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Molecular study of Echinococcus in west-central China
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SUMMARY

West-central China is an important endemic focus of both alveolar and cystic echinococcosis where several species of
intermediate host are commonly infected with Echinococcus granulosus and E. multilocularis. Isolates of E. granulosus were
collected from humans and other animals from different geographical areas of Qinghai, Ningxia, Gansu and Sichuan, and
genotyped using the mitochondrial DNA marker ATP synthase subunit 6 gene (atp6). The sheep strain (G1 genotype) of
E. granulosus was shown to be the only genotype present in sheep, cattle, goats, yaks and humans in the study areas.
However, some heterogeneity in the atp6 sequence was evident in a number of the isolates with the most frequent change
being a silent substitution (G/A) at position 360 compared with the G1 reference sequence representing isolates collected
from the majority of hosts except humans. T'wo E. multilocularis isolates examined also had sequences that varied from each
other and from the reference E. multilocularis atp6 sequence. The genotypic variation we report may reflect phenotypic
differences with important consequences in terms of increased host infectivity for hosts by local Echinococcus strains,
possibly impacting on the epidemiology and control of echinococcosis. Such adaptations may also result in different
sensitivity to drugs or increased virulence for hosts that will impede control efforts and even affect vaccination strategies
against Echinococcus.

Key words: FEchinococcus granulosus, Echinococcus multilocularis, echinococcosis, mitochondrial atp6 sequence,
west-central China.

INTRODUCTION a number of strains of E. granulosus has been charac-
terized using a range of procedures (Bowles et al.
1992; Bowles and McManus, 19934a,b; Rozenzvit
et al. 1999; McManus et al. 2002 ; McManus, 2002).
To date, 10 distinct genotypes within E. granulosus
have been identified (Bowles, Blair and McManus,
1994; Scott and McManus, 1994; Scott et al. 1997;
Lavikainen et al. 2003). In contrast, E. multilocularis

Echinococcosis is not only one of the most wide-
spread parasitic diseases, but it is also one of the
most costly to treat and prevent in terms of public
health. The canid intestinal tapeworms Echinococcus
granulosus and E. multilocularis are the causative
agents of this zoonosis. There is substantial evidence

from many areas of the world that discrete strains .
appears far less variable than E. granulosus as

molecular genetic studies have identified very little
variation within the genomes of E. multilocularis
isolates collected from various geographical locations
(McManus and Thompson, 2003).

Two E. granulosus genotypes have previously
been reported in China: the G1 (sheep strain) and
G6 (camel strain) genotypes (Zhang et al. 1998).
E. granulosus genotype G1 has widespread distri-
bution globally, and its principal definitive host
is the dog, although the fox, dingo, wolf, jackal and

of E. granulosus occur in different vertebrate hosts,
and also 2 strains of E. multilocularis have been
described (Bowles, Blair and McManus, 1992;
Bowles and McManus, 1993a; Haag et al. 1997,
McManus, 2002). Numerous studies have shown
that genetic variation within the recognized species
of Echinococcus spp. may be reflected in characters
such as life-cycle pattern, host specificity, develop-
ment rate, pathogenicity, antigenicity and sensitivity
to chemotherapeutic agents, impacting on the epi-
demiology, transmission dynamics and control of
echinococcosis. Therefore, variation within certain
species of Echinococcus is currently well-accepted and

hyena have also been reported as definitive hosts
(Eckert and Thompson, 1997). The sheep strain
has been found to use sheep as its major intermediate
host, though other hosts such as goats, camels,
buffalo, yaks, moose, cattle, pigs and macropods are
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1, Ningxia Hui Autonomous Region
2, Gansu Province
3, Qinghai Province

4, Sichuan Province

Fig. 1. Study areas: Qinghai, Sichuan, Gansu provinces and Ningxia Hui Autonomous Region in west-central China.

(atp6) as a molecular marker to investigate a number
of isolates of E. granulosus from a range of hosts
(sheep, goats, cattle, yaks and humans); two E. multi-
locularis isolates, one from a naturally infected
rodent and the other from a human clinical case
were also analysed. The geographical origin of
the isolates included Sichuan, Qinghai, Gansu and
Ningxia, located in west-central China (Fig. 1).
These are considered pastoral and semi-pastoral
areas, and are recognized as highly endemic areas
for both E. granulosus and E. multilocularis (see Li
et al. 1985; Hong and Lin, 1987; Craig, Deshan and
Zhaoxun, 1991; Craig et al. 1992; Shi, 1995; Qiu,
Liu and Schantz, 1999).

MATERIALS AND METHODS
Parasites

Hydatid cysts of E. granulosus from sheep, goats,
cattle and yak were obtained at abattoirs or from
the field in Ningxia, Qinghai and Sichuan. Cysts of
human origin were collected at surgery in Ningxia.
An individual isolate represents parasite material
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collected from a single hydatid cyst. Cyst contents
were aspirated and examined under light micro-
scopy, rinsed in saline, then fixed in 70-95% (v/v)
ethanol until used to isolate DNA.
An alveolar echinococcosis (AE) mass was
obtained from the Pathology Department, Ningxia
Medical College following operation of a patient
with liver AE. Host tissues were carefully removed
and the sample was cut into small pieces. The sample
was ground in saline solution and injected into
the abdominal cavity of mice. After several weeks,
the mice were sacrificed and AE lesions obtained.
Before rinsing, the host tissues were carefully re-
moved and the parasite materials were preserved
in 10% formalin until use. Another AE mass was
collected from a naturally infected rodent in the field.
After transplanting into laboratory mice, AE lesions
were obtained several weeks later, rinsed in saline
and preserved in 70% (v/v) ethanol until use.

DNA methods

Total E. granulosus and E. multilocularis genomic
DNAs prepared from 70-95% ethanol

were
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Table 1. The host and geographical origin of Echinococcus isolates

with genotypic identity determined by atp6 sequencing

E.g (G19)
No. of No. of
Geographical Host samples, samples, E.m. (M1P)
origin origin NS¢ sd No. of samples?
Ningxia Sheep 13 1
Goat 1
Human 7 5 1
Gansu Human 1
Mouse 1
Sichuan Sheep 4 3
Yak 6 2
Qinghai Sheep 4 9
Cattle 4 8
Total 39 29 2

2 G1, sheep-dog strain of Echinococcus granulosus.

> M1, Eurasian strain of E. multilocularis.

¢ NS, without substitutions.
4§, with substitutions.

preserved isolates using the DNAeasy Tissue Kit
(QIAgen, Hilden, Germany) following the kit pro-
tocol for DNA isolation from animal tissues. Total
E. multilocularis genomic DNA was prepared from
a 10% formalin-fixed tissue preserved isolate of
E. multilocularis using the same kit as for the E.
granulosus samples. However, the tissue sample was
washed several times with PBS to remove fixative,
after cutting and grounding the tissue with a tissue
homogenizer. Then, the DNAeasy protocol for DNA
extraction from animal tissues was followed. The
genomic DNAs obtained were used as templates for
polymerase chain reaction (PCR). A fragment of
the atp6 mitochondrial gene was amplified from each
isolate using the following primer pairs: Forward
primer EgMF (5-AAACTGTAGGGTTCATG-
T'C-3'); reverse primer EgNO2R (5'-CAAAACCC-
GAATAATCTATC-3). The PCR was carried out
in a 50 ul reaction mixture containing 50-100 ng of
template DNA, 0-2 umol of each primer, 100 gmol
of each dNTP and 1:25 units of Taq polymerase
(PCR Master Mix, Promega Corp., USA). For PCR
amplification, 34 thermal cycles (95 °C for 1 min,
50°C for 1 min,
Amplification products were purified from primers,
nucleotides, polymerases and salts using the QIA-
quick™ Gel Extraction Kit (QIAGEN GmbH,
Hilden, Germeny) or QIAquick™ PCR purification
kit according to the manufacturer’s recommend-
ations. Then, the PCR amplicons were sequenced
using an ABI Prism®™ BigDye™ terminator cycle
sequencing ready reaction kit (Applied Biosystems,
Foster City, CA, USA) and gels were run on an
ABI PRISM 377 sequencer (Perkin Elmer Applied
Biosystems, Foster City, CA, USA). Sequences
were aligned using the MacVector 7.2 program in a

72 °C for 1 min) were used.
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Macintosh computer. Reference atp6 sequences
from E. granulosus common sheep (G1 genotype,
GenBank No. AF297617) and the camel (G6 geno-
type, GenBank No. AJ237637) strains and E. multi-
locularis (GenBank No. AF018440) were used for
comparative purposes.

Phylogeny construction

Phylogenies were constructed by neighbor-joining
and UPGMA, using the Kimura-2-parameter model,
and tested by booststrap with 1000 replicates, using
MEGA version 2.1 (Kumar et al. 2001), and by the
maximum parsimony method using the program

PAUP* version 4.0b4a.

RESULTS
Host and geographical origins of parasites

The E. granulosus samples examined by microscopy
revealed that all isolates from sheep, goats, cattle,
humans and yaks had protoscoleces and/or germinal
membranes present. All samples were analysed. T'wo
E. multilocularis isolates were also analysed. The
geographical and host origins of all the isolates
examined are listed in Tables 1 and 2.

Sequence analysis of the atp6 gene

In regards to E. granulosus, there were 21 sheep,
8 human, 6 yak and 4 cattle isolates that shared
complete identity with the reference aip6 sequence
for the G1 genotype (Table 1). There were 29 isolates
with minor variation in the atp6 sequence compared
with the reference G1 genotype; these substitutions
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Table 2. Substitutions in the atp6 gene for the E. granulosus sheep strain (G1 genotype) and E. multilocularis

isolates investigated in this study

Geographical
Genotype Seq.? Sam.b Position of substitution Host origin
E.g. (G1) G1V1 1 23(G/T); 24(T/G); 26(C/T)
G1V2 1 43('T'/A); 73(T/C); 360(G/A) Sheep Sich
G1V3 1 360(G/A) rchuan
2 360(G/A) Yak
7 360(G/A) Sheep
6 360(G/A) Cattle Qinghai
1 360(G/A) Goat Ningxia
G1V4 1 92(C/T) 360(G/A)
G1V5 1 265(T/C) Sheep Qinghai
G1Veo 3 252(G/A) 360(G/A) Cattle
G1V7 1 43('T/A) 360(G/A) Sheep
G1V8 3 91(G/A) 117(T/C)
G1V9 1 117(T/C) Human Ningxia
G1V10 1 100(T/C)
E.m. (M1) EmV1 1 47(C/T); 60(T/G); 174(T/G);
258(A/G); 498('T/C)
EmV?2 1 47(C/T); 60(T/G) Mouse Gansu

# Seq., Sequences with substitutions, coded from G1V1 to G1V10 for the E. granulosus isolates, and EmV1 and EmV2

for the E. multilocularis isolates.
P Sam., Number of isolates.

were distributed across the length of the 513 bp
fragment. The sequence analysis allowed the
definition of 10 different types of aip6 sequence
represented by variation at 13 different nucleotide
positions listed in Table 2 and shown in Fig. 2. Of
these, there were 23 isolates with variation at position
360 of the atp6 gene, of which 17 isolates had a single
point change (G/A). Six isolates also had substitu-
tions at positions 43, 73, 92 and 252. Isolates with
a silent substitution at position 360 originated
from all hosts, except human, from all geographical
locations investigated in this study. The remaining
isolates had substitutions at random sites along the
atp6 gene. Nucleotide substitutions at positions
23,24, 27,43, 73, 91 and 92 were non-synonymous,
while all other substitutions did not produce amino
acid changes.

The same substitutions could be found in isolates
from different host origins and geographical lo-
cations, such as sequence G1V3. Furthermore, the
same sequence changes were evident in 3 human
isolates (sequence G1V8) surgically removed from
different anatomical locations but not in the two
other human isolates from Ningxia ('T'able 2).

The two E. multilocularis isolates had different
substitutions compared with the reference E. multi-
locularis atp6 sequence in GenBank (Table 2). Five
changes were apparent in 516 nucleotides of the atp6
gene in the human isolate at positions 47, 60, 174, 258
and 498; two changes, at positions 47 and 60, were
evident in the mouse isolate. Only the changes at
positions 47 and 60 were non-synonymous; the
other changes were silent.
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All the Echinococcus atp6 sequences obtained were
translated into open reading frames thus eliminating
the presence of pseudogenes.

Phylogenetic analysis

Phylogenetic analysis by the neighbor-joining,
UPGMA and Maximum Parsimony methods, using
the published atp6 sequences from E. granulosus
sheep strain (G1), horse strain (G4), cattle strain
(G5), camel strain (G6), pig strain (G7); cervid strain
(G8), E. multilocularis (Em), E. oligarthrus (Eo) and
Taenia solium ('T's) showed that all the E. granulosus
isolates analysed grouped with G1; there was strong
(100%) bootstrap support for the clustering of all
samples from China with a reference sample re-
presenting genotype G1, to the exclusion of all other
genotypes and species of Echinococcus examined in
the present study. Both E. multilocularis isolates
clustered with the E. multilocularis atp6é reference
sequence, with high (100%) boostrap value. The
topology obtained by the neighbor-joining method
is shown in Fig. 3.

DISCUSSION

Four species are currently recognized in the genus
Echinococcus, namely Echinococcus granulosus, E.
multilocularis, E. vogeli and E. oligarthrus although
revision of the genus has been recommended
(Thompson and McManus, 2002). E. granulosus and
E. multilocularis are of public health significance
because of their world-wide distribution (Thompson
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Gl ATP6.txt 1 ATGGTTGTTG TTAATGATTT TTGTTCTTTA ATTGGTTTGG TTTATATGTT 50
G6 ATP6.txt 1 ...A....G. ... 0. Gololo .. ..G...CGAT ..... G.... 50
G1VO0 L e e e e e e e e e e e e e e e e e e e e e 50
Glvl 1 e e e CTGLT . s e e e e 50
G1lv2 8 Y A....... 50
G1Vv3 L e e e e e e e e e e e e e e e e e e e e e e e e e 50
G1lv4 L e e e e e e e e e e e e e e e e e e e e e e e e 50
G1V5 L e e e e e e e e e e e e e e e e e e e e e e e e e 50
G1lVe L e e e e e e e e e e e e e e e e e e e e e e e e e 50
G1lv7 L e e e e e e e e e e e e e A....... 50
G1vs L e e e e e e e e e e e e e e e e e e e e e e e e 50
G1vo L e e e e e e e e e e e e e e e e e e e e 50
G1lV10 L e e e e e e e e e e e e e e e e e e e e e e 50
Gl ATP6.txt 51 GGTGTTTGGT CGTGTGTCAT ATTACTATTT TGTTTTATTG GCGTTGGTAT 100
G6 ATP6.txt 51 ...... AAAG G...C...G. ....T. ... .. A AT...... T. 100
G1Vo0 DL e e e e e e e e e e e e e e e e 100
G1lvl DL e e e e e e e e e e e e e e e e e 100
G1lv2 51 . e R P 100
G1v3 DL e e e e e e e e e e e e e e e e e 100
G1lv4 L T........ 100
G1V5 DL e e e e e e e e e e e e e e e 100
G1lVe DL e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 100
G1v7 DL e e e e e e e e e e e e e e e e e e e e e e e e e e e 100
G1vs DL e e e e e e e e e e e e e e e e e e A......... 100
G1lvo DL e e e e e e e e e e e e e e e e e e e e e e e e e e e e 100
G1V10 DL e e e e e e e e e e e e e e e e e e e e e e C 100

Gl ATP6.txt 101 TAATGTGGTT TATGGTTTAT CGTTTGCCAT ATTGTTATAG GGTTTATTTG 150

G6 ATP6.txt 101 .GT.T..A.. .T.A...... .....

G1Vvo0 101 . e e
Glvl 101 o e e
G1lv2 101 oo e e
G1v3 101 oo e e
G1lv4 101 oo e e
G1V5 101 o e e e
G1lve 101 oo e e e
G1v7 101 oo e e
G1lvs 101 .o Cooo ool
G1vo 101 ..o Cooo ool
G1lvio 101 o e e

Gl ATP6.txt 151 TTTTCCGTTT TTTTGTTTTG TGTGGTTTTT GTGATGTTTG TGTCGTTATT 200

G6 ATP6.txt 151 ... .TT. ... ..., . CG. .......
G1Vvo 151 e e e
G1lvl 151 o e e
G1lv2 151 o e e
G1V3 151 o e e
G1lv4 151 o e e e
G1V5 151 . i e e
G1lve 151 . i e e
G1v7 151 . e i e
G1vs8 151 . e e
G1Vv9o 151 . i e e
G1vio 151 o e e e

Fig. 2. (cont.)

and McManus, 2001). Epidemiological data have
shown that geo-environmental factors and adap-
tations to different host species may induce the
selection of genetic mutations in FEchinococcus.
Variation within certain species of Echinococcus is
now a well-accepted phenomenon and that this
intra-specific variation may play an important role
with regard to differences in infectivity, especially
to humans, epidemiology and control (McManus,
Ding and Bowles, 1994; Eckert and Thompson,
1997; Thompson and McManus, 2001).
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e W T ....A..G.. 200

A number of previous studies have shown the
existence of 10 distinct genotypes of E. granulosus,
based on morphological characters, intermediate
host specificity and/or genetic analysis of mitochon-
drial and nuclear DNA (Bowles et al. 1992 ; Bowles
and McManus, 19934, b; Thompson, Lymbery and
Constantine, 1995; Eckert and Thompson, 1997;
Thompson and McManus, 2001; Lavikainen et al.
2003). Several host-adapted strains of E. granulosus
exist, the majority of which are geographically
widely distributed (Thompson and McManus,


https://doi.org/10.1017/S0031182005007973

Y. R. Yang and others

Gl ATP6.txt 201 TATGTGTCGT ATTTTTAATA AAGTTAATGG ATTTTTTGCT TGTTTTGTCC 250

G6 ATP6.txt 201 ... G.G....G.. ........ A, ..., A....C..T. 250
G1Vo0 20 . e e e e e 250
G1Vv1l 20 L e e e e e 250
G1lv2 200 L e e e e e e 250
G1Vv3 200 L e e e e e e e 250
G1lVv4 200 L e e e e e e e 250
G1V5 200 L e e e e e 250
G1Ve 200 L e e e e e e 250
G1V7 20 L e e e e e e 250
G1V8 20 L e e e e e 250
G1Vv9 20 L e e e e e 250
G1lVv1o0 20 L e e e e e 250

Gl ATP6.txt 251 CGCTAGGAAC TCCTTTATGG ATATGTTTTT TAGTGTGCTT GGCCGAGTCT 300

G6 ATP6.txt 251 ..T.G..T.. A..... G.AC .......
G1Vvo 251 L i e e
G1lvl 251 L i e
G1lv2 251 L i e
G1V3 251 L i e
G1lv4 251 L i e
G1V5 251 ..., T
G1Ve 251 LA i e e
G1Vv7 251 L e e
G1Vv8 251 L i e e
G1v9o 251 L i e e
G1Vv1o0 251 L e e e

Gl ATP6.txt 301 ATTAGTTATG TTATACGTCC TGTTGTATTG GTTTTGCGTC CTTTTATTAA 350

G6 ATP6.txt 301 ... [P L O 350
G1Vo0 300 L e e e e e 350
G1lvl 30 L L e e e e e 350
G1lv2 30 L L e e e e e e e 350
G1V3 30 L L e e e e e 350
G1lv4 30 L L e e e e e e e 350
G1V5 30 L L e e e e e e 350
G1lve 30 L L e e e e e e e e 350
G1v7 I 350
G1lvs 30 L L e e e e e e e e 350
G1vVv9 30 L L e e e e e e e 350
G1lvi1o 30 L L e e e e e e e 350

Gl ATP6.txt 351 TATTAGGTTG GGGTGTTTTG GTGCAGTGGC ATTGGGTAAT TTGTGTTTTG 400

G6 ATP6.txt 350 ... A ... Lo TLUTL 2 C.... 400
G1Vo0 = 400
G1vl 35 L e e e e e e e 400
G1lv2 350 ... A e e e e e 400
G1Vv3 350 ... A e e e i e e e 400
G1lVv4 3510 ... A e e e e e 400
G1V5 = P 400
G1lVe 351 ... A e e i e 400
G1V7 351 ... A e e e e 400
G1V8 = P 400
G1Vv9o = PN 400
G1Vv1o 2 400

Fig. 2. (cont.)

2001 ; McManus, 2002). On the other hand, genetic
diversity within E. multilocularis is comparatively
very low, though there is some evidence of variation
in morphology, pathogenicity and host specificity
between strains from north America and Eurasia
(Rinder et al. 1997 ; Thompson and McManus, 2002).

China is hyper-endemic for both cystic and
alveolar echinococcosis, especially in the north-
western region that includes Ningxia, Xinjiang,
Gansu, Qinghia, Sichuan, Tibet and Inner Mongolia
(Jiang, 2002 ; Vuitton et al. 2003). In these areas, the

https://doi.org/10.1017/50031182005007973 Published online by Cambridge University Press

extensive range of environmental conditions, dom-
estic livestock husbandry, and a variety of pastoral
or semi-pastoral areas, provides inherent conditions
whereby host adapted variants of Echinococcus could
arise. Previous epidemiological data have demon-
strated that the eco-environmental, social, religious
and cultural background as well as the behaviour
of local inhabitants (French and Nelson, 1982;
MacPherson, Zeyhle and Romig, 1984; Craig,
Zeyhle and Romig, 1986; Seimenis, 2003) may not
only influence transmission, but also form or
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Gl ATP6.txt

G6 ATP6.txt 401 .A.G...... G..G.T.... A......
G1Vo0 401 .. e e
G1lVvl 401 ... e e
G1lv2 401 ... e e e
G1V3 401 ... e e
G1lv4 401 ... e e
G1V5 401 ... e e e
G1lve 401 ... e e e
G1v7 401 .. e e
G1lvs 401 .. e e e
G1Vv9 401 .. e e e
G1lvio 401 .. e e

Gl ATP6.txt

G6 ATP6.txt 451 ....... CG. C......... A.TT...
G1Vo0 451 L e e
G1lvl 451 L e e
G1lv2 451 L. e e
G1Vv3 451 L. e e
G1lv4 451 L. e e
G1V5 451 L e e e
G1lVe 451 e e e
G1v7 451 L e e
G1Vv8 451 L e e
G1V9o 451 L e e
G1lv1o 451 L e e e

Gl ATP6.txt

G6 ATP6.txt 501 ...T...... ... 513
G1Vo 501 .......... ... 513
G1lVvl 501 .......... ... 513
G1lv2 501 .......... ... 513
G1Vv3 501 .......... ... 513
G1lv4 501 .......... ... 513
G1V5 501 .......... ... 513
G1lVve 501 .......... ... 513
G1Vv7 501 .......... ... 513
G1lvs 501 .......... ... 513
G1Vv9 501 .......... ... 513
G1lvio 501 .......... ... 513

553

401 TTAATTGTTG ATGAGGGTTG GTTTTAGTTG GATTGTTTTT TTATGAAGTT 450

Fig. 2. Nucleotide sequences of a fragment (513 bp) of the Echinococcus granulosus mitochondrial atp6 gene for 68

isolates analysed using ClustalW (multiple sequence alignment), aligned with the published reference atp6 gene
sequence of the G1 genotype (GenBank™/EBI Data Bank Accession number, AF297617) (top line). The published
reference atp6 gene sequence for the G6 genotype (second line) (Rosenzvit et al. 1999) is also shown as a comparison.
A dot indicates a nucleotide that is conserved relative to the published G1 sequence. An isolate coded with the prefix
G1VO0 indicates that the sequence is identical to the published G1 sequence. Isolates coded G1V1-G1V10 indicate
the genotype is designated as G1 but some substitutions are present (Table 2).

maintain local perpetuation of the life-cycle of
the parasite by adaptive selection (McManus and
Thompson, 2003 ; Rausch, 2003).

Polymerase chain reaction (PCR) combined with
direct sequencing of mitochondrial genes, including
atp6, have been successfully used by us and others
for Echinococcus strain and species discrimination
(see McManus, 2002; Lavikainen et al. 2003 ; Xiao
et al. 2005). In the present study, differences in the
atp6 gene were used to evaluate genotypic variation
in 68 E. granulosus isolates from sheep, goats, yaks,
cattle and humans from west-central China includ-
ing Qinghai, Sichuan, Gansu and Ningxia and two
E. multilocularis isolates from Ningxia and Gansu.
It is noteworthy that although the human isolate
of E. multilocularis examined was analysed using
formalin-fixed tissue, the 516 bp atp6 fragment was

https://doi.org/10.1017/50031182005007973 Published online by Cambridge University Press

successfully obtained by PCR and sequenced. Simi-
lar to previous reports from this area (McManus,
Ding and Bowles, 1994 ; Zhang et al. 1998), the sheep
strain (G1) of E. granulosus was shown to be present,
although the camel strain (G6) that also occurs in
Xinjiang (Zhang et al. 1999) was not identified in the
current survey. It is noteworthy that almost half of
the isolates examined had sequence substitutions
at 11 different positions within the atp6 gene within
this strain. Of these, a substitution at position 360
occurred in 23 isolates from all geographical locations
investigated and from the majority of hosts, except
humans. Both E. multilocularis isolates examined also
had sequences that varied from each other and from
the reference (Eurasian strain) E. multilocularis atp6
sequence. Minor genetic variation in the cytochrome
¢ oxidase subunit 1 (cox ) gene of the sheep strain
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23 G1V10
G1V9
56
Gl
47 G1V5
100 37 G1V7
G1V6
G1V4
G4
—er— =
43 78 G7
98 LG8
86 G5
47 Eo
loof————— EmV1
EmV2
Ts

Fig. 3. Phylogenetic tree constructed using the
neighbor-joining method on azp6 sequences obtained
from Echinococcus granulosus and E. multilocularis
Chinese isolates and the reported atp6 sequences from
E. granulosus sheep strain (G1), horse strain (G4), cattle
strain (G5), camel strain (G6), pig strain (G7); cervid
strain (G8), E. multilocularis (Em), E. oligarthrus (Eo)
and Taenia solium ('T's). Numbers at nodes represent
percentage occurrence of clades in 1000 bootstrap
replications of the data. G1V1-V10 are atp6 sequences
obtained for some of the analysed isolates differing in
1-3 positions from the G1 atp6 reference sequence.
EmV1 and EmV2 are the atp6 sequences obtained from
the E. multilocularis isolates, differing from E.
multilocularis reference atp6 sequence at 5 and 2
positions, respectively.

has been reported by Kamenetzky et al. (2002) fol-
lowing analysis of E. granulosus isolates collected
from different host species and sites in Argentina.
The existence of such sequence heterogeneity within
isolates is in concordance with results of single-
strand conformation polymorphism (SSCP) analysis
of mitochondrial genes of Echinococcus (Gasser,
Zhu and McManus, 1988). It is well accepted that
genotypic variation may reflect phenotypic differ-
ences with important consequences in terms of
increased opportunities for infectivity of hosts by
local Echinococcus strains, possibly impacting on
the epidemiology and control of echinococcosis
(Thompson and McManus, 2001). Such adaptations
may also result in different sensitivity to drugs or
increased virulence for hosts that will impede control
efforts and even affect vaccination strategies against
Echinococcus (Bessonov et al. 1998).
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