Introduction

Cryptosporidiosis, isosporiasis, cyclosporiasis, and sar-
cocystosis are diseases caused by protozoa of the phylum
Sporozoa, class Coccidea, order Eimeriida.! All are ob-
ligate intracellular parasites of intestinal epithelial cells.
Cryptosporidium sp, Isospora belli and Cyclospora cayeta-
nensis complete their life cycles within a single host. They
cause self-limited or prolonged diarrhea, depending on the
host’s immune status. In contrast Sarcocystis requires two
host species. Compared to other coccidia, Cryptosporidium
sp are less host or organ specific, resist antimicrobial agents
and produce auto infection, features more closely related to
gregarines.?

CRYPTOSPORIDIOSIS

Definition and General Considerations

At least 9 species and 4 genotypes of Cryptosporidium
cause human infection: C. hominis, C. parvum, C. melea-
gridis, C. felis, C. canis, and occasionally C. muris, C.
suis, C. andersoni, and Cryptosporidium cervine sp and,
Cryptosporidium genotypes in horse, rabbit, skunk, and
chipmunk.® Cryptosporidum hominis and C. parvum are
morphologically identical and their completely sequenced
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genomes are 97% identical.*#>® Although both have 8 chro-
mosomes, the genome of C. hominis appears slightly larger,
9.16 Mb to 9.11 Mb and 3,994 to 3,952 genes compared to
the genome of C. parvum.®> Cryptosporidium was first de-
scribed in 1895, identified in 1910,2 and in the 1970s rec-
ognized as a cattle pathogen. Some early reported patients
had contact with livestock. In the 1980s, C. parvum was
discovered to be the cause of prolonged diarrhea in patients
with acquired immunodeficiency syndrome (AIDS), and
is now known also to cause diarrhea in immunocompetent
patients.!

Epidemiology

Cryptosporidium causes approximately 250 to 500 mil-
lion cases of diarrhea per year in developing nations of Asia,
Africa, and Latin America. Cryptosporidium is the most
common parasitic cause of diarrhea in the United King-
dom,® and infected 28,636 persons in the United States be-
tween 2006 and 2008.'° The asymptomatic carriage rate
may be as high as 13% among immunocompetent indi-
viduals.!* Cryptosporidiosis develops in an estimated
10-15% of patients with AIDS in the United States and
in 30%-50% of patients with AIDS in the developing
world.*? The serological prevalence of Cryptosporidium
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Spherical or cone-shaped cell stages of Cryptosporidium within human cells lining gastrointestinal tracts. x1000. a. Spherical: 4
trophozoites deep in microvilli, H&E; b. Spherical: type | meront with 7 of 8 merozoites, WS; c. Spherical: type Il meront with 4
merozoites, WS; d. Cone-shaped: 2 side-by-side macrogamonts, WS; e. Cone-shaped: microgamont with microgametes on right,
Spherical: 2 attached oocysts; single-walled oocyst with 4 sporozoites (center); Double-walled, densly stained oocyst on left, WS.

ranges between 30%-60% in industrialized countries
and reaches 95% in tropical and developing countries.?

Infectious Agent

Morphologic Description

All four stages of Cryptosporidium (trophozoite/type 1
meront, type II meront, microgamont, and macrogamont/
oocyst) form spherical or cone-shaped cells (Fig 13.1) with-
in epithelial cells lining the host’s gastrointestinal tract.

Except for unfertilized macrogamonts, each mature stage
produces a smaller banana or bullet-shaped penetrating
form that is asexual (sporozoite, type I merozoite, type II
merozoite) or sexual (microgamete).

Trophozoites are 1 pm to 2.5 um in diameter™® (Fig 13.2).
Each contains a single nucleus (Fig 13.3),* endoplasmic
reticulum, and ribosomes, and is surrounded by 5 unit mem-
branes,™® the outer 2 originating with the host. The parasi-
tophorous vacuole membrane has an electron-dense micro-
filament network where the host cell membrane apposes the
parasite (Fig 13.4). The membrane and the microfilaments
form a series of compact folds, called, the feeder organelle,
believed to be responsible for nutrient transfer. The para-
sitophorous vacuole lies in the microvillous border of the
cell, just below the plasma membrane. This intracellular but
extracytoplasmic location differs from that of related coc-
cidia that reside in intracytoplasmic vacuoles.>*®

Type | meronts are 1.5 pm to 2.5 pm in diameter'® and
contain 8 type I merozoites (Figs 13.1b & 13.5). Type II
meronts are 3.5 pum in diameter!® and contain 4 type Il
merozoites (Fig 13.6). The nuclei of first- or second-gener-
ation meronts become smaller during division and migrate
toward the periphery. Microgamonts are 2 um in diameter*3
and contain 14 to 16 peripherally arranged microgametes®
(Fig 13.7). Macrogamonts are spherical and are 4 pm x 5
um in diameter®® (Figs 13.4 & 13.8). They contain a large,
eccentrically placed nucleus with a prominent nucleolus.**
Mature oocysts of Cryptosporidium are spherical, refrac-
tile (Fig 13.9), 5 pm x 7 um in diameter,'® and contain 4
sporozoites (Fig 13.1e). Each of the 4 sporozoites is 2.4

pm x 0.69 um to 4.5 pm x 0.95 pm and has no sporocyst
(Fig 13.10). Merozoites are 0.4 pm x 1 pm in diameter®?
(Figs 13.1 b & 13.1c) and contain a Golgi apparatus, endo-
plasmic reticulum, and nucleus. Merozoites and sporozoites
also contain the organelles comprising the apical complex:
rhoptries, micronemes, subpellicular microtubules, polar
ring, and conoid. These structures apparently serve as the
entry apparatus and disappear in the trophozoite stage.'®
Microgametes are bullet- or rod-shaped not more than 1 pm
to 2 um long (Fig 13.7). Unlike some other members of this
phylum, Cryptosporidium microgametes have no flagellum.

Life Cycle and Transmission

The life cycle (Fig 13.11) of C. parvum is completed in 3
days in human cell culture'” and 8 days in cell free culture.
Ingested oocysts excyst within a host’s stomach, releasing
4 motile sporozoites. The sporozoites are carried along the
intestinal tract where they infect epithelial cells, usually in
the small intestine. Apposition and invagination of host and
parasite membranes mediated by a host receptor result in
the formation of a parasitophorous vacuole.'*?° The spo-
rozoites differentiate into spherical bodies called tropho-
zoites and divide by schizogony (asexual reproduction) to
form schizonts (meronts). The outer membranes invaginate
deeply around nuclei, forming daughter merozoites. If 2 di-
visions occur (second-generation schizogony), the result is
4 merozoites or type II meronts. If 3 divisions occur (first-
generation schizogony), the result is 8 merozoites or type I
meronts. Type | meronts reinfect epithelial cells.?

Type II meronts undergo gametogony (sexual reproduc-
tion) to produce microgamonts (containing microgametes)
and macrogamonts (which become macrogametes). Macro-
gametes contain polysaccharide and phospholipid amylo-
pectin granule precursors of the oocyst wall. Fertilization
occurs when luminal currents or motility of the microga-
metes carry them near macrogametes. Microgametes attach
to and penetrate the cytoplasm of macrogametes, then enter
the nucleus where nuclear fusion takes place.™®

The resulting zygote undergoes schizogony to form an
oocyst. Wall-forming bodies coalesce to form oocyst walls.
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Figure 13.2 Figure 13.3

Scanning electron micrograph showing numerous cryptosporidia Transmission electron micrograph of Cryptosporidium sp of sheep
on surface of epithelial cells: trophozoites (arrow), crater-like area showing trophozoite with a single nucleus, endoplasmic reticulum and
(arrowhead) is a ruptured parasitophorous envelope. x3500 ribosomes deep in microvilli of epithelial cell. Note parasitophorous

vacuole (arrow). x5120

v Figure 13.5
. Scanning electron micrograph showing type | meront releasing 8
Figure 13.4 merozoites. x18000

Transmission electron micrograph of a fertilized macrogamete 4.1 pm x
2.5 um connected to the host cell and surrounded by the parasitophorous
vacuole (arrow) and the feeder organelle (arrow head). x25250

Figure 13.6 Figure 13.7
Transmission electron micrograph showing type Il meront containing 4 Transmission electron micrograph showing 5 microgametes in a
merozoites. x5720 microgamont. x 24000
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Figure 13.8
Transmission electron micrograph showing macrogamont with
nucleus and dark bodies. x5720

Figure 13.10

Transmission electron micrograph showing 3 of 4 naked
sporozoites. The oocyst is still within the hosts cell-derived
parasitophorous vacuole. Bar, 500 nm

Approximately 20% of oocysts have a thin, single-unit
membrane wall and can release their sporozoites in the host
before passage, resulting in autoinfection. The remaining
80% have thick-walled, bilayer membranes and are fully
sporulated and infectious upon passage from the host.
Cryptosporidiosis spreads from person to person, from
animals to people, and from the environment to people by
contact with fomites or ingestion of contaminated food or
water.?22* Factors that contribute to the spread of crypto-
sporidiosis include travel, overcrowding, malnutrition,
early weaning, other infections, use of antibiotics, poor
sanitation, and working at or attending health or day-care
centers.? Waterborne infections have been associated with

. _Ta

Figure 13.9
Cryptosporidium parvum of calves. Fecal float with refractile
unstained oocysts suspended in water. x500

contamination of reservoirs by pasture runoff and inad-
equate filtration of swimming pools and water slides. The
infective dose is as few as 10 organisms.?®

Clinical Features and Pathogenesis

The incubation period for cryptosporidiosis in healthy
volunteers is 4 to 22 days after ingestion of oocysts.?” Most
immunocompetent patients have self-limited diarrhea last-
ing 5 to 14 days. The diarrhea is cholera-like, profuse, wa-
tery, and foul smelling, with no leukocytes or blood. Other
symptoms include nausea and vomiting, abdominal cramps,
low-grade fever, anorexia, dehydration, weight loss, weak-
ness, myalgia, and headache.?”?® There may be malabsorp-
tion of carbohydrates, fats, and vitamins. Rarely, severe
disease results in malnutrition and death. Peripheral blood
leukocytosis and eosinophilia are infrequent. Characteristic
radiographic findings are nonspecific mucosal thickening
and disordered small intestinal motility. Endoscopic find-
ings include focal atrophy and small erosions.

Patients with profound immunosuppression, such as in
AIDS, may have more severe and prolonged symptoms that
may fluctuate with changes in CD4 count and antiretroviral
therapy. The 4 patterns of clinical syndromes are chronic di-
arrhea, cholera-like disease, transient diarrhea, and relaps-
ing illness.*?

Immunocompromised individuals have a greater inci-
dence of infection in extraintestinal sites, such as the stom-
ach, and the biliary, pancreatic, and respiratory tracts. 2°
Although most AIDS patients have no gastric symptoms,
stomach involvement is frequent.*® Cryptosporidium has
been found in the gallbladder and biliary tree of both im-
munocompetent and immunocompromised individuals;
symptomatic infections of the biliary tract have been seen
only in AIDS patients. Up to 15% of AIDS patients with in-
testinal cryptosporidiosis have hepatobiliary tract infection
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Figure 13.11
Life cycle of Cryptosporidium parvum. (See text for description).
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resulting in fever, right upper quadrant nonradiating pain,
nausea, vomiting, and diarrhea. Acalculous cholecystitis
and sclerosing cholangitis with obstruction or stenosis of
the ampulla of Vater have been reported. These conditions
may be found by ultrasound or endoscopic retrograde chol-
angiography.?° Respiratory cryptosporidiosis occurs rarely
in immunocompetent individuals.3* Upper respiratory, tra-
cheobronchial, and nasal cryptosporidiosis are common in
AIDS patients with severe small intestinal disease. Lower
respiratory infection causes interstitial pneumonia.*

The pathologic mechanisms of cryptosporidial diarrhea
and malabsorption are not well understood. Nutrient trans-
fer through the parasite’s feeder organelle may deplete the
host cell. A heavy parasite burden may reduce the micro-
villous absorptive surface area and affect membrane-bound
enzymes.! Malabsorption and impaired digestion may lead
to overgrowth of intestinal flora and influx of fluid, causing
diarrhea.

The normal immune response to cryptosporidiosis is both
humoral and cell-mediated. When both components are
functioning normally, infection is self-limited.?*** Cell-me-
diated immunity in the intestine is important for protection
against infection in human volunteers, especially CD4+ T
cells and interferon-y.3*

Apoptosis may be relevant to the pathogenesis of scleros-
ing cholangitis. Sporozoites attach to and invade the api-
cal membrane of cholangiocytes, resulting in programmed
cell death of bystander uninfected biliary epithelial cells but
protect infected cells.®® In vivo the host cell is killed upon
parasite egress; this cell death is necrotic, not apoptotic.*®
The biliary tract may serve as a reservoir of infection. In
cultured cells bile acids and bile salts enhance the invasive-
ness of Cryptosporidium sp.®’

Pathologic Features

Distribution of cryptosporidiosis in the duodenum, small
intestine, and colon is highly variable.*? In immunocom-
petent hosts, infection is primarily confined to the jeju-
num and ileum. The rectum is often involved, while the
esophagus and stomach are only occasionally infected.
On H&E-stained tissue sections, Cryptosporidium parasites
appear to bulge from the surface of the epithelial cell (Fig
13.1). Because of their small size and indistinct structure,
they may be confused with cellular debris or mucus. Infec-
tion is confined to the apical surfaces of enterocytes, from
the base of the crypts to the tips of the villi. The numbers of
parasites and the degree of inflammation vary, even within
a small biopsy. There is no correlation among parasite bur-
den, histopathologic changes, and clinical severity.'?

In immunocompetent hosts, pathologic changes are rela-
tively mild and nonspecific. Changes in the small intestine
include villous architectural abnormalities, crypt elonga-
tion, increased inflammatory cells, and occasional crypt

abscesses® (Fig 13.2). Neutrophils and rare eosinophils in-
filtrate between epithelial cells and in the lamina propria. In-
traepithelial lymphocytes are rare. Enterocyte abnormalities
include increased mitotic figures, cellular atypia, necrosis,
vesiculation, inconspicuous brush borders, and sloughing.
Infected colonic crypts are often dilated, with decreased
goblet cells and increased mitotic figures. Immunocompro-
mised hosts may have more severe villous atrophy, heavy
colonization throughout the alimentary tract, and dense in-
flammatory infiltrates (Fig 13.12).

In gastric cryptosporidiosis, organisms are present in the
lining epithelium and may extend into the glands. There
may be active gastritis, with lymphocytes and plasma cells
in the lamina propria.

Organisms probably spread through the pancreatic and
biliary ducts to infect epithelial cells of the gallbladder, bili-
ary tract, and pancreatic ducts. Pathologic changes range
from acute cholecystitis to necrosis. The gallbladder, bile
ducts, and periductal glands become edematous and di-
lated, and are infiltrated by neutrophils, eosinophils, and
chronic inflammatory cells. Organisms may be found in the
bile duct epithelium of the liver. Damaged epithelial cells
may become flattened, and there may be surface erosions.
Organisms in the pancreatic duct epithelium are associated
with pancreatitis and periductal inflammation. Unlike the
intestinal epithelium, the pancreatic ducts undergo squa-
mous metaplasia.

Figure 13.12

Large intestine from an immunosuppressed (HIV positive) patient
showing flattened epithelial cells supporting heavy protozoan
colonization, and an inflammatory infiltrate in the lamina propria with
rare eosinophils. H&E. Original magnification x400
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In immunocompromised individuals, organisms have
been found in tracheal epithelium, macrophages, bronchi-
oles, and alveolar exudates. Infection of columnar epithelial
cells may result in squamous metaplasia.

Diagnosis

Cryptosporidiosis can be diagnosed by stool examina-
tion, biopsy, cytology, and serology. The ability to sample
oocysts from the entire digestive tract without invasive
procedures makes stool examination the preferred method.
The number of oocysts passed in feces varies, necessitat-
ing multiple sample collections and use of concentration
techniques. Stool specimens should be fixed in forma-
lin or sodium acetate-acetic acid-formalin. Oocysts can
be concentrated by flotation (Fig 13.9), centrifugation, or
sedimentation. Oocysts in stool are stained by a variety of
techniques, including modified cold Kinyoun acid-fast (Fig
13.13), Ziehl-Neelsen acid-fast, Safranin-methylene blue,
Giemsa, fluorescent acridine orange, and auramine-rhoda-
mine stains. Oocysts are autofluorescent.>® On phase-con-
trast microscopy, oocysts are bright, refractile (Fig 13.14),
have up to 6 black granules, and often adhere to mucus.
They are pink on bright field microscopy (Fig 13.9). Other
techniques include ELISA, indirect fluorescent antibody
(IFA) tests (Fig 13.15), direct immunofluorescence tests for
screening, and fluorescence in situ hybridization (FISH)
for verification.*’ The sensitivity of PCR in fecal samples
is reduced because of substances that inhibit DNA sequen-
sing.** DNA extraction methods for stool samples appears
to increase sensitivity.*?

Some patients require endoscopic intestinal biopsies for
diagnosis. Cryptosporidium stains basophilic to ampho-
philic by H&E, dark blue by Giemsa, and red to purple by
Gram stain (Figs 13.16 & 13.17). Acid-fast stains are less
effective on tissue sections than on stool or cytology speci-
mens. Electron microscopy has been used to diagnose cryp-
tosporidiosis, but it is impractical and unnecessary in most
cases. Cytological diagnosis of cryptosporidiosis has been
made by identifying acid-fast organisms in small-intestinal
brushing specimens, sputum, bronchoalveolar lavage, bron-
chial brushings, and tracheal aspirates. Other techniques
include indirect immunofluorescence, immunoperoxidase
techniques, and molecular diagnostic procedures.®

Differential staining, using light microscopy, will identify
various stages in the growth cycle of cryptosporidiosis (Figs
13.16 & 13.17). The Grocott’s methenamine silver (GMS)
stain does not silver any early stage (asexual cycle), i.e.
trophozoite or meronts (Figs 13.16m, 13.161, & 13.16w).
In the sexual stages only the microgamonts (Figs 13.17e,
13.17 i, & 13.17 j), not the macrogamonts (Fig 13.17c)
stain.  Within microgamonts, microgametocytes and the
microgamonts’ attachment site are silvered. In maturing
and mature oocytes, only the sporozoites are silvered (Fig

Figure 13.13

Cryptosporidium parvum in centrifuged human feces stained
with modified cold Kinyoun acid-fast. x1000

Figure 13.14
Fecal float with unstained oocysts suspended in sugar solution
and viewed with phase-contrast microscopy. x1500

Figure 13.15
Fecal float with oocysts stained with monocloanal antibody
conjugated with fluorescent isothiocyanate. X750
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Figure 13.16

Differential staining of asexual stages in growth cycle of Cyptosporidium sp. x1000

Excysted sporozoities in feces: a. H&E; b. WS; ¢. WS; d. B&H; e. Type I merozoites (for comparison) ZN.
Early sporozoite attachment: f. H&E; g. WS; h. ZN; i. B&H; j. Giemsa.

Trophozoite: k. H&E; 1. WS (in middle); m. GMS; n. B&H; o. Giemsa.

Type I meronts contain 8 type I merozoites: p. H&E; q. WS; r. GMS; s. B&H; t. Giemsa.

Type Il meronts contain 4 type II merozoites: u. H&E; v. WS; w. GMS; x. B&H; y. WS.
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Figure 13.17

Differential staining of sexual stages in growth cycle of Cryptosporidium sp. x1000

Macrogamonts: a. H&E; b. WS; c¢. GMS; d. B&H; e. Macrogamete right, microgamete left GMS.

Microgametes; f. Arrow WS; g. Microgamont with micogametes on right WS; h. WS; i. GMS (focus level 1); j. GMS (focus level 2).
Maturing attached oocysts: k. Single walled (left), double walled (right) WS; 1. ZN; m. H&E; n. B&H; 0. GMS.

Miscellaneous: p. Microgamont with released microgamete (center) WS; q. released microgamete B&H; r. Mature oocyte with
sporozoites (center) ZN; s. Mature oocyte with sporozoites B&H; t. Mature oocytes GMS.

Oocytes in feces: u. Single walled (top), double walled (center) WS; v. Kinyoun acid-fast; w. Kinyoun acid-fast; x. Kinyoun acid-fast; y.
GMS.
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13.17t). The Warthin-Starry silver impregnation stain (WS)
silvers the trophozoite’s and microgamont’s thickened at-
tachment site (Fig 13.161), but only slightly to moderately
stains the attachment sites of meronts (Figs 13.161, 13.16q,
13.16v, & 13.16y). Merozoites, however, stain well within
meronts (Fig 13.17g). In a variety of stains the 8 merozo-
ites in type | meronts tend to appear as a circle around the
wall (Figs 13.16 p, 13.16q, 13.16s, & 13.16t) whereas the
4 merozoites of type Il meronts tend to present in a row,
side-by-side (Figs 13.16u, 13.16v, & 13.16y). The Brown-
Hopps (B&H) tissue gram stain demonstrates early tropho-
zoites best (Fig 13.16n). As trophozoites mature, the darker
red fades from the attachment site (Fig 13.16x). Merozoites
may also stain deep red. In later stages only the microga-
metocytes stain well.

Treatment and Prevention

In persons with normal immunity, cryptosporidiosis is
usually self-limited and requires only fluid replace-
ment. Nitazoxanide is the only drug approved by US
FDA in immunocompetent persons.>* Immunosuppressed
patients require treatment with an anti-HIV regime.*® Paro-
momycin has shown success in AIDS patients and may be
more effective when combined with azithromycin.**** Ef-
forts are ongoing to develop an effective vaccine for cryp-
tosporidiosis.*®

The Centers for Disease Control and Prevention have
established the Waterborne Cryptosporidiosis Working
Group to develop guidelines for prevention and early iden-
tification of outbreaks of waterborne cryptosporidiosis,
now a notifiable disease in the United States. Methods for
detecting oocysts in water are improving with new molecu-
lar techniques.*® Oocysts have been found in 17% to 87%
of surface drinking-water supplies in the United States.
Ozone, chlorine, formaldehyde, and conventional filtration
do not eradicate oocysts, making prevention difficult.
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ISOSPORIASIS

Definition and Synonym

Isosporiasis is acute or chronic enteritis caused by infec-
tion with Isospora belli. Isosporiasis is also known as iso-
sporidiosis.

General Considerations

Isospora causes intestinal disease in several mammalian
species.*” Virchow observed I. belli, the species that infects
humans, in 1860. During World War I Isospora belli was
detected in the stools of European soldiers stationed in the
Middle East; during World War 11 it was a pathogen among
troops in the Pacific. Isosporiasis in the Americas was first
reported in the 1960s. Isospora belli causes traveler’s di-
arrhea in immunocompetent hosts and is an opportunistic
pathogen in patients with AIDS.

Epidemiology

Isospora belli is cosmopolitan, but more common in
the tropics and subtropics. It is endemic to South Africa
4 South America49, and the Southwest Pacific islands. In
South America, reported infection rates range from 0.1%
to 1.8%. Immunodeficiency,> malnutrition,>® and poor
hygiene are risk factors. A cross-sectional study conducted
in Ethiopia found 12 percent of 214 HIV positive patients
infected, while none of 164 HIV negative patients was in-
fected.>? Isosporiasis is more prevalent in children, but the
exact prevalence of the disease is not known.

Infectious Agent

Morphologic Description

Isospora oocysts are ellipsoid and approximately 20 pm
to 33 um by 10 um to 19 um (Figs 13.18a to 13.18c) . The
smooth, thin cyst wall is composed of 2 layers. The outer
layer is tough, impermeable to fluids, and environmentally
resistant; the inner layer is membranous.*’ Sporocysts are
12 pm by 7 pm to 9 pm (Fig 13.19). Sporozoites are slen-
der and crescent-shaped (Figs 13.20a & 13.20b). The inter-
nal structures of sporozoites and merozoites are similar to
those of other coccidians and include polar rings, rhoptries,
micronemes, conoids, microtubules, and amylopectin gran-
ules. Trophozoites are spherical (Fig 13.21). Macrogam-
onts contain a single large, centrally located nucleus and
wall-forming bodies (Fig 13.22). Microgamonts contain
multiple nuclei that migrate to the periphery, elongate and
protrude from the surface, and bud into mature flagellated
microgametes 5 um to 6 pm long (Figs 13.23a to 13.23c¢).

Life Cycle and Transmission
The life cycle of Isospora is similar to that of Cryptospo-
ridium, except that oocysts are not sporulated when passed
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Figure 13.18 a-c
Unsporulated
oocyst (25um x
8um) of Isospora
belli: a. In
duodenal aspirate

a (Giemsa); b.
Unspporulated
oocyst of I.
belli in feces
(Kinyoun); c.
Unsporulated
oocyst of I.
belli in feces.
Unstained.

b Original
magnification
x400

Figure 13.19
Sporulated oocyst
of Isospora
felis in feces.
Oocyst contains
two sporocysts
(arrows). Each
sporocyst contains
four sporozoites
(S). Unstained.
Original
magnification
x1000

Figure 13.20 a-b

Released Isospora belli sporozoites (8um x 3um) have
penetrated enterocyte in duodenum: a. Ziehl-Neelsen; b. H&E
x300

in feces (Figs 13.18a to 13.18c). Under appropriate condi-
tions, the 1 or 2 sporoblasts of Isospora secrete a wall and
become sporocysts (Fig 13.19). Divisions result in 4 spo-
rozoites per sporocyst. Ingested oocysts excyst in the small
intestine.

Released sporozoites move about until they penetrate
enterocytes in the distal duodenum, proximal jejunum, or

11

other sites (Figs 13.20a & 13.20b). Trophozoites develop
in the host-cell cytoplasm (Fig 13.21). By the process of
schizogony, (Figs 13.24a to 13.24c) daughter merozoites
form within a schizont. When the schizont and its host cell
rupture, merozoites move into the gut lumen and penetrate
uninfected enterocytes. The organisms either begin another
round of merozoite formation or shift to gametogony, the
sexual phase. Mature macrogametes develop from mac-
rogamonts and can be differentiated by the multimembra-
nous vacuoles which budded off the nucleus® (Figs 13.25a,
&13.25b). Mature microgametes bud from a microgamont.
Fertilization takes place when microgametes attach to and
penetrate macrogametes. Nuclear fusion ensues and wall-
forming bodies coalesce to form oocysts.

Infection is acquired by ingesting infective oocysts
through contaminated food or water,>* or from poor per-
sonal hygiene.

Clinical Features and Pathogenesis

Immunocompetent hosts are susceptible to infection,
though they may remain asymptomatic, with parasites ev-
ident in feces or biopsy specimens for several months or
years. Symptoms include diarrhea, steatorrhea, headache,
fever, malaise, colicky abdominal pain, vomiting, dehydra-
tion, and weight loss. Stools are watery, steatorrheic, and
foul smelling, with no blood or pus. Malabsorption can oc-
cur in chronic infections. Some patients have peripheral eo-
sinophilia.4"49:55:%6

Immunocompromised hosts experience more severe in-
fection. Significant damage to the jejunal and ileal mucosa,
along with severe alteration of the enterohepatic circulation
of bile acids and vitamin B12 absorption may occur. AIDS
patients may have a more watery diarrhea. Extraintestinal
isosporiasis has been observed in AIDS patients, but not in
immunocompetent patients.*’

On double-contrast radiography, patients with diarrhea
lasting a year or less show minimally thickened mucosal
folds in the duodenum and proximal jejunum. In patients
with long-standing disease (17 to 30 years duration), the
duodenum and proximal jejunum have a granular muco-
sal appearance with effacement of the folds. Radiographic
changes seem to reflect the degree of villous atrophy.®’

The pathologic mechanisms of isosporiasis are not
known. Unlike C. parvum, I. belli does not reside in the
microvillous border of the host cell. Destruction of the
absorptive surface and digestive enzymes by the para-
site is probably not involved in acute infections, nor is an
enterotoxin suspected.

Pathologic Features

Biopsies of the small intestine from individuals with
isosporiasis may be normal or show changes of mild to
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‘1‘ «« Figure 13.21

Spherical Isospora belli
trophozoites (arrows)
(largest 3 pm x2 um)

K in duodenal enterocyte.
Note eosinophilic
granules of Paneth cell.
H&E x2300

Figure 13.22
Macrogamont (12 pm x8 pm) with single large, centrally
located nucleus in duodenum. H&E x1750

a b c

Figure 13.23 a-c.

Development of microgametes from microgamont in duodenum:

a. Microgamont (12 pm x 8 pm) with multiple nuclei; b. Nuclei
have migrated to periphery (12 pm x7 pm); c. Mature flagellated
microgametes 5 pm to 6 um long, (total size 10 pm x 5 pm). Helmes
x1500

a b
Figure 13.24 a-d

moderate villous atrophy and crypt hyperplasia with in-
creased inflammatory cells (Fig 13.26). The organisms tend
to sit beneath the nucleus, which take on a transverse posi-
tion in the superficial cytoplasm leading to the so-called ‘T
sign” (Fig 13.27).% Heavily parasitized specimens may
have villous blunting or atrophy, crypt hypertrophy, and
inflammation of the lamina propria, as seen in cryptospo-
ridiosis. Several stages demonstrate PAS stained granules
(Figs 13.28a to 13.28d). Brown-Hopps tissue gram stain
also demonstrates the stages (Figs 13.29a to 13.29d). Or-
ganisms have rarely been found in mesenteric®® and tra-
cheobronchial lymph nodes, the bile duct,®* or in the liver
and spleen.%?

Diagnosis

Identifying 1. belli oocysts in stool is the accepted meth-
od of diagnosis. Concentration of stool by Sheather’s sugar
flotation is recommended. Isospora oocysts stain well by
the Kinyoun acid-fast technique (Fig 13.18b), and aura-
mine-rhodamine®® staining produces good results. Oocysts
stained with carbol-fuchsin fluoresce bright red under green
light (546 nm). The oocysts’ autofluorescence does not sur-
vive staining.®

If isosporiasis is suspected but stool examination is
repeatedly negative, intestinal biopsy should be performed.
Both sexual and asexual stages are readily distinguished in
H&E-stained sections (Figs 13.21 to 13.27). Diagnosis by
electron microscopy is also possible. DNA analysis of for-
malin-fixed paraffin-embedded tissue has been successful®
as well as DNA analysis of stool samples.®*

Treatment and Prevention

Trimethoprim-sulfamethoxazole can effect clinical and
parasitological cure in approximately 7 days. Low-dose
trimethoprim-sulfamethoxazole or weekly pyrimethamine-
sulfadoxine is recommended to prevent or treat recurrent
infections in AIDS patients.*”*® Metronidazole and quina-

Merozoites (7 pm x 1 um) of Isospora belli in duodenum forming within a schizont: a. First division, two merozoites; b. Second division, four
merozoites; ¢. Third division, eight merozoites (total size 6 pm x 5 pm); d. Maturing eight merozoites (total size 10 pm x 6 pm). H&E x2000
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Figure 13.25 a-b
Macrogamont
differentiate into
macrogamete by
multimembranous
vacuoles which
budded off

the nucleus: a.
Macrogamont (12 um
x 8 pm) H&E x2400;

b. Macrogamete (12 k
pmx 10 pm) H&E
x2500
a b
k
Figure 13.27

Heavily parasitized biopsy with
sporozoite (S), two merozoites (Z),
macrogamete (M) (15 pm x 8 pm),
and microgamont (T) with host

cell nucleus forming “T” sign and Figure 13.26
developing microgametes within. Heavily parasitized biopsy of duodenum with lymphocytes,
H&E x2000 plasma cells and eosinophils in lamina propria. Note merozoites

(arrows) in enterocytes of gland. H&E x500

crine are also effective. In cases of prolonged, severe
diarrhea, hydration therapy may be indicated.

Isosporiasis can be prevented with adequate sanita-
tion, measures to protect food and water supplies, and
increased public awareness of the means of transmis-
sion.

Figure 13.28

Developing stages of Isospora belli demonstrate PAS stained granules x2000: a. Trophozoite (smaller 2 pm x 2 pm); b.
Merozoite (larger 8 pm x 2 pm); c. Microgamont (8 pm x 8 pm); d. Macrogamete (13 pm x 4 pm).

Figure 13.29

Developing stages of Isospora belli stained by the Brown-Hopps tissue gram stain x2000: a. Trophozoite (largest 4 pm x 4 pm); b.
Merozoite (two cell stage larger cell 10 pm x 2 pm); c¢. Merozoite (four cell stage, individual 7 pm x 2 pm, total 10 pm x 6 pm); d.
Microgametes (individuals 3 um x 0.5 pm).

13
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CYCLOSPORIASIS

Definition and Epidemiology

Cyclosporiasis is infection with the protozoon Cyclospo-
ra cayetanensis. It was first reported in humans in New
Guinea in 1977. Several outbreaks occurred in the United
States in 1996 and 1997.%% In 2005, 11.9% of the indig-
enous people in Bolivar State, Venezuela, were infected.®®

Infectious Agent

Morphologic Description

Cyclospora oocysts are 8 um to 10 um in diameter (Fig
13.30). Hematoxylin-alone stained sections of duodenal
biopsies show the intracellular stages.®” A later report rec-
ommends hematoxylin & eosin.®® All four asexual stages
(sporozoite, trophozoite, schizont, and merozoite) have

'
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Figure 13.30

Spherical Cyclospora oocyst (8 um to 10 pm in diameter).
Ziehl-Neelsen acid fast stain x4000

been observed in the enterocyte.?® Immature schizonts
(uninuclear trophozoites) are 2 pm to 3 um in diameter
(Fig 13.31). Budding (ectomerogony) produces the asexual
types I and II meronts that contain 8 to12 merozoites (Fig
13.32) and 4 merozoites (Fig 13.33), respectively.®® Mero-
zoites are banana-shaped and 5 pum to 6 um long, with a
nucleus in the posterior third. Although macrogametocytes
and microgametocytes are more easily identified by trans-
mission electron microscopy,®’ a microgamont with devel-
oping microgametes is identified. (Fig 13.34) . The organ-
isms lack a PAS-positive sheath. &7

Life Cycle and Transmission

Ingestion of sporulated oocysts causes infection in hu-
mans. Sexual and asexual forms develop within an apical
intracytoplasmic parasitophorous vacuole in enterocytes of
the small intestine (Fig 13.30).”° Unsporulated oocysts are
excreted in feces (Fig 13.30).
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Figure 13.31

Cyclospora uninuclear trophozoites (2 pm to 3 um in diameter-
long arrow) develop into budding merozoites (arrow head)
ending in banana-shaped merozoites (short arrow). Hematoxylin
alone, original magnification x420

B = i
Figure 13.32
Asexual type | Cyclospora meronts (arrow) in apinuclear
location of enterocyte. Hematoxylin alone, original
magnification x420

=4
Figure 13.33
Asexual type Il Cyclospora meronts (arrows) in apinuclear
location of enterocyte. Hematoxylin alone, original
magnification x420
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Figure 13.34
Microgamont of Cyclospora with developing microgametes.
Hematoxylin alone, original magnification x420.

Cyclospora may be transmitted by contaminated food or
water.>*"* Washing does not easily remove oocysts from
fruits and vegetables. The infectious dose is unknown, but
is presumed to be low.”® Animal reservoirs have not been
found.

Clinical Features

The incubation period of Cyclospora cayetanesis is 2—22
days.%® Symptoms include watery diarrhea, nausea, an-
orexia, abdominal cramping, fatigue, and weight loss.” In
HIV-positive patients C. cayetanesis produces prolonged
diarrhea, wasting and weight loss,*® but was found in only
one of 113 HIV-positive patients, 34 of whom had chronic
diarrhea.>®

Pathologic Features

In infected enterocytes, which are not enlarged, the or-

Figure 13.35a-c

ganisms cluster at the tops of villi.%” The parasitophorous
vacuole is 8§ pm to 10 pm in maximum diameter. Jejunal
mucosal biopsies show altered architecture with surface
epithelial disarray, shortening and widening of villi due to
edema, and mild to moderate infiltration of the lamina pro-
pria by mixed inflammatory cells, as seen in cryptosporidi-
osis (Figs 13.31 to 13.34). There is also reactive hyperemia
with vascular dilation and congestion of villous capillar-
ies.®® There are no eosinophils in the inflammatory infil-
trate.®’

Diagnosis

Oocysts from stool specimens are easily observed by
phase-contrast microscopy; the alga-like morula appear-
ance is evident in fresh specimens. Oocysts autofluoresce
and stain positively using a modified trichrome method,
and stain variably acid-fast using modified Ziehl-Neelsen
(Fig 13.30).3* An oocyst DNA extraction method and PCR
screening assay to detect a single oocyst is available to eval-
uate agriculture produce washes.’?

Treatment and Prevention

Treatment consists of supportive care, maintenance of
fluid and electrolyte balance, symptomatic relief, and anti-
biotic therapy. Trimethoprim-sulfamethoxazole effectively
eradicates the organism.”

SARCOCYSTOSIS

Definition and Synonym

Sarcocystosis, also called sarcosporidiosis and sarco-
cystitis, is infection by protozoa of the genus Sarcocystis,
which are members of the family Sarcocystidae that also
includes Toxoplasma gondii. They are heteroxenous, re-

Mature sarcocyst of Sarcocystis hominis in striated muscle from iliac fossa: a. Only a thin band of muscle envelops the sarcocyst (190pum
diameter) x270; b. Mature bradyzoites in center of sarcocyst x1000; c. Escaped bradyzoites (9 um to 12 um x 2 um to 4 um) nearby a

sarcocyst. H&E x1000
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quiring 2 host species to complete their life cycle. Asexual
development takes place in the muscle of an herbivorous
intermediate host; sexual development occurs in the intes-
tine of a carnivorous definitive host. Humans are definitive
hosts for Sarcocystis hominis and Sarcocystis suihominis.
Zoonotic species are occasionally found in human muscle.
Three types found in skeletal muscle resemble species
found in monkeys; another type found in cardiac muscle
resembles a species seen in cattle.”*"

General Considerations

Sarcocystis was first reported by Miescher in 1843 in
mice, and in 1865 in the muscle of swine.”® In 1970, it was
discovered that bradyzoites develop into coccidian gametes
in cell culture,”® and into oocysts when fed to cats.

Epidemiology

Sarcocystis is widely distributed but found more fre-
quently in tropical areas.”” Cases have been reported from
the Africa, Central and South America, China, Europe, In-
dia, Malaysia, Southeast Asia, and United States.”

Infectious Agent

Morphologic Description
Zoitocysts in muscle are called sarcocysts or Miescher’s

Figure 36 a,b

Mature sarcocysts in human muscle: a.
Bradyzoites are PAS positive. Original
magnification x400

b. Bradyzoites are Giemsa positive. Original
magnification x400

tubules.”® The structure of the cyst wall varies in different
stages of development. The origin of the cyst wall is un-
known, but may be of host origin, parasitic origin, or both.
Cysts range from 30 um to 137.5 um wide (Figs 13.35a to
13.35¢). Cyst walls are smooth and less than 1 pum thick.
Numerous merozoites, also called bradyzoites, stain both
with PAS and Giemsa (Figs 13.36a & 13.36b) but not with
acid-fast and have diameters averaging 1 pum, fill the cyst,
and in more immature sarcocysts, form 2 distinct regions
(Figs 13.37a to 13.37¢).”®’® The peripheral region is oc-
cupied by globular metrocytes that become bradyzoites,
which are similar to those of other coccidian merozoites.

Organisms in the sexual stages are within a parasitoph-
orous vacuole bounded by 2 membranes. Gamonts of S.
suihominis are up to 10 pm in diameter. Microgametes are
slender and approximately 4 um to 5 pum long. Macroga-
metes are bounded by 2 membranes and contain 2 types of
inclusions thought to be wall-forming bodies (Fig 13.38).
Each oocyst has a dense outer layer, 4 membranes, and 2
sporocysts, each with 4 sporozoites.”

Life Cycle and Transmission

When an intermediate host consumes infective sporo-
cysts, sporozoites are released from the sporocysts and
penetrate the intestinal epithelium (Figs 13.39a & 13.39b).
They are distributed throughout the body, invading blood
vessel endothelial cells in many tissues, including skeletal

Fig 13.37
Immature sarcocysts of Sarcocystis hominis in striated musle left leg: a. Spherical form (66 um diameter) H&E x230; b. Two distinct
regions formed by smaller merozoites (1um) and larger globular metrocytes (2 um to 4 um diameter) in a long narrow sarcocyst (50
um wide) H&E x1000; c. Peripheral globular metrocytes do not stain with PAS, only the bradyzoites stain. PAS: original magnification
x1000
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Figure 13.38

Renal glomerulus of calf containing three forms of Sarcocystis
cruzi, two immature macrogamonts (arrows) and a mature
meront with merozoites (arrow head). H&E, original
magnification x1500

and cardiac muscle, where they undergo schizogony (asex-
ual reproduction). Large accumulations of merozoites form
within zoitocysts. After several divisions, metrocytes in the
periphery of the zoitocyst give rise to elongated bradyzo-
ites, which are infective in definitive hosts.

Eating meat contaminated with zoitocysts causes infec-
tion in a definitive host. The wall of the zoitocyst is di-
gested, and the released bradyzoites penetrate the lamina
propria of the small intestine. Within the muscle fiber, they
undergo gamogony (sexual reproduction) without an inter-
vening schizogonic generation. The large nucleus of every
microgamont gives rise simultaneously to about 20 to 30
microgametes.”® Male gametes penetrate female gametes,
and the resulting oocyst sporulates in the lamina propria.
The oocyst wall is thin and is usually ruptured during intes-
tinal passage to form a sporocyst in the stool (Fig 13.40).

Clinical Features

Sarcocystis has been found in muscles of the larynx, dia-
phragm, chest, abdomen, extremities, heart, and tongue.76
Conditions associated with sarcocystosis include fever,
chronic myositis, muscle soreness, weakness, subcutane-
ous swelling, sinus drainage, eosinophilia, periarteritis, and
polyarteritis nodosa. 768

Pathologic Features

Inflammation is not usually seen.”® There may be sur-
rounding fibrosis and lymphocytic infiltration with a few
eosinophils.””

Diagnosis and Treatment

Sarcocystosis is diagnosed by histologic examination of
excised tissue. It may be treated with trimethoprim-sulfa-
methoxazole or by excision of the involved organ in a life-
threatening condition.””-%
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Figure 13.39 a-b

Small intestines with numerous sporulated oocysts in
subepithelium: a. Sarcocystis cruzi in dog. H&E: original
magnification x630; b. Sarcocystis sp in rattlesnake. Note
acid-fastness of mature sporozoites. Acid-fast stain: original
magnification x630

Figure 13.40

Feces of dog containing sporocysts of Sarcocystis cruzi, each
with four sporozoites and granular residuum. Unstained:
original magnification x1500
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