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INTRODUCTION

Although Protozoa are well known cause of
worldwide diarrhea in immunocompetent and
immunocompromised patients, certain genera have
emerged as human pathogens in the last decades
especially after AIDS epidemic (1-2). In this review it
is our aim to call attention of physicians and clinical
microbiologists to the following protozoa that can
cause diarrhea with increasing tendency.

Cryptosporidium parvum causes acute and selflimited
diarrhea in immunocompetent patients but chronic
and life-threatining diarrhea in immunocompromised
patients (1-3). Cyclospora is now well established as
a cause of traveler’s diarrhea and endemic disease in
developing countries (1). Microsporidia species are
being recognized in many cases of previously
undiagnosed diarrhea (1).

CRYPTOSPORIDIUM

Cryptosporidiosis is now acknowledged as an
important cause of diarrhea in humans (1-4).
Currently it is evident that Cryptosporidium infects
gastrointestinal and respiratory epithelium in humans
and other animals, causing severe and sometimes
fatal diarrhea; especially in the immunocompromised
host (4).

Cryptosporidium was first described in 1895 by Clark
as swarm spores in the gastric epithelium of mice.
And then Tyzeer described Cryptosporidium muris in
the gastric glands of mice, and Cryptosporidium
parvum in the small intestine of mice in 1907 and
1912 respectively (1,2,4).

Human infection with Cryptosporidium was not
described wuntil 1976 but described in an

immunocompetent child and immunodeficient patient
on this date (1). By 1982 several outbreaks of
cryptosporidial diarrhea were reported in both AIDS
patients and from a cluster of immunocompetent
veterinary students who had acquired the infection
via handling infected calves (2,4).

Biology

Cryptosporidium is an apicomplexan protozoan
parasite grouped with coccidia and related to such
protozoans as toxoplasma, isospora, eimeria and
sarcocystis (1,4,5). Similar to toxoplasma,
Cryptosporidium is not host specific and infects a wide
range of mammals (4).

The genus of Cryptosporidium include probably seven
species and two of them (C.muris, C.parvum) infect
mammals and the others (C.baileyi, C.meleagridis,
C.wrairi, C.serpentis, C.nasorum) infect avian and
reptiles (1,2).Thus, C.muris is found in the stomach of
mice and C.parvum causes diarrheal disease or
asymptomatic infection in humans and many other
mammals (1,4).

The organism resides in a parasitophorous vacuole
close to the microvillus border of the host cell (2-4).
The life cycle of this parasite is similar to that of other
true coccidia (e.g. Eimeria and Isospora spp) infecting
mammals in that it can be divided into six major
developmental events: (a) excystation, the release of
infective sporozoites; (b) merogony, the asexual
multiplication within host cells; (c) gametogony.the
formation of microgametes and macrogametes; (d)
fertilization, the wunion of microgametes and
macrogametes; (e) oocyst wall formation to produce
an environmentally resistant stage that transmits
infection from one host to another; and (f) sporogony,
the formation of infective sporozoites within the
oocyst wall (3).
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The mature oocysts of C.p.arvum are infectious when
passed in the feces and are about 4 to 5 um.
Approximately 20% of the oocysts of C.parvum within
the host enterocysts do not form a thick oocyst wall.
The four sporozoties of this autoinfective stage are
surrounded only by a single unit membrane. The
presence of autoinfective, thin-walled oocysts and
type | meronts are believed to be the life cycle
features of C.parvum responsible for the
development of severe infections in hosts exposed to
only a small number of thick-walled oocysts and for
persistent life-threatening disease in immunodeficient
persons who are not exposed repeatedly to these
enviromentally resistant forms (2,3).

Epidemiology

Cryptosporidium species are transmitted by ingestion
of oocysts excreted in the feces of humans and
animals (6). Zoonotic transmission of the parasite has
been well documented (1, 7, 8). Calves, cats and
dogs transmit C. parvum to humans, however;
person to person transmission by fecal - oral route is
also considerable way of transmission (1 - 3). Water
contamination is considered the most important mode
by which Cryptosporidium is transmitted (6,7).
Recent studies indicate that Cryptosporidium oocysts
are present in 65% - 97% of surface waters (rivers,
lakes, etc.) tested throughout the USA (6).
Contaminated water has been implicated in several
community outbreaks of cryptosporidiosis in the
United States and the United Kingdom and is a well-
recognized cause of traveller's diarrhea and
nosocomial infection in elderly patients (7,9-14).

Eradication of Cryptosporidium from water supplies is
problematic, as the oocysts are resistant to the usual
concentrations of the common disinfectants (2-4).
The usual purification procedures (chlorination or
ozonation) apparently are ineffective in sterilizing
Cryptosporidium oocysts. Oocysts are 30 times more
resistant to chlorine than cysts of giardia (2).

Cryptosporidial infection has been described in both
immunocompromised and immunocompetent hosts.
Infection is very common in children younger than 2
years, but the true prevalence of cryptosporidial
infection in various populations is unknown (2-4).
Many prevalence studies have shown that
cryptosporidiosis occurs more frequently in
underdeveloped countries and is the most frequently
reported enteric protozoan parasite. The infection
rate for cryptosporidial diarrheal disease is estimated
1-4.3 % in developed countries, whereas it is about 3-
20 % in underdeveloped countries (1,2,4,7). Although
there are limited prevalance studies in Turkey, the
cryptosporidial infection rate in children has been
found to be higher than that in adult population (15-
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18). In our hospital we found that twelve of 480
diarrheal patients (2.5%), were positive for
Cryptosporidium oocysts in their stool samples and
this rate reached to 9.5% in children under 3 years of
age (15). Hospital based studies indicate that
cryptosporidiosis is diagnosed for 10 - 20 % of AIDS
patients with diarrhea (1,2,4,6).

Clinical Disease

The spectrum of clinical illness with cryptosporidial
infection ranges from asymptomatic carriage of
oocysts to life - threatening cholera - like enteritis
complicated by biliary tract involvement (4,7). In
immunocompetent persons, it is manifested as an
acute, self limiting diarrheal illness lasting 7-14 days,
and is often accompanied by nausea, abdominal
cramps and low - grade fever. However in patients
with AIDS cryptosporidiosis is generally chronic and
more severe; the voluminous watery diarrhea is often
debilitating and may be accompanied by severe
abdominal cramps, weight loss, anorexia, malaise
and low - grade fever (6,10,19).

A distinctive feature of cryptosporidiosis is the
reccurrence of diarrhea as observed in the Milwaukee
outbreak (10). After a clinical course of diarrhea,
immunocompetent persons, shed the oocysts for 7
days, and there may be an intermittent shedding of
oocysts asymptomatically for up to 2 months.
Therefore, one possible explanation for recurrence of
symptoms in humans may be related to the presence
of a specific stage of the protozoan or the expression
of a specific pathogenic factor (10).

After an incubation period of 2 to 14 days
cryptosporidial enteritis begins with frequently watery
nonbloody stools with volumes up to 25 L/d. Chronic
diarrhea often leads to profound weight loss (7).

Malabsorption and dehydration can cause serious
problems in immunocompromised patients. The
severity of symptomps seems to correlate with
guantitative levels of oocyst excretion. The gall
bladder and biliary tract can become involved causing
sclerosing cholangitis (1 - 3, 20).

Pulmonary and pancreas involvement with
Cryptosporidium has also been reported, but whether
the organism is a pulmonary pathogen or a
respiratory tract colonizer is unclear (7, 21).

Diagnosis

Identification of the oocysts in stool samples is still
the best diagnostic method for symptomatic patients
(1, 2, 4, 7). Three or more specimens are sometimes
needed as oocyst secretion varies from day - to - day
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(1, 2, 22). Stool concentration techniques that are
useful for the diagnosis of cryptosporidiosis include
flotation of oocysts in Sheather’s sugar solution, zinc
sulfate or saturated sodiumchloride. The other stool
concentration techniques using sedimentation include
formalin - ether and formalin - ethyl acetate (2, 3, 7).

Acid - fast staining is the most effective and
convenient method for identification of the oocysts.
Many other staining methods have been used
including fluorescent stains (Fig 2.) (1 - 4, 7).
Immunofluorescent staining with a commercial
monoclonal antibody is used with good sensitivity and
specificity as are EIA kits for the detection of oocysts
in the stool (23-26). Specificity has become an
important issue in view of recent data indicating that
Cyclospora, also acid fast, can be mistaken for
Cryptosporidium by the inexperienced microscopist

4,7).

Presently, serologic diagnosis is not helpful but may
be useful in detecting those who have had exposure
to Cryptosporidium and for seroepidemiologic studies
(1,2,4,7,27-29).

Treatment

Intestinal infection with Cryptosporidium in the
immunocompetent patients is frequently associated
with acute - self-limiting diarrhea and does not require
specific treatment (1-4,7). Sometimes, nonspecific
antidiarrheal agents such as loperamide (imodium),
diphenoxylate (Lomotil), bismuthsubsalycylate
(pepto-bismo) are used for symptomatic therapy in
these patient population (1-4,7,30). Unfortunately the
treatment of cryptosporidiosis in
immunocompromised patients can be an extremely
vexing problem that responds to few treatment
modalities. To date there is no known specific therapy
for cryptosporidiosis. Although there are limited
numbers of in vitro models for screening drugs, over
100 agents have been assessed for efficacy in
cryptosporidiosis and none of them has success for
complete eradication of oocysts from the host
(1-4,7,31-35).

Initially, attention was focused on the macrolide
spiramycin because of anecdotal reports of success
with this agent. But further studies demonstrated the
high rate of adverse effects of this drug (4,7,36).

Paromomycin, a poorly absorbed oral aminoglycoside
antibiotic appears to be well tolerated and has
provided symptomatic relief in a subset of HIV-
infected individuals, at a total dose of 2 g/d (37-43).
Azithromycin in high doses also appears to be
effective both in animal models and early human
trials. Azithromycin should be obtained through
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Pfizer’'s compassionate program because the
preparation that is used for cryptosporidiosis does not
contain lactose and is different from commercially
available azithromycin (zithromax) (44).

In addition it has been shown that antibodies to
cryptosporidial antigens in the form of hyperimmune
bovine colostrum and dialyzable leukocyte extract
(immune DLE) prepared from the lymph node cells of
calves immunized with C.parvum have provided
significant relief of diarrheae in some AIDS patients
as well as in animal studies (2,3,45). Additional
studies are needed to confirm the observation noted
in these patients and to determine whether such
treatment results in augmentation of cellular immunity
to C.parvum (46).

Despite significant progress over the past decade,
much still needs to be learned about this enigmatic
parasite. Clinically, the most important priority is to
identify efficacious therapy. For this, we need to
develop useful in vitro and in vivo models that will
help in understanding mechanisms of
immunopathogenesis and thus provide a rational
basis for designing useful therapeutic agents.

CYCLOSPORA

As with Cryptosporidium, cyclospora is now well
established as a cause of diarrhea in humans
affecting children and adults, including HIV-infected
patients. Since 1986, there have been a number of
reports linking diarrheal illness in both
immunocompetent and immunocompromised hosts to
an acid-fast organism resembling a “large
Cryptosporidium” (7, 47). This organism has been
called a cyanobacterium (blue- green algae) and a
coccidian - like body (CLB), but recent ultrastructural
data suggest that it belonges to the genus
Cyclospora (7, 48-52).

Biology

Ortega and colleagues have assigned the organism
to the coccidian genus Cyclospora on the basis of its
sporulation characteristics (1, 7, 51,52). Members of
the genus Cyclospora have two sporocysts per
oocyst and two sporozoites per sporocyst (51,52). It
is sometimes referred to as Cyclospora cayetanensis
derived from that of the institution where much of the
original epidemiological and taxonomic research was
done.

Organisms are excreted in the stool in the form of
oocysts. Fecal leukocytes are not seen in stool
preparations. Oocysts are wrinkled spheres
measuring 8-10 microns in diameter and resemble
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large Cryptosporidia (51,52). Complete sporulation
with the appearence of sporozoites within sporocysts,
occurs between days 7 and 12 in culture (51,53).

Epidemiology

In prospective cohort studies in Lima, Peru, 6-18 % of
children were found to be infected with Cyclospora,
but only 22 % of these were symptomatic (51).
However, populations in endemic areas may be less
susceptible to the organism, with high ratios of
asymptomatic carriers to symptomatic patients, and
non endemic populations have a 100 % attack rate
(53). Cyclospora has been discovered in
immunocompetent adults, and children and in
individuals with human immunodeficiency virus
infection (48,50-52,54)

Cyclospora is now a well accepted cause of traveler’s
diarrhea (7,52,55,56). Although a study of 6525 stool
specimens in Chicago hospital microbiology
laboratory revealed the organism in 34 (0,2 %)
specimens, including 20 specimens from the hospital
dormitory outbreak, the prevalance of Cyclospora
infection is not well known (7,50,52).

Contaminated water is a common source of infection
and sewage has been reported as the source in an
immunocompetent patient in the USA (50, 52, 55,57).
The peak seasonality of infection is between April
and September (7, 50, 52,55 )

Clinical Disease

Recent studies have revealed Cyclospora is
associated with a self-limited diarrheal illness of 2 to
6 weeks duration in immnocompetent hosts and
chronic intermittent diarrhea in immnocompromised
patients, specifically patients with HIV infection (7,
50-52).

The incubation period of illness is between days 1
and 11 (52,55). Except for prolonged intermittent
diarrhea, the clinical presentation of patients infected
with this organism was quite similar to the
presentation of those infected with C. parvum (51).
Clinical illness is characterized by watery diarrhea,
often accompanied by extreme fatigue, anorexia,
abdominal pain,blating,flatulence and weight loss.
(7,50,52,53,58). Most patients usually do not have
fever although the latter has been reported (52).
Hoge et al. reported a median of six stools/day per
patient (51). The mean duration of shedding of the
organism by children in Peru was

23 days (51). In the Chicago outbreak, the acute

episodes of diarrhea, nausea and vomiting lasted a
mean of 6.6 days, but patients had relapsing diarrhea
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for several weeks following the appearance of the
initial symptoms (52).

Diagnosis

Currently, microscopic examination of a stool sample
is the only way to diagnose Cyclospora infection
(7,51,52). Cyclospora oocycts are round, acid fast
and may be distinguished from Cryptosporidium by
their larger diameter (8 to 10 mm) (1,7,47,51,52).

In unstained wet mounts, they appear as nonrefractile
spheres containing globular inclusions (51).
Cyclospora may also be identified by its ability to
autofluorescence when exposed to UV illumination
(49).

Cyclospora organisms can be concentrated by
centrifugation in formalin - ethyl acetate or by sucrose
flotation in Sheather’s solution. Formalin preserved
organisms are acid fast, staining with both Kinyoun
and Ziehl-Neelsen methods but staining best with the
modified carbol - fuchsin technique that is used to
stain Cryptosporidia. Organisms stain variably; the
stain color ranges from unstained to mottled pink to
deep red (1,7,47,51,52).

Treatment

Preliminary studies suggest that trimethoprim -
sulfamethaxozole (TMP - SMX) is efficacious in the
treatment of Cyclospora infections (1,50,59). Wurtz et
al. reported one HIV-positive patient whose
symptoms resolved following a course of oral TMP -
SMX (50). Madico and colleagues reported treating
five patients with oral TMP - SMX at a dosage of 5/25

mg/(kg.d) (59).

MICROSPORIDIA

Microsporidia are very primitive eukaryotic, obligate
intracellular protozoans, infecting every major animal
group, especially insects, fish and mammals (7,60).
The majority infect the digestive tract but
reproductive, respiratory, excretory, and nervous
system infections are well documented as are
infections of connective tissue and muscle (4,7,60).
Between 1959 and 1989, six cases of
microsporidiosis were reported in humans. Since
1985 over 100 cases of microsporidiosis have been
documented in patients with AIDS (7,60,61). There is
now an increasing recognition of microsporidia as
important opportunistic pathogens in AIDS patients
(1,4,7,60). As with cryptosporidiosis, it is likely that
microsporidiosis is a common infection in humans but
is self - limited or asymptomatic in hormal hosts.
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Biology

In the Protozoa subkingdom, the phylum Microspora
consisting of approximately 90 genera and close to
1000 species are commonly referred to as
microsporidia, and the disease they produce is known
as microsporidiosis (4,7). Microsporidia belonging to
five genera have been identified as infecting variety
of organ systems in humans (Table ) (1,4,7,60,61).

Table I. Organ involvement with various species of
microsporidia
Species Organ involverment
Enterocytozoon bieneusi Gl, SP
Septata intestinalis Gl, UT, disseminated
Nosema spp. E, disseminated
Pleistophora M

Encephalitozoon cuniculi  Gl, UT, E, CNS, disseminated
Encephalitozoon hellem E, UT, SP, disseminated

Gl; gastrointestinal tract including liver and gall bladder,
SP: sinopulmonary involverment; UT: urinary tract,
E: eye, CNS: central nervous system, M: muscle

In addition, the generic term microsporidium is often
used for organisms in which sufficient material is
unavailable to allow the establisment of the correct
taxonomic name (4).

Microsporidial spores range from 1-20 pm in diameter
and are usually ovoid or piriform. The genera
infecting mammals tend to be 1 to 2 pm (4, 7, 62).
Molecular biologic studies of microsporidian
organisms have focused on rRNA structure and
pointed out that nucleated spores possess
prokaryote-like ribosomal RNA but lack mitochondria
and golgi (4, 7, 63). All microsporidian spores
contain a characteristic coiled polar tube. The number
of coils varies among the different microsporidia, but
all use this structure to invade host cells. The
sporoplasm (nucleus) is then injected from the spore
through the polar tube into the enterocyte, thus
initiating infection. The organism replicates inside the
enterocytes, within a parasitophorous vacuole and
eventually causes cell lysis with dissemination of new
spores either throughout the host or into the
environment. Spores that are released into the
environment can remain viable for up to 4 months (7).
Classification of the various microsporidian species is
based on spore size, arrangement of the nucleus,
and mode of replication within the host cell.

Epidemiology

The true prevalence of infection has yet to be
defined. Prior to AIDS epidemic, it occurred mainly in
patients who travel or reside in tropical areas (4,7).
There have several reports on human infections with
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microsporidia in non- AIDS patients since 1973 (4). In
these infections various species of this protozoon
were identified from different body sites such as
lungs, stomach, small and large bowel, kidneys,
adrenal glands, liver, cornea, urine (4). Recently,
numerous cases of microsporidian keratitis have
been identified from immunologically normal patients
(61).

Various genera mostly Enterocytozoon bieneusi have
been reported in HIV-infected patients throughout the
United States, Europe, Africa, and South America
with increasing frequency, with prevalance rates as
high as 15 % to 33 % among patients with chronic
diarrhea (64-68). Molina et al. found that nine of the
18 patients with AIDS had infections of the small
intestine with E. bieneusi. Although the majority of
microsporidial cases were intestinal infection in AIDS
patients, cases of hepatitis, peritonitis, keratopathy
have been described (4).

Little is known about transmission. Ingestion of
contaminated feces or urine is believed to be
important, and direct inocculation has been
implicated in corneal infection (7).

Clinical Disease

Non-AIDS patients most often have ophthalmologic
or central nervous system Involvement (4, 7). The
majority of HIV infected individuals develop
microsporidial enteritis clinically indistinguishable
from cryptosporidiosis (7). The majority of these
microsporidian enteritis have been identified as E
bieneusi (4). A diagnosis of small Intestinal
microsporidiosis should be suspected in any HIV-
infected patient with AIDS and chronic, watery,
nonbloody diarrhea without fever (65). In addition to
intermittent or persistent diarrhea exacerbated by oral
Intake, abdominal cramping, bloating and anorexia
are common (4, 7).

AIDS patients with microsporidiosis have usually <
100 CD4 cells / mm3 in their peripheral blood.
Recent studies pointed out that microsporidiosis
occurred in patients with severe immune deficiency.
Thus small intestine microsporidiosis seems to be a
late-occurring opportunistic infection in patients with
AIDS (1,64, 68,69).The mean duration of symptoms
change 6.7 to 12.3 months in several studies. In
these studies the mean stool frequency have been
found to be 5.7 to 7 per day (68,70,71) Intestinal
microsporidiosis in AIDS patients is associated with
malabsorption, as evidenced by abnormal D-xylose
tests and low vitamin B12 levels (4, 7,66, 68).

Microsporidial Invasion of the gallbladder and liver

have been reported, and E. bieneusi has been found
in the biliary tract of HIV-infected patients with
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cholangitis (1, 7, 68,72). Clinical manifestations of
microsporidial cholangitis are similar to those
described for crytosporidial cholangitis , and, in fact,
many patients have co-infection (7, 72,76).

Pulmoner infection with E. bieneusi has been
diagnosed by bronchoalveolar lavage and
transbronchial lung biopsy in one patient with AIDS
and intestinal microsporidiosis (7). Encephalitozoon
cuniculi and Encephalitozoon hellem have been
found both AIDS and non-AIDS disseminated
infection (intestine, bladder, eye, liver, and
peritoneum) (4, 7, 73).

Septata intestinalis commonly infects the
gastrointestinal tract but may also disseminate to
distant sites, including the gallbladder, kidneys,
urinary bladder, liver and lungs (4, 7).

Diagnosis

Although the pecies diagnosis of microsporidiosis
requires biopsy and transmission electron
microscopic study of tissue stages and spore
ultrastructure, general diagnosis can be made by light
microscopy of both Giemsa stained smears and
standard hemotoxylin/eosin stained paraffin sections
prepared from distal duedonal biopsy specimens
(1,4.7,63,64). But light microscopic detection of
Microsporidia in paraffin sections of mucosal biopsy
tissue is difficult because the organisms are small
and poorly stained with routinely used histologic
stains (4).

Diagnosis of E. bieneusi infection from stool
examination is also difficult due to the small size of
the spores. Recently a new modified trichrome
technique for identifying microsporidia in stool
samples has been reported (4,7,62,67,74). Zhu et al.
have cloned and sequenced the rRNA of E. bieneusi
and defined polymerase chain reaction primers based
on this rRNA. Such probes may also be useful for
diagnosis from stool specimens of infected patients
(63).

Diagnosis of corneal infections in patients with AIDS
has been technically less difficult. Microscopic
examination of corneal tissue has revealed multiple
gram positive, oval organisms within epithelial cells
(4). Immunofluorescent staining of conjunctival
scrapings with an Encephalitozoon hellem antisera
has been used for diagnosis (75).

Treatment

There is no known effective therapy for
microsporidiosis (4,7). Anecdotal reports suggest that
metranidazole induces a transient clinical response in

52

Volumen No:l January 1998

some patients (4,64,76). In one of these reports,13
patients with microsporidiosis were treated with
metranidazole (500 mg three times a day), in 10 of
whom treatment led to a substantial improvement or
disappearance of diarrhea within days of starting
therapy, but did not result in eradication of the
parasite in 5 patients who underwent repeat biopsy
(64).

More consistent results have been achieved with the
broad-spectrum antiparasitic agent, albendazole
(68,76). Although treatment with albendazole led to a
significant clinical improvement in some patients, E
bieneusi was still present in biopsy specimens of the
small intestine obtained after treatment (7,76).

Few treatment options exist for corneal infections.
Encephalitozoon hellem has been reported to
respond to topical Fumagillin. There have also been
anecdotal reports of successful therapy of occular
microsporidial infection with itraconazole, and
fluconazole (4,7,77).
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