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Abstract

Background: Cryptosporidium spp. are opportunistic intestinal protozoans with global

distribution and are of great importance as zoonotic protozoans are common to

humans and domestic animals, including cattle and calves. Identification and detec-

tion of parasite species using precise methods including molecular methods can be an

effective step in treating and controlling parasites.

Objectives: This study aimed to investigate the prevalence of Cryptosporidium among

breeding calves of Khorramabad city, Lorestan province,Western Iran, using PCR.

Methods: The faecal samples were taken from 181 healthy and diarrhoeal calves and

after the Ziehl Neelsen Acid-fast staining and microscopic evaluation, the genomic

DNA was extracted for molecular evaluations. To detect Cryptosporidium species, spe-

cific primers targeting the SAM-1 gene of Cryptosporidium and a commercial master

mix were used for PCR.

Results:Out of 181 faecal samples of breeding calves in Khorramabad city, 9 samples

(5%) were positive for Cryptosporidium spp. using the PCR method. Statistical analy-

sis of the data showed that there was no significant statistical relationship between

Cryptosporidium infection of the calves and variables of age, breed, type of water con-

sumption, clinical signsof diarrhoea, and sampling location,while parasite infectionhad

a significant relationship with calf gender so that all Cryptosporidium positive samples

were frommale calves (p≤ 0.05).

Conclusions: Considering the presence of Cryptosporidium infection, the region’s

traditional grazing system, and the close relationship between livestock and humans,

there is a possibility of human infection in the region. So preventive measures such

as periodic animal testing with sensitive and accurate diagnostic techniques including

PCR, pharmacological treatment of livestock, water hygiene and the use of industrial
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grazing instead of traditional grazing to improve the hygiene of food consumed by

livestock are recommended.
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1 INTRODUCTION

Cryptosporidium, an obligate intracellular coccidian protozoan para-

site of the phylum of Apicomplexa, is an essential intestinal pathogen

with a wide distribution in young animals and humans (Sunnotel et al.,

2006). Cryptosporidium is easily spread in the environment due to its

simple transmission through contaminated water, air, and dust (Haghi

et al., 2020). Cryptosporidiosis is a major economic problem in many

countries, including Iran (Azami, 2007; Haghi et al., 2020; Hassan-

pour, 2008; Maleki & Nayebzadeh, 2008; Parsa, 2007). This infection

has emerged as a major cause of diarrhoea worldwide and is a sig-

nificant threat to young children and immunocompromised patients

(Desai et al., 2012; Utami et al., 2020). There are numerous annual

reports of this infection in children, immunocompromised and young

(Desai et al., 2012). It is estimated thatCryptosporidium spp. are respon-

sible for approximately 7.6 million cases and between 48,000 and

202,000 annual deaths among young children in low-resource environ-

ments (Haghi et al., 2020; Love & Choy, 2021; O’Leary et al., 2021).

Cryptosporidium has the potential to cause water-borne epidemics

and widespread outbreaks in developing and developed countries

(Gururajan et al., 2021). The human-to-human and livestock routes of

transmission are well defined, with food and water contaminated with

faeces being a common source of infection (O’Leary et al., 2021).

The genus Cryptosporidium has different species that are found in

a large number of domestic animals and humans. This protozoan has

been associated with diarrhoea in calves, lambs, piglets, foals, pup-

pies, kittens, and turkeys (Sadrebazzaz et al., 2021). Four species are

capable of causing infection in cows: C. parvum, C. bovis, C. andersoni

and C. ryanae (Wegayehu et al., 2016). C. parvum is one of the most

common species in cattle and calves that can cause gastroenteritis

and diarrhoea in humans. C. andersoni can be substituted in the abo-

masum of cattle and buffaloes, causing weight loss and reduced milk

production in animals, creating a chronic degenerative state which is

economically significant (Naghibi & Vahedi, 2002). The oocyst resis-

tance of this parasite to environmental, physical and chemical factors

makes it important for public health (Brownstein et al., 1977). Parasite-

infected calves can contaminate their environment by excreting large

amounts of oocysts in their faeces; because this protozoan is mainly

spread through water (90% of the spread is through water and the

rest through food) infection of calves can cause water pollution as a

result of the transmission of the infection to human, and other ani-

mals (Chalmers & Katzer, 2013; Tyzzer, 1910; Tyzzer, 1912). The lack

of effective treatment and resistance of parasite oocysts to common

disinfectants has made this disease one of the major problems of

industrial farms. More than half of newborn calves from broiler and

dairy cows are at risk of being infected with Cryptosporidium, which

in the first week of infection develops severe diarrhoea, dehydration,

stunted growth, and sometimes death (Ungar, 2018). Due to the lack

of sufficient information about different Cryptosporidium spp. in live-

stock as a reservoir and an important source of human infections, in the

Lorestan province, Khorramabad city,Western Iran, which is one of the

most important livestock hubs in the region, the present study aimed to

molecularly investigate the Cryptosporidium species in breeding calves

of this area.

2 MATERIALS AND METHODS

2.1 The study population and sampling

The target population of this cross-sectional study was farmed calves

in Khorramabad township of Lorestan province, Western Iran, 2020.

Considering that the nature of the study is mainly descriptive and

based on the study of Maleki et al. study (151), the number of the ini-

tial samplewas estimated at 151 samples, which considering the effect

of the design was determined by 20% more, i.e., 181 samples. A clas-

sified cluster sampling method was used in the sampling process. The

classes were north, centre, east, and South of Khorramabad Township,

within each class, several livestock formed clusters. From each geo-

graphical class, 2 to 3 livestock were systematically selected then, on

each farm, systematic random sampling was performed based on the

livestock identification code.

2.2 Microscopic evaluation

Stool samples collected from calves were transferred to the Parasitol-

ogy Laboratory, LorestanUniversity, Khorramabad,West of Iran.Apart

of each samplewas kept formicroscopic examination of thewetmount

stained by the Ziehl Neelsen Acid-fast staining method, and the other

partwasused forDNAextraction in a special container containing2.5%

potassium dichromate in a ratio of 1:1 at 4◦C.

2.3 Molecular assays

DNA extraction was performed from each stool sample after

three washes with Phosphate-buffered saline (PBS) using a DNA
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F IGURE 1 Evaluation of DNA quality on 2% agarose gel

TABLE 1 The sequences of primers in PCR from the S-adenosyl-l-methionine synthetase (SAM-1) gene of Cryptosporidium spp.

Primer type Target gene Sequence of primers

Forward S-adenosyl-l-methionine synthetase (SAM-1) 5t’-ATTTGATRGACAAAGAAACTAG-3t’

Revers 5t’-CGATTGACTTTGCAACAAG-3t’

isolation stool mini kit (Yekta Tajhiz Azma Co., Iran) according to the

manufacturer’s protocol. DNA quality was measured by agarose gel

electrophoresis (Figure 1) and its concentrationwasmeasured byNan-

odrop spectrophotometry (NanoDrop 2000, Thermo). The extracted

DNAwas stored at –20◦Cuntil use. Single-cycle PCR amplificationwas

performed on genomic DNA extracted to amplify a 200 bp fragment

of Cryptosporidium S-adenosyl-l-methionine synthetase (SAM-1) gene

using Cryptosporidium spp.-specific primers (Table 1) (Bakheit et al.,

2008). PCR was performed using Amplicon (Taq DNA Polymerase

MasterMix Red, Denmark) as the ready solution. The reactionmixture

contained 9 µl of distilled water, 12.5 µl of the amplicon, 0.5 µl of
forward and reverse primers (10 pm/l), 1 µl of magnesium chloride

(mM), and 2 µl of the extracted DNA template (100 ng) to reach a

final volume of 25 µl. Amplification of the DNA fragment began with

an initial denaturation at 95◦C for 5 min, followed by 35 cycles each

including 95◦C for 45 s, 54.2◦C for 45 s, 72◦C for 45 s, and a final step
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extension at 72◦C for 5 min. Amplified products were observed after

electrophoresis on 2% agarose gel with safe stain staining (DNA Safe

stain Sinaclon Co. IRAN).

2.4 Statistical analysis

The data analysis was performed using SPSS software version 18.

Results were reported using appropriate ratios and graphs. Frequency

distribution tables were used to describe the data. A chi-square com-

parison test was used for correlation and Fisher’s exact test and

Mann–Whitey test were used if necessary. A p-value lower than 0.05

was considered statistically significant.

3 RESULTS

3.1 Demographic information of the studied
animals

In the present study, 181 faecal samples were collected from breed-

ing calves in Khorramabad, Western Iran, 2020. Most of the collected

samples were from calves in the Imanabad region (23.20%, 42), male

(66.9%, 121), hybrid breed (70.7%, 128), without clinical signs of

diarrhoea (64.1%, 116) and consumed tap water (50.8%, 92).

3.2 Microscopic evaluation

The microscopic examination of the wet mounts stained by the Ziehl

NeelsenAcid-fast stainingmethod revealed that out of 181 faecal sam-

ples collected from breeding calves, 3 samples (1.65%) were positive

for Cryptosporidium spp. (data not shown).

3.3 PCR

The forward primer combination with the reverse primer amplified

the 200 bp PCR product. The results showed that out of 181 sam-

ples, 9 DNA samples (5%) were positive for Cryptosporidium species.

PCR products were electrophoresed on 2% agarose gel are shown in

Figure 2.

3.4 Statistical analysis

Statistical analysis of the results usingMann–Whitey test showed that

the age distribution of the studied calves was normal. Also, statistical

analysis of data using the chi-square test with Monte Carlo simulation

showed that there was no significant relationship between infection

with Cryptosporidium species and the variable of sampling location,

breed, type of water consumption, and clinical signs of diarrhoea in

farmed calves (p = 0.219, p = 0.134, p = 0.087, respectively) (Table 2).

While statistical analysis of the data using the same test showed

that there is a statistically significant relationship between infection

with Cryptosporidium and the gender variable in the studied calves (p

= 0.031). So that all 9 positive samples in terms of Cryptosporidium

species infection were male calves (Table 2, Figure 3). Mann–Whitney

test did not show a statistically significant relationship between infec-

tionwithCryptosporidium species and the age variable of farmed calves

(p= 0.439) (Table 2).

4 DISCUSSION

Up to now, Cryptosporidial infections have been reported in most

countries of the world with urban (non-zoonotic) and rural (zoonotic)

patterns. As previously mentioned, most vertebrates are infected with

this parasite, which is especially common among domestic animals.

Different studies conducted in Iran and around the world confirm

the theory that domestic animals, especially livestock, are an impor-

tant reservoir of infection for humans (Kiani et al., 2017). The rate of

infection of different animals with this protozoan varies depending on

the type of animal, clinical situation, and geographical distribution in

the world. Cryptosporidium is the most common intestinal pathogen

in young animals and the cause of ruminant diarrhoea syndrome,

especially chronic diarrhoea of calves, which causes heavy economic

losses to the livestock industry every year (Maleki & Nayebzadeh,

2007). According to review studies conducted in the world, Cryp-

tosporidium has a high prevalence in farm animals, which is most

important in cows with a prevalence of 29.1% compared to sheep

at 24.4%, goats at 8.2%, pigs at 22.6%, horses at 7.4%, and buf-

falo 26% (Hatam-Nahavandi et al., 2019). Molecular diagnostic assays

are more accurate than morphological diagnostic methods. The error

rate in morphological methods is high, such as the structural simi-

larity of different coccidia, which in most cases can cause the lack

of differentiation between two different species. So, in some cases,

cryptosporidium cannot be distinguished from yeasts, Blastocystis spp.,

and artefacts. On the other hand, morphological diagnostic methods

are time-consuming, such as microscopic settings such as condenser

adjustment, lens magnification, proper exposure and lens cleanliness.

In thepresent study, themain goalwasdiagnosis usingmolecularmeth-

ods. In this study, we first detected the parasite by Nelson’s staining

method and observation under the microscope, but for definitive diag-

nosis and final confirmation, we used the PCR method using specific

primers.

In the present study, out of a total of 181 samples, 9 samples (5%)

were positive forCryptosporidium spp. In some cases, the present result

is consistent with other studies conducted in Lorestan province, and it

is not consistent in some cases. Numerous epidemiological factors such

as age, gender, climatic and geographical factors, number of livestock

per herd, and livestock care conditions play an important role in the

prevalenceofCryptosporidium infection (Fayer et al., 2000).Despite the

relatively high prevalence of Cryptosporidium species obtained in the

present study (5%), considering the high potential of livestock contam-

ination and the climatic conditions of the region, it seems that a higher
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F IGURE 2 Electrophoresis of PCR products of faecal samples of calves studied on 2% agarose gel columnM: 100 bpmarker; column: P
positive control; columnN: negative control; columns 149-147-128-67-9-10-12-13: Positive samples of Cryptosporidium in the studied calves

TABLE 2 Frequency distribution of Cryptosporidium species infection in the studied calves using PCR technique based on demographic
variables

PCR

Positive Negative

No Variable Explanation No. % No. % Total pValue

1 Sampling location Mehr Ali Khan 3 25.0% 9 75.0% 12 (100) 0.087

PoshtMeleh Rimaleh 1 14.3% 6 85.7% 7 (100)

Robatnamaki 0 0.0% 6 100.0% 6 (100)

Sarabchangaei 0 0.0% 15 100.0% 15 (100)

Kakasharaf 2 5.7% 33 94.3% 35 (100)

Sepiddasht 0 0.0% 8 100.0% 8 (100)

Bishehchenar 0 0.0% 8 100.0% 8 (100)

Bisheh 0 0.0% 9 100.0% 9 (100)

Cheshmeh Parian 0 0.0% 6 100.0% 6 (100)

Imanabad 2 4.8% 40 95.2% 42 (100)

Biran Shahr 1 25.0% 3 75.0% 4 (100)

Zagha-Kaka Reza 0 0.0% 14 100.0% 14 (100)

Taleghan 0 0.0% 15 100.0% 15 (100)

2 Sex Female 0 0.0% 60 100.0% 60 (100) 0.031

Male 9 7.4% 112 92.6% 121 (100)

3 Breed Holstein 0 0.0% 6 100.0% 6 (100) 0.134

Hybrid 9 7.0% 119 93.0% 128 (100)

Native 0 0.0% 47 100.0% 47 (100)

4 Clinical symptoms Diarrhoeal 2 3.1% 63 96.9% 65 (100) 0.493

Healthy 7 6.0% 109 94.0% 116 (100)

5 Type of consumed

water

Tapwater 7 7.6% 85 0.493 92 (100) 0.219

Spring water 0 0.0% 31 100.0% 31 (100)

Unknown 2 3.4% 56 96.6% 58 (100)

6 Age Average (5months) 4 5 5 2 0.439
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F IGURE 3 Distribution of frequency of
Cryptosporidium species infection in the studied calves
using PCR technique by gender

percentage of livestock infection with Cryptosporidium species may be

obtained by testing more samples. This finding indicates the infection

of Khorramabad township livestock with Cryptosporidium species and

the potential to transmit the infection to humans and other animals.

Due to the zoonotic nature of the infection, the traditional livestock

system of the region, and the close relationship between livestock and

humans, the chances of human infection in the region are very high.

In the present study, there was no statistically significant relationship

between cryptosporidiosis in the studied calves and variables of sam-

pling location, breed and type of water consumed. This means that

livestock in Khorramabad city in all areas of the city have the poten-

tial to be infected with Cryptosporidium species and the sampling area

did not affect livestock infection. Studies conducted in Northwestern

China, Ethiopia and France at 19 calf farms, ruminant farms and 26

animal farms, respectively, reported no statistically significant associ-

ation between the prevalence of Cryptosporidium and animal habitat

(Ayana & Alemu, 2015; Mammeri et al., 2019; Qi et al., 2015). Cryp-

tosporidiosis is logically related to the type of cattle breeding, calf

care, type of nutrition, drinking water, hygiene and livestock manage-

ment. Also, in some studies conducted in Iran and other countries,

a statistically significant relationship has been reported between the

prevalence of Cryptosporidium and storage (Chen & Huang, 2012; Dal-

imi et al., 2015; Hamzavi, 2014; Zhang et al., 2013). The cause for the

inconsistency is due to various reasons such as the geographical loca-

tion of each region, theway of agriculture, livestock breeding andmost

importantly the movement of water from streams and contaminated

beds following seasonal rains, which are effective factors in increasing

the prevalence of Cryptosporidium and other intestinal parasites in the

region (Gholami et al., 2012). Asmentioned above, in the present study,

different breeds of livestock were susceptible to one Cryptosporidium

infection. Similar to the results of the current study, studies conducted

in Iran and other parts of the world have not reported a statistically

significant relationship between livestock breeds and cryptosporidio-

sis (Dalimi et al., 2015; Lombardelli et al., 2019; Mammeri et al., 2019;

Noorani Kolije et al., 2020; Sannella et al., 2019). In contrast, some

studies have reported a statistically significant relationship between

the prevalence of Cryptosporidium and livestock breeds (pure, mixed,

and native breeds) (Baghban & Moradimofrad, 2009; Qi et al., 2015).

Given that innate immunity plays an important role in cryptosporidio-

sis infection, andmost studies havebeenperformedonmice, therefore,

more studies are needed regarding cryptosporidiosis and breeding in

other animals. Because most of the animals studied in the present

study used tap water, the rate of cryptosporidiosis in these animals

was higher due to the large number of samples. However, due to the

possibility of water contamination, the rate of infection with Cryp-

tosporidium species is expected to be higher in livestock that uses well

and aqueduct water. Similar to the present study, several studies con-

ducted in other parts of Iran did not report any statistically significant

relationship between theprevalenceofCryptosporidiumandwater con-

sumption (Asadi et al., 2014; Changizi et al., 2012). On the other hand,

some studies in Iran and other parts of the world have reported a

statistically significant relationship between the infection with Cryp-

tosporidium and untreated pipe-borne drinking or recreational water

(Dabirzadehet al., 2017;Khanet al., 2019). Parasiteprotozoaare trans-

mitted by water and food (Zahedi et al., 2016). Water pollution by

domestic and wild animals and unsanitary disposal of human wastew-

ater is the main way of water pollution (Zahedi et al., 2016). The small

sizeofCryptosporidiumoocysts, its ability topass through filteredwater

filters, as well as its resistance to commonly used disinfectants, its high

environmental life, and its surface water and river water are reasons

for the easy transfer of Cryptosporidium through contaminated water.

Several studies in Iran and the world have reported water contamina-

tion with Cryptosporidium (Feng et al., 2007; Gallas-Lindemann et al.,

2016; Koloren et al., 2013; Mahmoudi, 2020; Mahmoudi et al., 2013;

Mohammadi Ghaleh Bin et al., 2007; Parva & Baharvand, 2018). The

useofwastewater in agricultural irrigationand the transmissionof con-

tamination to livestock pastures and human pastures is a significant

point that must be considered. Contrary to expectations, there was no

statistically significant relationship between Cryptosporidium infection

in calves and the clinical symptom variable of diarrhoea in the present
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study. However, in most studies, the prevalence of Cryptosporidium

infection in domains with clinical signs of diarrhoea has been reported

higher (Asadpour et al., 2013; Avendaño et al., 2018; Baroudi et al.,

2018; Khezri & Khezri, 2013; Lombardelli et al., 2019; Mammeri et al.,

2019; Mirzai et al., 2014). Watery diarrhoea is one of the most com-

mon and visible clinical signs of Cryptosporidium infection in animals.

Cryptosporidium species are zoonotic endoparasites that cause watery

diarrhoea in humans, domestic, and wild animals by infecting small

intestinal epithelial cells (Thomson et al., 2017). Acute diarrhoea is

of particular economic importance to farm ruminants, which can be

asymptomatic or associatedwith severe, fatal and highmortality. Cryp-

tosporidium infection is often asymptomatic in domestic animals but

in animals such as dogs, cats, horses and reptiles it can cause severe

infections at the same time (Deming et al., 2008). In this study, the

prevalenceof infection inmale livestockwas significantlyhigher than in

female livestock. This finding could indicate the possible sensitivity of

male calves to infection. Statistical analysis of the results showed that

the age distribution of the tested calves was normal. Cryptosporidium

is 13 times more common in young animals, especially calves under 4

months of age, compared to older ages. Aging in livestock makes them

more resistant to disease (Thomson et al., 2017). The protozoan has

been identified in calves in the first 24 to 72 h of birth (postpartum

infection and environmental contamination) (Thomson, 2016), and 7-

to 5-day-old calves (Tzipori et al., 1983). Cryptosporidium species are

infected according to the age of the animal, C. parvum is found in dairy

calves,C. bovis andC. ryanae in calves older than2months, andC. ander-

soni in adult cows without clinical signs. An age-related distribution

of Cryptosporidium species has been reported in cattle, with C. parvum

being predominant in suckling calves, C. bovis and C. ryanae being pre-

dominant in postweaning calves and C. andersoni being predominant in

adults. However, variants of this pattern have recently been reported

(Díaz et al., 2021). Some studies have not reported any statistically

significant relationship between age and cryptosporidiosis (Ayana &

Alemu, 2015; Keyvanloo Shahrestanakey et al., 2017; Qi et al., 2015).

Several studies in Iran have reported the highest rates of Cryptosporid-

ium infection in calves less than 6 months (Mirzai et al., 2014), under

30 days (Asadpour et al., 2013), 6–8 weeks (Normohamadzadeh et al.,

2010) and cows under 1 year (Heidari and Gharakhani, 2012). In other

parts of the world, cryptosporidiosis has also been reported in calves:

from50 to 41days (Mammeri et al., 2019), less than 45days, 14–8days

(Avendaño et al., 2018), lambs less than 11 days (Mammeri et al., 2019;

Mammeri et al., 2019) and less than 2weeks (Baroudi et al., 2018). Age

is one of themost important factors in the occurrence of cryptosporid-

iosis in animals.Of course, other factors such as livestockmanagement,

nutrition and animal husbandry conditions also have a direct impact

(Thomson, 2016).

5 CONCLUSION

Based on the findings of the present study, it can be concluded that

farmed calves in Khorramabad township have the potential for infec-

tion with Cryptosporidium species and can play an important role in

spreading the infection to the environment and ultimately transmitting

the infection to humans. Preventive measures such as periodic ani-

mal testingwith sensitive and accurate diagnostic techniques including

PCR, pharmacological treatment of livestock, water hygiene and the

use of industrial grazing instead of traditional grazing to improve the

hygiene of food consumed by livestock are recommended.
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