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Abstract – Giardia duodenalis is an important zoonotic pathogen for both human and animal health. Although there
have been reports on G. duodenalis infections in animals all over the world, information regarding the prevalence and
genetic characteristics of G. duodenalis in sheep in Inner Mongolia, China, is limited. In this study, 209 sheep fecal
specimens were collected in this autonomous region. We established that the prevalence of G. duodenalis was 64.11%
(134/209), as determined using nested PCR detection and sequences analysis of the small subunit ribosomal RNA (SSU
rRNA) gene. Based on the beta-giardin (bg) locus, the glutamate dehydrogenase (gdh) locus, and the triose phosphate
isomerase (tpi) locus to study genetic characteristics, both assemblages A (2.99%, 4/134) and E (97.01%, 130/134)
were found. Five novel nucleotide sequence of assemblage E were detected, two at the bg locus, two at the gdh locus,
and one at the tpi locus. Multilocus genotyping yielded four assemblage E and two assemblage A multilocus genotypes
(MLGs), including four novel assemblage E MLGs and one novel assemblage A MLG. Results of this study indicated
that G. duodenalis was highly prevalent in sheep in Inner Mongolia. This study is the first to use the multilocus geno-
typing approach to identify G. duodenalis in sheep from this region.
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Résumé – Caractéristiques génétiques de Giardia duodenalis chez les moutons en Mongolie intérieure, Chine.
Giardia duodenalis est un pathogène zoonotique important pour la santé humaine et animale. Bien qu’il y ait eu des
rapports sur des infections à G. duodenalis chez les animaux partout dans le monde, les informations concernant la
prévalence et les caractéristiques génétiques de G. duodenalis chez les ovins en Mongolie intérieure, Chine, sont
limitées. Dans cette étude, 209 spécimens fécaux de moutons ont été collectés dans cette région autonome. Nous
avons établi que la prévalence de G. duodenalis était de 64,11 % (134/209), grâce à la détection par PCR
imbriquée et l’analyse des séquences de la petite sous-unité du gène de l’ARN ribosomal (ARNr SSU). Sur la base
du locus bêta-giardine (bg), du locus glutamate déshydrogénase (gdh) et du locus triose phosphate isomérase (tpi)
pour l’étude des caractéristiques génétiques, les deux assemblages A (2,99 %, 4/134) et E (97,01 %, 130/134) ont
été trouvés. Cinq nouvelles séquences nucléotidiques de l’assemblage E ont été détectées, deux au locus bg, deux
au locus gdh et une au locus tpi. Le génotypage multilocus a produit quatre génotypes multilocus (GML) pour
l’assemblage E et deux GML pour l’assemblage A, y compris quatre nouveaux GML pour E et un nouveau GML
pour A. Les résultats de cette étude indiquent que G. duodenalis était très répandu chez les moutons en Mongolie
intérieure. Cette étude est la première à utiliser l’approche de génotypage multilocus pour identifier G. duodenalis
chez les moutons de cette région.

Introduction

Giardia duodenalis (also known as G. lamblia or
G. intestinalis) is a common intestinal parasite that is wide-

spread among vertebrate hosts, including humans, livestock,
and wildlife, worldwide [8, 34]. Giardia duodenalis infections
often remain asymptomatic, but can cause severe diarrhea and
chronic disease in humans [6, 16, 24]. Investigations and case
reports on G. duodenalis infections in humans are common
in China. The large number of epidemiological investigations*Corresponding author: zhanglx8999@henau.edu.cn
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conducted at the start of this century suggested that the average
infection rate was 0.85% (197/23,098) [18], with the highest
infection rate (9.46%, 7/74) reported by one study carried out
in a pediatric hospital in China [32]. As sheep have been found
to have unexpectedly high levels of infection, they have long
been considered a potential reservoir for human infections
[10, 25, 31].

Extensive analysis of protein and DNA polymorphisms
have long been considered findings indicating that G. duode-
nalis is a species complex, whose members show little variation
in their morphology, and the major genetic groups are now
described as assemblages (may correspond to distinct species)
[30]. Studies have shown that G. duodenalis can be sub-classi-
fied into at least 8 genetically different assemblages (A–H) [29],
of which assemblage A and assemblage B are considered to be
zoonotic, while the remaining assemblages (C–H) seem to be
host-specific. However, in recent studies, assemblage C, D, E
and F has been found in a few human cases [1, 7, 26, 37]. Stud-
ies on sheep have identified a predominance of G. duodenalis
assemblage E, while assemblage A occurred infrequently [10,
25, 27, 31] and assemblage B was rarely found [5, 23].

For the past few years, the reported infection rate with
G. duodenalis in sheep and goats in China was 6.07% (418/
6890) [18]. Among these, almost all the cases of G. duodenalis
infections in sheep were caused by assemblages E and A, with
assemblage E being particularly prevalent. However, there are
few reports on G. duodenalis infection rates in goats and sheep
in Inner Mongolia [36, 40].

In recent years, multilocus genotyping (MLG) of the beta-
giardin (bg), glutamate dehydrogenase (gdh) and triose phosphate
isomerase (tpi) loci has increasingly been used to characterize
G. duodenalis infections in humans and animals [4, 11, 33]. This
method has been favored because PCR assays targeting these loci
have been shown to have different sensitivities, and occasionally
different genotyping results [19, 22]. However, most earlier
studies characterized G. duodenalis in sheep using individual
loci, and thus far, there are only a few reports on genotyping
G. duodenalis from sheep in China using MLG analysis [39].

The Ordos fine-wool sheep is a unique breeding animal in
Wushen Banner, Ordos City, Inner Mongolia Autonomous
Region. Its fur and meat have extremely high economic benefits
and are the main local economic animals, playing an important
role in animal husbandry in this area. Giardia duodenalis has
influence on the growth and development of sheep, which
may in turn affect the economic benefits for local farmers [2].
However, data on G. duodenalis infection in Ordos fine-wool
sheep are rare.

The objectives of this study were to investigate the distribu-
tion of G. duodenalis assemblages/genotypes in sheep in Inner
Mongolia based on MLG analysis, and analyze their genetic
characteristics, assess the zoonotic transmission risk, and eluci-
date the public health significance of this protozoan parasite.

Materials and methods

Ethics statement

This study was performed in accordance with the recom-
mendations of the Guide for the Care and Use of Laboratory

Animals (Publication Year: 2010, ISBN: 9780309154000).
The research protocol was reviewed and approved by the
Research Ethics Committee of Henan Agricultural University
(approval no. LVRIAEC 2018-007). Permission was obtained
from the farm owners before fecal sample collection. In this
study, all fecal samples were carefully collected from the rec-
tum of each sheep without causing discomfort.

Sample collection

The Inner Mongolia Autonomous Region straddles three
major regions of northeast China, north China and northwest
China. The area has a plateau-type geology, with a complex
and diverse temperate continental monsoon climate. Inner
Mongolia makes good use of its local geographical and meteo-
rological features, and is the largest grassland pastoral area in
China, with animal husbandry making an important economic
contribution.

To study the infection rate and aggregation distribution of
G. duodenalis in this animal population, we selected the repre-
sentative commercial farm at our study site that has the highest
intensity of Ordos fine-wool sheep (>3 months old). There were
no symptoms of diarrhea in the flock during sample collection.
Fresh feces were collected from animals by rectal sampling and
stored in a 2.5% (w/v) potassium dichromate solution in clean
containers. Stool samples were of normal shape. All fecal spec-
imens were transported to the laboratory with an ice pack at
4 �C immediately after collection. DNA extraction was per-
formed within 48 h.

DNA extraction and PCR amplification

DNA extraction was performed using commercial E.Z.N.A
Stool DNA kits (Omega Bio-Tek Inc., Norcross, GA, USA),
following the manufacturer’s recommendations. Extracted
DNA samples were stored at �20 �C until PCR analysis.

The DNA samples were analyzed using nested PCR ampli-
fication of the small subunit ribosomal RNA (SSU rRNA) gene
to determine the G. duodenalis infection rate [3]. Additionally,
to determine the multilocus genotypes (MLGs) of the
G. duodenalis isolates detected in this study, all G. duodenalis
positive isolates were tested using nested PCR based on the bg
[15], gdh [4] and tpi [28] loci (Table 1). Using an Applied
Biosystems 2720 Thermal Cycler (Applied Biosystems, Foster
City, CA, USA), PCR reactions for G. duodenalis loci were
conducted in 25 lL systems: 2.5 lL 10� PCR buffer, 2 lL
dNTPs (1.25 mM each), 0.3 lL each primer (25 lM each),
0.2 lL rTaq DNA polymerase (1 unit/lL each) (Takara Shuzo
Co., Ltd), 2 lL of DNA sample, 17.7 lL double distilled water.

The secondary PCR products were separated by 1% agarose
gel electrophoresis, following staining with DNA Green
(TIANDZ, Beijing, China), observed, photographed, and
recorded on a Tanon 3500 Gel Image Analysis System
(TANON, Shanghai, China).

Sequence and phylogenetic analyses

All the secondary PCR amplicons of the SSU rRNA, bg,
gdh and tpi genes from G. duodenalis-positive samples were
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bidirectionally sequenced using an ABI PRISM 3730 XL DNA
analyzer with the BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, Foster City, CA, USA), owned by
the Tsingke Biological Technology Co. Ltd (Beijing, China),
and no double peaks were detected during chromatogram
inspection.

The sequences obtained were assembled using ChomasPro
2.64 (http://www.technelysium.com.au), and edited using
DNAstar Lasergene Editseq 7.1.0 (http://www.dnastar.com/).
The upstream and downstream sequencing results are spliced
into a consensus sequence, and the obtained genetic variants
were analyzed by multiple-sequence alignments with reference
sequences downloaded from the GenBank database, using
Clustal X 2.1 (http://www.clustal.org/).

Positive samples at the SSU rRNA locus were analyzed at
three other loci (bg, gdh, and tpi) to understand the genetic
characteristics of Giardia; the MLGs of G. duodenalis were also
identified using the sequence data of these loci. Sequences from
each isolate at the three analyzed loci were concatenated
(bg-tpi-gdh) to form one multilocus sequence for each isolate.

Neighbor-joining (NJ) analysis was performed using
MEGA 7.0 software (http://www.megasoftware.net/), based
on the Kimura-2 parameter model.

Statistical analysis

The infection rates and 95% confidence intervals (CI) were
calculated by the Wald method in SPSS, version 22.0 (SPSS
Inc., Chicago, IL, United States). Differences in correspond-
ing infection rates among locations were examined by the
Chi-square test, and differences were considered significant at
p < 0.05.

Nucleotide sequence accession numbers

The representative nucleotide sequences generated in this
study were submitted to the GenBank database under the acces-
sion numbers MK442896–MK442915.

Results

Giardia duodenalis prevalence, and distribution
of assemblages

A total of 134 (64.11%, 95% CI: 57.6–70.7%)
G. duodenalis-positive fecal samples were identified using the
nested PCR analysis of the SSU rRNA genes in this study.
The genetic diversity of the G. duodenalis-positive samples
was determined by sequencing the bg, gdh and tpi genes, and
a total of 39, 72 and 32 sequences, respectively, were obtained
for these three genetic loci. Assemblage E (n = 130) and assem-
blage A (n = 4), were detected, based on the SSU rRNA gene.

Assemblage A and E

Of the bg sequences, 7 were identified as assemblage A,
and 32 were identified as assemblage E. Sequence A1
(n = 4) was identical to AY655702, and A2 (n = 3) had one
single-nucleotide polymorphism (SNP) relative to AY072723
(Table 2). Assemblage E sequences were designated as E1
(n = 11), E2 (n = 12), E3 (n = 7), E4 (n = 1), and E5
(n = 1). The E3 and E4 had one SNP each (A170G and
C428T) compared to KT922250 and KT922248, respectively
and one sequence each was identical to MK610388,
KT922250, and KP635098.

At gdh sequences, 8 were identified to assemblage A, and
64 were identified to assemblage E. All the 8 assemblage A
sequences were identical to the genotype A1 sequence
(AY178735) (Table 2). Among the assemblage E isolates, E3
and E6 had one SNP each (G369A and A455G) relative to
MK645797 and MK645792, respectively. The remaining
sequences were identical to counterparts in the database (E1,
E2, E4 and E5 were identical to KT369778, KT369785,
KY432862, and MK645788, respectively). Using KT369778
as the reference sequence, the intra-assemblage substitutions
in assemblage E at the gdh gene can be seen in Table 3.

Sequence analysis of the tpi locus revealed that 12 success-
fully amplified isolates were identified as assemblage A, and 20
were assemblage E. A1 was identical to L02120, and A3 had

Table 1. Primer sequences and reaction conditions used in nested PCR amplifications.

Gene Primer sequences (50 – 30) Nucleotide fragment (bp) Annealing temperature (�C) Reference

SSU rRNA Gia2029 (AAGTGTGGTGCAGACGGACTC) 292 55 [3]
Gia2150c (CTGCTGCCGTCCTTGGATGT)

RH11 (CATCCGGTCGATCCTGCC) 59
RH4 (AGTCGAACCCTGATTCTCCGCCCAGG)

bg BG1(AAGCCCGACGACCTCACCCGCAGTGC) 511 65 [15]
BG2(GAGGCCGCCCTGGATCTTCGAGACGAC)

BG3 (GAACGAACGAGATCGAGGTCCG) 55
BG4 (CTCGACGAGCTTCGTGTT)

gdh Gdh1 (TTCCGTRTYCAGTACAACTC) 520 50 [4]
Gdh2 (ACCTCGTTCTGRGTGGCGCA)

Gdh3 (ATGACYGAGCTYCAGAGGCACGT) 50
Gdh4 (GTGGCGCARGGCATGATGCA)

tpi AL3543 (AAATIATGCCTGCTCGTCG) 530 50 [28]
AL3546 (CAAACCTTITCCGCAAACC)
AL3544 (CCCTTCATCGGIGGTAACTT) 50
AL3545 (GTGGCCACCACICCCGTGCC)
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two SNPs (A100G and C363T) relative to EU041754. Among
the assemblage E sequences, E4 was identified to be a novel
sequence, and the remaining sequences were consistent with
KT369763, KT922262, and MF671903, respectively. The
intra-assemblage substitutions in assemblage E at the tpi gene
can be seen in Table 3.

Multilocus genotyping

Using multilocus sequence typing, 4 assemblage A and 5
assemblage E isolates were successfully sequenced at all three
loci (Table 4). To study the relationships between the different
isolates in more detail, we performed a phylogenetic analysis

based on a dataset of concatenated bg + gdh + tpi gene
sequences. Data from the specimens were not included in the
MLG analysis when a mixed infection was detected at one of
the three loci.

Multilocus genotyping yielded two assemblages A MLGs
and four assemblage E MLGs. One assemblage A MLG was
identical to the AI-1, and the assemblage A MLG was consid-
ered a novel MLG (named AI-novel (IM)) which had genetic
distance with AI-1 and AI-2; AI-novel (IM) and AI were in
the same cluster in the phylogenetic analysis (Fig. 1). The
MLG-E2 and MLG-E3 from Inner Mongolia (IM) found in this
study were genetically distinct from those found in sheep from
other areas in China (Fig. 2).

Table 2. Intra-assemblage substitutions in the beta-giardin (bg), glutamate dehydrogenase (gdh), and triose phosphate isomerase (tpi)
assemblage A gene sequences.

Sequence (no.) Nucleotide positions GenBank ID

bg 87 336
Ref. sequence T T AY655702
A1(4) – – MK442896
A2(3) C C MK442897
gdh 1–514
Ref. sequence – – – – – AY178735
A1(8) – – – – – MK442903
tpi 39 53 100 114 222 363
Ref. sequence C A A C G C EU041754
A1(3) T G G T A – MK442911
A3(9) – – G – – T MK442910

–: indicates that the sequence is the same as the reference sequence.

Table 3. Intra-assemblage substitutions in the beta-giardin (bg), glutamate dehydrogenase (gdh), and triose phosphate isomerase (tpi)
assemblage E gene sequences.

Sequence (no.) Nucleotide positions GenBank ID

bg 65 170 383 413 428
Ref. sequence C A C T C KT922248
E1 (11) – – – C – MK442898
E2 (12) – – – – – MK442899
E3 (7)a – G – – – MK442900
E4 (1)a – – – – T MK442901
E5 (1) T – T C – MK442902

gdh 131 272 359 445
Ref. sequence A T G G KT369778
E1 (26) – – – – MK442904
E2 (14) – G – – MK442905
E3 (9)a – – A – MK442906
E4 (12) – G – A MK442907
E5 (2) G – – – MK442908
E6 (1)a G G – –

tpi 29 87 137 308
Ref. sequence G G A T KT369763
E1 (10) – – – – MK442912
E2 (5) A – G – MK442913
E3 (4) – A – C MK442914
E4 (1)a – – – C MK442915

–: indicates that the sequence is the same as the reference sequence.
a Novel sequence.
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Discussion

Giardia duodenalis is an important intestinal parasite that
has a global distribution in humans and a diverse range of other
animals [8]. There have been reports of G. duodenalis infection
in sheep in various regions of China, including Heilongjiang
[20, 38], Henan [17], Jilin, Liaoning, Shandong [17], and Qing-
hai [21]. However, data on G. duodenalis infections in sheep in
Inner Mongolia are limited, with only one published report
[36]. This study reports on the occurrence and genetic charac-
teristics of G. duodenalis infections in sheep in Inner Mongolia,
China.

The results of this study showed that the occurrence rate of
G. duodenalis in sheep was 64.11%, which is considerably
higher than previously reported for sheep in Inner Mongolia
(4.27%, 16/375) [36]. It is also higher than the infection rates
of G. duodenalis reported for sheep from other regions of
China, such as Heilongjiang (4.64%, 25/539) [38], Henan
(5.24%, 100/1906) [17, 33], Jilin (0%, 0/48), Liaoning (0%,

Figure 1. Phylogenetic relationships among Giardia duodenalis
multilocus genotypes of sub-assemblage A. The filled triangles
represent the isolates from Inner Mongolia Autonomous Region. The
neighbor-joining tree was constructed using concatenated sequences
of the beta-giardin (bg), glutamate dehydrogenase (gdh), and triose
phosphate isomerase (tpi) genes, based on genetic distances
calculated using the Kimura-2 parameter model. Figure 2. Phylogenetic relationships among Giardia duodenalis

multilocus genotypes from sheep in China. The filled triangles
represent the isolates from Inner Mongolia Autonomous Region. The
neighbor-joining tree was constructed using concatenated sequences
of the beta-giardin (bg), glutamate dehydrogenase (gdh), and triose
phosphate isomerase (tpi) genes, based on genetic distances
calculated using the Kimura-2 parameter model. QH: Qinghai;
HN: Henan; IM: Inner Mongolia.

Table 4. Multilocus characterization of Giardia duodenalis isolates based on the beta-giardin (bg), glutamate dehydrogenase (gdh) and triose
phosphate isomerase (tpi) genes.

Isolate Genotype MLG type

bg gdh tpi

1, 5, 9 A1 A1 A1 AI-1(IM)
16 E2 E4 E3 MLGE1(IM)
51, 54 E2 E3a –

52, 56, 64 – E3a –

53 A1 A1 A3 AI-novel1(IM)
57 – E3a A3
60 – E3a E4a

61 A2 E3a –

70, 74 E1 E1 E1 MLGE2(IM)
72, 131 E3a – –

122, 124, 126, 128 E3a E1 –

130 E3a E1 E1 MLGE3(IM)
174 E2 E2 E2 MLGE4(IM)
202 – E6a –

209 E4a E2 A3 Mixed

–: indicates PCR negative isolates.
a Novel sequence.
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0/16), Shandong (0%, 0/17) [17], Qinghai–Tibetan Plateau
Area (0%, 0/65) [13], and Qinghai (13.11%, 8/61) [21, 40].
These differences in reported occurrence rates may be due to
the livestock farming methods used (free-range or intensive
farming), the age and health status of the animals, or the cli-
mate, as well as the sample size and detection methods used
in the different studies [14].

In previous studies, apart from one study in which two
assemblage B isolates were identified in sheep from
Heilongjiang province [38], G. duodenalis infections in Chi-
nese sheep were all reported to be caused by either assemblage
E or assemblage A [18], which is consistent with the results of
this study. Assemblage E is apparently the most common
G. duodenalis genotype in sheep [8]. In this study, assemblage
E accounted for 97.01% in sheep infected with G. duodenalis,
which is also consistent with previous reports [33, 38]. Assem-
blage E is commonly found in hoofed animals, including sheep,
and is not considered anthroponotic. However, several human
cases have been reported in Egypt, Brazil and Australia [1, 7,
9, 12, 37], and additional research is therefore needed to study
the public health risks of assemblage E.

Four assemblage E MLG genotypes were identified in total,
all of which were new assemblage E MLG genotypes, indicat-
ing that assemblage E had high genetic diversity. The phyloge-
netic analysis of the concatenated sequences of assemblage E
MLGs revealed that assemblage MLG-E2 (IM) and assemblage
MLG-E3 (IM) found in this study were genetically distinct
from the assemblages found in sheep in Qinghai and Henan
Provinces, China [14, 33]. These differences were mainly due
to the genetic variation of the bg locus. MLG-E1 (IM) were
placed in the major cluster of MLGs from Tibetan sheep in
Qinghai, whereas MLG-E4 (IM) clustered with MLGs from
sheep in Henan Province (Fig. 1).

The phylogenetic analysis of the concatenated sequences of
the assemblage A MLGs revealed that AI-novel (IM) was a
new MLG that belonged to sub-assemblage AI. Sequences
obtained from the assemblage A MLG isolates belonged to
the sub-assemblage AI, which has been more commonly iden-
tified in animals than humans [8, 35]. Although G. duodenalis
found in this study have limited zoonotic potential, a threat to
public health cannot be ignored.

These MLGs results suggest that there was no significant
geographic isolation of G. duodenalis genotypes in three
regions in China. This may be because the Inner Mongolia
Autonomous Region is the largest grassland pastoral area in
China, and sheep fed here will be distributed to various regions
of the country, thus promoting gene exchange of G. duodenalis
in various regions. However, there may be specific genotypes in
different regions for different breeding environments, and this
still needs to be investigated in extensive further research.

In conclusion, the results of this study showed that there
was a high prevalence of G. duodenalis in sheep from Inner
Mongolia, in northwest China. Both assemblages A and E were
found, with assemblage E being the most prevalent type. Two
new bg gene sequences, two new gdh gene sequences, and one
new tpi gene sequence was identified. Multilocus genotyping
yielded four new assemblage E MLGs and one new sub-assem-
blage A MLG. In addition, further studies on the zoonotic

potential and geographic isolation of G. duodenalis from other
regions are required to provide additional data.

Conflict of interest

The authors declare that they have no competing interests
relevant to this article.

Acknowledgements. This study was partly supported by the
National Key Research and Development Program of China
(2017YFD0501406) (http://www.most.gov.cn/). We thank Megan
North, PhD, from Liwen Bianji, Edanz Editing China (https://
www.liwenbianji.cn/ac), for editing the English text of a draft of this
manuscript.

References

1. Abdel-Moein KA, Saeed H. 2016. The zoonotic potential of
Giardia intestinalis assemblage E in rural settings. Parasitology
Research, 115(8), 3197–3202.

2. Aloisio F, Filippini G, Antenucci P, Lepri E, Pezzotti G, Cacci
SM, Pozio E. 2006. Severe weight loss in lambs infected with
Giardia duodenalis assemblage B. Veterinary Parasitology,
142, 154–158.

3. Appelbee AJ, Frederick LM, Heitman TL, Olson ME. 2003.
Prevalence and genotyping of Giardia duodenalis from beef
calves in Alberta, Canada. Veterinary Parasitology, 112(4),
289–294.

4. Cacciò SM, Beck R, Lalle M, Marinculic A, Pozio E. 2008.
Multilocus genotyping of Giardia duodenalis reveals striking
differences between assemblages A and B. International Journal
for Parasitology, 38(13), 1523–1531.

5. Castro-Hermida JA, Almeida A, González-Warleta M, Da
Correia CJM, Rumbo-Lorenzo C, Mezo M. 2007. Occurrence of
Cryptosporidium parvum and Giardia duodenalis in healthy
adult domestic ruminants. Parasitology Research, 101(5), 1443–
1448.

6. Certad G, Viscogliosi E, Chabé M, Cacciò SM. 2017.
Pathogenic Mechanisms of Cryptosporidium and Giardia.
Trends in Parasitology, 33(7), 561–576.

7. Fantinatti M, Bello AR, Fernandes O, Da-Cruz AM. 2016.
Identification of Giardia lamblia assemblage E in humans
points to a new anthropozoonotic cycle. Journal of Infectious
Diseases, 214(8), 1256–1259.

8. Feng Y, Xiao L. 2011. Zoonotic potential and molecular
epidemiology of Giardia species and giardiasis. Clinical
Microbiology Reviews, 24(1), 110–140.

9. Foronda P, Bargues MD, Abreu-Acosta N, Periago MV, Valero
MA, Valladares B, Mas-Coma S. 2008. Identification of
genotypes of Giardia intestinalis of human isolates in Egypt.
Parasitology Research, 103(5), 1177–1181.

10. Giangaspero A, Paoletti B, Iorio R, Traversa D. 2005.
Prevalence and molecular characterization of Giardia duode-
nalis from sheep in central Italy. Parasitology Research, 96(1),
32–37.

11. Gómez-Muñoz MT, Cámara-Badenes C, Martínez-Herrero MC,
Dea-Ayuela MA, Pérez-Gracia MT, Fernández-Barredo S,
Santín M, Fayer R. 2012. Multilocus genotyping of Giardia
duodenalis in lambs from Spain reveals a high heterogeneity.
Research in Veterinary GML, 93(2), 836–842.

12. Helmy YA, Klotz C, Wilking H, Krücken J, Nöckler K, Von
S-HG, Zessin KH, Aebischer T. 2014. Epidemiology of Giardia

6 L. Cao et al.: Parasite 2020, 27, 60

http://www.most.gov.cn/
https://www.liwenbianji.cn/ac
https://www.liwenbianji.cn/ac


duodenalis infection in ruminant livestock and children in the
Ismailia province of Egypt: insights by genetic characterization.
Particle and Fibre Toxicology, 7(1), 321.

13. Jian Y, Zhang X, Li X, Karanis G, Ma L, Karanis P. 2018.
Prevalence and molecular characterization of Giardia duode-
nalis in cattle and sheep from the Qinghai-Tibetan Plateau Area
(QTPA), northwestern China. Veterinary Parasitology, 250,
40–44.

14. Jin Y, Fei J, Cai J, Wang X, Li N, Guo Y, Feng Y, Xiao L.
2017. Multilocus genotyping of Giardia duodenalis in Tibetan
sheep and yaks in Qinghai, China. Veterinary Parasitology, 247,
70–76.

15. Lalle M, Pozio E, Capelli G, Bruschi F, Crotti D, Cacciò SM.
2005. Genetic heterogeneity at the b-giardin locus among
human and animal isolates of Giardia duodenalis and identi-
fication of potentially zoonotic subgenotypes. International
Journal for Parasitology, 35(2), 207–213.

16. Lebbad M, Petersson I, Karlsson L, Botero-Kleiven S, Ander-
sson JO, Svenungsson B, Svärd SG. 2011. Multilocus geno-
typing of human giardia isolates suggests limited zoonotic
transmission and association between assemblage B and
flatulence in children. PLoS Neglected Tropical Diseases, 5
(8), e1262.

17. Li M, Peng Y, Zhu D, Jian F, Wang G, Ma H, Zhu G, Ning C.
2013. Survey on the prevalence of intestinal parasites in sheep.
China Animal Husbandry & Veterinary Medicine, 40(4), 201–
205. (in Chinese).

18. Li J, Wang H, Wang R, Zhang L. 2017. Giardia duodenalis
Infections in humans and other animals in China. Frontiers in
Microbiology, 8, 2004.

19. Liu A, Zhang X, Zhang L, Wang R, Li X, Shu J, Zhang X, Shen
Y, Zhang W, Ling H. 2012. Occurrence of bovine giardiasis and
endemic genetic characterization of Giardia duodenalis isolates
in Heilongjiang Province, in the Northeast of China. Parasitol-
ogy Research, 111(2), 655–661.

20. Liu A, Yang F, Shen Y, Zhang W, Wang R, Zhao W, Zhang L,
Ling H, Cao J. 2014. Genetic analysis of the gdh and bg genes
of animal-derived Giardia duodenalis isolates in northeastern
China and evaluation of zoonotic transmission potential. Plos
One, 9(4), e95291.

21. Ma L, Sotiriadou I, Cai Q, Karanis G, Wang G, Wang G, Lu Y,
Li X, Karanis P. 2014. Detection of Cryptosporidium and
Giardia in agricultural and water environments in the Qinghai
area of China by IFT and PCR. Parasitology Research, 113(9),
3177–3184.

22. Nolan MJ, Jex AR, Pangasa A, Young ND, Campbell AJ,
Stevens M, Gasser RB. 2010. Analysis of nucleotide variation
within the triose-phosphate isomerase gene of Giardia duode-
nalis from sheep and its zoonotic implications. Electrophoresis,
31(2), 287–298.

23. Robertson LJ, Gjerde BK, Furuseth HE. 2010. The zoonotic
potential of Giardia and Cryptosporidium in Norwegian sheep:
a longitudinal investigation of 6 flocks of lambs. Veterinary
Parasitology, 171(1–2), 140–145.

24. Ryan U, Cacciò SM. 2013. Zoonotic potential of Giardia.
International Journal for Parasitology, 43(12–13), 943–956.

25. Ryan UM, Bath C, Robertson I, Read C, Elliot A, Mcinnes L,
Traub R, Besier B. 2005. Sheep may not be an important
zoonotic reservoir for Cryptosporidium and Giardia parasites.
Applied & Environmental Microbiology, 71(9), 4992–4997.

26. Ryan U, Hijjawi N, Feng Y, Xiao L. 2019. Giardia: an under-
reported foodborne parasite. International Journal for Parasitol-
ogy, 49(1), 1–11.

27. Santín M, Trout JM, Fayer R. 2007. Prevalence and molecular
characterization of Cryptosporidium and Giardia species and
genotypes in sheep in Maryland. Veterinary Parasitology, 146
(1–2), 17–24.

28. Sulaiman IM, Fayer R, Bern C, Gilman RH, Trout JM, Schantz
PM, Das P, Lal AA, Xiao L. 2003. Triosephosphate isomerase
gene characterization and potential zoonotic transmission of
Giardia duodenalis. Emerging Infectious Diseases, 9(11),
1444–1452.

29. Thompson RCA, Ash A. 2016. Molecular epidemiology of
Giardia and Cryptosporidium infections. Infection Genetics &
Evolution, 40, 315–323.

30. Thompson RCA, Ash A. 2019. Molecular epidemiology of
Giardia and Cryptosporidium infections – What’s new?.
Infection, Genetics and Evolution, 75, 103951.

31. Van Der Giessen JW, De VA, Roos M, Wielinga P, Kortbeek
LM, Mank TG. 2006. Genotyping of Giardia in dutch patients
and animals: A phylogenetic analysis of human and animal
isolates. International Journal for Parasitology, 36(7), 849–858.

32. Wang L, Xiao L, Duan L, Ye J, Guo Y, Guo M, Liu L, Feng Y.
2013. Concurrent infections of Giardia duodenalis, Enterocy-
tozoon bieneusi, and Clostridium difficile in children during a
cryptosporidiosis outbreak in a pediatric hospital in China.
PLoS Neglected Tropical Diseases, 7(9), e2437–e2437.

33. Wang H, Qi M, Zhang K, Li J, Huang J, Ning C, Zhang L.
2016. Prevalence and genotyping of Giardia duodenalis
isolated from sheep in Henan Province, central China. Infection
Genetics & Evolution, 39, 330–335.

34. Xiao L, Fayer R. 2008. Molecular characterisation of species
and genotypes of Cryptosporidium and Giardia and assessment
of zoonotic transmission. International Journal for Parasitology,
38(11), 1239–1255.

35. Xiao L, Feng Y. 2017. Molecular epidemiologic tools for
waterborne pathogens Cryptosporidium spp. and Giardia duo-
denalis. Food Waterborne Parasitology, 29, 14–32.

36. Ye J, Xiao L, Wang Y, Guo Y, Roellig DM, Feng Y. 2015.
Dominance of Giardia duodenalis assemblage A and Entero-
cytozoon bieneusi genotype BEB6 in sheep in Inner Mongolia,
China. Veterinary Parasitology, 210(3–4), 235–239.

37. Zahedi A, Field D, Ryan U. 2017. Molecular typing of Giardia
duodenalis in humans in Queensland – first report of Assem-
blage E. Parasitology, 144(9), 1154–1161.

38. Zhang W, Zhang X, Wang R, Liu A, Shen Y, Ling H, Cao J,
Yang F, Zhang X, Zhang L. 2012. Genetic characterizations of
Giardia duodenalis in sheep and goats in Heilongjiang
Province, China and possibility of zoonotic transmission. PloS
Neglected Tropiical Diseases, 6(9), e1826.

39. Zhong Z, Tu R, Ou H, Yan G, Dan J, Xiao Q, Wang Y, Cao S,
Shen L, Deng J. 2018. Occurrence and genetic characterization
of Giardia duodenalis and Cryptosporidium spp. from adult
goats in Sichuan Province, China. Plos One, 13(6), e0199325.

40. Zhu D, Lv Y, Li M, Zhang Z, Jian F, Song D, Shi Y, Zhao Z,
Ding J, Wang G, Ning C. 2013. Survey on the prevalence of
intestinal parasites in goats in partial regions of China. China
Herbivore Science, 33(1), 43–46. (in Chinese).

Cite this article as: Cao L, Han K, Wang L, Hasi S, Yu F, Cui Z, Hai Y, Zhai X & Zhang L. 2020. Genetic characteristics of Giardia
duodenalis from sheep in Inner Mongolia, China. Parasite 27, 60.

L. Cao et al.: Parasite 2020, 27, 60 7



An international open-access, peer-reviewed, online journal publishing high quality papers
on all aspects of human and animal parasitology

Reviews, articles and short notes may be submitted. Fields include, but are not limited to: general, medical and veterinary parasitology;
morphology, including ultrastructure; parasite systematics, including entomology, acarology, helminthology and protistology, andmolecular
analyses; molecular biology and biochemistry; immunology of parasitic diseases; host-parasite relationships; ecology and life history of
parasites; epidemiology; therapeutics; new diagnostic tools.
All papers in Parasite are published in English. Manuscripts should have a broad interest and must not have been published or submitted
elsewhere. No limit is imposed on the length of manuscripts.

Parasite (open-access) continues Parasite (print and online editions, 1994-2012) and Annales de Parasitologie Humaine et Comparée
(1923-1993) and is the official journal of the Société Française de Parasitologie.

Editor-in-Chief: Submit your manuscript at
Jean-Lou Justine, Paris http://parasite.edmgr.com/

8 L. Cao et al.: Parasite 2020, 27, 60

http://parasite.edmgr.com/

	Introduction
	Materials and methods
	Ethics statement
	Sample collection
	DNA extraction and PCR amplification
	Sequence and phylogenetic analyses
	Statistical analysis
	Nucleotide sequence accession numbers

	Results
	Giardia duodenalis prevalence, and distribution of assemblages
	Assemblage A and E
	Multilocus genotyping

	Discussion
	Conflict of interest
	Acknowledgements
	References

