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Background & objectives Cryptosporidiosis is a leading cause of protracted, life threatening
diarrhoea in HIV infected patients. Although data on prevalence are available for Indian patients,
no information on risk factors for transmission exists. We therefore undertook this study to identify
risk factors for transmission of cryptosporidiosis in HIV infected adults.

Methods Both symptomatic (diarrhoeal) and asymptomatic HIV infected patients were screened
for cryptosporidiosis. All Cryptosporidiumspp. positive cases were enrolled in the study and
interviewed to record socio-demographic information, water supply and animal contact. Data were
analysed to study clinical features and potential association with species and genotype.

Results Of the 28 cryptosporidial infections identified on screening 111 HIV positive patients with
diarrhoea, 10 (35.7%) had chronic diarrhoea, 14 (50%) had associated fever and 8 (28.6%) had
nausea. Symptomatic patients had a significantly higher number of co-infections with other enteric
parasites P=0.04) than 20 asymptomatics of 423 HIV positive individuals screened. Eleven of 17
(64%) patients with potentially zoonotic infections had diarrhoea. Patients with zoonotic species
(64%) also tended to have fever more frequently than those infected wit@. hominis (58%).
Association between area of residence, rural or urban, water source and contact with animals and
acquisition of cryptosporidiosis was not statistically significant.

Interpretation & conclusions Cryptosporidiosis is an important cause of morbidity in HIV infected
individuals in India, resulting in chronic diarrhoea. Risk factors for potentially zoonotic transmission

of cryptosporidiosis were described in this study, but larger studies need to be done for a clearer
understanding of the transmission dynamics of different cryptosporidial species in developing
countries.
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Cryptosporidiunspp. cause severe, life threatening Data collection and assessment of diarrhdeéormed
diarrhoea in untreated HIV infected patients. Until the consent fromCryptosporidiumpositive cases were
advent of highly active anti-retroviral therapy obtained. They were then interviewed with a
(HAART), this was a relatively common opportunistic questionnaire which recorded information on the
infection even in developed countriédn India, there ~ composition of the household in terms of number of
have been reports from the mid 1990s on the prevalenceesidents, family structure, occupati@tc. The
of cryptosporidiosis from different parts of the country questionnaire used this recorded information from the
ranging from 8.5to 81 per ceriwith a high prevalence patients to assess their socio-economic status based on
being reported from the north eastern Stétesfew the modified Kuppuswamy scéfé’ Questions on
studies from developed countries have identified housing structure, arrangements for cooking and eating,
social and behavioural risk factors involved in water supply, toilet facilities and contact with animals
transmission of cryptosporidiosis in HIV infected were also included. Data on concurrent opportunistic
patient$°. Although we recently published infections were also collected by reviewing case records.
genotyping data from our population showing an For patients with diarrhoea, detailed clinical information
association between symptomatic cryptosporidiosison frequency, duration, and associated symptoms such
and lower CD4 counts but not with an increased viral as weight loss was collected. Any history of diarrhoea
load’, the association between clinical features, risk during the previous 12 months was also recorded. The
factors and susceptibility to infection were not study protocol, questionnaires and consent forms had
examined. Our datd showed a strikingly high  been approved by the institutional review board.
prevalence (35%) of potentially zoonotic species of
Cryptosporidium but potential modes of acquisition
were not sufficiently investigated. In this study, we
aimed at defining the clinical features in relation to
species and identifying the risk factors for
transmission of cryptosporidiosis in HIV infected
adults in India with the same cohort of patients. Results

Statistical analysisData were entered into Microsoft
Excel 2002 and analyzed using STATA version 8.0 (Stata
Corp., College Station, TX, USA). Statistical
comparisons were made using Fisher’s exact and Chi-
square tests.

Materials & Methods The most common parasites seen in patients with
diarrhoea wereCryptosporidium(25%, 28/111) and
Isospora(20%, 22/111). Data on genotyping of
cryptosporidial infections in the 48 HIV infected
individuals with cryptosporidiosis enrolled in the study
have been previously publisiedhis data set included
28 patients with diarrhoea and 20 patients with no
diarrhoea. The species identified wemgptosporidium

Study population and screeninés previously
reported®, 423 asymptomatic (no diarrhoea) and 111
symptomatic (with diarrhoeailV-infected adults who
presented to the outpatient unit or who were admitted
to the Christian Medical Hospital, Vellore, were screened
for Cryptosporidiumoocysts by microscopy using
”. : T
modified acid-fast stainirt§*2between September 2002 hominis, C. parvum, C. felis, C. muriand C.

and August 2004. Diarrhoea was defined as three or mor . C ]
stools per day for at least 72 h. Acute diarrhoea Was?‘neleagndls Cryptosporidial diarrhoea was associated

defined as diarrhoea of less than 14 days duration;Vgthh?eﬁr\i?:lelg%%4 counts, below 26& 0.009), but
Persistent diarrhoea was defined as diarrhoea for 14 or 9 '
more days. Samples that were positive for Clinical features in HIV infected individuals with
Cryptosporidiumspp. by microscopy were further symptomatic cryptosporidiosi©f the 28 cases with
followed up for speciation and genotyping by PCR- cryptosporidial diarrhoea, 17 patients had acute
restriction fragment length polymorphism (RFLP) at diarrhoea and 11 patients had persistent diarrhoea.
multiple loci including SSR rRNA, COWP, TRAP and Among these patients, 10 patients reported diarrhoea
Cpgp 40/15The genotyping, CD4 count and viral load for more than 3 months, 8 patients had three or more
results have been previously publiskedll samples  episodes of diarrhoea in the previous 12 months, while
were also screened for other stool parasites and alfor 10 patients the current diarrhoeal episode was the
diarrhoeal stool samples (n=111) were screened foffirst episode in a 12 month period. Diarrhoea was
enteric bacterial pathogens other tt@ampylobacter  associated with fever in 14 (50%) patients, with nausea
spp. and diarrhoeagertischerichia coliHowever, viral alone in 4 (14.3%), and with nausea and vomiting in 4
agents were not screened in this study. (14.3%) patients. Watery diarrhoea was reported in 19
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Table. Socio-demographic characteristics and concurrent DemOgraph_lc data_ and socio-economic risk factors
opportunistic infections in patients with symptomatic and Demographic and risk factor data were collected for 39

asymptomatic cryptosporidial infection of 48 of these individuals infected wilryptosporidium
Patient Symptomatic ~ Asymptomatic spp. Information was not available for 9 patients either
characteristics (n=28) (n=20) because they did not return for follow up or when a
Age (yr) (Mean) (SD) 35.5 (6.9) 37.2 (8.7) confirmatory house visit was conducted, they were
Male : female ratio 1.15:1 151 discovered to have provided incorrect addresses.
Piped water supply (%)* 16 (69.6) 10 (62.5) _
Area of residence The study included 27 males (mean age 38.6 yr)
Urban: rural* 151 2.2:1 i

and 21 females (mean age 33 yr). Of the 39 patients for
Animal contact* (%) 14 (60.9) 7 (43.8) . . .
Concurrent opportunistic infections whom demographic data were collected, 14 lived in rural

areas and 25 in urban areas. There was no statistically
significant association between place of residence and
diarrhoea in the cases, as 64.3 per cent lived in rural
areas and 56 per cent in urban areas. Socio-economic
* Data available for 23 symptomatics and 16 asymptomatics statys based on income, possessions and education
individuals . . .
showed that only 3 were from a high socio-economic
group, 5 from a middle income group and the majority
(68%) cases with only 1 case of bloody diarrhoea. 11 ofof cases (31) were from the low socio-economic status
the 17 (64%) patients with potentially zoonotic groups. Two patients from the high socio-economic
infections had diarrhoea. Patients with zoonotic isolatesgroups went on to receive anti-retroviral therapy.
tended to have fever more frequently (64%) than those
infected withC. hominisor the human genotype (18/

Candidiasis
Tuberculosis
Toxoplasmosis
Cryptococcal meningitis

h R OO
OO W

The risk factors for acquiring cryptosporidiosis in
HIV that were assessed in the 39 patients included

31, 58%) but the difference was not statistically hild | han 2 ‘
significant. Weight loss was reported by 9 of 11 patientsexpo_Sure to children less than 2 yr of age, occurrence
of diarrhoea in other members of the household,

with persistent diarrhoea and 5 of 17 patients with acute . ) I .
diarrhoea and there was no difference between patientd€fécation sites, drinking water supply and contact with
infected with zoonotic isolates (6/11, 54%) and those animals. In 7 households, there were children aged <2yr

with a C. hominisinfection (15/26, 58%) Association ©f Which in 2 households, these children belonged to
of diarrhoea with CD4 count has been mentionedthe nuclear family of the patient and in remaining five
previously®. households, they were part of the extended family that

_ _ shared the home. None of the patients reported diarrhoea

On areview of the case records, both symptomaticin other members of their households during the two
and asymptomatic patients were found to haveyeeks prior to their hospital visit. There was also no
concurrent opportunistic infections which included significant association between presence of young
candidiasis, cryptococcal meningitis, tuberculosis andchjgren in the household, diarrhoea in other household
toxoplasmosis (TabjeHowever, the numbers, in each empers or defecation sites with diarrhoea in these
category and cumulatively, were too small to carry out patients. Piped water supply was used for drinking by
any meaningful statistical analysis. When analysed for,g patients, bore well water by 9 patients and open well
other stool parasites, among the symptomatic cases, g ater hy 3 patients. Three of 14 rural households had
were co-infe_cted wittGiard_ia, 2 with Isosporaand piped water in their homes. The 3 upper income
one each wittHymenolepis nanaCyclosporaand 1,1 senolds used bottled water or filters. There was no

Strongyloides respectively while only one o i o0y iati ft f wat v with
asymptomatic patient had a hookworm co-infection. g;gnr::olg?nns grs isnc;g::?irlwc;jnggno);)?;?eo water supply wi

There was a significantly higher number of co-
infections with other enteric parasites among the Twenty one patients reported contact with animals.
symptomatic (8/28) than asymptomatic (1/260.04) As mentioned previously, zoonotic species identified
cases. Bacterial pathogenSalmonella, Shigella, were 9C. parvum(previously called bovine genotype),
AeromonasndVibrio cholerag were detected inonly 5 C. felis 1 C.parvum(mouse), IC. meleagridisand 1

13 of the 111 patients screened and only one patien€. muris Of these 17 patients that have potentially
co-infected withAeromonashad a concurrent acquired infection by zoonotic transmission, information
cryptosporidial diarrhoea. was available for 15 and of these 9 (60%) reported
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contact with animals, and all but one of the patients with cryptosporidiosis i€. hominis several studies indicate
C. felisinfection reported animal contact. The animals that immunocompromised individuals are susceptible to
reported were mainly cows in both urban and rural a wider range of species and genotypes and that host
households, with two rural households with goats andfactors may play a role in controlling susceptibility to
one high socio-economic status urban householdthese divergent parasité$®. Immunodeficiency
reporting the presence of dogs. The association oftherefore, alters host susceptibility @yptosporidium
contact with animals with particular species of spp. that are not normally infectious in humans
Cryptosporidiumwas not statistically significant, but Additionally, variation in virulence among different
the numbers in each category are small and thespecies has also been demonstrated in volunteer studies
association between animal exposure andwith respect to attack rate and duration of diarrtioea
cryptosporidiosis could not be assessed as data on anim@onsiderable circumstantial evidence from previous
exposure for patients withoGryptosporidiunwere not  studies have shown a zoonotic exposure in these p#ients
obtained. so the poor association with animal exposure in our study
indicates that these potentially zoonotic species circulate
in the human population but will require further studies
Cryptosporidiosis is a substantial threat to HIV involving characterization of isolates from infected
infected individuals, who have a lifetime risk of infection gnimals. Although no statistically significant association
of around 10 per cetit Cryptosporidiosis remains an was found between most of the risk factors studied and
important cause of diarrhoea in the immunocompromisedacquisition of cryptosporidiosis in these patients, further
due to the lack of effective therapy. Although studies with a larger number of HIV infected adults for
cryptosporidiosis in HIV infected patients has been widely whom more extensive follow up data are available, will
reported in India including three reports from our pe required. This will help in understanding the
centré*1015Z [ittle is known about circulation and  transmission and natural history of cryptosporidiosis in
transmission patterns of the infection in this part of the |ndia. It is necessary to document the public health
world. Studies from developed countries have found significance of this infection in immunocompromised
sexual behaviour patterns, immigrant status, pethosts in order to formulate more rational approaches to

ownership especially dogs and farm animals, travelthe control of this disease, especially in the developing
outside the country, toileting children and some ethnic cquntries.

populations to be some of the risk factors associated with . -
cryptosporidiosi&®?2 In developing countries, one case— It must be noted that thes_e stud'le_s can be difficult
control study from Guinea-Biss&tound that significant {0 conduct because of the stigmatizing nature of the
risk factors were keeping pigs and dogs and storage oflln€ss. During the course of this study, many
cooked food for later consumption. Breastfeeding wasProblems were encountered because patients did not
negatively associated with risk. However, animal-humanreturn for scheduled visits to hospital and when home
mixing patterns’ access to potabie drinking water andVlSltS were made., it Wa-S discovered that patlentS had
antiretroviral therapy are all factors that play a major role moved or provided incorrect addresses. Such
in the risk of acquiring cryptosporidiosis and are different Problems have also been encountered by other
from region to region. Molecular typing data from our investigators, who have shown that approximately 70
centrd® indicated that thouglt. hominiswas the most ~ Per cent of individuals return for the results of HIV
common species identified, other zoonotic species werdelated tests and less than 50 per cent participate in
also relatively common in HIV infected individuals and further studie®-*.

so raised questions about the sources of infection. A |, conclusion, cryptosporidiosis is an important

previous report analyzing isolates from Kenya, cayse of diarrhoea and associated morbidity in HIV
Switzerland and the United States identified animaliytected individuals. Further studies need to be done

contact in patients (using a questionnaire) infected withyith 5 Jarger sample to understand risk factors associated
zoonotic isolate, but this association was not clearly it z00notic transmission @ryptosporidiumspp. in
seen in our study. However, the information on animal 4 population.

contact was based on a response to the questionnaire from

the patient so casual animal contact not reported by the Acknowledgment

study participant cannot be ruled out in all cases. While  authors acknowledge the NIH Fogarty International Center
the most common species associated with humanD43Tw00237), USA, for financial support.

Discussion



10.

11.

12.

13.

14.

15.

16.

17.

RAO AJJAMPURet at RISK FACTORS FOR CRYPTOSPORIDIOSIS IN INDIA

References

Hunter PR, Nichols G. Epidemiology and clinical features of
cryptosporidiuminfection in immunocompromised patients.
Clin Microbiol Rev2002;15 : 145-54.

Manabe YC, Clark DP, Moore RD, Lumadue JA, Dahiman HR,
Belitsos PCet al Cryptosporidiosis in patients with AIDS:
correlates of disease and surviv@lin Infect Dis1998;27 :
536-42.

Joshi M, Chowdhary AS, Dalal PJ, Maniar JK. Parasitic 20.

diarrhoea in patients with AID®Natl Med J India2002;15 :
72-4.

Agarwal A, Ningthouja S, Sharma D, Mohen Y, Singh NB.
Cryptosporidium and HI\J Indian Med Assot998;96 : 276-7.

Anand L, Dhanachand C, Brajachand N. Prevalence and
epidemiologic characteristics of opportunistic and non-
opportunistic intestinal parasitic infections in HIV positive
patients in ManipurJ Commun Did998;30: 19-22.

Sorvillo F, Beall G, Turner PA, Beer VL, Kovacs AA, Kraus P,
et al Seasonality and factors associated with cryptosporidiosis
among individuals with HIV infectiorEpidemiol Infectl998;
121: 197-204.

Pedersen C, Danner S, Lazzarin A, Glauser MP, Weber R,
Katlama C,et al Epidemiology of cryptosporidiosis among
European AIDS patient&enitourin Med1996;72 : 128-31.

Glaser CA, Safrin S, Reingold A, Newman TB. Association
between Cryptosporidium infection and animal exposure in
HIV-infected individuals.J Acquir Immune Defic Syndr Hum
Retrovirol 1998;17 : 79-82.

Sorvillo FJ, Lieb LE, Kerndt PR, Ash LR. Epidemiology of
cryptosporidiosis among persons with acquired
immunodeficiency syndrome in Los Angeles CouAty. J Trop
Med Hyg1994;51 : 326-31.

Muthusamy D, Rao SS, Ramani S, Monica B, Banerjee I,
Abraham OCet al. Multilocus genotyping of Cryptosporidium
sp. isolates from human immunodeficiency virus-infected
individuals in South IndiaJ Clin Microbiol 2006;44 : 632-4.

Garcia LSDiagnostic medical parasitolog$th ed. Washington
D.C.: ASM Press; 2007.

Kang G, Mathan MM. A comparison of five staining methods
for detection of Cryptosporidium oocysts in faecal specimens
from the field.Indian J Med Re4996;103: 264-6.

Kuppuswami BManual of socioeconomic scale (UrbaNew
Delhi: Manasayan; 1981.

Mathew M, Mathan MM, Mani K, George R, Jebakumar K,
Dharamsi Ret al The relationship of microbial pathogens to
acute infectious diarrhoea of childhoddlrop Med Hydl991;
94 : 253-60.

Farthing MJ. Clinical aspects of human cryptosporidiosis.
Contrib Microbiol 2000;6 : 50-74.

Sadraei J, Rizvi MA, Baveja UK. Diarrhoea, CD4+ cell counts
and opportunistic protozoa in Indian HIV-infected patients.
Parasitol Re2005;97 : 270-3.

Shenoy S, Baliga S, Kurnvilla T, Prashanth HV, Dominic RM.
Opportunistic intestinal parasitic infections in human

557

immunodeficiency virus infected patients in Mangalore, South
India. Trop Doct2003;33 : 250.

Mohandas, Sehgal R, Sud A, Malla N. Prevalence of intestinal
parasitic pathogens in HIV-seropositive individuals in Northern
India. Jpn J Infect Di2002;55 : 83-4.

Kumar SS, Ananthan S, Saravanan P. Role of coccidian parasites
in causation of diarrhoea in HIV infected patients in Chennai.
Indian J Med Re2002;116: 85-9.

Mukhopadhya A, Ramakrishna BS, Kang G, Pulimood AB,
Mathan MM, Zachariah Agt al. Enteric pathogens in southern
Indian HIV-infected patients with & without diarrhodadian

J Med Red4999;109: 85-9.

21. Saha S, Mazumdar T, Anam K, Ravindran R, Bairagi B, Saha

B, et al Leishmania promastigote membrane antigen-based
enzyme-linked immunosorbent assay and immunoblotting for
differential diagnosis of Indian post-kala-azar dermal
leishmaniasisJ Clin Microbiol 2005;43 : 1269-77.

Hunter PR, Hughes S, Woodhouse S, Syed Q, Verlander NQ,
Chalmers RMgt al Sporadic cryptosporidiosis case-control
study with genotypingemerg Infect Di2004;10 : 1241-9.

Petersen E, Lebech M, Hojlyng N, Holten-Andersen W, Molbak
K, Hogh B, et al [Parasitic diseases in patients with impaired
immune response. Clinical picture and diagnodigjeskr
Laeger1992;154: 2475-80.

Morgan U, Weber R, Xiao L, Sulaiman |, Thompson RC, Ndiritu
W, et al Molecular characterization of Cryptosporidium isolates
obtained from human immunodeficiency virus-infected
individuals living in Switzerland, Kenya, and the United States.
J Clin Microbiol 2000;38 : 1180-3.

25. Gatei W, Greensill J, Ashford RW, Cuevas LE, Parry CM,

Cunliffe NA, et al Molecular analysis of the 18S rRNA gene
of Cryptosporidium parasites from patients with or without
human immunodeficiency virus infections living in Kenya,
Malawi, Brazil, the United Kingdom, and Vietnad.Clin
Microbiol 2003;41 : 1458-62.

. Gatei W, Suputtamongkol Y, Waywa D, Ashford RW, Bailey

JW, Greensill Jet al Zoonotic species @ryptosporidiumare
as prevalent as the anthroponotic in HIV-infected patients in
Thailand.Ann Trop Med Parasitd2002;96 : 797-802.

27. Tzipori S, Ward H. Cryptosporidiosis: biology, pathogenesis

and diseaseMicrobes Infect2002;4 : 1047-58.

. Fayer R, Trout JM, Graczyk TK, Lewis EJ. Prevalence of

Cryptosporidium Giardia and Eimeria infections in post-
weaned and adult cattle on three Maryland fakesParasitol
2000;93: 103-12.

Perez F, Mukotekwa T, Miller A, Orne-Gliemann J, Glenshaw
M, Chitsike I, et al. Implmenting a rural programme of
prevention of mother-to-child transmission of HIV in
Zimbabwe: first 18 months of experiend@eop Med Int Health
2004;9 : 774-83.

Kilewo C, Massake A, Lyamuya E, Semali |, Kalokala F, Ulrassa

E, et al HIV counselling and testing of pregnant women in

subSaharan Africa: experiences from a study on prevention of
mother-to-child transmission in Dar-es-Salaam, Tanzahia.
Acquir Immune Defic Synd@001;15 : 458-62.

Reprint requestsDr Gagandeep Kang, Professor of Microbiology, Department of Gastrointestinal Sciences

Christian Medical College, Vellore 632004, India

e-mail : gkang@cmcvellore.ac.in



