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Abstract

Background: Apicomplexan parasites of the genus Cryptosporidium infect a wide range of animal species as well as
humans. Cryptosporidium spp. can cause life threatening diarrhea especially in young animals, children, immunocom-
promised patients and malnourished individuals. Asymptomatic cryptosporidial infections in animals can also occur,
making these animals potential reservoirs of infection.

Methods: In the present study, a molecular survey of Cryptosporidium spp. in ruminants that were slaughtered for
human consumption in Yazd Province, located in central Iran was conducted. Faeces were collected per-rectum from
484 animals including 192 cattle, 192 sheep and 100 goats. DNA was extracted from all samples and screened for
Cryptosporidium by PCR amplification of the 785 rRNA gene. Positives were Sanger sequenced and further subtyped
by sequence analysis of the 60 kDa glycoprotein (gp60) locus.

Results: In total, Cryptosporidium spp. were detected in 22 animals: C. andersoni and C. bovis in seven and two cattle
faecal samples, respectively, C. ubiquitum in five sheep, and C. xiaoi in six sheep and two goat samples, respectively.
To our knowledge, this study provides for the first time, molecular information concerning Cryptosporidium species
infecting goats in Iran, and is also the first report of C. ubiquitum and C. xiaoi from ruminants in Iran.

Conclusion: The presence of potentially zoonotic species of Cryptosporidium in ruminants in this region may suggest
that livestock could potentially contribute to human cryptosporidiosis, in particular among farmers and slaughter-
house workers, in the area. Further molecular studies on local human populations are required to more accurately
understand the epidemiology and transmission dynamics of Cryptosporidium spp. in this region.
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Background

Parasites of the genus Cryptosporidium are ubiquitous
zoonotic pathogens of humans and animals and are
responsible for significant number of water-borne out-
breaks worldwide [1, 2]. Cryptosporidium spp. infect
a wide range of mammals and also birds, amphibians,
fishes and reptiles [3]. Of the 39 valid species, over 20
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Cryptosporidium species and genotypes have been iden-
tified in human patients causing asymptomatic or mild to
severe gastrointestinal disease. Of these, C. parvum and
C. hominis are by far the most common etiological agents
responsible for cryptosporidiosis in humans worldwide
[4-6]. It has been shown that several Cryptosporidium
species are not host-specific and can infect a wide host
range [7].

In Iran, various studies have reported Cryptosporidium
in humans [8], cattle and calves [9], sheep and goats [10],
water buffaloes [11], camels [12], dogs [13], cats [14],
horses [15], birds [16, 17], rodents [18], vegetables [19],
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wastewater [20] and recreational water [21]. There are
also reports of simultaneous detection of Cryptosporid-
ium in livestock and people associated with them such as
farmers, shepherds and slaughterhouse workers, suggest-
ing zoonotic transmission of Cryptosporidium spp. from
animals to humans [22-25]. However, most of the studies
focused on humans and animals with diarrhea. Although
livestock can play a major role as a source of human
cryptosporidiosis, not all of the infected livestock show
clinical signs such as diarrhea [26]. Moreover, cross-con-
tamination of raw meat with animal excreta in the process
of slaughtering is a risk factor for human cryptosporidi-
osis [27, 28]. To date, there is no information about infec-
tion of ruminants with Cryptosporidium in Yazd Province,
Iran. Therefore, the aim of this study was to use molecu-
lar tools to characterize Cryptosporidium spp. in livestock
(sheep, goats and cattle) at a local abattoir.

Methods

Study area

Yazd Province (32.1006°N, 54.4342°E) is located in the
center of Iran, in the heart of the Dasht-e Kavir desert.
Yearly rainfall of less than 100 mm and frequent summer
temperatures of above 40 °C has made it one of the driest
major regions in Iran. With about 152,000 cattle, 406,000
sheep, 406,000 goats and 16,000 camels, this province has
one of the lowest population of livestock in the country [29].
Intensive farming is common although there are few grazing
areas for small ruminants in this region. Two major sources
of water for raising livestock in the region are underground
aquifers and urban water supply network. Prior to the pre-
sent study, no information was available concerning Crypto-
sporidium species in cattle, sheep and goats in this province.

Collection of samples

From June to November 2017, faecal samples were col-
lected per-rectum from 484 slaughtered animals at the
Moein Dam industrialized abattoir. The sample size for
the present study (192 cattle, 192 sheep and 100 goats)
was calculated using EpiTools [30], based on the most
recent enumeration of livestock in the region and pub-
lished articles on the prevalence of Cryptosporidium
in neighboring areas. Metadata such as age, sex, health
status of animals and faecal consistency for each sam-
ple was recorded systematically. Samples were collected
into individual plastic containers, placed in polystyrene
foam containers beside dry ice storage boxes and shipped
to Shahid Sadoughi University of Medical Sciences and
Health Services, Yazd, Iran within few hours.

DNA extraction
Faeces were thoroughly homogenized using dispos-
able wooden applicators, three freeze/thaw cycles were
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preformed, and the homogenates were vortexed with
sterile glass beads. Genomic DNA (gDNA) was extracted
using a DNA Blood and Tissues® extraction kit (MBST,
Tehran, Iran). The DNA yield was assessed using a
Thermo Scientific” NanoDrop" spectrophotometer
(Thermo Fisher Scientific, Massachusetts, USA).

PCR amplification

All samples were screened for the presence of Crypto-
sporidium spp. at the 185 rRNA locus using a nested-
PCR producing a ~ 611-bp product [31], with modified
PCR conditions as previously described [32]. All samples
positive for Cryptosporidium spp. at the 18S locus were
further subtyped at the 60 kDa glycoprotein (gp60) locus
using a nested-PCR producing a ~ 948-bp secondary
product, as previously described [33].

Sequencing and molecular analysis

The amplified DNA from secondary PCR products was
separated by gel electrophoresis and sent for sequenc-
ing using an ABI 3730XL DNA Analyzer at the Bioneer
Company (Daejeon, Republic of Korea). Sanger sequenc-
ing chromatogram files were imported into Geneious Pro
8.1.6 [34], edited, analyzed, and aligned with reference
sequences from GenBank using Clustal W (http://www.
clustalw.genome.jp).

Statistical analyses

The prevalence of Cryptosporidium in faecal samples col-
lected from each host species was expressed as the per-
centage of samples positive at the 18S locus, with 95%
confidence intervals calculated assuming a binomial dis-
tribution, using the software Quantitative Parasitology
3.0 [35]. Chi-square and Fisher’s exact tests were per-
formed using SPSS 20 for Windows (SPSS Inc. Chicago,
USA), to determine if there was a statistical difference
in the prevalence of Cryptosporidium between livestock
species, their age and sex. P-values < 0.05 were consid-
ered statistically significant.

Results

Health status of animals and faeces consistency

Faecal samples were classified as non-formed faeces
(pasty/watery; diarrheic) or formed faeces (normal; non-
diarrheic). All of the faecal samples collected were formed
(96.6%; 95% CI: 94.9-98.2%) with the exception of 15 (five
diarrheal, four semi-liquid and six pasty). Of 194 cattle
samples examined, one had mastitis and one was preg-
nant. All the sheep and goats appeared to be healthy.

Prevalence of Cryptosporidium
Based on identification of Cryptosporidium at the 18S
rRNA locus, the overall prevalence in the examined
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animals was 4.5% (22/484; 95% CI: 2.62—6.38%) compris-
ing a prevalence of 4.7% (9/192; 95% CI: 1.71-7.69%) in
cattle, 5.7% (11/192; 95% CI: 2.42—-8.97%) in sheep and
2% (2/100; 95% CI: 0-4.74%) in goats.

Of the 22 faecal samples positive for Cryptosporidium,
the consistency of all the samples were formed. Among
261 male animals, 15 were infected with Cryptosporid-
ium (5.7%; 95% CI: 2.89-8.50%), and from 221 female
animals, seven were positive for Cryptosporidium (3.1%;
95% CI: 0.82-5.38%) however, no significant correlation
between cryptosporidiosis and sex of the animals was
found. Cryptosporidiosis was more prevalent in younger
animals (P = 0.019). For the prevalence of Cryptosporid-
ium in faecal samples from livestock categorized by live-
stock species, sex and age groups, see Additional file 1:
Table S1 and Additional file 2: Table S2.

Cryptosporidium species and subtypes

Sequence analysis at the 18S locus identified C. ander-
soni (n = 7) and C. bovis (n = 2) in cattle, C. ubiquitum
(n = 5) and C. xiaoi (n = 6) in sheep and C. xiaoi (n = 2)
in goats. Out of five samples positive for C. ubiquitum at
the 18S locus, two were successfully subtyped at the gp60
locus (subtype family XIIa).

The sequences obtained from 22 livestock faeces in the
present study were deposited in the GenBank database
under the accession numbers MN153790-MN153794,
MN394767-MN394783, MK797741 and MKB801770
(Additional file 3: Table S3).

Discussion
In the present study, Cryptosporidium parasites were
detected in the faeces of livestock that were slaughtered
for human consumption in Yazd Province, central Iran,
using molecular techniques. The prevalence was 4.5%,
5.7% and 2% in cattle, sheep and goats, respectively.

Since the first report of cryptosporidiosis in Iran in
1984 [36] numerous studies have reported different
Cryptosporidium species in a wide range of mammalian
hosts including C. parvum, C. muris, C. meleagridis, C.
wrairi and C. hominis from humans [37-40], C. parvum
from rats [41], C. baileyi from poultry and turkeys [9,
16], C. parvum from dogs [13], C. parvum, C. hominis,
C. canis and Cryptosporidium pig genotype from recrea-
tional water [21, 42] and C. andersoni and C. xiaoi from
livestock wastewater samples [20]. In Iran, it is estimated
that 3.6% of children, 2.9% of healthy people, 1.3% of gas-
troenteritis patients and 4.5% of immunocompromised
individuals are infected with Cryptosporidium species
[8].

The present study provides the first insight into Crypto-
sporidium species infecting goats in Iran and is the first
report of C. xiaoi in goats (prevalence of 2%, 95% CI:
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0-4.74%). Worldwide, C. xiaoi and C. ubiquitum are
responsible for over 90% of cryptosporidial infections in
sheep and goats [7]. In Iran however, there is little infor-
mation about caprine cryptosporidiosis, with all previous
studies based on morphology alone, reporting preva-
lences ranging between 2.5-17.6% [43]. Studies in other
countries have reported that 7.7% of healthy adult goats
in Spain were infected with Cryptosporidium [44] and in
France, a higher prevalence of Cryptosporidium (20%)
was detected in goats aged 1-7 years in farms that had a
previous history of diarrhoeal disease compared to farms
that did not (6.6%) [45]. Cryptosporidium xiaoi has pre-
viously been reported in lambs, sheep, goats, yaks and
kangaroos [46, 47] and in the present study, C. xiaoi was
detected in adult goats aged 2 and 3 years-old, which is
in contrast to previous reports of this species in goat kids
[47, 48]. Further molecular-based studies are needed in
Iran and other regions for better understanding of spe-
cies infecting goats.

In sheep, C. xiaoi (n = 6) and C. ubiquitum (n = 5)
were identified in the present study (11/192, 5.7%). These
two species are responsible for over 90% of cryptosporid-
ial infections in sheep and goats worldwide [7]. This is
the first report of C. ubiquitum in Iran. Previous stud-
ies in sheep in Iran based on microscopy, have reported
prevalences of 6.7-17.2% [49]. In the only molecular-
based study, 22 (1.5%) of 1485 sheep faecal samples from
Tehran city, were positive by microscopy and were typed
as C. andersoni (n = 20) and C. parvum (n = 2) [50].
Cryptosporidium ubiquitum is a zoonotic parasite with a
very wide host range [33, 51]. Infection of humans with
C. ubiquitum has been reported primarily in industrial-
ized nations and C. ubiquitum has also been detected
in water sources, stormwaters and wastewaters in many
geographical locations [33].

In the present study C. andersoni was detected in seven
cattle faecal specimens (3.6% in 192; 95% CI: 0.98—6.23%)
and C. bovis in two (1.04% in 192; 95% CI: 0.39-2.47%). In
Iran, to date, C. parvum, C. bovis, C. andersoni, C. muris,
C. wrairi, C. serpentis, and C. baileyi have been identified
in calves and cattle using molecular tools [37, 39, 52—54].
Cryptosporidium parvum and C. bovis are the most com-
monly reported species infecting cattle worldwide, fol-
lowed by C. ryanae and C. andersoni, with a few reports
of C. occultus, C. ubiquitum and C. xiaoi [7]. However,
previous studies on cattle in Iran, suggest that C. parvum
and C. andersoni are the dominant species.

In this study cryptosporidiosis was more prevalent in
younger animals. Age is often a significant variable for
cryptosporidiosis status and etiology, and an age-related
pattern in distribution of Cryptoposridium species has
been observed in cattle, i.e. C. parvum is the predomi-
nant species in pre-weaned, monogastric calves up to
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2 months of age, C. bovis and C. ryanae in older calves
and young stock, whereas C. andersoni is mainly found
in young stock and adult cattle [55]. In small ruminants
however, species distribution differs between studies and
between age groups within studies [55, 56]. Further stud-
ies in Iranian livestock of all ages including both symp-
tomatic and asymptomatic individuals are required to
better understand the associations between age, species/
genotypes of Cryptosporidium and clinical outcome of
cryptosporidiosis.

Faecal consistency of Cryptosporidium-infected adult
ruminants in the present study was normal however, evi-
dence supports an association between clinical disease
and certain Cryptosporidium-species in livestock. In cat-
tle, C. parvum often results in acute enteritis and pasty to
watery diarrhea that in some cases lead to mortality from
dehydration; C. andersoni is not associated with overt
clinical signs but results in reduced milk production and
weight gain; and infections with C. bovis and C. ryanae
have not been associated with illness [56]. In small rumi-
nants however, more research is needed to determine if
species/genotype effects are significantly associated with
production outcomes. Nevertheless, based on the cur-
rent knowledge, C. parvum is more likely to be found in
clinically ill lambs, whereas C. xiaoi and C. ubiquitum are
more likely to be found in healthy lambs although the lat-
ter two species have been found in mild to severe diar-
rhoeal cases [55, 56].

In the present study C. ubiquitum, C. andersoni and C.
bovis, all of which have zoonotic potential were found in
adult ruminants. Studies suggest that the overall preva-
lence of Cryptosporidium declines with increasing age [57].
However, a study in England and Wales identified Crypto-
sporidium in 18.6% of adult cattle and 26.1% of adult sheep
[58]. In Spain, Cryptosporidium prevalence in healthy adult
cows was 8.4%, in sheep 5.3%, and in goats 7.7%, suggesting
that asymptomatic adults can act as reservoirs for spread-
ing oocysts in herds and pose a potential health risk for
humans [44]. Although the prevalence of infection in the
present study was low, the potential exists for contamina-
tion of water sources and for meat at slaughter and also
abattoir wastewater, which is of public health concern.

Conclusions

To our knowledge, this study reports for the first time
C. ubiquitum in Iran and C. xigoi from ruminants in
the country. The presence of zoonotic species C. ubig-
uitum, C. andersoni and C. bovis may suggest that live-
stock could contribute to human cryptosporidiosis, in
particular among farmers and slaughterhouse workers,
in the area. Further molecular studies in human popu-
lations is required to more accurately understand the
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epidemiology and transmission dynamics of Crypto-
sporidium spp. in this region.
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