


   OPEN ACCESS Research Journal of Parasitology

ISSN 1816-4943
DOI: 10.3923/jp.2017.19.26

Research Article
Prevalence and Molecular Epidemiology of Cryptosporidium
Infection in Calves and Hospitalized Children in Egypt

1Nahed H. Ghoneim, 2Mohey A. Hassanain, 1Dalia A. Hamza, 2Raafat M. Shaapan and 2Sara H. Draz

1Department of Zoonoses, Faculty of Veterinary Medicine, Cairo University, Giza, Egypt
2Veterinary Research Division, Department of Zoonotic Diseases, National Research Centre, Dokki, Giza, Egypt

Abstract
Background and Objective: Cryptosporidium  species are important zoonotic protozoan parasites that infect the gastrointestinal tract
of most vertebrate animals and man. Cryptosporidiosis infection is responsible for numerous outbreaks of diarrheal disease worldwide.
This study was planned for prevalence and molecular detection of Cryptosporidium  spp., in calves and hospitalized children from different
Egyptian governorates  (Cairo,  Giza and Al-Bahira). Materials and Methods: A total of 253 fecal samples from cattle and buffalo calves
<2 months, 2-6 months and <6 months of age and 115 stool samples from children <2 years, 2-6 years and 6-12 years old were screened
by modified Ziehl-Neelsen (MZN) staining technique for the detection of Cryptosporidium  oocysts followed by molecular characterization
using complemented DNA Polymerase Chain Reaction (cPCR). Results: An overall Cryptosporidium  spp., infection rates of 30.4 and 33.9%
were detected among calves and children, respectively. The highest prevalence (32.7 and 44.4%) was demonstrated in younger calves
(<2 months) and children (<2 years), respectively. On the other hand, a lower prevalence (20.0 and 27.0%) was detected in older calves
(>6 months) and children (6-12 years), respectively. The prevalence in relation to fecal consistency was higher in diarrheic (39.8 and 41.1%)
than in non-diarrheic samples (20.8 and 23.4%) from calves and children, respectively. The PCR analysis of 7 and 6 MZN stain positive
calves  and  children  fecal  samples,  respectively,  revealed  the  expected  positive  bands  at  835  bp for all 6 tested children fecal
samples  and  for only 3 calve fecal samples, while the other 4 were negative PCR for Cryptosporidium  spp. Conclusion: The prevalence
of Cryptosporidium  spp. had a relationship with age and the high infection rate in calves and children can act as a great source of
cryptosporidiosis. The obtained data from this study indicates an important public health problem and a potential risk of zoonotic
transmission from animal to human beings in Egypt.
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INTRODUCTION

Cryptosporidiosis is an important zoonotic disease caused
by a small apicomplexan protozoan parasites belonging to
genus Cryptosporidium  which infects the gastrointestinal
epithelium of most mammalian hosts including human
worldwide. Domestic cattle have been considered the major
reservoir of Cryptosporidium  for human infections1,2.
Although Cryptosporidium   spp. were subsequently found in
a broad range of farm animals, its impact was neglected until
the early 1980s when it was found to be a common serious
primary cause of outbreaks of diarrhea in calves3. The
protozoan Cryptosporidium  parasites have become
recognized as a cause of water and food born related
outbreaks of diarrhea in humans and animals which certainly
given  the  parasite  a  more  widespread recognition4,5. Also
the  parasite  is  common  etiologic  agent  associated  with
self-limited    diarrhoea    in   immune-competent   subjects 
but  potentially  poses  serious  public health issues in
immune-deficient individuals, such as AIDS patients and may
lead to life-threatening chronic diarrhea6.
Animal husbandry is seen as a threatening source of

infection for humans by the release of tremendous numbers
of resistant oocysts in surface water and environment and it is
difficult to control disease, which result in significant
economic losses7. The microorganism is ubiquitous in
environment including a number of animal species, so there
is every possibility of zoonotic transmission of infection from
animal to human beings, especially under poor hygienic
conditions8. Cattle particularly calves have been identified as
a major reservoir of zoonotic species and genotypes of
Cryptosporidium7. Several outbreaks in humans have been
associated with infected calves, while small outbreaks have
occurred in veterinary students9. Cryptosporidium  is
increasingly a well-recognized cause of neonatal calf diarrhea
which may lead to progressive dehydration, growth
retardation and possibly death10. Cryptosporidium  also was
responsible for diarrheal illness among American military
participated  in  a  military exercise in the Northwestern
Egyptian desert11. There is a paucity of information about
cryptosporidiosis in human12,13 and animals14,15 in Egypt.
The diagnosis of Cryptosporidium  spp., using light

microscopy, with haematoxylin and eosin (H and E) staining,
is often insufficient to confirm the presence of the
organisms16.  Current  routine  diagnostic  procedures with
acid-fast staining of Cryptosporidium  spp., oocysts in fecal
smears remains the largely used conventional methods for
diagnosis17. Enzyme immunoassays (EIA) that detect parasite
copro-antigen  are  efficient  methods  but  there  is  a  conflict

about the sensitivity of this immuno-detection methods18.
None  of  the  common  diagnostic laboratory techniques,
such  as  acid-fast  staining  and  direct  or  indirect
immunofluorescence microscopy are able to distinguish
species or subtypes of Cryptosporidium,   which is important
for understanding dynamics and transmission pathways19.
Now Polymerase Chain Reaction (PCR) is becoming
increasingly popular for diagnosis as a tool to detect
Cryptosporidium  DNA in feces20. This technique allows the
species identification and subtyping of Cryptosporidium  and
also  tracing  of  different  transmission ways of the parasite21.
However, cryptosporidiosis is responsible for considerable

part of diarrheal illness among human and livestock, little
known data is available about Cryptosporidium  spp., infection
in farm animals, the biological and epidemiological diversity
together with its immense zoonotic importance in Egypt, so
the objective of this study is to investigate the prevalence and
molecular epidemiology of Cryptosporidium  spp., in calves
and hospitalized children from different Egyptian
governorates to improve our understanding of interspecies
transmission   and   public   health   significance   of
Cryptosporidium  spp.

MATERIALS AND METHODS

Samples collection and preparation
Calves:  A total of 253 calve fecal samples were collected from
different  Egyptian governorates (Cairo, Giza, Al-Bahira). Three
age groups were selected as <2, 2-6 and >6 months of age.
Fecal samples were collected from animal's rectum in a
separate clean labeled container and tested samples were
differentiated into diarrheic and non-diarrheic type.

Children: A total of 115 stool samples were collected from
children at age from <2, 2-6 and 6-12 years old. The samples
were collected from pediatric clinics and some laboratories in
the same previous governorates in addition from Abu-Elriech
Hospital, Cairo, Egypt. Each stool sample was collected in
clean, dry, disposable plastic container labeled by the age,
place of collection and also, diarrheic and non-diarrheic state
of sample was differentiated.

Fecal samples preparation: Sheather’s sucrose flotation
method was used for the concentration of Cryptosporidium 
oocysts, concentrated samples were examined for the
presence of oocysts by scanning of fecal smears on slides
using the 40X objective lens of a bright-field microscope and
the presence of oocysts in the smear was confirmed under the
oil immersion objective lens. The positive samples were then
stored at 4EC for further molecular analysis22.
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Detection of oocysts 
Staining of Cryptosporidium  oocysts: Fine calves and
children    fecal    smears    from    of    both   diarrheic   and
non-diarrheic types were fixed with methanol spirit and
stained with Ziehl-Neelsen stain according to the procedure
described by Henriksen and Pohlenz23. The acid-fast staining
technique has been modified and improved, including: Hot
and  cold  modified  acid-fast  stains;  incorporation of
dimethyl sulfoxide (DMSO) and the detergent tergitol
(modified Ziehl-Neelsen, mZN). This technique is a simple and
effective method for Cryptosporidium  spp., oocysts stain as
bright red against a background of blue-green fecal debris
and yeasts24.

Identification    of    Cryptosporidium     spp.,   oocysts:
Higher-magnification objectives must be used to confirm the
presence of Cryptosporidium   spp., oocysts, the measurement
can be helpful in distinguishing oocysts from other
microscopic objects with help of stage micrometer conjugated
with an eyepiece micrometer under the light microscope at
the eyepiece 10X and the objective 100X25. The standard unit
of  measurement is the micron (µm = 0.001 mm), use about
20-50 oocysts, with the range in parenthesis to calculate the
mean26.

Molecular identification
Purification of Cryptosporidium   spp., oocysts: Before DNA
extraction and inoculation, Cryptosporidium  oocysts obtained
from calve and children highly positive fecal samples were
refined from the potassium dichromate solution by
centrifugation at 2000 rpm for 5 min and then the oocysts
were  washed  4  times  with  distilled  water  and  then stored
at -20EC in PBS solution27.

DNA extraction: It was carried out using the QIAamp DNA
stool mini kit (QIAGEN, Germany) following the manufacturer's
instructions with some modifications according to Lalonde
and Gajadhar28 as follows: (i) Oocysts were first suspended in
300 mL of ATL buffer and subjected to 8 cycles of freeze-thaw
for  1  min  in  liquid  nitrogen  and  1  min in a 95EC water
bath, (ii) Lysed suspensions were incubated with 20 mL
proteinase K (20 mg mLG1, Qiagen) for 3 h at 56EC, followed by
incubation at 70EC for 10 min in 300 mL AL buffer with
vortexing for 10 sec every 3 min DNA.

Polymerase Chain Reaction (cPCR): The PCR master mix was
prepared according to Emerald Amp GT PCR mastermix
(Takara) code No. RR310A kit and the oligonucleotide primers

metabion (Germany)  was used in cPCR, with specific
sequence and amplify a specific product according to
procedures described by Adamska et al.29 (Table 1).
The cycling conditions of the primers during cPCR at

temperature and time conditions of the two primers during
PCR  carried  out  according  to Paul et al.30  using emerald
Amp GT PCR master mix (Takara) kit. The agarose gel
electrophoreses was carried out according to Sambrook et al.31

with modification and the gel was photographed by a gel
documentation system and the data was analyzed through
computer software.

RESULTS

Cryptosporidium  spp., detection and prevalence: The
obtained oocysts from calves and children fecal samples were
morphologically confirmed as Cryptosporidium  spp., oocysts
which characterized by spherical shaped, smooth wall, acid
fast  (red-pink)  on green back and their mean size was
5.1×4.5 µm with shape index of  1.1 µm  (Fig.  1). The overall
prevalence of Cryptosporidium  species among calves was
found to be 30.4%,  the  highest  prevalence  of  32.7%  was 
recorded  in <2 months calves followed by 28.3% in 2-6
months aged while, the lowest prevalence of 20.0% in >6
months age group. The overall Cryptosporidium  prevalence
among children was 33.9%, the highest prevalence of 44.4%
demonstrated   in   younger   children   (<2   years)  followed
by   30.9%   in   2-6   years   old  children,  on  other  hand,
lower   prevalence    of   27.0%   was   detected   In   older
children (6-12 years) (Table 2).

Relation of Cryptosporidium  spp., prevalence and fecal
consistency:  Cryptosporidium  spp., prevalence was higher in
total diarrheic (39.8 and 41.1%) than in total non-diarrheic
fecal samples (20.8 and 23.4%) from calves and children,
respectively (Table 3, 4). The higher extent of prevalence  of 
42.9%  (36  out of 84) in diarrheic than 22.6% (19 out of 84) in
non-diarrheic fecal samples from younger calves (<2 months),
followed   by   35.3%   (12   out   of   34),   higher   than    19.2%
(5  out  of  26) in 2-6 month aged, while 30% (3  out  of  10) 
less than 13.3%   (2  out  of  15) in >6 month aged calves
diarrheic  and  non-diarrheic  fecal  samples,  respectively
(Table 3). The diarrheic children stool samples revealed higher 

Table 1: Oligonucleotide primers sequences source
Primer Sequence Amplified product (bp)
CX1F TTCTAGAGCTAATACATGCG 1325
CX1R2 CCCTAATCCTTCGAAACAGGA
CX2F GGAAGGGTTGTATTTATTAGATAAAG 840
CX2R AAGGAGTAAGGAACAACCTCCA
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Fig. 1: Modified Ziehl-Neelsen stained fecal smear (X100) showing Cryptosporidium  spp., oocysts

Table 2: Prevalence of cryptosporidium  spp., infection in calves and children using modified Ziehl-Neelsen staining technique
Examined prevalence samples
----------------------------------------------------------------

Parameters Total No. Age Positive No. % Total+Positive (%)
Calves 253 <2 months 168 55 32.7 77 (30.4)

2-6 months 60 17 28.5
>6 months 25 5 20.0

Children 115 <2 years 36 16 44.4 39 (33.9)
2-6 years 42 13 30.9
6-12 years 37 10 27.0

Table 3: Prevalence of Cryptosporidium  spp., infection in different age group in diarrheic and non-diarrheic calves
Fecal consistency
----------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------
Total Diarrheic Non-diarrheic
------------------------------------- ------------------------------------------------------ ----------------------------------------------------

Age No. Positive (%) No. Positive % No. Positive %
<2 months 168 55 (32.7) 84 36 42.9 84 19 22.6
2-6 months 60 17 (28.3) 34 12 35.3 26 5 19.2
>6 months 25 5 (20.0) 10 3 30.0 15 2 13.3
Total 253 77 (30.4) 128 51 39.8 125 26 20.8

Cryptosporidium  prevalence of 54.5% (12 out of 22) than
28.6% (4 out of 14) in non-diarrheic samples from younger
children (<2 years), followed by 37.5% (9 out of 24) higher
than   22.2%   (4   out  of  18)  in  2-6  years  aged,  while   31.8%
(7 out of 22) more than 20.0% (3 out of 15) in 6-12 years aged
children diarrheic  and  non-diarrheic  fecal  samples, 
respectively (Table 4).

Molecular detection of Cryptosporidium  spp.: Polymerase
Chain  Reaction  (cPCR)  analysis of 6 children and 7 calvae
fecal  samples   which   were   previously   confirmed as
positive  with  the  modified  Ziehl-Neelsen  stain  technique
for  Cryptosporidium   oocysts,  revealed   the expected
positive bands  at  835  bp  for all 6  tested  children  fecal 
samples   (lane   1-6)    and   for   only   3  calves   fecal   samples
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Fig. 2: PCR analysis for Cryptosporidium  spp., Lane 1-6: Positive children fecal samples, Lane 7 and 8: Control positive samples,
Lane 9: DNA markers, Lane 10-12: Positive calve fecal samples, Lanes 13-16: Negative calve fecal samples and Lane 17:
Control negative samples

Table 4: Prevalence of Cryptosporidium  spp., infection in different age group in diarrheic and non-diarrheic children
Fecal consistency
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total Diarrheic Non-diarrheic
---------------------------------------- ------------------------------------------------------ ----------------------------------------------------

Age No. Positive (%) No. Positive % No. Positive %
<2 years 36 16 (44.4) 22 12 54.5 14 4 28.6
2-6 years 42 13 (30.9) 24 9 37.5 18 4 22.2
6-12 years 37 10 (27.0) 22 7 31.8 15 3 20.0
Total 115 39 (33.9) 68 28 41.1 47 11 23.4

(lane  10-12), while the other 4 calves samples (lanes 13-16)
were negative PCR for Cryptosporidium  spp. (Fig. 2).

DISCUSSION

The obtained oocysts from calves and children fecal
samples in this study were confirmed as Cryptosporidium 
spp., oocysts. They were morphologically similar to those
described in human and livestock animals in many previous
studies14,15,26. The microscopical identification of the
Cryptosporidium  spp., depend upon the standard
specifications, such as morphology and measurements of the
oocysts. Xiao et al.25 reported that the morphometric
measurement of oocysts is the main key factor for
cryptosporidium  spp., taxonomy and is one of the essential
requirements for establishing a new species.
The screening of calves and children fecal samples by

using MZN technique (Table 2) revealed 30.4 and 33.9%
overall prevalence of Cryptosporidium   species infection,
respectively.  The present study results was higher than  a 

previous   study  i.e.,  9.5  and  19.2%  by  Amer  et al.15 and 
Helmy et al.32,  respectively in calves, on the contrary, <54.4% 
reported  by  Hassanain   et   al.14  in  cattle  calves and (47%)
detected by Abd El Kader et al.33 in human in Egypt. The result
of age wise distribution of the parasite (Table 3, 4) showed
that the highest prevalence (32.7 and 44.4%) was
demonstrated in younger calves (<2 months) and children (<2
years), respectively. On the other hand, lower prevalence (20.0
and 27.0%)  was obtained in older calves (>6 months) and
children (6-12 years), respectively. A similar age-related
pattern of Cryptosporidium  spp., distribution was obtained by
many researchers who referred the decrease infection rate in
correlation with older ages to several factors, such as an age-
related resistance due to maturation of the intestinal mucosa34

and species-specific resistance35.
Regarding to the relation between infection prevalence

and fecal consistency, this study revealed higher
Cryptosporidium     spp.,    prevalence   in   total   diarrheic
(39.8 and 41.1%) than in total non-diarrheic fecal samples
(20.8 and 23.4%) from calves and children, respectively, these
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finding  are  in  accordance  with  El-Khodery  and  Osman36 
and Helmy et al.32  who reported that diarrheic animals and
human revealed a higher rate of Cryptosporidium  infection in
compared to non-diarrheic ones. The higher prevalence of
cryptosporidiosis in diarrheic calves than non-diarrheic
animals means that additional factors are needed to produce
clinical disease and the non-diarrheic animals are
asymptomatic carrier state epically in adults, representing a
potential source of infection37. Similarly, it is worth mentioning
that the excretion of Cryptosporidium  oocysts by non-
diarrheic children, not complaining from any signs indicated
that these individuals can be regarded as carriers with a
possibility to spread the infection through improper personal
hygiene or bad sanitation to others38.
The PCR analysis of 7 and 6 MZN stain positive calves and

children fecal samples, respectively, revealed the expected
positive bands at 835 bp for all 6 tested children fecal samples
and for only 3 calve fecal samples while the other 4 were
negative PCR for Cryptosporidium  spp. The confirmatory PCR
positive results for 9 out of 13 selected human and animal
samples which were highly positive by microscopical
examination for Cryptosporidium  spp. was consistent with
previous reports done in Egypt in calves14 and children32 who
also found that majority of MZN stain identified positive
animal and human samples for Cryptosporidium  spp.,  oocysts
were successfully proved by PCR analysis and recommended
the use of extremely important molecular procedures in
association with biological techniques to overcome
Cryptosporidium  spp., diagnosis problems.
The estimated Cryptosporidium  spp., prevalence in the

current study could have been affected by intermittent
shedding of oocysts, as all subjects were only sampled once
and the higher infection rates in human and calves obtained
by this results pointing to the cross-transmissible, awareness
of cryptosporidiosis as a potential zoonotic infection which
emerged as a significant public health concern and indicating
that animals especially calves as a source of human infection39.
The majority of cases diagnosed with Cryptosporidium  spp.,
in Egypt may be attributed to lack of hygiene, poor living
conditions and direct contact with farm animals where
cryptosporidiosis has a high prevalence contribute for the
spread of the infection16. The variation in Cryptosporidium
spp., prevalence in this study and the other previously
reported infection rates may be attributed to differences in the
age and breed of calves, season of specimen collection,
environmental settings, management and husbandry
regimens as well as tools used for detection of
Cryptosporidium  in fecal samples13.

CONCLUSION

The high prevalence of Cryptosporidium  spp., in this
study suggested that children, like calves may also serve as an
important reservoir of Cryptosporidium  spp. and the
relationship between young ages and the high infection rate
in calves and children improved our understanding of
interspecies transmission of cryptosporidiosis and public
health significance of Cryptosporidium in Egypt. Also, we can
conclude that the routine diagnostic procedures with acid-fast
staining of Cryptosporidium  spp., oocysts in fecal smears may
be of benefit and the molecular detection should also be a
good confirmatory option.

SIGNIFICANT STATEMENT 

Children, like calves, serve as an important reservoir of
Cryptosporidium spp., young ages had the high infection rates
of cryptosporidiosis and acid-fast staining may be of benefit,
while the molecular detection should also be a good
confirmatory option.
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