth factors recipients. There was considerable heterogeneity in the 
study populations, supportive care protocols, underlying diseases, and in the 
study drug used (G-CSF, pegylated G-CSF, GM-CSF). Despite the limitations 
of heterogeneity, these studies suggest that primary prophylaxis with hemat-
opoietic growth factors can significantly affect the risk for neutropenia, febrile 
neutropenia and infections in adult and pediatric patients undergoing treatment 
for solid tumors, patients undergoing conventional chemotherapy for malignant 
lymphoma, and patients undergoing HSCT. There is no evidence that these 
products improve tumor control, overall survival, or quality of life [92, 93].

The 2005 Update Committee of the American Society of Clinical Oncology 
(ASCO) have revised the 1996 and 2000 ASCO Guidelines for the use of 
hematopoietic growth factors [92]. Primary prophylaxis is recommended for 
the prevention of neutropenic fevers in high-risk patients wherein the risk for 
such events is 20% or more based on age, medical history, disease charac-
teristics, and myelotoxicity of the chemotherapy regimen. Most commonly 
used regimens have risks of neutropenic fevers of less than 20% [67, 92]. For 
example, these recommendations would include patients undergoing intensive 
cytotoxic therapy, including CHOP-based regimens, for aggressive non-
Hodgkin’s lymphoma who are 65 years of age or more, in order to reduce 
infectious complications. Secondary prophylaxis is recommended for those 
patients experiencing a neutropenia-related complication during previous 
cycles of chemotherapy [92]. Hematopoietic growth factors permit a modest 
increase in dose-density and dose-intensity; however, an effect upon survival 
has been observed in the context of dose-dense treatment regimens only [93, 94]. 
Primary prophylaxis with hematopoietic growth factors following autologous 
HSCT is recommended because of the effects of reduced length of stay in 
hospital and associated medical costs [95]. Similar economic benefits have not 
been observed among allogeneic HSCT recipients of hematopoietic growth 
factors [96]. Moreover, hematopoietic growth factor-associated increase in 
graft-versus-host reactions and lower overall survival has been reported [97]. 
While the Update Panel felt that the use of hematopoietic growth factors for 
induction therapy in AML may be reasonable, particularly in patients 55 years 
of age or older, there appears to be no significant impact upon outcomes such 
as response or survival [92]. Hematopoietic growth factors are recommended 
for administration to AML patients undergoing postremission consolida-
tion [98, 99]. The routine long-term, continuous administration of hemat-
opoietic growth factors to patients with myelodysplastic syndromes is not 
recommended. In contrast, hematopoietic growth factors are recommended 
for patients undergoing induction or postremission consolidation for acute 
lymphoblastic leukemia to reduce the duration of neutropenia; however, the 
impact on infectious morbidity has been minimal.

In these groups the impact of the interaction between hematopoietic growth 
factors and FQ-based antibacterial prophylaxis is unclear. The major role for 
hematopoietic growth factors in primary prophylaxis appears to be in the solid 
tumor and lymphoma patient populations, particularly in the first cycle of 
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chemotherapy among those in whom the neutropenic fever risk is at least 20%. 
However, the addition of hematopoietic growth factors to antibacterial prophy-
laxis has not resulted in significant cost savings [81]. Given these observations 
and the lack of consistent effects upon survival outcomes, prudence in the 
prescription of hematopoietic growth factors for primary prophylaxis should 
be exercised. It may be appropriate to consider primary hematopoietic growth 
factors prophylaxis without antibacterial prophylaxis for the out-patient popu-
lations receiving first cycles of chemotherapy for solid tumors or lymphoma. 
Combined hematopoietic growth factors and antibacterial prophylaxis may be 
best reserved for those patients receiving intensive postremission consolida-
tion for acute leukemia or autologous HSCT. FQ-based antibacterial prophy-
laxis alone without hematopoietic growth factors may be reserved for patients 
undergoing remission-induction therapy for acute leukemia or allogeneic 
HSCT during the pre-engraftment period.

5. Antifungal Chemoprophylaxis

Opportunistic invasive fungal infections have emerged as major complications 
among high-risk patients undergoing intensive cytotoxic therapy for acute 
leukemia or haematopoietic stem cell transplantation. Most of these infections  
(up to 75% in some institutions (100)) remain undiagnosed antemortem. 
The prevalence of invasive mold infection appears to be increasing [100]. 
Since the late 1980s the incidence of invasive aspergillosis among Italian acute 
leukemia patients has risen from 4.7% in the years 1987–1998 to 12.6% in 
2006 [101–103]. The incidence of invasive fungal infection (IFI), particularly 
invasive mold infections, among allogeneic HSCT recipients has also been 
increasing [104–106]. The pathogens associated with invasive fungal infec-
tions (IFI) in HSCT recipients have included Candida spp. (25%), Aspergillus 
spp. (71%), non-Aspergillus molds (4%) [106]. Ninety percent of the invasive 
infections due to yeasts were candidaemia, and over 90% of mold infections 
were due to Aspergillus spp. [102, 106].

An understanding of the event rates for IFI is important of estimating the 
effectiveness and likelihood of any given chemoprophylaxis strategy to prevent 
these infections would be effective. The lowest IFI event rates among untreated 
patients for which statistically significant prophylactic treatment effects have 
been reported are of the order of 5–6% [107, 108]. Chemoprophylaxis strate-
gies to patient groups with IFI event rates of less than 5%, are less likely to 
be demonstrably effective without large sample sizes. The ability of any given 
antifungal agent to produce a detectable protective treatment effect is also 
important. The effect size may be based upon the relative risk reduction for 
IFI relative to a comparator.

The event rates of IFI among control subjects reported in clinical trials of 
antifungal prophylaxis in allogeneic HSCT recipients have been about dou-
ble that for acute leukemia patients (12.4% vs. 5.9%) [108]. Among HSCT 
patients at high-risk for IFI, because of advanced grade III/IV acute graft ver-
sus host disease (GvHD), event rates as high as 35% have been reported [109]. 
The reported event rates for invasive candidiasis and invasive aspergillosis in 
a general population of acute myeloid leukemia patients has been 4.4% and 
7.9%, respectively [102]. With the more widespread use of fluconazole-based 
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antifungal prophylaxis, the frequency of invasive candidiasis has been eclipsed 
by invasive mold infections [102, 106].

There have been numerous clinical trials of antifungal prophylaxis in 
immunocompromised and neutropenic patient populations. Oral nonabsorb-
able antifungal agents such as nystatin have not been helpful in controlling 
fungal colonization (RR 0.85, 95% CI 0.65–1.13) or infection (RR 0.40, 95% 
CI 0.17–0.93) compared to placebo or to azole antifungal agents in these 
higher risk patient populations [110]. Despite the lack of evidence for clinical 
efficacy, oral nonabsorbable antifungal agents have been used in practice and 
have often been deployed in the control arms of clinical trials evaluating the 
prophylaxis efficacy of azoles such as fluconazole, itraconazole, or ketocona-
zole in neutropenic cancer patients [107] (Table 10-4).

There have been at least eight systematic reviews of published randomized-
controlled clinical trials of antifungal chemoprophylaxis, encompassing at least 
28 meta-analyses in this patient population [107, 108, 111–116]. Outcomes 
examined have included prophylaxis success (defined as the completion of the 
study without the administration of parenteral full-dose antifungal therapy for 
suspected or proven IFI), total invasive fungal infection, invasive yeast infec-
tion, invasive aspergillosis, invasive mold infection, superficial fungal infection, 
empirical antifungal therapy, withdrawals for intolerance, fungal infection-related 
mortality, and all-cause mortality. One of the earlier publications included both 
prophylaxis trials and trials of empirical antifungal therapy for the persistent 
neutropenic fever syndrome [111]; accordingly, the results of the analyses from 
that study have been difficult to interpret. A summary of the published meta-
analyses are presented in Table 10-4.

Current evidence from systematically reviewed randomized-controlled 
clinical trials support the efficacy of fluconazole, itraconazole oral suspension, 
and posaconazole antifungal prophylaxis for a variety of outcomes and under 
specified conditions [108].

It has been argued that all-cause mortality is one of the more clinically 
important end-points. Overall, no treatment effects on all-cause mortality have 
been demonstrated for fluconazole, itraconazole, ketoconazole, or low-dose 
intravenous amphotericin B [107, 111, 113], with the exception of the study 
from Israel [108]. Patients from 31 studies (n = 5,881 randomized subjects) 
receiving systemic antifungal prophylaxis with azoles or low-dose amphotericin 
B had a 16% lower all-cause mortality rate than control patients receiving 
placebo, no treatment, or oral polyenes (RR 0.84, 95% CI 0.74–0.95) [108]. In 
contrast, in an earlier Canadian study of 31 trials involving 7,014 randomized 
subjects, an overall reduction in all-cause mortality was not demonstrable (OR 
0.87, 95% CI 0.74–1.02) [107]. However, in subset analyses, a prophylaxis-
related 24% reduction in all-cause mortality was observed in patients with 
prolonged durations of neutropenia of >15 days (OR 0.76, 95% CI 0.62–0.94) 
[107]. Antifungal prophylaxis-related reductions in all-cause mortality have 
been observed in other subgroup analyses including allogeneic HSCT recipients 
(RR 0.62, 95% CI 0.45–0.85), autologous HSCT recipients (RR 0.27, 95% 
CI 0.08–0.95), in patients receiving concomitant antibacterial prophylaxis 
(RR 0.08, 95% CI 0.67–0.96), and in HSCT recipients receiving low-
dose intravenous amphotericin B as the antifungal prophylaxis (RR0.31, 95% 
CI 0.14–0.72) [108]. The effect seems to be greatest when assessed at 30 days 
post-treatment. Based upon these analyses, it appears that antifungal prophylaxis 
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can have a demonstrable effect upon all-cause mortality in specific subgroups of 
patients at higher risk due to prolonged neutropenia and during the pre-engraft-
ment period in allogeneic HSCT recipients. Moreover, an overall 62% survival 
benefit of fluconazole-based antifungal prophylaxis has been demonstrable over 
an 8-year follow-up period in HSCT recipients [117].

Fungal infection-related mortality, as an end-point, is arguable, subject 
to the bias of the investigator trying to judge whether or not a death was due to 
the fungal infection. Several analyses have demonstrated reductions in fun-
gal infection-related mortality of approximately 40–50% among fluconazole 
recipients (Table 10-4) [107, 108, 112] and itraconazole oral solution recipi-
ents [108, 113]. No differences were observed in this regard in comparisons 
of fluconazole and itraconazole (OR 1.30, 95% CI 0.75–2.25) [115]; however, 
posaconazole, an extended-spectrum azole, appeared to have an advantage 
over either (RR 0.25, 95% CI 0.11–0.57) [108].

Azole-based antifungal prophylaxis with fluconazole or itraconazole oral 
solution in comparison to placebo, no treatment, or oral polyenes also reduces 
the incidence of overall IFI by approximately 50% (Table 10-4) [107, 108, 
112, 113]. The largest effects are observed under the following conditions 
(Table 10-4): where the expected event rate for IFI is >15% [107, 112]; where 
the prescribed daily doses of fluconazole or itraconazole are higher than 200 mg 
[107, 113]; if itraconazole is being prescribed, where the oral solution formula-
tion is administered rather than the oral capsules [113]; where prophylaxis is 
prescribed to patients undergoing allogeneic HSCT [107, 108] or autologous 
HSCT who are not receiving HGF support [118]; among patients with a pro-
longed duration of neutropenia of >15 days [107] and, among acute leukemia 
patients receiving induction therapy [108], but not postremission consolidation 
[118]. Under circumstances where the risk for mold infection is higher than 5% 
[119, 120], extended-spectrum azoles such as posaconazole are superior to flu-
conazole or itraconzole for preventing overall IFI (RR 0.47, 95% CI 0.30–0.74) 
and invasive aspergillosis (RR 0.22, 95% CI 0.11 and 0.42), but not for invasive 
candidiasis (RR 0.83, 95% CI 0.46–1.52) [108]. Withdrawal of prophylaxis due 
to intolerance is observed much less frequently with fluconazole than either 
itraconazole (RR 0.27–0.51, 95% CI 0.18–0.41 to 0.41–0.63) [113, 115] or 
amphotericin B (RR 0.15, 95% CI 0.06–0.38) [108].

Voriconazole, another extended-spectrum azole with proven antimold activity 
[121, 122], has being studied in leukemia and allogeneic HSCT recipients. 
Employed as an empirical antifungal regimen for the persistent neutropenic 
fever syndrome, voriconazole recipients had fewer breakthrough invasive fun-
gal infections than those receiving the liposomal amphotericin B comparator 
(1.9% vs. 5.0%; RR 0.39, 95% CI 0.17–0.82; RRR = 61%, NNT = 33) [123]. 
These observations suggested that voriconazole would be an effective agent 
in a prophylaxis strategy. In a multicentred European trial of voriconazole 
prophylaxis in patients with acute myeloid leukemia [124], 25 patients were 
randomly allocated to receive voriconazole (n = 10) or placebo (n = 15). The trial 
was terminated early upon publication of the posaconazole experience [119]. 
Although there were no cases of IFI in the trial, there was a difference in the 
incidence of pulmonary infiltrates, none versus five among voriconazole and 
placebo recipients, respectively (c2 = 4.167, P = 0.041) [124]. Furthermore, 
there were four cases of hepatosplenic candidiasis in the placebo group and 
none in the voriconazole group (c2 = 3.175, P = 0.075) [124]. Voriconazole 
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was compared to fluconazole in allogeneic HSCT recipients [125]. There 
were fewer cases of invasive aspergillosis in the voriconazole group (7 of 
305, 2.3%, vs. 16 of 279, 5.4%, c2 = 3.982, P = 0.046, NNT = 32) [125]. 
Three patients developed invasive candidiasis in each group (1%), indicating 
similar efficacy against opportunistic yeast infections. Taken together, these 
observations suggest that voriconazole is a reasonable alternative for antimold 
prophylaxis in high risk patient groups.

The echinocandin agents, micafungin and caspofungin, have also been 
studied for antifungal prophylaxis [126, 127] and for the prevention of 
breakthrough of IFI during empirical antifungal therapy for the persistent 
neutropenic fever syndrome [128]. These agents were compared to flucona-
zole, itraconazole, and liposomal amphotericin B, respectively. There were no 
demonstrable differential treatment effects in pooled analyses for overall rates 
of IFI (OR 1.04, 95% CI 0.67–1.63), invasive aspergillosis (OR 0.85, 95% CI 
0.39–1.88), or all-cause mortality (OR 0.78, 95% CI 0.58–1.05). Although 
there was a 29% reduction in the use of empirical antifungal therapy for sus-
pected IFI among micafungin recipients compared to fluconazole recipients 
(NNT = 16) [126], this review provides no compelling evidence for the use of 
these agents for prophylaxis.

The available evidence supports the use of fluconazole, itraconazole oral 
solution, or extended-spectrum azoles such as posaconazole or voriconazole 
for antifungal prophylaxis under defined circumstances. Numerous guidelines 
regarding the use of antifungal prophylaxis in defined patient groups have 
been published [8, 25, 27, 30, 57, 60, 114, 129, 130]. There is no evidence to 
support the use of antifungal prophylaxis in patients undergoing conventional 
chemotherapy for solid tumors or lymphoma (A-III). Moreover, there is poor 
evidence to support inhalational or aerosolized amphotericin B to prevent 
invasive mold infections [130]. Guidelines from the American Society of 
Blood and Marrow Transplantation, Immunocompromised Host Society, and 
the European Blood and Marrow Transplantation Society have recommended 
in the setting of allogeneic HSCT, the use of fluconazole (A-I), posaconazole 
(A-I), or itraconazole oral solution (B-I) for the prevention of IFI during the pre-
engraftment period, through engraftment to at least day +75 or until the end of 
immunosuppression (B-III) [129]. The recommendations for micafungin or 
intravenous low-dose amphotericin B were less enthusiastic (C-I). In the setting 
of acute leukemia induction or re-induction therapy, posaconazole (A-I), fluco-
nazole (C-I), or itraconazole oral solution (C-I) may be considered. Other groups 
have been more positive about the recommendations for prophylactic fluconazole 
administration from the onset of induction therapy until myeloid reconstitution in 
acute leukemia patients [8, 57, 60]. The evidence in Table 10-4 would further sup-
port a more robust recommendation for fluconazole or itraconazole oral solution 
during induction therapy for acute leukemia (A-I).

6. Antiviral Chemoprophylaxis

Most of the viral infections that complicate the course of patients with haema-
tologic malignancies, those undergoing HSCT or receiving intermittent cyto-
toxic therapy for solid tissue malignancies, are a function of re-activation of 
latent virus acquired earlier in life, primarily the Herpesviruses. In the major-
ity of cases, the presence of latent virus or evidence of past infection can 
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be determined from the detection of virus-specific IgG antibody in serum. 
In the setting of cytotoxic therapy-induced neutropaenia, mucocutaneous 
infection due to Herpes simplex virus is the most common [131]. Severe, 
community-acquired respiratory virus infection appear to be less common 
overall except during periods of a community outbreak [132]. Several sets of 
guidelines regarding the preventions of these infections have been published 
[10, 23, 131, 133]. This topic has been recently reviewed [134]. A summary 
of the recommendations discussed herein for antiviral prophylaxis is shown 
in Table 10-5.

(continued)

Table 10-5. Summary of recommendations pertaining to antiviral prophylaxis.

Pathogen
Conventional 
chemotherapya

Acute  
leukemiab

Autologous 
HSCTc

Allogeneic 
HSCTd

T-cell depletional 
therapye

HSVf NR Rg,h Rg,h,i Rg,h,j Rg,k

VZVf NR NRl NRl R/NRl,m,n R/NRl,m

CMVf NR NR Ro Ro,p NR

HHV-6, HHV-7 NR NR NR NR NR

EBVf NR NR NR NRq NR

HAV NRr NRr NRr NRr NRr

HBV Rs,t Rs,t Rs,t Rs,t Rs,t

HCV NRu NRu NRu NRu NRu

Influenza A, B Rv,w Rv,w Rv,w Rv,w Rv,w

RSV NR NR NR NR NR

PIV, Adenovirus, hMPV NR NR NR NR NR

NR Not recommended/No recommendations; R Recommended; HSV Herpes simplex virus; VZV Varicella-zoster virus; CMV 
Cytomegalovirus; EBV Epstein Barr virus; RSV Respiratory syncytial virus; PIV Parainfluenza viruses; HHV Human herpes 
virus; HAV Hepatitis A virus; HBV Hepatitis B virus; HCV Hepatitis C virus; hMPV human metapneumovirus; HBsAg Hepatitis 
B surface antigen; HBcAg Hepatitis B core antigen; Anti-HBc Antibody to Hepatitis B core antigen; PTLD Post-transplant lym-
phoproliferative disorder; ANC Absolute neutrophil count; Auto-HSCT Autologous haematopoietic stem cell transplant; HSCT 
Haematopoietic stem cell transplant; GvHD Graft-versus-host disease; GCV ganciclovir; PCR polymerase chain reaction; ACV 
acyclovir; CMV-DNA cytomegalovirus deoxyribonucleic acid
aConventional regimens for solid tissue malignancies or first-line treatments for lymphoreticular malignancies
bIntensive cytotoxic chemotherapy for remission-induction, re-induction, or postremission consolidation
cHaematopoietic stem cell autografts with or without CD34 selection/T-cell depletion and with or without haematopoietic 
growth factor support
dHaematopoietic stem cell allografts from matched-related, mismatched-related, or unrelated donors, or cord blood transplants
ePurine analog therapy (e.g., fludarabine, 2-deoxyadenosine) in patients with additional risk factors (eg. second-line therapy, 
concomitant corticosteroid therapy, peripheral CD4 T-lymphocyte counts <0.05 × 109/L, older age >65 years, ANC <0.5 × 109/L) 
or alemtuzumab therapy recipients
fPatients who are IgG antibody sero-positive
gHSV- and VZV-active nucleoside analogs including acyclovir, valacyclovir, and famiciclovir; although data on valacyclovir or 
famiciclovir under these circumstances are limited (C-III). Patients unable to tolerate oral antiviral agents may receive intrave-
nous acyclovir 250 mg/m2 every 8 h (B-III)
hDuration of prophylaxis: from day 1 of cytoxic therapy or conditioning therapy throughout the neutropenic period until myeloid 
reconstitution (ANC >0.5 × 109/L over 2 consecutive days) and resolution of mucositis [23, 60, 131]
iAuto-HSCT with CD34 selection/T-cell depletion
jProlonged periods of prophylaxis for HSV beyond engraftment may be prudent in the setting of GvHD and a history of repeated 
episodes of reactivation
kDuration of prophylaxis: from the first week of treatment until at least 2 months after cessation of treatment or until the periph-
eral CD4 T-lymphyocyte count is >0.2 × 109/L
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lPostexposure prophylaxis (within 96 h) in a susceptible (VZV sero-negative or adult or adolescent HSCT recipient <24 months 
from HSCT or who are receiving augmented immunosuppressive therapy post HSCT for GvHD) patient with Varicella-zoster 
immune globulin (125 units/10 kg to a maximum of 625 units administered intramuscularly) (A-II) [23]. Note that treatment 
can extend the incubation period from 10 to 21 days to 10–28 days. Varicella vaccine is contraindicated in VZV sero-negative 
immunocompromised patients such as those undergoing HSCT (A-III) [233]
mLong-term chemoprophylaxis has been recommended by some [60] but not others [23, 133]
nVaricella vaccination of VZV seronegative family members no later than 4 weeks before HSCT conditioning is scheduled is 
recommended (B-III) [131]
oPre-emptive CMV therapy in allogeneic HSCT recipients or CD34 selected autologous HSCT recipients [234] at onset of CMV 
pp65 antigenemia or ≥2 consecutive positive CMV-DNA PCR tests: GCV 5 mg/kg IV every 12 h for 7–14 days then 5 mg/kg/
day for 5 days/week until day + 100 or for 3 weeks (whichever is longer) (A-I), or, alternatively, for 3–6 weeks if the CMV-DNA 
PCR test becomes negative (B-I)
pCMV prophylaxis for HSCT centres where CMV surveillance is unavailable: GCV 5 mg/kg/dose intravenously (IV) every 12 h 
for 5–7 days then 5–6 mg/kg/day IV 5 days/week from engraftment until d + 100 (A-I) [23]. Foscarnet 60 mg/kg IV every 12 h 
for 7 days, then 90–120 mg/kg IV daily may be an alternative (C-III)
qEBV sero-positive patients with ≥3 risk factors for PTLD should be offered active surveillance for EBV and a single pre-
emptive dose of anti-CD20 monoclonal antibody, rituximab (375 mg/m2 IV) [131] if the serum viral load is >1,000 copies/mL 
(C-III) [169]
rPostexposure prophylactic or pre-emptive therapy against HAV with immune globulin (0.02 mL/kg) administered within 2 
weeks of exposure is recommended (A-I) [192]
sPatients who are in an inactive chronic carrier state (HBsAg sero-positive >6 months, HBcAg sero-negative, anti-HBc sero-
positive, HBV viral load <2,000 copies/mL, normal transaminases, liver biopsy confirming absence of hepatitis) should receive 
lamivudine 100 mg/day orally throughout chemotherapy until 3 months following cessation of chemotherapy [197]
tCancer patients who are HBsAg sero-negative but anti-HBc sero-positive are regarded as having had prior HBV infection. Such 
individuals may be offered lamivudine prophylaxis throughout chemotherapy or close monitoring for evidence of reactivation 
with targeted therapy (C-III) [197]
uPatients who are HCV sero-positive who are free of immunosuppressive therapy for >6 months and who have no evidence of 
myelosuppression or GvHD may be considered for pegylated interferon therapy with or without ribavirin (C-III) [197]
vInfluenza chemoprophylaxis or pre-emptive therapy (following exposure to a confirmed case) during an established community 
or healthcare facility outbreak (amantidine or rimantidine 100 mg twice daily orally; or oseltamivir 75 mg daily orally) (A-I) 
[29]. No recommendation is available governing the prophylactic use of zanamivir. Amantidine and rimantidine are not effec-
tive for Influenza B
wInfluenza vaccination (life-long, annual) is recommended for cancer patients (B-III) [60, 131, 178, 233]

Table 10-5. (continued)

6.1. Herpes Group Viruses

This group of DNA viruses consists of eight members including Herpes sim-
plex virus (HSV) types 1 and 2, Varicella-Zoster virus (VZV), Cytomegalovirus 
(CMV), Epstein–Barr virus (EBV), and Human Herpesviruses (HHV) 6–8.

Mucositis is an important complication of cytotoxic therapy in neutropaenic  
cancer patients [135]. Herpes simplex virus (HSV) is responsible for a significant 
proportion of the oral morbidity observed among cancer patients receiving 
intensive cytotoxic chemo-radiotherapy [136–139]. The HSV reactivation rate  
among patients receiving intensive cancer chemotherapy has been reported to be 
high in the range of 37–57% [140] and even higher (68–90%) among myelo-
ablative allogeneic HSCT recipients [141–143]. Nucleoside analogs such as 
acyclovir have proven activity for the treatment of HSV infections [144, 145]. 
Multiple studies have demonstrated the efficacy of these agents in the preven-
tion of HSV re-activation and disease in cancer patients [141–143, 146–149]. 
In a single center experience of remission-induction therapy of acute myeloid 
leukemia in elderly patients, acyclovir prophylaxis, 800 mg orally adminis-
tered twice daily, reduced the event rate for HSV mucositis by 88% (number  
needed to treat, 3) [150]. In contrast, no significant treatment effect-related impact 
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upon the need for antibiotic therapy, duration of neutropaenia, or on the inci-
dence of other opportunistic infections has been observed [131, 140, 151]. 
Despite this, different groups have generated recommendations for or against 
the prophylactic administration of nucleoside analogs (acyclovir, valacyclovir,  
or famciclovir) to high-risk HSV seropositive individuals [8, 10, 23, 131, 133].

In general, antiviral prophylaxis is not recommended for patients receiving 
conventional chemotherapy for solid tissue malignancies or lymphoma [8, 10, 
131]. The National Comprehensive Cancer Network (NCCN) [10] recom-
mends the administration of acyclovir or valacyclovir for HSV seropositive 
patients who are undergoing allogeneic HSCT or acute leukemia induction 
or reinduction therapy, in those autologous HSCT recipients at high risk for 
mucositis during the neutropaenic period, and those receiving T-cell depleting 
therapy such as fludarabine- or alemtuzumab-based regimens. Prophylaxis is 
recommended for administration throughout the neutropaenic period and until 
30 days post-transplant. For those receiving T-cell depleting therapy, prophy-
laxis is recommended for administration until a minimum of 2 months after 
alemtuzumab therapy and until the circulating CD4 T-lymphocyte count is 
³0.2 × 109/L [10, 131]. HSV prophylaxis is not recommended for HSV seron-
egative patients, except under the circumstances in allogeneic HSCT, wherein 
the donor may be HSV seropositive.

While the re-activation rate for VZV among HSCT recipients is more than 
30% after 1 year from transplant [152–158], these infections typically occurs 
in the postengraftment period rather than during the neutropaenic period 
[159]. The antiviral effect of prophylactic acyclovir on HSV during periods 
of myelosuppression appears to extend to a suppressive effect on VZV [155, 
159]. Re-activation of VZV appears more linked to the degree of immunosup-
pression rather than to the degree of myelosuppression. Although long-term 
acyclovir prophylaxis (800 mg twice daily orally) from 1 to 2 months until 1 
year postallogeneic HSCT, reduced the relative risk of re-activation of VZV 
by 81% (number needed to treat, 5) [159], the incidence of postprophylaxis 
VZV disease was unaffected. The Centers for Disease Control does not recom-
mend routine long-term VZV chemoprophylaxis [160]. In contrast, the NCCN 
panel recommends the administration of acyclovir-based VZV prophylaxis 
in VZV seropositive allogeneic HSCT recipients from the 1st to the 12th 
post-transplant month [60]. The German guidelines recommend that VZV 
seronegative family members and significant others of HSCT patients be vac-
cinated with live attenuated Varicella vaccine at a time no later than 4 weeks 
before conditioning begins [131]. Neither the German nor the British guide-
lines make any recommendations regarding VZV prophylaxis [131, 133]. For 
those allogeneic HSCT recipients who are exposed to varicella or zoster while 
receiving immunosuppressive therapy for graft-versus-host disease (or who 
are less than 2 years from transplant), pre-emptive treatment with Varicella-
zoster immune globulin (125 units/10 kg to a maximum of 625 units IM) is 
recommended for administration within 96 h of exposure [131, 160].

HHV-6 and HHV-7 have a prevalence approaching 100% in adults. While 
these related viruses have been linked to pneumonitis, hepatitis, encephalitis, 
and prolonged time-to-engraftment among HSCT recipients [161], they have 
not been associated with neutropaenic fever syndromes [162, 163]. The role 
of nucleoside analog-based antiviral prophylaxis for HHV6 or 7 is not clear. 
Since the IC50 values of acyclovir for HHV-6 and HHV-7 are significantly 
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higher than for HSV (66–106 mM vs. 0.1–3.0 mM, respectively) [163], the 
standard acyclovir regimens recommended for HSV prophylaxis during neu-
tropaenia may not be as effective for HHV. No recommendations for prophy-
laxis can be made at this time [131].

The risks of CMV re-activation and developing CMV disease have been 
reported as 45–86% and 20–30%, respectively among CMV seropositive 
allogeneic HSCT recipients [164–166]. The risk for CMV re-activation 
for autologous HSCT recipients is significantly lower, 4.2% [167]. The re-
activation risk of alemtuzumab recipient (50%) appears to be significantly 
higher than for rituximab recipients (2.6%, P = 0.001) [167]. In patients with 
T-cell lymphomas treated with CHOP (cyclophosphamide, hydroxydaunoru-
bicin, vincristine, and prednisone) and alemtuzumab, the CMV re-activation 
rate of 25% was associated with pyrexia and with CMV disease syndromes 
(retinitis and pneumonitis) that required antiviral therapy after a median of 
12 weeks of anticancer therapy [168]. Fludarabine-related CMV re-activation 
has been approximately only 5% [167], half of which have tended to occur 
after the completion of chemotherapy treatment [131]. In contrast with the 
above circumstances, CMV viraemia has been detected in up to 25% of neu-
tropaenic patients with unexplained fevers [163], the clinical significance of 
which remains unclear. Routine CMV antiviral chemoprophylaxis or CMV 
DNA or antigen monitoring is not currently recommended for neutropaenic 
patients, including those undergoing autologous HSCT [131]. CMV chemo-
prophylaxis or monitoring is not recommended in the German guidelines for 
alemtuzumab recipients given the lack of robust clinical trial-based evidence 
of efficacy under these circumstances [131]. However, the NCCN guidelines 
do recommend active surveillance using genomic or antigen detection meth-
ods for those at high-risk for CMV disease (allogeneic HSCT or alemtuzu-
mab recipients) and pre-emptive therapy with ganiclovir, valganciclovir, or 
foscarnet for at least 2 weeks or until CMV is no longer detectable [60]. The 
British guidelines also support this approach for allogeneic HSCT recipients 
[133]. Chemoprophylaxis for CMV has largely been supplanted by the pre-
emptive approach based upon CMV re-activation surveillance [160]. For those 
CMV seronegative donor/recipient combinations (including CMV seronegative  
autologous HSCT recipients), the British guidelines advocate the use of 
CMV-negative or leukodepleted blood products to prevent the acquisition 
of CMV [133].

The major threat of Epstein–Barr virus (EBV) re-activation is post-transplant 
lymphoproliferative disorder (PTLD), which applies primarily to allogeneic 
HSCT recipients and which occurs well after engraftment. HSCT candidates 
who are EBV seronegative should be counseled regarding behaviors that could 
decrease the likelihood of EBV exposure [160]. Antiviral chemotherapy for 
prophylaxis or pre-emptive therapy is not recommended, given the lack of 
data about efficacy [131, 133, 160]. The German guidelines [131] recommend 
that those EBV seropositive patients who have three or more risk factors for 
PTLD (including T-cell depleted grafts, treatment with antithymocyte globulin 
or anti-CD3 antibodies, or unrelated or HLA-mismatched transplants) should 
receive active surveillance for EBV and be offered a single pre-emptive dose 
of rituximab (375 mg/m2 intravenously) where the viral load is >1,000 copies/
mL or where there is a rising titre [169]. The value of this approach remains 
controversial.
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6.2. Respiratory Viruses

Community-acquired respiratory viruses such as Influenza A and B viruses, 
Respiratory Syncytial virus (RSV), the Parainfluenzaviruses (PIV) Types I-IV, 
Human Metapneumovirus (hMPV), Adenoviruses, and the Picornaviruses 
are common causes of a symptom complex characterized by rhinorrhoea, 
nasal or sinus congestion, sore throat, and cough commonly referred to in 
normal hosts as an upper respiratory tract infection. This topic has been 
recently reviewed [134].

Infection with these viruses in the setting of hematological malignancy 
may be associated with prolonged viral shedding and a higher risk for noso-
comial transmission. Moreover, these viruses may be associated with more 
serious sequelae including pneumonia and death in immunocompromised 
patients undergoing HSCT or cytotoxic therapy for haematologic malignan-
cies [132, 170–173]. With the exception of PIV infections which are observed 
year round, these infections have a typical seasonal pattern of onset between 
November and May. Influenza season typically follows RSV season with peak 
onset in December and January. Among patients with pre-existing serious co-
morbidities such as cancer, influenzavirus infection is approximately six times 
as likely to result in hospital admission [174].

Strategies of prevention, focus upon interrupting the person to person 
spread of infected secretions through aerosol droplet or contact transmission. 
Such strategies include contact isolation of infected patients, handwashing 
with soap and water or with alcohol-based gels prior to and after each patient 
contact, educational programs targeting not only families but also health care 
workers, avoidance of contact with secretions from infected patients by family 
and health care workers, and programs of annual influenzavirus immuniza-
tions for families and health care workers [160, 175, 176].

A proportion of myelosuppressed and immunosuppressed patients who 
develop a viral URTI may progress to pneumonia and even death. Among 
patients with acute leukemia that proportion may be as high as 43% with a 
case-fatality rate of approximately 1:5 (18%) [177]. Among allogeneic HSCT 
recipients the progression to pneumonia may be of the order of 1:3 (33%) with 
a case-fatality rate of 17% [177]. Almost 1:2 neutropaenic patients may show 
progression with a case-fatality rate almost 1:4 (23%) [177]. Early therapy of 
influenzavirus infection or RSV at the time of onset of the URTI can reduce 
the rate of progression by 66–75% [177]. The success of this approach is 
largely dependent upon making a rapid virological diagnosis based upon 
nasopharyngeal and throat swabs, or sputum and bronchoalveolar lavage 
specimens, and applying appropriate treatment plans.

The most effective strategy for preventing influenzavirus infections in 
health care settings is through annual immunization [178]. Recommendations 
have advocated immunization of target patient groups at risk, including cancer 
patients [176, 178]. Experience suggests that patients with lymphoprolifera-
tive disorders given influenza vaccine do have effective immune responses to 
the vaccine [179–181]. Antiviral drugs, while effective for chemoprophylaxis 
and treatment of influenza, are not substitutes for annual vaccination [178].

There are four agents licensed for use in the United States for influenza; 
amantidine, ramantidine, zanamivir, and oseltamivir. Influenza A virus may 
develop resistance to amantidine and ramantidine rapidly during treatment. 
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Zanamivir and oseltamivir are neuraminidase inhibitors that are effective 
against both Influenza A virus and Influenza B virus and have prevented influ-
enza illness with reported efficacies of 68–89% among persons administered 
chemoprophylaxis after contact with a household member with influenza 
[178]. The number of subjects requiring treatment in order to prevent a single 
case in immunocompetant subjects has been quite high (n = 89), however [182, 
183]. The efficacy of antiviral agents in preventing influenza among severely 
immunocompromised persons is unclear [178]. Accordingly, chemoprophy-
laxis may be considered for persons at high risk from the time of vaccination 
until immunity has developed, approximately 2 weeks, or those high risk 
persons considered likely to have an inadequate antibody response to influ-
enza vaccine. Zanamivir may be administered in inhaled doses of 10 mg once 
daily, and oseltamivir may be administered in oral doses of 75 mg daily for 
subjects aged 13 years or more. The dosing for the latter agent in children <13 
years is based upon weight (≤15 kg, 30 mg daily; >15 kg but <23 kg, 45 mg 
daily; 23–40 kg, 60 mg once daily; and >40 kg, 75 mg daily) [178]. Outside 
the circumstances of exposure or an outbreak, routine anti-influenza chemo-
prophylaxis is not recommended [60, 131, 160].

Immunization of health care providers has been associated with reductions 
in influenza, influenza-like illnesses, and all-cause mortality in long-term care 
facilities [184–186]. Despite this, approximately only 10–40% of those eligi-
ble are immunized [187]. Nevertheless, vaccination of healthcare providers is 
recommended [60, 131, 160]. The intranasal attenuated influenza vaccine is 
not recommended for immunosuppressed patients given the theoretical risk of 
severe infection in these patients [60].

No recommendations regarding immuno-prophylaxis, chemoprophylaxis, 
or pre-emptive therapy can be made for adenoviruses or parainfluenzaviruses, 
given the lack of availability of effective agents [131, 160].

Respiratory syncytial virus (RSV) pneumonia has a high case-fatality rate 
of approximately 1:3 in leukemia and HSCT patients [134]. Treatment may 
include aerosolized ribavirin with or without palivizumab [188]. There are 
no compelling data to support any recommendations regarding the optimal 
method for RSV prophylactic and preemptive therapy [131, 160].

6.3. Hepatitis A Virus Infection

It is known that viral hepatitis may be associated with transient myelosuppression 
[189]. Neutropaenia itself, however, does not appear to be a risk factor for viral 
hepatitis [190]. It is possible that exposure to Hepatitis A virus (HAV) during 
periods of neutropaenia may permit greater viral replication that enhance the 
likelihood of a more fulminate disease process as has been observed in animal 
models [191]. Perhaps the most relevant question in this context is how to 
manage a neutropaenic patient who has been exposed to HAV (as well as 
for other hepatitis viruses, HBV and HCV) even though the event rate for 
such an occurrence is expected to be very low. Currently, immune globulin 
(0.02 mL/kg body weight administered within 2 weeks of exposure) is the 
only product recommended for post exposure prophylaxis [192]. Patients who 
have received a single dose of HAV vaccine within 4 weeks of exposure may 
not require immune globulin. HAV vaccine is not licensed for postexposure 
prophylaxis. In a recent study, postexposure HAV vaccinated patients had a 
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30% higher rate of HAV compared to immune globulin recipients [193]. Some 
have advocated use of both approaches, HAV vaccine and immune globulin, 
postexposure [194].

6.4. Hepatitis B Virus Infection

The relationship between administration of chemotherapy with subsequent 
decrease in anti-HBsAG titre, followed by reactivation of hepatitis B virus 
infection among chronic carriers was recognized in 1975 [195]. Patients with 
hematological malignancies undergoing intensive cytotoxic therapy have a 
high risk of reactivation of hepatitis B virus infection with a range of rates 
of 20–50% being reported [196, 197]. HBsAg-positive carriers receiving 
anthracycline-based regimens for malignant lymphoma may reactivate in up 
to one in four cases [198]. Among HBsAG-positive patients undergoing hae-
matopoietic stem cell transplantation the risk for graft-versus-host disease and 
veno-occlusive disease appears to be increased [199]. Reactivation following 
allogeneic HSCT appears to differ depending upon serostatus at the time of 
transplant; 2–3 months for HBsAg-positive subjects and much later (median 
19 months) for anti-HBs-positive subjects [200]. Among patients with chronic 
or previous HBV infection, reactivation may best be defined by the develop-
ment of acute hepatitis in association with newly detected or a greater than 
tenfold increase in HBV viral load [201].

Three distinct, previously exposed groups at risk for re-activation have been 
recognized [197]. One is a group of chronically infected viraemic patients who 
develop increased serum HBV DNA levels and clinical disease. A second is 
a group of chronic inactive carriers (HBsAgpositivee, HBV DNA-negative) 
who after chemotherapy begin to show evidence of re-activation. A third is a 
group of patients with evidence of immunity to HBV (HBsAg-negative, anti-
HBs-positive, anti-HBc-positive) but who re-activate with increases in HBsAg 
and HBV DNA in plasma. The risk factors reported to be associated with 
increased risk of disease include male sex, younger age, prechemotherapy 
elevations in the serum alanine transferase, and prechemotherapy HBV DNA 
titres of >3 × 105 copies/mL [202–205].

The risks of re-activation and significant consequent clinical disease among 
HBV-positive patients with hematological malignancies have warranted the 
development of strategies designed to prevent these complications associated 
with cytotoxic anticancer therapy. In chronic HBV carriers, corticosteroid 
therapy has long been known to increase the titres of HBsAg, HBcAg, viral 
loads, and clinical hepatitis [206–210]. Accordingly, avoidance of steroid-con-
taining anticancer therapies seems prudent. The administration of steroid-free 
antilymphoma regimens for chronic HBV-positive lymphoma patients reduced 
HBV re-activation by up to 48%; however, this strategy was also associated 
with reduced tumor response rates and overall survivals by similar magnitudes 
[211]. Pre-emptive interferon therapy, while promising, has been associated 
with unacceptable toxicities [212]. Prophylactic or pre-emptive nucleoside 
analog therapy with lamivudine among high-risk chronic HBV carrier patients 
receiving chemotherapy has been extensively studied [198, 212–217]. Such 
approaches have reduced the re-activation event rate from 24–53% to 0–5% 
[197] and have improved the hepatitis-free survival [198, 217]. Accordingly, 
it has been recommended that all patients scheduled to receive chemotherapy 
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or undergo a HSCT be screened for HBV infection prior to initiation of 
immunosuppressive therapy [197, 218]. HBV test positive subjects should 
receive nucleoside analog-based therapy (lamivudine 100 mg orally daily) 
throughout the treatment period beginning 1 week before treatment until 
3–6 months following the completion of treatment [197, 218]. Adefovir or 
entecavir may be useful alternative agents in the setting of lamivudine resist-
ance [218]. Nucleoside analog prophylaxis may be discontinued only if there 
is no biochemical or serological evidence of HBV activation (disappearance 
of HBsAg, appearance of anti-HBe antibody, and a reduction in viral lead to 
<104 copies/mL). Thereafter, patients at risk should be monitored for post-
prophylaxis re-activation.

The Infectious Diseases Working Party of the German Society for 
Hema tology/Oncology has recommended the daily administration of lami-
vudine 100 mg orally for all those patients who are HBsAg-positive or 
who are HBsAg-negative and anti-HBs-negative but anti-HBc positive and 
who are receiving conventional cytotoxic therapy (A-II) or autologous HSCT 
(A-II) [131]. Moreover, the recommendations have been extended to those 
patients receiving immunosuppressive therapy with alemtuzumab or rituxi-
mab, or have risk factors including a circulating CD4 T-lymphocyte count of 
<0.05 × 109/L, age >65 years, or severe neutropaenia (<0.5 × 109/L) (C-II) 
[131]. Based upon the current literature, the guideline committee was unable 
to provide clearer recommendation with regard to duration of prophylaxis; 
however, a minimum duration of 2–3 months following the completion of 
antitumor therapy was proposed, as well as postprophylaxis monitoring for 
high-risk subjects [131].

6.5. Hepatitis C Virus Infection

The prevalence of HCV infection among European patients with non-Hodgkin’s 
lymphoma has been estimated to be in the range of 8–32% [219]. Moreover 
the range of prevalence of HCV infection among HSCT recipients is very 
wide, 5–70% [197]. While HCV infection can adversely affect outcomes in 
ztion upon the outcomes of patients undergoing intensive cytotoxic therapy or 
haematopoietic stem cell transplantation remains unclear. Circumstantial evidence 
suggests that augmented immunosuppression may promote HCV-related 
disease progression [197]. The results of anti-HCV chemotherapy in immu-
nocompromised patients has been disappointing and there are insufficient 
data on which to base recommendations for chemoprophylaxis.
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Abstract Cancer center patients are frequently immune suppressed and are, 
therefore, at risk for a wide range of opportunistic pathogens in addition to 
common nosocomial pathogens that are a problem for patients throughout 
the hospital. A good infection control program is extremely important in 
this setting to reduce the risks of community- and hospital-acquired infections  
among patients. In addition to protecting patients, it is also important to pro-
tect health care workers, other employees, and visitors. This chapter focuses 
on general infection control measures, as well as infection control measures  
specific to patients, health care workers, and visitors in the cancer center setting.  
In addition, we discuss infection control measures directed at specific nosocomial  
infections that are of particular risk in this population. Finally, guidelines and exam-
ples for starting an infection control program will be given. The role for antimicro-
bial prophylaxis in infection prevention is discussed in chapter 10.

Keywords Infection control • Prevention • Hand hygiene • Bacterial resistance  
• Patient isolation • Health care worker immunizations • Pregnant health care 
worker • Quality assurance

1. General Infection Control Measures

1.1. Hand Hygiene

Proper hand hygiene is a critical step in preventing nosocomial infection. 
Everyone, especially health care workers (HCW), should be trained to perform 
hand hygiene before and after entering the room of an immunocompromised 
patient, even if they used gloves or did not touch the patient. In addition, it is 
also important to repeat hand hygiene after examining different contaminated 
body sites, for example, after changing a dressing. Hand hygiene will not be 
effective in the presence of artificial nails or natural nails longer than 1/4 in. 
On the basis of the 2003 Hand Hygiene Guidelines [1], most health care 
facilities have restricted the wearing of artificial nails to workers without 
direct patient contact.
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Hand hygiene can be performed by “handwashing” with or without water. 
Alcohol-based hand rubs, containing 60–95% ethanol or isopropanolol, have 
superior antimicrobial activity over handwashing with plain soap and water. 
In addition, alcohol-based hand rubs are less drying to the skin [1] and impor-
tantly are faster to use than plain soap and water [2]. Thus, alcohol-based hand 
rubs are the preferred method for the routine decontamination of the hands. 
Handwashing with soap and water is recommended if the hands are visibly 
dirty or soiled. Alcohol has poor activity against bacterial spores, protozoan 
oocysts, and certain nonenveloped viruses such as Norwalk virus. Therefore, 
after leaving the room of a patient with diarrhea, HCWs should wash hands 
with soap and water.

Access to hand hygiene facilities (i.e., sinks or alcohol-based hand rub 
dispensers) can impact compliance with hand washing [1]. Sinks should be 
easily accessible and remain free of clutter to encourage proper hand hygiene. 
Placement of dispensers for alcohol-based hand rubs does not require plumbing  
and, therefore, is more flexible than sink placement. Dispensers should be placed 
in convenient, easy to access locations such as adjacent to the patient’s bed or at 
the entrance to the room. Individual pocket-sized containers for alcohol-based 
hand rubs carried by HCWs may also improve compliance. Care should be 
taken to ensure that all dispensers remain full and are functioning properly.

1.2. Isolation Precautions

Standard Precautions are infection control precautions, in addition to hand 
hygiene, to be used for all patients regardless of their diagnoses. Standard 
Precautions are a combination of Universal Precautions and Body Substance 
Isolation [3]. HCWs should wear gloves for anticipated contact with blood or 
any body fluid contaminated with blood, urine, saliva, or non-intact skin of 
patients. HCWs should wear gowns, and don masks with a face shield and/or 
goggles for situations in which splashes of these bodily fluids could occur.

Transmission based precautions are for patients with specific conditions 
or syndromes suspicious for specific conditions. There are three major types: 
Contact Precautions, Droplet Precautions, and Airborne Precautions.

l Contact Precautions are used for patients who are infected or colonized 
with pathogens transmitted by physical contact either directly (patient-to-
patient) or indirectly (patient-to-fomite-to-health care worker). HCWs must 
wear gloves and a gown to enter the room and dispose of both upon exiting. 
Disposable or dedicated equipment (e.g., stethoscopes, thermometers, and 
blood pressure cuffs) should be used whenever possible. Patients on Contact 
Precautions should be placed in a single room or cohorted with other patients 
infected or colonized with the same transmissible pathogens.

l Droplet Precautions are used for patients infected or colonized with patho-
gens such as influenza where large respiratory droplets are the dominant 
route of transmission. HCWs should don a surgical mask before entering the 
room and dispose of upon exiting. Patients on Droplet Precautions should 
also be placed in a single room or cohorted with other patients infected or 
colonized with the same organism. Patients on Droplet Precautions should 
be restricted to their rooms except for necessary procedures and tests.

l Airborne Precautions are used to prevent spread of pathogens such as 
tuberculosis where small respiratory droplets/particles are the dominant 
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route of transmission. Surgical-style masks are not sufficient to prevent 
inhalation of these small respiratory droplets/particles. Therefore, respira-
tory protection of HCWs should be more stringent, requiring the use of 
approved respiratory protection on entering the room wearing a powered 
air purifying respirator or a fit-tested N95 face mask. The N95 masks filter 
>95% of small respiratory droplets/particles and require individualized 
fitting of masks as mandated by OSHA regulations. Patients on Airborne 
Precautions must be placed in single rooms, known as Airborne Infection 
Isolation Rooms (AIIR), with special air-handling requirements where 
the patient’s room air pressure is negative relative to the hallway. In addi-
tion, these rooms must have 6–12 air exchanges per hour and which are 
exhausted outside the building. Patients on Airborne Precautions should be 
restricted to their rooms except for necessary procedures.

Patients on any of the above isolation precautions should have movements out-
side their rooms limited whenever possible. When patient transport is necessary, 
care should be taken to minimize opportunities for transmission of pathogens. 
Patients should wear appropriate barriers (gowns and gloves for Contact 
Precautions or a surgical mask for Droplet and Airborne Precautions) when 
outside their rooms. HCWs and patients should be educated regarding the risk 
of potential transmission, as well as ways to prevent transmission of the infec-
tious pathogen to others. When patients are transported to other areas of the 
hospital, receiving personnel should be aware of the patient’s isolation status, 
and the above recommendations should be followed.

1.3. Shared Equipment/Devices and Common Areas

Standard Precautions require that all reusable patient care equipment is 
adequately cleaned between each patient use [3]. For patients placed under 
Contact Precautions, patient care equipment should be restricted to the use of a 
single patient whenever possible. If the use of shared equipment is unavoidable, 
then it should be thoroughly disinfected by EPA-registered disinfectants such 
as alcohols, sodium hypochlorites, quaternary ammonium compounds, pheno-
lics, and iodophors before use with another patient [3, 4].

Common areas, particularly pediatric play areas, should be kept clean [5]. 
These areas should be cleaned and disinfected at least once per week. Any 
shared toys, including videos and electronic equipment, should be disinfected 
prior to placement on the unit and at least weekly thereafter and as often as 
needed. Cloth or plush toys can be cleaned in a washing machine using the hot 
cycle. Hard toys can be cleaned in a dishwasher on the hot cycle or scrubbed 
and disinfected by hand. Nontoxic disinfectants registered by the Food and Drug 
Administration or the Environmental Protection Agency are recommended.

2. Rules for Health Care Workers and Visitors

2.1. Immunizations

HCWs are at the unique risk of both exposure to and transmission of many 
infectious diseases, including vaccine preventable diseases. The U.S. Public 
Health Service’s Advisory Committee on Immunization Practices (ACIP) recom-
mends that any health care facility involved in direct patient care develop an 
immunization policy for HCWs [6]. A lengthy discussion regarding all ACIP 
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recommended vaccinations is beyond the scope of this chapter. For specific 
recommendations regarding vaccinations and vaccine schedules in HCWs, 
please refer to the CDC Guideline for Infection Control in Health Care 
Personnel [6]. Based on nosocomial transmission rates and vaccine availability,  
the ACIP strongly recommends vaccination for the following infections: 
hepatitis B, influenza, measles, mumps, rubella, varicella, and pertussis [7]. 
The Tdap, or combined tetanus, diphtheria, and pertussis, vaccine is now 
recommended instead of the Td (tetanus-diphtheria) booster for adults [7]. 
In general, those persons born before 1957 are considered immune to measles 
and rubella. However, given the potential risk of infection and transmission in 
the health care setting, the ACIP recommends that all HCWs should be vacci-
nated with the Measles-Mumps-Rubella (MMR) vaccine or have documented 
immunity.

The use of live-attenuated vaccines in persons who care for or are in close 
contact with immunocompromised patients deserves special mention due to 
the theoretical risk of transmission of the vaccine strain pathogens. The vac-
cine strain polio virus in oral polio vaccine is known to have the potential for 
person-to-person transmission and is absolutely contraindicated in HCWs, 
family members, and friends who may be caring for immunocompromised 
patients [8]. In the U.S., however, live-attenuated polio vaccine is rarely indi-
cated and has largely been replaced by the inactivated polio vaccine. On the 
opposite spectrum, there is no evidence that the live-attenuated vaccine strain 
viruses in the MMR vaccine are transmitted from person-to-person and this 
vaccine is generally considered safe for all immunocompetent HCWs [9].

Of particular interest in the cancer center is the risk of transmission of 
vaccine virus due to the live-attenuated influenza and varicella vaccines. The 
live-attenuated influenza vaccine (LAIV) has been shown to shed vaccine 
virus at very low levels for some time after administration and person-to- 
person transmission of the vaccine strain virus is theoretically possible [10, 11]. 
On the basis of this information, the CDC does not recommend the use of 
the LAIV in any persons who may have close contact with “severely” immu-
nosuppressed patients (i.e., patients who have recently had a bone marrow 
transplant and require a protected environment). The vaccine, however, can be 
used for HCWs who do not have contact with the severely immunosuppressed 
populations. Cancer centers within larger health care systems should be aware 
of their system’s policy on use of LAIV and instruct cancer center HCWs, who 
work with bone marrow and stem cell recipients, to avoid LAIV and receive 
the killed influenza vaccine instead. Although theoretically possible, no cases 
of person-to-person transmission of LAIV have been documented, and at this 
time no recommendations exist to exclude LAIV in populations other than 
HCWs who have close contact with “severely” immunosuppressed patients. 
Transmission of varicella-vaccine virus has been documented but is thought to 
be a rare occurrence [12]. Recommendations state that any HCW who develops 
a rash, which cannot be covered, within the first 42 days of receiving the vari-
cella vaccine should avoid any contact with immunosuppressed patients [6]. 
Contact should be avoided until the rash has crusted over.

2.2. Transmissible Diseases

Leukemia patients and hematopoietic stem cell recipients often have prolonged 
hospitalizations. They may have a large number of visitors both in hospital 



Chapter 11 Infection Control and Prevention 313

BookID 146129_ChapID 11_Proof# 1 - 07/10/2009

and at home while still profoundly immunosuppressed. All visitors should be 
instructed on basic infection prevention including hand hygiene techniques and 
isolation procedures. In the hospital, a system should be established whereby 
all visitors can be screened for potential transmissible diseases [5]. The CDC 
recommends that any visitor with an upper respiratory tract infection, a flu-like 
illness, a herpes zoster rash (whether it is covered or not), or recent known 
exposure to any transmittable disease should not be allowed access to the 
unit or at least should be restricted from visiting severely immunosuppressed 
patients [5]. Likewise, visitors should be asked about recent vaccinations. Any 
visitor with a recent history of receiving the oral polio vaccine or those who 
develop a rash within 6 weeks or receiving the live-attenuated varicella zoster 
virus (VZV) vaccination should also be restricted [8, 12]. Any HCW with a 
disease transmitted by air, droplet, or direct contact should be restricted from 
direct patient contact [5]. Details regarding specific infections will be covered 
in Sect. III – Specific Transmissible Diseases.

3. Patient Measures

3.1. Device Associated Infections

Intravascular catheters are common throughout the hospital and catheter 
related infections contribute to significant morbidity and mortality. Because 
of the unique needs of cancer patients, intravascular catheters are used more 
often and for longer durations compared with other hospitalized patients. As 
such, these patients are at increased risk for catheter related complications 
such as insertion site infection, septic thrombophlebitis, blood stream infec-
tion, endocarditis, and disseminated infections. Catheter related bloodstream 
infections (CR-BSI), in particular, are feared complications due to their high 
incidences and associated morbidity and mortality. A total of 250,000 cases of 
CR-BSI are estimated to occur annually [13]. Blood stream infections repre-
sent approximately 15% of all nosocomial infections [14] and lead to adverse 
patient outcomes, such as increased mortality, prolonged hospital course and 
increased heath care costs [15–20]. Weinstock et al. evaluated CR-BSI in 
cancer patients at their institution and found an incidence of 7.31 per 1,000 
catheter days [21].

Catheter related infections are more common with the use of non-tunneled 
central venous catheters (CVC). More permanent, tunneled catheters are 
thought to have a decreased risk of infectious complications (Table 11-1). 
These catheters, however, are not without risk. Rotstein et al. showed an inci-
dence of Hickman-catheter related blood stream infections of 3.05 per 1,000 
catheter days in cancer patients [22].

The best way to prevent catheter related complications is to minimize the 
use of intravascular catheters. In many cases, this is not a feasible option and 
the use of catheters, particularly non-tunneled CVCs, should be reassessed on 
a regular basis, and they should be removed when no longer needed.

3.1.1. Site of Insertion for Non-tunneled Catheters
The preferred site for non-tunneled catheter insertion in adults is the subcla-
vian vein [13]. Studies suggest that catheters inserted into the internal jugular 
and femoral veins are associated with a higher risk for infection than those 
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inserted into a subclavian vein [23–25]. When choosing a site for catheter 
insertions, factors other than risk of infection should be considered, such as 
patient comfort, safety, and the risk for mechanical complications. The femo-
ral site is known to have a greater risk of deep vein thrombosis and generally 
should be avoided in adults [13, 24].

3.1.2. Sterile Techniques
The use of maximal sterile precautions (cap, mask, sterile gown, sterile glove, 
and large sterile drape) during insertion has been shown to reduce the incidence 
of CR-BSI compared with the use of sterile gloves and small drapes alone 
[23, 26]. Although no studies exist, the use of maximal sterile precautions 
is extended to the insertion of PICC lines and other tunneled catheters [13]. 
Disinfection of the skin at the site of insertion with 2% aqueous chlorhexidine 
gluconate is recommended over 10% povidone-iodine or 70% alcohol [27].

3.1.3. Site Care
The use of either sterile gauze or transparent semipermeable dressing to cover 
the catheter site is accepted [13]. These dressings should be changed at least 
weekly and possibly more frequently depending on the circumstances. The 
skin at the catheter site should be disinfected with an antiseptic containing 
2% chlorhexidine at the time of dressing change. Catheters should not be sub-
merged underwater and precautions (such as the use of an impermeable cover) 
should be taken when bathing and showering. Vancomycin-based antibiotic 
lock prophylaxis has been shown to reduce the rate of CR-BSI with vanco-
mycin susceptible organisms. However, this practice is recommended only for 
selected patients because of the increased risk of acquisition of vancomycin-
resistant enterococci (VRE) [13].

3.1.4. Antimicrobial Impregnated Non-tunneled Catheters
Although more expensive, antimicrobial impregnated non-tunneled catheters 
may decrease both the cost and risk of CR-BSI [28]. Several randomized 

Table 11-1. Catheter types and infection risk (adapted from Guidelines for 
the Prevention of Intravascular Catheter-Related Infections [78]).

Catheter type Entry site Comments

Non-tunneled CVC Percutaneously inserted 
into central veins

Account for majority of CR-BSI

Peripherally inserted 
central venous  
catheters (PICC)

Inserted into cephalic 
or brachial veins and 
enter the subclavian 
vein

Lower rate of infection than  
non-tunneled CVC

Tunneled CVC (such 
as Hickman  
catheters, PICC)

Implanted into brachial, 
subclavian, internal 
jugular or femoral 
veins

Lower rate of infection than  
non-tunneled CVC

Totally implantable 
(such as Mediports)

Tunneled beneath the 
skin, with subcutaneous 
port accessed with a 
needle; implanted in 
subclavian or internal 
jugular vein

Lowest risk of CR-BSI; no 
need for local catheter site 
care; surgery required for 
catheter removal

CVC central venous catheter, CR-BSI catheter-related bloodstream infection
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controlled trials have demonstrated a decrease in microbial colonization of the 
catheter with the use of either antiseptic (chlorhexidine/silver-sulfadiazine) or 
antibiotic (minocycline/rifampin) impregnated catheters when compared with 
non-coated catheters [29–33]. Despite this, a reduction of CR-BSI has not 
been demonstrated consistently. Two recent meta-analyses, however, do show 
a decrease in CR-BSI with the use of antimicrobial impregnated catheters and 
cite inadequate power of the individual trials to evaluate the true differences 
in incidence rates of CR-BSI. Veenstra et al. found antiseptic-impregnated 
catheters to be effective in reducing both catheter colonization and CR-BSI in 
high risk patients with short-term CVC [34]. In a separate meta-analysis by 
Walder et al. and others, both antiseptic and antibiotic-impregnated catheters 
were compared with non-coated catheters; and both were effective in reduc-
ing colonization and CR-BSIs when compared with non-coated catheters [35].  
Darouiche et al. compared antiseptic and antibiotic-impregnated catheters 
head with head and showed that the catheters coated with minocycline/
rifampin were less likely to become colonized or complicated by CR-BSI than 
antiseptic coated catheters [36]. Catheters impregnated with platinum and silver 
remain under investigation. At this time, there are no published data to suggest 
platinum and silver have an antimicrobial effect [13]. Importantly, these trials 
have only shown benefit for short-term use of non-tunneled CVCs. Currently, 
antimicrobial impregnated catheters are not available for tunneled CVCs.

3.2. Hygiene

Proper hygiene is important in preventing infection in any person and espe-
cially those patients with prolonged neutropenia. Daily showers or baths, with 
mild soap, are recommended. Complete skin inspection should be done on a 
daily basis. Particular attention should be given to sites of possible infection, 
such as intravascular catheter sites and the perineum. Perineal care should be 
gentle but thorough. Female patients should clean the area from the front to 
the back to prevent contamination of the urethra. Experts recommend avoid-
ing digital rectal examinations and the use of rectal thermometers, enemas, 
and suppositories during periods of neutropenia in order to prevent mucosal 
breakdown which may lead to infection [5].

Since the oral cavity is an important source of potentially pathogenic 
bacteria, stringent periodontal health is important. A complete periodontal 
examination followed by necessary treatment is recommended before manage-
ment of head and neck cancers, high dose chemotherapy, hematopoietic stem 
cell transplants, and any cancer regimen that is expected to lead to significant 
myelosuppression [5]. Routine oral hygiene is also important to minimize 
infections and may improve healing of mucositis. Oral rinses with sterile water 
or normal saline are recommended 4–6 times per day. Patients should brush 
their teeth at least twice daily with a soft, regular toothbrush.

3.3. Low Microbial Diet

The Center for Disease Control and Prevention recommends a low microbial 
diet for hematopoietic stem cell transplant recipients [5]. There are no specific 
guidelines for the use of a low microbial diet in cancer center patients who 
do not receive stem cell transplants; however, many centers will prescribe one 
for patients with hematologic malignancies during periods of neutropenia. 
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Theoretically, reducing exposure to bacteria in foods such as unpasteurized 
cheeses, raw fruits, and vegetables and undercooked meats during periods of 
neutropenia may decrease the incidence of infection. However, to date, there 
is no scientific evidence to suggest the effectiveness of low microbial diets in 
any patient population.

4. Specific Nosocomial Infections

4.1. Conjunctivitis

Conjunctivitis describes any inflammatory condition of the conjunctiva and 
is most commonly due to bacterial or viral infections. Adenovirus has been 
identified as the primary cause of nosocomial conjunctivitis. The typical 
incubation period ranges from 5 to 12 days and viral shedding may continue 
for 14 days after the onset of disease. Transmission occurs via contaminated 
hands and fomites. Routine handwashing and glove use, as well as disinfection 
of contaminated equipment, may prevent spread. Health care personnel and 
visitors with infectious conjunctivitis should be restricted from direct patient 
contact until drainage resolves [5].

4.2. Respiratory Syndromes

4.2.1. Acute Respiratory Disease: Community Respiratory Viruses
Infection with common community respiratory viruses can lead to serious 
disease and significant morbidity and mortality among patients with cancer, 
especially allogeneic stem cell recipients. Given the potential adverse out-
comes and the relative ease of spread of infection, nosocomial transmission is 
a serious concern. Significant effort to prevent and control the spread of these 
infections should be made.

Acute, viral respiratory infections are most commonly due to respiratory 
syncytial virus (RSV), influenza viruses, rhinoviruses, parainfluenza viruses, 
and adenoviruses [37]. In healthy adults, infection with these organisms typi-
cally leads to the “common cold” or acute upper respiratory tract infection. 
Immunosuppressed patients may present with typical upper respiratory tract 
disease or atypical lower tract disease. Studies suggest that more than half 
of cancer patients (bone marrow transplant recipients and leukemia patients) 
infected with these viruses progress to viral pneumonia with a mortality rate 
of greater than 50% [37]. The highest risk of morbidity and mortality has been 
described with RSV and influenza viruses. Because of limited effective treat-
ments, prevention is essential in control of infection with these organisms.

An effective infection control strategy against community respiratory 
viruses includes the following: vaccination (for influenza); surveillance for 
community outbreaks; surveillance for nosocomial transmission and hospital 
outbreaks; patient and personnel education regarding disease recognition and 
modes of transmission; rapid diagnosis and early isolation for suspected and 
confirmed cases; and finally restriction of potentially infected visitors and 
HCWs from the cancer center (CDC Website).

Annual inactivated influenza vaccination is currently recommended by the 
CDC for all patients with chronic medical diseases, including persons with 
cancer, HSCT recipients, and otherwise immunosuppressed patients [11]. 
All health care personnel should be vaccinated yearly. Vaccination is also 
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recommended for close contacts of immunosuppressed patients, including 
HCWs and house-hold contacts [11]. In these instances, the use of LAIV 
should be avoided if possible. If LAIV is administered to these persons, they 
should avoid contact with “severely” immunosuppressed patients (recent 
HSCT recipients) for 7 days [11]. Currently, there are no licensed vaccines 
against RSV, parainfluenza viruses or adenoviruses.

Infection with the common respiratory viruses in cancer patients tends to 
reflect disease activity in the community [37]. As such community surveillance 
through a local health department is an important infection control tool to alert 
cancer center staff of the possibility of infection in their patients. A useful 
resource is found at the CDC website (http://www.cdc.gov/flu/weekly/usmap.
htm), which provides weekly updates of influenza activity by geographic 
region. Once patients are admitted to the hospital, nosocomial surveillance is 
necessary to identify cases or outbreaks and interrupt transmission.

Prompt diagnosis and implementation of appropriate infection control 
measures are essential to the prevention and control of nosocomial spread. 
Whenever possible, all patients who present with acute respiratory symptoms, 
including rhinorrhea, nasal congestion, pharyngitis, cough and fever, during 
winter months should be placed on both Contact and Droplet Precautions until 
a diagnosis is made. If a particular etiology is determined, isolation precau-
tions can be geared to each specific virus (Table 11-2). Despite these guide-
lines, some experts believe that Droplet Precautions should be combined with 
Contact Precautions for most respiratory viruses due to the potential of hand 
to mucous membrane transmission.

During the winter months (RSV and influenza season), visitors and health 
care personnel should be screened specifically for signs and symptoms of 
acute viral respiratory infection. No specific recommendations exist for the 
best method of screening. Examples of screening methods include the use of 
posted signs to alert visitors with signs or symptoms of respiratory disease not 
to visit patients or a questionnaire to gauge current symptoms [3]. To minimize 
the risk of transmission, persons with viral symptoms should be restricted 

Table 11.2. Community respiratory viruses: modes of transmission and isolation requirements.

Virus Seasonality Mode of transmission Isolation precautionsh

Respiratory syncytial virus Winter Close contacta

Large droplets
Fomites/hands

Contact

Influenza virus Winter Small aerosolsb,c

Large droplets
Fomites/hands

Droplet

Parainfluenza virus Year-round Close contactd,e

Large droplet
Contact

aFalsey AR, Walsh EE (2000) Clin Microbiol Rev 13:371–384
bHayden FG (1997) Am J Med 102:55–60
cSmall aerosols are more common
dHenrickson KJ. Human parainfluenza viruses. In Gorbach SL, Bartlett JG, Blacklow NR (eds) Infectious Diseases, 3rd ed
eLittle is know regarding transmission of parvovirus; data based on RSV
fHorwitz MS. Adenoviruses. In Knipe DM and Howley PM (eds) Fields Virology, 4th ed
gSporadic cases via close contact, epidemic cases via aerosols
hGarner, HICPAC Isolation Guidelines
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from the cancer center and any contact with immunosuppressed patients [5]. 
Specifically, the CDC recommends restriction of HCWs with acute respiratory 
syndromes from the care of immunosuppressed patients during community 
outbreaks of RSV and Influenza [6].

4.2.2. Legionella Pneumonia
Legionella pneumophila should be considered in the differential diagnosis of 
both community acquired and hospital acquired pneumonias, especially in high 
risk immunocompromised patients. Diagnosis is typically made by respiratory 
culture or detection of Legionella antigen in the urine. The use of culture to 
detect Legionella requires selective media, and the clinical laboratory should 
be alerted when this is considered in the differential diagnosis. The urinary 
antigen test detects only serotype 1, the most common serotype in community 
acquired Legionella pneumonia. When investigating nosocomial outbreaks, 
the urinary antigen test will not be useful for serotypes other than serotype 1. 
Transmission occurs through inhalation of infected aerosols in the environ-
ment, or potentially, from drinking water. Hospital acquired transmission is 
often linked to an environmental source, most commonly water supplies, and 
therefore a single case may represent a potential outbreak. The incubation 
period of Legionnaires’ disease is estimated to be between 2 and 10 days [38]. 
Therefore, patients who develop Legionnaires’ disease after being hospitalized 
for 10 consecutive days are considered to have definite nosocomial Legionella 
infection. Those who develop disease between 2 and 9 days are considered to 
have possible nosocomial Legionella infection. In the case of either definite 
or possible Legionnaires’ disease, infection control should be contacted and a 
thorough epidemiologic investigation should be undertaken [39]. In addition, 
Legionella is a reportable disease in most states.

Stem cell transplant recipients in particular are at increased risk for disease 
and mortality due to Legionella infections compared to other patients. Many 
centers have decided to perform periodic surveillance cultures for Legionella 
from water samples to identify risk of nosocomial transmission of hospital 
water supplies. The cost-effectiveness of this strategy has not been determined, 
and methodologies such as frequency of surveillance are unknown. As a result, 
the CDC does not provide specific recommendations at this time. If Legionella 
is detected from water supplies, either as a result of routine surveillance or 
during the course of a potential outbreak investigation, the water supply should 
be decontaminated and measures should be taken to protect patients. Showers 
and faucets contaminated with Legionella should not be used to prevent gener-
ation of aerosols. Patients should receive sponge baths with non-contaminated 
water instead of showering. Sterile water should be used for drinking, brushing 
teeth, flushing nasogastric tubes, and rinsing or cleaning respiratory equip-
ment including nebulizers.

4.2.3. Fungal Pneumonia
Invasive pulmonary aspergillosis and other fungal pneumonias are a serious 
concern, particularly in those patients with prolonged neutropenia or hemat-
opoietic stem cell transplant recipients [40, 41]. The rate of invasive pulmo-
nary infections has increased over the last several decades, and the mortality 
rate remains high [42–44]. Aspergillus species are ubiquitous in the environ-
ment, and infection occurs through inhalation of conidia in the air. These 
properties make it difficult to distinguish between community acquired and 
nosocomial transmission.
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The Center for Disease Control (CDC) and Prevention recommends active 
surveillance of microbiologic, histological, and post mortem data to identify 
cases and potential trends [39]. Infection control should be notified when 
Aspergillus species are cultured from a respiratory tract source (i.e., sputum 
or bronchial cultures). When there is an increase in positive clinical cultures 
above the baseline detected from routine surveillance, an epidemiologic inves-
tigation should be done to determine and eliminate the source [39].

High-efficiency particulate air (HEPA) filters have been used to maintain 
ultraclean air in areas where patients may be at high risk for aspergillosis. 
Studies have reported a decrease in Aspergillus conidia counts from 2 to 15  
colony forming units per cubic meter to approximately 0.01 cfu/mm3 [45, 46]. 
HEPA filtration has been shown to decrease nosocomial infection with 
Aspergillus in stem cell transplant recipients by 19%, and the CDC currently 
recommends them for all HSCT patients [39, 46]. HEPA filtration also been 
shown to decrease nosocomial infection during outbreak situations in patients 
with hematologic malignancies; however, there is not enough information at 
this time for the CDC to make an official recommendation in these patients 
in the endemic setting [39, 47]. For HSCT recipients, rooms should also 
have directed air flow and positive air pressure relative to the corridor, 
be properly ventilated (³12 air changes per hour), be well sealed, and be 
designed to minimize dust (i.e., avoid carpets and upholstery) in addition 
to HEPA filtration [3].

Several Aspergillus outbreaks have been linked to hospital construction or 
renovation [48]. A hospital plan should be made during all times of construc-
tion to prevent Aspergillus exposures, including the construction of an imper-
meable barrier between the construction and patient care areas [39].

Aspergillus species have been isolated from both dried and fresh flowers 
as well as potted plants. Although exposure to flowers and plants has not 
been directly linked to fungal pneumonia, there remains a theoretical risk of 
transmission following exposure. As a result, HSCT recipients should not be 
exposed to these items [5].

4.2.4. Mycobacterium tuberculosis
Transmission of Mycobacterium tuberculosis (MTB) in the health care setting 
poses a significant risk to both patients and HCWs. An increase in nosocomial 
outbreaks of MTB in the mid-1980s highlighted the need for a heightened 
awareness of disease (especially in immunocompromised patients) and strin-
gent infection control practices [49, 50]. An intact cellular immune response is 
essential in the control of active MTB infection [51]. Impairments in cellular 
immunity may increase the likelihood of infection after exposure and the risk 
for developing active disease once infected [52, 53]. Cancer has long been 
considered a risk factor for MTB infection, but in recent years, the potential 
risk in patients with cancer is thought to be increasing [54, 55]. This concern 
for risk is due to the development and increased use of specific chemo-
therapeutics, which alter cellular immunity (purine analogs, anti-lymphocyte 
monoclonal antibodies and corticosteroids), increased number of stem cell 
transplant recipients, and an increase in foreign-born patients seeking care in 
the US [55]. According to a recent report, MTB infection in foreign-born per-
sons accounts for more than one-half of all US cases, with prevalence and inci-
dence varying by birth country [56]. Researchers at Memorial Sloan Kettering 
Cancer Center recently found similar results in their patient population [55].
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The Advisory Council for the Elimination of Tuberculosis recommends 
screening for latent MTB infection based on risk [54]. Among the cancer 
center population, persons considered at risk include those with hematologic 
malignancies (leukemias and lymphomas), carcinoma of the head and neck 
and conditions requiring prolonged high dose corticosteroid therapy (>15 mg/
day Prednisone equivalent for >1 month), and other immunosuppressive 
therapy (including bone marrow transplant recipients). Screening consists of 
a complete history and physical and tuberculin skin testing (TST). In this risk 
group, a positive reaction is considered to be an induration of 10 mm or more 
at the injection site [54]. Patients with a current or past history of a positive 
TST or those with recent exposure to active, infectious cases (pulmonary or 
laryngeal) or other strong epidemiological evidence of TB infection (i.e., 
raised in country with high TB prevalence) should be treated for latent tuber-
culosis with a 9 month course of isoniazid [54].

Diagnosis of active MTB infection is sometimes difficult, especially in 
immunosuppressed patients who may have atypical presentations. A review 
of 31 cases of mycobacterial infection among HSCT recipients showed the 
lung to be the most common site; however, 45% of patients presented with 
extrapulmonary disease. Among those with pulmonary disease, a diffuse inter-
stitial or alveolar pattern was most commonly seen on chest radiograph [57]. 
In addition, there was a delay of 19 days from onset of symptoms to time of 
diagnosis in HSCT recipients [57]. This is critical, since delays in diagnosis 
are thought to be responsible, at least in part, for nosocomial transmission and 
outbreaks of disease [51]. Transmission of disease is largely via inhalation of 
aerosolized droplets, and hospitalized patients with known or suspected pul-
monary or laryngeal MTB infection should be isolated according to Airborne 
Precautions [49]. Patients with suspected TB infections should be placed in a 
single patient room with negative pressure relative to the surrounding areas 
under Airborne Precautions (see above) [49]. All persons entering the room 
should wear approved respiratory protection designed to protect against inha-
lation of small respiratory droplets/particles [49].

4.3. Acute GI Infections

Many bacterial, viral, and protozoan pathogens can cause acute gastroin-
testinal infections; however, Clostridium difficile, rotavirus, and toxigenic 
Staphylococcus aureus have been most commonly reported in cases of 
nosocomial transmission [6]. Transmission occurs via consumption of con-
taminated food or water as well as contact with infected patients, objects, or 
equipment [6, 58]. Adequate handwashing is essential to prevent the spread 
of these pathogens. It should be noted that there is a theoretical decreased 
activity of alcohol-based hand rubs against spore forming organisms, 
including C. difficile, and non-enveloped viruses, such as Norwalk virus [1]. 
Therefore, HCWs should be instructed to thoroughly wash hands with soap 
and water after caring for patients with suspected infectious diarrhea. Contact 
Precautions are also important in preventing transmission. Current guidelines 
recommend Contact Precautions for C. difficille colitis and rotavirus infection 
for the duration of the illness. For all other enteric pathogens, contact isola-
tion is only recommended for care of those patients who are incontinent 
or wear diapers [3]. HCWs who develop symptoms of acute gastroenteri-
tis, vomiting or diarrhea, should be restricted from patient care duties [1].  
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The duration of restriction will depend on the causative agent but at a minimum 
will cover the length of symptoms.

4.4. Rash

Rash is a common physical finding among patients with cancer and can have 
multiple etiologies. Determining the etiology of the rash is often difficult and 
requires cooperation between oncology, dermatology, and infectious disease 
practitioners. Communicable infections that may present with rash include 
viruses such as herpes simplex virus (HSV), varicella, parvovirus B19, bacte-
ria such as meningococcus, and parasites such as scabies.

Nosocomial transmission of HSV is considered uncommon but can occur 
patient-to-patient or between patients and health care personnel. Transmission 
occurs through direct contact with infectious lesions or though exposure to 
virus containing secretions such as saliva or vaginal fluid. Persons with active 
lesions are considered the most infectious; however, viral shedding has been 
demonstrated in asymptomatic persons as well [59–64]. The risk of transmission 
can be minimized with adherence to Standard Precautions [3]. Patients with 
severe cutaneous infection or those with disseminated disease should be main-
tained on Contact Precautions for the duration of their illness [3]. Health care 
personnel with active herpetic lesions on their fingers and hands should be 
excluded from active patient care until all lesions are crusted and dry. Those 
with orofacial lesions should be limited from contact with persons considered 
high risk including the severely malnourished, patients with burns or defects in 
the integrity of the skin and immunocompromised patients [3]. All personnel 
who continue to work should cover lesions completely.

Chickenpox caused by VZV is considered highly contagious. Nosocomial 
transmission can occur in all patient populations, but certain groups are con-
sidered at particular risk for severe disease including pregnant women, prema-
ture infants, and immunocompromised patients. Transmission in chickenpox is 
thought to occur via respiratory droplet secretions. Transmission of VZV via 
direct contact with cutaneous lesions, either from chickenpox infection or her-
pes zoster, can also occur. Reports of nosocomial transmission and outbreaks 
among persons without direct contact to the index case suggest airborne trans-
mission may also occur [65–67]. To prevent nosocomial spread, any person 
with chickenpox should be placed on Airborne Precautions until all lesions are 
crusted over. Patients with chickenpox should be discharged as soon as medi-
cally feasible to minimize potential nosocomial spread. For immunocompetent 
patients with localized herpes zoster, Standard Precautions are considered suf-
ficient. However, most authors recommend only staff considered immune to 
VZV to care for these patients. For immunocompromised patients with herpes 
zoster or others with severe disease, the CDC recommends both Airborne and 
Contact Precautions for the duration of their illness [3]. VZV is both highly 
contagious and carries great risk of morbidity and mortality in certain patient 
populations, and therefore, any suspected case of hospital acquired varicella 
infection should be reported to your hospital’s infection control practitioner.

Scabies is caused by the highly infectious mite, Sarcoptes scabei. Transmission 
is common in the health care setting from undiagnosed infections. Typical 
scabies presents as an itchy macular-papular rash in warm moist areas of the 
body. Atypical or Norwegian scabies, which occurs in immune compromised 
patients, presents with a psoriasis-like rash. Because of the high infectivity, 
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patients with suspected scabies should be placed preemptively in Contact 
Precautions [3]. Diagnosis of a single patient with scabies on a unit should 
trigger an outbreak investigation.

4.5. Antimicrobial Resistant Organisms

Over the past 20 years, the incidence of infections caused by multi-drug-
resistant organisms (MDRO) such as methicillin-resistant S. aureus, VRE, 
and multi-drug-resistant gram-negative bacteria has increased dramatically 
[68], especially in immunocompromised populations such as cancer patients. 
Infections due to multi-drug-resistant pathogens are a significant problem in 
cancer patients [69–71], regardless of whether they are cared for in special-
ized units or centers. These patients are at risk for acquisition of MDROs 
because of frequent hospital visits and antibiotic use. Morbidity and mortality 
of MDRO infections in cancer patients has not specifically been measured; 
however, multiple studies in other populations have shown that these infec-
tions increase mortality and morbidity in general [72, 73]. Thus, preventing 
MDRO infections is paramount.

Most MDROs are opportunistic pathogens and colonize patients prior to 
causing an infection. Thus, prevention can occur at two levels: preventing 
initial colonization and preventing progression to infection after patients are 
colonized.

Preventing the acquisition of MDROs requires identifying MDRO-
colonized patients in the cancer center and preventing spread to other patients. 
Identification of MDRO-colonized patients is best accomplished through a 
program of active surveillance cultures. Surveillance cultures from rectal, 
nares, and/or throat swabs, when used for infection control purposes, can 
identify colonized patients before any manifestation of clinical infection. 
MDRO-colonized patients are then placed on Contact Precautions. The use of 
surveillance cultures is important because clinical cultures only identify 20% 
of patients with an MDRO. Surveillance cultures are best performed on admis-
sion, weekly, and at discharge. Positive admission cultures assure that patients 
are isolated promptly. However, colonization with MDRO may not be detected 
until treatment with anti-infectives amplifies low level MDRO colonization; 
hence the importance of weekly monitoring. Many centers have chosen to use 
preemptive Contact Precautions for patients new to their center or unit while 
waiting for surveillance culture results to return. Cultures during hospitaliza-
tion allow for calculation of an acquisition rate as well as identifying patients 
who now need to be placed on Contact Precautions [74].

The body sites cultured depends on the MDRO. Cultures of the anterior 
nares or throat and any area of skin breakdown are sensitive tests for MRSA 
colonization. Cultures of the perirectal or perineal skin are sensitive tests for 
VRE and multi-resistant gram-negative rods. The prevalence of these organ-
isms should be used to determine the culture sites and the frequency of cultur-
ing. Although the concept of “decolonization” is attractive, it has not worked 
well in practice for either VRE [75] or MRSA [76].

4.6. The Pregnant Health Care Worker

Infection with VZV, Parvovirus B19, or Cytomegalovirus (CMV) is of particular 
concern to the pregnant HCW due to the potential adverse effects on the fetus 
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such as congenital abnormalities and fetal death. Pregnant personnel and 
women of child bearing age should be counseled regarding the risk to the 
fetus during infection with these viruses as well as prevention of transmission 
[6, 77].

4.6.1. Cytomegalovirus
The exact risk of nosocomial transmission of CMV is unknown. Studies have 
suggested only minimal risk of patient-to-staff transmission, which appears to 
be no different from that of the general population. In addition, there appears 
to be no increased risk of HCWs who care for high risk patients [77–81]. 
Transmission is thought to occur through close and intimate contact with 
persons shedding virus or through contact with contaminated body fluids. The 
risk of transmission is decreased with the use of Standard Precautions; thus, 
patients with CMV infection or disease are not placed on Contact Precautions. 
HCWs with active CMV infection should not be restricted from duties [6]. 
Recommendations regarding the nosocomial transmission of CMV in the 
pregnant HCW are controversial due to potential risks to the fetus follow-
ing primary CMV infection of the mother; however, given that the risk of 
transmission among HCWs does not appear higher than the general public, 
there are no current recommendations regarding transfer of pregnant HCWs 
to lower risk areas [6, 77].

4.6.2. Parvovirus B19
Parvovirus B19 is a small DNA virus in the family Parvoviridae. Infection 
occurs most commonly in children as erythema infectiosum or fifth disease. 
In adults, infection is often asymptomatic; however, a variety of syndromes 
can be encountered depending on the host. Occasionally, healthy adults (most 
commonly women) develop an acute symmetrical polyarthropathy that mimics 
rheumatoid arthritis. Infection in persons with hemolytic disorders may lead 
to transient aplastic crisis, while immunocompromised patients may develop 
persistent infection and chronic anemia or pure red cell aplasia.

Transmission of the virus is via close contact with infected persons or 
infected respiratory secretions [6]. Nosocomial transmission is felt to be rare, 
but has been reported [6]. Patients with erythema infectiosum or polyarthropa-
thy are considered infectious before the onset of their symptoms, and therefore 
isolation is not routinely recommended [3, 6]. Patients with aplastic crisis are 
typically infectious for 7 days after onset of illness, and isolation using droplet 
precautions for the first 7 days of their hospitalization is recommended. Those 
with pure red cell aplasia may be infectious for years and should be placed on 
droplet precautions for the entire duration of their hospitalization. Pregnant 
personnel are not considered to have an increased risk of transmission; 
however, they should be counseled regarding potential risks and prevention 
of transmission. Current guidelines do not recommend work restrictions for 
infected health care personnel; however, if infection is known it seems reason-
able to restrict them from the active care of immunosuppressed patients [6].

4.7. Continued Infection Control in the Outpatient

Some patients, particularly HSCT recipients, may remain immunosuppressed 
and are therefore at increased risk for development of infection after discharge 
from the cancer center. These patients, and their families, should be educated 
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regarding ways to decrease their personal risk of transmission and infection 
with microorganisms. Detailed guidelines for continued infection control in 
the outpatient are available from the CDC [5]. Emphasis should be placed on 
continued hand hygiene in the home. To prevent common respiratory infec-
tion, in addition to scrupulous hand hygiene, patients should avoid contacts 
with persons who have respiratory symptoms (including rhinorrhea, nasal 
congestion, pharyngitis, cough and fever). If at all possible, they should also 
avoid crowded places where respiratory diseases may be easily transmis-
sible; if this is not possible, they should consider wearing a surgical mask. 
Food preparers should wash hands frequently, and food preparation areas and 
utensils should be kept clean. Raw meats should be handled separately and 
should not contaminate other food. Meat should be properly cooked. Patients 
who are neutropenic should avoid high risk foods as discussed above. Patients 
should avoid gardening or direct contact with soil or plants while immune 
suppressed to reduce the risk of infection with organisms such as Toxoplasma, 
Histoplasma, Cryptococcus, Nocardia or Aspergillus. Patients should be 
advised to limit their contact with their pets while immune suppressed and to 
be diligent regarding the pet’s health maintenance. Patients should avoid con-
tact with animal saliva, urine, and feces. Immune suppressed patients should 
not have contact with exotic pets or wild animals. Patients should be instructed 
to avoid sexual practices that result in oral exposure to feces. Given the risk of 
infection among international travelers, patients should consult their physician 
before travel to developing countries.

4.8. Developing an Infection Control Program

Cancer centers vary in their scope of care in terms of the type of cancer 
population served (e.g., pediatric vs. adult; hematologic malignancies vs. solid 
tumors) and procedures performed (e.g., types of hematopoietic stem cell 
transplants performed). Hospital-wide infection control programs perform an 
annual risk assessment to set their goals for the year. This is a useful exercise 
that is also required by JCAHO standards. An infection control program for 
a cancer center or unit should use similar methodologies. A risk assessment 
incorporates three elements: how common the type of infection is, the impact 
of those infections, and the “preventability” of the infection.

There are a number of ways to measure how common certain infections are 
in a cancer center population. Most infection control programs have abandoned 
“whole house” surveillance (following every patient for every type of infection) 
in favor of targeted surveillance (targeting specific types of infections in certain 
high risk populations). However, a center-wide or unit-wide surveillance for 
a limited period of time may be extremely helpful for a risk assessment snap-
shot. Depending on the size of the cancer center, this can involve a 1 day point 
prevalence survey of every patient for target infections for a large center or 
an incidence study over 90 days for a smaller center. Accounting for seasonal 
variations (e.g., respiratory viruses such as influenza), this data may provide 
important information on the relative frequencies of different infections.

The impact of each infection is measured by mortality and morbidity 
attributable to the infection. The distinction between overall and attributable 
mortality is important as more effort should be placed into preventing those 
infections with a high attributable mortality, especially in those infected 
patients who otherwise are expected to have an excellent response in their 
hematological malignancies.
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The “preventability” of an infection is a measure of the ease by which an 
infection control program can reduce incidence and transmission of a target 
infection. It often makes sense to institute infection control measures that are 
easy and inexpensive to implement even if the target infection is relatively 
uncommon or causes less morbidity and mortality than other infections. Some 
infections are extremely difficult or expensive to prevent. Decisions on how 
to use limited resources should be guided by the frequencies of these difficult-
to-prevent infections and their impact on patients.

Table 11-3 shows a hypothetical risk assessment for a 60 bed cancer center 
that serves adults with both solid and hematological malignancies and per-
forms all types of stem cell transplants.
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Abstract Immunization is the most effective means of preventing infections; 
yet the oncology population is poorly capable of responding to vaccines 
because of either the underlying disease or immunocompromising therapy 
received. Patients may safely receive either the killed or subunit vaccines; 
however, since live attenuated vaccines rely on limited replication, in the 
absence of a fully functional immune system, such vaccines pose a significant 
morbidity risk. Novel strategies are now being evaluated to improve the poor 
response to immunization in this patient population.

Keywords Immunization • Vaccines • Stem cell transplantation • Acute lym-
phocytic leukemia • Oncology

1. Recommendations for Immunization  
of the Oncology Patient

Immunization is the most effective means of preventing infections; yet the 
hematological malignancy in patient population, that is most susceptible to 
infections, is poorly capable of responding to immunization because of either 
the underlying disease and/or the anti-neoplastic therapy. Oncology patients 
comprise a heterogeneous population with varying immune defects (e.g., 
patients with lymphoma, leukemia, stem cell transplantation [SCT] recipi-
ents). It is beyond the scope of this chapter to review how the specific immune 
deficits of each oncology subpopulation relate to either their susceptibility to 
specific infections or responses to each vaccine. The proposed recommenda-
tions for patients undergoing bone marrow transplantation (BMT) and SCT, as 
well as the conclusions drawn from the many small studies of vaccine safety 
and efficacy performed in patients treated for malignancies in a non-transplant 
setting, are reviewed.
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1.2. General Principles

Following chemotherapy and bone marrow and/or SCT, there is a loss of pre-
existing antibodies to vaccine-preventable infections. Immunocompromised 
patients can be administered safely killed or subunit vaccines in a manner 
similar to vaccination of immunocompetent people. In general, it is desir-
able to immunize at least 2 weeks or more before the anticipated initiation of 
either chemotherapy or immunosuppressive therapy. Immunization should be 
avoided during chemotherapy, graft-versus-host disease (GVHD), receipt of 
immunosuppressives (including treatment for acute GVHD), or irradiation. 
SCT recipients are presumed to be immunocompetent at ³24 months after 
SCT if they do not receive immunosuppressive therapy and do not have 
GVHD. Immunodeficiency is considered less profound after autologous SCT 
compared to allogeneic SCT.

2. Bone Marrow and Stem Cell Transplantation

During transplantation, the immune system becomes compromised by the 
conditioning regimens (radiation and chemotherapy) and the ensuing myelo-
suppression. While the neutrophil count recovers shortly after engraftment, 
the decrease in cellular immunity persists for months even in the absence of 
GVHD or immunosuppressive medications. After both autologous and allo-
geneic SCT, there is a decline in specific pre-treatment antibody levels and a 
delay in B- and T-cell recovery and natural killer cell function. Even though 
the total immunoglobulin level may appear “normal,” there is likely to be 
deficiencies in the immunoglobulin G subclasses required to defend against  
encapsulated bacteria, and an impaired ability to switch immunoglobulin classes. 
Further, since the CD8 T cells recover more rapidly than the CD4 T cells, there 
is a reversal in the CD4/CD8 T cell ratio that may persist for 12 months. This 
change in T cell levels may alter the immune response to administered vaccines 
[1, 2]. During this time, physicians may monitor the CD4 cell counts and 
gamma globulin levels to gauge the recovery of immune system capability.

2.1. Infectious Risks

The most common infections documented with BMT and SCT are caused by  
Varicella zoster virus (VZV), cytomegalovirus (CMV), Epstein Barr virus (EBV), 
Pneumococcus, Pneumocystis, Aspergillus, Pseudomonas, toxoplasmosis, and  
Nocardia [3, 4]. In BMT and SCT, the well-established loss of pre-existing 
protective antibody to vaccine-preventable infections has led to the recommen-
dation of vaccination for all transplantation recipients in the post-transplant period.  
While data has established the safety and efficacy of many vaccines adminis-
tered after BMT, vaccines have been underutilized in the post-transplant period, 
and immunization practices vary widely among US transplant centers [5]. 
Consensus guidelines for the immunization of transplant recipients have been  
developed in the last few years, both in Europe [6] and in the United States [7].

2.2. Immunization Recommendations (Table 12-1)

The ability to respond to immunization post-SCT depends on the time elapsed 
since transplantation, the nature of the donor cells, the presence of GVHD, and 
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also whether serial immunizations are employed. As a general rule, patients 
with a compromised immune system should not receive any live attenuated vac-
cines (e.g., oral polio, live attenuated measles or varicella) until after 24 months, 
at which time the immune system is considered competent (in the absence of 
GVHD or continued immunosuppressive therapy). Live attenuated vaccines 
rely on limited replication within the immunocompetent host; however, in the 
absence of a fully functional immune system, even the attenuated vaccine organ-
isms may disseminate and cause significant morbidity and even mortality.

2.3. Pneumococcus and Haemophilus influenzae Type B

The highest risk for both S. pneumoniae and Haemophilus influenzae type 
b (HIB) infections appear to be beyond 6 months after transplantation when 
pre-existing levels of protective antibody have declined, but the patient has 
an impaired ability to respond to infection. In a 3.5-year prospective 

Table 12-1. Recommended vaccinations for hematopoietic stem cell transplant 
(HSCT) recipients, including both allogeneic and autologous recipients.

Vaccine
Timing relative to 
SCT or GVHD Comments

Tetanus-diphtheria  
toxoid (Td)

12, 14 and 24 months If <7 years old, include pertussis 
(DTP). Revaccinate every 10 
years.

Hemophilus influenzae 
type b conjugate (Hib)

12, 14 and 24 Recommended for HSCT recipi-
ents of any age.

Hepatitis B (Hep B) 12, 14, 24 Recommended for all suscep-
tible persons £18 years and 
for adults with risk factors 
for hepatitis B infection. May 
need high (40 mg/dose) dose. 
Test after last dose.

Pneumococcal polysac-
charide, 23-valent

12, 24 24 month dose not a booster, but 
to catch non-responders to 12 
month dose

Influenza type A Lifelong, seasonal Begin before HSCT and resume 
after 6 months. If £9 years, 
need two doses.

Inactivated polio vaccine 
(IPV)

12, 14 and 24 months Immunogenic but no data on 
efficacy in HSCT recipients.

Measles-mumps-rubella 24 months; second 
dose 6–12 months 
later.

Administer only if HSCT  
recipient considered immuno-
competent.

HSCT recipients are presumed immunocompetent at >24 months after HSCT if they are not on 
immunosuppressive therapy and do not have graft-versus-host disease (GVHD). Live vaccines 
contraindicated for patients, not considered for patients, not considered immunocompetent. 
All non-live vaccines should be administered to HSCT recipients, regardless of HSCT type or 
presence of GVHD. Live attenuated vaccines (e.g., measles-mumps-rubella, varicella, Bacillus 
Calmette-Guerin, yellow fever and oral typhoid vaccines) should not be administered to any 
HSCT recipient with active GVHD or immunosuppression. To date, no adverse events have been 
reported (e.g., exacerbation of any GVHD) among vaccinated HSCT recipients. No contraindica-
tions to simultaneous administration of any vaccines exist, except cholera and yellow fever.
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study, 51 episodes of invasive pneumococcal infection were diagnosed in 
patients, with more occurring following BMT than peripheral SCT (43 vs. 8), 
and allogeneic rather than autologous grafts (35 vs. 16). Most of the episodes 
(44) occurred ³100 days after transplantation [8]. A 23-valent pneumococcal 
polysaccharide vaccine (PPV) has been licensed for the prevention of pneu-
mococcal infections in the general adult population; however, the inability 
of pediatric populations to respond to polysaccharide antigens has led to the 
development of a pneumococcal conjugate vaccine (PCV) whereby pneumo-
coccal oligosaccharides from different serotypes are conjugated to protein 
carriers. Because the protein carriers require T cell help, pediatric patients 
mount an effective serum antibody response to the pneumococcal serotypes 
included in the vaccine. Currently, a 7-valent conjugate vaccine is licensed in 
the United States, and conjugate vaccines with broader serotype coverage are 
under development.

Early studies noted little (<20%) antibody response in adults if the 23-valent 
PPV was administered £24 months post-transplantation [9, 10]. Despite poor 
antibody responses, the CDC recommends that all allogeneic SCT patients 
should receive the PPV at 12 months after transplantation [7]. A second dose 
of vaccine is recommended at 24 months to “capture” any subject who did not 
respond to the 12-month immunization (i.e., not considered a “booster” dose). 
One study found that the PCV is immunogenic in the autologous SCT setting 
when administered at 3, 6 and 12 months after transplantation [11]. In a recent 
study of children with autologous SCT, immunization with a PCV resulted in 
seroconversion of all the serotypes in over 80% of subjects [12]. Since prelimi-
nary data show that immunization of allogeneic stem cell donors with various 
vaccines enhances vaccine responses in allogeneic stem cell graft recipients, it 
is not surprising that immunization of allogeneic donors with either the PPV 
or PCV primes the recipient to respond better to these vaccines in the post-
transplant period [13, 14].

HIB can be a significant pathogen in individuals who lack antibody to the 
polysaccharide capsule. Natural antibody immunity to HIB usually develops 
by adulthood. The transplant-associated decline in pre-existing protective levels 
of antibody to HIB exposes the transplant patients to the risk of serious HIB 
infection. Widespread vaccination with the HIB conjugate vaccine has mark-
edly reduced serious infection in children. Studies in children with autologous 
SCT showed that vaccination against HIB induced protective antibody levels 
in 100% of subjects [12], while the HIB conjugate vaccine induces protective 
levels of antibodies in allogeneic transplant recipients, with >80% response 
rate after the second dose of vaccine [10, 15]. Protective levels of antibody are 
achieved earlier in patients receiving peripheral blood SCT compared to BMT 
patients. Consequently, the CDC recommends that this vaccine be given at 12, 
14 and 24 months post-transplant (Table 12-1).

2.4. Tetanus, Diphtheria, Pertussis

Antibody levels against tetanus, diphtheria and pertussis decline post-
transplantation as well. Since immunization can restore protective antibody levels 
in transplant recipients, the CDC recommends that the combined tetanus/
diphtheria toxoid/pertussis vaccine be given at 12, 14 and 24 months to children 
<7 years if there is no contraindication to the pertussis vaccine; however, only 
the tetanus-diphtheria toxoid vaccine is recommended for children ³7 years and 
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adults. Immunization of children receiving autologous SCT with tetanus resulted 
in the induction of protective antibodies in 100% of subjects [12]. While there 
are relatively little data available on the use of the acellular pertussis vaccine in 
the SCT setting, it has fewer adverse effects than the cellular pertussis vaccine, 
and should be considered for administration in children <7 years.

2.5. Influenza

Given the increased morbidity and mortality of influenza infection in trans-
plant recipients, annual immunization with influenza vaccine is recommended 
regardless of the transplantation stage. While vaccine provided protective 
titers in <20% of subjects immunized in the first 2 years post-transplant, higher 
rates of seroconversion were reported for those immunized 2 years after trans-
plantation [16, 17]. Annual influenza vaccination should also be provided 
routinely to all family members and close household contacts during each 
influenza season (Table 12-2). Given the poor antibody response to influenza 
immunization within the first 2 years of transplantation, chemoprophylaxis 
should be considered in addition to immunization during outbreaks of 
influenza in the community. The intranasally-administered live attenuated 
influenza vaccine (FluMist®) is indicated only for healthy individuals between 
2 and 49 years of age. Since its administration to children <24 months resulted 
in increased rates of wheezing and hospitalization, it should not be given to 
patients whose immune systems are compromised.

2.6. Hepatitis B

Hepatitis B vaccination is recommended for all susceptible persons <18 years 
of age and for adults who have risk factors for hepatitis B virus infection. While 
there are little data on the response of immunocompromised hosts to hepatitis B 
vaccine, the Advisory Committee on Immunization Practices (ACIP) recommends 
that a high dose vaccine (40 mcg) be given to immunocompromised hosts. 
Hepatitis B vaccine is given as a 3-dose regimen to individuals <18 years of 

Table 12-2. Immunization of family and healthcare workers of HSCT  
recipients.

Vaccine Comments

Varicella Should be administered to all susceptible HCW, 
household contacts who are not pregnant or 
immunocompromised.

Measles-mumps-rubella Recommended for all persons ³12 months and who are 
not pregnant or immunocompromised.

Polio Not routinely recommended for adults, but if indicated 
IPV should be used.

Influenza All household contacts of immunocompromised HSCT 
recipients should be immunized annually. Little data 
on safety of intranasally-administered live attenuated 
influenza vaccine (FluMist® ) to family members of 
immunocompromised patients.

Rotavirus No data on safety of this vaccine in setting of household 
contacts of immunocompromised patients.

Adapted from Goldberg et al [2]
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age and in those with risk factors. Hepatitis B vaccine should be given at 12, 
14 and 24 months post-transplantation. Testing for hepatitis B surface antigen 
antibody should be performed 1–2 months after the third dose of vaccine.

2.7. Polio

While poliomyelitis is a rare infection in the United States, polio may be 
acquired from visitors to the United States coming from those countries with 
endemic polio. In addition, there is the potential for contracting vaccine-
related infection from children following receipt of the oral live attenuated 
vaccine. Following SCT, there is a continuous loss of antibody for up to 3 
years with 25% of autologous patients and 100% of allogeneic SCT patients 
lacking protective levels of antibodies to the three polio serotypes [18]. 
Patients should receive three doses of inactivated polio vaccine (IPV) at 12, 
14 and 24 months after transplantation which induces protective levels of 
antibody >80% of vaccines [12, 18]. In the absence of GVHD, immunization 
with IPV will provide protective levels to all three serotypes for up to 10 years 
[19]. Importantly, healthy children in the household of an immunocompro-
mised patient should be immunized with IPV instead of the live attenuated  
polio vaccine (Table 12-2).

2.8. Measles, Mumps, Rubella

Following allogeneic SCT, most patients become seronegative for measles 
antibodies and vulnerable to measles infection. Immunization with live attenu-
ated Measles, Mumps, Rubella (MMR) vaccine is recommended at 24 months 
post-transplant even though immunization in allogeneic transplant recipients 
without GVHD prior to 24 months appears to be safe [3, 12]. All pediatric 
subjects with allo- or autoSCT developed protective antibodies to measles 
following immunization [12]. MMR vaccination of close contacts is not con-
traindicated [7] (Table 12-2).

2.9. Additional Immunizations

Several vaccines are not recommended for routine administration, but should 
be considered in individual circumstances.

2.9.1. Hepatitis A
Routine hepatitis A vaccination is not recommended, either for the general 
population or for those with transplants, unless such individuals engage in 
high risk behavior or travel frequently to developing countries.

2.9.2. Meningococcus
There is limited data on their use in the allogeneic BMT/SCT population. 
Routine administration of the meningococcal vaccine is not indicated but 
should be considered for hematopoietic stem cell transplant (HSCT) recipients 
who live in or will travel to endemic areas. In one study, all pediatric recipients 
of allo- or autoSCT developed protective levels to meningococcal C conjugate 
vaccine [12].

2.9.3. Varicella
Although SCT recipients are at an increased risk of acquiring varicella infec-
tions, the use of this live attenuated vaccine is not recommended among SCT 
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recipients until >24 months after SCT. Varicella-zoster reactivations occur in 
20–50% of patients and require prompt antiviral therapy to avoid dissemina-
tion and post-herpetic neuralgia. Consequently, novel immunization strategies 
have been examined (see below).

2.10. Additional Considerations

HSCT recipients traveling to endemic areas for selected vaccine-preventable  
diseases may require additional immunizations; however, live attenuated vaccines  
(yellow fever, oral typhoid, and Bacillus Calmette-Guerin [BCG]) are contraindicated.  
Little data exists either on safety or efficacy of non-viable vaccines such as 
those for hepatitis A, Japanese B encephalitis, rabies, intramuscular typhoid, 
plague, or Lyme. Booster dose of IPV can be administered to those traveling 
to endemic areas.

2.10.1. Novel Immunization Strategies
Despite recommendations from various authorities, immunizations following 
SCT according to recommended guidelines often fail to induce protective 
antibody levels. Consequently, investigators have attempted novel strategies 
in an attempt to improve the immune response. One such approach in alloge-
neic transplantation is to immunize the donor at least 2 weeks prior to stem 
cell collection. Following the infusion of the allogeneic stem cells, immu-
nization of recipients with the same vaccine may promote a better immune 
response; however, both the optimal timing and the number of immuniza-
tions have to be studied [13]. For autologous transplant patients, a markedly 
improved anti-pneumococcal antibody response was observed if the patient 
was immunized with PCV before stem cell collection and the harvested, 
vaccine-sensitized lymphocytes were activated and expanded ex vivo. These 
autologous lymphocytes were then administered before immunization with 
PCV 30 and 90 days post-transplant. These patients had a greatly enhanced 
antibody response compared to subjects similarly administered, activated, 
expanded before booster doses, but who were not immunized prior to lym-
phocyte harvest. [21].

Given both the frequency and morbidity of Varicella zoster infections 
after transplantation, preventive strategies are highly desirable. An effec-
tive varicella vaccine is available; however, since it is a live attenuated virus 
vaccine, it is not recommended for SCT within the first 24 months post-
transplantation. Using a heat-inactivated version of the live attenuated vaccine 
with apparently preserved immunogenic epitopes, Hata and colleagues dem-
onstrated that an intensive course of immunization in the first 90 days after 
transplantation led to a decrease in infection and attenuation of symptoms in 
those with breakthrough disease. Furthermore, there was in vitro evidence of 
a cellular immune response. [20].

3. Immunization in the Non-transplant Setting

3.1. Acute Lymphoblastic Leukemia

Most studies of immunization in non-SCT patients focus on children with 
leukemia, particularly those with acute lymphoblastic leukemia (ALL). While 
leukemia itself may modify the adaptive immune response, chemotherapy 
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leads to a decrease in B and T lymphocyte numbers and a decrease in the IgM 
and IgG levels (particularly IgG2). Recovery of lymphocyte function usually 
occurs within 6 months.

Eight studies published since 1980 reported vaccination data of children 
with ALL. These studies generally observed that while pre-existing antibody 
levels to vaccine-preventable diseases declined during chemotherapy [22], 
some vaccine-induced antibody levels were preserved [23]. These differences 
are likely due to the severity of the underlying disease and the intensity of 
chemotherapy regimen. As >80% of ALL patients respond to immunization 
following chemotherapy [23, 24], revaccination is warranted. Current US 
guidelines recommend initiation of a multi-dose revaccination at 3 months 
after completion of chemotherapy, while British guidelines recommend 
revaccination with a single dose of vaccine at 6 months after completion of 
therapy [24]. These recommendations are based primarily on expert opinion 
and data from relatively few studies.

Since safety of toxoids and inactivated vaccines in the pediatric ALL 
population is well-documented, several immunogenicity studies have been 
undertaken. After vaccination of children with ALL against HIB, tetanus and 
diphtheria, high risk patients (leukocyte count >50 × 109 L−1 with either CNS 
and/or testicular involvement or T cell leukemia) had poor antibody responses 
which correlated with low numbers of memory B cells after marrow recovery 
[25]. All standard (leukocyte count <10 × 109 L−1 and absence of high risk cri-
teria) and intermediate risk (leukocyte count between 10 and 50 × 109 L−1 and 
lacking high risk criteria) patients developed fully protective antibody levels.  
In general, children treated for leukemia had less robust responses to re-
immunization with childhood vaccines than patients treated for solid tumors [23].  
In contrast to HIB, tetanus, and diphtheria vaccines, immune responses to measles 
and mumps vaccination has been more variable. Responses to DPT and/or 
measles/mumps vaccines were studied in 37 newly diagnosed childhood ALL 
patients and in 14 healthy controls [26]. After vaccination, all 37 ALL patients 
either on maintenance chemotherapy or off therapy for 3–6 months developed 
anti-diphtheria and anti-tetanus toxoid antibody responses, but only 66% 
developed significantly lower antibody levels to pertussis compared to healthy 
controls. Responses to measles and mumps vaccinations were not different 
from the control subjects. Variably protective responses to measles and mumps 
vaccines may be due to the high prevalence of humoral immune defects, unre-
lated to specific chemotherapeutic regimens in ALL patients in remission at 
least 1 year after completion of chemotherapy [27]. In a study of hepatitis B 
immunization, approximately one-third of children undergoing maintenance 
chemotherapy for ALL developed a protective response after three doses [28].

A large number of studies have been published on the safety and efficacy of 
influenza and pneumococcal vaccines in ALL patients, even for those under-
going anti-neoplastic treatment. Trivalent influenza subunit vaccine is safe in 
children with ALL and produces a significant response in about 50–60% of 
immunized children [29–31]. In a recent study of influenza immunization, 
children receiving maintenance chemotherapy for ALL responded with a 
lower geometric mean antibody titer (GMT) than healthy children. However, 
most children with ALL showed a fourfold rise in hemagglutination inhibition 
(HAI) antibody titers, which is considered protective [32]. In another study [33], 
children with ALL had a higher seroconversion rate to influenza vaccination 



Chapter 12 Immunizations 339

BookID 146129_ChapID 12_Proof# 1 - 07/10/2009

when off chemotherapy for at least 1 month (and with a peripheral white 
blood cell count of >1,000). The antibody seroconversion rate was less if ALL 
patients were immunized during chemotherapy administration rather than 
between courses [34].

Children with ALL have a 10-fold higher risk for invasive pneumococcal 
infection than the general pediatric population. Much of this risk occurs 
during maintenance chemotherapy [35]. These children have suboptimal 
responses to 14-valent PPV [36]. To date, there are few reports of PCV in 
children with ALL.

For the purpose of live virus vaccines, patients with leukemia in remission 
and off chemotherapy for 3 months or longer are not considered to be severely 
immunocompromised [7]. With the availability of IPV, concern for live 
attenuated virus vaccines is limited largely to the Oka strain varicella vaccine. 
Interestingly, the Oka vaccine for varicella was licensed originally for use in 
immunocompromised children in Japan, Korea, and some European countries. 
FDA indications allowed the vaccine to be used in leukemic children in remis-
sion for at least 1 year on an individual basis. The child should have a total 
peripheral lymphocyte count of ³700 cells per mm3 on the day of immuniza-
tion, and anti-leukemic chemotherapy should be withheld for 1 week prior to 
and 1 week after immunization. Further, no steroid therapy should be given 
for 2 weeks after vaccination. While two doses of vaccine are administered at 
3-month interval, it is not necessary to withhold chemotherapy after the first 
dose. If children develop ³50 skin lesions after immunization, they should be 
treated with acyclovir. Live attenuated varicella vaccine has approximately 
90% efficacy in leukemic children [3]. In an analysis of 511 children with 
ALL who were vaccinated against chicken pox, the risk of subsequent devel-
opment of zoster was decreased [37].

The timing of immunization is a critical factor in inducing an antibody 
response. Patel et al [24] immunized 59 children 6 months after completion 
of standard chemotherapy for ALL with HIB, tetanus, diphtheria, acellular 
pertussis, meningococcus C, polio, measles, vaccines (a pneumococcal vac-
cine was not given). A single revaccination resulted in significant increase 
in the antibody levels to each vaccine antigen. Optimal antibody titers were 
achieved against tetanus in 100%, 93% for HIB, 94% for measles, 96% for 
meningococcus C, 85% for all three polioviruses, A decline in antibody levels 
was observed at 12 months following immunization with all vaccines; how-
ever, the levels remained in the protective range for all patients with HIB, 
tetanus, measles immunization, but in only 47% for all three serotypes with 
polio immunization.

4. Immunization in Other Oncology Patient Populations

There are far fewer studies conducted on immunization responses in oncol-
ogy patients other than stem cell transplant recipients and children with 
ALL. Because of the relative frequency of invasive pneumococcal disease 
in both the general and in the immunocompromised patients, and the poten-
tially life-threatening consequences of these infections, much attention has 
been focused on the ability of pneumococcal vaccines to induce potentially 
protective antibody responses in the oncology population. PPV is effec-
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tive in preventing infection caused by vaccine serotypes in non-oncology 
patients with asplenia, an established risk factor for invasive pneumo-
coccal disease, but was not protective in adult patients with lymphoma, 
leukemia or multiple myeloma [38]. In contrast, patients with solid tumors 
respond with antibody levels similar to healthy controls. [39]. Adult lym-
phoma patients treated with chemotherapy have poor antibody responses 
to 23-valent PPV. Patients with chronic lymphocytic leukemia (CLL) have 
even lower antibody levels.

In adult patients with B-cell CLL, immunization raised the antibody levels 
to the protective range from 38% pre-immunization to 50% with the 23-valent 
PPV, and from 35% pre-immunization to 48% with the conjugated HIB vaccine. 
Response was correlated with less advanced diseases [40]. Adult patients with 
either solid tumors or lymphoreticular neoplasms had a decreased frequency 
of greater than fourfold response to inactivated influenza vaccine and lower 
levels of antibody compared to healthy controls [41]. Influenza vaccine is also 
effective and well-tolerated in adult patients with chronic lymphoproliferative 
disorders and multiple myeloma [41].

5. Future Directions

Studies to date demonstrate that revaccination of patients following either 
chemotherapy for malignant diseases or following HSCT will induce 
increases in antibody levels that appear to persist over time. Few studies 
of vaccine efficacy have been reported, however. These data along with the 
safety profile of these vaccines suggest that universal immunization may be a 
more cost-effective approach than testing of individual patients for specific 
antibody levels. Current immunization guidelines, particularly for HSCT 
patients, recommend initiation relatively late following therapy, thereby 
exposing the patient to potential risks of infection in the early post-transplan-
tation period. Recent studies have investigated novel and often more intensive 
immunization regimens early in the post-HSCT period. Although new vac-
cine adjuvants are being rapidly developed, there are no studies assessing 
their ability to enhance the immune response to vaccines in the oncology 
population. Further studies are needed to determine whether increasing the 
antigenic dose(s) of vaccines for routine immunization of immunocom-
promised hosts may lead to an improved antibody response, as has been 
suggested for hepatitis B. In the coming years, studies using simplified 
immunization schedules or novel immunization strategies in combination 
with new adjuvants may lead to more effective immunization practices in 
this patient population. These efforts must be accompanied by an examina-
tion of the impact of newer oncologic therapeutic regimens on the immune 
response, particularly those agents that modulate the immune system such 
as fludarabine and lenalidomide. For example, treatment of patients with 
relapsed, low-grade lymphoma with the chimeric CD20 monoclonal antibody 
(rituximab) resulted in a decreased humoral immune response to primary and 
recall antigens (42). Thus, as therapies improve patient survival, considerably 
more studies will be required to determine the optimal strategies for restoring 
antibody levels for vaccine-preventable diseases.
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VZV prophylaxis, 224
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antifungal prophylaxis, 116, 117
candidiasis and acute disseminated candidiasis, 

treatment, 119
C. krusei, 118
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cytochrome P450 3A4, 119
voriconazole, 118
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antiviral
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hepatitis B, 293–294
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Chronic lymphocytic leukemia (CLL), 240, 243
impaired cellular immunity, 182
impaired humoral immunity, 182
infections, 178–179
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outpatient management
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Device associated infections
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(PTLD), 28
structure, 15
varicella-zoster virus (VZV)
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non-nucleoside reverse transcriptase (NNRTI),  

257, 259
Hodgkin’s disease, 178

I
IFI. See Invasive fungal infection
Immune modulation
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management, 197–198
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antimicrobial resistant organisms, 322
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cytomegalovirus and parvovirus B21, 323
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Clostidium difficile, 87–88
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adult respiratory distress syndrome (ARDS), 79
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adenovirus, 34–37
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Burkitt’s lymphoma, 28
hematologic malignancies, 19–20
herpes simplex virus, type 1 and 2, 17–20
high-dose zidovudine (AZT), 31
human immunodeficiency virus (HIV), 50–51
human T-cell lymphotropic virus (HTLV), 51–52
immunization, influenza control, 40
JC virus, 52–53
late CMV disease post-HSCT, 26–27
magnetic resonance imaging (MRI), 52
maribavir, 31
molecular-based techniques, 24
mucocutaneous disease, 17
necrotizing spinal myelopathy, 16
polyomaviruses, 52
post-transplant lymphoproliferative disorder 

(PTLD), 28
purine analogue ganciclovir, 25
respiratory viruses, 33–34
retroviruses, 50
serologies, diagnosis, 23
valacyclovir, 18
viral hepatitis, 46–50

Infectious Disease Clinical Pharmacist (IDCP), 251, 252
Infectious Diseases Society of America (IDSA), 117
Intravenous immunoglobulin (IVIG), 182, 243–244
Invasive fungal infection (IFI), 113, 278–279, 285–286

J
JC virus, 52–53

K
Kaposi’s sarcoma herpesvirus

clinical syndromes, 32
diagnosis, 32–33
therapy, 33

Klebsiella peumoniae, 84

L
Levofloxacin prophylaxis, 271–272
Listeria monocytogenes, 81–82
Live-attenuated influenza vaccine (LAIV), 312, 317
Lymphomas

care site
advantages and disadvantages, 180
key importance, 181
requirements, 180

fludarabine, 176
Hodgkin’s disease, 178
host defence mechanisms, 176
impaired cellular immunity patients, 181–182
impaired humoral immunity, 182–183
neutropenic patients, 181
non-Hodgkin’s lymphomas, 176–177

outpatient anti-infective therapy (OPAT), 181
risk assessment, 174, 175
rituximab, 177

M
Mannose-binding lectin (MBL), 246–247
MASCC risk index, 174–175
Measles, mumps, rubella (MMR), 236
Methicillin-resistant Staphylococcus aureus (MRSA), 

248, 249
Modern anti-leukemic therapy, 139
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Amphotericin B, 126
Aspergillus

caspofungin, 124
chest computed tomography, 122
immunocompromised patients, 121, 122
risk factors, 121
treatment, 124–125

central nervous system (CNS) aspergillosis, 122
common antifungals, 123
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posaconazole, 125
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Mononucleosis-like syndrome, 23
Multi-drug- resistant organisms (MDRO), 322
Multiple myeloma

changing spectrum, infections, 195–196
hematopoietic stem cell transplant (HSCT)

allogeneic, 194
autologous, 193–194

induction therapy
infections, 192
management, 197–198
melphalan and prednisone (MP), 190, 193
risk assessment and prevention, 196–197
risk factors, 191
vincristin, doxorubicin and dexamethasone  
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pathogens, 203–204
prophylactic measures, 203
total and other intensive theraphies, 195–196
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Mycobacteria

Mycobacterium tuberculosis, 90–91
nontuberculous mycobacteria, 91–92
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National comprehensive cancer network (NCCN), 270, 
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Nephrotoxicity and bone marrow function,  

anti-infectives, 253
Neutropenia, 177. See also Febrile neutropenia; Fever

anti-infectives, outcomes
clinical trail interpretation, 7–9
factors involved, 7
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cumulative risk, 6
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mortality, 6
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treatment, history, 4
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myeloablative cytotoxic therapy, 2
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adjunctive therapy, 240–241
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immunoglobulin therapy, 243–244
myeloid progenitors, 241
prophylaxis, 238–240
recombinant interferon- g, 244–245
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Non-Hodgkin’s lymphomas (NHL), 176
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O
Outpatient anti-infective therapy (OPAT), 181
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strongyloidiasis, 128–129
toxoplasmosis, 127–128
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absolute neutrophil cell count (ANC), 260, 270
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fluoroquinolone (FQ), 269–270
national comprehensive cancer network  
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neutropenic cancer patients, 264–268
trimethoprim/sulfamethoxazole (TMP/SMX), 263

antifungal chemoprophylaxis
Canadian study, 279
echinocandin agents, 286
HSCT recipients, 285
invasive fungal infection (IFI), 278
meta-analyses, 280–285
prophylaxis efficacy, azoles, 279, 285
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recommendations, 287–288
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Viruses. See also Herpesviruses; Respiratory viruses
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antifungal prophylaxis, 116, 117
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treatment, 119
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