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Abstract

Background: We aimed to characterize Cryptosporidinm spp. in rats, cats, pigeons,
and crows.

Methods: Fifty-five animal origin Cryptosporidium spp. genome were identified,
genotyped and confirmed by nested PCR and of RFLP-PCR analysis as well as
sequenced based on 18s rRNA and gp60 genes in Tehran (2012-2019). Finally, the
phylogenetic analysis was performed by MEGA software (version 7).

Results: By the molecular method, Cryprosporidium spp. were detected in 24
(15.2%), 15 (15%), 2 (2%) and 13 (13%) cases of wild rats, cat, pigeon, and crow,
respectively. Among the identified species by the RFLP pattern, most isolates
were identified as C. parvum (24/157) 17.8% in rats, (15/100) 15% in cats,
(13/100) 13%in crew and (2/100) 2% in pigeons; and the rest of the cases were
C. muris and C. felis. The results of sequencing did not prove the existence of C.
parvum, C. felis, C. muris, and rat genotype. Subtyping of C. parvum was indicated
that the dominant subtype family belongs to the IId family and the subtype
A20G1 was the most common subtype detected in all hosts while A19G1 was
detected in one isolate of cat and pigeon.

Conclusion: Free-ranging animals atre infected by species/subtype of Cryptosporidi-
um, which can infect humans. This shows by itself the hygienic importance of the
free-ranging animals in urban ecosystems. In the transmission of human cryptos-
poridiosis, the multi-host Cryptosporidinm species such as C. parvum, C. felis, and C.
muris can be transferred potentially from these animals to humans.
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Introduction

ryptosporidinm spp. is a prevailing para-

site of a vast range of animals includ-

ing wildlife, companion animals, live-
stock, and humans (1). Clinical signs of cryp-
tosporidiosis can be varied from self-limiting
diarrhea and other gastrointestinal disorders to
a chronically deathful infection in immuno-
compromised persons (2). Zoonotic and an-
throponotic transmission routes have been
identified for Cryptosporidium spp. and calves
are considered as the main source in the zo-
onotic transmission cycle (3). The role of cat-
tle in the zoonotic transmission of C. parvum is
reported, but the role of the other animals is
less clear (4).

Molecular studies on Cryptosporidium spp. in
free-ranging animals in west Asia are lesser
than those conducted in developed countries.
Cryptosporidinm oocysts can be detected every-
where in the natural surroundings which are
contaminated by animal droppings or human
wastes (5). They can contaminate soil, food,
and water sources such as lakes, rtivers,
streams, and even swimming pools.

Up to now, limited molecular data are avail-
able for Cryptosporidium species in free-range
animals in Iran. We aimed to characterize

Cryptosporidium spp. in rat, cat, pigeon, and
crow in Tehran capital of Iran.

Materials and Methods

Study area and sample collection

This study was conducted in Tehran, capital
of Iran between 2012 and 2019. A total num-
ber of 457 fecal samples were randomly col-
lected from rats (N=157), cats (N=100), pi-
geons (N=100), and crows (N=100) from dif-
ferent regions of the city during the course
study from 2012 to 2019 2646. All samples
were preserved in 2.5% potassium dichromate
(K2Cr207).

DNA extraction and Cryptosporidium species
differentiation

DNA extraction was performed by the mod-
ified CTAB method (6). The 18S rRNA gene
was amplified according to the nested PCR
protocol described by Silva et al (7). The first
and second PCR amplicons were about 773
bp and 611 bp, respectively. For species dif-
ferentiation, according to enzymatic pattern
with insilico digestion was determined species
of Cryptosporidium by Sspl, Bfal, and Ddel re-
striction enzymes (Table 1).

Table 1: The RFLP patterns of Cryptosporidinm spp., which is expected to isolate from the hosts in this study.
Each color is a RFLP pattern. Similar colors represent the same pattern

Parasite Bfal Sspl Ddel

C. parvum 560 254-206-108 367-156-68
C. nmuris 364-195 385-203 225-208-156
C. canis 316-241 254-207-105 362-156-68
C. felis 582 391-206 387-156-68
C. ryanae 357-195 254-224-103 425-156
C. baileyi 360-195 330-254 428-156
C. meleagridis 561 254-206-108 366-156-68
C. ubiguitum 309-148-106 373-208 368-156-68

Subtyping of C. parvum
Isolates of C. parvum were subtyped using a
450-bp fragment GP60 gene, which amplified
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by a nested PCR protocol (8). Amplified DNA
fragments were purified and subjected to bidi-
rectional sequencing,.
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Sequencing and Phylogenetic analysts

To identify the species/genotypes and con-
firmation of PCR-RFLP analysis, bidirectional
sequencing was performed on the second
PCR amplicons of 185 rRNA gene. The se-
quences were aligned with the available se-
quences of Cryptosporidium spp. in GenBank
(www.ncbi.nlm.nih.gov/blast). The phyloge-
netic analysis was performed by MEGA soft-
ware version 7. The phylogenetic trees were
generated using the maximum likelithood
method based on Kimura’s two-parameter
model with bootstrap values obtained from
1000 replicates.

Nucleotide sequence and accession numbers
The nucleotide sequences obtained in this
study were submitted to GenBank under ac-
cession numbers (KX537648-KX537684) and
(KP883285-KP883294).

Results

Prevalence and Cryptosporidium species iden-
tification

The numbers of positive isolates for each
animal and  the  Cryprosporidium  spe-
cies/genotypes determined by 18s rRNA gene
are summarized in Table 2.

Table 2: Number of positive samples examined for Cryprosporidium for each host and the Cryptosporidium spe-
cies/genotypes/subtypes determined by PCR analysis of the SSU tRNA and GP60 genes

Host No. sam- Positive/ tested Spe- accesston no. Subtype family  accession no.
ples by 185 rRNA (%)  cies/genotype IId (%)
(%)
Rattus rattus 157 24 (17.8) C. parvum (70.8) C. parvum A20G1 A20G1
C. mauris (16.7) (KP883285-288, (100) (KX537657-
Rat genotype KP883290-291 668)
(8.3) KP883293-294)
Mixed (4.2) C. muris
(KX537656)
Rat genotype
(KP883289,
KP883292)
Felis catus 100 15 (15) C. parvum (53.3) C. parvum A20G1 (75) A20G1
C. felis (33.3) (KX537648, A19G1 (25) (KX537669-670)
Mixed (13.4) KX537653-654) A19G1
C. felis (KX537672)
(KX537655)
Corvus 100 13 (13) C. parvum (100) C. parvum A20G1 A20G1
cornix (KX537649-651) (100) (KX537657-684)
Columba 100 22 C. parvum (100) C. parvum A20GT1 (50) A20G1
livia (KX537650) A19GT1 (50) (KX537674)
A19G1
(KX537673)

The prevalence of Cryptosporidium spp. infec-
tions detected by 18S rRNA gene were
(24/157) 17.8% in rats, (15/100) 15% in cats,
(13/100) 13% in crew and (2/100) 2% in pi-
geons.
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The sizes of fragments belonging to the ma-
jority of samples were identical to the ex-
pected RFLP patterns. The RFLP pattern of
digested amplicons with Sspl, FspBI (Bfal), and
HpyF31 (Ddel) showed that 17 rat isolates had
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a restriction pattern similar to C. parvum, 4 iso-
lates similar to C. wzuris, 1 isolate mixed pattern
and 2 isolates with the unknown pattern.
Among 15 positive samples from cats 8 iso-
lates had a restriction pattern with C. parvunmz, 5
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isolate with C. felis and 2 isolates had mixed
pattern. The RFLP derived from 13 crow and
2 pigeon isolates demonstrated an identical
RFLP pattern with C. parvum (Fig. 1).
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Fig. 1: The RFLP patterns of Cryptosporidium spp. (A) C. parvum, B) C. muris, (C) C. felis

1885 rRNA gene sequencing and phylogenetic
analysis

The sequence of rat isolates showed 99-
100% homology with C. parvum (17 isolates),
four isolates with C. muris and, two isolates
(unknown RFLP pattern) with rat genotype.
The sequences of cat isolates showed 100%
homology with C. parvum (8 isolates) one iso-
late identified 100% similar to C. fels. All se-
quences of crow and pigeon isolates showed
99-100% homology with C. parvum. In the
phylogenetic analysis, the species isolated in
this study grouped with previously described
species (Fig. 2). The evolutionary history was
concluded using the Maximum Likelihood
method based on the Kimura 2-parameter
model. The highest log likelihood (-2458.1429)
is demonstrated in the tree. Primary tree (s)
for the heuristic search were taken automati-
cally using Neighbor-Join and BioN]J algo-
rithms to a matrix of pairwise distances esti-
mated using the Maximum Composite Likeli-
hood (MCL) approach, and then selecting the
topology with superior log likelihood value. A
discrete Gamma distribution was used to
model evolutionary rate differences among
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sites (5 categories (+G, parameter = 0.3618)).
The rate variation model allowed for some
sites to be evolutionarily invariable (+I),
34.3173% sites. Two samples isolated from
the rat, whose RFLP patterns were unknown,
were clustered with rat genotype in the phylo-
genetic analysis. The Cryptosporidium isolates
from rats and cats grouped with intestinal spe-
cies (parvuri) and gastric species (felis, muris,
and rat genotype).

GP60 gene sequencing and phylogenetic
analysts

The gp60 amplicons of twenty-eight C. par-
vum isolates were sequenced (Table 2). Se-
quence analysis revealed that the IId family
was significantly dominant in this study. All
IId subtype family detected from rats and
crows belonged to the IId20AG1 subtype
(100%), while IId subtype family detected
from cats (3/4) and pigeons (1/2) belonged to
the IId20AG1 and the rest subtypes from
them were classified as IId19AG1 subtype
(25%) and (50%), respectively. The evolution-
ary history was inferred by using the Maxi-
mum Likelihood method based on the Ki-
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mura 2-parameter model (Fig. 2). The rela-
tionship of subtyped isolates and reference
sequences of C. parvum approved the presence
of the IId subtype family in isolates of free-
ranging animals. These isolates were clustered
with the reference sequence of C. parvum sub-

52

types 1Id (A13G1, A14G1, A15G1, A16Gl,
A17G1, A18G1, A19G1, A20G1, A21Gl,
A22G1, A23G1, A24G1, A25G1, A26G1, and
A27G1) with high internode value (i.e., 99)
(Fig. 3). The worldwide distribution of C. par-
vum subtype families was presented in Fig 4.
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Fig. 2: Phylogenetic tree constructed from sequencing (18S) the Cryptosporidinm isolates from free-ranging
animals in Tehran. The sequences obtained from GenBank and used for a comparison with the sequences

obtained in the present study included intestinal and
over 50% from 1000 replicates are
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gastric species of Cryptosporidium. Bootstrap values
indicated at the left of the node
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Discussion

The ubiquities Cryptosporidium oocysts can
contaminate soil, food, and water sources (9).
Previous studies about the molecular features
of Cryptosporidium have been performed in Iran
(10, 11); few data are available in free-range
animals. For the first time in Iran, C. zuris was
detected in our study. The prevalence rates of
Cryptosporidinm spp. in rodents was reported in
the range from 5.0% to 39.2% (10). In Tehran,
27% (21/77) wild rats were positive to C. par-
vum (11), whereas 17.8 % of the rats in our
study were positive to Cryptosporidium spp.
Thus far, rat genotype of Cryptosporidium and C.
muris were not reported from the animal in
Iran, but C. muris was detected in tiver water
samples (12). The Cryptosporidium rat genotype
was previously identified in two percent of
laboratory mice and rats, 6.3% of Rattus
norvegicus, and 9.1% of Rattus tanezumi in China
(13). Contrary to studies conducted in Austral-
ia only rat genotype (14) have been detected,
C. parvum and mmuris were identified in rats of
China (15) which is consistent with our find-
ings. The presence of multi-host Cryprosporidi-
um species revealed that rats are one of the
main sources of these parasites in the urban
ecosystem. Urban communities have created
suitable habitats for rats, therefore, close con-
tact between rats and people in cities poten-
tially provides transmission of zoonotic spe-
cies of eryptosporidinm (16).

The prevalence of Cryptosporidium spp. in cats
was determined as 15% in our study. Among
the positive isolate, C. parvum, C. felis, and
mixed infection (C. felis and muris) were char-
acterized. Some studies from elsewhere have
confirmed the presence of Cryprosporidium in
cats with prevalence ranging from 1 to 25%
(17-19). Similar to our results, there are vari-
ous reports in which detected Cryptosporidium
species in cats. In Germany, Cryptosporidium
spp. detected in one cat isolate with high iden-
tity values to C. parvum (20). Scrapings of duo-
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denal and ileal mucosa and fecal specimens of
cats from Colombia screened by PCR showed
that six isolates (13%) positive for Cryptosporid-
wmm (5 isolates C. felis and one C. muris) (21).
As in the present study, mixed C. zuris and C.
felis infection in a cat gastrointestinal tract re-
ported from Australia (22) whereas, in another
study, these species were separately isolated
from the cat (22, 23). Koompapong et al. have
genetically identified Cryptosporidium oocyst in
2.5% cat isolate as C. felis (24). Molecular anal-
ysis based on 18s rRNA gene revealed that
one cat (3.8%) co-infected by C. felis and C.
parvum in China (25). In addition, C. muris has
been identified in cats (21, 26, 27). Characteri-
zation of zoonotic species of Cryptosporidinm
(C. parvum) in cats was shown they could be
counted as potential reservoirs for human in-
fections (28). Based on present knowledge, C.
felis and C. muris have low public health signifi-
cance in the general population. However,
immunocompromised persons are at risk of
serious cryptosporidiosis (29, 30).

Many varieties of free-ranging, captive, and
domestic bird species can defecate human vir-
ulent agents in their fecal droppings (31).
More than 30 species of birds are infected by
Cryptosporidium spp. in many countries (32).
They are used as a source of food, hobby,
symbol, and experimental aims (33). In this
study, the feces of two percent of pigeons and
13% of crows were infected by C. parvum,
while the prevalence of C. parvum oocysts var-
ies considerably in birds as high as 90% (34).
On the other hand, unlike former studies that
have performed using the microscopic meth-
od (35), this study showed the molecular as-
pects of Cryptosporidium in pigeon for the first
time in Tehran. In Brazil, C. parvum was de-
tected in seven percent of carrier pigeons (30).
The prevalence rate of Cryprosporidium infec-
tion of Corvidae indicates the fluctuation of
this infection from 0 to 33.96% (37).

GP60 gene analysis revealed 15 subtype
families for (Cryptosporidium) C. parvum at
least including Ila-1Ii, IIk-IIp (novel subtype)
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(38-40), while, ten subtype families were re-
ported in C. hominis (1a, Ib, 1d, Ie, If, Ig, Ih, Ii,
Ij, and Ik (novel subtype) (39). In wildlife, sub-
type families of Cryprosporidium spp. were char-
acterized such as C. hominis (1a, 1b, 1d, Ie, If, 1,
and Ik), C. parvum (1a, 1lc, 11d, Ilo, and Ilp),
C. cuniculus (Na and Vb), C. ubiquitum (X1la to
1), C. erinacei (X1lla), C. fayeri IVa to f), opos-
sum genotype 1 (Xla), C. meleagridis (111b, 1lle,
and Illg), C. #zerri (IXa and IXb), C. wrairi
(VIla), chipmunk genotype 1 (XIVa), ferret
genotype (VIIIa), horse genotype ( VIa and
VIb) and mink genotype (Xa) (40).

Formerly, both IIa (64%) and 11d families of
C. parvum (36%) were reported in cattle and
humans in Iran. However, the subtype family
ITa and IId predominated in cattle and hu-
mans, respectively. In children, five subtypes
were identified in the IId subtype family
(A15G1, A18G1l, A20Gla, A21Gla, and
A26G1) with the dominancy of A20G1a (41).
In Tehran, all subtypes of C. parvum isolates
belonged to families IIa (35%) and IId (65%)
and the frequent subtype among the isolates
of Iranian children was IIdA20G1 (42, 43).

The dominance of the subtype IIdA20GT1 in
this study is in accordance with the results of
former studies in the countries of the Middle
East region, which a Ila is dominant subtype
(44). Subtype IIdA19G1 identified in 1 cat
isolate and 1 pigeon isolate was previously
identified from livestock in Sweden (45), Chi-
na (46, 47), Hungary (48), Egypt (49), and
Australia (39). This subtype was also common
in lambs and goats in Spain (50) and equine
hosts in China (51). In wildlife, the subtype
IIdA19G1 was reported from golden takins,
lemurs, chipmunks, hamsters, and hedgehog
(52). The zoonotic nature of this subtype has
been proven by detection in Spanish (53), Por-
tuguese (54), and Ethiopian (55) individuals.

Detection of multi-host species of Cryptospor-
tdinm and common subtypes of C. parvum
(such as IIdA20G1) in free-ranging animals in
the present study, firmly suggests the potential
role of these animals in the transmission of
cryptosporidiosis. It is difficult to precisely
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identified sources and transmission dynamics
of Cryptosporidium in the environment, for its
omnipresent nature, however, zoonotic
transmission is considered the main route in
the transmission of cryptosporidiosis (56).

Conclusion

Considering the presence of rat, cat, pigeon,
and crow animals in urban ecosystems it is
probable that water resources, food, soil, ani-
mals, and humans are contaminated by these
hosts. Therefore, these animals may probably
be significant in terms of public health, and
measures should be developed to reduce the
transmission of (00) cysts to humans, especial-
ly in susceptible persons. Increasing health
awareness, screening, and reducing the risk of
co-transmission between humans and animals
in multi-host Cryptosporidium spp. seems neces-
sary.
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