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ABSTRACT 
Cryptosporidiosis is a zoonotic protozoan disease that affects humans and animals. This 
disease, which causes diarrhea, dehydration, weight loss, stunted growth, and death, 
especially in newborn calves, leads to economic losses. Early diagnosis of disease on cattle 
farms, and even taking preventive measures against it, is of great importance. This study 
aimed to identify the cryptosporidiosis species and prevalence in diarrheic cattle in the 
Afyonkarahisar region, where cattle farming is quite intensive. For this reason, a total of 188 
fecal samples were obtained rectally from 152 diarrheic bovine calves (0-6 months) and 36 
diarrheic cattle (≥ 6 months) from the farms. The specimens were analyzed for 
Cryptosporidium oocysts by the modified acid-fast staining (mAF) procedure. Whereas the 
frequency of bovine cryptosporidiosis was 9.2% (14/152) in diarrheic calves, no 
Cryptosporidium oocysts were detected in the feces of diarrheic cattle older than six months. 
In the 14 identified Cryptosporidium infections, 13.6% were in calves aged 0 to 3 months, 
whereas 3.1% were in calves aged 3 to 6 months. The sequencing from the 14 isolates at the 
18S ribosomal RNA (rRNA) loci indicated the detection of two Cryptosporidium species: C. 
parvum (64.2%) and C. bovis (35.7%). These findings highlight that C. parvum, one of the 
most important factors causing zoonoses, is the primary cause of neonatal cryptosporidial 
diarrhea in calves, and that more comprehensive epidemiological studies are needed to 
determine the epidemiology and etiology of cryptosporidiosis in this region. 
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INTRODUCTION 

Cryptosporidiosis is a zoonotic protozoan disease caused by an apicomplexan parasite that 
affects both humans and animals.1,2 To date, 45 Cryptosporidium species and over 120 
genotypes were reported 3,4 Among these species, cattle have been reported as primary hosts 
for C. parvum, C. bovis, C. ryanae, and C. andersoni.5,6 Cryptosporidium parvum and C. bovis 
are responsible for more than 90% of bovine infections.7 Cryptosporidium parvum is the most 
common species causing diarrhea in newborn calves, dehydration, weight loss, developmental 
retardation, and death in animals.8,9 The estimated annual economic losses caused by 
cryptosporidiosis in calves range from €5.85 to 15.16€ in Belgium, from €5.38 to 10.13€ in 
France, and from €5.32 to 7.35€ in the Netherlands.10 Human cryptosporidiosis is mostly 
triggered by C. parvum and C. hominis.11 Infected calves with C. parvum serve as a source of 
the oocyst for human infections and environmental contamination.2,8,11,12 Microscopy, 
serological, and molecular diagnostic tests are commonly used in identifying cryptosporidiosis 
in calves and cattle.13,14  

In surveys conducted on diarrheic calves in Türkiye, the microscopical prevalence of the 
bovine cryptosporidiosis was in the ranging from 7.0 to 63.3%14-21 and the molecular 
prevalence was in the range of 3.9-68.4%.13,14,17,21-26 Using the serological methods, diseases 
prevalence has also been reported at 7.5%27 and 27.33% with ELISA28 and at 56.25% with IFA26, 
respectively. 
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MATERIALS AND METHODS 

This research received approval by the Afyon Kocatepe 
University Local Ethics Committee on Animal Experiments 
(Date: April 18, 2014 Number: 49533702/51). 

Sampling and Identification of Cryptosporidium Oocysts 
A total of 188 fecal samples were taken rectally from 
intensively farmed 152 diarrheic calves (0–6 months) and 36 
diarrheic cattle (≥ 6 months) from farms located in Merkez, 
İhsaniye, Sinanpaşa, İscehisar, and Cay districts of 
Afyonkarahisar province during the period from May 2014 
to April 2015. Farms were visited once during the study 
period, fecal samples were quickly collected from the 
rectum of all animals using a latex glove and then 
transferred into sterile containers. The time, area, location 
of farm, animal genders, age, and breed were additionally 
noted. The samples collected were brought to the 
Department of Parasitology at the Afyon Kocatepe 
University, Faculty of Veterinary Medicine for rapid analysis. 
Cryptosporidium oocysts in fecal samples were identified 
with the mAF method as previously described.29 

DNA Isolation and PCR Amplification 
The isolation of the DNA was carried out utilising a modified 
version of the Boom et al. method 30, which was adapted for 
use with 500 nm magnetic beads. DNA was obtained from 
14 specimens of Cryptosporidium spp. oocysts. The GeneJet 
Genomic DNA extraction kit (Thermo Scientific, K0701) was 
used for the isolation of DNA. The obtained DNA specimens 
were stored at -80°C until the PCR stage.  The primers were 
designed by the FastPCR Professional 6.1.2 package 
program 36 based on the references SSU 18 S RNA gene 
sequence (AF308600.1, MF074583.1, OP836383.1). 

A two-step nested-polymerase chain reaction (nested-PCR) 
methodology was utilised to amplify the 18S rRNA gene 
fragments from several Cryptosporidium isolates, 
employing primers that were supplementary to the 
conserved nucleotide sequences, which were obtained 
from the GenBank database. A PCR product of 
approximately 1328 bp was amplified using forward (5′-
CGGTTAAACTGCGAATGGCTC-3′) and reverse (5′-
CATCTAAGGGCATCACAGACC-3′) primers. The PCR mixture 
comprised 20 ng of DNA, 5 µM dNTP mix, 1× PCR buffer 
(including 1.5 mM MgCl2), 2.0 U of Phusion High-Fidelity 
DNA Polymerases (Thermo Fhisher Scientific, USA, F530S), 
and 5 µM of each primer in a total volume of 25 µL. The 
reactions were carried out for 35 cycles, including 30 
seconds at 95°C, 30 seconds at 62°C, and 1 minute at 72°C, 
utilizing the Veriti PCR equipment (Thermo Fisher Scientific, 
USA), preceded by a first provide heated start at 95°C for 5 
minutes and ending with a final extension step at 72°C for 

10 minutes. In the following phase of PCR, a fragment of 848 
bp was amplified utilizing 2.5 μl of the primary PCR mixture 
together with a set of nested forward (5′-
GGAAGGGTTGTATTTATTAGATAAAG-3′) and reverse (5′-
CTCATAAGGTGCTGAAGGAGTA-3′) primers. The parameters 
for the secondary PCR were identical to those of the first 
PCR, except for a reduced annealing temperature of 56°C. 
The PCR product was analyzed by agarose gel 
electrophoresis and visualized following staining with 
RedSafe Nucleic Acid Staining Solution (iNtRON 
Biotechnology, 21141). 

Sequencing and Phylogenetic Analysis 
The secondary-PCR products were purified using ExoSAP-IT 
PCR Product Cleanup Reagent (Thermo Fisher Scientific, 
USA, 78201.1) prior to DNA sequencing and sequenced on 
an ABI 3500 Genetic Analyzer (Thermo Fisher Scientific, 
USA) using the BigDye Terminator v3.1 Cycle Sequencing Kit 
(Thermo Fisher Scientific, USA, 4337455). 

After DNA sequencing, each sample was edited using 
Sequencher 5.4.6 (Gene Codes Corporation) and 
subsequently aligned with the BioEdit 7.0.9 Sequence 
Alignment32 program. 

Phylogenetic analyzes based on aligned sequences were 
conducted to assess the evolutionary relationships among 
Cryptosporidium species. A neighbour-joining tree33 was 
constructed using the MegaX program34, with evolutionary 
distances calculated through Maximum Composite 
Likelihood analysis. The reliability of the trees was evaluated 
using the bootstrap method35 with 1,000 pseudoreplicates. 
Tajima’s Neutrality Test was used to determine whether 
populations underwent mutation and natural selection.36,37 

The MegaX software package program34 was used to 
calculate the nucleotide differences (π), the mutation rate 
(Ѳ), and the Tajima D value.38,39 

Statistical Analysis 
The frequencies of Cryptosporidium infection in the studied 
bovine populations were compared by age group, animal 
sex, breed, and farms of origination by the chi-square test. 
The statistical evaluation of the data used the "SPSS 22.0 
(IBM SPSS Corp., Armonk, NY, USA) for Windows" package 
program. A probability P < .05 was accepted as indication of 
statistical importance. 

RESULTS 

The frequency of bovine cryptosporidiosis in Afyonkarahisar 
province was found to be 7.4% using microscopy, with 
Cryptosporidium spp. oocysts found in 14/188 of the fecal 
specimens investigated. Among the 14 observed 
Cryptosporidium infections, 13.6% (12/88) were in calves 
aged 0 to 3 months, whereas 3.1% (2/64) were in calves 
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aged 3 to 6 months. Cryptosporidium oocysts were absent 
in the fecal samples of diarrheic cattle older than 6 months 
(Figure 1). 

Figure 1. Microscopic inspection of Cryptosporidium oocysts in 
the stools of diarrhoeic calves stained via a modified acid-fast 
technique. (×40). 

The occurrence of Cryptosporidium species among age 
group, gender, and breed in diarrheic calves and cattle is 
shown in Table 1. 

Among the age groups, 0- to 3-month-old calves had the 
highest (13.6%) infection rate (Table 1). The difference 
between age groups was found to be statistically significant 
(P < .05). The overall prevalence of bovine cryptosporidiosis 
in Holstein, Simmental and Brown Swiss was 10.6%, 6.7% 
and 4.7%, respectively, with a statistically significant 
difference between the breeds (P < .05) (Table 1). The 
overall prevalence of Cryptosporidium in female and male 
was found to be 8.4% and 6.1%, respectively, with no 
significant difference between them (P > .05). 

Table 1. Distribution of Cryptosporidium species according to 
the age, sex, and breed of infected cattle. 
Factor Number of 

Animals Examined 
Infected Animals P 

Age Groups 
(months)

Number Percentage 
(%)

0-3 88 12 13.6a  < .05 
3-6 64 2 3.1b

≥ 6 36 0 0c

Gender 

Female 107 9 8.4 > .05
Male 81 5 6.1 

Breed 

Holstein 66 7 10.6 > .05
Simmental 59 4 6.7 
Brown Swiss 63 3 4.7 

Total 188 14 7.4 
a,b,c: The difference between groups with different letters in the same 
column is statistically significant. 

The distribution of Cryptosporidiosis according to the 
research center is given in Table 2. 

The highest prevalence was recorded in the Sinanpaşa 
district (14.6%). No statistically significant distinction was 
seen among the research centers (P > .05; Table 2). 

According to the sequence analysis of 14 isolates from the 
18S rRNA locus, two Cryptosporidium species were 
identified, including C. parvum (64.2%) and C. bovis (35.7%). 
The sequences from the isolates matching to each 
identified. 

Cryptosporidium species in the study were subsequently 
submitted in GenBank (Table 3). Among the 
Cryptosporidium isolates, the sequences of three (AF_CR01, 
AF_CR02, AF_CR04) were not re-uploaded to GenBank due 
to their 100% similarity with sequences documented in 
other research. The agarose gel image of the amplicons 
from some samples using PCR assay targeting 18S rRNA is 
given in Figure 2. The first-round PCR gel image has been 
added to illustrate the optimization and validation of the 
nested PCR protocol. 

Table 3. Codes, species and GenBank accession numbers 
of specimens used for comparative analysis. 
Specimen 
Codes 

Species Accession 
Numbers 

AF_CR01 

Cryptosporidium bovis 

Not submitted 
AF_CR06 MT416391 
AF_CR07 MT416392 
AF_CR08 MT416393 
AF_CR09 MT416394 

AF_CR02 

Cryptosporidium 
parvum 

Not submitted 
AF_CR03 MT416389 
AF_CR10 MT416395 
AF_CR11 MT416396 
AF_CR04 Not submitted 
AF_CR05 MT416390 
AF_CR12 MT416397 
AF_CR13 MT416398 
AF_CR14 MT416399 

Table 2. Distribution of cryptosporidiosis according to the 
research center 

Research 
Center 

Number of 
Animals 

Examined Number of 
Infected Animals (%) 

Sinanpaşa 41 6 (14.6) 
İscehisar 29 3 (10.3) 
Merkez 32 2 (6.2) 
Çay 49 2 (4.0) 
İhsaniye 37 1 (2.7) 

Total 188 14 (7.4) 
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Figure 2. Figure 2. Agarose gel electrophoresis of PCR products 
targeting the SSU rRNA gene of Cryptosporidium spp. (Left) Primary 
PCR amplification showing products of approximately 1300–1500 bp. 
(Right) Nested PCR amplification yielding products ranging from 
approximately 800 to 1000 bp, depending on Cryptosporidium 
species. Variations in amplicon size reflect species-specific sequence 
length polymorphisms within the SSU rRNA gene. 

Prevalence of infection in 0–3-month-old calves (13.6%) 
was higher than the 3–6-month-old calves (3.1%). The 
prevalence of C. parvum (66.6 %) was higher than C. bovis 
(33.3%) in 0–3-month-old calves (Table 4). 

Tajima’s Neutrality test results in positive fecal samples are 
given in Table 5. 

Table 5 shows that the 14 positive samples had 27 
distinctive polymorphic areas. The nucleotide variance (π) 
of the 18S rRNA region analyzed among the strains was 
estimated to be 1.7%. According to Tajima’s test statistic, 
new mutations (D = 2.442337) were not observed in the 
examined populations. 

Table 4. Distribution of Cryptosporidium species according to age 
groups in diarrheic calves and cattle 
Age 
groups 
(months) 

Number 
of 

examined 
animals 

Number of 
infected 
animals 

(%) 

Cryptosporidium species 

C. parvum C. bovis

Infected animals (%) 

0-3 88 12 (13.6) 8 (66.6) 4 (33.3) 
3-6 64 2 (3.1) 1 (50.0) 1 (50.0) 
≥ 6 36 0 0 0 

Table 5. Tajima’s Neutrality test results in positive fecal samples 

M S ps Θ π D 

14 27 0.03567 0.011216 0.017638 2.4423378 

m: Number of positive samples, S:  Number of different nucleotides, ps: S/M, 
Θ: Mutation rate, π:  Nucleotide differences, D: Tajima value 

Phylogenetic analysis results of Cryptosporidium isolates are 
given in Figure 3. 

The phylogenetic tree shows that the source of infection has 
different genetic structures in different animals (Figure 3). 

Figure 3. Phylogenetic classification of Cryptosporidium 
parasites revealed from neighbor-joining evaluation of 18S 
rRNA gene nucleotide sequences 

DISCUSSION 

Cryptosporidium is a major protozoan pathogen responsible 
for acute diarrhea in ruminant livestock, leading to severe 
illnesses and fatalities in neonatal animals. The global rates 
of Cryptosporidium infection in calves and pre-weaned 
cattle range between 27.0% and 37.5%.1 

The most frequently occurring species in cattle include: C. 
parvum, C. andersoni, C. bovis, and C. ryanae. C. parvum is 
extremely harmful in neonatal calves, although C. bovis and 
C. ryanae may also cause serious diarrhea. Cryptosporidium
parvum and C. hominis are responsible for human
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cryptosporidiosis. Consequently, infected cattle are 
regarded as significant reservoirs of Cryptosporidium for 
human diseases.7,11 It is emphasized that C. parvum, 
identified as the most common species globally, particularly 
in cattle experiencing diarrhea, can be a significant disease 
agent for humans.1 

Ouakli et al.40 found C. parvum at 72.4%, C. bovis at 13.8%, 
C. andersoni at 3.4%, and C. ryanae at 3.4% of neonatal
calves. Lichtmannsperger et al.41 reported C. parvum in
77.4%, C. ryanae in 11.8%, and C. bovis in 7.5% of calves with
diarrhea under 6 months of age. In studies conducted on
cattle and calves in different regions within Türkiye, C.
parvum was 3.9%-91.7%, C. bovis was 0.3-43.2%, and C.
ryanae was 5.3%-57.1%.21,23-26 In the research carried out in
Afyonkarahisar province, C. parvum was detected in 66.6%
of diarrheic calves aged 0-3 months and C. bovis in 33.3%.
Cryptosporidium parvum was the predominant species in
neonatal calves, which is consistent with previous
studies.21,23-26,40,41 The diagnosis of cryptosporidiosis in farm
animals was made using microscopic, immunological, and
molecular techniques. In recent years, the use of molecular
techniques has become widespread due to their greater
sensitivity and specificity.13,42,43

Prevalence of Cryptosporidium in molecular studies 
conducted in diarrheic calves in different age groups in 
various countries have been reported to be 88.6% in 
France44, 38% in Iraq45, 32.3% in India46, 18.24% in China47, 
3.9%-68.4% in Türkiye.13,14,17,21-26 The variations in total 
Cryptosporidium prevalence among studies may be ascribed 
to changes in ecology, research design, seasonal factors, 
management systems, age, herd size, and laboratory 
methodologies employed.48 Alba et al.49 reported that 
prevalence of dairy calf cryptosporidiosis in the age group 
of ≤20 days (25.2-42.5%) was higher than prevalence of 
16.3–25.5% in the age group of under 90 days. Fayer et al.5 
indicated that prevalence of cryptosporidiosis was 41% in 
un-weaned calves, 26% in weaned calves, 12% in heifers, 
and 5.7% in cows, respectively. The prevalence of 
Cryptosporidium spp. infection was reported to be 58.2% 
and 57.5% in un-weaned calves, 45.5% in weaned calves, 
and 25.3% in cows and 18.5% in heifers, respectively21 In the 
present study, cryptosporidiosis infection was detected to 
be 13.6% in 0-3 month-old calves and 3.1% in 3-6 month-
old calves, while no oocysts were identified in diarrheic 
cattle above 6 months old. This supports previous studies 
indicating that neonatal calves are particularly susceptible 
due to immature immune systems.5,21,46,49

Certad et al.50 determined the rate of cryptosporidiosis 

infection to be 30% in their research on postpartum cows 

and heifers. It has been reported that C. andersoni causes 

infection in cows, while C. ryanae, C. bovis, and C. andersoni 

cause infection in heifers. In this study, no infection was 

found in cattle older than 6 months. Additionally, only the 

species C. bovis and C. parvum were identified. These 

differences in research results suggest that they are related 

to changes in age, season, and geographical region. 

Şimşek et al.23 revealed that the overall prevalence of 

Cryptosporidium was 32.6%, 25% and 11.1% in Holstein, 

Simmental and Brown Swiss breeds, respectively, with a 

statistically significant difference (P < .05) between the 

Brown Swiss and Holstein breeds. In the present study, the 

overall prevalence of Cryptosporidium was 10.60%, 6.78%, 

and 4.77% in the Holstein, Simmental, and Brown Swiss 

breeds, respectively, with no significant difference between 

them (P > .05). 

Oğuz et al.14 found the molecular prevalence of 

Cryptosporidiosis in cattle to be 9.5% using PCR technique. 

They reported three different Cryptosporidium species (C. 

bovis, C. ryanae and C. parvum), and C. parvum was 

detected at the highest rate in calves aged 0-6 months 

(17.31%). The infection rate determined in their study was 

similar to our results, but C. ryanae was not found in this 

study. This indicates that C. ryanae can be observed in 

specific geographical areas, age groups, and seasons, and 

can be locally dominant in those regions. 

In conclusion, this study determined the prevalence and 

genetic diversity of Cryptosporidium spp. found in diarrheic 

calves in the city center of Afyonkarahisar province and 4 

different districts, which is of great importance for cattle 

breeding. Our findings indicate that neonatal 

cryptosporidial diarrhea in calves is primarily associated 

with C. parvum. However, broader biological and molecular 

epidemiological research is needed to determine the 

epidemiology and transmission dynamics of 

cryptosporidiosis in this region. The absence of positive and 

negative controls in PCR tests is a limitation that could affect 

the reliability of amplification results. Therefore, this 

situation should not be overlooked in the comprehensive 

studies to be planned. 
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