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faecal samples in the Qinghai Tibetan Plateau area, China

Yingna Jian', XueyongZhang'’, Liging Ma?', GuanghuaWang?!, Qigang Cai?,
Geping Wang, Xiuping Li ! and Panagiotis Karanig-23

1QinghaiAcademyof Animal SciencesndVeterinaryMedicine,QinghaiUniversity,
Qinghai Provincial Key Laboratory of Pathogen Diagnosishitimal Disease and
Green Technical Reagech for Prevention and Control, Xining, China
2Medical Facultyand University HospitaCologne, Universityf Cologne, CologneGermany
3 Universityof NicosiaMedical School,Departmenbf BasicandClinical SciencesAnatomyCentre,
Nicosia, Cyprus

JIAN, Y., X. ZHANG, L. MA, G. WANG, Q. CAIl, G. WANG, X. LI, P. KARANIS: Molecular detection of
Cryptosporidiumand Giardia duodenalisin caninefaecalsamplesin the Qinghai Tibetan Plateauarea, China.
Vet. arhiv 95, 197210, 2025.

ABSTRACT

Dogsactasnatural reservoirof alargenumberof zoonoticpathogensincludingtheintestinalCryptosporidium
spp. andGiardia duodenalisthe most relevant protozoan species causing gastrointestinal diseases worldwide. An
epidemiologicaktudyaimingto assestheprevalenceandmoleculardiversityof CryptosporidiumandG. duodenalis
was conducted in the Qinghai Tibetan Plateau area (QTPA), Northwest China. A total of 217 dog faecal samples
were collectedfrom sheepfarms, dog farms and pet hospitals.The species/gentypesof Cryptosporidiumand
G. duodenalissolated from dogs were identified by the PG&ed method targeting the partial 18S ribosomal
RNA gene forCryptosporidiuma n dgiafglin gene folG. duodenalisThe results oCryptosporidiumspp. andG.
duodendis infections in dogs showed an overall prevalence of 2.8% (6/217) and 6.9% (15/217), respectively. No
Cryptosporidiumand G. duodenalisco-infections were observed. The PGBquence results confirmed detection
of C. parvum(n=3), C. canis(n=2), C. andesoni (n=1) andG. duodenalisassemblages B (n=9), C (n=3) and D
(n=3) in dogs from the QTPA. The results of the present study demonstrated that dogs in ther@&&Amonly
exposedo Cryptosporidiumspp.andG. duodenalisThis mayindicatethatdogsarepotentialsourcef infection of
Cryptosporidiunspp. ands. duodenaligransmitting tohumans and aning
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Introduction

Cryptosporidium spp. and G. duodenalis C. ubiquitumandC. murisare also found in dogs
are common zoonotic protozoan parasitesthat from various regions worldwidel(l et al., 2015
can infect a wide variety of vertebratest® in  GIL et al., 2017 ALVES et al., 2018 GHARIEB
cluding humans, and domestic and wild animalgt al., 2018 ROSANOWSKI et al., 2018. Re
worldwide, causing acute or chronic diarrhoeafjardingG. duodenaliseight (A to H) genetically
illness KHAN and WITOLA, 2023 TAWANA  distinct assemblages have been defined, whereby
et al., 2023 ZUO et al., 2023 Cryptosporidie the hostadapted assemblages C and D are usually
sis and giardiasis are waterborne and foodborngetected in dogs, the zoonotic assemblages A and
diseasestransmited via direct or indirect fae- B are found in both humans and animals, assem
caloral routes, where the hosts becomeinfect  plage E in ruminants, and assemblage F in cats
ed by ingesting contaminated water and/or fooBALLWEBER et al., 2010 FENG and XIAO,
(BALDURSSONandKARANIS, 2011 AHMED 2011 THOMPSON and ASH, 2019. Likewise,
and KARANIS, 2018. At least 44Cryptosporid  the subassemblagesAl, All, Alll, Blll, and
ium spp. have been reported, and more than 128}V, and assemblages E and F have also been re
genotypes have been recogniz&kIYAN et al., ported in dogsl( et al., 2015 GIL et al., 2017
2014 RYAN and HIJJAWI, 2015KOEHLER et ADELL-ALEDON et al., 2018PAN et al., 2018
al., 2016 KVAC etal., 2016 RYAN etal.,2016 YU etal.,2018 GODINEZ-GALAZ etal.,2019.
ZAHEDI et al., 2018. Eight G. duodenalisas Several prevalence studies have been- pub
semblages (Ad), have beenidentified EENG  |ished on Cryptosporidium spp. infections of
and XIAO, 2011 THOMPSONandASH, 2019.  yarious dog populations in different regions of
In rural areas, especially in the pastures and livchina, such athe C. canisdog genotype in rac
ing environments of the herders in the Qinghaggn dogs in Heilongjiang, Jilin, and Liaoning
Tibetan Plateau Area (QTPA), dogs share a closg;gyinces YANG et al., 2018, C. canisin com
relationship with humans. hiy are greatly val nanjon dogs in BeijingYU et al., 2018, C. canis
ued for companionship, recreation and proteGn yaccoon dogs in suburban HarbiBHANG et
tion. Several studies in ChindlAN et al., 2014 5 20163 C. canisin pet, clinic and household
LI et al., 2015 QI et al., 2016aXU et al., 2016 §pgsin Shangha(XU etal., 2016, C. canisand
ZHANG etal., 2016h YU etal., 2018 andworld- ¢ ybjquitumin dogs in HeilongjiangL( et al.,

wide (GIL et al., 2017 TANGTRONGSUP et al.,, 2915 andC. canisin dogs in HenanJ{AN et al.,
2017 ADELL-ALEDON et al., 2018ALVES et 2014 Similarly, G. duodenalishas also been fe

al., 2018;GHARIEB et al., 2018MUGALA et  ortedin differentregionsof China, for example,
al., 2018 ROSANOWSKI et al., 2018 GODIN- G duodenalisassemblages Al, C and D in stray
EZ-GALAZ et al., 2019) have demonstrated thaqjogs in GuangdondP@N et al., 2018 G. duode
some dogs are infected wi@ryptosporidiumspp.  npajis assemblages C, D and F in companion dogs
andG. duodenalisand that they can be important;n Beijing (YU etal., 2018, C andD in straydogs
reservoirsof thesetwo speciesof parasiteswith i sichuan ZHANG et al, 2017, C and D in pet
a significant impact on public health for humansdogs in ShanghaiL{U et al., 2017, C and D in
and animés. These two protozoas have an espgaccoon dogs in Jilin, Heilongjiang, Liaoning, He
cially serious effect on immunocompromised in pej and Shandond@HANG et al., 2016} A, B,
dividuals and children. C and D in dogs in Shangha\ et al., 2015, C

Among the 44Cryptosporidiumspecies rec and D in pet and stray dogs in Hen@i et al.,
ognized,Cryptosporidium caniss the hosdapt 20163, C and E in dogs in Heilongjiangl(et al.,
ed species responsible for most cryptosporidiosig015, A, C andD in dogsin GuangdondZHENG
casesin dogs, and it is also a zoonotic speciegt al., 2013 Al and C in police and farm dogs in
infecting human. Prevalence studies have-corshenyandLl etal.,2013 andA andD in petdogs
firmed that C. parvum C. andersoni C. hominis  in Guangzhoul( et al., 2012.
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Notably,these prevalence and molecular studthe potential role of dogs in zoonotic transmission
ies have identified and demonstrated the separabd¢ cryptosporidiosis and giardiasis.
occurrence of the two parasitic pathogens in dog
populations, suggestingthat infected dogs may
be suitable reservoirs for further infections. How
ever, there are noath showing cénfection of The study sitesThe faecal samples were
CryptosporidiumandG. duodenalisn dogs in the collected from dogs in different locations in the
QTPA of China. The present study was undertakQTPAof China(Fig. 1 andTablel1). Thesampling
en to determine the prevalence @fyptosporidi  sites were located on sheep farms composed of
um and G. duodenalisspecies/genotypes/assem family pastures, dog farms and pet hospitals, and
blagesin dogsfrom this region, andto estimate thedogsdid notshow clinicalsigns ofseverediar-

Materials and methods

Fig. 1. Distribution of the locations( eof samplescollectionin this study

TheQinghaiProvincelocatedonthe QinghaiTibetanPlateawf China.The
numberrepresentthe samplingsite (samplingsite nameshownin Tablel)
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Table 1. Prevalencand genotypingresultsfor Cryptosporidiumand Giardia detectedin dogsin the Qinghai
Tibetan Platau Area

Cryptosporidium Giardia
No. of
No. Sampling sites samples  Positive Positive
analysed samples Species samples Assemblages

(%) (%)

1 Gangcha shedjprm 10 1(10.0) C.canis(n=1) 0
2 Hudong sheefarm 39 1(2.56) C.parvum(n=1) 1(2.56) B (n=1)
3 Sanjiaocheng shedarm 23 1(4.35) C.parvum(n=1) 1(4.35) C(n=1)

4 Xining chengzhong dotarm 18 1(5.56) C. anderson{n=1) 0
5 Yushusheegarm 16 1(6.25) C.canis(n=1) 1(6.25) B (n=1)

6 Beikeke sheefarm 8 0 0
7 Xining chengbedogfarm 53 0 5(9.43) B (n=5)

8 Xining pethospital 16 1(6.25) C.parvum(n=1) 0

9 Tianjunsheepfarm 5 0 0
10 Qilian sheegarm 11 0 1(9.09) B (n=1)
D (n=3)
11 Xining aiquandogfarm 18 0 6 (33.33) C (n=2)
B (n=1)

Total - 217 6(276) - 15(6.91)

rhoea. On sheep farms, dogs share typical habitatster, then the total genomic DNA was extracted

with humans and livestock on the grassland, anlom each faecal sample with the QlAamp Fast

their functions are shepherding, guarding, protedNA Stool Mini Kit (Qiagen, Germany) accord

tion and companionship. Both the humans (herdng to the manufacur er ’ s i nstruct.i
ers) and the animals (yaks, cattle aheep) all addition of 10 freez¢haw cycles.

possibly come into contact with these dog faeces. Molecular detection of Cryptosporidium.

Dog farms are used for breeding, training, fOSte&ryptosporidium PCR: a twestep neste®CR
care, leisure, and training, and on them dogs Cha%e?chnique was performed to amplify the fragment

and have contact with each other. Thus, the livin o
environment may be contaminated with faeces%f the 18S rRNA gene to deteClyptosporidium

The pet hospitals provide medical services foPOCYSts genmic DNA. The expected lengths -ob

pets, including dogs and cats. Sometimes, pet dégined after primary amplification employed the

faeces will be collected for clinical examinationPrimers 18SICF2 af‘d 18SiCR2, and the product
and diagnosisTherefore, most of these dogs wergVas about 763 bp; the secondary amplification
consideredispetsandtheywould bein veryclose €mployedthe primers18SiCFland18SiCR1 cor-

contad with humans. respondingly generating a 587 bp guot RYAN
et al., 2003 For more information, please see the

Faecalspecimercollection A total of 217 dog
faecal samples were collected from sheep farmg,upplementary Table 1.
dog farms and pet hospitals (Table 1). Each in Molecular detection of G. duodenalis. G.-du
dividual faecal sample was kept in 2.5% petasodenalisPCR: for molecular detection @. duc
sium dichromate and then sent to the laboratorgienalis nested PCR-gadanrggnet i ng
for further analysiswWithin a month in the lab, the locus CACCIO et al., 2002LALLE et al., 2005
sampleswere washedseveraltimeswith distiled  of G. duodenaliswas carried out, as previously
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Supplementaryablel. PCRprimersandcycling protocolsto amplify targetgenesequencesom Cryptosporidiunspp.andGiardia duodenalis

PCR Size

Parasite target  (bp) Primers e q u e n-8¢ Cycling protocol Reference
g Both PCRs were performed in standard mixtures
S 185 . ] primer mixtures (1@l pdNDR Miamh(bO@nnMer @Qach d
5 18SICF2GACATATCATTICAAGTTTCTGACC N1py 5 I 10xPCR Buffer containi B@ 1.5 mM MgC
@ RNA 763 : MgCl 2 ( Qi agen) 0.5 | 5 U Hot St Q Tagq D Po
S gene 18SiCR2:CTGAAGGAGTAAGGAACAACC . . ’ . H > N (=
% a bovineserumalbumin (BSA; acetylated,10 mg/mL) (Promega)2.5u DNA, & >
o2 and 30 -Gade wiet.R a
@
For primary PCR, the amplification reactions were run according t O
following PCR program: an initial heactivation step at 95°C for 15 m S
18SiCF1:.CCTATCAGCTTTAGACGGTAGG  35cyclesof 94°Cfor 35s,58°Cfor 35s,and72°Cfor 50s; then72°Cfor 10 =i
587 min andafinal hold at4°C. Forsecondary?CR,eachreactionwasprepareds ?
18SICR1LTCTAAGAATTTCACCTCTGACTG for primaryPCR,but 18 SiCF1/RIprimerswere usedandthe following PCR __a
programwasrun: 95°C,15min; 35 cyclesof 94°Cfor 30s,58°Cfor 30s,anc o
7 °C for 30 s; then 72°C for 10 min and a final hold at 4°C. %
Both PCRs were performed in standard mixaures

G7:AAGCCCGACGACCTCACCCGCAGTGC pr i mer mi xtures (10 pM of eachkhdprgmer), I
B-giardin 753 NTP) , 5 pl 10xPCR Buffer containih‘ig 1.5 M Mg
gene(bg) G759: MgCl 2 (Qiagen), 0.5 pl 5 U HotSt&Q Tagq DNA P

GAGGCCGCCCTGGATCTTCGAGACGAC  bovineserumalbumin(BSA; acetylated 10 mg/mL) (Promega)2.5u DNA, 8/ o

pPerd

Giardia
duodenalis

programwasrun: 95°C,15min; 35 cyclesof 94°Cfor 35s,55°Cfor 355s,anc
72°C for 45 s; then 72°C for 10 min and a final hold at 4°C.

c

and 30 -Giatle wRt€.R 8

z

For primary PCR, the amplification reactions were run according t %

following PCR program: an initial heattivation step at 95°C for 15 m =1

G2F:GAACGAACGAGATCGAGGTCCG 35 cydesof 94°Cfor 35s,50°Cfor 35s,and72°Cfor 60 s; then72°Cfor 10 9
515 min and a final hold at 4°C. For secondary PCR, each reaction was pI g
G2R:CTCGACGAGCTTCGTGTT as for primary PCR, but G2F/G2R primers were used and the following Q.
Q

>

Q

=0

o
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degribed (Supplementary Table 1). The first anddog G. duodenalisnfections were found on sheep
secondary amplifications employed the primerdarms(includingHudong,SanjiaochenYushuand
G759 and G7 (product: 753 bp), G2F and G2Rilian) and two dog farms (Xining Chengbei and
(product: 515 bp), separately. Positive and nega&ining Aiquan). No simultaneous coinfections of
tive controls were included in each amplificationCryptosporidiumand G. duodenalisvere detect
reaction. Genomic DNAfrom Cryptosporidium ed at any sampling sites.

oocysts andG. duodenaliscysts was used as a For Cryptosporidium spp., sequencing and
positive control, and distilled water was usedas phylogenetic analyses gave the following results:
a negative control for PCR. The amplified PCRone Cryptosporidiurpositive sample was detect
products were visualized using a WI813B gel ed in each of the sampling sites mentioned above,
imaging analysis system (Beijing Liuyi Biotech and these samples were identified Gisparvum
nology, China) following electrophoresis on a(n=3), C. canis(n=2) andC. andersoni(n=1) (Ta
1.5% agarose gel, stained with nucleic acid-eleqy | e 1 )-giardifi lyeme sRquencing and phy
trophoresis dye (GelStain, TransGen Biotech Cojggenetic analyses db. duodenaliswere as fol
Ltd., China). lows: oneG. duodenaligositive faecal sample
Sequencing and phylogenetic analysithe was detected on each of the sheep farm sampling
positive PCR products were purified and- sesites, five on Xining Chengbei dog farm and six
guenced \th forward and reverse inner primerson Xining Aiquan dog farm, identified aS. duo-
by SUZHOU GENEWIZ Company (Suzhou, €hi denalisassemblages B, C and D (Table 1).

na). To confirm their genotypes, the sequences For Cryptosporidium spp., the partial se
were processed by Clustal Ome(tp://www. quences of the 18S rRNacus revealed the pres
ebi.ac.uk/Tools/msa/clustalo/), and using BLASTence ofCryptosporidiumas C. parvum C. canis
(httpsi/blast.ncbi.nim.nih.gov/Blast.cgi),  align andC. andersonj which all showed 99% similar

ing with the reference sequences in GenBankty to the reference sequences in GenBank, with a
Phylogenetic analysis d@ryptosporidiumandG. query coverage of 100%. Concerniy duode
duodenaliswas achieved by the neighbgom- nalis, the parti al-gissdngenences
ing (NJ) method, which was calculated by thejetermined the presence @f duodenalisas G.
JukesCantor model with 200 bootstrap repli duodenalisassemblage B, assemblage C and as
cates. semblage D, which showed 98% similarity to the
B-giardin gene sequences, with a query coverage
of 100%. The nucleot® sequences identified in
our study were deposited in the GenBank data
A total of 217dogfaecalsamplesverecollect base under the accession numbers MNO38055

ed from different locations in the QTPA of ChlnaMN038060 forCryptosporidiumand MN044595

(Eig.l andl Table é)’ and ex_z.mineddt%dzterminﬁ/lNO44609 for G. duodenalis The phylogenetic
the prevalence oLryptosporidiumand G. duc analysis employing the neighbejaining (NJ)

denalispy PCR and sequencingalysis. Amqng methodindicated that representative sequences of
them, six samples were found to Gegyptosporid the 18S r RN-gardinegene fromnhe P

iurrposit_i\(e, and 15 f\_/vere df(;unFc)iCtg I dlt_?_)de_ Cryptosporidiumand G. duodenalisspecies, gen
nalls-positive, as confirmed by amplification o - areq in the present study, formed vafined

of the18SrRNA geneandp-giardingene with in- - - -
clusters with their respective reference sequences
fection rates of 2.8% (6/217) and 6.9% (157, (Fig. 2 and 3) P q

respectively. The results showed th@trypto

sporidiumspp. infections of dogs were present on _ '

several sheep farms (namely Gangcha, Hudong, Discussion

Sanjiaochen and Yushu), on Xining Chengzhong Dogs are of significanceto humansin the
dog farm and in Xining pet hospital. Likewise, = QTPA. They are highly valued for companion

Results
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— @ MN038057 Cryptosporidium parvum
JQ182990 Cryptosporidium parvum
MH477705 Cryptosporidium parvum
MF671870 Cryptosporidium parvum
MH341586 Cryptosporidium parvum
— @ MN033056 Cryptosporidium parvum
JN812214 Cryptosporidium parvum
MG969537 Cryptosporidium parvum
MH794166 Cryptosporidium parvum
AB830580 Cryptosporidium parvum
@ MN038060 Cryptosporidium parvum
95, KT336622 Cryptosporidium cuniculus
KC157561 Cryptosporidium cuniculus
KP314259 Cryptosporidium hominis
um hominis
_l um tyzzeri
3! JX679086 Cryptosporidium tyzzeri
AF115378 Cryptosporidium wrairi
7o' AF248762 Cryptosporidium wrairi
88, KJ790244 Cryptosporidium suis
AB449870 Cryptosporidium suis
99, MG516771 Cryptosporidium macropodum
KP730302 Cryptosporidium macropedum
MG516762 Cryptosporidium ubiquitum
99' KX259134 Cryptosporidium ubiquitum
_| HQ917077 Cryptosporidium meleagridis
9o! AB449821 Cryptosporidium meleagridis
99 [ KY953216 Cryptosporidium fayeri
HQ008932 Cryptosporidium fayeri
99 KT027475 Cryptosporidium rubeyi
KT027472 Cryptosporidium rubeyi
73 MG021320 Cryptosporidium viatorum
9y L JX644908 Cryptosporidium viatorum
LC010213 Cryptosporidium varanii
99! KJO00485 Cryptosparidium varanii
MG516774 Cryptosporidium canis
KY483980 Cryptosporidium canis
KR999987 Cryptosporidium canis
KT749818 Cryptosporidium canis
KP890051 Cryptosporidium canis
KF516543 Cryptosporidium canis
@ MND38055 Cryptosporidium canis
@ MND38059 Cryptosporidium canis
99 MH115431 Cryptosporidium felis
9 KJ194110 Cryptosporidium felis
MF499136 Cryptosporidium homai
99! MF499132 Cryptosporidium homai
99, MG516763 Cryptosporidium scrofarum
KJ790202 Cryptosporidium scrofarum
99,MG516772 Cryptosporidium ryanae
KX929963 Cryptosporidium ryanae
JX258864 Cryptosporidium xiaoi
KF807825 Cryptosporidium xiaoi
9766 EF514224 Cryptosporidium bovis
73! DQ991389 Cryptosporidium bovis
—— HM243548 Cryptosporidium molnari
99— HM243550 Cryptosporidium molnari
98, KF240618 Cryptosporidium serpentis
HQ537112 Cryptosporidium serpentis
99 JX948130 Cryptosporidium fragile
EU162754 Cryptosporidium fragile
MG516767 Cryptosporidium galli
KU744848 Cryptosporidium galli
99, MG516765 Cryptosporidium muris
KM870569 Cryptosporidium muris
@ MN038058 Cryptosporidium andersoni
KF826311 Cryptosporidium andersoni
MF350628 Cryptosporidium andersoni
AB513869 Cryptosperidium andersoni
MH395839 Cryptosporidium andersoni
MH458442 Cryptosperidium anderscni
KX710086 Cryptosporidium andersoni
KX264362 Cryptosporidium andersoni
KT822230 Cryptosporidium andersoni
KT884488 Cryptosporidium andersoni

8

=3

—
0.01

Fig.2. Phylogeneti@nalysiof Cryptosporidiunspp basednsequences
of the partial 18SibosomalRNA gene
Theblackcirclesrepresenthe positivesampesandthespeciesdentified
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KP687757 Giardia duodenalis
65|KY696837 Giardia duodenalis
61| KM211793 Giardia duodenalis
@ MN044609 Giardia duodenalis
6 @ MN044599 Giardia duodenalis
41'@ MN044603 Giardia duodenalis
EU014392 Giardia duodenalis
@ MN044600 Giardia duodenalis
@ MNO044601 Giardia duodenalis
|- EU637580 Giardia duodenalis
@ MN044602 Giardia duodenalis Assemblage B
@ MN044595 Giardia duodenalis
@ MN044598 Giardia duodenalis
DQ116605 Giardia duodenalis
DQ789116 Giardia duodenalis
FJ560593 Giardia duodenalis
KM190799 Giardia duodenalis
100 |- KT948090 Giardia duodenalis
@ MN044597 Giardia duodenalis
MF169196 Giardia duodenalis
63'MG736242 Giardia duodenalis
90, KJ363399 Giardia duodenalis
LC095675 Giardia duodenalis
KF963546 Giardia duodenalis
MG873353 Giardia duodenalis
79 KF963566 Giardia duodenalis
LC341569 Giardia duodenalis | Assemblage A
KJ363393 Giardia duodenalis
JX275388 Giardia duodenalis
AY647264 Giardia duodenalis
7 JF958119 Giardia duodenalis
73 LC341558 Giardia duodenalis
MG963785 Giardia duodenalis
JF422720 Giardia duodenalis
KY753405 Giardia duodenalis
AY545646 Giardia duodenalis
JX867769 Giardia duodenalis
KX960130 Giardia duodenalis Assemblage C
3, @ MN044607 Giardia duodenalis
@ MIN044608 Giardia duodenalis
KU156667 Giardia duodenalis
KY979499 Giardia duodenalis
@ MN044596 Giardia duodenalis
FJ009205 Giardia duodenalis
HQ538709 Giardia duodenalis
KX164008 Giardia duodenalis
MF285587 Giardia duodenalis
MG873354 Giardia duodenalis
@ MN044604 Giardia duodenalis
@ MN044605 Giardia duodenalis
@ MN044606 Giardia duodenalis
HM061152 Giardia duodenalis
65' KY979500 Giardia duodenalis
I—MF185953 Giardia cricetidarum

AY258618 Giardia muris
100 I—”LEEF455599 Giardia muris
59— MK675656 Giardia muris

AB714977 Giardia psittaci

Assemblage E

Assemblage F

85

10

=

Assemblage D

Fig. 3. Phylogeneti@nalysisof Giardia basedn sequencesf the partial
B-giardingene
Theblackcirclesrepresenthepositivesamplesandtheassemblagesf
G. duodenalisdentified
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ship, recreation, and protection of humans, bufie of 2.69.4% was consistent with the prevalence
they are also reservoirs of pathogens for humargata of Cryptosporidiumexcept for one location,

and animals. To assess the zoonotic potenfial Xining Aiquan dog farm, which showed a high
Cryptosporidiumspp. andG. duodenalisfrom er prevalence (33.3%) than the other areas in this
dogs, we conducted a molecular epidemiologicadtudy. Many factors influence the prevalence of
survey of these pathogens in dogs in the QTPA ar asi ti ¢ pathogens, sucl
The present study represents the first investigatiaihe geographic area of oig and the sampling

of the Cryptosporidiumspp. andG. duodenalis time. Additionally, low starting quantities of para
infection prevadnce rates and genotypes/speciesite genomic DNAvould negatively affect the de
assemblages in dogs in the QTPA of China. tection sensitivity of the PCR protocols, particu

The global prevalence ofryptosporidium larly when the PCR target gene is a sircpey
spp.andG. duodenalisnfectionsin dogsin China 9 € n e s -giardin used in i study.
varies depending on the geographic area and pop In agreement with most previous related stud
ulation testedl(l et al., 2013 JIAN et al., 2014 ies, we also identifiecC. canisas a hosspecific
LI et al., 2015 ZHANG et al., 2016bLIU et al., species in dogs. Unexpectedly, andersoniwas
2017 PAN etal., 2018 YANG etal., 2018 YU et  detected in dogs on the Xining Chengzhong dog
al., 2018). In the present study, the ove@dyp- farm. It had been identified as the predominant
tosporidium spp. andG. duodenalis prevalence speciesresponsiblefor cattle infections (QI et
was 2.8% and 6.9%, teemined by PCR detec al., 2016b, but also as the predomina@Gtypto
tion and sequence identification, respectively. Theporidiumspecies in humans in ChindlANG et
prevalence ofCryptosporidiumspp. in the QTPA al., 2014. In the QTPA of ChinaC. andersoni
dogs is consistent with other reports in Chinawas also detectedin slaughterhousessewage,
4.9% in companion dog'U et al., 2018, 1.6% and river watersMA et al., 2019, as well as in
in pet dogs@U et al., 201} 2.2% in dogs mainly sheep,yaks and cattle (LI et al., 201§ ZHANG
from pet hospitals and pet markets, but also sont al., 2018 which demonstrated the widespread
stray dogs I(l et al., 2019. A higher occurrence distribution of C. andersoniin the environment
of these pathogens was also observed in the fajenerally in this region. Although reports of dog
lowing studies: 10.5% in raccoon dog@HANG and human ifections withC. andersoniare rare
et al., 2016p and 8.0 %n companion dogsXU (ROSANOWSKI et al., 2018 one study suggest
etal., 2016. Ontheotherhand,the prevalenceof  ed its role in clinical disease in ChinlANG et
G. duodenaliswas lower than in previous stud al., 2014. It should be noted that dogs are ecca
ies carried out in other places, that is: 6.0 % iional transport host, and not a patent newt hos
companion dogsXU et al., 2015, 3.2% in pet for C. andersoniso further studies in this regard
dogs GU et &, 2015, 4.5% in pet dogd( et al., are required. Another outcome was the detection
2019, 3.4%in petdogs(GU etal., 2015, 7.2%in  of C. parvumin three of the dog isolates and gen
farmed raccoon dogXU et al., 201%, and 6.7% otypes.C. parvumnot only infects humans, but
in pet dogs Il et al., 201%. Some other studies has also been responsible for diarrhoea in neonate

reported higher prevalences: 12.8% impanion
dogs YU et al., 2018 11% in stray dogsPAN
et al., 2018 26.2% in companion dogxX{ et

animds, calves, and lamb<C. parvumwas also
identified in street dogs in NigeridYINMODE
et al., 2018 in dogs in Brazil ALVES et al.,

al., 2016, 14.3% in pet and stray dog®l(et al.,

2018, in householddogs in Egypt (GHARIEB

20163, 15.2%in ownedandstraydogs(YANG et

et al, 2018, in abandoned dogs in Great Britain

al., 2019, 13.2% in police and farm dogkl(et

(ROSANOWSKI et al., 2078 in Iranian dogs

al., 20.3), and 11% in pet dog&ket al., 2012.
In this study, theCryptosporidiumdetection

(RANJBAR et al., 2018 in dogs in Northern it
aly (SIMONATO et al., 201Y, in dogs in Chiang

rates were lower, between 2.6 and 10%, in differMai, Thailand TANGTRONGSUP et al., 2037

entregions,for G. duodenalisinfections,the val-
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andin dogsin CostaRica(SCCRZA etal., 2017).
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With respect toG. duodenalis the molecular Financial support statement

results revealed that the dogs were infected by The researchwas supportedby the Nation
hostspecific G. duodenalisassemblages C/D (6 51 Natural Science Foundati of China (NO.
isolates), whereas potential hurmaathogenic B 37060804), the National Foreign Experts -Pro
assemblage was also found. Theseduod_enalls gram of China (Grant No. G2022043003L), the
assemblages have also been detected in dogs #ynsformation of Scientific and Technological
other regions of China, for instance, assemblagkchievements of Qinghai Province (20SE
es A, C and D in stray dogs in GuangdoR&\l 146) and the funding support from the One Thou

et al., 2018 C and D in companion dogs in Bei -
jing (YU et al., 2018 C and D in dogs in Sichuan ?sgd V;/rggggpégglgg)the Chinese Government

Province ZHANG et al., 201y, C and D in pet
dogs in ShanghaiL{U et al., 201%, C and D in
pet and stray dogs in Henan Provin€d ét al., Authorships contribution statement

20169, and C in dogs in Heilongjiang Province  yingna Jian and Xueyong Zhang contributed
(Lletal., 2013. equallyto thiswork. Y.J.,X.Z., andP.K. designed,
The dog faecal samples were collected frongonceived the study, and wrote the manuscript.
sheep farms, dog ffims and pet hospitals. Sincey.J., X.Z., L.M., G.H.W..and G.P.W. carried out
dogs are involved in shepherding, guarding,- prothe experiments and analysed the data. G.H.W.,
tection and companionship of humans and- aniQy.c., G.P.W. and X.L. contributed to the collec
mals, they may act as reservoirs for transmissiofion of the faecal samples. Y.J., X.Z., and P.K.
of Cryptosporidiumand G. duodenalisto humans  contributed to the discussion of results and the

and livestock animals. final version of the manuscript. All thors have
approved the submission and publication of this
Conclusions manuscript.

This is thefirst studyon Cryptosporidiunspe
cies andG. duodenalissimultaneously detected in Declaration of competingof interest
dogs in the QTPAC. parvum C. canis C. ander The authorsdeclareno conflict of interests.
soni and G. duodenalisassemblages B, C and D
were found, respectively. Dogs are potential res
ervoirs for luman and animal infections of these
pathogens. Further studies are needed to extend We would like to acknowledge Catherine
investigations ofCryptosporidiumand G. due O’ Dowd Phanis, Universit
denalis species/genotypes/assemblages from hichool, Nicosia, Cyprus for time devoted to-im
mans (households and owners) and animals (yakgfoving the linguistic quality of this manuscript.
cattle and sheep) living in ttame environments
and sharing the same water supplies.
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SAGETAK

Psi su prirodni rezervoari velikog br o[Crgptogporidimot s ki h
spp. iGiardia duodenalisnaj vaznije protozoalne vrste Kkoje wuzroku
Kako bi seustanovilar a § i ri moletutatnaraznolikostparazitaCryptosporidiumi G. duodenalis provedeno
je epidemiolosSko istrazi v aisojaen (QTPA o djeverdoj Kini. Prikupljerto gen s k e
ukupno 217 uzoraka fecesa pasa s far mi ovaca, iz uzg
odnosnogenotipoviparazitaCryptosporidiumi G. duodenalisidentificirani su PCRom usmjeenim na dio gena
za ribosomsku RNA 18S z@ryptosporidiumi g egiaadin BaG. duodenalis Rezultati invazije parazitima
Cryptosporidiumspp. iG. duodenalisu pasa pokazali su ukupnu prevalenciju od 2,8% (6/21Qrygptosporidium
spp. i 6,9% (15/217)&G. duodenalis Ni j e uofCena istodobna invazija ov
PCRom potvrdilo je nalazC. parvum (n=3), C. canis (n=2), C. andersoni(n=1) i G. duodenalispodtipova B
(n=9), C (n=3) i D (n=3). Rezultati su pokazali da su psi n@aisti vanom podrucju C¢€esto

Cryptosporidiumspp. i G. duodenalis Navedeno potvrduje da bi psi mo g |
parazitimaCryptosporidiunspp. iG. duodenalig a | jude i druge vrste 2Z2ivotinja.

K1 j ul n e Cryptogmediuin; :Giardia duodenalis;psi; prevalencija; molekularna detekcija; tibetanska
visoravan
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