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Abstract
Background  Cryptosporidium spp. are protozoan pathogens that infect the gastrointestinal tracts of humans 
and animals, posing significant zoonotic risks. Goats are recognized as important hosts; however, their role in the 
epidemiology and transmission of Cryptosporidium remains inadequately characterized in certain regions of China.

Methods  To investigate the occurrence and species composition of Cryptosporidium in goats (Capra hircus), fecal 
samples (n = 386) were collected from multiple farms in Zhejiang Province, China. Genomic DNA was extracted and 
screened for Cryptosporidium using PCR amplification of the small subunit ribosomal RNA (SSU rRNA) gene, followed 
by Sanger sequencing for species identification. Positive samples of C. parvum, C. xiaoi, and C. ubiquitum were further 
subtyped via nested PCR targeting the 60-kilodalton glycoprotein (gp60) gene.

Results  Overall, 31 (8.0%) of the 386 samples were positive for Cryptosporidium spp. Four species were identified: 
C. xiaoi (n = 14), C. ubiquitum (n = 12), C. parvum (n = 3), and C. occultus (n = 2). Subtyping revealed C. xiaoi XXIIIa, 
C. ubiquitum XIIa, and C. parvum IIdA19G1. Both C. parvum and C. ubiquitum are zoonotic species that have been 
previously reported in humans and rodents, indicating potential cross-species transmission within the region.

Conclusions  This study reveals the presence of multiple Cryptosporidium species, including zoonotic C. parvum and 
C. ubiquitum, in goats from Zhejiang Province. These findings indicate that goats may serve as potential reservoirs 
for environmental contamination and zoonotic transmission. It is recommended to implement proper management 
practices and hygienic disposal of goat manure to mitigate the risk of cryptosporidiosis outbreaks.
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Background
 Cryptosporidium is a globally distributed gastrointes-
tinal protozoan pathogen that poses a substantial threat 
to human health, particularly in developing countries. 
It is a major contributor to the burden of diarrheal dis-
ease among children under two years of age, often lead-
ing to malnutrition and diarrhea-associated mortality 
[1]. In addition to its impact on humans, Cryptosporid-
ium infections are commonly detected in animals, with 
more than 260 species identified as hosts or carriers of 
the pathogen [2]. Cryptosporidium follows a fecal-oral 
transmission cycle, during which infectious oocysts are 
excreted into the environment, enabling subsequent host 
infection [3]. Outbreaks often result from contamination 
of food or water with oocysts [4], leading to Cryptospo-
ridium being classified as a priority pathogen for moni-
toring in drinking water supplies in many countries [5]. 
Direct contact with infected animals has also been impli-
cated in outbreaks among high-risks occupational groups 
such as veterinary students and farmers [6, 7]. As a result, 
the World Health Organization classifies Cryptosporid-
ium as a major zoonotic pathogen. Given the absence of 
effective vaccines or specific therapeutic agents for cryp-
tosporidiosis, prevention and control primarily depend 
on interrupting transmission pathways [3]. Therefore, 
identifying infection sources through advanced molecu-
lar techniques is essential for developing targeted strate-
gies to mitigate the spread of this significant pathogen.

Over the past decade, numerous molecular tools have 
been developed to detect and differentiate Cryptospo-
ridium spp. at the species/genotype and subtype levels 
[2]. These techniques have been increasingly applied 
in epidemiological studies, significantly advancing our 
understanding of the transmission dynamics of Crypto-
sporidium spp. To date, over 50 species within the genus 
Cryptosporidium have been identified. Among them, 
C. hominis and C. parvum are the two most prevalent 
species infecting humans, exhibiting distinct epide-
miological patterns linked to geographical regions and 
host-pathogen interactions [8]. Specifically, C. hominis 
is predominantly transmitted through person to person 
contact in urban environments, such as contact with con-
taminated recreational water (e.g., swimming pools). In 
contrast, C. parvum is more commonly associated with 
zoonotic transmission in rural areas, such as contact with 
infected animals [9]. Nevertheless, accumulating evi-
dence suggests that the diversity of Cryptosporidium spe-
cies infecting humans is increasing, and there are more 
cases of infections caused by species such as C. andersoni 
and C. ubiquitum in recent years [10]. Without strength-
ened multisectoral surveillance and molecular source 
tracing, emerging Cryptosporidium threats may remain 
undetected. Therefore, urgent molecular surveillance 
of animal-derived Cryptosporidium is essential within a 

“One Health” framework to identify zoonotic spillover 
early [11]. Continuous monitoring of animals in close 
contact with humans—particularly in regions where 
livestock–human interactions are common—can facili-
tate the timely detection of high-risk hosts and potential 
transmission pathways.

Goats are a livestock species that frequently come into 
close contact with humans and are globally valued for the 
production of milk, meat, and fiber. As a result, they can 
act as potential reservoirs for zoonotic pathogens, includ-
ing Cryptosporidium [12]. Although adult goats infected 
with Cryptosporidium may be asymptomatic, Cryptospo-
ridiosis, a common infection in neonatal goats, causes 
watery yellow diarrhea, weight loss, and poor growth. It 
can even lead to the death of infected animals and signifi-
cant economic losses [13]. Molecular investigations have 
revealed a wide diversity of Cryptosporidium species 
identified in goats, such as C. parvum, C. andersoni, C. 
muris, C. baileyi, C. hominis, C. xiaoi, C. ubiquitum, and 
Cryptosporidium rat genotype II (Table 1). Notably, all 
of these species have also been detected in human infec-
tions [8, 14]. This genetic concordance underscores the 
zoonotic potential of Cryptosporidium isolates originat-
ing from goats, particularly C. parvum and C. ubiquitum, 
which have been repeatedly implicated in human crypto-
sporidiosis outbreaks [8].

  
China is a major contributor to the global animal hus-

bandry industry, with extensive goat-farming operations 
distributed throughout the country. By the end of 2023, 
the national goat population had reached 129.34 million. 
In rural areas, goats are often raised in close proximity 
to human settlements, creating favorable conditions for 
the zoonotic transmission of Cryptosporidium spp. Previ-
ous studies have documented the widespread occurrence 
of cryptosporidiosis in goats across several provinces in 
northern, western, and central China [51]. However, no 
comprehensive investigation of Cryptosporidium infec-
tions in goats has yet been carried out in Zhejiang Prov-
ince. Therefore, the present study aimed to determine the 
prevalence and species composition of Cryptosporidium 
spp. in goats from this region, thereby providing new 
insights into their molecular epidemiology and potential 
public health significance.

Materials and methods
Collection of fecal samples
From September 2021 to May 2023, a total of 386 fresh 
fecal samples were collected from goats housed in five 
communities within Zhejiang Province, China (Fig.  1; 
Table  2). Farms were selected based on owner consent 
and sampling accessibility. All farms contained a single 
species of animals. Fecal samples were aseptically col-
lected using sterile, disposable latex gloves immediately 
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following defecation and deposited into individually 
labeled sterile tubes. Any portions of the samples con-
tacting the ground were discarded to minimize contami-
nation risk. Samples were transported to the laboratory 
in chilled containers with ice and subsequently stored at 
4 °C until processing. All sampled animals were clinically 
healthy at the time of collection, however, no information 
regarding their age and gender was recorded.

DNA extraction
Distilled water was used to homogenize fecal samples, 
which were then filtered through a 45-µm pore-size sieve 
with a diameter of 10 cm. Filtrates were concentrated by 
centrifugation at 1,500 g for 10 min. Genomic DNA was 
extracted directly from 200 mg of processed fecal mate-
rial using the QIAamp Fast DNA Stool Mini Kit (Qiagen, 
Hilden, Germany), in accordance with the manufac-
turer’s protocol. This included a 95 °C incubation step to 
enhance oocyst lysis and maximize DNA yield [52]. Puri-
fied DNA extracts were stored at -20 °C for subsequent 
PCR analysis.

PCR amplification
Identification of Cryptosporidium species was accom-
plished through nested PCR for the amplification and 
subsequent sequence analysis of an approximately 830-
base pair (bp) fragment of the small subunit ribosomal 
RNA (SSU rRNA) gene [53]. Samples positive for C. 
parvum, C. xiaoi, and C. ubiquitum underwent addi-
tional nested PCR targeting the 60 kDa glycoprotein 
(gp60) gene [54–56]. All PCR primers and conditions 
employed in this study have been previously reported 
and summarized in Table 3. Each sample was analyzed 
by PCR at least twice, using 2×TransTaq®-T PCR Super-
Mix (+ dye). Cryptosporidium bovis DNA served as the 
positive control for the SSU rRNA PCR, while DNA of C. 
parvum and C. ubiquitum isolated in rodents was used 
for the gp60 PCR. A negative control with reagent water 
was included in each PCR analysis. PCR products were 
visualized on a UV transilluminator after electrophore-
sis on 1.5% agarose gels stained with GelStrain. All the 
employed reagents were purchased from TransGen Bio-
tech Co., Beijing, China.

Locations No. 
positive/No. 
sampled 
(%)

Species (no.) Ref-
er-
enc-
es

aAlgeria 13.6 (76/559) C. xiaoi (66) [15]

8.7 (8/92) C. xiaoi (6); C. ubiquitum (2) [16]
aBelgium 9.5 (14/148) C. parvum (11) [17]

China 0.8 (3/398) C. xiaoi (3) [18]

3.14 (19/541) C. andersoni (5); C. xiaoi (8); 
C. ubiquitum (6)

[19]

1.91 (9/352) C. xiaoi (5); C. andersoni (1); 
C. ubiquitm (3)

[20]

18.0 (55/305) C. muris (40); C. xiaoi (15) [21]

8.7 (68/781) C. parvum (68) [22]

4.7 (16/342) C. xiaoi (11); C. suis (5) [23]

16.5 (104/629) C. parvum (8); C. xiaoi (94); 
C. ubiquitum (2)

[24]

11.4 (69/604) C. parvum (4); C. xiaoi (45); 
C. ubiquitum (10)

[25]

3.48 (44/1256) C. ubiquitum (24); C. ander-
soni (16); C. xiaoi (4)

[26]

37.6 (76/202) C. parvum (41); C. xiaoi (35) [27]

4.8 (2/42) Cryptosporidium sp. (1); C. 
bovis-like genotype (1)

[28]

Cyprus 50 (5/10) C. parvum (5) [29]
aGhana 33.3 (95/285) C. xiaoi (20); C. baileyi (1); C. 

parvum (1)
[30]

aGreece 27.7 (41/148) C. parvum (16); C. xiaoi (1) [31]

7.1 (18/255) C. xiaoi (7); C. ubiquitum (5); 
C. parvum (2)

[32]

Guinea 4.4 (10/228) C. hominis (6); C. parvum 
(2); C. xiaoi (1); Cryptospo-
ridium rat genotype II (1)

[33]

India 0.5 (1/207) C. ubiquitum (1) [34]

Iran 2 (2/100) C. xiaoi (2) [35]

Jordan 3.9 (2/51) C. xiaoi (2) [36]

Kenya 4.5 (4/88) C. baileyi (1); C. xiaoi (1); C. 
ubiquitum (1)

[37]

Korea 53.8 (35/65) C. parvum (28); C. xiaoi (7) [38]

42.9 (3/7) C. hominis [39]
aKuwait 7.2 (16/222) C. parvum (7); C. ubiquitum 

(2); C. xiaoi (1)
[40]

Nigeria 21.4 (3/14) C. muris (1); C. parvum (2) [41]

Poland 37.1 (39/105) C. parvum (1); C. xiaoi (38) [42]

Portugal 12.7 (8/63) C. xiaoi (6); C. parvum (1); C. 
ubiquitum (1)

[43]

aSouth Africa 47.7 (42/88) C. parvum (5); C. andersoni 
(1)

[44]

Spain 23.3 (31/240) C. xiaoi (16); C. parvum (13); 
C. ubiquitum (2)

[45]

6.0 (14/234) C. parvum (3); C. ubiquitum 
(5); C. xiaoi (5)

[46]

89.2 (66/118) C. parvum (61); C. xiaoi (5) [47]

Tanzania 8.9 (5/56) C. xiaoi (5) [48]

Table 1  The rate of detection by PCR and the species 
distribution of Cryptosporidium spp. In goats across the Globe Locations No. 

positive/No. 
sampled 
(%)

Species (no.) Ref-
er-
enc-
es

Turkey 13.4 (2/15) C. parvum (2) [49]

Zambia 1.2 (3/245) C. xiaoi (3) [50]
aIn certain countries, the quantities of species do not align with the quantities of 
positive cases, as not all isolates were successfully genotyped

Table 1  (continued) 
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Nucleotide sequencing and analyzing
The positive PCR amplicons were dispatched to Saiheng 
Biotechnology Company Limited (Shanghai, China), 
for the purpose of sequencing. The accuracy of the 
sequencing outcomes was verified through bidirectional 
sequencing. The sequences acquired from the sense and 
antisense strands were aligned by means of CLUSTAL 
W and then edited with MEGA version 11.0.13 ​(​​​h​t​t​p​:​/​/​
w​w​w​.​m​e​g​a​s​o​f​t​w​a​r​e​.​n​e​t​/​​​​​)​. The species and gp60 subtypes 

of Cryptosporidium were determined by comparing the 
nucleotide sequences with those stored in the National 
Center for Biotechnology Information (NCBI) database, 
employing the BLAST tool (​h​t​t​p​:​​​/​​/​b​l​a​s​​t​​.​n​c​​b​​i​.​​n​​l​m​​.​n​​​i​h​.​​g​o​v​
/​B​l​​a​s​t​.​c​g​i).

Statistical analyses
The data underwent statistical analysis employing SPSS 
version 22.0 (SPSS, Chicago, IL, USA). A chi-square test 
was implemented to examine and contrast the prevalence 
of Cryptosporidium spp. across various goat farm groups. 
Significance was determined for differences at a P-value 
threshold of ≤ 0.05.

Nucleotide sequence accession numbers
The nucleotide sequences acquired in this research were 
submitted to the GenBank database, with accession num-
bers PX427217 to PX427228 for SSU rRNA gene and 
PX471837 to PX471841 for gp 60 gene.

Table 2  The rate of detection and species distribution of 
Cryptosporidium spp. In goats at different locations In Zhejiang 
Province, China
Location No. Positive/

No. sample 
(%)

Species (n) P-value

Hangzhou 4/92 (4.3) C.xiaoi (2), C. occultus (2) P = 0.103

Lishui 8/88 (9.1) C.xiaoi (4), C. ubiquitum (4)

Ruian 4/69 (5.8) C. parvum (3), C. ubiquitum (1)

Yongjia 10/63 (15.9) C.xiaoi (4), C. ubiquitum (6)

Yueqing 5/74 (6.8) C.xiaoi (4), C. ubiquitum (1)

Total 31/386 (8.0) C.xiaoi (14), C. ubiquitum (12), 
C. parvum (3), C. occultus (2)

Fig. 1  This is a map for collecting goat feces samples in this study. The blue - highlighted area was Zhejiang Province, and the orange - highlighted areas 
were Hangzhou, Lishui, and Wenzhou Cities. The legend shows a red triangle for the Hangzhou farm, an orange dot for the Ruian farm, a cyan cross for the 
Yueqing farm, a blue diamond for the Lishui farm, and a purple star for the Yongjia farm. The authors initially conceptualized and designed it using ArcGIS 
10.4 software. The original vector diagram imported into ArcGIS came from the National Geomatics Center of China (http://www.ngcc.cn). However, the 
final map was modified and ​a​s​s​e​m​b​l​e​d to meet specific attribution and permission guidelines, which was achieved by using both Microsoft PowerPoint 
2003 and Adobe Photoshop CS6
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Results
Prevalence of Cryptosporidium species across 
participating farms
Based on PCR amplification and sequencing of the par-
tial SSU rRNA gene, 31 out of 386 (8.0%) fecal samples 
tested positive for Cryptosporidium spp. The highest pos-
itive rate was detected in Yongjia (15.9%, 10/63), followed 
by Lishui (9.1%, 8/88), Yueqing (6.8%, 5/74), Ruian (5.8%, 
4/69), and Hangzhou (4.3%, 4/92). Although the preva-
lence of Cryptosporidium varied among the five surveyed 
goat farms, the difference was not statistically significant 
(χ² = 7.698, P = 0.103) (Table 2).

Identified species of Cryptosporidium from participating 
farms
A total of 31 Cryptosporidium-positive samples were fur-
ther analyzed by nucleotide sequencing of an ~ 830  bp 
fragment of the SSU rRNA gene. Four distinct Crypto-
sporidium species were identified: C. xiaoi, C. ubiquitum, 
C. parvum, and C. occultus. The most prevalent species 
was C. xiaoi, accounting for 45.2% (14/31) of the isolates, 
followed by C. ubiquitum at 38.7% (12/31). C. parvum 
and C. occultus were detected in three and two isolates, 
respectively. No co-infections with different Cryptospo-
ridium species were detected in the same isolate.

Notable differences in species distribution were 
observed among the five goat farms. Specifically, C. 
xiaoi was detected in four farms, excluding Rui’an, while 
C. ubiquitum was found in four farms (Lishui, Yongjia, 
Rui’an, and Yueqing). C. parvum and C. occultus were 
detected exclusively in Rui’an and Hangzhou, respectively 
(Table 2).

Genetic diversity of Cryptosporidium spp
Among the 31 recognized sequences, 12 distinct 
sequences were obtained. These included five sequences 
classified as C. xiaoi (PX427217 to PX427221), five as 
C. ubiquitum (PX427222 to PX427226), and one each 
as C. occultus (PX427227) and C. parvum (PX427228) 
(Table 4).

Among the five C. xiaoi sequences identified, three cor-
responded to previously reported genotypes. Sequence 
PX427217, detected in nine samples, was identical to 
KM199754 (and five other GenBank entries) derived 
from goats in Hubei, China. Two additional known 
sequences, PX427218 and PX427219, were obtained from 
two and one samples, respectively. PX427218 was iden-
tical to KM199750 (and 12 other GenBank sequences) 
originating from a goat in Guangdong, while PX427219 
matched KM199748 (and three other sequences) from 
a goat in Shanghai. The remaining two sequences, 
PX427220 and PX427221, each recovered from a single 
sample, were novel and showed 99.88% and 99.02% simi-
larity, respectively, to the reference sequence KM199754.

Among the five representative C. ubiquitum sequences, 
16 polymorphic loci were identified, including two base 
insertions, two deletions, and 12 substitutions (Table 5). 
Two of these sequences, PX427222 and PX427223, 
corresponded to previously reported genotypes and 
were derived from eight and one samples, respec-
tively. PX427222 was identical to KT027448, a sequence 
obtained from Sciurus carolinensis in the United States. 
PX427223 showed 100% identity with OL376589, which 
was reported from Tibetan sheep in China. The remain-
ing three sequences (PX427224 to PX427226) were novel, 

Table 3  Details of the primers employed for the characterization of Cryptosporidium spp. In the current study
Loci Species Primer ID Primer Sequences (5′-3′) Fragment 

Length (bp)
Temperature 
Annealing (°C)

Ref-
er-
enc-
es

SSU rRNA Cryptosporidium 
spp.

SSUU1 TTCTAGAGCTAATACATGCG 830 55  [51]

SSUD1 CCCATTTCCTTCGAAACAGGA

SSUU2 GGAAGGGTTGTATTTATTAGATAAAG 55

SSUD2 AAGGAGTAAGGAACAACCTCCA

gp60 C. parvum gp60-F1 ATAGTCTCCGCTGTATTC 850 50  [52]

gp60-R1 GGAAGGAACGATGTATCT

gp60-F2 TCCGCTGTATTCTCAGCC 50

gp60-R2 GCAGAGGAACCAGCATC

C. ubiquitum Ubi-gp60-F1 TTTACCCACACATCTGTAGCGTCG 850 58  [53]

Ubi- gp60-R1 ACGGACGGAATGATGTATCTGA

Ubi- gp60-F2 ATAGGTGATAATTAGTCAGTCTTTAAT 55

Ubi- gp60-R2 TCCAAAAGCGGCTGAGTCAGCATC

C. xiaoi Xiaoi-gp60-F1 CCTCTCGGCACTTATTGCCCT ~ 1437 55  [54]

Xiaoi-gp60-R1 ATACCTGAGATCAAATGCTGATGAA

Xiaoi-gp60-F2 CCTCTTAGGGGTTCATTGTCTA 55

Xiaoi-gp60-R2 TACCTTCAAAGATGACATCAC
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Table 4  Similarity analysis of the SSU rRNA and gp60 gene 
sequences of Cryptosporidium isolates acquired in this study
Species Loca-

tion (n)
Accession 
number(s)

Similarity Ref accession 
numbers-host-
country

C. xiaoi Yongjia 
(2); Li-
shui (4); 
Yueqing 
(3)

PX427217 100% KM199754-goat-
China

Hang-
zhou 
(2)

PX427218 100% KM199750-goat-
China

Yongjia 
(1)

PX427219 100% KM199748-goat-
China

Yongjia 
(1)

PX427220 99.88% KM199754-goat-
China

Yongjia 
(1)

PX427221 99.02% KM199754-goat-
China

C. 
ubiquitum

Lishui 
(4); 
Yongjia 
(2); 
Ruian 
(1); 
Yueqing 
(1)

PX427222 100% KT027448-Sciurus 
carolinensis-the USA

Yongjia 
(1)

PX427223 100% OL376589-Tibetan 
sheep-China

Yongjia 
(1)

PX427224 99.25% EU827399-sheep-
China

Yongjia 
(1)

PX427225 99.88% KT027448-Sciurus 
carolinensis-the USA

Yongjia 
(1)

PX427226 99.15% KT027448-Sciurus 
carolinensis-the USA

C. occultus Hang-
zhou 
(2)

PX427227 99.64% OL912797-Buffa-
loes-China

C. parvum Ruian 
(3)

PX427228 100% HQ651731-rats-Iran

IIdA19G1 Ruian 
(3)

PX471837 100% MF074731-cattle-
China

XIIa Lishui 
(4); 
Yongjia 
(5); 
Ruian 
(1); 
Yueqing 
(1)

PX471838 100% MH049733-sheep-
China

Yongjia 
(1)

PX471839 99.77% MH049733-sheep-
China

XXIIIa Yongjia 
(2); Li-
shui (4); 
Yueq-
ing (3); 
Hang-
zhou 
(2)

PX471840 100% MW815186-goat-
China

Yongjia 
(3)

PX471841 99.71% MW815186-goat-
China Ta
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exhibiting 99.15%–99.88% similarity to their closest 
known references (Table 4).

Two identical C. occultus sequences (PX427227) 
obtained from goats were identified in this study. These 
sequences have not been previously reported and exhibit 
99.64% similarity to OL912797, a sequence derived from 
buffaloes in China. In addition, three identical C. parvum 
sequences (PX427228) were detected, showing com-
plete identity with the previously reported HQ651731 
sequence from free-ranging rats in Iran (Table 4).

Gp60 subtyping of Cryptosporidium spp
Subtyping analysis of three Cryptosporidium species 
(C. parvum, C. xiaoi, and C. ubiquitum) was conducted 
based on sequencing of the gp60 gene. All samples posi-
tive for these species were successfully amplified and 
genotyped at the gp60 locus. A single subtype was identi-
fied for each species: IIdA19G1 for C. parvum, XIIa for 
C. ubiquitum, and XXIIIa for C. xiaoi.

The four C. parvum sequences of subtype IIdA19G1 
obtained in this study were identical and exhibited 
100% homology with the previously reported sequence 
MF074731 (derived from a cow in Shanghai), as well 
as with 69 other identical sequences available in Gen-
Bank. Among the 12 C. ubiquitum XIIa sequences, two 
representative sequences were identified, originating 
from 11, and 1 sample, respectively. The first sequence 
showed 100% homology with sequence MH049733 from 
sheep in China. The remaining sequence, although pre-
viously unreported, demonstrated the highest similarity 
to MH049733, with 99.77% identity, involving two base 
substitutions. The 14 C. xiaoi XXIIIa sequences were 
grouped into two distinct variants. The first variant, rep-
resenting 11 samples, was identical to MW815186 from 
goats in China, while the second was a novel sequence 
representing three samples, showing 99.71% similar-
ity to MW815186, differing by three base substitutions 
(Table 4).

Discussion
The detection rate of Cryptosporidium in goats in this 
study was 8.0%, exceeding the national average reported 
in China [52]. This detection rate was higher than those 
observed in Jiangsu (0.8%) [18], Inner Mongolia (3.14%) 
[19], Sichuan (4.7%) [21], Chongqing (3.5%) [26], and 
Qinghai (4.8%) [28], but lower than those reported in 
Yunnan (18.0%) [21], Henan and Shaanxi (16.5%) [24], 
Shaanxi (37.6%) [27], and Anhui (8.7%) [22]. Globally, 
Cryptosporidium infection rates in goats exhibit sub-
stantial variation. High prevalence rates have been docu-
mented in Korea (53.8% and 42.9%) [38, 39], Spain (23.3% 
and 89.2%) [45, 47], Ghana (33.3%) [30], Poland (37.1%) 
[42], Greece (27.7%) [31], and South Africa (47.7%) [44]. 
Conversely, relatively low rates were reported in India 

(0.5%) [34], Iran (2.0%) [35], Jordan (3.9%) [36], Papua 
New Guinea (4.4%) [33], and Kenya (4.5%) [37]. Given 
that most countries have conducted only limited inves-
tigations, it remains challenging to accurately character-
ize the regional prevalence of Cryptosporidium in goats. 
Therefore, strengthened and systematic molecular sur-
veillance across diverse geographic regions is warranted 
to better assess the actual infection burden and transmis-
sion potential of this pathgeon in goat populations.

Four Cryptosporidium species were identified in the 
examined goat population, with C. xiaoi being the most 
prevalent. This result aligns with numerous previous 
studies that consistently recognize C. xiaoi as the domi-
nant Cryptosporidium species infecting goats worldwide 
(Table 1). C. xiaoi was initially described as a C. bovis-like 
genotype and formally designated as a distinct species 
in 2009 [57]. It primarily infects herbivorous artiodac-
tyls, including cattle, sheep, Alpine musk deer, Tibetan 
antelope, deer, and yaks [56, 58–61]. Beyond these typi-
cal hosts, C. xiaoi has also been detected in a variety of 
other animals, such as wild rodents [62], muskoxen [63], 
whiting [64], kangaroos [65], and even in a C. xiaoi-like 
genotype found in domestic free-range chickens in China 
[66]. In addition, C. xiaoi is generally regarded as a rare 
zoonotic species, with sporadic infections documented 
in individuals with HIV/AIDS patients [67], indicating 
a potential susceptibility among immunocompromised 
populations. Moreover, C. xiaoi has been detected in 
environmental samples, including water sources and 
ready-to-eat produce such as salads and berries [68, 69]. 
These findings indicate that C. xiaoi has the potential to 
infect humans indirectly through food- or waterborne 
transmission, underscoring its underestimated public 
health significance.

 Cryptosporidium ubiquitum was identified as the sec-
ond most common species in the examined goat popu-
lation, accounting for 38.7% (12/31) of the detected 
sequences. Previous studies have also identified C. ubiq-
uitum as one of the most prevalent Cryptosporidium 
species in goats, potentially ranking second only to C. 
parvum and C. xiaoi (Table 1). The high detection rate 
observed in this study highlights the potential role of 
goats as important reservoirs in the zoonotic transmis-
sion of Cryptosporidium to humans. Human infections 
with C. ubiquitum have been reported worldwide, with 
documented cases in more than 13 countries, including 
the United States, Ethiopia, Canada, Colombia, Cambo-
dia, Sweden, the United Kingdom, New Zealand, Peru, 
Slovenia, Spain, Turkey, and Venezuela [55, 70–72]. 
Although the precise transmission routes remain uncer-
tain, substantial evidence suggests that infection com-
monly occurs through the ingestion of contaminated 
water or food. Cryptosporidium ubiquitum has been 
frequently detected in various environmental matrices 



Page 8 of 11Hu et al. BMC Microbiology          (2026) 26:121 

such as drinking water, source water, stormwater runoff, 
wastewater, irrigation reservoirs, lake water, recreational 
water, and even ready-to-eat salads and berries [69, 73–
75]. Given its broad host range, including primates, car-
nivores, ruminants, and various other animal taxa, the 
transmission dynamics of C. ubiquitum are complex and 
remain incompletely understood [76]. Nevertheless, the 
high infection rate of C. ubiquitum in goats observed in 
this study reinforces their significant role in maintaining 
and transmitting this zoonotic pathogen.

 Cryptosporidium parvum and C. occultus were 
detected in three and two of the examined goats, respec-
tively. C. parvum is widely recognized as a major etiolog-
ical agent of human cryptosporidiosis, with its zoonotic 
potential well established through numerous epidemio-
logical and molecular studies [77, 78]. This species has 
been implicated in both human outbreaks and large-scale 
epidemics among livestock populations [79], and direct 
evidence supports its transmission between humans and 
animals [6]. Goats are considered important reservoirs 
for C. parvum, and previous studies have shown that 
this species accounts for over one-third of all reported 
cryptosporidiosis cases in goats (Table 1). Therefore, the 
risk of zoonotic transmission between goats and humans 
warrants serious attention.

 Cryptosporidium occultus, initially regarded as a 
rodent-specific species, has been increasingly detected 
in other hosts such as cattle, reflecting its expanding 
host range as research progresses [80]. Although less 
commonly reported than C. parvum, C. occultus has 
occasionally been identified in immunocompromised 
individuals, suggesting its potential public health rel-
evance [81]. Notably, this study represents the first detec-
tion of C. occultus in goats, suggesting that goats have the 
potential to be hosts—or at least carriers—of this spe-
cies. This finding not only broadens the recognized host 
spectrum of C. occultus but also highlights the need for 
strengthened surveillance of small ruminants, particu-
larly in areas with frequent human–animal contact and 
inadequate hygiene practices. The emergence of C. occul-
tus in goats underscores the need for further research 
into its transmission pathways and environmental persis-
tence through fecal contamination.

The gp60 gene has become one of the most widely used 
molecular markers for differentiating Cryptosporidium 
species, providing critical insights into intra-species 
diversity and zoonotic transmission dynamics [82]. In 
this study, the gp60 gene was successfully sequenced and 
analyzed from C. xiaoi, C. parvum, and C. ubiquitum. 
The results revealed highly conserved subtypes among 
the examined goats, with only a single subtype identi-
fied for each species: IIdA19G1 for C. parvum, XXIIIa 
for C. xiaoi, and XIIa for C. ubiquitum. The IIdA19G1 
subtype has been widely reported in livestock and has 

been implicated in outbreaks among neonatal calves [83]. 
Remarkably, this same subtype was previously detected 
as the sole subtype in diarrheic children from the same 
region [84]. This overlap strongly suggests that goats may 
serve as a significant reservoir in the Cryptosporidium 
transmission chain, particularly in rural or peri-urban 
areas where frequent close contact between children and 
livestock facilitates zoonotic transmission.

To date, twelve C. xiaoi subtypes (XXIIIa–XXIIIl) have 
been characterized [56]. Among them, the XXIIIa sub-
type is the most frequently detected in goats and displays 
a wide geographical distribution worldwide. Interest-
ingly, this subtype has not been reported in sheep from 
the same regions, suggesting potential host specificity—
although infections have been documented in Alpine 
musk deer [60, 85]. Due to the limited availability of 
subtype data from other hosts, evaluating the cross-spe-
cies transmissibility and zoonotic potential of C. xiaoi 
remains challenging. Further research is needed to eluci-
date its host adaptability and epidemiological dynamics. 
In contrast, the C. ubiquitum XIIa subtype is well recog-
nized for its zoonotic nature, characterized by a broad 
host range and confirmed human infections [55]. A simi-
lar pattern is observed for the zoonotic subtype C. par-
vum IIdA19G1, which was also identified in goats in this 
study, underscoring their potential role in zoonotic trans-
mission. Collectively, the detection of C. ubiquitum XIIa 
and C. parvum IIdA19G1 subtypes in goats highlights 
their significance in public health and underscores the 
need for integrated One Health strategies to monitor and 
control zoonotic cryptosporidiosis at the human–animal 
interface.

There are several limitations in this study. First, the 
selection criteria for farms were solely based on the own-
ers’ consent to participate and the ease of accessing the 
animals for sampling. This may limit the generalizability 
of the findings to the conditions prevailing in Zhejiang 
Province, China. Second, it can be difficult to determine 
whether certain low-frequency species represent true 
infection/colonization or are simply carried by the ani-
mals. This is because molecular methods were used with-
out morphological evidence. Furthermore, the infection 
rate may be underestimated. Since we only collected one 
fecal sample per animal, it may not have captured inter-
mittent oocyst discharge. Third, the present study lacks a 
comparative study of different ages, genders, and clinical 
symptoms such as diarrhoea. Moreover, the risk factors 
of goats’ infection with Cryptosporidium are not analyzed 
and judged in detail. Last, the study did not include a 
population survey near these animals or environmental 
sampling around the farms. This means it did not provide 
direct evidence of Cryptosporidium contamination and 
its transmission to humans from a One Health perspec-
tive. Despite these limitations, this study has successfully 
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identified the presence of four Cryptosporidium species 
in goats in the surveyed areas and provided initial obser-
vations regarding the species and subtype characteristics 
of their genes.

Conclusions
This study revealed a notable prevalence of Cryptosporid-
ium infection (8.0%) among goats in Zhejiang Province, 
China, thereby contributing to the limited epidemiologi-
cal data on its regional distribution. Four distinct species 
were identified: C. parvum (subtype IIdA19G1), C. xiaoi 
(subtype XXIIIa), C. occultus, and C. ubiquitum (subtype 
XIIa). The detection of the zoonotic species C. parvum 
and C. ubiquitum, together with their corresponding 
subtypes IIdA19G1 and XIIa, highlights a potential risk 
of zoonotic transmission. These findings enhance the 
current understanding of Cryptosporidium epidemiol-
ogy in caprine hosts and provide critical baseline data for 
assessing infection risks and implementing targeted pre-
vention and control measures. Ongoing surveillance is 
essential to mitigate potential threats to both animal and 
public health.
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