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ABSTRACT

Cryptosporidium spp., an intracellular extra cytoplasmic localized protozoan, is one of the leading infectious
agents in the etiology of neonatal diarrheal syndrome of ruminants. Cryptosporidiosis is a common
disease seen all over the world. However molecular epidemiologic studies are limited on distribution of
Cryptosporidium parvum subtypes in the world. To date, nearly 20 subtypes of C. parvum have been described.
Gene sequence analysis of the glycoprotein 60 structural protein (GP60) is used to identify subtypes. It is
reported that the GP60 gene sequence shows a high degree of genetic polymorphism among the strains. In
this study, it was aimed to determine the subtypes of C. parvum parasite in cow and calf stool samples by using
GP60 gene sequence analysis. A total of 109 stool samples from calves (<30 days) found to be Cryptosporidium
spp. positive by Kinyoun Acid Fast staining were further studied for subtyping. Samples were obtained from
farms in 2 regions of Turkiye (Burdur/Yesilova and Aydin provinces). DNA isolation from feces was done
with the QIAamp Stool Mini Kit. Cryptosporidium specie identification was done by 18S gene sequences
analysis. Nested PCR was performed to amplify GP60 gene and sequences of amplicons were used to identify
subtypes. The repeat regions at the serine residue in the GP60 sequences were used to define the subtypes.
The results of C. parvum subtyping study showed that IIaA13G2R1 subtype was the most common subtype.
[TaA13G2R1 was detected in 73% (80/109) of 109 stool samples, followed by IIaA14G1R1 with 15 samples
(14%), ITaA2R1 with 12 samples (11%), and ITaA16R1 and ITaASG1R1 subtypes with one sample each
(1%). In subtype studies based on the GP60 sequence, IITaA15G2R1 was found to be the most common in
the world, however this subtype was not found among our samples. In our study, two new subtypes were
found, ITaA2R1 and ITaA5G1R1 subtypes. These subtypes were defined for the first time. The subtype,
ITaA16R1 was determined to be new in Tiirkiye. Molecular epidemiology studies are important for better
understanding the dissemination of subtypes. IITaA13G2R1 is the most common subtype in Tirkiye and
the [TaA15G2R1 the most common subtype in the world were absent among our samples. The number of
studies on Cryptosporidium parvum subtyping in Tirkiye is limited. Our study, the first subtyping study was
carried out among cattle in Aydin province. The IIaA2R1 and ITaASG1R1 subtypes that we detected in our
study were defined for the first time in the world and ITaA16R1 in Turkey.
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INTRODUCTION diarrhea in young animals during their first weeks of life.
Cryptosporidium is an important agent in the etiology of Diarrhea causes economic losses directly and indirectly, but
diarrhea in newborn calves and are frequently isolated from also affects the welfare of animals (3). Cryptosporidiosis is
stool samples (1,2). Cryptosporidiosis is a disease caused ~ characterized by diarrhea that causes intense fluid loss and

by the parasite Cryptosporidium, which is characterized by  is life-threatening in young animals. Since the parasite also
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causes intestinal hyperplasia, it causes serious economic losses
even if the infection has been overcome. At the same time,
sick animals pose a threat to humans (4). Cryptosporidium
spp. is also an enteric protozoan seen in humans and many
animals (5). Among Cryptosporidium species, C. parvum,
C. bovis, C. ryanae and C. andersoni species are common in
cattle (5). While Cryptosporidium bovis and Cryptosporidium
ryanae parasitize only cattle. C. parvum species gain zoonotic
importance because the environment can be contaminated
with this parasite infecting humans (6).

Epidemiological studies using genetic markers are
required to better elucidate the zoonotic potential of
Cryptosporidium (7).

Cryptosporidium spp. are transmitted by fecal-oral inges-
tion of environmentally resistant oocysts, which are excreted
abundantly with feces (8). After fecal-oral transmission,
the parasite infects host enterocytes and enters the sexual
reproduction phase, which allows for the formation of differ-
ent genetic families and subtypes. Genotyping studies using
molecular methods allow the determination of the subtypes
of the parasite. As a result of determining the subtypes, the
host specificity of the parasite, its transmission methods,
traceability of infection sources and their potential to become
zoonotic, have become more explicable. (9).

Restriction fragment length polymorphism (RFLP)
analysis performed after nested PCR with small subunit
rRNA (SSUrRNA) primers is widely used in Cryprosporidium
genotyping studies. In addition, proteins in the genome of
Cryptosporidium such as heat shock proteins, thrombospon-
din-associated adhesive proteins, Cryptosporidium oocyst wall
protein and actin genes are also used in genotyping studies
9).

The genomic sequence of GP60 (Cpgp40/15) exhibits
a highly variable polymorphic structure even in the same
Cryptosporidium species (10, 11). Therefore, sequence analysis
of this gene is a frequently applied as the subtyping method
(12).In C. parvum, of which nearly 20 subtype families have
been described, the most common subtype families are ITa,
I1d and I1c. The ITa subtype family is most commonly found
in neonatal calves and is implicated in most zoonotic infec-
tions caused by Cryptosporidium.11d is very common in sheep
and goats and has a zoonotic character. The Ilc subtype fam-
ily is generally found in humans and has an anthroponotic
character (13, 14).There is also a parallelism with the level
of development of a country regarding the prevalence of

subtype families. While the IIa subtype family is found in
industrialized, IIc underdeveloped and developing countries,
the I1d subtype family is seen in some European and Middle
Eastern countries (14).

In our study, stool samples taken from calves (n=109)
with diagnosis of Cryptosporidium infection and from calves
of mothers (n=16) which died due to infection in Burdur/
Yesilova and Aydin provinces in Tiirkiye were used. This study
was intended to explore the responsible Cryptosporidium spe-
cies using SSU rRNA sequence analyses. The subtypes of C.
parvum isolates were also revealed based on the sequence

analysis of the gp60 gene.

MATERIAL AND METHOD
Faecal sample collection

In our study, 109 samples evaluated as Cryptosporidium spp.
positive by Kinyoun Acid Fast staining taken from calves
(n=109 less than 30 days) in Burdur/Yesilova and Aydin
provinces) were used. The clinical picture in the animals from
which the samples were taken varied. A total of 109 samples
were taken from the calves, 94 of which had severe diarrhea
and 15 had diarrhea, while 16 calves with severe diarrhea died
due to disease-related causes.

DNA Isolation

DNA isolation from feces was performed according to the
manufacturer's instructions using the QIAamp Stool Mini

Kit (Qiagen GmbH, Hilden, Germany).

SSU 18s rtRNA Amplification

For primary PCR, the 1325 bp gene region was amplified using
primers SSU-F2: (STTCTAGAGCTAATACATGCG3)
and SSU-R2: (’CCCATTTCCTTCGAAACAGGA3)
(15, 16). For this purpose, 50ul PCR mix was prepared
as 1X Taq enzyme buffer solution, 0.2mM of deoxy-
nucleotide triphosphatase (ANTP), 0.4pmol of primer
(for each), 1.5 Unit of Taqg DNA polymerase. Then, using
the primary PCR products as template DNA, the 830
bp gene region was amplified using primers SSU-F3:
(5’GGAAGGGTTGTATTATTATTAGATAAAG?)
and SSU-R4: (CTCATAAGGTGCTGAAGGAGTA3)
(17). Thermocycling parameters were 4 minutes at 94°C hot
start (initial heat activation step), followed by 35 cycles of
45 seconds at 94°C, 90 seconds at 58°C and 1 minute at
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72°C, with a final extension of 7 minutes at 72°C (15). PCR
products were visualized on a 1% agarose gel.

Amplification of the GP60 Gene

Primers GP60-F1 (5'-ATAGTCTCCGCTGTATTC-3")
and GP60-R1 (5'-GGAAGGAACGATGTATCT-3")
in the first PCR to identify subtypes based on
amplification of the GP60 gene; GP60-F2
(5'-TCCGCTGTATTCTCAGCC-3") and GP60-R2
(5'-GCAGAGGAACCAGCATC-3') primers were used
in secondary PCR (18, 19) Thermocycling parameters were
10 minutes at 94°C hot start (initial heat activation step),
followed by 35 cycles of 45 seconds at 94°C, 45 seconds
at 50°C and 1 minute at 72°C, with a final extension of 7
minutes at 72°C. Obtained amplicons were visualized on
1.5% agarose gel.

Identification of subtypes based on
GP60 sequence analysis.

The terminology developed by Sulaiman ez a/. was used to
identify GP60 subtype families and subtypes (9). Roman
numeral symbols I, II, IIL, IV, V, VI, VII, VIIL, IX, X and
XI are respectively C. hominis, C. parvum, C. meleagridis, C.
fayeri, rabbit genotype, horse genotype, C. wrairi was used to
denote subtype families of ferret genotype, mouse genotype
I, mink genotype, and opossum genotype I. The name of
the GP60 subtypes begins with the subtype family designa-
tion (IIa, IIb, Ilc, I1d, Ie, IIf, IIg,ITh,ITi,ITk and III for C.
parvum). After subtype families were identified, the TCA
repeat at the serine residue was represented by the letter A,
the TCG repeat by the letter G, and the ACATCA repeat
by the letter T. The repeats in the residue are expressed with
the number following the letters A, G or R. DNA sequences
from different isolates determined to be the same gp60
subtype were compared with each other. BLAST analysis
was performed using the NCBI BLAST N program (20).
Representative sequences of every detected C. parvum gp60
subtype were deposited in GenBank, and accession numbers
were provided.

Sequencing and construction of the phylogenetic tree

Amplification products of both gene regions were sent to
a private company for sequence analysis. The company
performed the sequence analysis following purification.

Sequences sent to our laboratory in Fasta format were com-
pared with gene bank databases using the BLAST program
(20). In order to draw the phylogenetic tree based on the
GP60 sequence analysis, the sequences sent to us in fasta
format were aligned using the Clustal W program and edited
using the Bioedit 7.2.5 program (21,22). A phylogenetic tree
was created using the MEGA 7.0 program (23).

RESULTS

All 109 samples examined were identified as Cryprosporidium
parvum based on SSU 18s rRNA results. (Table 1)

Identification of subtypes and phylogenetic tree
based on GP60 sequence analysis.

All studied samples belonged to family ITa according to DNA
sequencing in the GP60 gene region. The most common sub-
type detected in the studied samples was IIaA13G2R1. The
sequences of the subtypes in the studied samples were entered
in the Genbank. Sequences from the isolates belonging to
each Cryptosporidium species obtained in the study were
deposited in the NCBI GenBank database under accession
numbers; OR077152, OR077153, OR077154, OR077155
and OR077156. An evolutionary tree showing the kinship

relationships of 109 studied samples is shown in Figure 1.

Distribution of subtypes in farms based on
GP60 gene sequence analysis

All of the samples (n=29) from Burdur/Yesilova region
were taken from 11 different farms and all were found to be
subtype IIaA13G2R1. The diversity of subtypes detected in
Aydin region was high, and the most common subtype was
[TaA13G2R1 (N=51). IIaA13G2R1 subtype was detected in
10 farms in 5 different locations, [TaA14G1R1 was detected
in 2 different locations in 3 farms, IIaA2R1 in 2 different
locations in 4 farms and ITaA5SG1R1 and ITaA16R1 subtypes
were detected in 12 farms. (Table 1-Figure 2) IIaA2R1 and
[TaA5G1R1 subtypes were detected for the first time in the
world in our study. Subtypes IIaA2R1 has 2 copies of TCA
(A), trinucleotide repeat encoding serine, respectively, and
one copy of the sequence ACATCA (R1) following the
trinucleotide repeat. In subtypes IIaA5G1R1, 5 copies of
TCA (A) and 1 copy TCG(G) trinucleotide repeat encoding
serine, respectively, and one copy of the sequence ACATCA
(R1) following the trinucleotide repeat.
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DISCUSSION

Cryptosporidium parvum infections occur in calves no later
than 30 days of age (24). Cryprosporidium parasite may not
cause infection in adults and animals with robust immune
systems. These animals act as carriers in the environment
and may affect human health. There are molecular methods
targeting various genes of the parasite for the determination
of Cryptosporidium species and genotypes in humans and
animals. While 18S small subunit (SSU) rRNA is involved

in studies to identify species, a method based on amplifica-
tion of the GP60 surface protein is often used to determine
genotypes because of its high polymorphism (15, 19, 25).
While it has been reported that nine species and two
genotypes are responsible for Cryptosporidium infections in
cattle (Bos faurus) in worldwide studies, calves are generally
infected with C. parvum, a zoonotic species (6). The rate of
C. parvum infections in cattle varies in various studies con-

ducted in Europe. In Belgium, England, France, Germany,

Table 1. Age group, species and subtype situations in farms

Farm No Number of Positive Samples Age Group Species Subtypes
1 10 5-30 days calf C. parvum 1T1aA13G2R1
2 2 5-30 days calf C. parvum [1aA13G2R1
3 3 5-30 days calf C. parvum 1TaA13G2R1
4 3 5-30 days calf C. parvum [1aA13G2R1
5 1 5-30 days calf C. parvum [1aA13G2R1
6 2 5-30 days calf C. parvum [TaA13G2R1
7 1 5-30 days calf C. parvum [TaA13G2R1
8 2 5-30 days calf C. parvum 11aA13G2R1
9 1 5-30 days calf C. parvum [TaA13G2R1
10 2 5-30 days calf C. parvum 11aA13G2R1
1 2 5-30 days calf C. parvum [TaA13G2R1
14 5-30 days calf C. parvum [TaA13G2R1
10 5-30 days calf C. parvum 1T1aA14G1R1

12 5 5-30 days calf C. parvum [TaA2R1
1 5-30 days calf C. parvum [TaA5G1R1

1 5-30 days calf C. parvum ITaA16R1
13 4 5-30 days calf C. parvum 1TaA13G2R1
14 8 5-30 days calf C. parvum [TaA13G2R1
15 2 5-30 days calf C. parvum [TaA13G2R1
16 6 5-30 days calf C. parvum 11aA13G2R1
17 3 5-30 days calf C. parvum [TaA13G2R1
18 8 5-30 days calf C. parvum 11aA13G2R1

19 2 5-30 days calf C. parvum [TaA2R1
3 5-30 days calf C. parvum [TaA14G1R1
20 3 5-30 days calf C. parvum [TaA13G2R1
21 2 5-30 days calf C. parvum [1aA13G2R1
2 5-30 days calf C. parvum 1T1aA14G1R1
22 1 5-30 days calf C. parvum [1aA13G2R1

23 2 5-30 days calf C. parvum [TaA2R1

24 2 5-30 days calf C. parvum [TaA2R1
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Figure 1. Phylogenetic tree based on the GP60 gene sequence. Each subtype is named along with the Genbank Accession number. The numbers
represent the bootstrap values of the bootstrap replicates (parameter Tamura-3, 1000 replicates). Branch lengths show percentage difference in

different subtypes

Italy, Netherlands, Poland, Portugal, Romania, Serbia and
Montenegro, Slovenia and Spain, the species responsible for
the infection in cattle was determined to be predominantly
C. parvum, while the only species responsible reported for
bovine cryptosporodiosis in Italy was C. parvum (26). In
Tiirkiye, it has been reported that the species responsible for
bovine cryptosporodiosis is most commonly C. parvum (24,
27). In our study, all samples for which we performed 18s
SSU-rRNA analysis were identified as C. parvum.

In subtyping studies based on GP60 sequence analysis,
the subtype family belonging to the species, is defined first.
In the subtyping studies of Cryptosporidium parvum, the most
common subfamily with the highest zoonotic potential was
determined as ITa. Those with the highest potential to be
zoonotic within the Ila subtype family of C. parvum are
ITaA15G2R1, [TaA18G3R1, I1aA13G2R1, I1aA16G1R1,
IT1aA20G1R1, I1aA16G3R1, I1aA17G2R1, I1aA17G2R1,
I1aA17G2R1, 11aA17G2R1 (28). While the most common
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Figure 2. Subtype distribution in our study

subtype family was Ila in subtyping studies conducted in
cattle in Tirkiye, the most common subtype we found in our
study (96/125 (77%)) to be IIaA13G2R1, with a very high
zoonotic potential. In the compilation and meta-analysis
study conducted by Chen ez a/. on the determination of sub-
types in dairy cattle around the world, IIaA13G2R1 subtype
with zoonotic character was detected in 187 (8.2%) of 2293
samples (28).

The most common subtype detected in our study (73%)
was [TaA13G2R1 with a zoonotic character. Previous studies
from Tiirkiye also showed high rates of this subtype in five
provinces in Turkiye (Ankara, Kirikkale, Corum, Kirsehir
and Balikesir), with the rates of 87% in calves and among
goat kids, where the rate of ITaA13G2R1 was 37.5% (27).
In another two province of Tiirkiye, Burdur and Kayseri,
1T1aA13G2R1 subtype was also most common with the rate
of 88% in calves and heifers (24). In Konya province of
Tiirkiye, [TaA13G2R1 was detected in 100% of the studied
calves (29). Another study from Konya province with higher
numbers of samples indicated that ITaA13G2R1 subtype
was 55.5% in calves and 23% in lambs (30). In our study,
the rates of IIaA13G2R1 subtype were 100% in Burdur

province, and 63.8% in Aydin. However, in other regions of
the world C. parvum subtype 11aA13G2R1 was not found
to be so common. In a multicenter study covering Belgium,
France and the Netherlands, it was found to be 20.5% in
Belgium, 6.4% in the Netherlands and 0% in France (31).
In Germany, ITaA13G2R1 subtype was reported to be only
0.4% (32).

In Aydin we found I1aA14G1R1 as the second most
common subtype (14%). Other studies done in Tirkiye
also reported high rates of IIaA14G1R1 subtype with
22.3% in Diyarbakir province (33), and with 12% in Burdur
and Kayseri provinces (24). European countries subtype
ITaA14G1R1 rates were also low, 1.64% in Estonia, 2.9% in
Austria, 2% in Poland, 4,2% in Netherlands, except in Cyprus
which was 54% (27)/50)) (31,34, 35,36). The IIaA14G1R1
subtype is important because it is one of the most frequently
detected subtypes in humans and is considered as zoonotic
(37).

Two subtypes detected in present study, [TaA2R1 and
ITaA5G1R1 subtypes, were reported for the first time in the
world. More studies need be done to evaluate the dissemina-
tion of these two subtypes.

Erdem Aynur Z.
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Figure 3. Cryptosporidium parvum subtyping in ruminants in Turkiye (24,27,29,30,33,43)

The most common subtype in the world is ITaA15G2R1.
Subtype IIaA15G2R1 is the most common subtype, with
87.5% in the United States (38), 87.5% in France (39),
93% in Korea (40), 80% in Austria (35), 53.6% in Uruguay
(41) and 50% in Israel (42). In a multicenter study covering
Belgium, France and the Netherlands, it was found to be
67.8% in Belgium. 89.4% in the Netherlands and 65.2%
in France (31). However in our study none of the samples
presented with this subtypes.

CONCLUSION

The number of studies on Cryprosporidium parvum subtyping
in Turkiye is limited (Figure 3). With our study, the first sub-
typing study was carried out among cattle in Aydin province.
The IIaA2R1 and ITaA5G1R1 subtypes that we detected in
our study were defined for the first time in the world and
ITaA16R1 in Turkey.

Data availability

All data generated or analyzed during this study are included
in this article. Sequences are deposited in GenBank under
accession numbers OR077152-OR077156.

[ | I |

Funding

The authors declare that no funds, grants, or other support
were received during the preparation of this manuscript.

Author contributions
All authors certified that they have participated to take pub-

lic responsibility for the content including the manuscript’s
concept, analysis, writing, and revision.

Conceptualization, methodology and data analysis,
writing original draft, review, and editing, resources, Z.E.A.
Authors has read and accepted the published version of the
article.

Declarations

Competing interests

The authors declare no competing interests.

Conflict of interest

The authors declare no competing interests.

Ethics approval and consent to participate

For this study, necessary documents were obtained from the
Animal Experiments Local Ethics Committee of Aydin Adnan
Menderes University (ADUHADYEK 64583101/2017/082).

Israel Journal of Veterinary Medicine @ Vol. 79 (1) © March 2024

Cryptosporidium parvum Subtype among Calves

47



48

Research Articles

10.

11.

12.

13.

14.

15.

REFERENCES
Mohamed, F.F.,, Mansour, S.M.G., El-Araby, L.E., Mor, S.K.

and Goyal, S.M.: Molecular detection of enteric viruses from
diarrheic calves in Egypt. Archiv. Virol. 162(1): 129-137.
2017.

Thomson, S., Hamilton, C.A., Hope, ].C., Katzer, F., Mabbott,
N.A., Morrison, L.J. and Innes, E.A.: Bovine cryptosporidiosis:
Impact, host-parasite interaction and control strategies. Vet. Res.
48(1), 42, 2017.

Bartels C.J.M., Holzhauer, M., Jorritsma, R., Swart, W.A.].M.
and Lam, T.J.G.M.: Prevalence, prediction and risk factors of en-
teropathogens in normal and non-normal feces of young Dutch
dairy calves. Prev. Vet. Med. 93(2-3):162-169.

Roy, S.L., DeLong, S.M., Stenzel, S.A., Shiferaw, B., Roberts, ]. M.,
Khalakdina, A., Marcus, R., Segler, S.D., Shah, D.D., Thomas,
S., Vugia, D.J., Zansky, S.M., Dietz, V. and Beach, M.]J.: Risk
factors for sporadic cryptosporidiosis among immunocompetent
persons in the United States from 1999 to 2001. J. Clin. Microbiol.
42:2944-2951, 2004.

Ryan, U, Fayer, R. and Xiao, L.: Cryprosporidium species in humans
and animals: current understanding and research needs. Parasitol.
141:1667-1685, 2014.

Santin, M.: Cryptosporidium and Giardia in Ruminants. Vet. Clin.
North. Am. Food Anim. Pract. 36(1):223-238, 2020.
Holzhausen, 1., Lendner, M., Gohring, F., Steinhofel, 1. and
Daugschies, A.: Distribution of Cryptosporidium parvum gp60
subtypes in calf herds of Saxony, Germany. Parasitol. Res. 118(5):
1549-1558,2019.

Samad, M.A.: Public health threat caused by zoonotic diseases in
Bangladesh. Bangl. J. Vet. Med., 9 (2): 95-120,2011.

Sulaiman, .M., Hira, PR., Zhou, L., Al-Ali, F.M., Al-Shelahi,
F.A., Shweiki, H.M., Igbal, J., Khalid, N. and Xiao, L.: Unique
endemicity of cryptosporidiosis in children in Kuwait. J. Clin.
Microbiol. 43, 2805-2809, 2005.

Strong, W.B., Gut, J. and Nelson, R.G.: Cloning and sequence
analysis of a highly polymorphic Cryptosporidium parvum gene
encoding a 60-kilodalton glycoprotein and characterization of
its 15- and 45-kilodalton zoite surface antigen products. Infect.
Immun. 68:4117-4134,2000.

Leav, B.A., Mackay, M.R., Anyanwu, A., O'Connor, R.M., Ce-
vallos, A.M., Kindra, G., Rollins, N.C, Bennish, M.L., Nelson,
R.G. and Ward, H.D.: Analysis of sequence diversity at the highly
polymorphic Cpgp40/15 locus among Cryptosporidium isolates
from human immunodeficiency virus-infected children in South
Africa. Infect. Immun. 70:3881-3890, 2002.

Khan, A., Shaik, ].S. and Grigg, ML.E.: Genomics and molecular
epidemiology of Cryptosporidium species. Acta Trop 184:1-14,
2018.

Xiao, L. and Feng, Y.: Molecular epidemiologic tools for water-
borne pathogens Cryprosporidium spp. and Giardia duodenalis. Food
Waterborne Parasitol. 8-9:14-32,2017.

Feng, Y., Ryan, U.M. and Xiao, L.: Genetic diversity and popula-
tion structure of Cryprosporidium. Trends Parasitol. 34:997-1011,
2018.

Xiao, L., Escalante, L., Yang, C., Sulaiman, I, Escalante, A.A. and
Montali, R.J.: Phylogenetic analysis of Cryprosporidium parasites

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

based on the small-subunit rRNA gene locus. Appl. Environ.
Microbiol. 65(4):1578-83,1999.

Schindler, A.R., Abs El-Osta, Y.G., Stevens, M., Sinclair, MLI.
and Gasser, R.B.: Capillary electrophoretic analysis of fragment
length polymorphism in ribosomal markers of Cryptosporidium
from humans. Mol. Cell Probes. 19(6):394-9, 2005.

Park,J.H., Guk, S.M., Han, E.T., Shin, E.H., Kim, ]J.L.. and Chai,
J.Y.: Genotype analysis of Cryprosporidium spp. prevalent in a rural
village in Hwasun-gun, Republic of Korea. Korean J. Parasitol.
44(1):27-33, 2006.

Alves, M., Xiao, L., Antunes, F. and Maltos, O.: Distribution of
Cryptosporidium subtypes in human and domestic and wild rumi-
nants in Portugal. Parasitol Res. 99:287-292, 2006.

Gatei, W., Hart, C.A., Gilman, R.H., Das, P., Cama, V. and Xiao,
L.: Development of a multilocus sequence typing tool for Crypto-
sporidium hominis. ]. Eukaryot. Microbiol. 53:43-48, 2006.
National Library of Medicine. National Center for Biotechnology
Information. USA. https://blast.ncbi.nlm.nih.gov/Blast.cgi

Hall, T.A.: BioEdit: a user-friendly biological sequence alignment
editor and analysis program for windows 95/98/NT. Nucl. Acids
Symp. Ser. 41: 95-98,1999.

Larkin, M.A., Blackshield, G.S, Brown, N.P., Chenna, R.,
McGettigan, P.A., McWilliam, H., Valentin, F., Wallace, I.M.,
Wilm, A., Lopez, R., Thompson, ].D., Gibson, T'J. and Higgins,
D.G.: Clustal W and Clustal X version 2.0 Bioinformatics., 23:
2947-2948, 2007.

Kumar, S., Stecher, G. and Tamura, K.: MEGA7: Molecular Evo-
lutionary Genetics Analysis Version 7.0 for Bigger Datasets. Mol.
Biol. Evol.; 33(7):1870-1874, 2016.

Yildirim, A., Adanur, R., Inci, A., Yukary, B.A. Diizlii, O., Onder,
Z., Ciloglu, A. and Simgek, E.: Prevalence and genotyping
of bovine Cryptosporidium species in the Mediterranean and
Central Anatolia Region of Turkey. Comp. Immunol. Micro-
biol. Infect. Dis. 69: 101425 DOI: 10.1016/j.cimid.2020.101425,
2020.

Wielinga, PR., De Vries, A., Vander Goot, T.H., Mank, T., Mars,
M.H.,, Kortbeek, L.M. and Van der Giessen J.W.: Molecular
epidemiology of Cryprosporidium in humans and cattle in The
Netherlands. Int. J. Parasitol. 38(7): 809-817, 2008.

Imre, K. and Diribus, G.: Distribution of Cryptosporidium species,
genotypes and C. parvum subtypes in cattle in European countries.
Sci. Parasitol. 12(1):1-9, 2011.

Taylan-Ozkan, A., Yasa-Duru, S., Usluca, S., Lysen, C., Ye, J.,
Roellig, D.M., Feng, Y. and Xiao, L.: Cryprosporidium species and
Cryptosporidium parvum subtypes in dairy calves and goat kids
reared under traditional farming systems in Turkey. Exp. Parasitol.
170:16-20, 2016.

Chen, Y., Huang, J., Qin, H., Wang, L., Li J. and Zhang, L.:
Cryptosporidium parvum and gp60 genotype prevalence in dairy
calves worldwide: a systematic review and meta-analysis. Acta.
Trop. Available online 3 February 2023,106843 DOI: 10.1016/j.
actatropica.2023.106843.

Yildirim, A., Seving, F,, Onde,r Z., Diizlii, O., Derinbay Ekinci,
0., Isik, N., Ciloglu, A., Simgek, E., Yetismis, G. and Inci, A.:
(2021). Comparison of three diagnostic methods in the diagnosis
of cryptosporidiosis and gp60 subtyping of Cryptosporidium par-

Erdem Aynur Z.

Vol. 79 (1) » March 2024

Israel Journal of Veterinary Medicine



Research Articles

30.

31.

32.

33.

34.

35.

36.

vum in diarrheic calves in Central Anatolia Region of Turkey. The
EuroBiotech. Journal 5(2):63-69, 2011.

Kabir, M.H.B., Ceylan, O., Ceylan, C., Shehata, A.A., Bando,
H., Essa, ML.L and Kato, K.: Molecular detection of genotypes
and subtypes of Cryptosporidium infection in diarrheic calves,
lambs, and goat kids from Turkey. Parasitol. Int. 79:102163. DOI
:10.1016/j.parint.2020.102163, 2020.

Pinto, P, Ribeiro, C.A., Hoque, S., Hammouma, O., Leruste, H.
and Détriché S.: Cross-border investigations on the prevalence and
transmission dynamics of Cryprosporidium species in dairy cattle
farms in Western mainland Europe. Microorganisms.9:2394. DOI:
10.3390/microorganisms9112394, 2021.

Gohring, F., Lendner, M. and Daugschies, A.: Distribution of
Cryptosporidium parvum subgenotypes in pre-weaned calves in
Germany. Vet. Parasitol.: Regional Studies and Reports 36: 100806
DOI: 10.1016/j.vprst.2022.100806, 2022.

Sayin 1pek, D.N.: Prevalence and molecular characterization of
Cryptosporidium spp. in diarrhoeic pre-weaned goat kids reared
under traditional farming system in Diyarbakir, Southeastern Ana-
tolia City, Turkey. Revue Méd. Vét., 168, 10-12, 229-234, 2017.
Santoro, A., Dorbek-Kolin, E., Jeremejeva, J., Tummeleht, L.,
Orro, T, Jokelainen, P. and Lassen, B.: Molecular epidemiology
of Cryptosporidium spp. in calves in Estonia: high prevalence of
Cryptosporidium parvum shedding and 10 subtypes identified.
Parasitol. 146(2), 261-267, 2019.

Lichtmannsperger, K., Hinney, B., Joachim, A. and Wittek, T.:
Molecular characterization of Giardia intestinalis and Crypro-
sporidium parvum from calves with diarrhoea in Austria and evalu-
ation of point-of-care tests. Comp. Immunol. Microbiol. Infect.
Dis. 66,101333. DOL: 10.1016/j.cimid.2019.101333, 2019.
Hoque, S., Mavrides, D.E., Pinto, P., Costas, S., Begim, N., Liapi,
M., Kvig, M., Malas, S. and Tsaousis, A.D.: High Occurrence of

Zoonotic Subtypes of Cryprosporidium parvum in Cypriot Dairy
Farms. Microorganisms. 70(3): 531,2022.

37. Jex, A.R.and Gasser, R.B.: Analysis of the genetic diversity within

38.

39.

40.

41.

42.

43.

Cryptosporidium hominis and Cryptosporidium parvum from im-
ported and autochtonous cases of human cryptosporidiosis by
mutation scanning. Electrophoresis. 29: 4119-4129, 2008.
Gharieb, R.M.A, Bowman D.D., Liotta J.L.. and Xiao L.: Isola-
tion, genotyping and subtyping of single Cryprosporidium oocysts
from calves with special reference to zoonotic significance. Vet.
Parasitol., 271, 80-86, 2019.

Mammeri, M., Chevillot, A., Chenafi I., Thomas, M., Julien, C.,
Vallée, I., Polack, B., Follet J. and Adjou, K.T.: Molecular charac-
terization of Cryptosporidium isolates from diarrheal dairy calves in
France. Vet. Parasitol. Reg. Stud. Rep., 18 (2019), Article 100323,
DOI: 10.1016/j.vprsr.2019.100323

Lee, YJ., Ryu, J.H., Shin, S.U. and Choti, K.S.: Prevalence and
molecular characterization of Cryptosporidium and Giardia in pre-
weaned native calves in the Republic of Korea Parasitol. Res., 118
(12),3509-3517,2019.

Caffarena, R.D., Meireles, M..V., Carrasco-Letelier, L., Picasso-
Risso, C., Santana, B.N., Riet-Correa, F. and Giannitti, F.: Dairy
calves in uruguay are reservoirs of zoonotic subtypes of Crypro-
sporidium parvum and pose a potential risk of surface water con-
tamination Front. Vet. Sci., 7, p. 562. 2020.

Yasur-Landau, D., Zilberberg, M., Perry Markovich, M., Behar,
A., Fleiderovitz, L. and Leszkowicz Mazuz, M.: Cryptosporid-
ium parvum subtypes from diarrheic dairy calves in Israel. Vet.
Parasitol. Reg. Stud. Rep., 25, Article 100608 DOI: 10.1016/j.
vprsr.2021.100608, 2021.

Arslan, M.O. and Itik Ekinci, A.: Determination of Cryptosporid-
ium parvum subtypes in cattle in Kars province of Turkey. Kafkas
Universitesi Veteriner Fakiiltesi Dergisi 18 (A), 221-A226, 2012.

Israel Journal of Veterinary Medicine

Vol. 79 (1) » March 2024

Cryptosporidium parvum Subtype among Calves

49



