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a b s t r a c t

The Xinjiang Uyghur Autonomous Region in northwest China is one of the world’s most important foci
for cystic echinococcosis. Domestic dogs are the main source for human infection, and previous studies in
Xinjiang have found a canine Echinococcus spp. coproELISA prevalence of between 36% and 41%. In 2010
the Chinese National Echinococcosis Control Programme was implemented in Xinjiang, and includes
regular dosing of domestic dogs with praziquantel. Six communities in Hobukesar County, northwest
Xinjiang were assessed in relation to the impact of this control programme through dog necropsies, dog
Echinococcus spp. coproantigen surveys based on Lot Quality Assurance Sampling (LQAS) and dog owner
questionnaires. We found that 42.1% of necropsied dogs were infected with Echinococcus granulosus,
and coproELISA prevalences were between 15% and 70% in the communities. Although approximately
half of all dog owners reported dosing their dogs within the 12 months prior to sampling, coproELISA
prevalence remained high. Regular praziquantel dosing of owned dogs in remote and semi-nomadic
communities such as those in Hobukesar County is logistically very difficult and additional measures
should be considered to reduce canine echinococcosis.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The Xinjiang Uyghur Autonomous Region (Xinjiang) is an
autonomous region of the People’s Republic of China, located in
the northwest of the country (Bart et al., 2006). Xinjiang is a multi-
ethnic province, with ethnic groups including Uyghur, Han Kazakh,
Hui and Mongol (Wang et al., 2001). Many people in north-western
Xinjiang live in pastoral areas and have traditional (semi) nomadic
lifestyles (Wang et al., 2001).

Xinjiang is one of the most important foci of human cystic
echinococcosis in China and the world (Bart et al., 2006), and
surveys in Hobukesar Mongol Autonomous County (Hobukesar
County) in north-west Xinjiang found a human CE prevalence by
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ultrasound of 2.7% (Wang et al., 2005). Previous dog surveys in
Hobukesar County have found necropsy and coproELISA preva-
lences of 36% (Wang et al., 2005), and a study conducted in Fuhai
and Emin counties in north Xinjiang found that 41.2% of dogs were
coproELISA positive for Echinococcus spp. (Wei et al., 2005). In 2006,
the Chinese government implemented the National Echinococ-
cosis Control Programme in Sichuan Province, and in 2010 this
programme was expanded to include other provinces in China,
including Xinjiang (WHO, 2011).

The Echinococcosis Control Programme aimed to achieve
monthly praziquantel dosing of domestic dogs (Chinese Ministry
of Health, 2007), as well as identifying human cases through ultra-
sound screening and subsequent medical treatment of patients
(WHO, 2010). Specific methods proposed for reducing canine
echinococcosis included registering all owned dogs in endemic
areas, and deworming dogs using praziquantel (0.2 g/tablet), with
1–2 tablets administered to dogs weighing more than 15 kg. A
de-worming frequency of once a month was aimed for, involv-
ing supervised dosing with praziquantel in baits. Workers dosing
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dogs should confirm the tablets were swallowed and the date of
de-worming recorded on the dog registration card. The Control Pro-
gramme also aimed to collect dog faeces 5 days after de-worming
and bury or burn these to prevent environmental contamination,
as well as taking measures to control dog numbers such as culling
stray dogs (Chinese Ministry of Health, 2007). In April 2013 we
visited six rural communities in Hobukesar County in north-west
Xinjiang to assess the impact of the Control Programme in this
County.

2. Materials and methods

2.1. Communities

Six communities in Hobukesar County were included: Naren-
hebuke (46.47◦, 85.30◦), Budengjian (46.65◦, 85.31◦), Changan
Kul (46.48◦, 85.57◦), Chahete (46.06◦, 86.30◦), Bayenoma (46.51◦,
86.09◦) and Tiebukenwusan (46.48◦, 85.23◦). These communities
included ethnic Mongolians, Kazakhs, and Han Chinese, and were
based around livestock husbandry, although Chahete was estab-
lished in 2010 as an agricultural community and consisted mostly
of ethnic Han people that were relocated from Gansu and Sichuan
provinces.

2.2. Dog necropsies

Thirty-eight unwanted or stray dogs were provided by a local
dog catcher, including from Bayenoma (n = 3), Narenhebuke (n = 4),
Changan Kul (n = 16), and three other County villages called
Yikewutubulage (n = 9), Mogete (n = 2) and Busitinge (n = 1), with
the locations of three dogs not recorded. All dogs were adults (esti-
mated to be at least 1 year old). Twenty-one were male, and 17 were
female. Dogs were captured alive and euthanised by a qualified ani-
mal technician (JT) using intravenous ketamine. The small intestine
of each dog was removed post-mortem and inspected in the field by
experienced researchers (PSC&JT) using a magnifying glass. Dogs
were scored as Echinococcus spp. and Taenia spp. present/absent,
with worm burdens estimated for Echinococcus spp. and counted
for Taenia spp. Tapeworms were washed in water and stored in
70% ethanol for DNA analysis. Faecal samples were collected per
rectum post-mortem and stored in 0.3% PBS Tween with 10% forma-
lin for coproELISA testing. All samples were transported to Salford
University, UK, at room temperature.

2.3. Lot Quality Assurance Sampling (LQAS)

LQAS is a form of stratified sampling which requires a rela-
tively low number of samples whilst retaining a statistical basis (the
small sample size required sometimes leads to misunderstanding
of the statistical basis of LQAS, as described by Pagano and Valadez
(2010). Although originally developed for quality evaluation in the
manufacturing industry (Dodge and Romig, 1929), LQAS has more
recently been applied to studies on disease and healthcare (for a
review see Robertson and Valadez, 2006). The central concept of
LQAS is the classification of ‘supervision areas’ (e.g. villages) in
a dichotomous fashion – according to whether a target has been
achieved – rather than attempting to present prevalence estimates
for each area. For the purposes of the current study, a simplified
form of LQAS was used, which requires only one input; the mini-
mum ‘threshold’ prevalence of the outcome of interest which could
be considered a ‘success’ or ‘failure’. The binomial distribution can
then be used to estimate the cumulative probability distribution of
the expected number of positive outcomes for a small sample size
(often set at 19), given that the prevalence is at this stated thresh-
old. From this, the minimum number of expected positive outcomes
which gives a cumulative probability of greater than 0.1 can be

estimated – known as the ‘decision rule’. If the number of positive
individuals in a sample is lower than the decision rule, it can be
stated that there is some statistical evidence that the threshold has
not been reached.

As echinococcosis is commonly a disease of remote,
marginalised communities (Craig et al., 2007), surveillance is
often hindered by logistical difficulties, and relatively quick and
efficient methods are desirable. As such, we used LQAS to evaluate
coproELISA prevalence, praziquantel dosing, and local knowledge
about echinococcosis in the six communities studied.

2.4. Faecal sample collection

A minimum of 19 dogs were sampled in each community (a
sample size of 19 minimises the risk of type A and B errors,
Valadez et al., 2002), with additional dogs sampled where possible
(Bayenoma = 19, Budengjian = 20, Changan Kul = 27, Chahete = 20,
Narenhebuke = 21, Tiebukenwusan = 19). Dogs were selected by
starting from each community’s health centre and walking in a
randomly chosen direction (determined by the second hand on a
watch) and enquiring about dogs in alternate houses. If dogs were
present, these were included in sampling, with ground faecal sam-
ples collected from around their owners’ houses. If midway through
the sampling day it appeared that a minimum of 19 dogs would
not be reached by the end of the day, we asked local villagers who
served as translators/facilitators to direct us to areas where they
knew dogs were present, thus moving away from our chosen ran-
dom direction. In these areas alternate houses were targeted. The
age and sex of each dog was recorded, and dog owners were asked
when the dog was most recently dosed with praziquantel. Nine
dogs were sampled without their owners present; these dogs were
chained and faecal samples were collected from the ground. The
sex of these dogs was recorded but no questionnaires were admin-
istered. In four communities (Bayenoma, Budengjian, Changan Kul
Tiebukenwusan) owners were asked to describe echinococcosis to
assess their knowledge about this disease. Questionnaires were
administered in Mandarin Chinese, Mongolian or Kazakh depend-
ing on the dog owner’s native language. Subsamples of faecal
samples were stored in 70% ethanol and 0.3% PBS Tween with 10%
formalin respectively, and shipped to Salford University at room
temperature.

2.5. CoproELISA

Faecal samples were extracted by homogenizing, shaking and
centrifuging at 2500 r.p.m. (1125 g) for 5 min and collecting the
supernatant. Faecal samples were analysed for Echinococcus spp.
coproantigen with a genus-specific sandwich ELISA using the pro-
tocol originally described by Allan et al. (1992) with a modification
in that the capture and conjugate antibodies were derived from dif-
ferent rabbit antisera. The conjugate antibody was prepared from
hyperimmune rabbit IgG raised against a surface extract from adult
Echinococcus granulosus worms (Elayoubi and Craig, 2004), and
the capture antibody was anti-E. granulosus whole worm somatic
(Allan et al., 1992). Faecal supernatants of two known positives (an
arecoline Echinococcus spp. purge positive sample from Kyrgyzs-
tan, and a sample spiked with E. granulosus whole worm extract
at a 1:100 concentration) were used as positive controls through-
out. Two known negative faecal samples from a low endemic area
(Falkland Islands) were included as negative controls.

Because Gaussian approaches for calculating ELISA cut-off val-
ues (e.g. Allan et al., 1992), are usually based only on a panel of
known negatives (often from a non-endemic area) and do not con-
sider the true distribution of both negatives and positives from
the population being studied (Gardner and Greiner, 2006), we cal-
culated our cut-off using Receiver Operating Characteristic (ROC)
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curves (Gardner and Greiner, 2006). All faecal samples collected
from necropsied dogs were analysed by coproELISA, and this was
treated as a panel of known positives (n = 16, with estimated
Echinococcus spp. worm burdens between 2 and >10,000) and
Echinococcus spp. negatives, n = 22). Using this panel, a coproELISA
cut-off of 0.11685 was determined, giving a sensitivity of 94%, a
specificity of 77% and an overall accuracy of 84%.

2.6. DNA extraction, PCR and sequencing

DNA was extracted from Taenia spp. and Echinococcus spp.
worms using a Qiagen® DNEasy Blood & Tissue kit following the
manufacturer’s instructions. DNA was extracted from faecal sam-
ples using a QIAamp® DNA Stool kit, following the manufacturer’s
instructions, but using 1 g of faeces. Extracted tissue samples were
analysed by PCR using generic cestode primers (von Nickisch-
Rosenegk et al., 1999). For the faecal samples it was found that
these primers were not suitable, as they cross reacted with non-
target DNA (personal observation). Therefore faecal samples were
analysed for Echinococcus multilocularis (Boufana et al., 2013), and
E. granulosus (Abbasi et al., 2003; with modifications described
by Boufana et al., 2008) using published primers and follow-
ing described protocols. Positive controls (sequenced DNA from
adult E. multilocularis/E. granulosus/Taenia. hydatigena) were used
as appropriate for each protocol. Negative controls (PCR grade
water) were included in all PCRs. A Stratagene Robocycler (La Jolla,
CA) was used for all cycling profiles and PCR products were sep-
arated by electrophoresis at 110 V on 1.5% (w/v) agarose gels in
Tris–Borate–EDTA buffer (Severn Biotech, UK), stained with GelRed
(Cambridge Biosciences, UK). Gels were visualised using Syngene
G:Box gel imaging system (Cambridge Biosciences). Tissue samples
that were successfully extracted and amplified were sequenced
by Beckman Coulter (Essex, UK) and resulting sequences analysed
using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

2.7. Data analysis

The population pyramid for the dog population in Hobukesar
and the bar chart of praziquantel dosing were made using ‘package
sciplot’ (Morales, 2013) and ‘package pyramid’ (Nakazawa, 2013)
in R statistical software, version 2.15.0 (R Development Core Team).

To use LQAS methodology thresholds and corresponding deci-
sion rule values must be selected (Valadez et al., 2002). Setting a
threshold can be done in several ways, for example a target can
be selected (e.g. target for proportion of people vaccinated, etc.),
and decision numbers chosen to test whether or not this target has
been met. In this case we wanted to assess whether or not the con-
trol scheme had led to a reduction in coproELISA prevalence from
pre-intervention prevalences. The pre-intervention prevalence was
estimated from dog surveys conducted in Hobukesar County prior
to the start of the control programme (Wang et al., 2001, 2005).
For these surveys, 139 dogs were sampled in Narenhebuke using
rectal loops, with the samples tested at Salford University using a
similar sandwich coproELISA, for which 50 dogs (36%) were found
to be coproELISA positive (Wang et al., 2001, 2005). As the simpli-
fied LQAS methodology using tables allowed for setting thresholds
to the nearest 5% (Valadez et al., 2002), we conservatively set the
upper threshold for coproELISA positive dogs at 35%, to identify
communities where the coproantigen prevalence had decreased
from this ‘baseline’ value, as would be expected 3 years after
the implementation of a dog dosing control programme (WHO,
2011). Decision rule values based on this threshold were estimated
(using tables provided in Valadez et al., 2002) as follows: four for
Bayenoma (n = 19), Budengjian (n = 20), Chahete (n = 20), Naren-
hebuke (n = 21) and Tiebukenwusan (n = 19), and five for Changan
Kul (n = 27).

To assess whether or not the Echinococcosis Control Programme
was reaching households in the local communities, we determined
the proportion of dog owners who had dosed their dogs at least once
in the 12 months prior to our data collection. We set the threshold
at 90%, assuming conservatively that a successful dosing campaign
should reach almost all owned dogs at least once a year. Nine dogs
sampled without their owners present were excluded from this
analysis. The decision rule values were set at 12 for Chahete (n = 15),
14 for Bayenoma (n = 17), 15 for Narenhebuke and Tiebukenwusan
(n = 19 each), 16 for Budengjian (n = 20), and 21 for Changan Kul
(n = 27).

In four communities, householders were asked to describe
echinococcosis in order to assess people’s knowledge of the dis-
ease. Studies relating to echinococcosis have been carried out in
Hobukesar County previously (Wang et al., 2005) and the National
Echinococcosis Control Programme has been carried out in Xinjiang
since 2010 (WHO, 2011). We therefore set the knowledge thresh-
old at 65%, i.e. we expected at least 65% of people to be able to
describe echinococcosis. As such the decision rule value was set at
7 for Bayenoma (n = 13), 8 for Tiebukenwusan (n = 15) and 10 for
Budengjiang and Changal Kul (both n = 19).

3. Results

3.1. Necropsy panel

Of the 38 dogs necropsied, 20 (52.6%) had Taenia spp. and 16
(42.1%) had Echinococcus spp. on visual inspection, and 13 dogs
(34.2%) were infected with both parasites (Table 1). Only 14 dogs
(36.8%) had neither parasite.

A total of 18 Taenia spp. tapeworms were collected, but one sam-
ple was lost in transport. From the remaining samples, DNA was
successfully extracted, analysed by PCR and sequenced, and all 17
were identified as T. hydatigena (≥99% match, accession number
GQ228819.1). 16 samples of Echinococcus spp. were collected, but
one sample was lost in transport. For the remaining samples DNA
was successfully extracted and amplified, and all 15 were success-
fully sequenced as E. granulosus G1 (≥99% match, accession number
DQ408422.1).

3.2. Dog demographics and praziquantel dosing

A total of 126 owned dogs were sampled in the six communi-
ties, with questionnaires administered to 117 owners. The majority
of dogs were male (78.6%), and most (72.2%) were 4 years old or
younger (Fig. 1).

Of the 117 owners questioned, 43 (36.8%) reported never dosing
their dogs with praziquantel, and 16 (13.7%) owners did not know
when the dog had last been dosed, if ever. Twenty-six dogs (22.2%)
were reportedly dosed within the 6 weeks prior to sampling, with
others dosed at various times between 6 weeks and 2 years prior
to sampling (n = 32, 27.4%, Fig. 2; for dosing details per village see
Table 2).

In Bayenoma, 13 people were asked to describe echinococco-
sis and 5 (38.5%) could accurately do so. In Budengjiang 14 of 19
people asked (73.7%) could accurately describe the disease. In Chan-
gal Kul and Tiebukenwusan 19 and 15 people were asked about

Table 1
Necropsy results (n = 38 dogs).

Taenia spp. Echinococcus spp. Taenia spp. and
Echinococcus spp.

Positive 18 (47.4%) 16 (42.1%) 13 (34.2%)
Negative 20 (52.6%) 22 (57.9%) 25 (65.8%)
Total 38 (100%) 38 (100%) 38 (100%)

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Table 2
Most recent reported dog dosing with praziquantel in each of the six communities sampled.

Community No. of dogs
sampled

No. of
questionnaires
administered

No. of dogs
reportedly never
dosed

No. of dogs with
unknown latest
dosing

No. of dogs dosed
in 6 weeks prior to
sampling

No. of dogs dosed >6
weeks to <2 years prior
to sampling

Bayenoma 19 18 9 (50.0%) 2 (11.1%) 2 (11.1%) 5 (27.8%)
Budengjian 20 20 1 (5.0%) 5 (25.0%) 6 (30.0%) 8 (40.0%)
Changan Kul 27 27 4 (14.8%) 0 (0%) 12 (44.4%) 11 (40.7%)
Chahete 20 15 14 (93.3%) 1 (6.7%) 0 (0%) 0 (0%)
Narenhebuke 21 19 4 (21.1%) 6 (31.6%) 2 (10.5%) 7 (36.8%)
Tiebukenwusan 19 18 11 (61.1%) 2 (11.1%) 4 (22.2%) 1 (5.6%)
Total 126 117 43 (36.8%) 16 (13.7%) 26 (22.2%) 32 (27.4%)

Dog population in Hobukesar County
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Fig. 1. Dog demographics in the six communities sampled in Hobukesar County
(n = 117 dogs).
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Fig. 2. Most recent praziquantel dosing of the dogs sampled in the six communities
in Hobukesar County (ms = months, ys = years).

echinococcosis, respectively, with 18 (94.7%) and 4 (26.7%) respon-
dents being able to accurately describe the disease.

3.3. Canine echinococcosis in six communities in Hobukesar
County

All 126 dog faecal samples were analysed by coproELISA.
CoproELISA prevalences ranged from 15.0% in Chahete to 70.0%
in Budengjian, with an overall coproELISA prevalence of 41.3%
(Table 3).

All coproELISA positive ground faecal samples (n = 52) were ana-
lysed by coproPCR. In total 26 samples (50%) tested positive for E.
granulosus DNA. All samples were negative for E. multilocularis DNA.
Twenty-six samples (50%) were coproELISA positive but coproPCR
negative. As these samples were collected from the ground in a rel-
atively dry and warm environment, any DNA in the samples may
have been degraded (e.g. Olson et al., 2005), and the presence of
PCR inhibitory substances may lead to false negatives (e.g. Mathis
and Deplazes, 2006).

3.4. Using LQAS to evaluate canine coproELISA prevalence, PZQ
dosing and knowledge of echinococcosis in Hobukesar County

The LQAS decision rule for coproELISA positives was met in
five of the six communities, with only Chahete having fewer than
four coproELISA positive dogs. This provides evidence that the true
coproELISA prevalence in Chahete was lower than the 35% thresh-
old. There is no evidence that the true coproantigen prevalence in
the other five communities (Bayenoma, Budengjian, Changan Kul
Narenhebuke and Tiebukenwusan) was below the 35% threshold.

The decision rule for reported praziquantel dosing scheme cov-
erage over the previous year was only met in Changan Kul where
23 dogs were reportedly dosed in the last year. Therefore, this pro-
vides evidence that the praziquantel coverage was lower than 90%
in Bayenoma, Budengjian, Chahete, Narenhebuke and Tiebukenwu-
san.

The decision rule for knowledge of echinococcosis was only
reached in Budengjiang and Changal Kul providing some evidence
that the level of echinococcosis knowledge was lower than 65% in
Bayenoma and Tiebukenwusan.

4. Discussion

Cystic echinococcosis is a neglected zoonotic disease that is
very difficult to control or eliminate (WHO/OIE, 2001) and to date,
only Iceland, New Zealand and Tasmania have declared elimination
status for Echinococcus spp. (Craig and Larrieu, 2006). Control pro-
grammes may include education campaigns, praziquantel dosing
of dogs, controlled slaughter (Gemmell et al., 1986), and vacci-
nation of sheep, the intermediate host for E. granulosus (Barnes
et al., 2012). Echinococcosis Control Programmes are more likely
to succeed on islands, where border control is possible and the
area targeted is finite and clearly defined (Craig and Larrieu, 2006).
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Table 3
CoproELISA positives in each of the six communities sampled. Baye, Bayenoma; Bude, Budengjian; Chan, Changan Kul; Chah, Chahete; Nare, Narenhebuke; Tieb,
Tiebukenwusan.

Village BAYE BUDE CHAN CHAH NARE TIEB Total

Positive 6 (31.6%) 14 (70.0%) 13 (48.2%) 3 (15.0%) 8 (38.1%) 8 (42.1%) 52 (41.3%)
Negative 13 (68.4%) 6 (30.0%) 14 (51.8%) 17 (85.0%) 13 (61.9%) 11 (57.9%) 74 (58.7%)
Total 19 (100%) 20 (100%) 27 (100%) 20 (100%) 21 (100%) 19 (100%) 126 (100%)

However, continental areas present greater challenges for control
of echinococcosis, especially regions that are relatively remote and
where people are nomadic or semi-nomadic (e.g. Schantz et al.,
2003). In these cases frequent praziquantel dosing of domestic dogs
(recommended dosing every 6 weeks) may not be practically fea-
sible (Gemmell et al., 1986; Lembo et al., 2013).

In 2006 the Chinese government implemented a National
Echinococcosis Control Programme in western China, starting in
Sichuan and expanding to other areas including Xinjiang in 2010
(WHO, 2011). It is important to evaluate Echinococcosis Control
Programmes and assess how well these are meeting their targets
(Craig and Larrieu, 2006; Craig et al., in press). Such assessments
are likely to suffer from some of the same challenges as the control
programme itself, such as remoteness of communities, logistical
challenges and limited time and budgets. Practical assessment
tools are therefore highly desirable. We undertook a dog focused
assessment of the application and impact of the National Control
Programme in Hobukesar County, including dog necropsies, and
an LQAS approach to coproELISA tests, and dog owner question-
naires. Whilst the LQAS methodology provides a relatively quick
and low-cost assessment tool, it is important to remember that it is
not appropriate for estimating prevalences at the village level (i.e.
any estimates would be expected to have wide confidence inter-
vals, with the exception of villages where the total number of dogs
was comparable to the number of dogs sampled).

We found that of 38 necropsied dogs, 20 (52.6%) had T. hydati-
gena, 16 (42.1%) had E. granulosus, and 13 (34.2%) dogs had both
parasites. Only 14 dogs (36.8%) had neither parasite. Presence of
either Echinococcus or Taenia tapeworms suggests that the dog had
not been dosed recently, and had access to livestock offal (Gemmell
et al., 1977). The dogs were provided by a local dog catcher, who
recorded the location the dogs were sourced, but the exact ori-
gin and circumstances of the dogs was not known. Therefore it is
important to bear in mind that these dogs are not necessarily rep-
resentative of the owned dog population, as they were all either
stray or unwanted. As praziquantel dosing schemes such as the
current one will generally only include owned dogs, stray dogs will
not benefit from dosing, and dosing compliance may be lower for
unwanted dogs. Furthermore, stray/unwanted dogs may receive
less or no food from people, and may be less likely to be restrained
and therefore be more likely to scavenge. Stray or unwanted dogs
may therefore have higher prevalences of Echinococcus and/or Tae-
nia spp. infections. Nevertheless, the current findings suggest that
active transmission of E. granulosus occurs in our study communi-
ties, with a high prevalence of canine echinococcosis and taeniasis
in the study area.

We used LQAS methodology to investigate three factors related
to the success of the control programme: coproELISA prevalence,
reported praziquantel dosing, and knowledge of echinococcosis.
It is important to note that the coproELISA prevalence is likely
to differ from the true prevalence due to limitations in the test
sensitivity and specificity. However, as we were only attempt-
ing to assess whether the coproELISA prevalence differed from
a previous coproELISA estimate, no attempt was made to adjust
for this. One challenge associated with LQAS is selecting the
thresholds used. In this case, we used data collected from a dog
survey in Narenhebuke prior to the start of the control programme
(Wang et al., 2001, 2005). This was the only pre-intervention data

available from this study area, and we therefore made the assump-
tion that the dogs surveyed in Narenhebuke prior to the control
scheme were representative of the dogs in other communities in
Hobukesar County. Other surveys in nearby Fuhai and Emin Coun-
ties in Xinjiang found that 54/131 dogs surveyed (41.2%) were
coproELISA positive (Wei et al., 2005). However, sensitivity analysis
found that changing the threshold from 35% to 40% did not affect our
results or conclusions (i.e. the same communities would meet or fail
to meet the decision number). It should also be considered that the
aim of the current study is not necessarily to identify villages which
individually have experienced a particular reduction in coproanti-
gen prevalence from their own pre-control status, but to identify
those villages which currently have a lower coproantigen preva-
lence than the county-wide ‘average’ pre-control coproantigen
prevalence (as individual villages may have had different individual
pre-control prevalences). The current approach rather identifies all
villages which may be in need of further attention, regardless of
the reasons for this. Of the six communities studied, only one (Cha-
hete) showed evidence of having a coproELISA positive prevalence
below 35%. Although LQAS identified this village as being differ-
ent from the other five in meeting the decision number, in this
particular case we cannot speak of a reduction in coproELISA preva-
lence as this community was newly established and would not have
existed at the time that Wang et al. ([Wang et al., 2001]2001, [Wang
et al., 2005]2005) conducted their surveys. Furthermore, none of
the dog owners interviewed in this community reported having
dosed their dogs in the previous 2 years (Table 2). This suggests
that the relatively low prevalence recorded in this community was
unlikely to be due to successful intervention. Chahete was unique
in being newly established and based largely on agriculture rather
than livestock, which may explain the lower coproELISA prevalence
(livestock ownership has been identified as a significant risk factor
for human echinococcosis, e.g. Craig and Larrieu, 2006).

In Budengjian and Changan Kul there was no evidence that
knowledge of echinococcosis was lower than 65%, and in Changan
Kul there was no evidence that the praziquantel dosing rates over
the previous year was lower than 90%. However, in both of these
villages there was no evidence of a reduction in coproantigen
prevalence from the previous estimate (35%). This may be due to
infrequent dosing; it is generally suggested that, in order to impact
on coproELISA prevalence, praziquantel dosing must be conducted
at least four times per year (Lembo et al., 2013).

We found that even modest praziquantel dosing targets (at least
90% of dogs dosed in the previous 12 months) were not met in five
communities (Bayenoma, Budengjian, Chahete, Narenhebuke and
Tiebukenwusan), and in only one community (Chahete) was there
evidence of a reduction in Echinococcus spp. coproELISA preva-
lence to less than the previously recorded 35%. This suggests that
the echinococcosis control campaign has had little or no positive
impact in these communities.

Although the aims of the Echinococcosis Control Programme,
including monthly supervised dosing (Chinese Ministry of Health,
2007), were recommended, it appears that they were over-
ambitious in locations such as Hobukesar County, given the
associated challenges of the semi-nomadic lifestyles of local peo-
ple and logistical challenges associated with remote communities.
From our data, it appears that sufficiently frequent praziquan-
tel dosing is not being achieved in the communities evaluated.
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Praziquantel dosing, although highly effective against canine
echinococcosis, is often impractical because of the frequent dosing
and high proportion of dog coverage required. Although prazi-
quantel rids the dosed dog of worms, it provides no protection
against reinfection. Indeed in our samples we found that of the 26
dogs whose owners reported having dosed them no more than 6
weeks prior to sampling, 15 (57.7%) were coproELISA positive. Fur-
thermore, there are other challenges associated with praziquantel
dosing, including the fact that dogs dislike the taste and smell of
tablets, so that ensuring that the whole dose has been consumed is
difficult, as well as difficulties with dosing, as dog weights are usu-
ally estimated in the field, and dogs may be under-treated (Larrieu
and Zanini, 2012). Therefore, other measures to reduce echinococ-
cosis should be considered.

Dog dosing frequencies of every 6 weeks (eight times a year) are
often suggested during a control programme (e.g. Gemmell et al.,
1986; Lembo et al., 2013), with the aim of preventing Echinococcus
spp. from reaching patency even in the case of immediate reinfec-
tion (Thompson and McManus 2001), and therefore preventing the
release of any eggs from dogs. If this is carried on for a sufficient time
period to allow for previously infected intermediate hosts such as
sheep to be removed from the population, the transmission cycle of
Echinococcus can be suspended (see also Larrieu and Zanini, 2012;
Torgerson, 2003). However, these dosing frequencies are often not
achieved in Echinococcus endemic areas (Craig and Larrieu, 2006;
Larrieu and Zanini, 2012). As such, it may be better to set more
realistic goals; even if it is not feasible to eliminate echinococco-
sis from a certain area, reductions in transmissions to humans can
be achieved with more modest dosing frequencies. For example,
mathematical models have suggested that dosing frequencies can
be reduced to once every 3 months and still reduce prevalence rates
in dogs and livestock to less than 1% within 10–15 years (Torgerson,
2003). It may also be advisable to ensure that supervised dosing
of dogs is conducted by trained operatives, rather than relying on
dog owners to administer the tablets, as this has been a feature
of most successful control campaigns to date, and can help ensure
compliance (Craig and Larrieu, 2006).

Previous studies have found that education campaigns could
present a practical way of reducing echinococcosis (e.g. Huang
et al., 2011). Inclusion of health education has the potential to
reduce echinococcosis through increased compliance with dog
dosing, a reduction in offal being fed to dogs and/or through
improved hygiene, although education alone is unlikely to achieve
the desired dosing frequency and decrease in coproELISA preva-
lence (Craig and Larrieu, 2006; Lembo et al., 2013). Another possible
avenue of echinococcosis control is the vaccination of the inter-
mediate host. A safe and effective vaccine against echinococcosis
is available for sheep (Heath et al., 2003). Mathematical models
suggest that a combination of dog dosing and sheep vaccination is
the most effective strategy for echinococcosis control (Torgerson,
2003; Torgerson and Heath, 2003) and vaccination has been suc-
cessfully trialled in endemic areas (Larrieu et al., 2013). However,
there are challenges associated with the vaccine, including the fact
that lambs need two doses of the vaccine, and a booster vaccine
when they are 1–1.5 years of age (Heath et al., 2003; Larrieu et al.,
2013), and the fact that sheep populations are usually much larger
than dog populations (Larrieu et al., 2013). This can increase the
challenges associated with logistics, although vaccination could
be incorporated into other veterinary measures targeting sheep
(Heath et al., 2003).

5. Conclusions

Our results suggest that the Echinococcosis Control Programme
in Hobukesar County in north-west China is still facing several

challenges. Although half (50.4%) of all people asked reported dos-
ing their dogs in the last 12 months, the coproELISA prevalence
amongst owned dogs remained high in most communities, sug-
gesting little or no reduction has been achieved by the control
programme. It is likely that even quarterly praziquantel dos-
ing in these communities is very difficult; they are small rural
and remote communities, and many people have semi-nomadic
lifestyles that make regular dosing by authorities difficult. The
logistical challenges associated with frequent praziquantel dos-
ing and the high coproELISA prevalences found here suggest that
additional methods, such as health education and livestock vac-
cination should be considered to improve compliance levels and
the effectiveness of the Echinococcosis Control Programme in
Hobukesar County and similar areas. Although many authors agree
that elimination of Echinococcus spp. from continental areas is
often infeasible, attempts to reduce Echinococcus spp. transmission
should be undertaken in endemic areas where echinococcosis is a
public health concern. Instead of aiming to dose dogs every month,
which is likely to be overambitious in remote areas, government
workers could aim to dose dogs two to four times a year. Public
health education could also help reduce transmission to humans,
and avenues to integrate sheep vaccination into existing veterinary
practices could be explored.

Funding

This research was funded by the Program for Changjiang Schol-
ars and Innovative Research Team in Universities (IRT1181) and the
Wellcome Trust (#094325/Z/10/Z).

Ethical approval

Ethical approval for this study was provided by the Ethical
Review Committee at the First Affiliated Hospital of Xinjiang Med-
ical University, Urumqi, Xinjiang, China.

Acknowledgements

We would like to thank the local Centre for Disease Control in
Hobukesar for their assistance and hospitality in the field, as well
as the local volunteers in the communities in Hobukesar County
for their assistance and translation into Mongolian or Kazakh. We
would further like to thank Dr. Belgees Boufana for her support in
the lab.

References

Abbasi, I., Branzburg, A., Campos-Ponce, M., Hafez, S.K.A., Raoul, F., Craig, P.S., Ham-
burger, J., 2003. Copro-diagnosis of Echinococcus granulosus infection in dogs by
amplification of a newly identified repeated DNA sequence. Am. J. Trop. Med.
Hyg. 69, 324–330.

Allan, J.C., Craig, P.S., Garcia Noval, J., Mencos, F., Liu, D., Wang, Y., Wen, H., Zhou, P.,
Stringer, R., Rogan, M.T., Zeyhle, E., 1992. Coproantigen detection for immunodi-
agnosis of echinococcosis and taeniasis in dogs and humans. Parasitology 104,
347–355.

Barnes, T.S., Deplazes, P., Gottstein, B., Jenkins, D.J., Mathis, A., Siles-Lucas, M., Torg-
erson, P.R., Ziadinov, I., Heath, D.D., 2012. Challenges for diagnosis and control
of cystic hydatid disease. Acta Trop. 123, 1–7.

Bart, J.M., Abdukared, M., Zhang, Y.L., Lin, R.Y., Wang, Y.H., Nakao, M., Ito, A., Craig,
P.S., Piarroux, R., Vuitton, D.A., Wen, H., 2006. Genotyping of human cystic
echinococcosis in Xinjiang, PR China. Parasitology 133, 573–579.

Boufana, B.S., Campos-Ponce, M., Naidich, A., Buishi, I., Lahmar, S., Zeyhle, E., Jenkins,
D.J., Combes, B., Wen, H., Xiao, N., Nakao, M., Ito, A., Qiu, J., Craig, P.S., 2008.
Evaluation of three PCR assays for the identification of the sheep strain (genotype
1) of Echinococcus granulosus in canid feces and parasite tissues. Am. J. Trop. Med.
Hyg. 78, 777–783.

Boufana, B., Umhang, G., Qiu, J., Chen, X., Lahmar, S., Boué, F., Jenkins, D.J., Craig,
P.S., 2013. Development of three PCR assays for the differentiation between
Echinococcus shiquicus, E. granulosus (G1 genotype), and E. multilocularis DNA
in the co-endemic region of Qinghai-Tibet plateau, China. Am. J. Trop. Med. Hyg.
88, 795–802.



F. van Kesteren et al. / Acta Tropica 145 (2015) 1–7 7

Chinese Ministry of Health, 2007. Technical Scheme of Hydatid Disease Control and
Prevention Notice. The Office of the Ministry of Health (in Chinese).

Craig, P.S., Larrieu, E., 2006. Control of cystic echinococcosis/hydatidosis:
1863–2002. Adv. Parasitol. 61, 443–508.

Craig, P.S., Budke, C., Schantz, P.M., Li, T., Qiu, J., Yang, Y., Zehyle, E., Rogan, M.T., Ito,
A., 2007. Human echinococcosis – a neglected disease? Trop. Med. Health 35,
283–292.

Craig, P.S., Mastin, A., van Kesteren, F., Boufana, B., 2015. Echinococcus granulosus:
epidemiology and state-of-the-art of diagnostics in animals Echinococcus granu-
losus: epidemiology and state-of-the-art of diagnostics in animals. Vet. Parasitol.
(in press).

Dodge, H.F., Romig, H.G., 1929. A method of sampling inspection. Bell Syst. Tech. J.
8, 613–631.

Elayoubi, F.A., Craig, P.S., 2004. Echinococcus granulosus coproantigens: chromato-
graphic fractionation and characterization Echinococcus granulosus coproanti-
gens: chromatographic fractionation and characterization. Parasitology 128,
455–465.

Gardner, I.A., Greiner, M., 2006. Receiver-operating characteristic curves and like-
lihood ratios: improvements over traditional methods for the evaluation and
application of veterinary clinical pathology tests. Vet. Clin. Pathol. 35, 8–17.

Gemmell, M.A., Johnstone, P.D., Oudemans, G., 1977. The effect of praziquantel on
Echinococcus granulosus, Taenia hydatigena and Taenia ovis infections in dogs.
Res. Vet. Sci. 23, 121–123.

Gemmell, M.A., Lawson, J.R., Roberts, M.G., 1986. Control of echinococco-
sis/hydatidosis: present status of worldwide progress. Bull. World Health Organ.
64, 333–339.

Heath, D.D., Jensen, O., Lightowlers, M.W., 2003. Progress in control of hydatido-
sis using vaccination – a review of formulation and delivery of the vaccine
and recommendations for practical use in control programmes. Acta Trop. 85,
133–143.

Huang, L., Huang, Y., Wang, Q., Xiao, N., Yi, D., Yu, W., 2011. An agent-based
model for control strategies of Echinococcus granulosus. Vet. Parasitol. 179,
84–91.

Larrieu, E., Zanini, F., 2012. Critical analysis of cystic echinococcosis control programs
and praziquantel use in South America, 1974–2010. Rev. Panam. Salud Publica
31, 81–87.

Larrieu, E., Herrero, E., Mujica, G., Labanchi, J.L., Arayaa, D., Grizmadoa, C., Calabroa,
A., Talmona, G., Ruestaa, G., Pereza, A., Gattia, A., Santillánc, G., Cabrerac, M., Arez-
zoa, M., Seleimana, M., Cavagión, L., García Cachaub, M., Alvarez Rojas, C.A., Gino,
L., Gauci, C.G., Heath, D.E., Lamberti, R., Lightowlers, M.W., 2013. Pilot field trial
of the EG95 vaccine against ovine cystic echinococcosis in Rio Negro, Argentina:
early impact and preliminary data. Acta Trop. 127, 143–151.

Lembo, T., Craig, P.S., Miles, M.A., Hampson, K.R., Meslin, F.X., 2013. Zoonoses pre-
vention, control, and elimination in dogs. In: Macpherson, C.N.L., Meslin, F.X.,
Wandeler, A.I. (Eds.), Dogs, Zoonoses and Public Health. , Wallingford, UK.

Mathis, A., Deplazes, P., 2006. Copro-DNA tests for diagnosis of animal taeniid ces-
todes. Parasitol. Int. 55, S87–S90.

Morales, M., 2013. Package ‘Sciplot’, R Package Version 1.1-0.
Nakazawa, M., 2013. Package ‘Pyramid’, R Package Version 1.3.

Olson, J.B.S., Whitney, D.H., Durkee, K., Shuber, A.P., 2005. DNA stabilization is critical
for maximizing performance of fecal DNA-based colorectal cancer tests. Diagn.
Mol. Pathol. 14, 183–191.

Pagano, M., Valadez, J.J., 2010. Commentary: understanding practical lot quality
assurance sampling. Int. J. Epidemiol. 39, 69–71.

Robertson, S.E., Valadez, J.J., 2006. Global review of health care surveys using lot
quality assurance sampling (LQAS), 1984–2004. Soc. Sci. Med. 63, 1648–1660.

Schantz, P.M., Wang, H., Qiu, J., Liu, F.J., Saito, E., Emshoff, A., Ito, A., Roberts, J.M.,
Delker, C., 2003. Echinococcosis on the Tibetan Plateau: prevalence and risk
factors for cystic and alveolar echinococcosis in Tibetan populations in Qinghai
Province, China. Parasitology 127, S109–S120.

Thompson, R.C.A., McManus, D.P., 2001. Chapter 1: Aetiology: parasites and life-
cycles. In: Eckert, J., Gemmell, M.A., Meslin, F.X., Pawlowski, Z.S. (Eds.), WHO/OIE
Manual on Echinococcosis in Humans and Animals: A Public Health Problem of
Global Concern. , Paris, France.

Torgerson, P.R., Heath, D.D., 2003. Transmission dynamics and control options for
Echinococcus granulosus. Parasitology 127, 143–158.

Torgerson, P.R., 2003. The use of mathematical models to simulate control options
for echinococcosis. Acta Trop. 85, 211–221.

Valadez, J.J., Weiss, W., Leburg, C., Davis, R., 2002. Assessing Community Health Pro-
grams: A Participant’s Manual and Workbook. Using LQAS for Baseline Surveys
and Regular Monitoring.

WHO, 2010. The Control of Neglected Zoonotic Diseases. Report of the Third Con-
ference Organized With ICONZ, DFID-RIU, Gates Foundation, SOS, EU, TDR and
FAO with the participation of ILRI and OIE. World Health Organization, Geneva,
Switzerland.

2011. Report of the WHO Informal Working Group on Cystic and Alveolar Echinococ-
cosis Surveillance, Prevention and Control, With the Participation of the Food
and Agriculture Organization of the United Nations and the World Organisation
for Animal Health. World Health Organization, Geneva, Switzerland.

WHO/OIE, 2001. Manual on Echinococcosis in Humans and Animals: A Public Health
Problem of Global Concern. World Health Organization/World Organisation for
Animal Health, Paris, France.

Wang, Y.H., Rogan, M.T., Vuitton, D.A., Wen, H., Bartholomot, B., Macpherson, C.N.L.,
Zou, P.F., Ding, Z.X., Zhou, H.X., Zhang, X.F., Luo, J., Xiong, H.B., Fu, Y., McVie,
A., Giraudoux, P., Yang, W.G., Craig, P.S., 2001. Cystic echinococcosis in semi-
nomadic pastoral communities in north-west China. Trans. R. Soc. Trop. Med.
Hyg. 95, 153–158.

Wang, Y., He, T., Wen, X., Lia, T., Waili, T.T., Zhang, W., Zhou, H., Zheng, H., Wen, H.,
Davaadorj, N., Gambolt, L., Mukharb, T., Rogan, M.T., Craig, P.S., 2005. Human
cystic echinococcosis in two Mongolian communities in Hobukesar (China) and
Bulgan (Mongolia). Trans. R. Soc. Trop. Med. Hyg. 99, 692–698.

Wei, J., Cheng, F., Qun, Q., Nurbek, Xu, S., Sun, L., Han, X., Muhan, Han, L., Irixiati, Jie,
P., Zhang, K., Islayin, Chai, J., 2005. Epidemiological evaluations of the efficacy
of slow-released praziquantel-medicated bars for dogs in the prevention and
control of cystic echinococcosis in man and animals. Parasitol. Int. 54, 231–236.

von Nickisch-Rosenegk, M., Silva-Gonzalez, R., Lucius, R., 1999. Modification of uni-
versal 12S rDNA primers for specific amplification of contaminated Taenia spp.
(Cestoda) gDNA enabling phylogenetic studies. Parasitol. Res. 85, 819–825.


	Independent evaluation of a canine Echinococcosis Control Programme in Hobukesar County, Xinjiang, China
	1 Introduction
	2 Materials and methods
	2.1 Communities
	2.2 Dog necropsies
	2.3 Lot Quality Assurance Sampling (LQAS)
	2.4 Faecal sample collection
	2.5 CoproELISA
	2.6 DNA extraction, PCR and sequencing
	2.7 Data analysis

	3 Results
	3.1 Necropsy panel
	3.2 Dog demographics and praziquantel dosing
	3.3 Canine echinococcosis in six communities in Hobukesar County
	3.4 Using LQAS to evaluate canine coproELISA prevalence, PZQ dosing and knowledge of echinococcosis in Hobukesar County

	4 Discussion
	5 Conclusions
	Funding
	Ethical approval
	Acknowledgements
	References


