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Abstract

Background: Echinococcus multilocularis causes alveolar echinococcosis (AE) and is widely prevalent in Qinghai
Province, China, where a number of different species have been identified as hosts. However, limited information
is available on the Qinghai vole (Lasiopodomys fuscus), which is hyper endemic to Qinghai Province and may represent
a potential intermediate host of E. multilocularis. Thus, L. fuscus could contribute to the endemicity of AE in the area.

Methods: Fifty Qinghai voles were captured from Jigzhi County in Qinghai Province for the clinical identification of E.
multilocularis infection via anatomical examination. Hydatid fluid was collected from vesicles of the livers in suspected
voles and subjected to a microscopic examination and PCR assay based on the barcoding gene of cox 1. PCR-amplified
segments were sequenced for a phylogenetic analysis. E. multilocularis-infected Qinghai voles were morphologically
identified and subjected to a phylogenetic analysis to confirm their identities.

Results: Seventeen of the 50 Qinghai voles had E. multilocularis-infection-like vesicles in their livers. Eleven out of the
17 Qinghai voles presented E. multilocularis infection, which was detected by PCR and sequencing. The phylogenetic
analysis showed that all 11 positive samples belonged to the E. multilocularis Asian genotype. A morphological identification
and phylogenetic analysis of the E. multilocularis-infected Qinghai voles confirmed that all captured animals were L. fuscus.

Conclusions: L. fuscus can be infected with E. multilocularis and plays a potential role in the life cycle and epidemiology of E.
multilocularis in the Qinghai-Tibetan Plateau of China.
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Phylogenetic analysis

Multilingual abstracts
Please see Additional file 1 for translations of the
abstract into the five official working languages of the
United Nations.

Background
Echinococcus multilocularis is a cestode species of tiny
tapeworms that belongs to the Echinococcus genus in the

Taeniidae family. To date, nine Echinococcus species have
been reported worldwide: E. granulosus, E. equinus, E.
canadensis, E. felidis, E. ortleppi, E. multilocularis, E. oligar-
thra, E. vogeli and E. shiquicus [1]. E. multilocularis can
cause alveolar echinococcosis (AE) and is responsible for 0.
3–0.5 million human AE cases in the worldwide [2, 3]. AE
is one of the most dangerous zoonotic parasitic diseases
and has a high fatality rate of 50–70%.
Human infection with the larval stages occurs by the

ingestion of tapeworm eggs in contaminated food and
water or upon contact with the final hosts. The pathogen
mainly develops in the liver of the intermediate host, and
liver infections are characterized by numerous vesicles,
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which can invade and destroy the surrounding tissues dur-
ing development. In many cases, the metacestode can
spread from the liver to other thoracic and/or intestinal
organs [4, 5]. The incubation period of AE can vary from
less than 5 years to 15 years or more. However, in most
cases, patients are asymptomatic in the initial phase [6].
AE cases are geographically distributed only in the

Northern Hemisphere, including North America [7], west-
central Europe [8, 9], Iran [10–13], Iraq [14, 15], western
and central China (Tibet Autonomous Region, west and
south of Gansu Province, northwest Sichuan and southeast
Qinghai Province) [16–20], Korea [21], and northern Japan,
mainly in Hokkaido Island [22].
E. multilocularis can circulate between wild and

domestic canids, which are considered definitive hosts,
and other mammals, which are considered as intermedi-
ate hosts. In Qinghai Province, the Tibetan sand fox (V.
ferrilata), red fox (V. vulpes), wolves, and dogs have
been identified as definitive hosts that cause natural
infection by E. multilocularis [23]. Other mammals
considered the main intermediate hosts in this region

include plateau pikas (Ochotona curzoniae), certain vole
species (Phaiomys leucurus, Neodon Irene and Microtus
limnophilus), Tibetan hares (Lepus oiostolus), hamsters
(Cricetulus kamensis), and marmots and zokors [24, 25].
The high population density of rodents is linked to the

high prevalence of E. multilocularis, and they are consid-
ered the main intermediate hosts of E. multilocularis and
play a key role in the transmission of AE [26–30]. The
living conditions of wildlife have improved under the
protective activities of the Chinese government, and
rodent populations have increased in number in recent
years. The increased rodent populations have led to con-
cerns among Chinese authorities over the spread of AE
because of the role of these animals as the intermediate
hosts for Echinococcus [20, 31–39]. Verifying whether a
rodent species could be an intermediate host is important
for recognizing the pathways of parasite transmission and
controlling this disease.
Qinghai is in the northeastern part of the Qinghai-

Tibet Plateau in northwest China (Fig. 1). Qinghai vole
(L. fuscus) is a rodent species in the Cricetidae family,

Fig. 1 Sampling site (marked by a black star) in southeast Qinghai Province, China
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and it inhabits moist meadows of high mountain grass-
land areas, especially in the southern region of Qinghai
Province. This animal is regarded as a species of least
concern, and its population is unlikely to decline quickly
enough to qualify for listing in a more threatened
category [40–44]. This type of animal is easy and legal to
catch. In this study, E. multilocularis was isolated from
11 Qinghai voles and subjected to PCR detection and
phylogenetic analyses. The results indicated the key role
of L. fuscus as an intermediate host in the spread of AE
and transmission of E. multilocularis in humans and
animals.

Methods
Sample collection
The sampling sites were in the southeast region of
Qinghai Province and neighboring Gansu Province to
the east and Sichuan Province to the south (Fig. 1).
All Qinghai voles were captured from Jigzhi County
in the Golog Tibetan Autonomous Prefecture (TAP)
of Qinghai Province from June to September in 2015.
The voles were trapped using a commercial snap
trapping device (Fig. 2).

Anatomy of the captured Qinghai voles
All of the captured Qinghai voles were dissected and
examined for typical vesicle lesions in the liver. A pocket
lens was used to examine the liver if typical vesicle
lesions were not observed. Hydatid fluid was collected
from the vesicles using a sterile syringe and kept in a
low-temperature container.

Hematoxylin-eosin (H-E) staining of vesicles
The vesicle was cut and fixed in 10% formalin for
fixation. The sample was subsequently processed and
embedded in paraffin. Four-micrometer-thick sections

were cut and stained with hematoxylin and eosin (H-E).
The H-E-stained sample slides were microscopically
examined.

Isolation and microscopic examination of protoscoleces
Fifty-milliliter tubes containing the hydatid fluid and
protoscoleces were centrifuged at 1000 rpm for 5 min
at 4 °C. The supernatant was discarded, and 30 ml of
saline was added for dissolving and washing the sedi-
ment. The 50 ml tubes were vortexed gently and centri-
fuged again. The washing step was repeated 2 times. All
sediment in each tube was collected into a 1.5 ml tube,
and then 20 μl of the sediment was dropped onto the
slides, covered with a cover slip and examined with a
stereoscopic microscope for the presence of protosco-
leces. The remaining protoscoleces samples were used
for DNA extraction and PCR analysis.

PCR analysis
Genomic DNA was extracted from the protoscoleces
using a standard commercial kit (DNeasy Tissue Kit,
Qiagen, Germany) as recommended by the manufacturer.
In brief, 100 μl protoscoleces samples were incubated in
lysis buffer at 55 °C for 3 h, and the genomic DNA was
absorbed in a spin column. After the spin column was
washed, the genomic DNA was eluted with 200 ml
distilled water and used for the PCR template [45]. PCR
primers, including forward (5′-TTG AAT TTG CCA
CGT TTG AAT GC-3′) and reverse (5′-GAA CCT AAC
GAC ATA ACA TAA TGA-3′) primers, were used to
amplify part (875 bp) of the cytochrome oxidase subunit I
(cox 1) gene [27]. The E. multilocularis mitochondrial
genome sequence (GenBank Accession No: AB018440)
was targeted.
The PCR reactions were conducted in a 50 μl (total

volume) reaction mixture containing 2 μl of template
DNA, 1 μl of dNTPs mix (10 mmol/L of each), 0.
2 μmol/L aliquots of each primer, 0.5 U HotStarTaq
DNA Polymerase (QIAGEN, Germany), 10 × PCR Buffer
and 5 ×Q-Solution. Thirty-five cycles of thermal reactions

Fig. 3 Qinghai voles captured in a grassland area
Fig. 2 Snap trapper (yellow arrow) used to capture Qinghai voles
in grassland
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were performed, with an initial denaturation step of
15 min at 95 °C and then 94 °C for 30 s, 55 °C for 30 s and
72 °C for 60 s.
All PCR amplifications included both negative and

positive controls.

Phylogenetic analysis
The PCR-amplified segments were sequenced for a phylo-
genetic analysis using MEGA 7.0 software. The segments
were compared with the following cox 1 reference se-
quences of different E. multilocularis genotypes retrieved
from the GenBank database: AB688127.1 to AB461417.1
for the Asian genotype, AB688134.1 to AB461413.1 for
the European genotype, AB353729.1 to AB461418.1 for
the North American genotype, AB510023.1 to AB510024.
1 for the Mongolian genotype, and other species
KP161209.1 for E. equinus, GQ168811.1 for E. granulosus,
AB235846.1 for E. ortleppi and AB893262.1 for E. cana-
densis. A phylogenetic tree was constructed with the
above sequences using the neighbor-joining method and
the p-distance matrix for the nucleotides with the pair-
wise deletion option.

Species identification of E. multilocularis-infected Qinghai
voles
All captured voles were examined by experts, including
Professor Yuanzhong Wang from the Qinghai Institute
for Endemic Disease Prevention and Control, who
followed the identification key in the Qinghai Economic
Animal Zoography [46].
Tail and ear tissues from E. multilocularis-infected

Qinghai voles were used for genomic DNA extraction
using a commercial kit (DNeasy Tissue Kit, Qiagen,
Germany). The extracted DNA was used as a template
to yield a DNA fragment (approximately 650 bp) of the

cox 1 gene by PCR using a PCR premix kit (Premix
Taq™, TaKaRa). The PCR primers were VF (5’-TTC TCA
ACC AAC CAC AAA GAC ATT GG-3′) and VR (5′-
TAG ACT TCT GGG TGG CCA AAG AAT CA-3′)
[47]. Each PCR reaction mixture (50 μl) contained 3 μl
genomic DNA (approximately 10 ng), 25 μl 2 × Premix
Taq, 1 μl each primer (10 μmol/L each) and 20 μl
ddH2O. The PCR amplification conditions were as
follows: 5 min at 94 °C; 35 cycles for 45 s at 94 °C, 45 s
at 51 °C, and 45 s at 72 °C; and a final extension for
10 min at 72 °C.
PCR-positive products were subsequently sequenced

and used for a phylogenetic analysis with those of L. fus-
cus (GenBank Accession No: JX962254.1, JX962258.1
and JX962265.1) and Neodon fuscus (GenBank Accession
No: KP190276.1, KP190278.1 and KP190280.1) using
MEGA 7.0 software.

Fig. 5 H-E staining of the vesicles and the protoscoleces (40×). The
black arrow shows the entire vesicle, and the yellow arrow shows
the protoscoleces in the vesicle

Fig. 4 Suspected AE characterized by vesicles in the liver
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Results
E. multilocularis infection in Qinghai voles
Sample collection
A total of 50 Qinghai voles (Fig. 3) were captured in
Jigzhi County, Golog Tibetan Autonomous Prefecture of
Qinghai Province.

Anatomical characteristics of the captured Qinghai voles
Although all 50 captured Qinghai voles were checked,
only 17 were found to contain AE-like vesicles in their
livers (Fig. 4).

H-E staining of vesicles
Vesicles and protoscoleces were stained by H-E staining.
Some vesicles were empty, while others were full of pro-
toscoleces (Fig. 5).

Isolation and microscopic examination of protoscoleces
After protoscoleces isolation and microscopic examination,
thousands of protoscoleces were microscopically examined
(Fig. 6). Eleven of 17 suspected cases were confirmed to be
infected with E. multilocularis.

PCR analysis
The DNA extracted from the isolated protoscoleces of the
11 samples was used as a template for amplifying the cox 1
gene of E. multilocularis. PCR-positive bands were 875 bp
in size. The results showed that all 11 samples were con-
firmed to be positive for E. multilocularis DNA (Fig. 7).

Phylogenetic analysis
Purified cox 1 products after PCR analysis were used for
sequencing, and then alignment with a reference sequence
(GenBank Accession No: AB477011.1) was performed.
The results showed that 47 nucleotide sites were different
from those of the reference sequence. The different nu-
cleotide sites exhibited 4 characteristics (Additional file 2:
Figure S1). The phylogenetic analysis showed that all
positive samples belonged to the E. multilocularis Asian
genotype (Fig. 8).

Species identification of E. multilocularis-infected Qinghai
voles
The captured voles were of different sizes, presenting
body lengths ranging from 6.9 cm to 12.5 cm and weights

Fig. 6 Protoscoleces examined under a stereoscopic microscope: a 40× and b 100×

Fig. 7 Agarose gel electrophoresis assay of the protoscoleces cox 1 gene of E. multilocularis. Lane M, DL 2000 molecular marker; Lane P, Positive
control; Lane N, Negative control; and Lanes 1-11: Samples of E. multilocularis 1 to 11
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ranging from 31.5 g to 85.8 g. The animals’ ears were
small and round and the tails were short and approxi-
mately one third of their body length. All four limbs were
short and strong. The paws were powerful for digging
holes. The back color was dark brown gray, and the
ventral color was grayish yellow. The tails had two differ-
ent colors. The upper side of the tail proximal to the body
was the same color as the back, and the color on the
lower side was sandy yellow. The end of the tail was
dark brown (Figs. 9 and 10). All of these morpho-
logical characteristics combined with other identifica-
tion data, including the characteristics of the skull and

teeth, were the same or similar to the description in
the Qinghai Economic Animal Zoography.
DNA segments 650 bp in size from the tissue of

Qinghai voles were amplified via PCR (Fig. 11) and
used for the phylogenetic analysis along with those of
L. fuscus and N. fuscus. The phylogenetic tree clearly
separated into two branches, with one branch belong-
ing to N. fuscus and the other belonging to L. fuscus.
The sequence of a captured Qinghai vole (named
QHJZ) was in the L. fuscus cluster, which indicated
that all of the E. multilocularis-infected Qinghai voles
were L. fuscus (Fig. 12).

Fig. 8 Phylogenetic comparison of the cox1 isolated sequences with those deposited in the GenBank database. A phylogenetic tree was constructed
using the neighbor-joining method and the p-distance matrix for nucleotides with the pair-wise gap deletion option. The E. multilocularis strains isolated
from Qinghai as well as AB688127.1 to AB461417.1 belonged to the Asian genotype (marked by▲ and △), AB688134.1 to AB461413.1 belonged to the
European genotype (marked by ●), AB353729.1 to AB461418.1 belonged to the North American genotype (marked by ○), and AB510023.1 to AB510024.1
belonged to the Mongolian genotype (marked by ■); in addition, sequence KP161209.1 belonged to E. equinus, GQ168811.1 belonged to E. granulosus,
AB235846.1 belonged to E. ortleppi and AB893262.1 belonged to E. canadensis (marked by □)
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Discussion
The various hosts of E. multilocularis are indispensable
for the survival and prevalence of this species in the
environment and play a key role in the transmission of
E. multilocularis. Many mammalian species have been
identified as definitive or intermediate hosts of E. multi-
locularis, with definitive hosts including red foxes,
wolves, domestic dogs, and domestic and wild cats and
intermediate hosts including rodents, Eurasian Beavers,
brown hare (Lepus europaeaus), Arvicola amphibius,
common vole (Microtus arvalis), water vole (A. terres-
tris) and bank vole (Myodes glareolus) [26–30, 48]. One
important feature of China and its adjacent countries is
the large number of mammal species. More than 274
species of mammals have been reported to be candidate
intermediate hosts that contribute to E. multilocularis
transmission [49]. Thus, identifying an intermediate host
in rodents is important for determining the transmission
pathways of the parasite. Although limited information
is available on natural infection of Qinghai voles by E.
multilocularis, our study demonstrated the presence of
E. multilocularis-infected Qinghai voles in Jigzhi County
of Qinghai Province. In other words, Qinghai voles
represent one of the intermediate hosts for E. multilocu-
laris, and its role in E. multilocularis survival is consid-
erable in Qinghai Province. This information fulfills and
enriches the information gap on the life cycle of E.
multilocularis.
The infection rate of E. multilocularis in Qinghai voles

in the study region was 22% (11/50). Because human AE

Fig. 9 Morphological characteristics of Qinghai voles from different
aspects: a Dorsal view; b Ventral view; and c Right lateral view; d Left
lateral view

Fig. 10 Local features of Qinghai vole: a Right lateral view; b Left lateral view; c Head in full face view; and d Tail
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infections are prevalent in Qinghai Province, especially
in Jigzhi County [38] or neighboring counties, such as
Maqing County [20] and Darlag County [34], the large
number of Qinghai voles infected with E. multilocularis
may be highly related to AE infection in humans. How-
ever, a positive correlation remains to be demonstrated.
Dogs in the research area, especially Tibetan mastiffs

(Canis lupus familiars), are definitive hosts of E. multilo-
cularis; thus, we should pay more attention to canine
hosts. Qinghai voles may be preyed upon by dogs, and
during this process, dogs become infected when they in-
gest protoscoleces-infected Qinghai voles. Previous data
showed that the prevalence of E. multilocularis infection

in dogs was 16% in the southern plateau of Qinghai [31],
thus providing evidence of the relationship among
infected Qinghai voles, dogs and human AE patients.
Therefore, based on previous data and the results of

our study, we can speculate that the definitive hosts,
Qinghai voles and humans form a potential life cycle for
E. multilocularis that is prevalent in Qinghai Province.
Canids can prey on infected Qinghai voles and ingest
the protoscoleces in the voles’ intestines. Over time, the
protoscoleces grow to adult worms and lay eggs in the
hosts’ feces, which subsequently contaminate the envir-
onment, such as grasslands and water sources. Qinghai
voles and humans can be infected by ingesting water or
vegetation contaminated with the eggs. After ingestion,
the eggs hatch, and then the oncospheres migrate to the
liver and develop into metacestode, which produce
protoscoleces. To confirm this hypothesis on the life
cycle, additional studies should be performed, especially
to establish an experimental animal model.
The results in this study provide useful information

on the prevalence of E. multilocularis and the epi-
demiological significance of L. fuscus as an intermediate
host that harbors E. multilocularis in the study region.
We also present preliminary data on E. multilocularis
of the Asian genotype. A number of Qinghai voles have
been infected with E. multilocularis in the study region
and thus could act as an important zoonotic reservoir
for E. multilocularis. However, the epidemiological and
clinical significance of our results remain to be further
studied. Effective drugs and vaccines are not available
for the prevention and control of AE, thus highlighting
the importance of our study, which provides insights
into the control of AE via the control of Qinghai voles.

Conclusions
Our study showed that endemic L. fuscus can harbor E.
multilocularis and represents an important intermediate
host. This animal species may play a key role in the life

Fig. 11 Agarose gel electrophoresis assay of PCR-amplified products
of the Qinghai vole’s cox 1 gene. Lane M: DL 2000 molecular marker;
Lane 1: Negative control; Lane 2: Vole’s tail DNA; and Lane 3: Vole’s
ear DNA

Fig. 12 Phylogenetic comparison of the cox1 sequence from the Qinghai vole with those from the GenBank database. The phylogenetic tree was
constructed using the neighbor-joining method and the p-distance matrix for nucleotides with the pair-wise gap deletion option. QHJZ represented
the Qinghai vole captured in Jigzhi County; JX962254.1, JX962258.1 and JX962265.1 represented Lasiopodomys fuscus; and KP190276.1, KP190278.1 and
KP190280.1 represented Neodon fuscus
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cycle and epidemiology of E. multilocularis in the
Qinghai-Tibetan Plateau of China. These data should be
considered for the control of AE via a national campaign
program to reduce the high incidence of E. multilocu-
laris in the area.
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