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Abstract: Echinococcus granulosus is an important zoonotic parasite globally causing cystic echinococcosis (CE) in hu-
mans and animals. In this study, prevalence of CE and variation of cox? gene sequence were analyzed with isolates E.
granulosus collected from different areas in northern Xinjiang, China. The survey showed that 3.5% of sheep and 4.1% of
cattle were infected with CE. Fragment of cox7 was amplified from all the positive sheep and cattle samples by PCR. In
addition, 26 positive samples across the 4 areas were included. The isolates were all E. granulosus sensu stricto (s.s.)
containing 15 haplotypes (Hap1-15), and clustered into 2 genotypes, G1 (90.1%, 91/101) and G3 (9.9%, 10/101). Hap1
was the most common haplotype (48.5%, 49/101). Hap9 were found in humans samples, indicating that sheep and cattle
reservoir human CE. lt is indicate that E. granulosus may impact on control of CE in livestock and humans in the region.
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INTRODUCTION

Cystic echinococcosis (CE) is a parasitic zoonosis caused by
the metacestode of Echinococcus granulosus sensu lato, which
has recently been classified into at least 5 species based on their
genetic variation [1-4]. Intermediate hosts (livestock and hu-
mans) are infected through the oral ingestion of eggs derived
from feces of the definitive host, while the protoscoleces (PSCs)
develop and grow into adult worms in the intestine of dogs/
foxes once the liver or lungs of the intermediate hosts contain-
ing echinococcal cysts are uptaken by the definitive hosts |5-7].

The disease is highly endemic in Xinjiang, China; from
2004 to 2010, a total of 4,768 human echinococcosis cases
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were reported, which were accounting for 32.6% of total CE
cases in China [8]. In addition, it was reported that 9.8% of
sheep, 8.4% of cattle, 6.8% of camels, and 4.3% of horses
were infected with CE [9]. In fact, the average number of an-
nual operation cases was 960 (8,639/9 years) between 2005
and 2013, and the incidence rate of human CE cases was re-
ported to be 4.4 cases per 100,000 inhabitants [10,11]. E. gran-
ulosus was considered a single species previously, but is now
recognized as having extensive genetic diversity, with distinct
strains/genotypes exhibiting differences in pathology. Mito-
chondrial DNA (mtDNA) sequencing has resulted in the rec-
ognition of 10 genotypes (G1-10) [12] and their accurate iden-
tification in molecular epidemiological surveys of CE in differ-
ent geographical settings and host assemblages. G1-G3 geno-
types are also named the sheep (G1), the Tasmanian sheep
(G2), and the buffalo (G3) strains, respectively [12]. In China,
the sheep strain is the predominant epidemic strain, and it
also the majority strain in human in the world [13,14].

Given that Xinjiang has a variety of geographic landscapes
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and different suitable intermediate hosts, this may be the
cause of the genetic variation in E. granulosus sensu stricto (s.s.)
[15-17]. The few studies that have assessed E. granulosus infec-
tions in humans in Xinjiang of China, with infection rates
ranged from 0.3% to 3% [11]. However, the genetic variation
of E. granulosus in Xinjiang is unclear. In the present study, we
assessed the epidemiology of E. granulosus in livestock and hu-
mans and identified the genetic variation of E. granulosus in
northern Xinjiang.

MATERIALS AND METHODS

Sample collection

From May 2013 to May 2016, a total of 1,270 sheep and 759
cattle were inspected for cysts in their livers and lungs at 4
county slaughterhouses in northern Xinjiang. We also collect-
ed 26 echinococcal samples from CE patients in the region.
Each single cyst of E. granulosus s.s. was treated as an isolate.
PSCs and/or germinal layers were collected from cysts and
washed 10 times with phosphate-buffered saline (PBS) [18]
and stored at -20°C until genomic DNA extraction.

DNA extraction and PCR amplification

All the positive samples were selected for genotype identifi-
cation. The genomic DNA (gDNA) of the isolates were extract-
ed using the TIANamp Genomic DNA kit (Tiangen Boitech,
Beijing, China) from approximately 30 mg of parasite tissue
according to manufacturer’s instructions. DNA was eluted with
100 pl of water and stored at -20°C until used. The cox1 se-
quence gene fragment was amplified by PCR using the follow-
ing pair of primers: Forward (5-GTTTAGGGGCTGGIGITGGT
-3) and Reverse (5-CCGTCITCACATCCAACCCA-3'). A 546
bp fragment was amplified in a 50 pl volume reaction contain-
ing 2 pl template (50-100 ng of gDNA), 25 pl mix (Tiangen
Boitech), 1 pl of each primer at 10 uM, and 21 pl of water. The
reaction was performed for 35 cycles. The pre-denaturation was
done at 94°C for 3 min followed by 35 cycles of amplification
with denaturation at 94°C for 30 sec, annealing at 56°C, and
extension at 72°C for 1 min. The reaction was stopped after the
final elongation at 72°C for 5 min. The PCR products were sep-
arated by electrophoresis on 1.2% agarose gels.

Sequencing of mtDNA and phylogenetic analysis
The PCR products of the targeted cox1 gene fragment were
purified from the DNA gel and subjected to sequencing by

Tiangen Boitech. The sequences obtained were aligned using
Clustal X2 and BioEdit version 5 (http://www.mbio.ncsu.edu/
bioedit/bioedit.html/) and compared to the reference sequenc-
es from the GenBank database. All sequences were deposited in
the GenBank database with access MH211191-MH211205. For
more comprehensive analysis, sequences from E. granulosus
genotypes and other Echinococcus species available in the Gen-
Bank were downloaded, and phylogenetic analysis was per-
formed using MEGA 6.0. Phylogenetic trees were constructed
using the neighbor-joining (NJ) method [Kimura’s 2-parameter
distance analysis with a gamma shape parameter (a=0.5)]. The
robustness of phylogenetic trees was tested by bootstrapping
using 1000 replicates [19]. A network of mtDNA haplotypes
was illustrated by NETWORK 4.6.1.3 using statistical parsimo-
ny (http://www.fluxusengineering.com/sharenet.htm).

Statistical analysis

The infection rates of E. granulosus s.s. were estimated as a
percentage of positive samples with 95% confidence intervals
(CI), and the prevalence in different regions was determined
using IBM SPSS Statistics version 21.0 for Windows (IBM
Corp., Armonk, New York, USA). The differences were consid-
ered significant when P <0.05 by Pearson’s Chi-Square test (
test) analysis.

Ethics statement

The clinical research was conducted according to the princi-
ples expressed in the Declaration of Helsinki. The protocols
for using surgically removed liver sections of CE patients (ap-
proval No. 20140228-15) were approved by the Ethics Com-
mittee of the First Affiliated Hospital of Xinjiang Medical Uni-
versity. All patients participating in the project were adults and
provided written informed consent.

RESULTS

E. granulosus infection in different regions

The overall prevalence of E. granulosus in sheep and cattle
across 4 region level districts were 3.5% (44/1,270; 95% CI,
2.5-4.6) and 4.1% (31/759; 95% CI, 2.7-5.5) (Table 1), respec-
tively. There was no significant difference between sheep and
cattle (x*=0.513, P>0.05). The highest prevalence in sheep
was found in Altai (9/196, 4.6%; 95% CI, 2.1-8.5). The lowest
prevalence of sheep was in Urumgi (13/518, 2.5%; 95% CI,
1.2-3.9). There was no significant difference between the re-
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Table 1. Prevalence of E. granulosus in sheep and cattle from different regions

Region No. Samples No. Positive

Infection rates (%)

E. granulosus genotypes
95% Cl

G1 (%) G3 (%)
Sheep
Urumgj 518 13 25 1.2-3.9 12(92.3) 1(7.7)
il 361 14 39 1.9-59 12 (85.7) 2(14.9)
Tacheng 195 8 4.1 1.8-8.0 7(87.5) 1(12.5)
Altai 196 9 46 2.1-85 9(100) 0(0)
Total 1,270 44 35 2.5-4.6 40 (90.1) 4(9.1)
Cattle
Urumai 163 5 3.1 4.0-5.7 5 (100) 00
Yili 250 10 4.0 1.6-6.4 10 (100) 00
Tacheng 190 9 4.7 1.7-7.8 9 (100) 00
Altai 156 7 4.5 1.8-9.0 7 (100) 00
Total 759 31 41 2.7-5.5 31 (100) 00
Table 2. Prevalence and molecular characterization of E. granulo- Hap9
sus in livestock and human from different regions Hap11
Hap8
Region Samples (%) Cendtpes ::zz
G1 (%) G3 (%)
Hap7
Urumgj 26 (8 24 (92.3) 2(7.7) Hap!
il 30 (6)? 27 (90) 3(10) Hap3
Tacheng 23 (6f 21(91.3) 2(8.7) :af
Altai 22 (B 19 (86.9) 3(13.7) H:’)m
Total 101 (262 91 (90.1) 10 (9.9 {G1 (AF297617)
?Indicate human sample. Hap1s
r Hap14
L G3 (KJ559023)
gions (*=2.579, P>0.05) (Table 1). The highest prevalence in Hap12
cattle was found in Tacheng (9/190, 4.7%; 95% CI, 1.7-7.8), H;_Zliﬁs (AB732058)
followed by Altai (7/156, 4.5%; 95% CI, 1.8-9.0), Yili (10/250, G4 (AF346403)

4.0%; 95% CI, 1.6-6.4) and Urumgqi (5/163, 3.1%; 95% CI,
4.0-5.7), also, with no significant difference between the re-
gions (x*=0.706, P>0.05) (Table 1). Sixteen positive samples
from lungs and 59 from livers, no other organs were found E.
granulosus infection for sheep and cattle.

Genotypic characterizations of E. granulosus

All the positive samples (n=101) were prepared for PCR for
amplifying coxI gene fragment, including 44 from sheep, 31
from cattle and 26 from CE patients. Two genotypes (G1 and
G3) were identified, and G1 (sheep strain) was the most com-
mon genotype (91/101, 90.1%) (Table 2). Among these isolates,
90.1% (40/44) in sheep (Table 1), 100% (31/31) in cattle (Table
1), and 76.9% (20/26) in humans (Table 2) were G1 genotype.
While, G3 (buffalo strain) genotype was only found in sheep
(4/44, 9.1%) (Table 1) and humans (6/26, 23.1%) (Table 2).
Unique sequences have been deposited in the GenBank data-
base under accession numbers MH211191 to MH211205.

E.oligarthrus (NC_009461)
G5 (AB235846)

G8 (AB235848)

G6 (AB208063)

G7 (AB235847)

E.vogeli (NC_009462)
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Taenia hydatigena (GQ228819)

T. solium (AB086256)

T. pisiformis (NC_013844)
T. ovis (AB731675)

0.02

Fig. 1. Phylogenetic tree of representative haplotypes Hap1-
Hap15 of E. ranulosus from Xinjiang.

The characteristics of E. granulosus haplotypes
Bioinformatics analysis showed that 15 haplotypes, named
Hap1 to Hap15, were identified. Hap1-13 belonged to G1 geno-
type, and Hap14 and Hap15 belonged to G3 genotype (Fig. 1).
Hap1 was the major haplotype accounting for 48.5% (49/101) of
the isolates, including 29 from sheep (29/44, 65.9%), 11 from
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Table 3. E. granulosus haplotypes characterized by partial cox7 sequence and used for phylogenetic analysis

Haplotypes No. Host origin Region Accession No. (cox1)
Hap1 Sheep (29), Cattle (11), Human (9) Urumaii (12), Yili (15), Tacheng (12), Altai (10) MH211191
Hap2 Sheep (2), Human 2) Urumgi (3), Altai (1) MH211192
Hap3 Cattle (2) Altai (2) MH211193
Hap4 Sheep (), Human (1) Yili (3), Tacheng (1) MH211194
Hap5 Human (1) Tacheng (1) MH211195
Hap6 Human (2) Urumqi (2) MH211196
Hap7 Cattle (3), Human (1) Urumaii (2), Yili (2) MH211197
Hap8 Sheep (2) Tacheng (2) MH211198
Hap9 Sheep (2) Yili (2) MH211199
Hap10 Cattle (3) Urumgi (2), Altai (1) MH211200
Hap11 Cattle (6) Urumgi (3), Yili (1), Tacheng (1), Altai (1) MH211201
Hap12 Human (3) Yili (1), Tacheng (2) MH211202
Hap13 Sheep (3), Cattle (6) Urumgi (2), Yili (3), Tacheng (1), Altai (3) MH211203
Hap14 Sheep (4), Human (2) Urumgi (2), Yili (1), Tacheng (1), Altai (2) MH211204
Hap15 Human (4) Yili (2), Tacheng (1), Altai (1) MH211205

cattle (11/31, 35.5%), and 9 from humans (9/26, 34.6%) (Table
3). Hap13 was the second most common haplotype, observed in
9 (8.9%) isolates including 3 sheep and 6 cattle (Table 3). The
other haplotypes (Hap2-12, Hap14, and Hap15) were found in
43 (42.6%) isolates. Hap5, Hap6, Hap12, and Hap15 were only
found in humans (9.9%). In addition, Hap10 and Hap1l were
only identified in cattle (8.9%).

Parsimony network of mtDNA haplotypes

The statistical parsimony network of the mtDNA haplotypes
is illustrated in Fig. 2. Hap1 is the center of the network and
other haplotypes are connected by Hap1. Among the partici-
pants in the network, Hap1 was the biggest group. All of the
groups are a similar genetic distance from Hap2, Hap3, Hap4,
and Hap13. Hap2 was closely related to Hap12 and far from
Hapl1. It is likely that Hap2 is a branch of Hap12, and Hap3
and Hap4 may be sub-branches of Hap5. At the same time,
the sub-branches and branches had only one mutation. The
network distance between Hap1l and Hap2, Hap3, and Hap4
equaled 2 mutational steps, suggesting that their genetic relat-
edness was weak.

DISCUSSION

E. granulosus is one of the serious parasites in the world,
which affects human health and causes huge economic losses.
The CE occurred in many parts of China in the 1990s, being
present in at least 21 provinces, comprising 87% of its total
territory with highly endemic areas in western China including

Hap3

O 1sequence

a8 sEqueEnces

Fig. 2. Parsimony network for cox7 combined with the sequenc-
es of E. granulosus s.s. from 15 haplotypes. The circular icon
represents a haplotype containing identical sequences.

Xinjiang, Gansu, Ningxia, Inner Mongolia, Qinghai, Tibet, and
Sichuan provinces/autonomous regions [11]. These surveys
showed that 20-90% of sheep being infected with average of
56.8%. In this study, 4 regions were selected, and the infection
rates ranged from 2.5% to 4.6% in sheep, which was signifi-
cantly lower than the sheep infection (54%) in 1990’s by Liu
et al. [20] and (9.8%) in 2014 by Qingling et al. [9] in Xinji-
ang. It showed that monthly dosing dogs with praziquantel
(PZQ) has been used in counties in Xinjiang, which likely play
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a role in control of echinococcosis [21] In addition, ongoing
with the implementation of the National Prevention and Con-
trol of Echinococcosis (2010-2015) (China) [22], almost all
dogs were monthly treated by baited PZQ, which should play
a key role in reduction of CE in sheep and cattle recently in
northern Xinjiang. It may be limited in term of the true preva-
lence of CE for using animals from slaughterhouses, given that
most (70-75%) of the sheep were less than 16 month-old and
25% of sheep were older than 5 year-old with a few of sheep
aged between 3-4 years old (data unpublished). However, the
survey for infection rates of sheep and cattle from slaughter-
houses is a feasible and economic way to assess the prevalence
of animals in the endemic regions [22].

Statistical analysis indicates that cattle have a higher infec-
tion rate than sheep. This is because cattle are normally older
than sheep at slaughterhouses. We checked in a slaughter-
house in winter time and found more than 80% were lamb.
However, in the same slaughterhouse, the most cattle were
over 2 years old. The age is a key factor impacting the preva-
lence between species of animals [22].

CE was previously thought to be caused by E. granulosus
sensu lato which had 10 distinct strains/genotypes. However,
recently this species has been classified into at least 9 species,
including E. granulosus sensu stricto, E. granulosus sensu stricto
(s..) (the former ‘sheep strain’, G1-3), E. equinus (horse strain,
G4), E. ortleppi (cattle strain, G5), E. canadensis (camel strain,
Go6; pig strain, G7; cervid strain G8 and G10), and E. felidis
(lion strain) from E. granulosus sensu lato [23]. The variation is
likely caused by broad geographical distribution and a wide
range of intermediate hosts [15,24]. However, the diversity of
E. granulosus s.s. in Xinjiang is still unclear. In this study, all
positive samples were sequenced successfully, we found that
the E. granulosus s.s. species is responsible for CE in Xinjiang
based cox1 sequence analysis. The present study showed that
the G1 was the predominant genotype in Xinjiang. The G1
genotype (sheep strain) of E. granulosus s.s. has been proved to
be responsible for the majority of human CE cases in the
world [2,15], Peru, China, Turkey [25], Italy [26] and Iran [27],
and sheep are often associated with its transmission [27]. In
this study, most sheep (90.1%) and human (76.9%) were in-
fected with G1, which similar to Vural et al. [25].

Previously studies found that G3 genotype was firstly detect-
ed in water buffalos [28], and this genotype was also found in
humans, sheep, and cattle [25,26,29,30]. Consistent with this
report, we also found G3 genotype in sheep and humans. G1

is popular in most parts of the world except in India, where
the G3 genotype predominates [29]. The G3 genotype of E.
granulosus has been previously detected from cattle, buffalo,
sheep, and human isolates from Italy [26], Turkey [25], India
[29], and Iran [31]. Among the G3 genotype, in this study,
only sheep and human were infected and we did not find cat-
tle infected with G3, which is inconsistent with the results of
the previous literatures, maybe the number of our samples is
limited. However, to our knowledge, this is the first report
showing that Xinjiang exists E. granulosus G3 genotype.

The results showed that Hap1 was the most prevalent hap-
lotype (49/101) in this study. The nucleotide sequence of this
haplotype was identical to the most prevalent haplotype previ-
ously reported from Europe [31], the Middle East [32], South
America [33], and Siberia [34], indicating Hap1 is the parental
haplotype and most distributed. We found that the sequence
of Hap13, which was the second most frequent haplotype in
our samples (n=9), was 100% identical to the haplotype re-
ported from Italy [32,35] and China (Qinghai Province) [36].
Similarly, Hap14 was previously identified in China [15,37],
and Hap15 in the Middle East [32]. The other haplotypes
(Hap2-Hap13), which were detected in 33 isolates in the pres-
ent study, showed complete sequence homology with those
previously reported from China [15], the Middle East [38], Ar-
gentina [28], Iran [39], and Eastern Europe [31].

Among the 15 haplotypes of the 101 cox] gene fragments,
we found some haplotypes, such as Hap5, Hap6, Hap12, and
Hap15 that only existed in human CE cases. The blast analysis
showed that Hap12 and Hap15 are similar to reported se-
quences from Europe [15], however there have been no previ-
ous reports of Hap5, Probably due to the small sample size,
no cases of sheep infection were found.

The most sequences in the amplified region of cox1 had
only one nucleotide replacement, showing a low genetic diver-
sity, although Hap2, Hap3, Hap4, and Hap13 have 2 nucleo-
tide substitutes. The phylogenetic tree and the haplotype net-
work analysis also showed E. granulosus was relatively con-
served [40].

In this study, 9 haplotypes of E. granulosus s.s. were identi-
fied in human CE cases, whereas, 4 haplotypes were only ex-
isted in humans, and 2 of these haplotypes are G3, indicating
humans may have limit of haplotypes of E. granulosus and G3
may be more sensitive to human. We identified 6 haplotypes
(Hap1, Hap2, Hap4, Hap7, Hap13, and Hap14) as the geno-
types both in livestock and humans, indicating that human
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CE may come from sheep and cattle.

In summary, cystic echinococcosis is still endemic, but at
low level in the northern Xinjiang, China compared with the
endemic situation in the late of last century. With checking
1,270 sheep and 759 cattle in different areas of the region, 101
isolates of E. granulosus were isolated with 15 haplotypes iden-
tified. These contain 2 genotypes, G1 and G3 with G1 being
predominant and infecting both humans and sheep/cattle.
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