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Prevalence and identification of Cryptosporidium species in paediatric
patients with diarrhoea
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Abstract
Objectives To determine the prevalence of Cryptosporidium infection in children with diarrhoea, identify
associated factors and identify the parasite using
Polymerase Chain Reaction (PCR).
Methods A total of 138 diarrhoeic faecal samples were
collected between August 2011 and February 2013, from
children under 12 years of age, admitted to paediatric
units of Teaching Hospitals, Kandy and Peradeniya,
Sirimawo Bandaranayake Childrens’ Hospital, Peradeniya
and District General Hospital, Matale. One hundred faecal
samples collected from healthy children were used as
controls. All control and test samples were screened for
the presence of Cryptosporidium oocysts with Modified
Ziehl-Neelsen (MZN) method and PCR.
Results Prevalence of Cryptosporidium infection among
children with diarrhoea was 5.7%. All the cases positive
for Cryptosporidium were below 3 years of age. The
majority (7 out of 8) of the positive cases had watery
diarrhoea while none of the healthy children excreted
Cryptosporidium oocysts in the faeces. Of the 8 positive
cases, 6 had a history of animal contact. A large
proportion of positive cases used pipe borne municipal
water. The majority (66.6%) of positive cases did not
consume boiled cooled water. We were able to identify
C. parvum from one of the eight cases that had diarrhoea.
Conclusions The current study shows that Cryptosporidium is one of the aetiological agents responsible
for childhood watery diarrhoea in Sri Lanka, thus
stressing the importance of routine stool examination
for Cryptosporidium oocysts. This study recommends
boiling water as an important measure to prevent the
transmission of Cryptosporidium oocysts. Further
molecular studies are needed to determine the other
species of Cryptosporidium responsible for cryptosporidiosis in children in Sri Lanka.
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Introduction
Cryptosporidium species are intestinal coccidian
parasites that infect a variety of animals including humans.

The two main species of Cryptosporidium that infect
humans are Cryptosporidium hominis and Cryptosporidium parvum, the former primarily infects humans [1].
However, C. parvum naturally infects several animal
species that serve as reservoirs for zoonotic infection,
including cattle, sheep and goats. C. hominis is mostly
associated with outbreaks of cryptosporidiosis in
developed countries indicating human to human transmission [2]. In developing countries cryptosporidiosis is
a major cause of childhood diarrhoea. This disease is
known to cause self-limiting infection in immunocompetent individuals. However, it causes severe and lifethreatening diseases in immune-compromised patients [3].
Diagnosis of cryptosporidiosis is mainly based on the
detection of Cryptosporidium oocysts in faeces. Modified
Ziehl Neelsen (MZN) staining method is widely used as a
reliable routine technique to detect Cryptosporidium
oocysts. However, MZN staining is not carried out in
routine stool analysis in Sri Lankan laboratories. Thus,
cryptosporidiosis remains largely under diagnosed by the
current routine laboratory practice in Sri Lanka.
Environmentally resistant Cryptosporidium oocysts are
passed in the faeces of asymptomatic and symptomatic
animals and are acquired by ingestion [4,5]. In developing
countries, Cryptosporidium is responsible for 8% to19%
of cases of diarrhoeal diseases, with significant mortality.
Similarly, a few studies done in Sri Lanka have identified
Cryptosporidium oocysts in diarrhoeic faecal samples of
children, and results have shown a prevalence between
6% to 9% [6,7]. In Sri Lanka, Cryptosporidium infection
has been reported in cattle, buffalo, goats and monkeys
indicating the presence of potential zoonotic transmission
[8,9].
As all species do not appear to cause infection in
humans, and the majority of human infective species
cannot be differentiated microscopically because of their
identical morphology, both microscopic and molecular
methods, which can differentiate Cryptosporidium species
are required to identify potential sources of infection.
To date there have been no studies to identify the
Cryptosporidium species responsible for human infection
in Sri Lanka despite the highlighting of possible zoonotic
risk. Thus information about circulating Cryptosporidium
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species and genotypes are not available in our country.
Hence, the current study was undertaken to determine
the prevalence of Cryptosporidium infection in children
with diarrhoea, identify associated factors and identify
Cryptosporidium species isolated from infected children
with diarrhea.

Methods
Data collection
Between August 2011 and February 2013, faecal
samples were collected from children with diarrhoea
under 12 years of age admitted to paediatric units of
Teaching Hospitals, Kandy and Peradeniya, Sirimawo
Bandaranayake Childrens’ Hospital, Peradeniya and
District General Hospital, Matale. WHO criteria were used
to determine the nature of the diarrhoeal episodes. An
information sheet recorded age, sex, address and clinical
symptoms related to the illness for each child. Information
regarding the possible mode of acquiring Cryptosporidium infection such as source of drinking water,
method of water purification, exposure to animals and
personal hygiene were collected from parents or the
guardian of the child after obtaining informed consent.
Faecal samples of the control group were collected from
age and sex matched children presenting with illness other
than diarrhoea to the same units.
Detection of Cryptosporidium spp. oocysts in faecal
samples
Half of each faecal sample was concentrated with
modified formalin ethyl acetate technique as this method
is more sensitive for the recovery of Cryptosporidium
oocysts [10]. Subsequently, each concentrated sample was
stained with MZN method. If the faecal sample was
positive for Cryptosporidium oocysts the rest was
subjected to Sheather’s sugar flotation technique and the
concentrate was washed several times with distilled water
and stored at -20°C until use.
DNA extraction
Oocysts stored at -20°C were defrosted at room
temperature. Each oocyst sample was suspended in lysis
buffer (1M NaCl, 0.5M EDTA, 1M Tris HCl and 10%
SDS). Then, the suspension was subjected to 15 cycles
of freezing and thawing by immersing in liquid nitrogen
and thawing in a water bath at 60°C. Subsequently the
debris was removed by centrifugation and the sediment
was treated with proteinase K (20mg/ml). DNA was
extracted by phenol-chloroform method and the extracted
DNA was suspended in sterile water and stored at -70°C
until use.
Polymerase chain reaction (PCR)

amplified using the DNA extracts of 8 diarrhoeic faecal
samples using Cry2 (5’GCGGGATCCTTGGCAAA
TGCTTTCG3’) and Cry4 (5’GCGAATTCCTGAC
ACAGGGAGGTAG 3’) primers [8]. Cryptosporidium DNA
was amplified with 35 cycles of 94°C for 30s, 58°C for 30s
and 72°C for 1 minute with final extension at 72°C for 10
minute. PCR products were then analysed using 1.5%
agarose gels which were stained with ethidium bromide.

Results
A total of 138 diarrhoeal faecal samples were collected.
Fifty were from males. Of the 138 faecal samples tested
for Cryptosporidium oocysts, 8 (5.7%) were positive for
MZN staining on microscopy. Cryptosporidium oocysts
were not found in the 130 faecal samples of healthy children
without diarrhoea. The majority of the children positive
for Cryptosporidium oocysts were aged one to three
years. Four of the positives were male.
Of the study sample 101 (73.1%) had watery diarrhoea
and of them 7 (6.9%) were positive for Cryptosporidium
oocysts while 37 (26.7%) who had semisolid faeces, only
1 was positive.
In the study group, 67 (48.5%) gave a history of
contact with animals. Of the 8 positives 6 gave a history
of animal (dogs, cats, and goats, chicken) contact. In those
who had animal contact, a large proportion (59.7%) had
dogs and of these three cases were Cryptosporidium
positive. Of the seven children who had contact with
goats, two were positive for Cryptosporidium. Fever was
the predominant symptom in these children (109 out of
138) and six out of eight Cryptosporidium positive cases
presented with fever.
The study group obtained drinking water from
municipal water supply, protected or unprotected wells
and tube wells. The majority used piped borne water. Of
the Cryptosporidium positives, a large proportion used
piped borne water (Table1). Most in the study group used
boiled water while three did not drink boiled cooled
water. Of these three, two were Cryptosporidium positive
(Table 2).

Table 1. Presence of Cryptosporidium oocysts
in faeces of children in relation to source of
drinking water
Source of drinking water

Presence of Cryptosporidium
oocysts in faeces
Positive

Negative

Total

Pipe borne water

5 (8%)

58 (92%)

63

Protected well

2 (5%)

42 (95%)

44

Unprotected well

0

Tube well

1 (7.69%)

4 (100%)
12 (92.30%)

4
13
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Table 2. Presence of Cryptosporidium oocysts
in faeces of children in relation to source of
drinking boiled water
Water boiling

Presence of Cryptosporidium oocysts in
faeces
Positive

Negative

Total

Always

4 (4%)

107 (96%)

111

Some times

2 (20%)

8 (80%)

10

Never

2 (667%)

1 (33%)

3

All eight samples positive by MZN staining were
amplified with C. parvum specific primers. C. parvum was
detected in one sample and seven were negative for
PCR. The amplicon was approximately 200-300bp.

Discussion
The prevalence of Cryptosporidium in different
countries of the world vary, however, the rate of infection
is higher in children in countries [11]. In this study,
Cryptosporidium oocyst positivity of 5.7% was observed
in children with diarrhoea. This rate of positivity is
comparable to that reported previously [6,7]. Similarly,
the prevalence of Cryptosporidium infection in children
in the neighboring countries, India and Nepal have been
5.6% and 4.1%, respectively [12,13]. Much higher
prevalence of this infection has been reported among
children in Nicaragua (35.7%) and Egypt (33.3%) [14,15].
In contrast, lower prevalence rates of 1.5% to 2.7% have
been reported from Iran and Bangaladesh [16]. These
differences could be attributed to standards of living,
socioeconomic status and availability of safe drinking
water.
In the present study, the majority of the positive cases
had watery diarrhoea. Similar findings have been reported
in India where the greater proportion of cryptosporidiosis
cases had watery diarrhoea [17]. None of the age and sex
matched control group in this study were positive for
Cryptosporidium infection. This is in agreement with the
previous studies [18,19]. Contrary to this, asymptomatic
carriage rate of 2% to 3% has been reported in India [20].
All the positive cases in this study group were below
three years of age. Similar results have been reported in
studies done in Ghana and Iran where the Cryptosporidium infection rate is high among children under five
years of age [21, 22].
Cryptosporidium is transmitted through water,
person to person contact and from animals to humans.
Cryptosporidium oocysts are highly resistant to common
water disinfection practices including chlorination. The
majority of Cryptosporidium infected children in the study
group used pipe borne municipal water. Similarly, a study
done in the USA shows high prevalence of cryptosVol. 59, No. 3, September 2014

poridiosis among those who drink municipal water [23].
Cryptosporidium oocysts have been recovered from
irrigation reservoirs and canals in Sri Lanka [24]. A large
proportion of the study group used boiling as a method
of water purification. Although boiling inactivates the
Cryptosporidium oocysts in water, there were four
Cryptosporidium infected children among this group.
This may be due to improper boiling of water or due to
consumption of contaminated food. Food such as fresh
fruits, vegetables and raw or undercooked shell fish are
increasingly recognised as sources of Cryptosporidium
spp [25]. It is interesting to note that one quarter of those
who had Cryptosporidium infection did not consume
boiled cooled water. This supports the explanation that
municipal water purification is not effective in eliminating
Cryptosporidium oocysts. Zoonotic transmission of
cryptosporidiosis after exposure to infected animals has
been documented [26]. The majority of positive cases in
the current study had a history of contact with animals. In
Sri Lanka, calves and goats are considered to be major
animal reservoirs [27].
Although cryptosporidiosis is prevalent in Sri Lanka
no studies have been carried out to identify the
Cryptosporidium species. This is the first study that
reports of C. parvum causing diarrhoea in children in Sri
Lanka. The rest of the MZN positive samples were negative
with PCR using C. parvum specific primers. Those cases
could be associated with other Cryptosporidium species.
The majority of human infections are caused by the
species C. hominis and C. parvum. In European countries,
equal percentages of C. hominis and C. parvum have
been documented, however, in developing countries the
majority of human infections are due to C. hominis [1]. In
India too the commonest species isolated from the faecal
samples of children with Cryptosporidium diarrhea is
C. hominis [28]. In this study only one isolate was
identified as C. parvum and the rest was PCR negative
using C. parvum specific primers. Since we only used
C. parvum specific primers our species identification was
confined to C. parvum.
In conclusion, Cryptosporidium is one of the possible
aetiological factors for childhood watery diarrhoea in
Sri Lanka necessitating routine stool examination for
Cryptosporidium using MZN staining. Boiling water may
be useful to prevent the transmission of Cryptosporidium
oocysts. Molecular studies such as restriction fragment
length polymorphism analysis and DNA sequencing are
needed to determine the other species responsible for
cryptosporidiosis in Sri Lanka.

References
1. Xiao L. Molecular epidemiology of cryptosporidiosis:
An update. Experimental Parasitology 2010; 124: 80-9.
2. Takagi M, Toriumi H, Endo T, et al. An outbreak of
cryptosporidiosis associated with swimming pools.
Kansenshogaku Zasshi 2008; 82: 14-9.

77

Papers
3. Hunter PR, Nichols G. The epidemiology and clinical features
of Cryptosporidium infection in immune-compromised
patients. Clinical Microbiology Reviews 2002; 15: 145-54.
4. Noordeen F, Rajapakse RPVJ, Horadagoda NU, et al.
Identification of Cryptosporidium parvum in goats and its
implications to human cryptosporidiosis. Sri Lanka
Veterinary Journal 2004; 51: 1-4.

16. Abu Samra N, Thompson PN, Jori F, et al. Genetic
Characterization of Cryptosporidium spp. in Diarrhoeic
Children from Four Provinces in South Africa Zoonoses.
Public Health 2013; 60: 154-917.
17. Palit A, Sur D, MitraDhar K, Saha MR. Asymptomatic
cryptosporiosis in a periurban slum setting in Kolkata, India:
A pilot study. Japanese Journal of Infectious Diseases
2005; 58: 110-1.

5. Noordeen F, Faizal AC, Rajapakse RPVJ, et al. Excretion of
Cryptosporidium oocysts by goats in relation to age and
season in the dry zone of Sri Lanka. Veterinary Parasitology
2001; 99: 79-85.

18. Kaur N, Diwan N. Cryptosporidiosis in north Indian
children. Indian Journal of Medical Sciences 1991; 45:
143-5.

6. Perera J, Lucas GN. Cryptosporidiosis-oocyst shedding and
infection in household contacts. Ceylon Medical Journal
1990; 35: 11-4.

19. Mahajan M, Mathur M, Talwar V. Cryptosporidiosis in
east Delhi children. The Journal of Communicable Diseases
1992; 24: 133-7.

7. Perera J, Jayawardene I, Mendis L, Abeyratne K. Intestinal
parasites and diarrhoea in a children's hospital in Sri Lanka.
Ceylon Journal Medical Science 1999; 42: 7-12.

20. Kotloff KL, Nataro JP, Blackwelder WC, et al. Burden and
aetiology of diarrhoeal disease in infants and young children
in developing countries (the Global Enteric Multicenter
Study, GEMS): a prospective, case-control study. Lancet
2013; 382: 209-22.

8. Noordeen F, Rajapakse RPVJ, Faizal AC, et al. Prevalence
of Cryptosporidium infection in goats in selected locations
in three agro climatic zones of Sri Lanka. Vetetrinary
Parasitology 2000; 93: 95-101.
9. Ekanayake DK, Welch DM, Rudo K, et al. Transmission
Dynamics of Cryptosporidium Infection in a Natural
Population of Non-Human Primates at Polonnaruwa, Sri
Lanka. American Journal of Tropical Medicinal Hygiene
2006; 77: 818-22.
10. Weber R, Ralph T, Brayan, Juranl DD. Improved stool
concentration procedure for detection of cryptosporidium
oocysts in faecal specimens. Journal of Clinical Microbiology
1992; 30: 2869-73.
11. Snelling WJ, Xiao L, Ortega-Pierres G, et al. Cryptosporidiosis in developing countries. Journal of Infections in
Developing Countries 2007; 1: 242-56.
12. Pal S, Bhattacharya SK, Das P, et al. Occurrence and
significance of Cryptosporidium infection in Calcutta.
Transaction of Royal Society of Medicine and Hygiene
1989; 83: 520-21.
13. Amatya R, Poudyal N, Gurung R, Khanal B. Prevalence of
Cryptosporidium species in paediatric patients in Eastern
Nepal. Tropical Doctor 2011; 41: 3.
14. Muñoz-Antoli C, Pavón A, Marcilla A, et al. Prevalence
and molecular characterization of Cryptosporidium in
schoolchildren from department of Rio San Juan (Nicaragua).
Tropical Biomedicine 2011; 8: 40-7.
15. Shoukry NM, Dawoud HA, Haridy FM. Studies on zoonotic
Cryptosporidium parvum in Ismailia Governorate, Egypt
Journal of the Egyptian Society of Parasitology 2009; 39:
479-88.

78

21. Khalili B, Mardani M. Frequency of Cryptosporidium and
risk factors related to cryptosporidiosis in under 5-year old
hospitalized children due to diarrhea. Iranian Journal of
Clinical Infectious Diseases 2009; 4: 151-5.
22. Gatei W, Wamae CN, Mbae C. Cryptosporidiosis:
prevalence, genotype analysis, and symptoms associated
with infections in children in Kenya. American Journal of
Tropical Medicinal Hygiene 2006; 75: 78-82.
23. Roy SL, DeLong SM, Stenzel SA. Risk factors for sporadic
cryptosporidiosis among immunocompetent persons in
the United States from 1999 to 2001. Journal of Clinical
Microbiology 2004; 42: 2944-51.
24. Rebecca L, Shortt EB, Yutaka M, et al. Cryptospoidium
and Giadia as determinants for selection of an appropriate
source of drinking water in southern Sri Lanka. Journal of
Health Population Nutrient 2006; 24: 64-70.
25. Fayer R, Morgan U, Upton SJ. Epidemiology of
Cryptosporidium: Transmission, detection and identification.
International Journal of Parasitology 2000; 30: 1305-22.
26. O’ Donoghue PJ. Cryptosporidium and cryptosporidiosis
in man and animals. International Journal for Parasitology
1995; 25: 139-95.
27. Dissanaike AS. Parasitic zoonoses in Sri Lanka – An occasional
review. Ceylon Medical Journal 1993; 38: 150-87.
28. Ajjampur SR, Liakath BF, Kannan A, Rajemdra, P, Sarkar A,
Moses P , Siman A, AgarwalI, Mathew A, Connor RO, War
H, Kang G. Multisite study of Cryptosporidiosis in children
with diarrhea in India, Journal of Clinical Microbiology
2010; 48: 2075-81.

Ceylon Medical Journal

