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ABSTRACT

This study was aimed recording the prevalence rates of the Cryptosporidium spp. and identify its
species in buffalo at Babylon province by using microscopic (flotation and staining) and molecular
technique to examined (100) buffalo fecal samples collected randomly from different sexes, ages, and
regions, during the period from the beginning of October 2019, to end of March 2020. The percentage
of infection with the Cryptosporidiosis was 40% by using the microscopic method, while, nested
polymerase chain reaction (nPCR) technique showed the infection rate was 61%o, and according to age
groups, recorded higher infection 77.5% at (<6) months age group, followed by age group (>6 -12)
months and (>1 -2) years which showed 60% and 50%, besides, the age group (>2) years recorded
40%, which, the lowest infection rate. Also, females recorded (67.74%) as a higher prevalence rate
than males (50%). Sequence analysis for ten samples that were positive by (n PCR) technique showed
that 6 sequences belong to Cryptosporidium bovis (MT150692, MT150693, MT150694, MT150698,
MT150699, and MT150701), while 3 sequence belongs to C. parvum (MT150696, MT150697, and
MT150700), as well as, one of sequence belong to C. andersoni (MT150695), with a genetic difference
of (0.010%0) Datasets suggest strong genetic distinctiveness amongst species. The first diagnose of the
Cryptosporidium and its species in water buffalo in Iraq by using molecular assay (hPCR).
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INTRODUCTION

Cryptosporidium is a protozoan parasite that
completes its life cycle in the intestinal and
respiratory surface epitheliums of mammals,
birds, and reptiles, it's an intracellular
extracytoplasmic parasite that acts as a
coccidial parasite as a major cause of diarrhea
in farm animals and humans worldwide (53).
Buffalo cryptosporidiosis IS often
accompanied by watery diarrhea, which is the
most important clinical signs and has
contributed to high mortality rates (12). Other
signs such as metabolic acidosis and
electrolyte loss, anorexia, reduced milk
consumption, dehydration, growth disorders,
slow walking and depression (18,30). The
severity of the disease depends on various
factors, including that of the host such as the
immune system and accompanied by another
infection like rotavirus (44). Cryptosporidium
infection occurs as a result of the ingestion of
parasitic oocysts that are excreted in the feces
of infected animals. Therefore, autoinfection
due to the presence of thin-walled oocysts can
occur within the same host (31). Transfer of
Cryptosporidium spp. can occur in different
ways, through direct or indirect contact from
animal to animal, from animal to human
(zoonotic transmission), It can also occur due
to the ingestion of food or water that is
contaminated by infected oocysts, or through
vectors such as rodents, arthropods or even
birds, they can act as mechanical transmission
means (7,27). The diagnosis of
cryptosporidiosis is based on the identification
of Cryptosporidium oocysts in the fecal
sample using conventional microscopic and
immunodiagnostic methods (19), as well as,
molecular techniques (more sensitive and
specific) such as the polymerase chain reaction
(PCR) are often used today for genotyping
cryptosporidiosis (40). Several studies agree
on the higher sensitivity of PCR targeting the
18S rRNA gene, Nested PCR was introduced
to improve detection sensitivity (28). This
study aimed to detection of Cryptospridium
spp. in water buffalo by using microscopic
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examination and molecular method (n PCR) in
Iraq.

MATERIALS AND METHODS

One hundred buffalo fecal samples collected
randomly from different sexes, ages, and
regions of Babylon province (Al-Hilla, Abi-
Gharag, Al-Musayib, Al-Sadda, Al-Mahaweal,
Al-Kafel, and Al-Hashimiyah). during the
period from the beginning of October 2019, to
end of March 2020. The microscope act as the
primary diagnosis method by using sheather's
flotation, modified Ziehl-Neelsen staining and
calibration by ocular micrometer to investigate
and measurements of Cryptosporidium oocyst,
(29), and finally samples saved in the freeze
until DNA extracted to detect
Cryptosporidium by Molecular diagnosis
(nested PCR), the DNA extracts according to
the manufacturer's instructions (AccuPower®
PCR Premix Kit) from Bioneer company,
based on the 18S ribosomal rRNA gene (41).
The primers of nPCR are designed according
to the instructions of the Korean manufacturer
(Macrogen company) table (1), then placed in
PCR Thermocycler in a condition that using an
n-PCR thermal cycler system according to
(41). We constructed a phylogenetic tree for
our Cryptosporidium versus NCBI-Blast-
GenBank. The positive PCR 18S rRNA gene
was analyzed for DNA sequencing (Molecular
Evolutionary Genetics Analysis version 6.0)
and Multiple sequence alignment analysis
(Clustalw). Evolutionary distances were
computed by the Maximum Composite
Likelihood as described by (48). For statistical
analysis, using SPSS version 17 and, Chi-
square (X2) test was used for comparison
between the results, and the differences were
considered statistically significant at (P<0.05)
(37).
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Table 1. The primer with their sequence

Primer Sequence 5'-3' Amplicon Company\country
18SrRNAgen F- AGACGGTAGGGTATTGGCCT 616bp Macrogen\ Korea
Cryptosporidium R- TCCTTGGCAAATGCTTTCGC

spp. PCR

18SrRNAgen F-AACGGGAATTAGGGTTCGA 567bp

Cryptosporidium R-

spp. Nested PCR TGCTTTCGCATTAGTTTGTCTT

RESULTS AND DISCUSSION

Our results showed the prevalence rate of
cryptosporidiosis  was  40% by the
conventional microscopic examination method
(sheather's flotation, modified Ziehl-Neelsen
staining and calibration by using ocular
micrometer for oocyst measurements), and the
recognized of the oocyst of the
Cryptosporidium depend on the
morphologically characteristic, the oocysts of
Cryptosporidium bovis is similar to C.
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Figure 1. C. parvum oocysts floatation with
Sheather's solution, magnification (100X)

And the morphology of C. andersoni oocysts
in Sheather's (sugar) floatation, appeared as
round or oval in shape with a thin greenish
membrane while the four sporozoites looked
as black bodies inside the oocysts (Fig. 3),
while in mZN stain the oocyst appeared as red
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parvum, in Sheather's (sugar) floatation smear,
the oocysts appeared as spherical/ rounded in
shape with a thin greenish membrane, the four
sporozoites looked as black bodies inside the
oocysts (Fig. 1), while, in stained with (mZN)
stain appeared as spherical/ rounded in shape
stained red bodies with a clear halo around the
oocyst, against a dark blue background of the
methylene blue stain, and the measurement
was (4.3 x 4.8 = 0.8) um by ocular micrometer

(Fig.2).

Figure 2. C. parvum oocysts, stained
with Modified Ziehl Neelsen magnification
(100X)
ovoid bodies with a clear halo around the
oocyst against a dark blue background of the
methylene blue stain and the average length
and width measurements was (7.0 x 5.6 + 0.8)

um (Fig. 4).
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Figure3.C. andersoni oocysts, floatation with

Sheather's solution magnification (100 X)

While by using the molecular technique
(Nested PCR) the results showed that the total
infection rate of Cryptosporidium spp. in
buffalo was 61% (Table 2), the statistical
analysis  showed significant  differences

/
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Figure 4. C. andersoni oocysts stained

with Modified Ziehl Neelsen
magnification (100X)
with sensitivity and specificity of each
diagnostic technique (p<0.05). By nPCR, the
fecal samples exhibited a distinct band of 567
bp on agarose gel for Cryptosporidium spp. as
depicted (Fig. 5).

between these two techniques and its relation
Table 2. Total prevalence of Cryptosporidium infection by microscopy and Nested PCR in
water buffalo fecal sample

Molecular-Nested PCR
No. of positive ( %0)

Host No. of samples examined Conventional microscopy
No. of positive ( %o)

buffalo 100
P<0.05

40 (40%) 61 (61%)

3 A4 SR o g 1112 13 15 186 17 18 19°20 21 22 23

1500bp
1000bp

500bp

567bp
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100bp

Fig. 5. Agarose gel electrophoresis image that showed the nPCR product analysis of 18S
rRNA gene in Cryptosporidium spp. from buffalo fecal samples. Where M: marker
(1500-100bp) and Lane (1-23) some positive Cryptosporidium spp. were showed at

(567bp) nested PCR product.

The results showed a significant difference -12) months and (>1-2) years which showed
was (p < 0.05) in the prevalence rate among 60% (12/20) and 50% (10/20), in addition, the
different age groups (Table 3) showed higher age group (>2) years recorded the lowest
infection 77.5% (31/40) observed at ( < 6) infection rate which was 40% (8/20).

months age group, followed by age group (>6
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Table 3. Prevalence of Cryptosporidium infection by nested PCR in relation to age groups of
water buffaloes

Age groups No. of samples examined No. of positive Percentage (%0)
< 6 Months 40 31 775
>6 — 12 Months 20 12 60
>1-2 Years 20 10 50
>2 Years 20 8 40
P<0.05
According to the sex of animal the significant higher prevalence rate than the male, (67.74%)
difference was (p < 0.05), the female recorded in females and (50%) in males (Table 4).
Table 4. Prevalence of Cryptosporidium infection by n PCR in relation to sex of water buffalo
Sex of buffalo No. of samples examined No. of positive Percentage (%)
Male 38 19 50
Female 62 42 67.74
P<0.05
Ten samples randomly selected from water buffaloes, namely C. bovis C. parvum, and C.
buffalo were positive by nested PCR, the andersoni. and C. bovis had the highest
obtained sequences of nested PCR products incidence in the analysis samples (6/10),
were analyzed by using the NCBI BLAST followed by C.parvum (3/10), and C.
tool, and the results showed the presence of andersoni (1/10) (Table 5).

three  Cryptosporidium  species in the

Table 5.Cryptosporidium strains in water buffalo and NCBI BLAST homology sequences

Cryptosporidium spp. Genbank NCBI-BLAST Homology Sequence identity (%0)
isolate No. Accession Identical NCBI BLAST Genbank Accession Identity
number Cryptosporidium species number (%)
Cryptosporidium spp. 1Q- MT150692 Cryptosporidium bovis MK982466.1 99.42%
buffalo isolate No.1
Cryptosporidium spp. 1Q- MT150693 Cryptosporidium bovis MK982466.1 99.62%
buffalo isolate No.2
Cryptosporidium spp. 1Q-  MT150694 Cryptosporidium bovis MK982466.1 99.61%
buffalo isolate No.3
Cryptosporidium spp. 1Q- MT150695  Cryptosporidium andersoni KF271468.1 99.43%
buffalo isolate No.4
Cryptosporidium spp. 1Q- MT150696 Cryptosporidium parvum AY458612.1 99.63%
buffalo isolate No.5
Cryptosporidium spp. 1Q-  MT150697 Cryptosporidium parvum AY458612.1 99.26%
buffalo isolate No.6
Cryptosporidium spp. 1Q-  MT150698 Cryptosporidium bovis MK982466.1 99.81%
buffalo isolate No.7
Cryptosporidium spp. 1Q-  MT150699 Cryptosporidium bovis MK982466.1 99.65%
buffalo isolate No.8
Cryptosporidium spp. 1Q-  MT150700 Cryptosporidium parvum AY458612.1 99.26%
buffalo isolate No.9
Cryptosporidium spp. 1Q-  MT150701 Cryptosporidium bovis MK982466.1 99.22%
buffalo isolate No.10

A Phylogenetic tree of C. bovis, C. parvum, 9) were closely related to NCBI-Blast
and C. andersoni referenced against those of Cryptosporidium parvum (MK982466), and
Gen-Bank which highlight differences by DNA No.(4) to NCBI-Blast Cryptosporidium
STAR (48). Cryptosporidium spp. (1,2,3,7,8 andersoni isolates (KF271468) with a genetic
and 10) were closely related to NCBI-Blast difference of (0.010%) Datasets suggest strong
Cryptosporidium bovis (MK982466), (5, 6 and genetic distinctiveness amongst species (Fig.6).
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&2 — @ Cryptosporidium sp. IQ-Buffalo isolate No.3 small subunit ribosomal RNA gene
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L — @ Cryptosporidium sp. IQ-Buffalo isolate No.1 small subunit ribosomal RNA gene
- @ Cryptosporidium sp. IQ-Buffalo isolate No.10 small subunit ribosomal RNA gene
— @ Cryptosporidium sp. IQ-Buffalo isolate No.8 small subunit ribosomal RNA gene
A MKS82466.1 Cryptosporidium bovis isolate SC06 18S ribosomal RNA gene partial sequence
- @ Cryptosporidium sp. IQ-Buffalo isolate No.7 small subunit ribosomal RNA gene
L — @ Cryptosporidium sp. IQ-Buffalo isclate No.2 small subunit ribosomal RNA gene
L MK982509.1 Cryptosporidium ryanae isolate ZH-07 18S ribosomal RNA gene partial sequence
, A\ KF271468.1 Cryptosporidium andersoni isolate PD-17 18S ribosomal RNA gene partial sequence

700 -—— @ Cryptosporidium sp. IQ-Buffalo isclate No.4 small subunit ribosomal RNA gene

MT071827.1 Cryptosporidium suis isolate 527-C.suis-2 small subunit ribosomal RNA gene partial sequence
— @ Cryptosporidium sp. IQ-Buffalo isclate No.5 small subunit ribosomal RNA gene

AY458612.1 Cryptosporidium parvum isolate 1102 18S small subunit ribosomal RNA gene partial sequence
| @® Cry idium sp. IQ-Buffalo isolate No.9 small subunit ribosomal RNA gene
eF{— @ Cryptosporidium sp. IQ-Buffalo isolate No.6 small subunit ribosomal RNA gene

Figure 6. Phylogenetic tree analysis based on the partial sequence Small subunit rRNA gene in
Cryptosporidium spp. isolated from fecal of water buffalo and Cryptosporidium species
genetic identification.

The morphology of Cryptosporidium species
oocysts were isolated from the feces of the
naturally infected animal that were completely
sporulated,  spherical, ovoid-shaped to
ellipsoidal with a thin greenish membrane. It
contains four sporozoites that resemble black
bodies in oocysts on a wet smear (floatation)
and red ovoid-shaped bodies with a transparent
halo around the oocyst on a dark blue
background of methylene blue in (mZN), but
with slightly different dimensions. The oocysts
of the two species: C. parvum and C. bovis
had almost the same morphological properties
and measured (4.4 x 4.8 = 0.8) um by ocular
micrometer, and the average length and width
of C. andersoni oocysts were (7.0 x 5.6 + 0.7)
pm. These results were in agreement with the
results of (34) reported the C. parvum oocyst
measurements were (3.2-5.8 x 4.3-4.9) um in
size in Egypt, in the province of Babylon
(Irag), the average length of the C. andersoni
oocysts was (7.1 £ 0.92) um and width (5.6 £
0.61) um (5), In the United States, reported the
mean dimensions of C. andersoni was (7.30 x
5.19) um (50), and in the city of Baghdad
recorded the dimensions of C. parvum were
(4.9 x 4.3 +0.9) (5). The overall prevalence of
cryptosporidiosis in buffalo in this study was
40% by conventional microscopic examination
and 61% by molecular technique (nested
PCR), and the agreement or disagreement with
the results of other studies depends on the
different factors that affected on the result
between countries such as the sampling plan,
study season, level of hygiene measures
applied and the diagnostic methods used,
besides, attributed to the system of rearing,
water supply, management, and sanitary
conditions in and around the farms (21).
Microscopically, in Baghdad city, recorded the
infection rate was 53.93% in buffalo (3), in
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Salah al-Din Province, the prevalence rate was
31.5% reported by (2), and reported the
prevalence rate of cryptosporidiosis in buffalo
was 10% in Babylon Province (39). Also, the
prevalence of infection in water buffalo in
different regions of the world, such as in
Egypt, recorded the prevalence rate of C.
parvum was 22.5% in water buffalo (45). In
the calves, reported the infection rate was
21.8% in diarrheal calves in Turkey (26), in
Iran, recorded the infection rate of diarrheal
buffalo calves were 455%, and 2.5%,
respectively by (10,49), and in India, Sudan
and Thailand, recorded the infection rate were
(21%, 85%, 58.3%, and 51%) respectively, in
diarrhoeic bovin calves (14,42,47). By
molecular (nPCR) examinatiom, we recorded a
higher prevalence rate of Cryptosporidiosis
(61%) in this study. The widespread use of the
SSU rRNA gene in the detection/genotyping
of Cryptosporidium is mainly due to the
multiple copies of the gene and the presence of
semi-conserved and hypervariable regions that
facilitate the design of genus-specific primers
as well as, the 18S rRNA-based PCR protocol
was shown to be more sensitive than the
modified Ziehl-Neelsen (mZN) staining
technique (17,52,55). The agreement or
disagreement with the other study depends on
several factors mentioned previously that
make it expected that there will be a difference
in the results of studies for different countries
and regions such as in Pakistan, recorded
infection rate was 24% in buffaloes (36), and
the prevalence rate was 37.5% in water
buffalos in Nepal recorded by (20). However,
the prevalence rate of Cryptosporidium
infection was 73.3% of the herds and 32.2% of
the individual buffalo in the positive herds in
Egypt (23). In Australia, the prevalence rate of
Cryptosporidium in water buffaloes was 30%
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recorded by (53), and reported the prevalence
rate of Cryptosporidium infection was 48.2%
in Brazil (9). According to age groups the
results showed the highest rate in the age
group (< 6) and the lowest rate in the age
group (>2) years. The higher prevalence of
infection in newborns is due to lower tolerance
levels in young newborns due to the poor
development of acquired immunity (46). Our
results were consistent with other studies
showing that younger age groups have the
highest infection rate, which decrease with age
of the animal increase, this corresponds to the
studies have shown in the, in Egypt by (15) for
buffalo calves, in Australia by (1) in water
buffalos, and in India by (46) in buffaloes.
According to the sex, our study showed the
female was higher proportion than male. It has
been agreed with other studies that indicate
that animals raised in the same place and
exposed to the same conditions have close
prevalence rates where male or female have no
factors that facilitate infection, but the highest
proportion found in adult females could be due
to the stress during pregnancy, parturition and
milking times, which make the females more
prone to the infection (6,35,51). In addition to
the PCR technique the phylogenic tree analysis
act as one of the good ways to detect and
identify Genetic variants.(16). The DNA
Sequence of the ten samples showed the
presence of three species of Cryptosporidium
in water buffalo, they are C. bovis, C. parvum,
and C. andersoni and the most prevalent
species was: C. bovis. Our results were
consistent with other results that recorded in
many studies such as in Egypt reported
Cryptosporidium parvum, C. ryanae, C. bovis
and combinations of C. parvum plus C.
andersoni in buffalos (23), In China,
Cryptosporidium parvum, C. bovis, C.
andersoni and C. ryanae were recorded by
(32,38,54). In Egypt, the identification of
Cryptosporidium species / genotypes were C.
ryanae (~ 59%) and C. parvum (~ 41%) in
buffalo calves was reported by (33), while, the
results were C. parvum (88.2%) and C. ryanae
(11.8%) in buffaloes in Thailand (27). Two
species of Cryptosporidium, C. parvum and C.
bovis, have been identified in buffalo fecal
samples, Cryptosporidium parvum is the most
frequently classified as positive(~80%) in
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farmed buffaloes in Australia (1,53). Other
studies from several countries have reported
that C. parvum is alone or the predominant
species in buffalo calves, such as in Egypt,
Spain, Italy, and India (8,11,22,46), also in
adult buffalo such as the Italian, South Africa,
and Egypt (13,25, 43). This study described
the diversity of Cryptosporidium in buffalo in
Babylon province/lraq. Where, three species
of Cryptosporidium were detected in this
study, C. bovis, C. parvum and C. andersoni,
and the absence of the other Cryptosporidium
species that infected buffalo in this study can
be attributed to the small number of samples
collected for sequence analysis that did not
fully cover the study area and therefore would
not represent the total number of buffaloes
present in them or possibly due to the low
distribution of these species in our study area.
REFERENCES

1-Abeywardena, H.; , A. R. Jex; G. Von
Samson-Himmelstjerna; S. R. Haydon;M.A.
Stevensand; R.B. Gasser2013. First molecular
characterisation of Cryptosporidium and
Giardia from Bubalus bubalis (water buffalo)
in Victoria, Australia. Infection, Genetics and
Evolution, 20, 96-102.

2- Al-Ani B.H. 2015. Diagnostic study of
Eimeria and Cryptosporidium in buffalo in
Salah Al-Dean province. M.Sc. thesis, College
of Veterinary Medicine, University of
Baghdad

3-AL-Gelany, B.A. 2003. An Epidemiological
and Diagnostic Study of Cryptosporidium in
the Man and Animal in AL-Thahab AL-
Abiydh Village. Ph.D thesis , University of
Baghdad. pp. 192.

4-Al-Seady, H.H. 2019. Prevalence
comparative study of Cryptosporidium species
in cattle and handlers by traditional and
molecular methods in Baghdad city, Iraq.
Ph.D. thesis, College of Veterinary Medicine,
University of Baghdad.

5-Al-Tamimi M.K. 2014. Epidemiological
Study of Cryptosporidium andersoni in cattle
in Babylon province. M.Sc. thesis, College of
Veterinary Medicine, University of Baghdad.
6-Al-Zubaidi, M. Th. S. 2012. Prevalence of
some Cryptosporidium species in cattle in
Baghdad, Irag. Al-quadisiya. J. Vet. Med. Sci.
11(2): 177-182.



Iraqgi Journal of Agricultural Sciences —2022:53(1):147-156

Al-Amery & Al-Amery

7-Al-Zubaidi, M. T. S. 2017. Parasitic
contamination of drinking water and its
prevalence among handlers and sheep. The
Iragi Journal of Veterinary Medicine (ISSN-P:
1609-5693 ISSN-E: 2410-7409), 41(2), 7-14.
8-Amer, S.; S. Zidan; H. Adamu; J.Ye; D.
Roellig;L. Xiao and Y.Feng 2013. Prevalence
and characterization of Cryptosporidium spp.
in dairy cattle in Nile River delta provinces,
Egypt. Exp. Parasitol. 135: 518-523.
9-Aquino, M. C.;G Widmer;A.S. Zucatto;. S.,
Viol; M. A. Inécio; S. V. Nakamura; A. A. and
K.D.Bresciani,  2015.  First  molecular
characterization of Cryptosporidium  spp.
infecting buffalo calves in Brazil. Journal of
Eukaryotic Microbiology, 62(5), 657-661.
10-Bahrami, S.;A.R. Alborzi; P.H. Molayan ;
S.Purbaram, and B. Mousavi. 2014. prevalence
of Cryptosporidium spp. infection and its
association with diarrhea in buffalo calves in

Khuzestan, a southwestern province of
Iran. Buffalo Bull, 33, 393-9.
11-Caccio, S.M.; L.Rinaldi; G.Cringoli;

R.Condoleo and E.Pozio 2007. Molecular
identification of Cryptosporidium parvum and
Giardia duodenalis in the Italian water buffalo
(Bubalus bubalis). Vet. Parasitol., 150:146-
149.

12-Chako, C.Z.; J.W.Tyler ;L.G Schultz ; L.
Chiguma and B.L. Beerntsen 2010.
Cryptosporidiosis in People: It's not just about
the cows. Journal of Veterinary Internal
Medicine 24, 37-43.

13-Condoleo, R. U. ;L. Rinaldi; G.
Saralli;M.E.  Morgoglione; M. Schioppi;
R.Condoleo andG. Cringoli 2007. An updating
on Cryptosporidium parvum in the water
buffalo. Italian Journal of Animal
Science, 6(2), 917-9109.

14-Doungmala, P.; P.Phuektes;W. Taweenan
;S. Sangmaneedet andO. Japa 2019.
Prevalence and species identification of
Cryptosporidium spp. in the newborn dairy
calves from Muang District, Khon Kaen
Province, Thailand. Veterinary world, 12(9),
1454,

15-El-Khodery, S. A. and S.A.Osman 2008.
Cryptosporidiosis in buffalo calves (Bubalus
bubalis): prevalence and potential risk
factors. Tropical animal health and
production, 40(6), 419-426.

154

16-Faraj, A. A. 2019. Traditional and
molecular study of Cryptosoporidium spp. in
domestic dogs in Baghdad city, Iragq. Iraqi
Journal of Agricultural Sciences .50(4):1094-
1099.

17-Faraj, A. A.;B.F. Hade and A.M. Al-Amery
2019.Conventional and molecular study of
Babesia spp. of natural infection in dragging
horses at some areas of Baghdad city, Iraq.
Iragi Journal of Agricultural Sciences
.50(3):909- 915.

18-Fayer R. 2004. Cryptosporidium: a water -
borne zoonotic parasite. Vet. Parasitol. 126: 37
—56.

19-Fayer R. and L.Xiao 2008.
Cryptosporidium and cryptosporidiosis, 2nd
edn. CRC press, Boca Raton, U.K. pp. 1-560.
20-Feng, Y.;S.R. Karna;, T.K. Dearen;D.K.
Singh; L.A. Adhikari and L. Xiao 2012.
Common  occurrence of a  unique
Cryptosporidium ryanae variant in zebu cattle
and water buffaloes in the buffer zone of the
Chitwan National Park, Nepal. Veterinary
parasitology, 185(2-4), 309-314.
21-Ghenghesh, K. S.;K. Ghanghish;H. El-
Mohammady and E  Franka 2012.
Cryptosporidium in countries of the Arab
world: the past decade (2002-2011). Libyan
Journal of Medicine, 7(1), 19852.
22-Gomez-Couso, H.;C.F.L. Amar;J.
McLauchlin, and E. Ares-Mazas 2005.
Characterisation of a Cryptosporidium isolate
from water buffalo (Bubalus bubalis) by
sequencing of a fragment of the
Cryptosporidium oocyst wall protein gene
(COWP). Veterinary  parasitology, 131(1-2),
139-144.

23-Helmy, Y.A.;J. Krucken; K.Nockler; G.
Von Samson-Himmelstjerna and H.H. Zessin
2013. Molecular epidemiology of
Cryptosporidium in livestock animals and
humans in the Ismailia province of Egypt. Vet
Parasitol 193, 15-24.

24- Helmy, Y.A.;G.V. Samson-Himmelstjerna
;K. Nockler and K.H. Zessin 2015.
Frequencies and spatial distributions of
Cryptosporidium in livestock animals and
children in the Ismailia province of Egypt.
Epidemiology and Infection, 143(6), 1208-
1218.

25-1brahim, M. A.; A.E. Abdel-Ghany; G.K.
Abdel-Latef and S.A. Abdel-Aziz and S.M.



Iraqgi Journal of Agricultural Sciences —2022:53(1):147-156

Al-Amery & Al-Amery

Aboelhadid 2016. Epidemiology and public
health  significance of Cryptosporidium
isolated from cattle, buffaloes, and humans in

Egypt. Parasitology research, 115(6), 2439-
2448.

26-Igen, H.; N.B. Arserim; N. ISIK; C. Ozkan;
A. Kaya, 2013. Prevalence of Four
Enteropathogens with

Immunochromatographic Rapid Test in the
Feces of diarrheic calves in East and Southeast
of Turkey. Pakistan Veterinary Journal, 33(4).
27-Inpankaew, T.;T. Jiyipong; K. Wongpanit,
'N. Pinyopanuwat; W.Chimnoi; C.
Kengradomkij and S. Jittapalapong 2014.
Molecular detection of Cryptosporidium spp.
infections in water buffaloes from northeast
Thailand. Tropical ~ animal  health  and
production, 46(2), 487-490

28-Jothikumar, N.; A.J.Da-Silva ;l. Moura ;Y.
Qvarnstrom and V.R. Hill 2008. Detection and
differentiation of Cryptosporidium hominis
and parvum by dual TagMan assays. J. Med.
Microbiol. 57:1099-105.

29-Kadhim, F. S.;M.T.S. Al-Zubaidi and
M.M.  Khalil  2011. Prevalence  of
Cryptosporidiosis in calves and efficiency of
ELISA in detection of the infection compared
with some traditional methods. The Iraqi
Journal of Veterinary Medicine, 35(2), 145-
155.

30-Kaske, M.; K. Smolka and U.Andresen
2008. Neonatal diarrhea in the calf — Etiology
and path physiology. Der Praktische Tierarzt
89, 852-859.

31-Leitch, G.J. and Q.He 2012.
Cryptosporidiosis-an overview. J Biomed Res
25, 1-16.

32-Ma, J.;P. Li;X. Zhao ;H. Xu; W. Y. Wang,
and L. Xiao, 2015. Occurrence and molecular
characterization of Cryptosporidium spp. and
Enterocytozoon bieneusi in dairy cattle, beef
cattle and water buffaloes in China. Veterinary
Parasitology, 207(3-4), 220-227.

33-Mahfouz, M. E.;N. Mira and S. Amer
2014. Prevalence and genotyping of
Cryptosporidium spp in farm animals in
Egypt. Journal of Veterinary Medical Science,
14-0272.

34-Morsy, G. H.KIN.A. Megeed;A.M.

Hammam, A. M.:M.M.E.Seliem; F.A. Khalil,
andD. Aboelsoued 2014. Prevalence of
Cryptosporidium infection in buffalo calves

155

with special reference to urea and creatinine
levels. Global Veterinaria, 13(5), 662-667.

35-Naguib D.; EI-Gohary A.H.; Mohamed
A.A.; Roellig D.M.; Arafat N. and Xiao L.
(2018). Age patterns of Cryptosporidium
species and Giardia duodenalis in dairy calves
in Egypt. Parasitology International 67: 736—
741.

36- Nasir, A.; M. Avais;M.S. Khan and N.
Ahmad 2009. Prevalence of Cryptosporidium
parvum infection in Lahore (Pakistan) and its
association with diarrhea in dairy calves. Int J
Agric Biol, 11(2), 221-224.

37-Petrie A. and P.Watson 2006. Statistics for
Veterinary and Animal Science, Second
Edition. Ames: Blackwell Publishing, Pp: 24-
112.

38-Qi, M., Wang, R., Jing, B., Jian, F., Ning,
C., & Zhang, L. (2016). Prevalence and
multilocus genotyping of Cryptosporidium
andersoni in dairy cattle and He cattle in
Xinjiang, China. Infection, Genetics and
Evolution, 44, 313-317.

39-Radhy, A. M. 2015. Prevalence of Rota
virus, Escherichia coli 0157: H7 and
Cryptosporidium spp. in feces of buffalo in
Babil governorate. Al-Qadisiyah Journal of
Veterinary Medicine Sciences, 14(1), 75-79.
40-Rekha H.K.M.; G.C. Puttalakshmamma
and P.E. D’Souza 2016. Comparison of
different diagnostic techniques for the
detection of cryptosporidiosis in bovines,
Veterinary World, 9 (2): 211-215.

41-Ruecker N.J.;J.C. Matsune;D.R. Lapen ;E.
Topp; T.Edge and N.F.Neumann 2013. The
detection of Cryptosporidium and the
resolution of mixtures of species and
genotypes from water. Infect Genet Evol. 15:
3-9.

42-Sahu, B.D.;S.K. Maiti;P.K. Sanyal. and
S.Pal  2010. Morphologic  study  of
Cryptosporidium oocysts in diarrhoeic calves.
J. Vet. Parasitol. 24: 105-106.
43-Samra, N. A.;F. Jori;
J.Thompson2011.  The  prevalence  of
Cryptosporidium  spp. oocysts in  wild
mammals in the Kruger National Park, South
Africa. Veterinary parasitology, 175(1-2), 155-
159.

44-Silverlas, C. 2010. Cryptosporidium
Infection in Dairy Cattle. Prevalence, species
distribution and associated management

A. Samie and



Iraqgi Journal of Agricultural Sciences —2022:53(1):147-156

Al-Amery & Al-Amery

factors. PhD. thesis Swedish University of
Agricultural Sciences.

45-Shoukry, N. M.;H.A. Dawoud F.M. Haridy
2009. Studies on zoonotic cryptosporidiosis
parvum in Ismailia Governorate,
Egypt. Journal of the Egyptian Society of
Parasitology, 39(2), 479-488.

46-Swain, K.;S. Vohra;A.K. Sangwan;A.
Routray; S. Panigrahi and S. Ganguly 2019.
Prevalence and molecular characterization of
cryptosporidium species in buffalo calves of
western Haryana. Indian Journal of Animal
Research, 53(5), 667-671.

47-Taha, S.; K. Elmalik ;B.L. Bangoura; M.
Lendner; E. Mossaad and A.Daugschies 2017.
Molecular  characterization  of  bovine
Cryptosporidium isolated from diarrheic
calves in the Sudan. Parasitology research,
116(11), 2971-2979.

48-Tamura K.;G. Stecher ; D.Peterson; A.
Filipski and S.Kumar 2013. MEGAG:
Molecular Evolutionary Genetics Analysis

version 6.0. Molecular Biology and Evolution
30: 2725-2729.
49-Tavassoli, M.; B.Dalir-naghadewh; S.
Valipour and M. Maghsoudlo 2018.
Prevalence of gastrointestinal parasites in
water buffalo (Bubalus bubalis) calves raised
with cattle in smallholder farming system in
the northwest of Iran. Acta Veterinaria

Eurasia, 44(1), 6-11.

156

50-Thigeel H. (2016). A study of factors
associated with Giardia and Cryptosporidium
infections in humans, dogs and cats in the
USA. PhD. thesis, Colorado State University
Fort Collins, Colorado.

51-Wegayehu T.; R. Karim; M.Anberber;
H.Adamu; B.Erko; L.Zhang and G.Tilahun
2016. Prevalence and Genetic Characterization
of Cryptosporidium Species in dairy calves in
Central Ethiopia. PLoS ONE 11(5): 154-647.
52-Xiao L. 2010. Molecular epidemiology of
Cryptosporidiosis:  An update. Experim.
Parasitol. 124: 80-809.

53-Zahedi, A.; j. Phasey; T Boland andu. Ryan
2016. First report of Cryptosporidium species
in farmed and wild buffalo from the Northern
Territory, Australia. Parasitology
research, 115(3), 1349-1353.

54-Zhang W.; rWang ; f. Yang ; L.Zhang ;
J.Cao ;X. Zhang; H.Ling; A.Aigin Liu and Y.
Shen  2013.Distribution  and  Genetic
Characterizations of Cryptosporidium spp. in
Pre-Weaned dairy calves in Northeastern
China’s Heilongjiang Province. PLoS ONE
8(1): 154-857.

55-Ziegler, P. E.;F.  Santucci, ;G.
Lindergard;D.V. Nydam;S.E.  Wade;S.L.
Schaaf and H. O.Mohammed 2007. Evaluation
of polymerase chain reaction diagnosis of
Cryptosporidium spp in dairy cattle and
wildlife. Veterinary therapeutics, 8(2);148.



