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Abstract: The emerging protozoan parasites Cryptosporidium , Cyclospora cayetanensis and Isospora belli have
altered the etiological spectrum of diarrhea. The progressive decline in CD4 cell count in AIDS patients and lack of
active immunity in the face of exposure to contaminated food and water in young children make these groups of
persons particularly susceptible to protracted and severe diarrhea caused by the above parasites. Cryptosporidiosis
is caused by human as well as several zoonotic species. The present study was undertaken to examine the preva-
lence of Cryptosporidium species, C. cayetanensis and I .belli among these two susceptible populations in com-
parison with adult immunocompetent individuals with diarrhea and to identify the Cryptosporidium species preva-
lent in these populations. A total of 447 children under the age of 5 years, 175 HIV-seropositive adults and 200
HIV seronegative adults with diarrhea attending tertiary care hospitals located in the twin cities of Secunderabad
and Hyderabad in South India were included in the study. Single fecal samples were collected. Wet mounts and
modified Ziehl Neelsen stained smears made from concentrated fecal specimens were screened microscopically for
oocysts of Cryptosporidium , Cyclospora cayetanensis and Isospora belli. DNA extracted from fecal samples posi-
tive for Cryptosporidium was subjected to PCR RFLP for species identification. Cryptosporidium was detected in
all the three groups, i.e. children (8.7%), HIV-seropositive adults (6.85%), and HIV-seronegative adults (1%). Iso-
spora and Cyclospora were detected only among HIV- seropositive persons at a frequency of 16% and 1% respec-
tively. C . hominis (71.7%) and C . parvum (18.9%) were the only 2 species of Cryptosporidium detected.
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INTRODUCTION

The emerging intestinal protozoan parasites Crypto-
sporidium , Cyclospora and Isospora have altered the etio-
logic spectrum of diarrhea. Acquired immunodeficiency
syndrome (AIDS) has played a key role in the recognition
and understanding of these parasites [1]. Initially recog-
nized as opportunistic pathogens in immunocompromised
persons, these parasites were shown to be associated with
sporadic, epidemic and endemic disease in immunocompe-
tent persons worldwide [2, 3, 4]. The new enteric protozoa
cause profuse diarrhea, decreasing the quality of life and in-
creasing the risk of death among immunocompromised pa-
tients. Their role in pediatric diarrhea, leading to morbidity
and malnutrition in developing countries, has been docu-

mented [5, 6, 7]. The progressive decline in CD4 cell count
which begins in the gastrointestinal mucosa in AIDS pa-
tients and the lack of active immunity in the face of expo-
sure to contaminated water and food in young children
make these two groups of persons particularly susceptible
to protracted and severe diarrhea caused by the above para-
sites. Isosporiasis and cyclosporiasis are caused exclusively
by the human species of the coccidian parasites, I. belli and
C. cayetanensis respectively which spread from person to
person [4, 8]. Several species of Cryptosporidium cause
human infection. Besides the human species C . hominis ,
several animal species have been reported to cause infection
in HIV-infected persons as well as in children [9, 10, 11, 12 ,
13 ].Genus Cryptosporidium is a phenotypically and geno-
typically heterogeneous assemblage of largely morphologi-
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cally identical species and genotypes. Fourteen species and
twenty one C .parvum genotypes are currently recognized.
Furthermore, the taxonomy of this genus is undergoing
rapid changes. Long thought to be closely related to coc-
cidia, it is the subject of increasing attention, and emerging
information on its unique morphological, biological and
molecular characteristics support the need for reconsidera-
tion of its taxonomy. [14].

In India, diarrhea is a major public health problem
among children under the age of 5 years. In addition there is
a large population of HIV-infected persons among whom
diarrhea is a common complication, inducing weight loss
and cachexia. Although meager at present, knowledge of
the etiology and information on the prevalence of the new
intestinal protozoa is a prerequisite for the institution of
control measures and specific treatment. Cryptosporidium
has been reported in pediatric and HIV-seropositive patients
from different parts of the country based on fecal micros-
copy [15, 16, 17, 18, 19, 20, 21], but only a few studies
have genotyped the parasite [10, 11, 22]. Moreover, there
are no prospective studies on the prevalence of Cyclospora
and Isospora among Indian children eventhough they have
been reported to cause diarrhea among children in develop-
ing countries [1, 4, 6, 7]. The present study was undertaken
to determine the prevalence of Cryptosporidium , Cy-
clospora cayetanensis and Isospora belli infection among
the two susceptible populations of young children and HIV-
infected patients in comparison to HIV-seronegative im-
munocompetent adults with diarrhea in South India and to
identify the Cryptosporidium species prevalent in these
populations.

MATERIALS AND METHODS

The present study was approved by the Institutional
Ethical Committee of Gandhi Medical College, Secundera-
bad. A total of 447 children under 5 years of age, 175 HIV-
seropositive adults with diarrhea and 200 HIV-seronegative
adults with diarrhea admitted to tertiary care hospitals in the
twin cities of Hyderabad and Secunderabad during the pe-
riod from April 2004 to March 2006 were included in the
study. The criteria for inclusion in the study included diar-
rhea and other gastrointestinal symptoms. Using WHO
guidelines, a case of diarrhea was defined as the passing of
�3 liquid stools in a twenty-four hour period. Distinct epi-
sodes were separated by at least 2 days free of diarrhea.
Persons who had received antibiotic therapy in the preced-

ing two weeks were excluded from the study. HIV testing
was done according to the National AIDS Control Organi-
zation, India guidelines after obtaining informed consent.
Clinical and demographic data was recorded with regard to

age, sex, and socio-economic status, duration of illness and
source of water.

Single fecal samples were collected from all the pa-
tients. Sample processing and conventional diagnosis was
done in the Department of Microbiology, Gandhi Medical
College. Molecular work was done in the Department of
Biotechnology, College of Veterinary Sciences, Hyderabad.
Fecal samples were concentrated by the formalin ethyl ace-
tate sedimentation method. Microscopic screening of wet
mounts and modified Ziehl Neelsen stained smears was
done for oocysts of Cryptosporidium , Cyclospora and Iso-
spora [23]. For genotyping of Cryptosporidium , DNA was
extracted from all the positive samples using QIA amp
DNA stool kit and subjected to two step nested PCR which
amplified 18s rRNA sequence, unique to all species of
Cryptosporidium , followed by RFLP analysis using the
primers and protocol described earlier [24]. A PCR product
of 1.3 kbp was amplified using total DNA isolated from the
stools. Each PCR reaction (100µl volume) contained 10µl
of 10X Taq Buffer, dNTP (10mM each), 20 pmoles each
primers (Forward 5’TTCTAGAGCTAATACATGCG-3 and
reverse 5’ CCATTTCCTTCGAAACAGGA - 3’), 10µl of
15mM MgCl2, 0.01 mg of BSA, 2.5 U of Taq polymerase
and 2µl of DNA sample/template. A total of 35 cycles each
consisting of 94°C for 45 seconds, 55°C for 45 seconds and
72°C for 60 seconds were performed with initial denatura-
tion at 94°C for 3 minutes and a final extension step at 72°C
for 7 minutes. A nested PCR with expected product size of
836 - 849 bp (depending on species) was done by using 2 µl
of a primary PCR product and nested primers (Forward 5’-
GGAAGGGTTGTATTTATTAGATAAAG-3’ and reverse 5’
-TCATAAGGTGCTGAAGGAGTA -3) . The PCR mixture
and cycling conditions were identical to the conditions used
for primary PCR except that the annealing temperature was
58°C.

RFLP: For restriction fragment length analysis for geno-
typing , 20 µl of secondary PCR product was digested in a
50µl reaction mixture containing 10 units of Sspl or Vsp1
(Fermentas, Life Science) and 5µl of appropriate restriction
buffer at 37°C overnight. The digested products were ana-
lyzed on a 2% agarose gel containing ethidium bromide at a
concentration of 0.5µg/ml.

Statistical analysis of data was done using Chi Square
test. A P value less than 0.05 was considered significant.

RESULTS

The emerging protozoan parasites were detected in 42
(24%) HIV-seropositive, 39 (8.7%) children and 2 (1%)
HIV-seronegative adults with diarrhea. The high prevalence
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of the parasites among HIV-infected persons in comparison
to immunocompetent children and adults was statistically
significant (P < 0.05). Cryptosporidium was found in all of
the three groups of subjects studied (Table-1). The preva-
lence of Cryptosporidium infection in children was higher
than that in HIV-seropositive adults but the difference was
not statistically significant (P > 0.05). C. cayetanensis and I.
belli were detected only in the HIV- infected adults.

The mean duration of Cryptosporidial diarrhea in chil-
dren was 4 days, whereas in HIV-infected persons it was 10
days. In comparison prolonged diarrhea (mean duration 21
days) was associated with isosporiasis and the difference
was statistically significant (difference between means
greater than 2 SE of difference between the means). The
median age of pediatric cases was 18 months while that of
the adult population was 35 years. All of the subjects in-
cluded in the study were from urban or semi-urban commu-
nities. They were of low socio-economic status, but piped
municipal water was the only source of water.

A total of 53 samples were positive for Cryptosporid-
ium . In the Nested PCR-RFLP (Fig-1), C . parvum and C .
hominis generated 3 visible bands at 447, 270 and 101 bp
on Ssp1 digestion. The two species were differentiated by
the Vsp1 digestion pattern. C . parvum produced 2 visible
bands at 627 and 115 bp. C . hominis generated 2 visible
bands at 556 and 115 bp due to the presence of one addi-
tional Vsp1 restriction site. The species of Cryptosporidium
detected were C. hominis 38 (71.7%) and C . parvum 10
(18.9%). Mixed infection with the above two species was
found in 5 cases (9.4%). The distribution of Cryptosporid-
ium species among the different groups is shown in Table -
2.

DISCUSSION

Diarrhea is a common complication among HIV-

infected persons and young children living in developing
countries and it induces weight loss and cachexia. Intestinal
coccidiosis causing diarrhea was infrequently reported be-
fore the emergence of HIV epidemic. The first from India,
this study was conducted to examine the prevalence of the
new apicomplexan parasites among two susceptible popula-
tions and thus to shed light on the occurrence of these para-
sites in the environment. The emerging parasites were de-
tected in 42 (24%) HIV-seropositive adults, 39 (8.7%) chil-

Fig: 1

Figure 1: Legend.

Genotyping of Cryptosporidium: PCR - RFLP

Lane.1, 8 - 100bpmarker

Lane.2, 3 - C. parvum & C. hominis (mixed)

Lane.4, 5- C.hominis

Lane.6, 7-C.parvum

Table 1: Coccidian parasites detected

Coccidian parasite
HIV seropositive
adults (n=175)

Children < 5 yrs
(n=447)

HIV seronegative
adults (n=200)

Cryptosporidium 12(6.85%) 39(8.7%) 2(1%)
Cyclospora 2(1.14%) 0 0
Isospora 28(16%) 0 0

Table 2: Cryptosporidium species distribution:

Category C .hominis C .parvum Mixed Other spp

Children (n=39) 27(69.2%) 7(17.9%) 5(12.8%) 0
HIV seropositive
adults (n= 12) 9(75%) 3(25%) 0 0

HIV seronegative
adults (n=2) 2 0 0 0
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dren and 2 (1%) HIV-seronegative adults with diarrhea.
In our study 8.7% of children with diarrhea were in-

fected with Cryptosporidium , which is less than the previ-
ous report of 13.1% from South India [15]. However, much
lower prevalence rates have been reported among children
with diarrhea from other parts of the country: 1.4% from
the north [16], 5.5% from the east [17] and 5.6% from the
west [18]. Among the HIV-seropositive individuals, Cryp-
tosporidium was found in 6.85% of cases. A similar preva-
lence was reported from other parts of the country: 10.8%
in North India [19] and 8.5 % in West India [20]. In South
India, a high prevalence of 25.2% was reported from Vel-
lore [11], but a relatively lower prevalence of 14% was re-
ported from Chennai, which is located nearby [21]. Cy-
closporiasis and isosporiasis are caused exclusively by hu-
man species. Most species of Cryptosporidium appear to
have some host specificity, but they are not strictly host spe-
cific [25]. The development of molecular tools to identify
morphologically indistinguishable genotypes / species has
promoted our understanding of the epidemiology of the
parasite. Five species of Cryptosporidium namely the hu-
man species C . hominis and zoonotic species C . parvum , C.
meleagredis, C . felis, C . canis have been shown to be re-
sponsible for most human infections. Although crypto-
sporidiosis is prevalent in India, only three studies have
characterized Cryptosporidium at the molecular level, two
in pediatric [10, 22] and one in HIV-positive cases [11]. In
our study, the two species C. hominis and C . parvum were
detected. C . hominis was the most common in both pediat-
ric (69.2%) and HIV-positive patients (75%), a finding com-
parable to the other studies in our country [10, 11, 22 ].
This suggests that anthroponotic transmission is predomi-
nant in this geographical area while zoonotic transmission
occurs to a lesser extent. Other species like C . felis C . me-
leagredis and C . muris reported in the other studies were
not detected in our study. However, mixed infection with C .
hominis and C . parvum was seen in 12.8 % of pediatric
isolates, although not in HIV-infected cases. In contrast,
mixed infections have been reported in HIV-infected per-
sons from other countries [26]. The significance of mixed
infection is not clear, because there was no significant dif-
ference in severity or duration of illness among children in-
fected with mixed genotypes. However, it may reflect a
common source of infection and the co-circulation of the
two genotypes in the environment. Since the subtyping of C .
parvum isolates has revealed the existence of anthroponotic
and zoonotic variants [27], subtyping of C . parvum isolates
from humans and animals is required to understand the
transmission cycles of the parasite in this geographical area.

Among the HIV-seropositive patients, Isospora belli
was the most common coccidian parasite (16%). A similar

finding has been reported by several authors [20, 21, 27]. In
contrast, low prevalence (2.5%) was reported in North India
where Cryptosporidium was found to be most common
coccidian parasite [19]. However, Isospora was infre-
quently reported from other developing countries like Peru
(1.4%) [28], Brazil ( 7 %) [29] and Thailand (4.5%) [30].
Isospora was not detected in pediatric cases. There are no
reports on isosporiasis in children in India except for a
study from Delhi, where only 7 cases of isosporiasis were
detected over a period of one decade, out of which two were
HIV-infected [31]. These findings suggest that, although
Isospora is prevalent in the environment, it has not yet
evolved as an endemic pathogen and remains as an oppor-
tunistic pathogen only. This is in contrast to Cryptosporid-
ium , which not only occurs frequently as an opportunistic
pathogen but is also associated with endemic disease.

Among HIV-positive patients, Cyclospora was found
at a very low frequency (0.6%). Several other studies have
reported a low prevalence rate of 0-1% [20, 21, 27]. In con-
trast, a study from Mumbai reported 6.6% prevalence
among HIV-infected persons with diarrhea [32]. Higher
prevalence rates have also been reported from Haiti (11 %)
[33] and Venezuela (9.8%) [6].

In the present study, Cyclospora was not detected
among the pediatric population. There are no reports on pe-
diatric cyclosporiasis in India, except for a case report in an
infant [34], a fact that may reflect the low occurrence of the
parasite in the environment. This is in contrast to the 5%
prevalence reported among symptomatic children from Ne-
pal, a neighboring country [7]. A high prevalence rate was
also reported among children in Peru (13%) [5] and Vene-
zuela (5.3%) [6]. Some authors have reported a high preva-
lence of asymptomatic infection among children living in
severe poverty and unhygienic conditions in developing
countries [35, 36].

All of the three coccidian parasites have been reported
infrequently among immunocompetent adults worldwide [1,
3, 30, 37]. In our study, Cryptosporidium was found infre-
quently in immunocompetent adults (1%), but much more
frequently among children (8.7%), indicating an acquired
immunity to this parasite in the adult population. Cy-
clospora and Isospora were detected in neither children nor
immunocompetent adults, suggesting their existence as op-
portunistic pathogens in this geographical area.

Our study has certain limitations. Since it is a hospital-
based study mild infections might not have been examined,
and the examination of single fecal samples from each pa-
tient could have resulted in lower prevalence rates.
Community-based longitudinal studies are required to as-
sess the actual disease burden caused by these new parasites
and to elucidate their epidemiology.
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CONCLUSION

In the present study, Isospora belli was found to be the
most common emerging protozoan parasite among HIV-
infected persons. Cryptosporidium was found to be preva-
lent among children and HIV-seropositive adults, indicating
its endemicity in this region. Cyclospora appears to be an
infrequent pathogen in this geographical area.
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