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Preface

Enteric infection has played an important role in the majority of the
world’s populations, including children (particularly those under four
years of age), the aged, the malnourished, military populations, and per-
sons from industrialized regions traveling to developing areas. The magni-
tude of the problem has been profound in areas of the world with reduced
economic development, where there exists a greater reservoir of entero-
pathogens and a larger susceptible population with nutritional deficits.
Morbidity from enteric infection in developing areas exceeds that seen in
industrialized countries by severalfold, with the problem being most seri-
ous in infants who are bottle-fed and other infants and young children
soon after being weaned from the breast (‘‘weanling diarrhea’”). Of
greater significance than the inverse relationship of diarrhea morbidity
with levels of industrial development is the relationship of death from
intestinal infection and socioeconomic advancement. Mortality rate from
diarrhea is 10 to 100 times greater in developing areas. In many parts of
the third world, diarrhea, resultant dehydration, and associated malnutri-
tion are the leading causes of death in infants and young children and
account for as great as one-third of pediatric deaths.

Control and prevention of diarrhea, our ultimate goals, will be possi-
ble one day through a variety of social, economic, educational, and medi-
cal interventions. Ultimately, widespread dissemination of safe and ade-
quate water sources and implementation of sanitary systems for disposal
of excreta and waste must be made available. These will be expensive,
and, although prerequisites for control of enteric infection, they will not
be sufficient in and of themselves. Improvement in personal and public
hygiene and increasing levels of nutrition are necessary. Whether these
will be possible without a more equitable distribution of wealth is un-
known. Immediate areas for development include education (nutritional
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viii Preface

and psychological) about the importance of breast-feeding, principles of
personal and food hygiene, institution of programs for oral fluid therapy,
and specific therapy where applicable. Chemo- and immunoprophylaxis
will be important supporting control measures for certain special high-risk
groups but will not be useful to the overall control of diarrhea.

Over the past several years, laboratory techniques have become
available so that the research laboratory has been increasingly able to
detect enteropathogens in diarrheal stools. In the early 1970s, an etiologic
agent could be detected in stool specimens of only 10 to 15% of persons
with acute diarrhea. Through the application of tissue culture techniques,
the use of refined cultural and serological procedures, and by employing
the electron microscope, the yield of enteropathogen detection has been
increased to 60% of those with an acute diarrheal syndrome. As soon as
these laboratory assays are further developed and become applicable for
routine use in hospital and clinical laboratories, remaining questions
about the relative importance of the agents and their epidemiology and
immunology will be forthcoming. In Infections of the Gastrointestinal
Tract, we have attempted to review information which has accumulated
about the etiology, epidemiology, pathophysiology, diagnosis, and even-
tual control of the infectious enteric diseases. We look forward expect-
antly to future developments in this important area of public health. The
chapters on etiologic syndromes are arranged to reflect historical develop-
ment in the field. We are fast approaching the day when knowledge of
pathophysiology will allow us to organize the topic anatomically and
functionally.

Herbert L. DuPont
Larry K. Pickering
Houston
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Immune Mechanisms in
Infectious Diarrhea

INTRODUCTION

The most important factors that determine the occurrence and severity of
diarrheal disease include a safe environment, consisting of an efficient
water source and sewage removal system; adequate personal and food
hygiene; and good standards of nutrition. Despite the presence of these
factors, the human body is exposed continually to pathogenic and non-
pathogenic microorganisms, toxic substances, and chemicals which
would be damaging or fatal if not efficiently excluded by the gastrointes-
tinal tract. Once organisms are swallowed, the occurrence of a diarrheal
syndrome will depend upon the pathogenic potential of the agent (virul-
ence), the number of viable cells or viruses ingested, and the status of
host defense factors.

Host defense factors can be divided into those operating nonspecifi-
cally against a broad range of agents and those with an immunologic basis
directed against components of a specific microbe to which the host has
been exposed previously.

NONSPECIFIC GASTROINTESTINAL IMMUNE MECHANISMS
Gastric Trap

Once enteric pathogens are ingested, they are trapped temporarily in
the strongly acidic environment of the stomach. Gastric acid is responsi-
ble for reducing the number of viable bacteria which reach the small
intestine, since nearly all bacterial pathogens are highly susceptible to a
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2 Chapter 1

low pH.! Without an adequate concentration of gastric acid, such as
occurs in patients with achlorhydria, there is an increased proliferation of
nonpathogenic bacteria in the upper gut,2 and diarrheal disease is far
more common.3® In studies designed to produce clinical cholera in
healthy adult male volunteers, the importance of gastric acidity to the
pathogenesis of disease was demonstrated.® Although cholera did not
predictably develop when as many as 108-101° viable bacteria were inges-
ted, when gastric acidity was buffered with orally administered sodium
bicarbonate, the illness occurred in many men after receiving an inoculum
of 104 Vibrio cholerae. The number of viable bacteria necessary to pro-
duce illness when the organisms were placed directly into the duodenum,
bypassing the stomach, was even further reduced. In these volunteer
studies conducted by Hornick and his colleagues, many of the men who
developed cholera were shown to have a reduced capacity to decrease
gastric pH 15 to 30 min after receiving the bicarbonate. Additional studies
were conducted on patients with naturally occurring cholera, and it was
discovered that many of the patients had achlorhydria,3-1® which offers
additional indirect evidence of the importance of gastric acidity in the
pathogenesis of clinical cholera. Gastric acidity undoubtedly plays a pre-
disposing role in other forms of diarrhea, including salmonellosis, 48
shigellosis,! giardiasis, 12714 and strongyloidiasis.15-1é

Many of the earlier studies attempting to link defects of hydrochloric
acid secretion with acquisition of diarrhea probably overdiagnosed hy-
pochlorhydria because of a general lack of methodologic principles.?
However, it is reasonable to assume that a major reason why diarrhea so
commonly occurs in the aged, those with prior gastric resection, and
perhaps even in infants with malnutrition is a relative lack of gastric
acidity mechanisms. The role of other gastric factors such as speed of
stomach emptying and a protective barrier effect by mucus in resistance
to intestinal infection is largely unstudied.

Intestinal Motility Patterns

While stomach acidity generally assures that material reaching the
small bowel will contain small numbers of bacteria, motility of the upper
gut will determine if local bacterial propagation is to occur.18:19 Any
disease or disorder which restricts propulsive movement by the upper gut
appears to be associated with an overgrowth of enteric bacteria, leading
to malabsorption and a fermentative type of diarrhea. Such disorders
which influence motility include intestinal scleroderma, small-intestinal
diverticulosis, diabetes mellitus with visceral neuropathy, gastrointestinal
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strictures or fistulas, Billroth II anastomosis with blind loop following
gastrectomy, and tropical and nontropical sprue.

Slowing of intestinal motility by opiates, ganglionic blockers, or liga-
tion allows bacteria to localize and multiply. To produce an intestinal
infection in experimental animals, it is usually necessary to restrict intes-
tinal movement patterns with drugs to allow enteropathogens to multiply
and interact with the gut mucosa. Increased intestinal transit during intes-
tinal infection may-reflect to some degree attempts by the body to rid
itself of bacteria and toxins. The mild diarrhea (one to two unformed
stools) which is common among persons from one part of the world or
country who travel to another probably reflects the body’s attempt to
expel foreign microbes or substances. Evidence has been offered to sug-
gest that the time of contact between the epithelial lining of the gut and an
invasive bacterial pathogen such as a Shigella or Salmonella strain is
instrumental to the evolution of disease.20>21 In fact, antidiarrheal com-
pounds which directly inhibit motility may worsen clinical disease. Table
1.1 demonstrates the results seen in one study investigating the influence
of antimicrobial therapy and antidiarrheal therapy on shigellosis. Note
that the shortest duration of diarrhea was seen for those patients with
bacillary dysentery who received the antimicrobial agent. Diarrhea pers-
isted an average of two days less for the group receiving the antimotility
drug when compared to the placebo group; however, the number of fever
hours was significantly greater, and the antidiarrheal compound appeared
to interfere with the beneficial effect of the antibiotic in view of the failure
to eradicate pathogen excretion from among those taking both the antimo-
tility and antimicrobial agents. We have seen a number of adults with
shigellosis or salmonellosis who progressed to toxic dilatation of the co-
lon requiring colectomy while receiving antimotility drugs for sympto-
matic relief of diarrhea due to Salmonella or Shigella strains.

TABLE 1.1
Effect of Lomotil and Oxolinic Acid on the Course of Bacillary Dysenteryd
Treatment group Mean Mean
durationof  duration of
Antimicrobial Antidiarrheal Number of diarrhea fever Bacteriologic
agent compound subjects (days) (hr) responseb

Oxolinic acid Lomotil 6 7 16 1 (17%)
Oxolinic acid Placebo 6 3 18 4 (67%)
Placebo Lomotil 7 7 48 0
Placebo Placebo 6 9 21 0

dAdapted from DuPont and Hornick.2!
Negative stool cultures within five days of treatment.
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Intestinal Microflora

The indigenous bacterial flora of the intestine exerts a homeostatic
influence on the gut by deterring potential pathogens. The autochthonous
flora is remarkably stable in terms of predominant strains and level of
growth. The resident bacteria elaborate antibacterial catabolites, includ-
ing lactic acid and short-chain volatile fatty acids. The effects of these
fermentative products are a reduced Eh and pH which reach antibacterial
concentrations.22 This natural defense is enhanced in breast-fed infants
by means of increased metabolism of the anaerobic saccharolytic lactoba-
cilli with production of acids which prohibit growth of certain bacteria.
Alteration of intestinal flora by antimicrobial therapy increases suscepti-
bility of animals22-28 and humans24 to progressive salmonellosis. Antibiot-
ics not only decrease the infectious dose of Salmonella but prolong the
fecal excretion of the infecting strain25-26 and may on occasion convert an
asymptomatic carrier state into a bacteremic illness2?’ by reducing the
intestinal flora and allowing the infecting strain to proliferate. The impor-
tance of intestinal flora to recovery from and prevention of other forms of
enteric infection is unknown, although bacterial catabolites are known to
be inhibitory to Shigella strains2® and other gram-negative bacilli.?® In
addition to the local antibacterial effect of floral catabolites, there may
occur an inhibition of hostile bacteria by the intestinal tract through other
nonspecific factors such as lack of space and nutrients which are utilized
by those bacteria proliferating locally,3°8! colicinogenic strains of Es-
cherichia coli,?? or hydrogen sulfide in the gut3® which may be inhibitory
to bacterial growth.

IMMUNOLOGIC MECHANISMS IN ENTERIC INFECTION

Secretory Immune System

The importance of local immunity to invading pathogens was estab-
lished in the first part of this century by Besredka34-35 when he demon-
strated in rabbits that immunity to the dysentery bacillus could be pro-
duced by the oral administration of killed bacteria. This immunity
required an interaction between the organisms and the intestinal mucosa
and was independent of serum antibody. The concept that antibody con-
tent of external secretions was a direct reflection of antibody content of
serum was further questioned by Walsh and Cannon38 in 1938 when they
showed that antibody in the nasal cavity was produced locally. In the
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1960s, IgA was shown to be the predominant class of immunoglobin in
external secretions.37-38 Since then, several discoveries have enabled the
separation of the secretory from the humoral immune system: (1) IgA in
external secretions has a structure significantly different from IgA in
serum39-40; (2) the ratio of IgG to IgA in external secretions differs from
that in serum41-43; and (3) the secretory system contains immunoglobulin
classes other than IgA which are produced locally.44-47

The demonstration that IgA is the predominant immunoglobulin in
external secretions was the basis for the theory that a distinct secretory or
mucosal immune system was operative which was not merely a reflection
of the systemic immune system. In humans, the IgG/IgA ratio in external
secretions is 1:1 to 1:3, as opposed to the serum ratio of 5:1. The IgM,
IgE, and IgG in external secretions also have been shown to be produced
locally in the lamina propria of normal mucous membranes.

Serum and secretory IgA are structurally different. The IgA found in
human serum exists as a monomer with 10-15% in polymeric form, while
the IgA in external secretions exists mainly as a dimer. Two antigenically
different subclasses of IgA can be identified in serum and external secre-
tions. IgA1 accounts for about 90% of the total IgA in serum, whereas
IgA2 comprises as much as 60% of the total IgA in external secretions.
Secretory IgA consists of an IgA dimer, a molecule of secretory compo-
nent (also called *“T’’ component or ‘‘transport piece’’), and a molecule
of J chain which functions in vivo by inducing polymerization of the
subunits of IgA and IgM. The stabilization of IgA in secretions by the
secretory component is probably responsible for the greater resistance of
the secretory IgA molecule to the proteolytic action of enzymes in the
unfavorable milieu of the gastrointestinal secretions.4%-5¢ The IgM pre-
sent in secretions also has been shown to have secretory component
bound to it, but IgG and IgE do not.

The site of synthesis of IgA is primarily in submucosal plasma cells.
By immunofluorescence it has been demonstrated in rabbits that Peyer’s
patches contain an enriched source of precursors for IgA-producing
cells.5! In humans, the lamina propria of the gastrointestinal tract con-
tains 20 IgA-producing cells per IgG-producing cell in close contact with
the overlying epithelium. This is in contrast to an IgG/IgA ratio of peri-
pheral lymph node and spleen cells of 3:1. The majority of IgA in the
secretions of the gastrointestinal tract results from local synthesis in the
lamina propria. The J chain also is produced by the submucosal plasma
cells and may be the limiting factor in determining the proportion of
monomer to dimer secreted by a given cell. The secretory component is
an antigenically distinct glycoprotein which is produced locally in glandu-
lar epithelium and serves as a specific receptor on the intestinal epithel-
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ium which mediates transport of dimeric IgA and IgM across the epithe-
lial surfaces. Gut-associated plasma cells produce IgM, of which 70% in
secretions contains covalently bound secretory component. The IgE in
external secretions does not possess secretory component and is similar
to IgE in serum, indicating that a major portion of serum IgE is derived
from submucosal plasma cells. The route of IgE transport into secretions
is unknown. IgG in normal external secretions comes from both local
synthesis and transudation from serum, but the route across the epithel-
ium is unknown. With inflammation, transudation of IgG from serum, in
addition to an invasion of the mucosa by IgG-producing plasma cells,
occurs.

Antibody in stool of patients with diarrheal disease was first de-
scribed by Davies52 in 1922. In 1947, Burrows and associates53 used the
term ‘‘coproantibody’’ for antibody of intestinal origin. It is now known
that IgA antibody is readily found in many biological secretions, including
saliva, lacrimal fluid, urine, intestinal juice, respiratory secretions, and
colostrum. Numerous studies have shown that locally produced antibody
shows specificity against bacteria and viruses. The antimicrobial activity
of IgA may not be defined by conventional immunologic principles where
well-characterized opsonization and complement-dependent antibacterial
mechanisms are operative.54756 IgA may be active in the absence of com-
plement,30,58 activity may be enhanced by lysozyme and complement,57
or an antibacterial influence may occur by fixing late-acting components
of complement.5® In certain cases IgA may serve as an opsonin.5®

In intestinal infection, coproantibody appears earlier than serum an-
tibody,52 and there probably is a better correlation between levels of
coproantibody and protective immunity than with serum antibody and
resistance to enteric infection.®® Presence of viable enteropathogens in
the gut in the absence of intestinal antibody is the general prerequisite for
active infection or intestinal carriage of the microbe.8! In experimental
cholera, the intestinal antibody appears to prevent adherence of the vi-
brios to the mucosal surface,55:62 analogous to the finding of antibody and
the lack of adherence of oral streptococci to buccal mucosal cells.83

That the autochthonous flora is remarkably stable has been cited as
evidence for the lack of common development in the intestine of antibac-
terial antibody to these bacteria.8488 It is likely that local antibacterial
immunity is operative against the effects of invasive or mucosa-asso-
ciated bacteria and that low-grade pathogens (i.e., intestinal flora) either
are restricted to the lumen of the gut where immunologic interaction is
prevented or display a low degree of antigenicity.87 In children with pro-
tein—calorie malnutrition, IgA levels are depressed, with return to normal
during hospital treatment.® This probaly helps to explain the propensity of
these children to develop recurrent gastroenteritis.
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Cell-Mediated Immunity

Investigations into the area of cell-mediated immunity (CMI) by se-
cretory surfaces generally have involved the lungs and have demon-
strated that the epithelial surfaces develop a CMI response which is inde-
pendent of systemic immunity and that the nature of the immune
response depends upon whether an immunogen is applied orally or paren-
terally.8®-71 This local CMI response, however, is not completely re-
stricted to the site of immune induction but also occurs at distant surfaces
such as the breast, where migration of lymphoid precursors provides
immunity to suckling newborns.?2-74 Colostrum contains antibody to nat-
urally occurring enteric microorganisms and T lymphocytes that respond
to the capsular K1 antigen of E. coli.? Orally administered antigen stimu-
lates a greater local CMI response than antigen administered parenter-
ally.89-71,76 [t has been shown that lymphocytes committed to CMI are
present in gut-associated lymphoid tissue (GALT)—tonsils, Peyer’s
patches, appendix, sacculus rotundus (in some species), and lamina pro-
pria. These immunocomponent cells in GALT are capable of responding
to antigens present within the intestinal lumen.?” These events are similar
to those which occur within an antigen-stimulated lymph node. Peyer’s
patches contain the precursors of IgA-secreting plasma cells that ulti-
mately populate the intestinal lamina propria and epithelium.5! Studies
suggest that the tissue environment is not important in terminal differenti-
ation of plasma cells to produce IgA, since the cells are precommitted to
produce IgA before they leave Peyer’s patches.5! They do not begin this
activity until they travel through the mesenteric lymph nodes and enter
the systemic circulation by way of the common thoracic duct, where they
become part of the circulating lymphatic pool.51,78-83 Transfer of thoracic
duct lymph from immune donors has been associated with production of
specific antibody in the gut of recipients not exposed to the antigen.81
Many of these cells then return from the circulating pool to the lamina
propria and epithelial areas of the intestine, avoiding significant accumu-
lation within peripheral lymph nodes or spleen.82 These cells are said to
have ‘‘homed’’ to the intestine and are fully differentiated IgA-producing
lymphocytes or plasma cells. Although intestinal antigen does not appear
necessary for localization of IgA-containing cells in the gut, it does exert
a significant influence on distribution of antibody-producing cells, since
antibody usually concentrates at or distal to an antigen-boosted site.51
GALT also contains T lymphocytes82.84-86 with a migratory pattern
thought to be similar to that described for B cells.82 Using antisera spe-
cific for T lymphocytes, analysis of various types of GALT indicates that
13-28% of Peyer’s patches, 58% of mesenteric lymph node cells, and 11%
of the lymphocytes in the intestinal mucosa are thymus-derived.86-87
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BREAST MILK AND GASTROINTESTINAL IMMUNITY

Several studies suggest that breast-fed infants are protected against
gastroenteritis.®8-%4 In populations where breast-feeding is prevalent,
diarrhea is unusual during the first several months of life but becomes
quite common during the second half of the first year and during the
second year. This increase in illness after termination of breast-feeding
has been referred to as weanling diarrhea.®® Diarrhea does occur among
breast-fed children, however, but to a lesser degree. Resistance to diar-
rhea among breast-fed infants relates to a complex set of factors. Un-
doubtedly, the passive transfer of antibodies directed against potential
pathogens is important. Many nonspecific factors are operative as well. In
areas where diarrhea is hyperendemic, as in many developing countries, a
major value of breast-feeding is to improve cleanliness and decrease the
opportunity of exposure to enteropathogens contaminating poorly pre-
pared milk.®® Cow’s milk given to infants fed by bottle has a higher
content of protein and phosphorus, with resultant lower buffering capac-
ity, and high levels of caseinogen which tends to produce curdling or
clotting, leading to uneven exposure to the intestinal mucosa.

Host Resistance Factors in Human Milk

Human colostrum and milk have been shown to possess both nonspe-
cific and specific resistance factors. Nonspecific factors such as high
lactose concentration, %0:93 3 carbohydrate growth factor necessary for
the growth of Lactobacillus bifidus, low bulk, and low buffering capacity
contribute to the acidification of the infant gut and the establishment of a
Lactobacillus flora.26-98 This acid environment inhibits in vitro growth of
Shigella, E. coli, and yeast.33:3° Infants fed proprietary formulas develop
mixed intestinal flora, including high counts of E. coli.190-101 Other com-
ponents of breast milk, such as lactoferrin, lysozyme, and lactoperoxi-
dase, have been shown in vitro to possess antiinfective properties. Secre-
tory IgA antibodies are important components of the immune system;
however, the clinical importance of a variety of additional other factors
remains to be delineated.

Antibodies

It is not a new observation that human colostrum and milk contain
antibodies to bacteria and viruses.12 Human milk has been demonstrated
to contain antibodies to Clostridium tetani, Corynebacterium diphtheriae,
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coxsackie viruses B1, BS, and B9, enteropathogenic serotypes of E. coli,
echoviruses, polioviruses 1, 2, and 3, Salmonella, Shigella, staphylolysin,
Streptococcus pneumoniae, streptolysin, and rotavirus. 103,104

The fate of ingested antibody in milk is not completely known, al-
though the site of action appears to be confined to the gastrointestinal
tract, since significant quantities of immunoglobulin cannot be absorbed
from the infant gastrointestinal tract.195,16 The major immunoglobulin in
human milk is secretory IgA, which is resistant to acid conditions and to
proteolytic activity of gut enzymes. Secretory IgA has been shown to
survive passage through the gastrointestinal tract of infants.107,108 Milk
antibody is protected by the buffering action of milk and by dilution of
acid which occurs during feeding. The pH of stomach secretions of full-
term newborn infants falls to levels of 1-2 within 6 hr of birth199-111 byt
increases following feeding.112 This secretion of gastric acid does not
appear to respond to increased endogenously produced gastrin!13 or exo-
genously administered pentagastrin,114 indicating that newborn parietal
cells are relatively unresponsive.

Colostrum and milk contain antibodies to naturally occurring enteric
microorganisms. These antibodies probably play a role in passive immu-
nization of infants, limiting disease production by intestinal bacteria, vi-
ruses, and other antigens. It has been shown that immunization of preg-
nant women with typhoid vaccine was associated with the subsequent
occurrence of high-titer typhoid antibody in colostrum and in stool of
their infants.115 Infants fed human milk containing high titers of E. coli
antibodies had such antibodies in their stools,108,116,117 ywhereas infants
fed cow’s milk had an insignificant amount of E. coli antibody in stools.
The colostrum of pregnant women orally immunized with an E. coli 083
strain during the last month of gestation contained IgA-producing plasma
cells which were able to synthesize antibodies to E. coli lipopolysacchar-
ide. Parenteral immunization of pregnant women with the same killed
antigen produced antibody in serum but not in colostrum. A correlation
exists between levels of antibody in stool of infants and the correspond-
ing mother’s milk.1°® Hanson and associates!1® demonstrated that secre-
tory IgA, active against both somatic and capsular antigens of E. coli,
could be detected in maternal milk. The high ratio of milk to serum IgA
and the observation that the IgA content did not decline throughout the
duration of a feeding suggest that the breast can synthesize and store
immunoglobulins.

The actual functions of secretory antibodies of breast milk in the
gastrointestinal tract for control of pathogens and prevention of antigen
penetration have been postulated to be either direct killing of microorgan-
isms, opsonization of bacteria allowing cellular destruction, or interfer-
ence with adherence and proliferation. Adinolfi and associates3” showed
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that secretory IgA antibodies against E. coli could cause bacterial lysis in
the presence of lysozyme and components of complement. It has been
shown that IgA antibodies cannot fix complement by the classic activa-
tion pathway1?; however, they may activate complement by the alterna-
tive pathway.12° This mechanism may not be important, since breast milk
contains small amounts of complement.

A reduction in number of coliform bacteria in stool of breast-fed
infants correlates with the presence of high agglutinating and bactericidal
titers against specific E. coli in stool.11€¢ The concentration of coproanti-
bodies appears to parallel the antibody titers in maternal colostrum. There
is evidence to suggest that secretory IgA can opsonize.5® The significance
of bacterial lysis and opsonization of bacteria as a primary mechanism of
secretory immunologic defense is unknown.

The importance of antibodies in breast milk in preventing adherence
or attachment and proliferation in the gastrointestinal tract has been eval-
uated following the demonstration that colonization of epithelial cells by
streptococci is interfered with by secretory IgA from the parotid gland.83
Interference of V. cholerae adherence to the intestinal mucosa by anti-
body was demonstrated.é2 Local antibodies can inhibit absorption of sol-
uble protein antigens by decreasing their adherence to intestinal cellular
surfaces.120,121 Secretory IgA prepared from colostrum was shown to
agglutinate a number of common enteric bacteria.122 Agglutinating activ-
ity was unaffected by trypsin or acid but was abolished by pepsin. The
importance of colostral antibodies in combating intestinal adherence or
attachment of E. coli has been demonstrated in piglets suckled by dams
that had been vaccinated with K88 antigen, surface fimbriae which facili-
tate intestinal colonization of E. coli. They were significantly more resis-
tant to death caused by neonatal diarrhea after challenge with a large dose
of K88-positive enterotoxigenic strain of E. coli than piglets suckled from
control dams.123 These studies suggest that secretory immunoglobulins in
breast milk can prevent attachment and subsequent proliferation of bac-
teria within the gastrointestinal tract.

Although information is available to indicate that breast milk anti-
bodies are directed against bacterial surface antigens and enterotoxins,
similar protective factors in breast milk directed toward enteropathogenic
viruses are less well established. Antibody in colostrum and milk will
prevent or inhibit replication of poliovirus within the gastrointestinal tract
of newborns.124-125 The milk antibody in this case can be shown to have
the same neutralizing effects on viruses as serum antibody. Specific anti-
bodies against respiratory syncytial virus'26é and nonspecific antiviral in-
hibitors127,-128 have been demonstrated in human colostrum. Studies of
infection in calves,12? Jambs,13° and swine!3! indicate that immunity of
the gastrointestinal tract to viral infection is not related to serum anti-
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bodies but to the presence of secretory antibodies produced locally or
ingested in colostrum or breast milk. In ewes and sows, rotavirus and
transmission gastroenteritis virus antibodies are produced in the milk by
oral or intramammary immunization but not by intramuscular immuniza-
tion . 130,132

Protection of infants against human rotavirus infection does not ap-
pear to be associated with the presence of maternal serum antibody.133 It
was shown, however, that during an epidemic of diarrhea due to rotavirus
in a maternity ward, there was a lower incidence of infection among
breast-fed infants. The presence of rotavirus antibodies in breast milk has
been sought by several investigators using different assay procedures.
Using immunofluorescence, Schoub and associates!34 did not find rotavi-
rus IgA antibodies in human colostrum or milk specimens despite their
presence in sera. Yolken et al.104:135 have applied the enzyme-linked
immunosorbent assay (ELISA) technique to demonstrate rotavirus anti-
bodies in breast milk samples. Differences in technique and populations
may be responsible for disparity in these reports. The specific degree of
protection afforded by these specific antibodies is unknown.

Cells

The cellular component of human colostrum consists of approxi-
mately 55% polymorphonuclear leukocytes, 40% mononuclear phago-
cytes, and 5% lymphocytes.103,138,137 The cell number decreases from
5000 cells/mm? on days 1 and 2 to 2000 cells/mm?3 on days 3-5. A progres-
sive decrease is seen in transitional and mature milk. These cells do not
represent a random collection of leukocytes but are a selected population
of cells accumulated in response to sensitizing events within the intestine
and respiratory tract. The colostral lymphocytes are immunologically
reactive and correspond to mitogens, recall antigens, and allogeneic cells
in mixed-lymphocyte reaction and can synthesize immunoglobulins, pre-
dominantly of the IgA class.?3,75,138-140 These antibody-forming cells ap-
pear to be selected to form antibody against enteric pathogens.138 T cells
identified by anti-T sera and sheep erythrocyte rosette formation consti-
tute approximately 35-50% of the lymphocyte population.?3,74,140

The phagocytic cells in breast milk have been shown to adhere to
glass and to phagocytize and kill bacteria and fungi,137,141 although this
ability appears to be reduced compared to peripheral-blood phagocytic
cells.14! Human colostral monocyte macrophages in combination with
antibody have been shown to destroy cells infected with Herpes simplex
virus while demonstrating very low spontaneous (non-antibody-mediated)
cytotoxicity.142 The role of this mechanism in controlling enteric patho-
gens is unknown.
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IMMUNOLOGIC CONTROL OF ENTERIC INFECTION

It is generally agreed that parenterally administered antigen does not
induce mucosal immunity, although serum antibody may contribute to the
level of gut immunoglobulins, particularly in inflammatory bowel disease.
Any successful approach to local gastrointestinal protection against clini-

TABLE 1.2
Enteropathogens, Population at Risk, and Potential Control Using Immunoprophylaxis
Agent Population at risk Vaccine availabled Major obstacles
Vibrio cholerae Persons living in Killed whole-celi Current vaccine only
areas of disease preparation given partially effective;
endemicity; during parenterally role of antitoxin
an epidemic immunity is
unresolved
Enterotoxigenic Persons traveling No Optimal immunizing
Escherchia coli from low-risk to agent must be
high-risk areas established
employing
antigen(s) (surface
fimbriae,
enterotoxin,
somatic) or
antibody to these
immunogens
Salmonella typhi Persons living in Killed whole-cell Current vaccine only
: areas of disease preparation given partially effective
endemicity; during parenterally

an epidemic

Shigella strains Institutionalized or No Multiple serotypes of
confined Shigella are
populations responsible for

disease; there is a
lack of a suitable
vaccine candidate

Rotavirus Infants and children  No Antigenic properties
of strains from
varying geographic
locations need to
be determined; an
efficient means of
virus propagation
is needed

aSee individual chapters for information on vaccine development.
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cal disease must therefore rely upon orally administered antigens as a
basis for triggering local immune response. An excellent example of this
mechanism was reported by Ogra and associates.4%,144 Studying patients
with double-barreled colostomies, they demonstrated secretory IgA anti-
bodies against poliovirus in secretions from portions of the intestine di-
rectly exposed to the virus rather than from unexposed sites elsewhere in
the gastrointestinal tract. Although mucosal immunization can be accom-
plished by oral inoculation, it may be that parenteral priming followed by
local boosting will prove to be the optimal approach to produce protective
immunity to enteric infection.8! Parenteral priming may prepare the entire
gut for a secondary response to a local booster, and separate intracellular
and intercellular immunologic events might be stimulated. Table 1.2 lists
enteropathogens where immunologic control may be possible. Specific
details of vaccine candidates and the nature of immunity can be found in
the chapter corresponding to the specific enteric infection.
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Amebiasis

INTRODUCTION

Amebiasis is a ubiquitous disease which is a particularly important prob-
lem in developing tropical countries. The causative agent, Entamoeba
histolytica, was first described in 1875 by Ldsch, a Russian physician in
St. Petersburg.! He described the organisms in detail and called them
Amebae coli. In a careful pathologic and clinical review in 1891, Council-
man and Lefleur2 described amebic dysentery as a distinct entity charac-
terized by ulceration of the colon wherein the ulcers were undermined
without products of inflammation. They furthermore indicated that liver
abscess often complicated intestinal disease with occasional extension of
the abscess to the lung. The true pathogenic potential of E. histolytica for
humans was established in 1911-1913 by a series of studies of experimen-
tal infection induced in volunteers.3-4 Filipino prison volunteers who in-
gested E. histolytica cysts developed dysentery, and stools were shown
to contain the amebae. In 1919, the four species of commensal amebae
were distinguished from E. histolytica.5

A symbiotic relationship between E. histolytica and certain bacterial
species important to the development of pathogenicity was realized soon
after the discovery of the agent.2-4-¢ Westphal® swallowed E. histolytica
which had been obtained from a person convalescing from amebiasis and
was free from symptoms for a period of eight months. He then ingested a
stool filtrate devoid of the protozoan and developed dysentery after 23
days. He attributed the disease to the enhancing influence of the bacteria.
Baetjer and Sellards” demonstrated that if animals were inoculated with
amebae and streptococci, the incubation period was reduced when com-
pared to administration of amebae alone. Boeck and Drbohlav?® first culti-
vated E. histolytica in an artificial medium and showed the enhanced
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virulence of these cultures when combined with bacterial flora obtained
from patients with intestinal amebiasis. Spector? and Deschiens!® con-
firmed that bacteria enhanced the pathogenicity of E. histolytica in exper-
imental infection employing a feline model. In 1914, Izar described a
complement-fixation test for detecting antibody to E. histolytica (cited in
Reference 11) which began the development of serodiagnosis of
amebiasis.

EPIDEMIOLOGY

The distribution of E. histolytica is worldwide. Intestinal carriage is
common, with 5-20% of asymptomatic persons having cysts in stools.?
Intestinal carriage of E. histolytica cysts is about 5% for the population of
the United States.13,14 The incidence of amebic dysentery is higher in
warm and humid areas of the world. The age groups with the highest
incidence of infection and clinical symptomatology are the third through
fifth decades,!® although persons of all ages are susceptible, including
infants and the elderly. Females are as likely to be infected with E.
histolytica as males,18 but amebic dysentery (bloody, mucoid stools) and
liver abscess forms of the disease are more common in males.15-17

The manner in which E. histolytica cysts pass from the colon of an
infected person to a susceptible individual is often dependent upon the
level of economic development and hygienic practices of the region. The
most common mode of spread of E. histolytica in the United States is
undoubtedly person-to-person. Studies of the transmission of E. histoly-
tica were performed by Ivanhoe?® in a residential institution for children
in New Orleans. She demonstrated that E. histolytica cysts were distrib-
uted throughout the environment: under the fingernails of children, on
soiled underclothing, on a laundry chute, in sand of a playpen, and in the
water of a wading pool. Control measures which were successful included
the disinfection of the general area with steam and the treatment of the
children with amebicidal drugs. In areas of disease hyperendemicity, flies
and cockroaches may be responsible for spread of the infecting cysts.
The housefly has been shown to be an efficient carrier of E. histolytica
cysts1?; cysts may remain viable for up to two days in the droppings of
these household insects.5:15 Other mammals such as dogs, monkeys, rats,
and pigs may become infected and serve on occasion as reservoirs for
human illness. Venereal transmission of E. histolytica occurs among both
heterosexual and homosexual persons.2°

Environmental errors which lead to acquisition of infection are inges-
tion of cysts in untreated (unfiltered) water, preparation of food by car-
riers of E. histolytica, or use of human excreta for fertilizing purposes in
growing of fresh vegetables. Four general factors contribute to the inci-
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dence of amebiasis in a given area: climate, race, sex, and diet. Amebiasis
is a particularly important problem in tropical and subtropical areas. Re-
moval of infected individuals to temperate zones has been followed by an
amelioration of their symptoms.!! Persons living in areas of hyperendem-
icity frequently excrete the protozoan in stool but appear to be resistant
to clinical disease. The nature of the food ingested is important to suscep-
tibility where nutritionally incomplete diets or those rich in carbohydrates
may be predisposing factors.!! If diet is important, aside from reflecting
regional differences where the disease is endemic, it probably enhances
susceptibility by leading to an alteration of intestinal flora.

Earlier reports of outbreaks of amebiasis in the United States demon-
strated that water supplies might become contaminated when plumbing
defects led to the contamination of drinking water with sewage.21-23 Such
an occurrence in large cities of the world is probably unusual with im-
proved sewage removal procedures. A number of important control
measures have limited the disease rates in industrialized countries: instal-
lation of plants for filtration and chemical treatment of water supplies;
widespread distribution of toilet facilities; improved food preparation,
production, packaging, distribution, and preservation, including the re-
moval of infected persons from public eating establishments; modern
plumbing; prevention of insects from gaining access to food by screens;
insecticides; and air conditioning.

For more than 20 years, an average of 3500 cases of amebiasis has
been reported annually in the United States.24 The frequency of liver
abscess development in patients with amebiasis in between 1 and 3%.25,26
The incidence of liver abscess does not always appear to reflect the fre-
quency of occurrence of intestinal disease .27

PATHOGENESIS

E. histolytica undergoes three distinct stages in its life cycle: tropho-
zoite, precyst, and cyst (Table 2.1). The trophozoites vary in size and are
characteristically found in stool of patients with dysentery or diarrhea.
The precyst stage is intermediate between the trophozoite and cyst
stages. Precysts are smaller than trophozoites and are infrequently identi-
fied in stool. The cyst is more resistant to environmental stresses and is
the infective stage. Cysts are found more frequently in formed stools.

The exact mechanisms of disease pathogenesis in amebiasis are un-
known. Whether the E. histolytica trophozoite enters the colonic mucosal
cells by cytolysis secondary to enzyme production, whether the pseudo-
podia play a role in producing attachment and/or injury, or if a defect in
the existing mucosal barrier is a prerequisite is unestablished. As is the
case for the causative agents of shigellosis and salmonellosis, it may be
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TABLE 2.1
Characteristics of the Stages of Entamoeba Histolytica

Characteristics
Stage Size of stool Comments

Trophozoite 12-50um Bloody, mucoid Does not survive outside
body; not important
in transmission

Precyst 10-20um Loose to partially Rarely seen
formed
Cyst 10-20um Formed Survives outside body;

is the infective stage

that both invasiveness and toxin production are important virulence prop-
erties of E. histolytica. Jarumilinta and Kradolfer2® noted that E. histoly-
tica produced a leukotoxin, while Eaton et al.?® and Knight et al.3° further
characterized the cytolytic effects of the protozoan. The importance of
toxin production in amebiasis is unknown, and it is not known whether
quantitative or qualitative differences in enterotoxicity or cytotoxicity
correlate with virulence among strains of E. histolytica.?!

The occurrence of colonic lesions from invasion by trophozoites
within 24-90 hr after ingestion of cysts suggests that the amebae are able
to cross the mucosal barrier without awaiting surface abrasions.?2 Co-
lonic ulcerations classically are diamond- or flask-shaped with under-
mined edges where the ulcers are narrower at the surface and wider in the
submucosa. These ulcers are a few millimeters to several centimeters in
diameter and usually contain a yellow exudate. The mucosa between
ulcerations may show hyperemia, although often it is normal, in contrast
to bacillary dysentery, where the colitis is diffuse. The intestinal lesions
may vary widely, showing frank ulceration, pustule formation, superficial
erosions in an area of mucosal hyperemia, general hyperemia, and normal
appearance. Submucosal hemorrhages may be present, giving the appear-
ance of dark red patches with irregular margins. If the disease progresses,
shaggy mucosal sloughs may be produced or even tubular mucosal casts
may be passed. Spontaneous healing generally occurs, although occasion-
ally lesions extend to muscular layers of the gut, and perforation may
occur. Since there is minimal inflammation, fibrosis and scarring are not
part of the healing process. Amebae are not pyogenic, and much of the
cellular reaction consists of lymphocytes. The parasite can be found in
tissue without associated inflammatory cells.33 Polymorphonuclear leuko-
cytes may be present in small numbers,2-33,34 yet when they are preva-
lent, secondary bacterial infection should be suspected.3 In certain
cases, a granulomatous reaction occurs, leading to tumor-like lesions
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(amebomas) or to segmental narrowing of the bowel lumen. The area of
intestine maximally involved is usually the cecum and ascending colon
followed by rectum, sigmoid colon, and, finally, descending colon.35

A great deal of attention has been drawn to the significance of the
intestinal carrier state of E. histolytica. Many state that the protozoan is
an obligate pathogen and that excretion of the agent is invariably asso-
ciated with active infection. This view is supported by the finding that
most carriers will have intermittent symptoms of intestinal disease.5 Oth-
ers have maintained that E. histolytica can live intraluminally without
invasion or production of a mucosal lesion.3¢ Faust3” performed an au-
topsy study of persons dying from accidental causes to look at the rela-
tionship between intestinal carriage and intestinal pathology. He noted
ulceration in certain cases of clinically inactive ‘‘carriers,’’ while in 6 of
13 patients, he found amebae in the intestinal lumen without demonstra-
ble tissue pathology. In 4 of the patients without evidence of tissue injury,
large numbers of amebae were present in the luman. When dysentery
symptoms (bloody, mucoid stools) develop, trophozoites and red blood
cells are usually present in stools, and cysts are noticeably absent. In the

Figure 2.1. Live Entamoeba histolytica trophozoite with ingested red blood cells. Unidirec-
tional movement along with cytoplasmic streaming was noted (saline preparation, x1000).
This photomicrograph was taken directly from stool specimen from a patient with diarrhea.
Prepared by Mr. Bernard J. Marino of the Houston City Health Department.
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dysenteric form of illness, the trophozoites are large and usually contain
ingested red cells (Figure 2.1). In the intermittent, milder form of diarrhea
seen in chronic carriers, the trophozoites which emerge during the period
of symptomatology usually are smaller and often contain ingested red
cells.36

Quadrinucleate cysts are formed from two successive divisions of
cells with single nuclei. Each of the four nuclei undergoes division, form-
ing eight daughter nuclei which then become eight uninucleate amebae.
The life cycle of E. histolytica in humans begins with the ingestion of
cysts. Encystation or hatching occurs in the lower ileum and colon. The
trophozoites invade the colonic mucosa, multiply by binary fission which
is completed in 10-15 min, and establish themselves in mucosal ulcers.
Multiplication continues, with a percentage of amebae remaining in the
lumen primarily as trophozoites in diarrheal stools or as cysts in milder
diarrhea and in formed stools (see Figures 2.1 and 2.2). Trophozoites
excreted in stool rapidly perish and are unimportant in the propagation of
human illness. The precyst stage is smaller than the trophozoite, and a
cyst wall forms about the amebae in 1-2 hr (encystation). Cysts found
may be either immature uninucleate or mature quadrinucleate cells. The
immature cyst matures in the external environment and is then ready to
be ingested and complete the life cycle. Cysts are protected by a wall

Figure 2.2. Cyst of Entamoeba histolytica seen in a merthiolate-iodine-formalin (MIF)-
stained preparation from a clinical specimen showing two visible nuclei (x1000). Material
kindly furnished by Mr. Bernard J. Marino of the Houston City Health Department.
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which imparts an ability to withstand pH, a considerable degree of desic-
cation, and temperature changes. At room temperature, the cysts remain
viable for 9-28 days, while at lower temperature they remain viable for a
period of 4 months.38:3% Cysts die rapidly in heavily polluted water but
remain viable for 1-5 weeks if the bacterial contamination is low. Chlor-
ine does not efficiently kill the cysts, and filtration methods are necessary
to assure water safety.® The minimum period of time between ingestion
of cysts and development of symptoms is 8 days. In volunteer experi-
ments, the incubation period ranged from 20 to 95 days.4

The importance of the bacterial flora of the intestine to disease patho-
genesis was apparent soon after identification of the causative agent.2.4,6
Since these early observations, enteric bacteria were shown to enhance
the virulence of E. histolytica in studies of experimental animals.4® In
gnotobiotic guineas pigs, bacteria were necessary to allow intestinal inva-
sion to occur.#® Undoubtedly, the beneficial effects of tetracycline drugs
in amebiasis (and perhaps metronidazole to some degree) represent ef-
fects on intestinal flora.

E. histolytica may spread via the portal bloodstream to the liver. The
typical hepatic lesion is necrosis leading to abscess formation. The ab-
scess consists of a central zone of hepatic necrosis with an enlarging
periphery of trophozoites. The abscess material generally is bacteriologi-
cally sterile. By direct extension and rupture, the hepatic lesion may
spread to involve pleura, lung, peritoneum, pericardium, and any other
body region, particularly if rupture into an hepatic vein occurs. The skin
may become involved by direct spread from the bowel, from the anus, or
from a colonic—cutaneous fistula which may follow a surgical procedure.
Grossly, these indolent cutaneous ulcers show marked induration and
overhanging edges. Parasites are readily found.

Evidence that amebae reach the liver via the portal vein is based on
the finding of parasites in the capillaries of the gut and in thrombi in
branches of the portal vein in the liver.4? Amebae carried to the liver by
the portal circulation are filtered into the portal capillaries, producing
occlusion of the capillary lumen and subsequent focal liver necrosis.
Most of the amebae which reach the liver fail to become established and
are destroyed. Amebae which reach the liver and survive multiply, pro-
ducing hepatic necrosis rather than inflammation. In the liver, the cytoly-
tic E. histolytica trophozoites apparently are able to survive and multiply
in the absence of bacteria. E. histolytica cysts are not found in tissues.
The abscess extends concentrically, and the trophozoites are found at the
leading edge of extending necrosis. The abscess contains necrotic liver
tissue and few leukocytes. If untreated and progressive, the abscess will
extend to the liver surface, where direct extension to other organs or
rupture into hollow viscera or serous cavities may occur. Healing after
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specific therapy results in little damage to the liver, since there is minimal
inflammation or tendency toward fibrosis. Liver tissue adjacent to hepatic
abscesses is uninvolved except for minimal congestion and edema.
Whether amebic hepatitis without abscess formation is a valid entity has
not been resolved. It must be an unusual form of hepatic amebiasis if it
does occur at all.42-43 Tt is well recognized that patients with intestinal
amebiasis may have tender hepatomegaly (5%), whereas liver abscess
formation is slightly less common, occurring in between 1 and 3% of
patients with intestinal amebiasis.25-26;44 [n all probability, small liver
abscesses commonly occur as a result of intestinal amebiasis, but sponta-
neous resolution prevents evolution into frank liver abscesses.45-46

Factors which predispose patients to development of an abscess of
the liver remain unresolved. Tissue sensitization from recurrent portal
injection of amebae may be one factor, and, in addition, bacteria may
play an early role. Cultures of amebae injected into portal vein produced
liver abscess in guinea pigs only if the animals previously had been sensi-
tized by injections of amebae fragmented by freezing and thawing.4?
Kondo (cited in Reference 32) noted that if amebae were injected into the
portal venous system of Kittens, bacteria had to be added to the inoculum
in order to develop an abscess. If bacteria are necessary, they generally
are not able to establish themselves in the liver, since 60-86% of hepatic
abscess cultures are bacteriologically sterile.15-48 The explanation for the
involvement of the right lobe of the liver in 56-96% of studied cases has
been elucidated. Sérégé49-50 first demonstrated two blood currents in the
portal vein by injections of ink into the portal system. Blood from the
cecal area of the intestine (the site most frequently involved in intestinal
amebiasis) was shown by this technique to drain through the superior
mesenteric vein to the right lobe, while blood traversing through the
inferior mesenteric and splenic veins from other intestinal regions flowed
through the portal vein to the left lobe. Copher and Dick5! later confirmed
that two separate laminar streams of flow were maintained in the portal
vein, one predominantly from the superior mesenteric vein to the right
lobe of the liver and the other primarily from the inferior mesenteric and
splenic veins to the left lobe.

The pathogenicity of E. histolytica may be enhanced among certain
patients, such as those receiving immunosuppressive therapy or corticos-
teroids.52-58 In addition, pregnant women show an increased frequency
and severity of amebiasis.573® Whether this is related to levels of hydro-
cortisone, estrogen, or other hormones in pregnancy or because of other
nutritional, immunologic, or circulatory changes remains unknown.5® It
appears that hormonal alterations also play a role in the pathogenesis of
amebic liver abscess. This is further suggested by the finding that while
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during the reproductive years the ratio of hepatic amebiasis in males to
females is 10:1, in prepubertal children there is an equal incidence of liver
abscess among males and females.8°

CLINICAL ASPECTS

Amebic Colitis

The incubation period is usually one to four weeks22 but may be as
long as one year.6! The onset of symptoms is usually gradual, with diar-
rhea, abdominal discomfort, and flatulence occurring before the dysen-
tery. Abdominal pain and tenesmus are common complaints. The most
common clinical condition is acute diarrhea, although the more striking
dysentery form has been better characterized.44-62 In areas where amebic
and bacillary dysenteries have occurred and were studied, the differences
in clinical symptoms were striking (Table 2.2). Patients with amebiasis
have an appearance of well-being with complaints of abdominal pain and
tenesmus, while patients with shigellosis are acutely ill and toxic, and
many are dehydrated. Patients with colonic amebiasis usually have low-
grade fever (oral temperature, < 101°F) or are afebrile. Abdominal ten-
derness and hepatomegaly may be other findings. Stools retain a fecal
form in many cases of amebiasis but contain an admixture of blood and
blood-stained mucus. Anemia is not a feature except in chronic, long-
standing disease. Leukocytosis is common, reaching as high as 25,000
cells/mm?3. Leukocytes are not prevalent in stools of patients with ame-
biasis, in sharp contrast to the finding in bacillary dysentery.44,62

TABLE 2.2
Comparison between Amebic and Bacillary Dysenteries
Amebic Bacillary

Onset Gradual Sudden
Clinical appearance Usually nontoxic Often toxic
Dehydration Unusual Common
Tenesmus Severe Moderate to mild
Hepatomegaly Common Uncommon
Stool appearance Blood and mucus; Blood and mucus;

stools may be stools less com-

semiformed monly formed
Fecal leukocytes Uncommon Common

Colonic ulcerations Segmental Diffuse
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A chronic intestinal infection may develop after the initial diarrheal
illness. In such cases, recurrent diarrhea and dysentery may be inter-
rupted by periods of constipation and vague abdominal discomfort.
Weight loss is common, and complications of the infection may occur in
patients with chronic or recurrent symptoms. Intestinal amebiasis has
become an important problem in male homosexuals.20-63

Liver Abscess

The frequency of liver abscess development in amebic dysentery is
between 1 and 3%; approximately 5% of cases will have hepatomegaly.
The ratio of liver abscess among males to females is 7-10:1. Liver abscess
may occur in the presence or absence of intestinal symptoms. About 40%
of patients with amebic liver abscess will complain simultaneously of
diarrhea. Half of patients with hepatic abscess will give a history of
a previous episode of dysentery, and 10% will have dysentery at the time
of presentation.®4 Approximately 15% of patients with a liver abscess
without a prior or present history of diarrhea will have E. histolytica cysts
in stool. The right lobe is more frequently involved than the left in a ratio
of 9:1. Multiple hepatic abscesses are found inless than 1 in S cases. The
pus from an hepatic abscess is classically described as ‘‘anchovy paste,’’
probably from the admixture of disintegrated hepatocytes and blood. Just
as often, it will be creamy white in color, and on occasion material will be
yellow, green, or chocolate in color. Characteristically, the abscess mate-
rial is not foul-smelling and is bacteriologically sterile. The consistency
varies widely.

Patients presenting with liver abscess may have an acute illness last-
ing a week, while others will have been chronically ill for many months.
Pain is present in most patients over the right hypochondrium and lower
right anterior chest. Pain may be pleuritic or may be referred to the right
shoulder. A common complaint is nonproductive cough, and a sustained
fever is often seen. Hepatomegaly is found in a majority of cases. The
most useful physical sign is tenderness to palpation in the liver area. A
localized area of tenderness may be located between the ribs, and edema
overlying the ribs may be found. In large abscesses, a mass may actually
be visible in the right subcostal or epigastric area. In half the cases,
changes in the right lung base will be found due to elevation and immobil-
ity of the diaphragm with compression of the lower lobe of the right lung.
Decreased diaphragmatic excursion, dullness to percussion, rales, atelec-
tasis, and occasionally a right-sided pleural effusion can be found. Jaun-
dice is unusual, and most often indicates an intrahepatic obstructive le-
sion. Abnormal laboratory findings consist of elevated sedimentation
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rate, leukocytosis (12,000-28,000 cells/mm3), and a normocytic-normo-
chromic anemia.

Extension of the abscess from the liver to adjacent organs occurs.
Involvement of lung and pleura follows extension through the diaphragm,
and patients may develop pleural effusion or frank empyema. Rupture of
the abscess into the peritoneal cavity is associated with a high mortality
rate. Extension from the liver may also involve pericardium, stomach,
duodenum, small and large intestine, spleen, inferior vena cava, hepatic
veins, and renal pelvis, or a fistulous communication to the skin surface
may occur. When the abscess ruptures into a hepatic vein, it may dissemi-
nate to any organ, including lung and brain. In these cases, multiple
abscesses may develop.

COMPLICATIONS OF INTESTINAL AMEBIASIS

Perforation

Perforation of the bowel with development of peritonitis is an unu-
sual complication, particularly since effective forms of therapy have be-
come available. In cases of fatal amebiasis, perforation is the most com-
mon complication and undoubtedly plays a major role in the outcome.85
Perforation may occur in any area of the colon, although the most com-
mon site is the cecum. Further sequelae include abscess formation and
generalized peritonitis. Abscesses may rupture into adjacent viscera or
may form fistulas draining to the skin surface. Perforation in amebiasis is
usually an insidious event and characteristically is seen in the severely ill
patient, resulting in a gradual deterioration. The best means of verifying
this complication is to see free air in the peritoneal cavity on radiographic
examination of the abdomen.

Treatment of intestinal perforation is usually conservative.88,69
When laparotomy is undertaken, the bowel wall will be friable, and at-
tempts to suture may lead to larger areas of perforation. In other cases,
surgery will fail to localize the area of perforation, and the patient is
exposed to unneeded surgery. Rarely, a patient with amebiasis under
therapy may develop a classical ‘‘acute abdomen’’> where a colonic ulcer-
ation has eroded through the gut wall. Once the amebic infection is well
controlled by drugs, the gut wall will be sufficiently healthy to allow
surgical repair and suture.® The treatment of a localized intraabdominal
abscess secondary to intestinal perforation includes antiamebicides and
antibacterial agents to control infection, followed by surgical drainage.
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Ameboma

An ameboma is a nonabscess mass of the intestine associated with
amebiasis. Amebomas may arise in two settings: secondary to an intense
local inflammatory reaction from mucosal ulceration or a fibrolipomatous
tumor involving the entire thickness of the bowel. Amebomas may occur
anywhere in the colon but are most common in the cecum and sigmoid
colon. The clinical findings usually include localized pain and a hard,
tender mass often fixed in the cecal area or freely movable in the trans-
verse or descending colon. Biopsy shows granulation tissue, and E. histo-
Iytica often are found in histologic examination. Occasionally E. histoly-
tica may be found in the presence of a colonic carcinoma or other
intestinal lesion, including actinomycosis, regional enteritis, or diverticu-
losis.&4

Stricture

Annular narrowing of the colonic lumen occurs in the presence or
absence of ameboma. While stricture is classically a complication of
chronic disease, it may be seen in acute amebiasis. Pain, constipation,
and intestinal obstruction are the usual findings. Involvement of the rec-
tum or sigmoid colon may be diagnosed by digital examination or sig-
moidoscopy. It may be difficult to differentiate the lesion from carcinoma
or from lymphogranuloma venereum.

Miscellaneous Complications

Hemorrhage secondary to erosion into a blood vessel by an amebic
ulceration can cause a brisk hemorrhage which may be fatal. Intussuscep-
tion is a rare but well-recognized complication which may result when an
ameboma or segmental bowel thickening forms the apex of the intussus-
ception. Ischiorectal abscess, fistulas, and rectal prolapse are recognized
complications of intestinal amebiasis.

DIAGNOSIS

Establishing the diagnosis of intestinal amebiasis is usually difficult in
view of the common intestinal carriage of E. histolytica cysts and the
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difficulty many laboratories have in identifying the causative agent. In
patients with dysentery where large, unidirectionally motile trophozoites
contain red cells, the diagnosis is not difficult (see Figure 2.1). In less
obvious cases, three freshly passed stools collected over a three-day
period will usually reveal the agent.?%-7! Stool examination should include
direct, flotation, and staining methods. Even better than fresh stool is
material obtained from ulcers at endoscopy, scrape or biopsy material
from mucosal ulceration, or a blind rectal scraping with a glass spatula. In
amebiasis, sigmoidoscopy may be normal, either because the parasite
may not have invaded the bowel wall or because involvement may be
confined to other areas of the colon. In general, endoscopic findings can
vary so widely that they rarely are helpful in making a diagnosis.” There
is general agreement that the diagnosis of intestinal amebiasis cannot be
confirmed definitively unless hematopagy of trophozoites is documented.
Unfortunately, this finding is reported in less than half of the cases of
amebiasis.

Few technicians in diagnostic laboratories are properly trained to
identify intestinal protozoans, and there often exists a lack of interest
among laboratory personnel to pursue a difficult diagnosis when so many
negative results are obtained. There is no doubt that the condition is
misdiagnosed.24 It may be difficult to differentiate E. histolytica from
other intestinal protozoans,” and the untrained technician or clinician
often mistakes fecal white cells for E. histolytica cysts or trophozoites,
and vice versa. Because of misdiagnosis, patients may receive potentially
toxic drugs for no purpose, while curative therapy may be withheld in
other situations. The finding of E. histolytica cysts in stool specimens
may be the focal point of attention by laboratory personnel and the at-
tending physician, and patients with shigellosis or ideopathic ulcerative
colitis may not receive proper therapy.” On the other hand, many cases
of amebiasis fail to be properly diagnosed, and fatalities still occur in the
United States. Failure to establish a proper diagnosis usually centers
about errors in clinical judgment or laboratory inexperience. Clinicians
must be aware that patients with amebiasis may present with bloody
diarrhea, intestinal perforation, toxic dilatation of the colon, or ulcerative
colitis. It must be learned that freshly passed stool or rectal scrapings are
needed for optimal identification of the invasive trophozoites. In selected
cases, sigmoidoscopy should be performed, and direct sampling of ulcer-
ations or rectal biopsy material should be obtained and examined.” Ca-
thartics and enemas should not be used to prepare the patient prior to
endoscopy, since they may interfere with identification of the agent. Be-
cause of problems with identification of E. histolytica trophozoites in
stool and the frequent finding of cysts in those without symptoms, serol-
ogic procedures may prove to be the optimal means of establishing a
diagnosis of amebiasis.
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Stool Examination

The examiner must be able to differentiate various intestinal proto-
zoa from fecal leukocytes. Patients should not have received antibiotics,
antiprotozoal drugs, or antidiarrheal compounds containing kaolin, pec-
tin, bismuth, or magnesium hydroxide for one to two weeks prior to the
examination, since they interfere with parasite identification.12 Material
obtained through a proctoscope or by mucosal scraping is preferred. A
rectal swab should not be employed, as the protozoan will adhere to
cotton. Stool specimens should be passed directly onto dry paper or into
an empty stool container; trophozoites are lysed on contact with water. If
more than 2 hr will elapse before direct microscopic examination, the
specimen should be refrigerated at 4°C. A portion of the specimen should
be placed as soon as possible in polyvinyl alcohol (PV A) fixative to pre-
serve the trophozoites. This is primarily useful later to confirm the diag-
nosis of amebiasis. Direct screening examinations are carried out using a
wet-mount preparation in physiologic saline, methylene blue, and, in sus-
picious cases, iodine. The methylene blue and iodine preparations are
useful in differentiating E. histolytica cysts from leukocytes, and the
iodine solution offers further help in identifying the double membranes of
the cyst and multiple nuclei. The trophozoites of E. histolytica often
contain ingested red blood cells. Definitive diagnosis of amebiasis should
include examination of material preserved in PVA. This also serves as a
permanent record for later review. Specimens negative on direct exami-
nation for cysts should be reexamined after concentration by the zinc
sulfate flotation method?® and the formalin-ether technique.” No fewer
than three freshly passed stools need be examined before ruling out intes-
tinal amebiasis. The merthiolate—iodine-formalin (MIF) procedure?” is
useful to preserve any organisms present, and, like the formalin-ether
technique, the examination can be carried out at leisure. When E. histoly-
tica is identified by any of the direct staining techniques, it is advisable to
return to the PVA fixative and make a permanently stained slide employ-
ing either the trichrome?® or an iron-hematoxylin stain.” The smaller
nonpathogenic ameba Entamoeba hartmanni is differentiated from the
pathogen E. histolytica by measurement using an ocular micrometer.8¢
Rectal biopsy to look for intramucosal trophozoites may be useful in
cases with equivocal findings on stool examination. When material is
obtained from an extraintestinal site, as, for example, liver abscess fluid,
the last few milliliters of aspirate may be more revealing, since the tro-
phozoite can usually be found only at the periphery of the abscess.8!
Laboratories identifying E. histolytica should refer on a regular basis
material preserved in formalin or PV A to their state health department for
confirmation, and local laboratories should be encouraged to participate
in proficiency testing programs under the direction of the regional labora-
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TABLE 2.3
Structural Differences among the Amebae Found in the Large Intestine of Humans
Peripheral
chromatin and Karyosomal Nuclei Other
Amebae chromatid bars chromatin in cyst bodies
Entamoeba + Small, centric 14 Red blood cells
histolytica (trophozoite)
Entamoeba coli + Large, centric 1-8 0
Endolimax nana 0 Large, blot-like 1-4 0
Todamoeba 0 Large 1 Large glycogen
biitschlii vacuoles (cyst)
Dientamoeba 0 Broken and No cyst 0
fragilis clumped

tory.14 Table 2.3 highlights morphologic differences among the various
amebae found in the intestine of humans.

Other Laboratory Procedures

Serology testing as performed by state departments of health (usually
an indirect hemagglutination technique) is a valuable adjunct to establish-
ing the diagnosis of amebiasis. This is particularly true in the case of liver
abscess (see ‘‘Serology,’’ below).

Hepatic amebiasis (liver absess) is suggested in patients with eleva-
tion of the right hemidiaphragm and tenderness or a mass in the right
upper quadrant. The most helpful new laboratory developments in diag-
nosing a liver abscess are technetium-99m sulfur colloid and gallium-67
citrate scans and computerized axial tomography (CAT). Figure 2.3 indi-
cates how a liver scan may be useful in detecting the presence and deter-
mining the extent of an amebic abscess. The CAT scan may be capable of
defining smaller lesions than the currently available scanning procedures.
The radionuclide image demonstrates a space-occupying lesion (abscess,
hematoma, or malignancy). The technetium scan is particularly helpful in
identifying lesions in the left lobe. Gallium scanning may show increased
activity near the periphery of the lesion which is also characteristic of
large neoplastic processes with central necrosis.82 The gallium scan has
been shown to be useful in following the progress of therapy. Ultrasonic
scanning may not be as accurate as scintiscanning in detecting an abscess,
but it offers the advantage of determining whether the lesion is fluid-filled
or solid.®3 B-mode ultrasonography added to a radionuclide-image proce-
dure may prove to be the optimal means of detecting liver abscess.
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is fluid-filled or solid.8® B-mode ultrasonography added to a radionuclide-
image procedure may prove to be the optimal means of detecting liver
abscess.

Cultivation of E. histolytica may be used in establishing a diagnosis,
but lack of availability of the technique generally limits the usefulness of
such an approach. Axenic methods are used in most centers to obtain
pure cultures of amebae, while monaxenic techniques, allowing one bac-
terial strain to grow with the amebae, may be used in the research labora-
tory.84.85 The LER medium of Boeck and Drbohlav which was described
in 19258 is still employed. A number of other media are available, includ-
ing liver extract,% egg yolk infusion,®? alcohol-egg extract,8® and char-
coal media.8® Cultivation of E. histolytica from stool has been used suc-
cessfully in diagnosing amebiasis in field studies.?0-1 Amebic antigen
detection by counterimmunoelectrophoresis is a useful means of rapid
and specific diagnosis of amebiasis, particularly in invasive disease such
as liver abscess.92

SEROLOGY

Craig?-94 demonstrated that patients with amebiasis had comple-
ment-fixing serum antibody to the causative agent. The antigen was an
alcohol extract of an E. histolytica culture. Other procedures include
amebae immobilization reaction,? indirect hemagglutination (IHA) and
complement-fixation tests,%-97 Jatex slide agglutination procedure,®® flu-
orescent antibody technique,?® countercurrent immunoelectropho-
resis, 1% and gel diffusion preciptin (GDP).10! Currently, most state health
department laboratories employ the indirect hemagglutination test. Ap-
proximately 85% of the persons with symptomatic intestinal disease and
nearly 100% of those with extraintestinal amebiasis have significant hu-
moral antibody titers.73,102,103 The serologic test is particularly useful in
the United States due to the low level of antibody which exists in the
general population.1%4 The test is of great usefulness in diagnosing amebic
liver abscess, since stool specimens are usually negative for the agent and
the serologic procedure is nearly always positive (in 92-98% of cases).
Also, serologic evaluation is of value in determining the importance of E.
histolytica in patients with inflammatory bowel disease when the proto-
zoan is visualized in stool specimens.1%® This is particularly important,
since corticosteroids used in inflammatory bowel disease are contraindi-
cated in amebiasis. A limitation of serologic procedures to establish a
diagnosis of amebiasis relates to the failure of a humoral immune re-
sponse to asymptomatic intestinal infection.1%¢ Also, an elevated titer
does not distinguish between current or previous infection,1°2 although a
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titer > 1:512 generally indicates a recent or active infection.193 GDP has
been suggested as the best test for invasive amebiasis in view of its
simplicity, reproducibility, and low cost.1°1 [HA is the most useful as an
epidemiologic tool, because prolonged persistence of antibodies after ill-
ness allows the study of disease prevalence.

TREATMENT

In the 19th century, ipecacuarrha (ipecac) was used for the treatment
of dysentery. In 1912, Vedeer (cited in Reference 107) demonstrated that
its derivative emetine could kill amebae in vitro, and Rogers 1°7 success-
fully treated two patients with amebic dysentery and one with liver ab-
scess by parenteral emetine. Due to cardiovascular toxicity, this drug is
rarely used today.

The objectives of therapy are to control symptoms, to destroy ame-
bae in the bowel lumen, to prevent spread of amebae to other tissues, and
to irradicate invasive amebae. Metronidazole (Flagyl) is the most effec-
tive single drug for all forms of symptomatic amebiasis and is given to
children and adults regardless of the disease expression, including liver
abscess (Table 2.4).198-110 Fjajlure to respond to metronidazole occasion-
ally occurs with hepatic amebiasis, and other drugs may then be effec-
tive.110-114] jver abscess may on rare occasion develop after a full course
of appropriate therapy for intestinal amebiasis.114-115 Although most pa-
tients will respond to metronidazole alone, the occurrence of relapses and
development of a liver abscess after therapy have encouraged many to
suggest the use of an additional drug in combination with metronidazole,
such as diiodohydroxyquin or chloroquine.l14,116 When the course of
metronidazole is completed for the treatment of intestinal amebiasis, a
drug active against cysts, such as diiodohydroxyquin, probably should be
given to adults. Diiodohydroxyquin has important yet unusual side ef-
fects, including optic atrophy and blindness.117,118 Patients who are criti-
cally ill or who are unable to take medication by mouth should initially be
treated with emetine or, preferably, with dehydroemetine.198-111 There is
little doubt that a carrier state exists for E. histolytica whereby the organ-
ism is excreted in the cyst form in the absence of overt clinical symptoms.
Liver abscess occurs in such patients, which indicates the potential haz-
ards of long-term intestinal carriage. Also, it appears that decreased host
resistance will stimulate the agent to produce intestinal invasion and
symptoms. It is for these reasons many advocate treating asymptomatic
intestinal carriers, particularly if the individuals live in areas where dis-
ease is not hyperendemic.

There is a lack of agreement on the optimal course of therapy of
intestinal amebiasis due to unavailability or toxicity of drugs or because
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TABLE 2.4
Antimicrobial Therapy of Amebiasis
First choice Alternatived
Asympto- Diloxanide furoate (Furamide)b 500 Diiodohydroxyquin (Diodoquin)
matic mg (p.o.) t.i.d. for 10 days 650 mg (p.o.) t.i.d. for 5-10 days
cyst (adults), 20 mg/kg/day for 10 (adults), 40 mg/kg/day for 10
excretor days (children) days (children)
or
Metronidazole (Flagyl) 750 mg
(p.o.) t.i.d. for 5 days (adults), 50
mg/kg/day for 5 days (children)
Intestinal Metronidazole (Flagyl) 750 mg Dehydroemetineb 90mg/day (i.m.
amebi- (p.o.) t.i.d. for 5-10 days or deep s.c.) (adults), 1 mg/kg/
asis (adults), 50 mg/kg/day for 10 day (children) for 10 days
days (children) plus either
plus Diiodohydroxyquin (same dosage
Diiodohydroxyquin (Diodoquin) and duration as under ‘‘First
650 mg (p.o.) t.i.d. for 21 days choice’’)
(adults), 40 mg/kg/day for 21 or
days (children) Diloxanide furoate? (same dosage
and duration as above)
Liver ab- Metronidazole (Flagyl) 750 mg Dehydroemetineb (same dosage
scess (p.o.) t.i.d. for 5-10 days and duration as above)
(or other (adults), 50 mg/kg/day for 10 plus
extrain- days (children) Chloroquine 150 mg base (p.o.)
testinal (Many would also administer chlo- b.i.d. for 21 days-10 weeks
diseases) roquine for 21 days; see dosage (adults), 10 mg/kg/day for 21

under ‘*Alternative’’)

days (children)
plus
Diiodohydroxyquin (same dosage
and duration as under *‘‘Intestinal
amebiasis’’)

aSome combinations are untested.

megs not currently licensed; available from Parasitic Disease Drug Service, Center for Disease Control
(404-329-3311 or 404-329-3644).

of high relapse rates after therapy. Diiodohydroxyquin is no longer mar-
keted (it can be obtained on request from Searle Laboratories), diloxanide
furoate!1? is not yet licensed, and metronidazole is suspected of being
mutagenic for bacteria and carcinogenic in rats and mice,!2? indicating the
therapeutic dilemma which exists in management of patients with ame-
biasis. Table 2.4 offers our suggestions for the therapy of the various
forms of amebiasis. The best form of therapy for the asymptomatic cyst
excretor (if treated) is diloxanide furoate!!® (which is available through
the Center for Disease Control, 404-329-3311) or diiodohydroxyquin.12!
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Metronidazole represents the cornerstone of therapy for other sympto-
matic forms. Emetine or the synthetic dehydroemetine is useful for very
ill patients or those unable to take oral drugs. Dehydroemetine is more
rapidly excreted and has a more favorable liver-heart concentration and
therefore is less toxic than the natural compound emetine.122 It is avail-
able from the Center for Disease Control. Ideally, stool specimens are
examined by concentration techniques for E. histolytica one month and
two months after the course of therapy to establish a therapeutic
response.

Corticosteroids should not be given to patients with amebiasis unless
absolutely necessary because of underlying disease such as inflammatory
bowel disease. Corticosteroids have been shown to increase the likeli-
hood of developing liver abscess in experimental infection,52 and case
reports indicate a worsening of clinical amebic infection in those receiv-
ing steroid therapy for other reasons.24,53,55

In most cases, chemotherapy is curative of liver abscess without
surgical intervention. In large abscesses, closed-needle aspiration is use-
ful during drug therapy, although bacteria may be introduced by the pro-
cedure,25-123 and in other cases, particularly when multiple abscesses
occur (usually in children), surgical drainage may be necessary .84,124

Historically, when surgery has been performed in patients with intes-
tinal amebiasis, it occurred when the diagnosis was not established and
complications of surgery were common. The following are appropriate
indications for surgery125,126;

1. Liver abscesses failing to respond to chemotherapy and closed-
needle aspiration. Here, laparotomy and open drainage are
performed.

2. Perforation of the bowel with localized abscess development.
Open drainage is undertaken.

3. Perforation of the bowel with peritonitis. The perforated segment
is either resected or exteriorized and a proximal colostomy per-
formed. Reanastomosis can be carried out after recovery.

4. Fulminating amebic colitis with extreme toxemia, hyperpyrexia,
tachycardia, abdominal distension, etc., which fails to respond to
amebic chemotherapy and intensive medical measures, including
nasogastric suction, intravenous therapy, and correction of acid-
base balance and electrolyte abnormalities. Surgery also may be
indicated in the patient who has persistent ulcerative colitis after
completing a course of therapy providing the infection is eradi-
cated.128 If laparotomy reveals multiple areas of gangrene,
sloughing, or perforation, subtotal colectomy and colostomy
should be carried out. Ileorectal anastomosis can be carried out
after recovery if the rectum returns to normal.
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Percutaneous aspirations of a liver abscess may be safely performed
by using a large-bore needle inserted through the ninth or tenth interspace
in the right midaxillary line under guidance by physical examination and
radiographic findings (for an abscess of the right lobe). Aspiration is
reserved for those with a large abscess not showing clinical response after
two to four days of therapy or if rupture appears to be imminent because
of abscess size and location; it may also be important to aspirate left lobe
abscesses to prevent rupture into the pericardium, which is highly fatal.
The sole indications for open drainage of an amebic liver abscess are
secondary bacterial infection which fails to respond to combined anti-
amebic-antibacterial therapy or rupture of a liver abscess with develop-
ment of intraabdominal abscess and peritonitis. Rupture into the lung
with abscess formation is usually managed medically where spontaneous
drainage occurs by erosion through a bronchus with establishment of a
bronchohepatic fistula. Empyema may best be treated by chest tube and
continuous pleural drainage. Rupture into the pericardium requires re-
peated needle aspiration. Brain abscess, which is frequently lethal,
should be treated by early drainage, since medical therapy is incomplete
in effecting a cure.127
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Giardiasis

INTRODUCTION

Giardia lamblia, a flagellated protozoan, was described in detail by L.ambl
in 1859.1 Although Lambl is credited with the discovery, Leeuwenhoek
actually may have been the first to describe the agent in his own diarrheal
stool in 1681.1 Initially, the agent was felt to be a normal inhabitant of the
upper intestinal tract of humans,? and it was considered to be nonpatho-
genic. Major support for its low-grade pathogenicity was offered by the
finding of asymptomatic cyst excretion in nearly 10% of persons through-
out the world. In the 1950s, a series of volunteer experiments3-* estab-
lished the infectivity of the protozoan. During the last two decades, G.
lamblia has been shown to be an important cause of acute diarrhea in
certain high-risk populations (particularly, American travelers to the So-
viet Union, those traveling to developing parts of the world, and persons
visiting ski resorts or camping areas of the Rocky Mountains) as well as
the causative agent of recurrent and/or chronic diarrhea and malabsorp-
tion in all parts of the world.

PATHOGENESIS

Drinking of contaminated water is the most common way in which
the infective cysts reach the target organ. In other situations, hand-to-
food-to-mouth or hand-to-mouth transmission may occur from a cyst
excretor to a susceptible individual. The inoculum size necessary to in-
duce infection is low. Rendtorff3 reported that 8 of 22 adult volunteers
(36%) became infected after ingestion of 10-25 G. lamblia cysts. In an-
other experiment, G. lamblia was shown to remain viable and infective

47
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Figure 3.1. During acute infection in the mouse, Giardiahover in the mucus coat, wedge
into furrows, or cling to the surfaces of jejunal villi with their adhesive disks (x708).
Reprinted from Owen et al.®?
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for at least 16 days in tap water stored at 8°C,4 indicating the stability of
the infective cysts.

After ingestion, the organisms encyst in the upper small intestine,
and each divides into two trophozoites which subsequently mature. In the
infected person, the trophozoites line the small-intestinal mucosa and
may interfere with absorption through mechanical means (Figure 3.1).
Neither the density of the protozoans nor the degree of mucosal injury as
found on biopsy completely correlates with the degree of symptomatol-
ogy. There appears to be a correlation between intraepithelial lymphocyte
counts and occurrence of malabsorption.3 The sucking disk of the tropho-
zoite has been shown by electron microscopy to produce damage to the
small-bowel microvilli.8>7 Histologically, focal areas of acute inflamma-
tion in the lamina propria and epithelium of the jejunal crypts and villi are
found.?-8 Polymorphonuclear leukocytes and eosinophils can be found
between epithelial cells. Invasion of the trophozoites through the epithel-
ium to the lamina propria may occur®-2:1° and should be suspected in any
person with steatorrhea or chronic diarrhea.® Occasionally, severe atro-
phy of jejunal mucosa with dense plasma cell infiltrate, with or without an
underlying immunologic disorder, may occur.11-13 The mucosal atrophy
generally is reversible with therapy .13 Patients with immunoglobulin defi-
ciency may develop total villous atrophy in association with a Giardia
infection.14-18 Patients with giardiasis may have segmental involvement,
so that multiple biopsies will be needed to show the intestinal lesion.!5

Children appear to be more susceptible to Giardia than adults.16-18
Conditions other than age which predispose to giardiasis are hypogam-
maglobulinemia, particularly where there is a deficiency in secretory
IgA,11,19,20 peptic ulcer, biliary tract disease, and pancreatitis.2! Reduced
gastric hydrochloric acid secretion as is seen in hypochlorhydria, achlor-
hydria, or following gastric resection has been shown to predispose pa-
tients to giardiasis.16,20,22,23

Disaccharidase deficiency, depression of other intestinal enzymes,
and defects in vitamin Bi2 absorption have been described in patients
with giardiasis.24 Usually these intestinal changes are transient and disap-
pear after treatment, although persistent carbohydrate intolerance may
occur after successful treatment of the parasite.14 As in other forms of
acute infectious diarrhea involving the small bowel, an overgrowth of
bacteria may occur in the upper gut of patients with giardiasis.®8-2% This
overgrowth syndrome may contribute to the diarrhea and malabsorp-
tion.25 In developing parts of the world, malnutrition contributes to the
pathogenesis of giardiasis, and improvement in nutritional status may
correct the associated malabsorption.2¢ Intestinal plasma cells produce
IgM early in infection,27-28 followed by IgA and IgG production later in
the evolution of the disease.28 A role for locally produced immunoglobu-
lin in giardial immunity has not been established.
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EPIDEMIOLOGY

The causative agent is a ubiquitous protozoan which has worldwide
distribution. Areas where the disease is hyperendemic are the Soviet
Union (particularly in Leningrad),?®-32 the Rocky Mountain area of the
United States,33,34 Europe,353¢ the Caribbean, and Latin America. Giar-
dia infection is undoubtedly a more important cause of acute endemic
diarrhea in the United States than appreciated.3® The major reservoir of
giardiasis appears to be water,29,30,32,3743 ypdoubtedly contaminated
with human waste or possibly that from lower mammals.3® One large
community outbreak of giardiasis occurred in Rome, New York, and was
traced to the municipal water supply which was contaminated with Giar-
dia.** Because of the sparsity of humans in many remote regions of the
Rocky Mountain area, it has been felt that contamination of surface water
by lower mammals may explain the reservoir in these areas. Beavers
appear to be particularly important carriers of G. lamblia.3® Transmission
may less commonly occur after ingestion of contaminated uncooked
foods#4 or by direct person-to-person spread.45,46

The percentage of carriers of G. lamblia in the United States has
been estimated at 3-7%?18-33:47 and as high as 20% for the southern part of
the country.!® The extent of person-to-person spread has not been estab-
lished. Common-source outbreaks are most frequent, and while person-
to-person spread has been uncommon in some studies,4® secondary and
tertiary contact spread were documented in others.48

Epidemics of giardiasis among infants and children in hospital nur-
series,*® custodial and residential institutions,30-51 and day-care centers52
have been reported. Person-to-person spread appears to be the most
likely mode of transmission in these settings.5%-52 Transmission to ward
helpers and family contacts was documented during these outbreaks. 49,52

CLINICAL ASPECTS

The average incubation period in giardiasis is 8 days, with a range of
342 days.3! Clinical manifestations are unpredictable4® and vary from a
total lack of symptomatology to an acute short-lasting diarrheal syndrome
to a chronic or recurrent malabsorption syndrome. Patients usually have a
short-lasting acute diarrheal disease with or without low-grade fever, nau-
sea, and anorexia, while a small percentage develop an intermittent or
more protracted course characterized by diarrhea, cramping, abdominal
pain, bloating, and flatulence. In a series of 324 patients with giardiasis,2®
the frequency of occurrence of clinical symptoms was: diarrhea, 96%;
weight loss, 62%; abdominal cramps, 61%:; greasy stools, 57%:; flatulence,
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35%; vomiting, 29%; belching, 26%; and fever, 17%. Similar percentages
have been reported in another study.54

Malabsorption is common in giardiasis and may be due to mucosal
injury,?® to a physical barrier to adsorption created by the shear numbers
of G. lamblia trophozoites lining the intestinal surface,8:55 to altered mo-
tility>® with an intestinal stasis syndrome,® or to a competition between
the protozoans and the host for nutrients and vitamins.24-57 Diarrhea with
or without overt malabsorption commonly lasts months or even years.58
In addition to fat malabsorption, patients with giardiasis may have intoler-
ance to meat.5? The Giardia cysts usually disappear from stools after
several weeks but may persist for more than several months.3

Giardiasis should be considered in any patient with protracted or
intermittent symptoms, particularly, associated malabsorption, foul-
smelling stools, flatulence, or weight loss. Although eosinophilia is not
part of the syndrome, we have seen one patient with biopsy-proven giar-
diasis who gave an eight-year history of episodic explosive diarrhea asso-
ciated with urticarial reactions and fever who experienced eosinophila (10
-20% of peripheral leukocytes) during his bouts of diarrhea. He re-
sponded to a standard course of metronidazole. Along with other entero-
pathogens, G. lamblia may have a venereal mode of transmission among
male homosexuals.80-62 Both giardial proctitis and acute watery diarrhea
may be the forms of disease encountered. Fecal-oral®! and fecal-rectal®®
modes of spread have been implicated.

DIAGNOSIS

There exists a differing opinion with regard to the efficiency of direct
stool examination in diagnosing giardiasis (see Figures 3.2-3.4 for the
appearance of the cysts and trophozoites of G. lamblia). Some say that
the great majority of cases (76%) can be properly diagnosed by a single
examination of a stool specimen, with the probability of proper diagnosis
increased (90%) by a second examination,8® while others have indicated
the difficulty of making the diagnosis even after repeated examination of
stool specimens.5-84 One study indicated that stools are commonly nega-
tive for the causative agent early in the infection.3! In certain cases with
negative results on stool examination, it may be necessary to wait up to
three weeks after exposure to G. lamblia to repeat the stool examination
before assuming that the diagnosis is not giardiasis. Stool examination
was compared to small-bowel aspiration in patients with diarrhea, and the
protozoan was found in only 50% of stools where a small-bowel locus
of infection was documented.®5 Also, in many cases, persons excrete
the cysts intermittently, with cycles of negativity lasting as long as 2-30
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Figure 3.2. Cyst of Giardia lamblia in an MIF-stained preparation from clinical material.
Note the characteristic oval shape of the organism and the retraction of cytoplasm from
some parts of the cyst wall (X 1000). Material kindly furnished by Mr. Bernard J. Marino of
the Houston City Health Department.

days.6€,87 Antibiotics, antacids, and antidiarrheal compounds may cause
atemporary disappearance of parasites from stool or interfere with recog-
nition of the parasites. Purgatives have not improved the rate of Giardia
identification in a collected stool specimens.$?

The sensitivity of stool examination can be improved by using a zinc
sulfate concentration technique.4? In cases where the diagnosis is sug-
gested and stools are negative, aspiration and/or biopsy of the duodenum
or upper jejunum should be performed. Since the organism lives in the
upper intestine, this procedure is more reliable than examination of stool
specimens.15,85 The importance of duodenal aspiration in making the di-
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Figure 3.3. Precystic trophozoite form of Giardia lamblia in an iodine-stained preparation
from a clinical specimen showing a single external flagellum (x1000). Material kindly
furnished by Mr. Bernard J. Marino of the Houston City Health Department.

agnosis of giardiasis is not a new observation.2 Duodenal biopsy probably
represents the optimal means of diagnosing giardiasis, where a touch
preparation from mucus adhering to the biopsy section® is stained with
Giemsa’s or Masson’s trichrome stain after fixation in Bouin’s solution.®
Electron microscopic examination of intestinal material may be useful in
nondiagnostic cases.®® An alternative method is the commercially avail-
able Entero-test (produced by Hedeco, Mountain View, California
94043), where a nylon string is affixed to a weighted gelatin capsule and
swallowed. Four hours later, the string is withdrawn, and duodenal
contents (bile-stained mucus adherent to the string) are examined micro-
scopically for G. lamblia.®="! In selected cases, it may be advisable to



54 Chapter 3

Figure 3.4. Giardia lamblia trophozoite in an MIF-stained preparation from a small-bowel
aspirate of a patient with acute diarrhea (x1000). Note the pear-shaped body with two large
subspherical nuclei within the bilaterally symmetrical organism.

administer secretin intravenously (Secretin-Boots, Warren-Teed Pharma-
ceuticals, Inc., distributor, Columbus, Ohio 43215) before studying duo-
denal juice for G. lamblia.”? The optimal pH for survival of G. lamblia
trophozoites is 6-7,73 and the agent is actively destroyed when the pH of
duodenal contents is lowered.45 Secretin stimulates the pancreas to pro-
duce a watery alkaline juice, raising the pH of duodenal contents, and it
also reduces gut motility. An altered small-bowel pattern is seen on X ray
in giardiasis.47-56,74

TREATMENT

The key to treatment is proper laboratory diagnosis. Because of the
occasional difficulty in establishing the diagnosis, some have advised em-
piric therapy despite the absence of laboratory confirmation in settings
where diagnosis is likely.53 Quinacrine (Atabrine), given in a dosage of
100 mg t.i.d. for seven days, is the optimal form of therapy in adults with
laboratory-confirmed giardiasis and will result in a cure rate of 95-
100%.93,74-76 The pediatric dosage is 7 mg/kg daily (maximum 300 mg/
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day) in three divided doses for seven days. Quinacrine is significantly less
expensive than metronidazole. Important side effects of quinacrine are
toxic psychosis, yellow staining of skin and sclera, and exfoliative derma-
titis. Metronidazole (Flagyl) is a suitable alternative agent, although it is
not currently licensed for use in treatment of giardiasis. It is given in a
dosage of 250 mg t.i.d. for ten days for adults and 20 mg/kg daily (max-
imum 750 mg/day) in divided doses for ten days for children. While the
cure rate in giardiasis may be slightly lower for metronidazole compared
to quinacrine (95% vs. 1009%),7¢ metronidazole probably is better toler-
ated and may have other, non-Giardia antimicrobial activity which may
prove beneficial. Some have suggested that metronidazole be considered
the treatment of choice.??>78 It has been used successfully in a dosage of 2
g daily for three days.? It is our current practice to employ quinacrine in
clear-cut cases of giardiasis but to prescribe metronidazole for patients
treated empirically without a definitive diagnosis. Both quinacrine and
metronidazole are available only in pill form, requiring special formula-
tion into a liquid or powder preparation for use with small children. The
bitter taste of these preparations may make therapy of children difficult, if
not impossible, due to lack of compliance.

The third available drug is furazolidone, which may or may not be
less effective than the other two.76:8 However, it is available in a liquid
preparation which children can tolerate. The significantly lower cost of
furazolidone is an advantage, particularly in developing countries. Pa-
tients, particularly those with more protracted symptoms, may, on occa-
sion, fail to respond to a course of these recommended therapies. Such
individuals may not have Giardia in stool, but duodenal aspirates will
remain positive. Other patients may become asymptomatic after quina-
crine, only to have a recurrence at some later time. Multiple courses of
therapy, perhaps using alternative drugs, would be indicated. Tinidazole
may prove to be the most efficacious drug and may be useful even in a
single oral dose, although it is not yet licensed for use.81783 [t does not
produce gastric side effects. Other newer agents with antigiardial activity,
such as nimorazole and ornidazole, will be tested in future studies.

One of the difficulties in clinical drug trials is the fact that the illness
is usually self-limiting and that Giardia tend to disappear spontaneously
without treatment3-8¢ and may recur later after an interval of 20-30
days.88 There is a dispute over whether persons without symptoms should
receive therapy. Most say that asymptomatic cyst excretors should be
treated since they are the usual reservoir of infection.8® A less prevalent
opinion is that the organism is ubiquitous, that asymptomatic infection is
common and short-lived, and that treatment is unnecessary.® Table 3.1
presents a summary of antimicrobial agents used for the treatment of
giardiasis.
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TABLE 3.1
Antimicrobial Therapy of Giardiasis

Dosage and duration

Drug Children Aduits Comment
Quinacrine 7 mg/kg/day (p.o.) in 100 mg (p.o.) t.i.d. Most effective drug
(Atabrine) equally divided doses for 7 days for laboratory-
t.i.d. for 7 days (max- confirmed giardiasis;
imum 300 mg/day) low cost
Metronidazole 20 mg/kg/day (p.o.) in 250 mg (p.o.) t.i.d. Perhaps the best choice
(Flagyl) equally divided doses for 10 days for empirical therapy
q.i.d.for 10 days (max- of unconfirmed cases;
imum 750 mg/day) not approved by FDA
Furazolidone 5 mg/kg/day (p.o.) in 100 mg (p.o.) q.i.d.  Slightly less effective;
(Furoxone) divided doses q.i.d. for 7 days low cost; available
for 7 days as a liquid for use

in pediatrics

IMMUNITY

Despite the ubiquity of the agent in nature and the undoubtedly com-
mon occurrence of exposure, humans are extremely susceptible to infec-
tion, which indicates that immunity is, at best, relative. In volunteer
studies, all 13 adults males ingesting 102-108 cysts became ill,® verifying
the susceptibility of humans to G. lamblia. Acquired immunity of a rela-
tive degree appears to occur, since short-term residents in Colorado have
a higher rate of infection than long-term residents.84

An antigen for serologic evaluation of infection was prepared from
G. lamblia obtained from duodenal juice, from jejunal biopsies, and from
G. lamblia cysts of patients giardiasis.2? Employing an indirect immuno-
fluorescent antibody procedure, Ridley and Ridley were able to document
a humoral immune response to infection, particularly in those patients
with malabsorption (89% were positive), which could be correlated
roughly with the degree of histologic involvement of the intestine.2? The
test may be impractical in view of the difficulty in obtaining a satisfactory
cyst antigen. Improved techniques are being established.8® Now that
techniques for artificial cultivation of Giardia are being developed,88 a
ready supply of antigen may be produced, and serologic studies may be
forthcoming. A model of murine giardiasis (due to Giardia muris) has
been developed®” in which animals were shown to develop prolonged
resistance after a primary infection.
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PREVENTION

Infection is best prevented by avoiding the ingestion of tap water in
high-risk areas such as the Soviet Union or of surface water in Rocky
Mountain states. Water can be rendered noninfective if it is boiled for 10
min or if treated with iodine solutions.40-63 Chlorinating per se may not
inactivate the cysts,37>41 but properly functioning water treatment sys-
tems employing sedimentation, flocculation, and filtration should success-
fully remove Giardia cysts from water.8® Uncooked or unpeeled fruits
and vegetables may be sources of infection in areas of endemicity.
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Bacillary Dysentery

INTRODUCTION

Bacillary dysentery is a common diarrheal syndrome generally caused by
one of 32 serotypes of Shigella and less commonly by invasive strains of
E. coli. Many cases of dysentery remain undiagnosed after laboratory
examination. Campylobacter recently has been shown to produce a dys-
entery syndrome, and other causes will be identified in future studies. The
term ‘‘dysentery’’ was used by Hippocrates to indicate a condition char-
acterized by the frequent passage of stools containing blood and mucus
and accompanied by straining and painful defecation. At the end of the
19th century, the causative agents were identified, and the two forms of
dysentery, bacillary and amebic, were distinguished. Much of the dysen-
tery described in older writings is felt to be bacillary (shigellosis) in origin
due to rarity of liver involvement. Outbreaks of bacillary dysentery
through the first World War were as important in deciding the outcome of
most military campaigns as war-related injuries. The most characteristic
clinical picture of shigellosis is dysentery (bloody, mucoid stools) in
which the passage of numerous small-volume stools is associated with
variable degrees of fever, systemic toxicity, fecal urgency, and tenesmus.
The causative agent may produce less striking diarrhea without fever.

BACTERIOLOGY

In the identification of Shigella and Salmonella, most laboratories use
an enrichment broth (primarily for Salmonella isolation) and two or more
plating media, followed by biochemical identification of lactose-negative
colonies showing a characteristic fermentation reaction on triple sugar-
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iron (TSI) and lysine—iron agar (LIA) slants. Commonly employed media
for initial plating of stool specimens include Shigella-Salmonella (SS),
MacConkey, eosin-methylene blue (EMB), xylose-lysine-deoxycholate
(XLD), Hektoen enteric agar, and Tergitol 7 agars.

The media inhibit the growth of bile-sensitive bacteria, thereby pro-
ducing a selective environment for the growth of the relatively bile-resis-
tant Salmonella and Shigella organisms. Multiple plates are employed,?!
since these media also inhibit the growth of all other bacteria and are thus
primarily useful in detecting the agents when they are present in large
numbers (more than 103/g of stool). It is customary to streak lightly on a
minimally inhibitory medium such as MacConkey, XLD, Tergitol 7, or
EMB and plate heavily on a more inhibitory medium such as SS agar.

During active infection where the patient is clinically ill, the infecting
strain generally is present in stool in concentrations between 102 and 10°
viable bacteria/g. During convalescence, Shigella proliferation decreases
to 102-103 cells/g of feces, which influences laboratory identification. The
sooner after passage that the stool specimen is processed and the more
culture plates processed, the greater the likelihood of identifying the
causative agent. In certain research centers, fluorescent antibody tech-
niques have been employed to detect Shigella strains in diarrheal stools
when present in lower numbers.2 In areas where Shigella dysenteriae 1
(the Shiga bacillus) is endemic, the use of nonselective media such as
MacConkey or Tergitol 7 is essential due to strict growth requirements of
the organism.34 When a bacterial isolate gives a characteristic reaction, it
is confirmed as Shigella by biochemical reactions and then it is sero-
grouped and typed by slide agglutination. There are four serogroups of
Shigella: group A, S. dysenteriae (10 serotypes); group B, S. flexneri (6
serotypes); group C, S. boydii (15 serotypes); and group D, S. sonnei (1
serotype). Antiserum for determining group- and type-specific antigeni-
city is commercially available.

In most parts of the world, the vast majority of cases of bacillary
dysentery are caused by a Shigella strain. A small percentage of cases are
secondary to infection by an invasive E. coli. These bacteria are classified
biochemically as E. coli, yet biologically they closely resemble Shigella.
Their similarity to Shigella strains is further suggested by the finding that
most invasive E. co'i antigenically resemble Shigella strains,® and most
will agglutinate with Shigella antisera. Invasiveness by these bacteria is a
chromosomally mediated virulence property. There is a clear relationship
between serotype based on O and H antigens and invasiveness. Important
O groups include 28, 112, 115, 124, 136, 143, 144, 147, and 152. It may be
that serotyping of E. coli will prove to be of value in screening for enter-
oinvasive E. coli. Campylobacter, Yersinia, and Vibrio parahemolyticus
strains may produce dysentery and will be discussed in Chapter 8.
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PATHOGENESIS

The primary virulence property of strains of Shigella and Shigella-
like E. coli is invasiveness, whereby the infecting strain is capable of
penetrating the epithelial lining of the gut.® The property of invasiveness
appears to be chromosomally mediated, and the segment of genome in-
volved is located near the purine E and lactose-galactose regions.” Pri-
mates, including humans, are the only animal order naturally susceptible
to infection by Shigella. A great deal of knowledge about pathogenesis of
bacillary dysentery has come from experimental animal studies employ-
ing animal models (either monkeys with natural susceptibility or guinea
pigs made susceptible by starvation and pretreatment with opiates). Shi-
gellosis in starved, opium-treated guinea pigs is a rapidly fatal disease,
with death occurring within 48-72 hr due to extensive small-bowel in-
volvement.® The experimental infection in this model resembles the rare
fulminating human infection, the ekiri syndrome,® in which a similar
small-bowel lesion occurs and mortality is common. Dysentery bacilli
penetrate intact epithelial lining and reach the lamina propria within a few
hours. Epithelial changes range over a wide spectrum from severe degen-
erative alterations to increased cellular activity.®

Naturally occurring shigellosis in monkeys resembles the disease in
humans in that oral administration of virulent dysentery bacilli leads to an
acute colitis within 48 hr.1® Shigella organisms are found in decreasing
numbers from the luminal epithelial cells to deep crypt cells to the lamina
propria. The superficial nature of infection explains the rarity of obtaining
positive blood cultures from patients with shigellosis. The small bowel is
normally spared in the monkey model. Dysentery bacilli invade the co-
lonic mucosa from the intestinal lumen, and organisms have a preference
for the cytoplasm of colonic epithelial cells. Prior to invasion, the bacteria
attach to the surface epithelium, as shown by phase-contrast time-lapse
cinemicrography.1! Bacterial invasion unevenly affects epithelial cells,
with disappearance of goblet cells and extrusion of epithelial cells, lead-
ing to formation of microulcers at the luminal surface. Crypt abscesses
develop secondary to a focal accumulation of inflammatory cells. Bacil-
lary dysentery has been produced in cynomolgus monkeys when a viru-
lent Shigella strain was given either by direct injection into the cecal
lumen?2 or by oral challenge. In cecal challenge, a lower inoculum size
produced illness, and there was a greater percentage of stools containing
blood and mucus.

Volunteer experiments have helped to establish the occurrence of a
biphasic illness which depends upon the site of intestinal localization of
the infecting Shigella strain. Twelve hours after ingestion of a virulent
Shigella strain, the bacteria were shown to transiently multiply in the
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small intestine to concentrations of 107-10? cells/ml of luminal content.
Occasionally, the infecting strain could be found in the stomach for peri-
ods of 20 hr despite low pH. Abdominal cramps and fever usually were
found during this early phase of infection. After one to three days, the
Shigella strain could no longer be cultivated from small-bowel fluids, the
temperature became lower, and pain and abdominal tenderness were con-
fined to lower abdominal quadrants. Urgency, tenesmus, and dysentery
commonly were seen at this time when the organisms were confined to the
colon (see ‘‘Clinical Features’’).

Table 4.1 reveals the stool findings in 59 adult students with diarrhea
acquired while in Mexico. Twenty-nine of the students had a Shigella
strain isolated from diarrheal stools and were considered to have shigel-
losis. Thirty students were diagnosed as having diarrhea due to enterotox-
igenic E. coli (ETEC) as determined by documenting a fourfold or greater
rise in serum antibodies to heat-labile toxin (LT) during illness by the
passive immune hemolysis technique 13 (15 students) or by identifying an
LT-producing E. coli in diarrheal stools (15 students). It was our intention
to determine whether an early, watery diarrhea could be detected in natu-
rally occurring shigellosis and to compare the weight and water content of
diarrheal stools with those seen in a known small-bowel secretory diar-
rheal syndrome due to ETEC. During the first 24 hr of stool collection, a
significantly greater weight of stool was passed by students with shigel-
losis when compared to the group with seroconversion to LT (p <0.01) or
the combined ETEC group (p <0.001). The percentage of water in stool

TABLE 4.1
Stool Weight and Water Content in Shigellosis and Enterotoxigenic Escherichia coli
Diarrhea among Students in Mexico

Stool findings (mean values)

Day 1 Day 2
Number of Total Percentage Total Percentage
Infection students wt. (g) water@ wt. (g) water @
Shigellosis 29 285 86 191 81
Enterotoxigenic E. coli
Antitoxin seroconversion 15 121 75 115 73
All casesb 30 113 80 153 75

APercentage of water was determined by weighing a wet aliquot of stool, drying it in a constant-tempera-
ture heating block for 1 hr, and then calculating (dry weight/wet weight x 100).

bCases in which LT-producing E. coli was isolated from diarrheal stools were added to those showing
seroconversion.
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during day 1 of observation was significantly (p <0.01) greater for the
Shigella group than for those with LT-producing E. coli as determined by
antitoxin seroconversion. The water content of stool was significantly
(p <0.01) higher on day 1 compared to day 2 of stool collection for those
with shigellosis. No significant differences in stool weight or water con-
tent were found between the 29 students with shigellosis when compared
to the 30 students with diarrhea due to ETEC on the second day of
observation. This study supports the volunteer studies showing an early,
watery diarrhea in patients with shigellosis followed by decreasing vol-
umes of stool with lower water content as disease progresses.

A series of studies using rhesus monkeys also have helped to clarify
the two forms of clinical shigellosis. Rout et al.14 showed that following
oral inoculation with virulent Shigella, watery diarrhea and/or colitis de-
veloped in various animals. While net secretion of sodium and water
occurred in the colon of both groups, only those with diarrhea (without
dysentery) had active jejunal secretion of sodium and water. Kinsey and
associates!® found that when the small bowel was bypassed by challeng-
ing rhesus monkeys intracecally, the dysentery form alone developed,
and water and sodium secretion was demonstrated only for the colon. It is
likely that increased stool volume and higher water content in early shi-
gellosis reflect active secretion of electrolytes and fluid from jejunal and
colonic surfaces. Small-bowel participation in illness and watery diarrhea
may represent an early and self-limiting phase, as demonstrated by a
decreasing stool weight and water content and disappearance of the or-
ganism from small-bowel secretions as disease progresses.

Although there is general agreement that invasiveness is the primary
virulence characteristic of Shigella strains, the importance of toxin pro-
duction in the pathogenesis of the diarrheal syndrome has not been re-
solved entirely. In the early part of this century, the Shiga bacillus was
shown to elaborate a neurotoxin which produced paralysis and death in
mice and rabbits. More recently, the toxin of the Shiga bacillus was
shown to have enterotoxic and cytotoxic properties,® a factor which may
relate to the unusual severity of illness by this agent. S. flexneri and S.
sonnei may also produce in vitro a cell-free cytotoxin which resembles
Shiga toxin.17-!® Patients with infection due to S. flexneri and S. sonnei
have been shown to develop antibody which neutralizes Shiga toxin,
suggesting a role for the toxin in human illness. How these exotoxins
contribute to clinical illness has been explained by several mechanisms.
Release of the toxin in the small bowel, leading to outpouring of fluid and
electrolytes, may explain the watery diarrhea phase of early infection,!?
or toxins may be active after mucosal penetration by virulent organisms
which contribute to the tissue damage and inflammatory reaction. The
released exotoxins also may explain the resistance of virulent Shigella
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strains to phagocytosis. Virulent and avirulent Shigella strains are equally
susceptible to phagocytosis, but virulent strains are highly lethal to
macrophages.20

EPIDEMIOLOGY

A majority of bacillary dysentery cases which occur in the United
States are spread from person to person by the fecal-oral route. Fecal
excretion of the infecting strain of Shigella usually lasts for one to four
weeks if not treated. Long-term excretion (greater than a year) rarely
occurs but has been documented in patients residing in custodial institu-
tions and in others, often with coexistent intestinal parasite infestation.2!
22 A study carried out in a residential institution for the mentally retarded
demonstrated a role for hand transmission in shigellosis. Ten percent of
persons with positive stool cultures for Shigella had positive finger cul-
tures for the same strain, while other patients had Shigella organisms
recovered from cultures of fingers and hands at a time when the stool
findings were negative.2® Clustering of cases, suggesting a common
source vehicle, is more characteristic of disease in confined populations
and in those traveling from the United States to developing areas of the
world. Occasionally, food- and waterborne outbreaks occur in the United
States, in which large numbers of persons may become affected. A con-
tinuing common source (contaminated food) may explain a significant
percentage of the diarrhea including shigellosis of travelers from the
United States to Latin America.2? The finding of Shigella in stools of 27 to
223 (12%) asymptomatic students in Mexico suggests that healthy tran-
sient carriers may be a reservoir of Shigella organisms and a potential
source of infection in this setting.25

Clinical illness is most common in children between the ages of six
months and ten years. Women are more likely to become affected than
men, presumably because of closer contact with infected children. Chil-
dren under the age of six months rarely become infected. In parts of the
world where breast-feeding is discouraged, a severe form of diarrhea may
occur in newborns,28 but it is unusual among breast-fed newborns.27

Soon after E. histolytica and dysentery bacilli were identified in the
early part of the 20th century, it was found that both agents produced
sporadic illness, while institutional (‘‘asylum’’) dysentery was invariably
bacillary dysentery.2® Shigellosis has been shown in more recent investi-
gations to be a particularly important problem in any area where persons
are housed closely together, such as residential institutions for the re-
tarded, day-care centers, nursery schools, kindergartens, elementary
schools, Indian reservations, and cruise ships. Preschool children in day-
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care centers may play an important role in the epidemiology of shigel-
losis.29>30 In these reported studies, the preschool children were the most
susceptible to secondary infection and often were responsible for intro-
duction of illness into families. Secondary transmission of Shigella infec-
tion is common, from a high of 60% for those under one year of age in a
family where an index case is introduced to approximately 20% for per-
sons of all ages.2® Transmission rates of shigellosis are increased by
crowding and by reduced income and personal hygiene. The unusual
communicability of shigellosis is partially explained by the finding of a
low inoculum of bacteria (fewer than 200 viable cells) necessary to pro-
duce illness in humans.?! Such a low dose is unique to shigellosis among
bacterial pathogens and also helps to explain why shigellosis is the most
common form of bacterial diarrhea acquired by microbiology laboratory
workers. Flies may play arole in disease transmission, especially in tropi-
cal climates.32-34 Dysentery in tropical parts of the world is most preva-
lent during peak fly seasons and bacteriologic studies of flies indicate that
they may harbor the pathogenic organisms.23

In certain areas of the world, water serves as a vehicle of disease
transmission. Wells contaminated with feces are a problem in rural areas
of the developing world. Institution of running water and toilet facilities is
associated with a decrease in rates of diarrhea from all causes in these
areas. Shigella strains remain viable in water at room temperature for
periods up to six months.33 Wells may be located in areas adjacent to
cesspools and privies in developing regions, or septic-tank discharge may
drain into lakes or other surface waters and contaminate water supplies
and bathing or swimming33 areas. Water chlorination, if properly main-
tained, will remove the threat of disease transmission. Water transmis-
sion is, however, relatively more important to the epidemiology of ty-
phoid fever and cholera than to that of shigellosis. Historically, when
water sanitation facilities were instituted in an area where enteric infec-
tion was hyperendemic, the incidence of typhoid fever fell, but the prev-
alence of bacillary dysentery remained unchanged.33

There is indirect evidence that household-type toilets may be efficient
transmitters of Shigella organisms. Hutchinson3¢ was able to trace the
spread of an infecting Shigella strain to children in a nursery school to
contaminated toilets. The epidemic strain was recovered readily from the
bathroom floor and toilet seats for a period as long as 17 days. Bacteria
remain in the toilet bowl through adsorption to the porcelain surface of
the bowl, and droplets produced by flushing toilets may efficiently spread
infecting bacteria.3” Considering the low number of organisms necessary
to produce dysentery, the toilet must play arole in transmission of shigel-
losis and perhaps other enteric infections. Studies need to be carried out
to evaluate the importance of the toilet to endemic diarrhea.
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Shigella strains are responsible for between 10 and 20% of acute
diarrhea worldwide. Since bacillary dysentery is often a serious infection
producing a striking illness, it is diagnosed in approximately 20% of pa-
tients with diarrhea who are admitted to the hospital. Although the fre-
quency of bacillary dysentery cases reflects the level of sanitation and
nutritional development, the relative importance of the disease remains
remarkably constant from one country to another. Cycling epidemics of
dysentery every 20 years have been commented upon since the beginning
of the 17th century.3® Since the early 1900s, when Shigella serotypes
became identifiable, the cyclic pattern of shigellosis has been con-
firmed.3 Early in the 20th century, S. dysenteriae 1 was the most impor-
tant serotype, followed by serotypes of S. flexneri and, more recently, by
S. sonnei, with a cyclic interval of 20-30 years. This epidemiologic obser-
vation has suggested that it takes a certain number of years for herd
immunity to reach a critical level before one strain is replaced by another.
Currently, S. sonnei accounts for between 60 and 80% of cases reported
in the United States, and S. flexneri serotypes account for most of the
remaining cases. S. dysenteriae 1 is an unusual cause of bacillary dysen-
tery in the United States.

During the fall of 1971, there were a series of diarrhea outbreaks in
the United States which were caused by an invasive E. coli that had
contaminated Camembert and Brie cheese imported from France.4® Ex-
cept for this one epidemic, invasive strains of E. coli rarely have been
implicated in diarrhea cases in the United States.

CLINICAL FEATURES

Inits classic form, bacillary dysentery is a biphasic illness character-
ized by the onset of fever followed by abdominal pain and watery diar-
rhea (Figure 4.1). During the first 2448 hr of clinical illness, a small
number of voluminous liquid stools are passed, while later in the illness
there is a change to a greater number of stools with smaller volume
(fractional stools). Soon thereafter, blood and mucus may be seen in
stools (dysentery), and patients characteristically complain of fecal ur-
gency, tenesmus, and painful defecation. The disease appears to be an
expression of a descending infection of the intestinal tract, with the early
symptoms corresponding to small-bowel infection and later ones, to a
colitis. The sequence of events is sufficiently characteristic in many pa-
tients so that an accurate diagnosis can be made by history. Children
often present with the early form of the disease, and an enteric infection
may not be suspected because of the absence of diarrhea. Systemic toxic-
ity and hyperpyrexia in such patients may be associated with a seizure.
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Figure 4.1. Frequency and duration of clinical findings in induced bacillary dysentery.
Adapted from data of DuPont et al.1®

The proper diagnosis is made when diarrhea begins. In older children and
in most adults, a physician is consulted later in the course of the infection,
and dysentery is often the complaint. Figure 4.1 shows the frequency and
duration of clinical features and results of stool microbiology during ba-
cillary dysentery. Fever is often the first manifestation, followed by wa-
tery diarrhea. As the colitis phase develops, fever becomes less impres-
sive or absent. Abdominal pain and diarrhea occur in nearly all patients
with shigellosis; fever is documented in about one-third, stool mucus in
one-half, and gross blood in 40% of patients. Stool cultures are positive for
the infecting strain during the early infection in slightly more than two-
thirds of patients, and stool cultures may remain positive for a month or
longer in a small percentage of patients who are untreated. Long-term
intestinal carriers of Shigella organisms are unusual but may be found
among children housed in custodial institutions or persons with coexistent
parasitic intestinal infestation.21,22

Respiratory symptoms including coryza, cough, and chest pain are
common in patients with shigellosis, and pneumonia may occur rarely. A
small percentage of patients will present with a picture of sepsis, and a
Shigella strain or coliform organism may be isolated from blood.4!-42 A
shocklike syndrome, which probably reflects extensive mucosal inflam-
mation, may be seen without apparent bacteremia. A hemolytic-uremic
syndrome rarely complicates bacillary dysentery.#® Infants and young
children can present with a seizure which generally is felt to be related to
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the temperature elevation and not to the presence of a circulating neuro-
toxin. During later stages of infection in malnourished children, profound
intestinal protein loss may occur. S. dysenteriae 1 (the Shiga bacillus)
characteristically produces a more severe clinical illness compared to
Sonne or Flexner disease, and mortality rates among untreated patients
with Shiga dysentery approximate 20% during epidemics in developing
countries. The unusual virulence of this organism probably relates to the
nature and quantity of toxin elaborated which has enterotoxic and cyto-
toxic properties.1é .
Shigellosis is one of the diagnoses to consider when a male homosex-
ual develops diarrhea. Other conditions, including salmonellosis, ame-
biasis, giardiasis, gonococcal proctitis, and lymphogranuloma venereum
infection, also should be considered in a male homosexual with diarrhea.
Studies in such populations have indicated a venereal mode of transmis-
sion. Shigella strains also may cause vulvovaginitis in children and adults,
chronic urinary tract infection, bacteremia, arthritis, osteomyelitis, con-
junctivitis, iritis and corneal ulceration, hepatitis, and wound infection.44
—46 The relationship of shigellosis to Reiter’s syndrome (arthritis, urethri-
tis, and conjunctivitis) has been known since the early part of this cen-
tury. Recently, a group of patients with post-Shigella Reiter’s syndrome
was found to be HLA-B27-positive, a finding which was particularly com-
mon in those with chronic symptomatology.4” Although patients with
sickle-cell anemia have a predilection for infection with Salmonella, in-
fection with Shigella in this group of patients has been reported rarely .48

DIAGNOSIS

Bacillary dysentery should be considered in any patient with fever
and diarrhea, particularly when the temperature is excessive and the diar-
rhea protracted or in persons with acute colitis. The colitis is generally
characterized by fecal urgency, tenesmus, painful defecation, and pas-
sage of scanty stools with blood and mucus. Physical findings are nonspe-
cific and may include systemic toxicity, fever, and abdominal tenderness,
especially in the lower quadrants. Hemorrhoids can be present and pain-
ful. Rectal examination or proctoscopy will often cause extreme discom-
fort. Sigmoidoscopic examination will usually demonstrate distal colonic
and rectal involvement with edematous, hyperemic, granular mucosa and
excess mucoid secretions. As illness progresses, small ulcerations may be
found. The peripheral leukocyte count is not characteristic, although of-
ten there is a leukocytosis or leukopenia, and frequently there is a shift to
the left in the white count (increased number of immature neutrophils).
Direct microscopic examination of stool or mucus in stool mixed care-
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fully with methylene blue and place under a coverslip will be helpful in
evaluating patients with possible shigellosis.4® Numerous polymorphonu-
clear leukocytes (see Figure 4.2) generally are present, particularly in the
later stages of disease, at which time a diffuse colitis can be found. Early
in the small-bowel phase of infection, leukocytes may not be readily
identified in stool smears. A fecal exudative reaction also is characteristic
of gastroenteritis due to Salmonella, Yersinia enterocolitica, and Campy-
lobacter fetus; the colitis associated with idiopathic inflammatory bowel
disease and certain cases of antibiotic-associated pseudomembranous en-
terocolitis. A large number of leukocytes indicates a pathologic process,
diffuse colitis, and not an etiologic diagnosis.5°

Pathogenicity of a Shigella or E. coli strain isolated from a patient
with diarrhea can be verified by testing in the guinea pig eye (Sereny)
model.51 A heavy suspension of bacteria is dropped into the conjunctival
sac of a guinea pig, and one to seven days later, purulent keratoconjunc-
tivitis is seen when the strain is capable of invading epithelial cells (Figure
4.3). This test is reliable if the strain is tested within one month of primary
isolation. Strains stored for a longer period of time may lose the capacity
for a positive reaction. Serologic evaluation of a patient with bacillary
dysentery is not helpful in making an etiologic diagnosis, since the anti-
body levels generally rise after the patient has recovered. Serologic stud-

Figure 4.3. Serény test for invasiveness. An invasive Escherchia coli or Shigella isolate will
produce purulent keratoconjunctivitis in a guinea pig within one to seven days.
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ies are useful as an epidemiologic tool to define the level of endemicity of
certain serotypes of Shigella and to document the occurrence of infection
in an epidemic situation.52

IMMUNOLOGY OF SHIGELLOSIS

During shigellosis, a rise in humoral antibody and intestinal antibody
(coproantibody) can often be demonstrated. Employing a macroscopic
hemagglutination technique, specific Shigella antibodies were detected in
sera of volunteers experimentally infected with a virulent Shigella
strain.1? Forty-nine percent of the volunteers developed a fourfold rise in
humoral antibody, regardless of the occurrence of clinical symptoms.
Among the volunteers with diarrhea, 62% experienced Shigella serocon-
version, compared to 70% of those with Shigella isolated from stool, 75%
of those with bloody, mucoid stools, and 83% of those with fever. This
study demonstrated that humoral antibody increases were common in
those experiencing intestinal replication of the virulent bacterial strain
(positive stool isolation) and were most frequent when extensive mucosal
invasion by the Shigella strain occurred, as indicated by the presence of
bloody, mucoid stools or fever. In the latter cases, antibody-producing
cells apparently were reached and effectively stimulated by the invasive
bacteria. Baseline antibody titers varied widely between <1:15 and
1:7680. A correlation between baseline antibody level and susceptibility
to illness could not be demonstrated. In fact, the volunteer with the
highest baseline serum titer (1:7680) developed a severe diarrheal illness.
Serum antibody increases generally occurred between 7 and 14 days after
challenge and remained elevated for one to two months thereafter. Utiliz-
ing a passive hemagglutination technique, paired sera of 281 patients with
Shiga dysentery were examined for humoral antibody development.52 By
the second day of symptomatology, antibodies could be detected. They
reached maximum titers by the eighth or ninth day of disease, while the
titer fell to insignificant levels (<1:40) by the fifth or sixth month. The
antibody was sensitive to 2-mercaptoethanol, indicating that it was prob-
ably an IgM immunoglobulin.

Specific immunity following a bout of shigellosis can be shown by
resistance to experimental infection in animals33 and humans54 and by
decreased susceptibility to infection among persons living in areas of
Shigella endemicity.%—57 Primary infection probably produces resistance
to infection by immunologic mechanisms operative after mucosal pene-
tration by the bacteria, in contrast to the immunity from oral vaccination,
which appears to influence subsequent adherence or penetration of bac-
teria.5¢ Volunteers who had recovered from a previously induced infec-
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tion were resistant to a second exposure to the same virulent strain when
compared to a group of controls; however, the test organism proliferated
in the gut to the same degree in both groups.54 In these published studies,
there was no correlation between baseline serum Shigella antibody levels
and susceptibility.19-53:54 The importance of Shigella toxin to the immu-
nology of shigellosis is unknown.

Besredka®® first indicated that the immunity conferred by an attack
of dysentery or by vaccination was due to sensitization of the intestinal
mucosa to dysentery bacilli. He was able to show in the early 1900s that
serum antibody played little if any role in the immunity. The presence of
Shigella agglutinins in feces during infection was first described by Davies
in 192252 for patients with acute and chronic bacillary dysentery. These
so-called coproantibodies have been further characterized by Burrows et
al. 8°-81 Gordon et al.,%2 and Freter et al.8® Intestinal antibodies develop
earlier, disappear more quickly, and probably are more important to im-
munity than serum immunoglobulins.

Epidemiologic studies showing the development of resistance to shi-
gellosis among individuals recurrently exposed to the prevalent serotypes
of Shigella55—-57 have given support to the idea that a vaccine might be
developed for the control of infection in high-risk areas. An effective
immunizing agent would have usefulness in certain lower socioeconomic
areas such as Indian reservations and in custodial institutions for the
mentally retarded during an epidemic. Most illness in the United States is
due to S. sonnei and S. flexneri 2, indicating the need for a bivalent
preparation. It has been established that killed parenterally administered
vaccines fail to protect animals against experimental infection®4-65 or to
protect humans against naturally occurring shigellosis.®8-67 Living atten-
uated bacteria administered as an oral vaccine were, however, protective
in animals subsequently challenged with virulent Shigella organisms. For-
mal et al.88~7° employed spontaneously derived avirulent mutants of Shi-
gella as well as Shigella-E. coli hybrids as oral vaccines. These attenuated
strains were shown to impart protective immunity to volunteers which
approximated that seen following recovery from disease.?® In contrast to
the immunity produced by prior illness, that seen following oral vaccina-
tion was operative at the gut level. Intestinal proliferation of the virulent
strain, employed to test vaccine efficacy, was less in the vaccinated vol-
unteers when compared to controls, as determined by recovery from
stool specimens. This finding was in contrast to that of a similar study of
the immune status of individuals following convalescence from disease,
in which illness after challenge with a virulent organism was prevented
without an effect on intestinal proliferation of the virulent test
organism.54

The value of orally administered Shigella vaccines in controlling in-
fection in areas of endemicity was demonstrated by Mel et al.”'-72 These
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workers used streptomycin-dependent mutant Shigella strains as oral im-
munizing agents. They found that immunity could be achieved if multiple
(at least four) large doses of vaccine (greater than 101° viable cells/dose)
were administered after first altering gastric function with oral sodium
bicarbonate. Serotype-specific protection followed vaccination and
lasted between six months and one year. The vaccines that prevented
development of clinical disease did not alter the rate of asymptomatic
Shigella carriage. Strains combined as bivalent preparations were protec-
tive. In the future, immunologic control of shigellosis for very select
populations may be possible. Improved vaccines which may be given in
fewer doses containing lower numbers of bacteria are needed.

THERAPY OF BACILLARY DYSENTERY

Significant dehydration can occur in bacillary dysentery, particularly
in infants and elderly patients. Fluid losses should be replaced by oral
intake. If vomiting or extreme systemic toxicity is protracted, intrave-
nous fluid replacement should be undertaken.

Since bacillary dysentery is generally a self-limiting disease, and be-
cause Shigella strains tend to develop resistance to antimicrobial agents in
wide use,”® some feel that chemotherapeutic agents are not indicated in
the treatment of patients with mild shigellosis but should be reserved for
the most severely ill patients.” However, we feel that a compelling case
can be made for treating all persons infected by a Shigella strain with an
antimicrobial agent. The major arguments are that humans represent the
only important reservoir of human shigellosis; that the infection is
uniquely communicable among bacterial enteropathogens, being easily
transmitted from person to person by contact spread??; and that infecting
strains are susceptible to a number of available antimicrobial agents.
Asymptomatic carriers also may transmit an infectious inoculum to con-
tacts. The other important reason for routine treatment of patients with
shigellosis is that patients will have their clinical illness shortened.”®
These arguments are not applicable to the treatment of Salmonella gas-
troenteritis, in which humans are not the important reservoir, the dose of
organisms necessary to produce illness in healthy persons is usually high,
and antibiotics do not appear to shorten clinical illness but actually pro-
long the fecal shedding of the infecting strain.”®¢ Perhaps some of the
misunderstandings centering about the need to treat shigellosis relate to
the caution which has been put forth about treating the other common
recognizable form of bacterial diarrhea, salmonellosis. The emergence of
resistant Shigella isolates will require that periodic sensitivity testing be
performed to determine changes in sensitivities.””

Nelson, Haltalin, and their associates demonstrated that orally ab-
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sorbable antibiotics were more effective than those not readily ab-
sorbed.”® They further established ampicillin as the treatment of choice of
shigellosis and showed that it was more active when given parenterally.?®
This group also indicated that certain other drugs were relatively ineffec-
tive in the treatment of shigellosis, including furazolidone,®® cephal-
exin,8! and amoxicillin.82

In the treatment of shigellosis in children eight years of age or youn-
ger where the infecting strains are known to be sensitive, ampicillin is the
antibiotic of choice. It is given in a dosage of 50-100 mg/kg/day in equally
divided doses every 6 hr for 5 days. For infection due to strains of un-
known sensitivity or in penicillin-allergic patients, trimethoprim (TMP)
plus sulfamethoxazole (SMX) is the preferred treatment for shigellosis in
young children®? and should be given in a dosage of 10 mg TMP plus 50
mg SMX/kg/day in equally divided doses every 12 hr for 5§ days. For
adults with bacillary dysentery, a single oral dose (2.5 g) of tetracycline
may be the most practical therapy.31-84-86 Five to ten percent of adult
patients will vomit the dose of drug, but it can be repeated.® It may even
be effective in treatment of shigellosis due to resistant strains,% possibly
because of the high intraluminal concentrations of drug. Single oral doses
of doxycycline or ampicillin were not found to be effective.3! Alternative
forms of therapy for adults are TMP-SMX, given in a dosage of 160 mg
TMP plus 800 mg SMX (p.o.) b.i.d. for 5 days, and oxolinic acid 750 mg
(p.o.) b.i.d. for 5 days.3! These drugs and dosages are summarized in
Table 10.3, Chapter 10. Figure 4.4 shows the clinical and bacteriologic
response to treatment of 68 volunteers experimentally infected with a
virulent strain of S. flexneri 2a. The strain uniformly was sensitive to all
antimicrobial agents, so that relative effectiveness of the drugs could be
examined. In terms of temperature defervescence, decrease in number of
diarrheal stools, and eradication of the infecting strain from stools during
treatment, ampicillin given in a dosage of 500 mg q.i.d. for either 3 or 5
days, oxolinic acid given in a dosage of 750 mg b.i.d. for 5 days, and
tetracycline given in a single oral dose of 2.5 g were each equally effective
in the treatment of induced shigellosis when compared to the placebo-
treated group.8” There was no apparent clinical response among the six
volunteers treated with cephalexin in a dosage of 500 mg q.i.d. In fact,
two volunteers were still toxic with fever greater than 103°F 36 hr after
therapy was initiated and had to be removed from the study. These results
agree with those of a previously published study showing the ineffective-
ness of cephalexin despite in vitro susceptibility of the infecting strains to
cephalosporins.8!

Although unlicensed for use in the treatment of shigellosis, oxolinic
acid appears to be useful against strains resistant to ampicillin. A compar-
ative study employing TMP-SMX versus oxolinic acid would be impor-
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Figure 4.4. Clinical and bacteriologic response to treatment of induced bacillary dysentery
due to an antibiotic-sensitive strain of Shigella flexneri 2a. *Expressed as percentage consid-
ering placebo value as 100%. From DuPont et al.?7

tant to place them in proper perspective. Oxolinic acid is an antimicrobial
agent with structure and antimicrobial activity similar to those of nalidixic
acid. Oxolinic acid may be preferred to nalidixic acid in view of its more
favorable pharmacology and decreased likelihood of developing resistant
mutants.® Another advantage of this group of drugs is that resistance
may not be mediated by a plasmid (R factor), limiting the potential for
dissemination of resistance if the drug is widely employed. Also, the
limited usefulness of this class of drugs in treating other infections (in
contrast to the TMP-SMX combination) would make the development of
general resistance among gram-negative bacilli less important.
Antidiarrheal compounds are commonly given to patients with acute
diarrhea for the symptomatic relief of their illness. Such drugs probably
have no role in the treatment of bacillary dysentery. In fact, there is
evidence that drugs which inhibit motility of the gut, such as paregoric,
loperamide, and diphenoxylate (Lomotil), should be avoided, since they
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can on occasion prolong the illness.®® We have seen a small number of
patients with salmonellosis or shigellosis treated with such motility-active
drugs where progression to toxic dilatation of the colon developed, neces-
sitating colectomy. The association of toxic megacolon with invasive bac-
terial diarrhea and ulcerative colitis when motility-active drugs were used
to combat the symptoms of diarrhea has been noted by others.91792 These
drugs should be avoided by any patient with high fever, systemic toxicity,
or bloody, mucoid stools.
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Salmonellosis

INTRODUCTION

Salmonella gastroenteritis is a common problem in all areas of the world,
regardless of economic development. It has become an even greater prob-
lem in developed countries where mass production and distribution of
food products have occurred. In contrast, endemicity of typhoid or en-
teric fever, generally the most serious form of Salmonella infection, is
invariably related to reduced economic development and sanitation. Sal-
monella as the causative agent of intestinal infection is readily recovered
by routine diagnostic microbiologic procedures. In this chapter, we will
focus on the important aspects of human salmonellosis and will examine
the differences between typhoid and nontyphoid disease.

BACTERIOLOGY

Salmonella organisms have been identified from biologic material for
the past 100 years. Along with Shigella strains, they are the agents sought
when stools routinely are processed in the diagnostic bacteriology labora-
tory. When stool is cultured for Salmonella, it is customary to employ
media containing variable concentrations of bile salts which selectively
inhibit the growth of nonenteric bacteria. Blood, bone marrow aspirate,
cerebrospinal fluid, and urine normally are bacteriologically sterile and
therefore are best cultured for Salmonella on a nonselective medium such
as blood agar.

The chance of recovering a Salmonella strain from stool is enhanced
if the swab containing generous amounts of stool is incubated overnight in
an enrichment broth such as selinite F or tetrathionate prior to plating on
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two or three different enteric media, for example, EMB, SS, MacConkey,
Tergitol 7, XLD, brilliant green, or bismuth sulfite agar (the latter primar-
ily for S. typhi). Lactose-negative colonies should be processed for Sal-
monella (and Shigella) by placing colonies on stab tubes containing TSI,
LIA, urea, and motility medium. Strains giving alkaline (pink) slant and
acid (yellow) butt in TSI (purple slant and yellow butt in LIA) with (or,
rarely, without) black pigment, (hydrogen sulfide) are processed further
by biochemical and serologic techniques. Other than Salmonella choler-
ae-suis, a few bioserotypes of S. enteritidis, and some strains of S. typhi,
Salmonella strains produce hydrogen sulfide. Salmonella organisms yield
positive methyl red and negative Voges—Proskauer test results. Table 5.1
lists the usual biochemical reactions of Salmonella isolates.

More than 1400 serotypes of Salmonella have been identified. The
Kauffmann-White group and type classification depends upon somatic
(O) antigens and flagellar (H) antigens by agglutination testing.! Groups
are determined according to the presence of common O antigens. As
Salmonella strains frequently possess multiple O and H antigens, some of
which are different antigenic phases of the same anatomic structure, com-
plete serotype identification has become a complex undertaking. To make
matters worse, genotypic variations (mutations, sexual recombinations)
and phenotypic variations may occur.

Most hospital diagnostic laboratories are capable of biochemically
differentiating three species of Salmonella: S. cholerae-suis, S. typhi, and

TABLE 5.1
Important Biochemical Reactions of Salmonella

Reaction with test or substrate®

Positive Negative
Hydrogen sulfide Urease
Methyl red Voges-Proskauer
Motility Potassium cyanide
Lysine decarboxylase Phenylalanine deaminase
Ornithine decarboxylase Lactose
Acid from glucose Sucrose
Gas from glucose Adonitol
Mannitol Raffinose
Sorbitol Malonate
Rhamnose Oxidase
Maltose Cetrimide
Xylose
Trehalose

Nitrate to nitrite

aMore than 90% of strains.
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TABLE 5.2
Important Biochemical Reactions Commonly Used to Differentiate Salmonella Species

Reactions with test or substrated

Hydro- Citrate Ornithine

gen (Sim- decar- Gas from Arab- Rham-
Species  sulfide mons) boxylase glucose Dulcitol Trehalose inose nose
S.typhi + 0 0 0 0 + 0 0
S. cholerae- + +b + + 0 0 0
suis (delayed)
S. enteritidis + + + + + + + +

aPositive reaction (90% or more).
Positive reaction after three or more days.

S. enteritidis.* Table 5.2 lists important biochemical tests which are useful
in differentiating Salmonella species. Once S. enteritidis is identified by
biochemical testing, it can be reported by the laboratory but should then
be sent to a local or regional reference laboratory for serotyping.

VIRULENCE

The antigenic makeup of Salmonella strains undoubtedly relates to
intrinsic virulence. The major antigens which are used to classify Salmo-
nella are the Vi (envelope), O (somatic), and H (flagellar) antigens. The
important role of the envelope antigen in pathogenicity of typhoid fever
has been recognized for years. The term ‘“Vi’’ was selected as the desig-
nation to denote its association with virulence.2 The pathogenic potential
of the Vi antigen may relate to its role in the protection of O antigen from
antiserum and subsequent phagocytosis. Humans have been shown to be
more susceptible to typhoid strains containing Vi, attesting to the impor-
tance of this virulence property.? During infection by Salmonella strains,
serum agglutinins to the three antigens often develop and may on occa-
sion be useful in diagnosing the infection. Although the human is the only
natural host of the typhoid bacillus (S typhi), other Salmonella strains
commonly infect animals, especially poultry and reptiles. A standard ani-
mal assay for virulence of Salmonella strains (both typhoid and nonty-
phoid) is to determine the dose of bacteria required to produce mortality
in 50% of mice when given by intraperitoneal inoculation (LDso).

As with Shigella strains, a primary prerequisite of virulence for Sal-
monella is the ability to invade epithelial cells. The nature of the inflam-
matory response to invasion may determine the clinical expression of
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disease—bacteremia versus gastroenteritis (see ‘‘Pathogenesis’”). Cell-
wall lipopolysaccharides (LPSs) are important in virulence. LPS-deficient
rough mutants found to be nonpathogenic have been employed as oral
immunizing agents.4 In addition to deficiency in cell-wall LPSs as a mar-
ker of avirulence, strains of Salmonella selected for resistance to chlorate
were found to have reduced virulence in mice.® The knowledge that other
bacterial enteropathogens such as Shigella and E. coli produce intestinal
disease by at least two mechanisms, invasiveness and enterotoxigenic-
ity,® has led to similar studies of Salmonella virulence. Living Salmonella
organisms have been shown to cause fluid accumulation in rabbit ileal
loop segments,?-8 while crude culture filtrates failed to produce intestinal
dilatation.” In separate studies, strains of Salmonella were shown to pro-
duce fluid accumulation in the suckling mouse model® and a skin permea-
bility reaction in rabbits, similar to that produced by V. cholerae and
enterotoxigenic E. coli.1® The substances which produce intestinal secre-
tion and increase capillary permeability may play a role in the mechanism
of diarrhea produced by Salmonella.

In typhoid fever, a unique intracellular location of the bacteria ren-
ders them resistant to antimicrobial therapy and explains the occurrence
of typhoid relapse which is seen in approximately 20% of patients who
receive adequate treatment. A virulence property of S. typhi may be the
ability to inhibit normal leukocyte metabolism, as manifested by the or-
ganisms’ prevention of the initiation of an enhanced postphagocytic rate
of oxygen consumption.1?

PATHOGENESIS

The number of persons who develop disease after ingesting food
containing Salmonella organisms, as with other enteric bacterial patho-
gens, directly relates to the number of bacteria ingested. In healthy
adults, IDgs for typhoid bacilli is approximately 100,000 viable cells.3 The
dose in nature which is responsible for illness has not been easy to calcu-
late in most instances. Since Salmonella infection is nearly always a food-
or water-borne illness, it is reasonable to speculate that the normal infec-
tive dose is high in contrast to Shigella infection. However, among hospi-
talized patients and elderly persons living in nursing homes, person-to-
person spread occurs, suggesting a lower inoculum size. It is likely that
infection in the very young, the elderly, the debilitated, and particularly
those with gastrointestinal disease (especially patients who have had gas-
trectomy) may be the result of a low dose of Salmonella.12-14 Other than
the dose of ingested bacteria, a major determinant of the development of
clinical illness is the integrity of the gastric trap. Like other enteric bacter-
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ial pathogens, Salmonella organisms are quite susceptible to acid.5 Pa-
tients with reduced gastric acid secretion, achlorhydria, and/or gastrec-
tomy are not only more susceptible to salmonellosis!4-16,17 but more
likely to develop a fulminating, cholera-like disease.18-19

The intestinal lesions and anatomic location of Salmonella in humans
with illness have not been well characterized. Much of our information
has been derived from experimental infection in various animal models.
Rhesus monkeys fed Salmonella organisms developed symptoms similar
to those seen in humans with Salmonella gastroenteritis, with diarrhea
beginning after 24 hr.2° The .primary sites of monkey infection due to
Salmonella typhimurium were found to be the colon and the ileal mucosa.
Mild focal lesions also were noted in the stomach and jejunum. Histologi-
cally, the inflammatory lesion was nonspecific, while fluorescence studies
showed that the Salmonella organisms were within colonic epithelial cells
and lamina propria. Seven days after initiation of infection, only a few
fluorescent bacilli were seen in the small bowel and colonic mucosa. S.
typhimurium frequently was recovered from mesenteric lymph nodes,
rarely in low density from liver and spleen, and never from the blood.
Bacteria were invariably found to be deeper in the mucosa, less confined
to the epithelium, but in lower densities when compared to experimental
shigellosis employing the same animal model.2° Salmonella found in the
submucosa produced patchy inflammation, while Shigella organisms were
more superficial, producing abscesses about the crypts extending into
lymphoid patches of the monkey colon. The diarrhea induced by an in-
fecting Salmonella strain in the rhesus monkey model is secondary to
both an ileitis and a colitis. Alterations in intestinal transport of fluid and
electrolytes could be shown in both large intestine and small bowel de-
spite a lack of invasion into the upper gut mucosa.2!

In typhoid fever of humans, a nonspecific enteritis was shown to
develop in the upper gut soon after ingestion of S. typhi.22 Random inva-
sion by the organism produces degenerative and proliferative changes in
the epithelial lining of villi, crypt cells, and lamina propria. Experimental
typhoid has been well studied in the chimpanzee.23-25 After the early
invasion of the intestinal epithelium, there is rapid clearing of the invad-
ing strain, and extensive multiplication of the organisms occurs in re-
gional lymph follicles and mesenteric lymph nodes.23 From these sites, S.
typhi spread to the thoracic lymph and then into the general circulation.
Chimpanzees who recovered from infection with S. typhi were able to
restrict the concentration and distribution of the virulent strain in the
intestine after a subsequent challenge one and one-half years later. Also,
the nonspecific reactive lymphoid hyperplasia and tissue reaction were
less intense in animals recovering from previous typhoid infection. The
typhoid fever which developed in chimpanzees after intravenous or intra-
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mesenteric lymph node challenge with S. typhi was identical to the illness
produced in animals after oral inoculation.2# These studies verify the
systemic nature of the infection and suggest that an initial intestinal phase
is not necessary for the establishment of typhoid fever.

A major factor which influences the nature of Salmonella infection
appears to be the intestinal inflammatory response of the host.26:27 Ty-
phoid bacteria elicit a mononuclear response. Monocytes appear to facili-
tate the extraintestinal transit of the bacteria, and patients present with
bacteremia or enteric fever. Most nontyphoid Salmonella strains stimu-
late a polymorphonuclear leukocytic exudate. The organisms are phago-
cytized and contained locally, and patients experience gastroenteritis.
Stools examined microscopically will indirectly reflect the intestinal exu-
dative response, mononuclear for typhoid and polymorphonuclear for
nontyphoid salmonellosis.2?

Since typhoid fever is a severe infection, with fatalities common
among untreated cases, a great deal is known about the pathology of the
disease. In uncomplicated disease early in the infection, mononuclear and
polymorphonuclear leukocytes can be found in the upper-bowel mucosa.
The mucosa is congested and edematous and often shows petechiae and
ulcerations. The ulcers usually are oval-shaped, having a long axis paral-
lel to the long axis of the intestine. The central portion of the ulcer is flat,
and the edges are elevated and congested. There is adjacent mesenteric
adenitis. The cut surface of lymph nodes shows focal necrosis and proli-
feration of mononuclear phagocytic cells in the sinusoids. Gram stains of
the intestinal ulcer and the lymph node usually do not yield bacteria. The
sites of ulceration are the terminal ileum, the cecum, and the proximal
colon. Microscopically, the ulcers correlate with the location of ileal Pey-
er’s patches and submucosal lymphoid nodules of the cecum. Within the
ulcer base and adjacent lamina propria and submucosa are mononuclear
phagocytic cells.

Nontyphoid Salmonella gastroenteritis is nearly always a self-limit-
ing illness, and fatalities are uncommon. In a few fatal cases of nonty-
phoid salmonellosis studied, the intestinal lesions were of a diffuse na-
ture.?® The findings included dehydration, pleural petechiae, intestinal
distention, hyperplasia of follicles, and Peyer’s patches with diffuse hy-
permia of the entire small intestine. The colon showed even more striking
changes, including swollen hyperemic mucosa, punctate hemorrhages,
and superficial ulcerations. Mesenteric lymph nodes occasionally were
involved in an inflammatory response. The colon has been confirmed by
sigmoidoscopic examination and biopsy to be a major site of infection in
Salmonella gastroenteritis.?®-3! These studies demonstrated histologic
changes ranging from edema of the lamina propria and a focal or diffuse
inflammatory infiltrate to a more intense colitis with disruption of surface
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epithelium and multifocal microabscesses. Extensive inflammatory
changes were seen in some cases with severe edema, vascular congestion,
infiltration of the lamina propria with round cells and polymorphonuclear
leukocytes, interstitial hemorrhage, and abscesses in lamina propria and
crypts, with erosions and ulcerations in crypt and surface epithelium.

Typhoid fever is the best-studied form of salmonellosis. After oral
inoculation with virulent S. typhi, there is intestinal multiplication of
bacteria. Stools are positive for S. typhi within 24 hr after ingestion and
often remain so during the incubation period.® During the early stages of
clinical illness, stools are no longer positive for the infecting strain, and
the organism can be readily recovered from blood. The virulent organism
usually reoccurs in the intestine during the second week, even though the
patient may be recovering from clinical illness. This second intestinal
phase of typhoid fever does not seem to be affected by chloramphenicol
therapy. The sustained and stepwise febrile response in typhoid fever has
been noted for more than two generations. The febrile component and
systemic toxicity do not appear to be due to circulating endotoxin, since
volunteers rendered tolerant to endotoxin experienced the same clinical
illness following subsequent ingestion of virulent S. typhi.?2 Endotoxin
may, however, play a role in the local inflammatory response, as there
appears to be a disassociation of resistance to the systemic and local toxic
effects of endotoxin during tolerance.® Endotoxin was shown in the latter
report to influence the local inflammatory response by action on chemo-
tactic, metabolic, and endogenous pyrogen-releasing activities of phago-
cytic cells.

EPIDEMIOLOGY

The epidemiology of typhoid and nontyphoid salmonellosis differs
remarkably. Documented Salmonella isolates from humans other than the
typhoid bacillus increased from 504 in 1942 to greater than 20,000 bacter-
iologically confirmed isolates annually since 1964. The ten most fre-
quently reported serotypes from human and nonhuman sources in 1977
are listed in Table 5.3. The Center for Disease Control has estimated that
the number of Salmonella infections each year in the United States may
approach two million.3 The annual cost in medical bills and loss of prod-
uctivity in this single country because of Salmonella infection may be as
high as one billion dollars.34 The increase in the isolation of nontyphoid
Salmonella can be explained by increased awareness of the agent, better
reporting of cases, and a changing pattern of mass food processing and
distribution.

The major reservoir of nontyphoid human salmonellosis is poultry
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TABLE 5.3
The Ten Most Frequently Reported Serotypes of Salmonella from Human and
Nonhuman Sources in 1977 (U.S. Figures)d

Frequency Ranking
Serotype (%) 1963-1967b.c

1. S. typhimurium 35 1 (30)
2. S. newport 8 3 ()
3. S. heidelberg 6 6 (5
4. S. enteritidis 5 2 (8)
5. S. infantis 5 4 (6)
6. S. agona S NL
7. S. saint-paul 2 7 @
8. S. typhi 2 8 (3)
9. S. oranienburg 2 NL
10. S. montevideo 2 NL

aAnnual Summary, 1977: Salmonella Surveillance, United States Department of Health, Education and
Welfare, Center for Disease Control, Atlanta, 1979.

bNumbers in parentheses represent percentage total.

CNL, Not listed.

and domestic livestock. Outbreaks have occurred from contaminated
dried and whole milk, poultry, pork, shellfish, smoked whitefish, eggs,
water, and carmine dye. Poultry and poultry products such as eggs are the
most important source for human illness. There is generally a rise in
reported cases of salmonellosis during late November due to the greater
frequency of consumption of turkeys during the Thanksgiving holiday.
Nearly all nontyphoid Salmonella organisms are pathogenic to poultry,
particularly to young chicks. The chicks that survive to maturity become
asymptomatic carriers.Market poultry as it is found in retail stores is
contaminated with viable Salmonella in 50% of cases.3 Egg surfaces are
often contaminated by the hen’s excreting a Salmonella strain. The organ-
ism can penetrate cracked eggs, and cross-spread to other eggs commonly
occurs when eggs are cleaned in a common water bath. In the past, pet
turtles have been associated with outbreaks of salmonellosis. With con-
trol of commercial production, this problem appears to be minimal at the
present time.

As previously mentioned, most cases of Salmonella gastroenteritis
develop following ingestion of a large inoculum of bacteria contaminating
food. In the young, elderly, or debilitated, such as hospitalized patients,
person-to-person spread of illness can occur, implying a lower inoculum
size.12:13 Human-to-human spread of salmonellosis, while far less com-
mon than in shigellosis, probably has been underestimated.®® In certain
situations where flies have access to human excreta containing Salmo-
nella, the insects may serve as vectors of transmission. The common



Salmonellosis 91

housefly has been shown to be particularly suited to harbor Salmonella,
wherein the bacteria can be established and multiply efficiently .37

Humans are the only important reservoir of the typhoid bacillus,
either a patient recovering from infection or an asymptomatic carrier.
Rates of typhoid endemicity directly relate to two factors: lack of water
sanitation and number of carriers of the infecting strain in the population.
In the United States, small outbreaks of typhoid fever are seen when an
undiagnosed carrier contaminates food, usually in a public restaurant.
Sizable outbreaks result when fecal contamination of a drinking water
supply occurs.38

CLINICAL FEATURES

There are four major clinical patterns of Salmonella infection of
humans: (1) acute gastroenteritis, (2) typhoid (enteric) fever, (3) septi-
cemia with or without localized infection, and (4) asymptomatic carrier
state. The disease expression which results depends to a large extent
upon the specific infecting strain, the general underlying health and immu-
nologic status of the host, and the inoculum size. Patients infected with S.
typhi, S. paratyphi, and S. cholerae-suis characteristically present with
systemic features or enteric fever, while a majority of the approximately
1400 serotypes of S. enteritidis lead to an acute gastroenteritis without
bloodstream invasion.

Acute Gastroenteritis

Acute gastroenteritis, the most common form of salmonellosis, can
be caused by any of the subserotypes of S. enteritidis (see Table 5.3).
Some of the more important subserotypes are S. typhimurium, S. new-
port, S. javiana, S. agona, S. infantis, S. heidelberg, S. oranienburg, S.
montevideo, S. muenchen, S. give, S. derby, S. anatum, S. saint-paul, and
S. enteritidis. Clinical symptoms develop 848 hr following the ingestion
of contaminated food. It is common for symptoms to begin upon waking
the day after eating the contaminated food. The most common complaints
are headache, abdominal pain, fever, and diarrhea. Vomiting is seen, as
are respiratory symptoms, particularly coughing. Stools are characteristi-
cally watery and often contain mucus and, rarely, blood. The diagnosis is
suspected in the presence of a foodborne epidemic where the incubation
period is greater than 6 hr and fever is a common finding.
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Typhoid (Enteric) Fever

Classic typhoid fever is usually caused by S. typhi, although a similar
illness may be seen in patients infected with nearly any Salmonella spe-
cies or strain. Contaminated food or water is the usual source, and clinical
symptoms develop after 3-60 days, with an average of 7-8 days. Bactere-
mia is the rule in these patients, and findings usually include fever, head-
ache, and abdominal complaints, most commonly constipation, diarrhea,
abdominal pain, and ileus. Other less common but important clinical fea-
tures are symptoms of a respiratory infection such as cough, characteris-
tic skin eruption (rose spots), and melena or hematochezia. The fever
characteristically increases progressively during the first week of illness
and decreases progressively during the second week of illness in patients
with uncomplicated disease (see Figure 5.1). Rose spots representing cu-
taneous vasculitis are characteristically seen on the abdomen in clusters
of delicate and small erythematous macules which blanch on light pres-
sure (see Figure 5.2). Splenomegaly is common on physical examination,
as is segmental ileus in which dilated loops of bowel give the sensation
that air and fluid are being displaced when gentle but deep abdominal
pressure is exerted by the hand.
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Figure 5.1. Simulated course in typhoid fever, showing early stepwise increase in tempera-
ture, relative bradycardia, biphasic stool excretion of Salmonellla typhi, positive blood
cultures during the acute illness, and increase in pulse rate and decrease in temperature
during intestinal hemorrhage.
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Figure 5.2. Rose spot in typhoid fever: delicate erythematous macules which blanch on
pressure and occur in small numbers, often clustered on the surface of the abdomen.

Septicemia with or without Localized Infection

Salmonellosis occurs more frequently in patients with certain hema-
tologic diseases such as sickle cell anemia, lymphoma and leukemia, and
solid tumors (usually with metastases). Localized infections occur as cho-
lecystitis, peritonitis, appendicitis, intraabdominal abscess, pneumonia,
empyemia, pericarditis, arthritis, osteomyelitis, meningitis, endocarditis,
mycotic aneurysms, urinary tract infection, or wound infection. S. chol-
erae-suis characteristically invades the bloodstream, which is apparent
when one considers that most isolates reported are from blood and not
stool cultures.3?

Asymptomatic Carrier State

Following acute Salmonella gastroenteritis, Salmonella excretion
may occur for one week to two months. Individuals also may ingest
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pathogenic organisms and excrete the strain for a short period in the
absence of clinical manifestations. These persons contribute to the reser-
voir of infection. Chronic carriage of Salmonella is characteristic of ty-
phoid carriers but rarely occurs with nontyphoid Salmonella in healthy
persons.4® Chronic carriage in the intestine or urinary tract may occur in
persons with concomitant parasitic infection such as intestinal or urinary
tract schistosomiasis. Oral antimicrobial therapy appears to prolong the
intestinal carriage of nontyphoid Salmonella.4! Approximately 3% of un-
treated patients with typhoid fever become intestinal carriers of S. typhi
for longer than one year. The carrier rate for patients appropriately
treated for typhoid fever is unknown, but it is probably lower than the 3%
for those with untreated disease. The characteristic intestinal carrier is a

Figure 5.3. An adult intestinal carrier of Salmonella typhi undergoes oral cholecystography.
Cholelithiasis is noted.
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woman with gallbladder disease. Figure 5.3 shows cholelithiasis in a ty-
phoid carrier as revealed by oral cholecystography. As many as 10!
virulent S. typhi may be excreted per gram of stool. The typhoid bacilli
reside in gallbladder stones and in scarred foci of the intrahepatic biliary
system and are excreted into the duodenum in high counts. Less com-
monly, persons may be chronic asymptomatic carriers of Salmonella
from a presumed vascular source without biliary tract involvement.42 In
the management of typhoid carriers, antimicrobial therapy and occasion-
ally cholecystectomy are the usual forms of therapy. In those persons in
whom intestinal carriage cannot be interrupted, reassurance and educa-
tion in the importance of personal hygiene are generally all that is
required.

COMPLICATIONS

In Salmonella gastroenteritis, illness is usually mild, and mortality is
seen in only 0.22% of patients, usually in infants or in debilitated or
elderly adults. In most cases, complications relate directly to dehydra-
tion. In the very young and the elderly, fluid and electrolyte disturbances
occur more commonly, and oral fluid therapy for those with mild to
moderate disease and intravenous therapy for those with severe illness
may be lifesaving (see Chapter 11 for rehydration solutions). Patients
with achlorhydria or those having prior gastrectomy are more susceptible
to developing a rapidly fatal dehydrating illness. In a small percentage of
patients with nontyphoid salmonellosis, the intestine may be involved to
an extensive degree with typhoid-like lesions, leading to perforation (see
‘‘Pathogenesis’’). In typhoid fever, the major complications are intestinal
perforation or hemorrhage, relapse of illness, and overwhelming sepsis
with profound generalized metabolic and physiologic alterations.

Intestinal Perforation and Intestinal Hemorrhage

Perforation of the intestine is the most serious complication of ty-
phoid fever. Perforation occurs in 1-3% of patients and was invariably
associated with fatality in the years before the advent of antimicrobial
therapy and modern surgery. The complication of intestinal hemorrhage
occurs likewise in 1-3% of patients with typhoid fever, yet the prognosis
is much better when compared to perforation. Each of these intestinal
complications occurs most often in debilitated and malnourished persons
treated late in their illness. Perforation and hemorrhage are characteristi-
cally seen during the second and third week of illness. Intestinal perfora-
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tion occurs without relationship to severity of clinical symptoms. It is
associated with increased abdominal pain, muscle rigidity, and abdominal
distention with absent bowel sounds and general collapse. Peritonitis and
intraabdominal abscess formation may complicate the perforation, while
in other cases, clinical signs may be minimal, especially if a small tear in
the paper-thin ileum develops. Free air generally is found under the dia-
phragm on a radiograph of the abdomen. Hemorrhage is a result of edema
of Peyer’s patches which undergo necrosis. Although intestinal bleeding
may be profoundly acute, with massive blood loss, it more characteristi-
cally is slow and is not a life-threatening complication. Most studies have
indicated that the occurrence of intestinal hemorrhage does not increase
the mortality rate when compared to uncomplicated disease. A clinical
finding suggesting intestinal hemorrhage is a drop in temperature at a time
when the pulse rate increases unexpectedly. Hypotension or shock may
be diagnosed. Melena is then noted (see Figure 5.1). Corticosteroids,
which are often administered to the acutely ill patient, do not predispose
patients to hemmorhage.

The optimal means of treating perforation of the intestine due to S.
typhi initially was felt to be medical.43>4 Such management included use
of antibiotics, fluid replacement, and gastric suction to decompress bowel
distention. The primary argument against surgical intervention was that
the terminal ileum was paper thin in many places and was liable to perfor-
ate in more than one spot. Also, repair of the friable gut was shown to be
impossible in many cases, and, in others, attempts to suture the leak
merely resulted in further tears. Finally, it was shown that patients with
intestinal perforation due to S. typhi infection were in poor general
health, making a decision to perform surgery difficult. The clear excep-
tions to restricting therapy to medical measures were sudden perforation
that occurred during the period of convalescence and recognized
early (in the first 6 hr), perforation that progressed to intraabdominal
abscess formation, or adhesions that caused obstruction. More recently,
there has been a tendency in areas of typhoid endemicity to operate early
when perforation is diagnosed.45-48 These studies and the experience of
other groups that have not published their data support the use of early
surgery in the management of most patients with intestinal perforation.
This approach appears to reduce morbidity and mortality. Multiple per-
forations are present in one-third of patients,48 and it is unlikely that
spontaneous closure would occur in a majority of these patients. Perfora-
tion of the cecum and proximal colon also may occur.4” The aims of
surgery are to drain purulent material and intestinal contents from the
abdominal cavity and to prevent further intraabdominal contamination.
Surgery consists of either simple closure of perforations in disease of
minimal extent or, more commonly, wedge excision of the perforated
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ulcer. When multiple perforations are not present, ileal resection is the
preferred treatment if there is bowel friability. In patients in whom the
ileum is severely and extensively involved, ileostomy should be per-
formed. In all patients with typhoid perforation, antimicrobial therapy
should include chloramphenicol combined with an aminoglycoside (gen-
tamicin, tobramycin, or amikacin) to treat typhoid organisms, colonic
anaerobes, and other enteric gram-negative bacilli. The treatment of in-
testinal hemorrhage is blood replacement. The source of bleeding gener-
ally is an area of superficial ulceration of the ileum, and spontaneous
closure is the rule.

Relapse

Relapse of typhoid fever is characterized by the return of sympto-
matology similar to that of the primary illness, including headache, chills,
fever, malaise, and abdominal pain. The intensity of clinical illness is less
severe than the initial disease, and fatalities rarely occur. Relapse occurs
in about 20% of patients who have received therapy, compared to 9% in
the preantibiotic era.4 Blood and stool cultures are often positive during
typhoid relapses, and rose spots occasionally are seen.

Miscellaneous Complications

As with other septicemic processes, a number of systemic and local-
ized complications may arise. Patients with salmonellosis, even uncom-
plicated gastroenteritis, often present with respiratory symptoms, partic-
ularly a nonproductive cough. In certain patients, this represents the most
significant early complaint. The chest radiograph is usually normal, al-
though transient patchy infiltrates may be documented. Rarely, bacterial
pneumonia can be documented, and the etiologic agent may be the infect-
ing Salmonella strain, S. pneumoniae, or enteric gram-negative bacilli.

Hepatomegaly occurs in just under one-third of patients with enteric
fever, and jaundice may be seen in about one-third of patients with he-
patic enlargement.4® Histologic changes in the liver include the appear-
ance of ‘‘typhoid nodules,”” which consist of focal accumulations of
mononuclear cells. Nephritis may complicate the hepatitis,4® with an im-
mune-complex glomerulitis being the most common form of kidney dam-
age.5¢ Kidney failure rarely may be associated with myoglobinuria.5!
Acute pancreatitis is a rare complication.

Hematologic changes occur, including thrombocytopenia4® and dis-
seminated intravascular coagulation.52 Central nervous system involve-
ment is more common than generally considered. A meningoencephalitis
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picture is not uncommon, and such patients frequently will have a cere-
brospinal fluid pleocytosis, although recovery of a bacterial agent from
cerebrospinal fluid is unusual. Patients may develop seizures or neuropsy-
chiatric symptoms, myocarditis,53-54 circulatory failure, or Reiter’s syn-
drome3® (as occurs in Shigella gastroenteritis). During enteric fever, there
may be a transient suppression of tuberculin skin test reactivity .58

INSTITUTIONAL SALMONELLOSIS

Although there appears to be a greater susceptibility among institu-
tionalized persons to virulent Shigella than Salmonella strains, there is an
unexplained reversal in potential for spread within certain hospitalized or
institutionalized populations. Shigellosis is more of a problem in custodial
institutions for the mentally retarded, but salmonellosis is a far greater
problem in hospitals and in homes for the elderly. Undoubtedly, the
exposure of many patients to common foods, drugs, and materials which
may become contaminated with a Salmonella strain is important in the
latter settings.

Hospitalized patients appear to be unusually susceptible to Salmo-
nella infection. Acute-care hospitals, pediatric wards (particularly new-
born nurseries), psychiatric institutions, and homes for the elderly are the
usual settings. The overall fatality:case ratio is approximately 2%.57
There is usually a common vehicle such as contaminated food,33-58 car-
mine dye, 59:80 platelet transfusions,8! pharmaceutical products,82 or con-
taminated human breast milk.8® Common-vehicle outbreaks that occur
most often among adult patients are<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>