
ORIGINAL PAPER

Molecular detection and genetic characterizations of Cryptosporidium
spp. in farmed foxes, minks, and raccoon dogs in northeastern China

Ziyin Yang1
& Wei Zhao1

& Jianguang Wang1
& Guangxu Ren1

& Weizhe Zhang1
& Aiqin Liu1

Received: 25 July 2017 /Accepted: 15 November 2017 /Published online: 25 November 2017
# Springer-Verlag GmbH Germany, part of Springer Nature 2017

Abstract
Cryptosporidium spp. are common intestinal protozoa causing diarrhea in humans and a variety of animal species.With the recent
development of fur industry, a large number of fur animals are farmed worldwide, especially in China. The existence of identical
Cryptosporidium species/genotypes in humans and fur animals suggests zoonotic potential. In order to assess the presence of
zoonotic Cryptosporidium species and/or genotypes in farmed fur animals, 367 fecal specimens were collected from 213 foxes,
114 minks and 40 raccoon dogs farmed in Heilongjiang, Jilin, and Liaoning provinces, northeastern China, during the period
from June 2014 to October 2016. By PCR and sequencing of the partial small subunit (SSU) rRNA gene ofCryptosporidium, 20
of 367 (5.4%) animal samples were found to be infected, corresponding to 12 of 213 fox samples (5.6%) and 8 of 114 mink
samples (7.0%) screened. ThreeCryptosporidium species/genotypes were identified:C. canis (n = 17),C. meleagridis (n = 1) and
Cryptosporidium mink genotype (n = 2). Two host-adapted C. canis types (C. canis dog genotype and C. canis fox genotype)
were found. By PCR and sequencing of the partial 60 kDa glycoprotein (gp60) encoding gene, one mink genotype isolate was
successfully subtyped as XcA5G1R1. The threeCryptosporidium species/genotypes identified in this study have been previously
reported in humans suggesting that fur animals infected with Cryptosporidium spp. may pose a risk of zoonotic transmission of
cryptosporidiosis, especially for the people working in fur animal farming and processing industry.
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Introduction

With the recent development of fur industry, the number of
farmed fur animals has been increasing worldwide. The num-
ber of foxes, minks, and raccoon dogs has reached more than
104 million animal heads in China in 2015. An increasing
number of people are involved in fur animal farming and fur
processing industry and are in close contact with these ani-
mals. The variety of zoonotic pathogens in fur animals is not
only a veterinarian issue of animal health status but may be
also of importance for public health.

Cryptosporidium spp. are common intestinal protozoan
parasites causing diarrhea in humans and a variety of other
animal species. To date, six Cryptosporidium species

(C. canis, C. parvum, C. felis, C. ubiquitum, C. meleagridis,
and C. andersoni) and three genotypes (Cryptosporidium
mink genotype, Cryptosporidium muskrat genotype I, and
Cryptosporidium fox genotype) have been identified in foxes,
minks, and raccoon dogs. With the exception of the
Cryp t o spo r i d i um musk r a t g eno t yp e I and t h e
Cryptosporidium fox genotype, they are also found in
humans, suggesting a risk of zoonotic transmission (Feng
et al. 2007; Gómez-Couso et al. 2007; Kellnerová et al.
2017; Mateo et al. 2017; Matsubayashi et al. 2004; Nagano
et al. 2007; Stuart et al. 2013; Wang et al. 2008; Xiao et al.
2002; Zhang et al. 2016a, b; Zhou et al. 2004). Humans can
acquire Cryptosporidium infections through the fecal-oral
route, including direct transmissions (person-to-person and
animal-to-person) and indirect transmissions (through water,
food, and fomites contaminated with oocysts). Analysis of
cryptosporidiosis epidemiology has revealed that contact with
pets or other household animals is one of the most common
risk factors (Mahmoudi et al. 2017). Thus, individuals who
have close contact with animals for occupational or recrea-
tional reasons including farmers, breeders, and veterinarians
but also animal caretakers and workers of the fur industry are
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at a high risk of Cryptosporidium infection. Zoonotic out-
breaks of cryptosporidiosis have been reported among veteri-
narians and veterinary students as well as other people ex-
posed to agricultural animals and children visiting farms
(Gait et al. 2008; Hoek et al. 2008; Stantic-Pavlinic et al.
2003; Chalmers and Giles 2010). In addition, numerous out-
breaks of cryptosporidiosis described in many countries and
regions are related to waterborne or foodborne transmission
(Karanis et al. 2007; Efstratiou et al. 2017; Insulander et al.
2013; Rimšelienė et al. 2011; Yoshida et al. 2007; Ethelberg
et al. 2009). In many cases, the sources of Cryptosporidium in
contaminated water or food remain unknown. Due to the large
number of animal reservoir hosts of Cryptosporidium and the
extremely high number of oocysts shed by them in natural
environments, animals may contribute to these outbreaks
(Smith et al. 2006).

Foxes, minks, and raccoon dogs are common fur animals
and are important economic animals in the three provinces
Heilongjiang, Liaoning, and Jilin in the northeast of China.
The aim of the present study was to determine the presence of
zoonotic Cryptosporidium species/genotypes in foxes, minks,
and raccoon dogs sampled from these three provinces. These
data will be helpful to avoid or reduce occurrence of cross-
transmission and re-infection of this pathogen among different
individuals within each farm as well as zoonotic transmission
to humans.

Materials and methods

Ethics statement

All the animals involved in the present study were per-
mitted by the owners or the managers of the farms. Here,
only animal fecal specimens were collected and ana-
lyzed. During the procedure of collecting specimens,
these animals were not disturbed. The study protocol
was reviewed and approved by the Research Ethics
Committee and the Animal Ethics Committee of Harbin
Medical University.

Specimen collection

During the period from June 2014 to October 2016, a total
of 367 fresh fecal specimens were collected from 213
foxes, 114 minks, and 40 raccoon dogs in Heilongjiang,
Jilin, and Liaoning provinces, northeastern China. Farms
were sampled provided that the consent of owner’s was
given and ease of accessibility for sampling. Each of the
fecal specimens was taken immediately from fresh feces
on the ground after animal defecation using a sterile dis-
posal latex glove and then placed into an individual plas-
tic bag. They were transported to the laboratory in a

cooler with ice packs within 24 h and stored at − 20 °C
in a freezer until use. All the animals we investigated
were 7 or 8 years old and had no clinical signs of illness
at the time of sampling.

DNA extraction

Fecal specimens were three times sieved and washed followed
by centrifugation for 10 min at 1500g at room temperature.
Genomic DNA was directly extracted from 200 mg of each
processed fecal pellet using a QIAamp DNA Stool Mini Kit
(QIAgen, Hilden, Germany). To obtain a high yield of DNA,
the lysis temperature was increased to 95 °C. The procedures
and reagents utilized were provided by the manufacturer. The
eluted DNA (200 μl) was stored at − 20 °C until further use.

Cryptosporidium genotyping and subtyping

By a nested PCR amplification of an approximately 830 bp
fragment of the SSU rRNA gene, all DNA preparations were
screened for the presence of Cryptosporidium as previously
described by Xiao et al. (1999). DNA preparations positive for
the SSU rRNA locus of Cryptosporidium were subsequently
analyzed to determine subtypes using a nested PCR to amplify
an approximately 800 to 850 bp fragment of the gp60 gene as
described in Alves et al. (2003). Every PCR amplification
included a negative control without DNA template. TaKaRa
Taq DNA Polymerase (TaKaRa Bio Inc., Tokyo, Japan) was
used for all PCR amplifications. All secondary PCR products
were subjected to electrophoresis in a 1.5% agarose gel and
were visualized by staining the gel with Ultra GelRed
(Vazyme GR501).

DNA sequence analysis

All positive secondary PCR products were directly sequenced
with secondary PCR primers on an ABI PRISMTM 3730 XL
DNAAnalyzer (Applied Biosystems, USA) using the BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems,
USA). Accuracy of the sequencing data was confirmed by
sequencing the PCR products in both directions. Meanwhile,
for some DNA preparations producing nucleotide substitu-
tions, deletions, or insertions compared to published se-
quences, at least two additional PCR products would be se-
quenced. Species/genotype identities of Cryptosporidium iso-
lates were established by direct comparison of the acquired
sequences with reference sequences downloaded from
GenBank using the Basic Local Alignment Search Tool
(BLAST) (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and
Clustal X 1.83 (http:// www.clustal.org/).
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Results

Percentage of Cryptosporidium positive samples

Of the fecal specimens, 5.4% (20/367) were PCR-positive for
Cryptosporidium by amplifying the partial SSU rRNA gene.
Cryptosporidium was only detected in foxes and minks.
Twelve of 213 foxes tested positive, corresponding to 11 of
107 foxes screened in Heilongjiang (10.3%) and 1 of 66 foxes
screened in Jilin (1.5%).Cryptosporidiumwas detected in 8 of
35 minks from Jilin (22.9%) but not in minks from
Heilongjiang. In general, Cryptosporidium was more com-
mon in foxes than in minks (p < 0.05, χ2 = 4.86) (Table 1).

Cryptosporidium species/genotypes and subtypes

By sequence analysis of the SSU rRNA gene of 20
Cryptosporidium isolates, three Cryptosporidium species/
genotypes were identified: C. canis (n = 17), C. meleagridis
(n = 1) and Cryptosporidium mink genotype (n = 2). By
aligning SSU rRNA gene sequences of C. canis, two different
sequences were identified. Eleven fox-derived C. canis iso-
lates were identical to a sequence identified in the fox-derived
isolate (KU215430). Sequences of six mink-derived C. canis
isolates were identical with one identified in a human subject
(KT749818). C. meleagridiswas identified in a fox from Jilin,
which had the same nucleotide sequence as a human-derived
isolate (HM485432). Two Cryptosporidium mink genotype
isolates produced the same SSU rRNA sequence having two
nucleotide insertions compared to that from a previously re-
ported mink isolate (EF641015). The gp60 locus of one of the
mink genotype isolates identified in this study could be am-
plified and successfully sequenced; it was found to have a

100% identity with the gp60 subtype XcA5G1R1 derived
from a mink isolate (KU608305).

Discussion

Epidemiological data demonstrated Cryptosporidium in-
fection in a variety of fur animals. Cryptosporidium has
been identified by PCR in foxes in Spain (8.0%), the
USA (7.9%), Ireland (1.6%), and China (1.6 to 23.1%)
(Mateo et al. 2017; Nagano et al. 2007; Zhang et al.
2016a, b; Zhou et al. 2004), in minks in the USA
(25.0%), Ireland (4.9%), China (29.6%), and the
Czech Republic (6.0%) (Feng et al. 2007; Kellnerová
et al. 2017; Stuart et al. 2013; Zhang et al. 2016a), and in
raccoon dogs, China (10.5%) (Zhang et al. 2016a). In the
present study, Cryptosporidium was detected in 12 of 213
foxes (5.6%) and 8 of 114 minks (7.0%). We did not detect
Cryptosporidium in raccoon dogs. The result might be re-
lated to the small number of collected specimens and/or a
low prevalence of Cryptosporidium in raccoon dogs in the
investigated area.

Three Cryptosporidium species/genotypes were identified
in this study, C. canis in foxes and minks, C. meleagridis in a
fox, and the Cryptosporidium mink genotype in two minks.
Molecular epidemiological surveys have identified nine
Cryptosporidium species/genotypes (Feng et al. 2007;
Gómez-Couso et al. 2007; Kellnerová et al. 2017; Mateo
et al. 2017; Matsubayashi et al. 2004; Nagano et al. 2007;
Stuart et al. 2013; Wang et al. 2008; Xiao et al. 2002; Zhang
et al. 2016a, b; Zhou et al. 2004) (Table 2), withC. canis being
the most common in foxes (71/80, 88.8%) and raccoon dogs
(5/6, 83.3%) and the Cryptosporidium mink genotype in
minks (40.0%, 28/70).

Table 1 Cryptosporidium species
and genotypes identified in fox,
mink, and raccoon dog

Animal
species

Province Examined
no.

Positive
no. (%)

Species/genotypes (n)

Fox Heilongjiang 107 11 (10.3) C. canis (11)

Jilin 66 1 (1.5) C. meleagridis (1)

Liaoning 40 0

Subtotal 213 12 (5.6) C. canis (11), C. meleagridis (1)

Mink Heilongjiang 25 0

Jilin 35 8 (22.9) C. canis (6), mink genotype (2)

Liaoning 54 0

Subtotal 114 8 (7.0) C. canis (6), mink genotype (2)

Raccoon dog Heilongjiang 16 0

Jilin 24 0

Subtotal 40 0

Total 367 20 (5.4) C. canis (17), mink genotype (2),
C. meleagridis (1)
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C. canis is the most frequently identified species in dogs
worldwide. However, it is also found in other Canidae ani-
mals (foxes and coyotes) (Trout et al. 2006; Zhang et al.
2016a) as well as the Mustelidae animals (minks) (Zhang
et al. 2016a) and the Herpestidae animals (a mongoose)
(Mateo et al. 2017). An experimental cross-transmission
study reveals that C. canis oocysts from a domestic dog and
an HIV-infected human have the ability to infect calves
(Fayer et al. 2001). Human cases of cryptosporidiosis caused
by C. canis have been reported in immunocompetent and
immune compromised individuals (Ryan et al. 2014). In de-
veloping countries, C. canis is responsible for as much as
4.0% of overall cryptosporidiosis cases in children (Lucio-
Forster et al. 2010). Due to the zoonotic nature of C. canis,
people having direct and indirect contacts with fur animals,
which include farmers, breeders, veterinarians, and workers
of the fur processing industry, should be aware of the poten-
tial zoonotic transmission of cryptosporidiosis. Phylogenetic
analysis revealed three different genotypes among C. canis
isolates: C. canis dog, fox, and coyote genotypes (Xiao et al.
2002). Among them, exclusively the C. canis dog genotype
has been reported to be pathogenic for humans (Zhou et al.
2004). Since then, the C. canis dog genotype has been also
identified in dogs, minks, and raccoon dogs suggesting that
contact with these animals can be a possible source for human
cryptosporidiosis (Gil et al. 2017; Zhang et al. 2016a).
C. canis fox and coyote genotypes are considered to be var-
iants of the C. canis genotype that are host specific for foxes
and coyotes, respectively, since they have only detected in

these carnivore species (Xiao et al. 2002). Therefore, it is
necessary to assess public health significance of different
C. canis isolates based on comparing differences in host spec-
ificity and infectivity by cross-transmission studies in the fu-
ture. Establishment of subtyping and MLST tools of C. canis
will be helpful to track the source of infection/contamination
and elucidate transmission dynamics of human cryptosporid-
iosis caused by C. canis. Currently, it remains unclear wheth-
er the three C. canis genotypes are actually three different
Cryptosporidium species.

The Cryptosporidium mink genotype was found in minks,
first in China and later in humans in Australia (Wang et al.
2008, Ebner et al. 2015, Ng-Hublin et al. 2013). So far, minks
have been described as the only animal host of this genotype
(Feng et al. 2011; Stuart et al. 2013; Wang et al. 2008; Zhang
et al. 2016a). In the present study, we found the same geno-
type in two minks, one of which we could subtype as
XcA5G1R1. This subtype has been previously reported in
minks (Zhang et al. 2016a). To date, the four subtypes
XaA5G1, XbA5G1R1, XcA5G1R1, and XdA4G1 have been
identified in Cryptosporidium mink genotype isolates from
minks (Feng et al. 2011; Zhang et al. 2016a). As the only
available human-derived Cryptosporidium mink genotype
isolates have not been subtyped (KT123176 and
JX471005), the possibility of zoonotic transmission of this
genotype has to be confirmed.

Besides in a variety of birds, C. meleagridis has been iden-
tified in other animal hosts including minks, cattle, wallabies,
gorillas, and dogs as well as some bivalves (Fayer et al. 2003;

Table 2 Cryptosporidium species/genotypes of natural infection in fur animals worldwide

Host Country No. of isolates Species (n) Genotype (n) Reference

Fox China 62 C. canis (62) Zhang et al. 2016a, b, this study

Ireland 2 C. parvum (2) Nagano et al. 2007

USA 9 C. canis (7) Muskrat genotype I (1),
fox genotype (1)

Zhou et al. 2004, Xiao et al. 2002

Spain 7 C. canis (2), C. parvum (3),
C. felis (1), C. ubiquitum (1)

Mateo et al. 2017

Subtotal 80 C. canis (71), C. parvum (5),
C. felis (1), C. ubiquitum (1)

Muskrat genotype I (1),
fox genotype (1)

Mink China 54 C. canis (25), C. meleagridis (3) Mink genotype (26) Zhang et al. 2016a,
Wang et al. 2008, this study

USA 1 Mink genotype (1) Feng et al. 2007

Ireland 4 C. andersoni (3) Mink genotype (1) Stuart et al. 2013

Spain 8 C. parvum (8) Gómez-Couso et al. 2007

Czech Republic 3 C. ubiquitum (3) Kellnerová et al. 2017

Subtotal 70 C. canis (25), C. meleagridis (3),
C. andersoni (3), C. parvum (8),
C. ubiquitum (3)

Mink genotype (28)

Raccoon dog Japan 1 C. parvum (1) Matsubayashi et al. 2004

China 5 C. canis (5) Zhang et al. 2016a

Subtotal 6 C. canis (5), C. parvum (1)

172 Parasitol Res (2018) 117:169–175



Hajdusek et al. 2004; Mariné Oliveira et al. 2016; Pagoso and
Rivera 2017; Ryan et al. 2014; Sak et al. 2014; Vermeulen
et al. 2015; Zhang et al. 2013, 2016a). In addition,
C. meleagridis is recognized as the third most common
Cryptosporidium species in humans (Ryan et al. 2016). In
some areas, the prevalence of C. meleagridis in humans are
as high as C. parvum (Cama et al. 2008; Cama et al. 2007;
Gatei et al. 2002). Experimental cross-transmission infections
of C. meleagridis have been performed successfully in the
mammal species mice, rats, calves, pigs, and rabbits and in
the bird species poults and chickens (Akiyoshi et al. 2003;
Darabus and Olariu 2003; Huang et al. 2003; Tůmová et al.
2002; Sréter et al. 2000). Data on epidemiology and cross-
transmission of C. meleagridis show a low host specificity
of this parasite. In the present study, C. meleagridiswas found
for the first time in a fox, further expanding the host range of
this parasite.

Conclusion

The present epidemiological data suggest that foxes and
minks in the investigated areas are infected with
Cryptosporidium . The finding of three zoonotic
Cryptosporidium species/genotypes in the studied fur animals
implies that there is a potential risk of human cryptosporidio-
sis for humans involved in this industry. In addition, these
animals can be an infection source of human cryptosporidiosis
through ingestion of water and food contaminated with infec-
tious oocysts. Waterborne outbreaks of cryptosporidiosis at-
tract more public attention due to more people involved in
these events. Importantly, also aquatic shellfish can be con-
taminated by the Cryptosporidium infectious oocyst stage
(Srisuphanunt et al. 2009). Thus, improved farm management
systems are needed to prevent the occurrence of cross-
transmission and re-infection of Cryptosporidium among the
animals within each farm, and to reduce environmental con-
tamination from animal manure.

Funding information This work was supported by the Heilongjiang
Province Education Bureau (No. 12531266)

References

Akiyoshi DE, Dilo J, Pearson C, Chapman S, Tumwine J, Tzipori S
(2003) Characterization of Cryptosporidium meleagridis of human
origin passaged through different host species. Infect Immun 71(4):
1828–1832. https://doi.org/10.1128/IAI.71.4.1828-1832.2003

Alves M, Xiao L, Sulaiman I, Lal AA, Matos O, Antunes F (2003)
Subgenotype analysis of Cryptosporidium isolates from humans,
cattle, and zoo ruminants in Portugal. J Clin Microbiol 41(6):
2744–2747. https://doi.org/10.1128/JCM.41.6.2744-2747.2003

Cama VA, Ross JM, Crawford S, Kawai V, Chavez-Valdez R, Vargas D,
Vivar A, Ticona E, Navincopa M, Williamson J, Ortega Y, Gilman
RH, Bern C, Xiao L (2007) Differences in clinical manifestations
among Cryptosporidium species and subtypes in HIV-infected per-
sons. J Infect Dis 196(5):684–691. https://doi.org/10.1086/519842

Cama VA, Bern C, Roberts J, Cabrera L, Sterling CR, Ortega Y,
Gilman RH, Xiao L (2008) Cryptosporidium species and sub-
types and clinical manifestations in children, Peru. Emerg
Infect Dis 14(10):1567–1574. https://doi.org/10.3201/eid1410.
071273

Chalmers RM, Giles M (2010) Zoonotic cryptosporidiosis in the UK—
challenges for control. J Appl Microbiol 109(5):1487–1497. https://
doi.org/10.1111/j.1365-2672.2010.04764.x

Darabus G, Olariu R (2003) The homologous and interspecies transmis-
sion ofCryptosporidium parvum andCryptosporidium meleagridis.
Pol J Vet Sci 6(3):225–228

Ebner J, Koehler AV, Robertson G, Bradbury RS, Jex AR, Haydon SR,
Stevens MA, Norton R, Joachim A, Gasser RB (2015) Genetic
analysis of Giardia and Cryptosporidium from people in Northern
Australia using PCR-based tools. Infect Genet Evol 36:389–395.
https://doi.org/10.1016/j.meegid.2015.08.034

Efstratiou A, Ongerth JE, Karanis P (2017) Waterborne transmission of
protozoan parasites: review of worldwide outbreaks—an update
2011–2016. Water Res 114:14–22. https://doi.org/10.1016/j.
watres.2017.01.036

Ethelberg S, Lisby M, Vestergaard LS, Enemark HL, Olsen KE,
Stensvold CR, Nielsen HV, Porsbo LJ, Plesner AM, Mølbak K
(2009) A foodborne outbreak ofCryptosporidium hominis infection.
Epidemiol Infect 137(3):348–356. https://doi.org/10.1017/
S0950268808001817

Fayer R, Trout JM, Xiao L, Morgan UM, Lai AA, Dubey JP (2001)
Cryptosporidium canis n. sp. from domestic dogs. J Parasitol
87(6):1415–1422. https://doi.org/10.1645/0022-3395(2001)
087[1415:CCNSFD]2.0.CO;2

Fayer R, Trout JM, Lewis EJ, Santin M, Zhou L, Lal AA, Xiao L (2003)
Contamination of Atlantic coast commercial shellfish with
Cryptosporidium. Parasitol Res 89(2):141–145. https://doi.org/10.
1007/s00436-002-0734-0

Feng Y, Alderisio KA, Yang W, Blancero LA, Kuhne WG, Nadareski
CA, Reid M, Xiao L (2007) Cryptosporidium genotypes in wildlife
from a NewYork watershed. Appl Environ Microbiol 73(20):6475–
6483. https://doi.org/10.1128/AEM.01034-07

Feng Y, Lal AA, Li N, Xiao L (2011) Subtypes of Cryptosporidium spp.
in mice and other small mammals. Exp Parasitol 127(1):238–242

Gait R, Soutar RH, HansonM, Fraser C, Chalmers R (2008) Outbreak of
cryptosporidiosis among veterinary students. Vet Rec 162(26):843–
845. https://doi.org/10.1136/vr.162.26.843

Gatei W, Suputtamongkol Y, Waywa D, Ashford RW, Bailey JW,
Greensill J, Beeching NJ, Hart CA (2002) Zoonotic species of
Cryptosporidium are as prevalent as the anthroponotic in HIV-
infected patients in Thailand. Ann Trop Med Parasitol 96(8):797–
802. https://doi.org/10.1179/000349802125002202

Gil H, Cano L, de Lucio A, Bailo B, de Mingo MH, Cardona GA,
Fernández-Basterra JA, Aramburu-Aguirre J, López-Molina N,
Carmena D (2017) Detection and molecular diversity of Giardia
duodenalis and Cryptosporidium spp. in sheltered dogs and cats in
Northern Spain. Infect Genet Evol 50:62–69. https://doi.org/10.
1016/j.meegid.2017.02.013

Gómez-Couso H, Méndez-Hermida F, Ares-Mazás E (2007) First report
of Cryptosporidium parvum ‘ferret’ genotype in American mink
(Mustela vison Shreber 1777). Parasitol Res 100(4):877–879.
https://doi.org/10.1007/s00436-006-0338-1

Hajdusek O, Ditrich O, Slapeta J (2004) Molecular identification of
Cryptosporidium spp. in animal and human hosts from the
Czech Republic. Vet Parasitol 122(3):183–192

Parasitol Res (2018) 117:169–175 173

https://doi.org/10.1128/IAI.71.4.1828-1832.2003
https://doi.org/10.1128/JCM.41.6.2744-2747.2003
https://doi.org/10.1086/519842
https://doi.org/10.3201/eid1410.071273
https://doi.org/10.3201/eid1410.071273
https://doi.org/10.1111/j.1365-2672.2010.04764.x
https://doi.org/10.1111/j.1365-2672.2010.04764.x
https://doi.org/10.1016/j.meegid.2015.08.034
https://doi.org/10.1016/j.watres.2017.01.036
https://doi.org/10.1016/j.watres.2017.01.036
https://doi.org/10.1017/S0950268808001817
https://doi.org/10.1017/S0950268808001817
https://doi.org/10.1645/0022-3395(2001)087%5B1415:CCNSFD%5D2.0.CO;2
https://doi.org/10.1645/0022-3395(2001)087%5B1415:CCNSFD%5D2.0.CO;2
https://doi.org/10.1007/s00436-002-0734-0
https://doi.org/10.1007/s00436-002-0734-0
https://doi.org/10.1128/AEM.01034-07
https://doi.org/10.1136/vr.162.26.843
https://doi.org/10.1179/000349802125002202
https://doi.org/10.1016/j.meegid.2017.02.013
https://doi.org/10.1016/j.meegid.2017.02.013
https://doi.org/10.1007/s00436-006-0338-1


Hoek MR, Oliver I, Barlow M, Heard L, Chalmers R, Paynter S
(2008) Outbreak of Cryptosporidium parvum among children
after a school excursion to an adventure farm, south west
England. J Water Health 6(3):333–338. https://doi.org/10.2166/
wh.2008.060

Huang K, Akiyoshi DE, Feng X, Tzipori S (2003) Development of
patent infection in immunosuppressed C57Bl/6 mice with a sin-
gle Cryptosporidium meleagridis oocyst. J Parasitol 89(3):620–
622. https://doi.org/10.1645/0022-3395(2003)089[0620:
DOPIII]2.0.CO;2

Insulander M, Silverlås C, Lebbad M, Karlsson L, Mattsson JG,
Svenungsson B (2013) Molecular epidemiology and clinical mani-
festations of human cryptosporidiosis in Sweden. Epidemiol Infect
141(5):1009–1020. https://doi.org/10.1017/S0950268812001665

Karanis P, Kourenti C, Smith H (2007) Waterborne transmission of
protozoan parasites: a worldwide review of outbreaks and les-
sons learnt. J Water Health 5(1):1–38. https://doi.org/10.2166/
wh.2006.002

Kellnerová K, Holubová N, Jandová A, Vejčík A, McEvoy J, Sak B,
Kváč M (2017) First description of Cryptosporidium ubiquitum
XIIa subtype family in farmed fur animals. Eur J Protistol 59:108–
113. https://doi.org/10.1016/j.ejop.2017.03.007

Lucio-Forster A, Griffiths JK, Cama VA, Xiao L, Bowman DD (2010)
Minimal zoonotic risk of cryptosporidiosis from pet dogs and cats.
Trends Parasitol 26(4):174–179. https://doi.org/10.1016/j.pt.2010.
01.004

Mahmoudi MR, Ongerth JE, Karanis P (2017) Cryptosporidium and
cryptosporidiosis: the Asian perspective. Int J Hyg Environ Health
220(7):1098–1109. https://doi.org/10.1016/j.ijheh.2017.07.005

Mariné Oliveira GF, do Couto MC, de Freitas Lima M, do Bomfim TC
(2016)Mussels (Perna perna) as bioindicator of environmental con-
tamination byCryptosporidium species with zoonotic potential. Int J
Parasitol Parasites Wildl 5(1):28–33. https://doi.org/10.1016/j.
ijppaw.2016.01.004

Mateo M, de Mingo MH, de Lucio A, Morales L, Balseiro A, Espí A,
Barral M, Lima Barbero JF, Habela MÁ, Fernández-García JL,
Bernal RC, Köster PC, Cardona GA, Carmena D (2017)
Occurrence and molecular genotyping of Giardia duodenalis and
Cryptosporidium spp. in wild mesocarnivores in Spain. Vet
Parasitol 235:86–93. https://doi.org/10.1016/j.vetpar.2017.01.016

Matsubayashi M, Abe N, Takami K, Kimata I, Iseki M, Nakanishi T,
Tani H, Sasai K, Baba E (2004) First record of Cryptosporidium
infection in a raccoon dog (Nyctereutes procyonoides
viverrinus). Vet Parasitol 120(3):171–175. https://doi.org/10.
1016/j.vetpar.2004.01.007

Nagano Y, FinnMB, Lowery CJ, Murphy T, Moriarty J, Power E, Toolan
D, O'Loughlin A, Watabe M, McCorry KA, Crothers E, Dooley JS,
Rao JR, Rooney PJ, Millar BC, Matsuda M, Elborn JS, Moore JE
(2007) Occurrence of Cryptosporidium parvum and bacterial path-
ogens in faecal material in the red fox (Vulpes vulpes) population.
Vet Res Commun 31(5):559–564. https://doi.org/10.1007/s11259-
007-3519-1

Ng-Hublin JS, Combs B, Mackenzie B, Ryan U (2013) Human crypto-
sporidiosis diagnosed in Western Australia: a mixed infection with
Cryptosporidium meleagridis, the Cryptosporidiummink genotype,
and an unknown Cryptosporidium species. J Clin Microbiol 51(7):
2463–2465. https://doi.org/10.1128/JCM.00424-13

Pagoso EJA, Rivera WL (2017) Cryptosporidium species from common
edible bivalves in Manila Bay, Philippines. Mar Pollut Bull 119(1):
31–39. https://doi.org/10.1016/j.marpolbul.2017.03.005

Rimšelienė G, Vold L, Robertson L, Nelke C, Søli K, Johansen ØH,
Thrana FS, Nygård K (2011) An outbreak of gastroenteritis among
schoolchildren staying in a wildlife reserve: thorough investigation

reveals Norway’s largest cryptosporidiosis outbreak. Scand J Public
Health 39(3):287–295. https://doi.org/10.1177/1403494810396557

Ryan U, Fayer R, Xiao L (2014) Cryptosporidium species in humans and
animals: current understanding and research needs. Parasitology
141(13):1667–1685. https://doi.org/10.1017/S0031182014001085

Ryan U, Zahedi A, Paparini A (2016) Cryptosporidium in humans and
animals—a one health approach to prophylaxis. Parasite Immunol
38(9):535–547. https://doi.org/10.1111/pim.12350

Sak B, Petrželková KJ, Květoňová D, Mynářová A, Pomajbíková K,
Modrý D, Cranfield MR, Mudakikwa A, Kváč M (2014) Diversity
of microsporidia,Cryptosporidium andGiardia in mountain gorillas
(Gorilla beringei beringei) in Volcanoes National Park, Rwanda.
PLoS One 9(11):e109751. https://doi.org/10.1371/journal.pone.
0109751

Smith HV, Cacciò SM, Tait A, McLauchlin J, Thompson RC (2006)
Tools for investigating the environmental transmission of
Cryptosporidium and Giardia infections in humans. Trends
Parasitol 22(4):160–167. https://doi.org/10.1016/j.pt.2006.02.009

Sréter T, Kovács G, da SilvaAJ, PieniazekNJ, Széll Z, Dobos-KovácsM,
Márialigeti K, Varga I (2000) Morphologic, host specificity, and
molecular characterization of a Hungarian Cryptosporidium
meleagridis isolate. Appl Environ Microbiol 66(2):735–738.
https://doi.org/10.1128/AEM.66.2.735-738.2000

Srisuphanunt M, Wiwanitkit V, Saksirisampant W, Karanis P (2009)
Detection of Cryptosporidium oocysts in green mussels (Perna
viridis) from shell-fish markets of Thailand. Parasite 16(3):235–
239 Erratum in: Parasite 16(4):332

Stantic-Pavlinic M, Xiao L, Glaberman S, Lal AA, Orazen T, Rataj-
Verglez A, Logar J, Berce I (2003) Cryptosporidiosis associated
with animal contacts. Wien Klin Wochenschr 115(3–4):125–127.
https://doi.org/10.1007/BF03040292

Stuart P, Golden O, Zintl A, deWaal T, Mulcahy G, McCarthy E, Lawton
C (2013) A coprological survey of parasites of wild carnivores in
Ireland. Parasitol Res 112(10):3587–3593. https://doi.org/10.1007/
s00436-013-3544-7

Trout JM, Santín M, Fayer R (2006) Giardia and Cryptosporidium
species and genotypes in coyotes (Canis latrans). J Zoo Wildl
Med 37(2):141–144. https://doi.org/10.1638/05-06TYM-
123005.1

Tůmová E, Skrivan M, Marounek M, Pavlásek I, Ledvinka Z (2002)
Performance and oocyst shedding in broiler chickens orally infected
with Cryptosporidium baileyi and Cryptosporidium meleagridis.
Avian Dis 46(1):203–207. https://doi.org/10.1637/0005-
2086(2002)046[0203:PAOSIB]2.0.CO;2

Vermeulen ET, Ashworth DL, Eldridge MD, Power ML (2015) Diversity
of Cryptosporidium in brush-tailed rock-wallabies (Petrogale
penicillata) managed within a species recovery programme. Int J
Parasitol Parasites Wildl 4(2):190–196. https://doi.org/10.1016/j.
ijppaw.2015.02.005

Wang R, Zhang L, Feng Y, Ning C, Jian F, Xiao L, Zhao J, Wang Y
(2008) Molecular characterization of a new genotype of
Cryptosporidium from American minks (Mustela vison) in China.
Vet Parasitol 154(1–2):162–166. https://doi.org/10.1016/j.vetpar.
2007.12.038

Xiao L, Morgan UM, Limor J, Escalante A, Arrowood M, Shulaw W,
Thompson RC, Fayer R, Lal AA (1999) Genetic diversity within
Cryptosporidium parvum and related Cryptosporidium species.
Appl Environ Microbiol 65(8):3386–3391

Xiao L, Sulaiman IM, Ryan UM, Zhou L, Atwill ER, Tischler ML, Zhang
X, Fayer R, Lal AA (2002) Host adaptation and host-parasite co-
evolution in Cryptosporidium: implications for taxonomy and pub-
lic health. Int J Parasitol 32(14):1773–1785. https://doi.org/10.1016/
S0020-7519(02)00197-2

174 Parasitol Res (2018) 117:169–175

https://doi.org/10.2166/wh.2008.060
https://doi.org/10.2166/wh.2008.060
https://doi.org/10.1645/0022-3395(2003)089%5B0620:DOPIII%5D2.0.CO;2
https://doi.org/10.1645/0022-3395(2003)089%5B0620:DOPIII%5D2.0.CO;2
https://doi.org/10.1017/S0950268812001665
https://doi.org/10.2166/wh.2006.002
https://doi.org/10.2166/wh.2006.002
https://doi.org/10.1016/j.ejop.2017.03.007
https://doi.org/10.1016/j.pt.2010.01.004
https://doi.org/10.1016/j.pt.2010.01.004
https://doi.org/10.1016/j.ijheh.2017.07.005
https://doi.org/10.1016/j.ijppaw.2016.01.004
https://doi.org/10.1016/j.ijppaw.2016.01.004
https://doi.org/10.1016/j.vetpar.2017.01.016
https://doi.org/10.1016/j.vetpar.2004.01.007
https://doi.org/10.1016/j.vetpar.2004.01.007
https://doi.org/10.1007/s11259-007-3519-1
https://doi.org/10.1007/s11259-007-3519-1
https://doi.org/10.1128/JCM.00424-13
https://doi.org/10.1016/j.marpolbul.2017.03.005
https://doi.org/10.1177/1403494810396557
https://doi.org/10.1017/S0031182014001085
https://doi.org/10.1111/pim.12350
https://doi.org/10.1371/journal.pone.0109751
https://doi.org/10.1371/journal.pone.0109751
https://doi.org/10.1016/j.pt.2006.02.009
https://doi.org/10.1128/AEM.66.2.735-738.2000
https://doi.org/10.1007/BF03040292
https://doi.org/10.1007/s00436-013-3544-7
https://doi.org/10.1007/s00436-013-3544-7
https://doi.org/10.1638/05-06TYM-123005.1
https://doi.org/10.1638/05-06TYM-123005.1
https://doi.org/10.1637/0005-2086(2002)046%5B0203:PAOSIB%5D2.0.CO;2
https://doi.org/10.1637/0005-2086(2002)046%5B0203:PAOSIB%5D2.0.CO;2
https://doi.org/10.1016/j.ijppaw.2015.02.005
https://doi.org/10.1016/j.ijppaw.2015.02.005
https://doi.org/10.1016/j.vetpar.2007.12.038
https://doi.org/10.1016/j.vetpar.2007.12.038
https://doi.org/10.1016/S0020-7519(02)00197-2
https://doi.org/10.1016/S0020-7519(02)00197-2


Yoshida H,MatsuoM,Miyoshi T, Uchino K, Nakaguchi H, Fukumoto T,
Teranaka Y, Tanaka T (2007) An outbreak of cryptosporidiosis
suspected to be related to contaminated food, October 2006, Sakai
City, Japan. Jpn J Infect Dis 60(6):405–407

Zhang W, Wang R, Yang F, Zhang L, Cao J, Zhang X, Ling H, Liu A,
Shen Y (2013) Distribution and genetic characterizations of
Cryptosporidium spp. in pre-weaned dairy calves in northeastern
China’s Heilongjiang Province. PLoS One 8(1):e54857. https://
doi.org/10.1371/journal.pone.0054857

Zhang S, Tao W, Liu C, Jiang Y, Wan Q, Li Q, Yang H, Lin Y, Li W
(2016a) First report of Cryptosporidium canis in foxes (Vulpes
vulpes) and raccoon dogs (Nyctereutes procyonoides) and identifi-
cation of several novel subtype families for Cryptosporidium mink

genotype in minks (Mustela vison) in China. Infect Genet Evol 41:
21–25. https://doi.org/10.1016/j.meegid.2016.03.016

Zhang XX, Cong W, Ma JG, Lou ZL, Zheng WB, Zhao Q, Zhu XQ
(2016b) First report of Cryptosporidium canis in farmed Arctic fox-
es (Vulpes lagopus) in China. Parasit Vectors 9(1):126. https://doi.
org/10.1186/s13071-016-1396-6

Zhou L, Fayer R, Trout JM, Ryan UM, Schaefer FW 3rd, Xiao L (2004)
Genotypes of Cryptosporidium species infecting fur-bearing mam-
mals differ from those of species infecting humans. Appl Environ
Microbiol 70(12):7574–7577. https://doi.org/10.1128/AEM.70.12.
7574-7577.2004

Parasitol Res (2018) 117:169–175 175

https://doi.org/10.1371/journal.pone.0054857
https://doi.org/10.1371/journal.pone.0054857
https://doi.org/10.1016/j.meegid.2016.03.016
https://doi.org/10.1186/s13071-016-1396-6
https://doi.org/10.1186/s13071-016-1396-6
https://doi.org/10.1128/AEM.70.12.7574-7577.2004
https://doi.org/10.1128/AEM.70.12.7574-7577.2004

	Molecular...
	Abstract
	Introduction
	Materials and methods
	Ethics statement
	Specimen collection
	DNA extraction
	Cryptosporidium genotyping and subtyping
	DNA sequence analysis

	Results
	Percentage of Cryptosporidium positive samples
	Cryptosporidium species/genotypes and subtypes

	Discussion
	Conclusion
	References


