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Abstract A cross-sectional study was conducted in three
counties (Damxung, Maizhokunggar and Yadong) in Tibet
in April and May 2015. A total of 1,523 yaks owned by 181
herders were randomly selected and blood sampled. Sera were
tested using the rose bengal test (RBT) and a competitive
immune-enzymatic assay (C-ELISA) and the test results
interpreted in parallel. The individual yak prevalence was
2.8% (95% CI 2.0-3.7) with a herd prevalence of 18.2%
(95% CI 12.9-24.6). At the individual level, two predictor
variables, age and production system, were significantly asso-
ciated with seropositivity by a binary logistic regression anal-
ysis. The odds of Brucella infection were significantly higher
in older Yaks (3-5 years old, OR =4.51; 95% CI 1.53-19.29;
>6 years old, OR = 3.89; 95% CI 1.23-17.21) compared to
those of younger yaks (<2 years old). The odds of seroposi-
tivity for yaks managed under an agro-pastoral production
system were 2.9 (95% CI 1.48-5.86) times higher compared
to those managed under a pastoral production system. At the
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herd level, an association between the infection with Brucella
and a history of abortions in the herd was observed
(OR = 4.98, 95% CI 1.48-16.62). Surprisingly, vaccination
was not associated with a lower level of infection (p = 0.49
and p = 0.99 for individual and herd level data, respectively).
The results of the survey indicate that bovine brucellosis is
endemic among the yak population in the plateau region of
China, and the risk factors identified in the study should be
considered in the epidemiology of the disease and when de-
veloping control programs for the disease.
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Introduction

Bovine brucellosis is principally caused by Brucella abortus,
although B. melitensis and B. suis can occasionally cause dis-
ease if animals are grazed and/or managed with sheep and
goats, or pigs, respectively (Praud et al. 2016). Although it
has been eradicated in some countries, such as Australia and
New Zealand, it remains endemic in many countries over the
world including China (Diaz 2013, Sun et al. 2016).

The Tibet Autonomous Region is one of the largest pastoral
provinces in China, with an average altitude of more than
4000 m above sea level. In most areas, the average annual
temperature is below 5 °C although the temperature may rise
to above 25 °C in summer (Gerald et al. 2003). The annual
precipitation is below 400 mm with more rain in the southeast
area than the northwest area (Zuo et al. 2009). Agriculture and
animal husbandry have been the predominant industry
supporting the Tibetan economy, although tourism is
expanding. The total output from the agriculture, livestock
and fishery industries provides almost 20% of the GDP de-
spite the fragile ecological environment (Anonymous 2013).
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Yaks (Bos grunniens) have been playing an important role in
the livelihood of the pastoralists through the production of
meat, milk, fibre and hides (Gerald et al. 2003). In Tibet, there
are approximately 5 million yaks, representing for 34% of the
world’s yak population (Ma et al. 2014).

Brucellosis was recognised in Tibet in the 1980s as a dis-
ease of both livestock and humans. Through the implementa-
tion of vaccination and slaughter of affected animals, the dis-
ease was reported to have been controlled (Anonymous
1985); however, recently, human infection in Tibet has re-
emerged (ZhanDui et al. 2008). As infection in humans al-
ways arises from contact with domestic or wild animal reser-
voirs and their products (Godfroid et al. 2005), in order to
effectively control the disease, China initiated a surveillance
programme of livestock in 2009 (Bureau of Veterinary 2009).
As aresult of this surveillance, the prevalence of brucellosis in
livestock, including yaks, cattle, sheep and goats, from three
counties of Tibet was reported to be 1.25% (Wu et al. 2011).
However, there is little up-to-date information about the dis-
case on the Tibetan plateau. Consequently, the current study
was designed to determine the seroprevalence, distribution
and risk factors for brucellosis in yaks.

Materials and methods
Study areas and design

The study was conducted in the counties of Damxung,
Maizhokunggar and Yadong in the Tibet Autonomous
Region (Fig. 1). There are four livestock production systems
adopted in Tibet: pastoral; agro-pastoral; crop-based livestock
and agro-forestry-pastoral mixed production systems (Nyima
et al. 2005). In the pastoral production system, livestock are
usually grazed on rangeland pastures under a nomadic man-
agement structure, while in a crop-based livestock production
system, animals are fed crop residues, such as straw during
winter and spring, are grazed during summer and are managed
by integration of the two methods during autumn. The agro-
pastoral production system involves a mixture of these two
systems with part grazing on rangelands and some supplemen-
tary feeding of crop residues. The agro-forestry-pastoral
mixed production system is a blend of livestock, crop and
forestry production. Yaks are primarily raised by subsistence
farmers and are the dominant livestock in the three counties
included in this study. Pali township, located in Yadong
County, is exclusively a pastoral area, situated south of
Lhasa and borders Bhutan and India. Maizhokunggar is an
agro-pastoral area which has the national highway 318 tra-
versing it linking Lhasa with the Sichuang Province.
Damxung to the north of Lhasa is another pastoral area of
Tibet.
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A cross-sectional survey was conducted from April to
May 2015. The locations of the sampled counties in Tibet
were displayed by generating two choropleth maps using
ArcGIS 10.3.

Yak sampling and sample size

Based on the distribution of yaks, yaks from three counties
were randomly selected for sampling. Four townships were
randomly selected from the eight townships present in both
Maizhokunggar and Damxung Counties. Pali was selected
from Yadong County as most yaks in this county are raised
in this township. In Pali, all yak calves are vaccinated with S2
Brucella vaccine (Qianyuanhao Biological Co, China), which
imparts immunity for approximately 2 years in cattle. A total
number of 181 households in 30 villages were randomly se-
lected from the townships. At least 40 yaks in each village
were randomly selected for sampling. Herders located in re-
mote areas were excluded from the sampling frame because of
the logistical challenges in sampling them. Herds with at least
four yaks aged more than 1 year were eligible for inclusion in
the study.

The sample size was calculated using Epitools (Sergeant
2015) to estimate the prevalence using a design prevalence of
10% (Gao et al. 2013), with 95% confidence and 5%
precision.

Serological tests

Approximately 8 ml of whole blood was collected from the
jugular vein of the selected yaks. The samples were left at
room temperature for a few hours and then centrifuged at
3000 rpm for 10 min. The sera were decanted and stored at
—20 °C until testing. Each serum sample was tested with a
commercial rose bengal test (RBT) (Institute Pourquir,
IDEXX Montpellier, France) and a C-ELISA (INGEZIM
BRUCELLA Compac 2.0, SPAIN) using the protocol
outlined by the manufacturer and OIE (2009). The reported
sensitivity (Se) and specificity (Sp) in Bos taurus of the C-
ELISA were 98 and 99.9%, respectively, and for the RBT,
81.2 and 86.3%, respectively (Gall and Nielsen 2004). The
tests were interpreted in parallel where a sample was classified
as positive if one or more of the tests was positive. When tests
were interpreted in parallel, the calculated sensitivity and
specificity of the combined tests were 99.6 and 86.2%, respec-
tively. For a herd to be classed as positive, at least one sero-
positive yak was required to be detected in the sampled herd.

Statistical analyses

Data were transferred to Microsoft Excel (Microsoft Excel
2010, Redmond, USA). Seroprevalence, together with 95%
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Fig. 1 Map showing the location
of the selected counties in Tibet,
China
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CI, was calculated and further analysed using the statistical
software R (R Development Core Team 2013).

As yak calves from Pali township had a history of vaccina-
tion, analyses to identify risk factors were restricted to data
from yaks from Maizhokunggar and Damxung counties.
Variables with a p < 0.20 on the univariable analyses were
offered to a multivariable logistic regression analysis. A mul-
tivariable logistic regression model was generated using a
backward stepwise process to control for confounding and test
for effect modification. Variables with a p < 0.05 were retained
in the final model. The model was evaluated through
conducting the likelihood ratio test and the model with the
smallest AIC (Akaike Information Criterion) value was
regarded as the most appropriate model (Boukary et al.
2013). The model was then assessed by the Hosmer-
Lemeshow goodness-of-fit test. Additionally, a receiver oper-
ating characteristic (ROC) curve was generated to display the
predictive accuracy of the model (Sing et al. 2005).

Results

A total of 1523 yaks belonging to 181 herders originating
from 30 villages were sampled in the three selected counties.
Overall, the seroprevalence on the RBT was 1.8% (95% CI
1.2-2.6) which was similar to the C-ELISA result of 1.5%
(95% C11.0-2.3) (p =0.67, Xz =(.183). When the tests were
interpreted in parallel, the seroprevalence of antibodies against
brucellosis was 2.8% (95% C12.0-3.7). 18.2% (95% CI12.9—
24.6) of herds contained one or more seropositive animals.
There was no significant difference in the seroprevalence be-
tween vaccinated and unvaccinated yaks at both the individual
and herd level (p = 0.49, x> = 0.48; p = 0.99, > = 1,

respectively). The geographical distribution of the results is
displayed in Fig. 2.

For the risk factor analyses, data were restricted to the 1283
yaks in 159 herds from the counties of Maizhokunggar and
Damxung. The four factors age, herd size, county and produc-
tion system were all significant on the univariable analyses
(p < 0.20) and were selected for inclusion in the saturated
multivariable logistic regression model (Table 1). In the final
model, only the production system and age of animals were
significantly associated with seropositivity in yaks at the ani-
mal level. Yaks in the agro-pastoral production system
(OR =2.90, 95% CI 1.48-5.86) as well as aged >6 years old
(OR = 3.89, 95% CI 1.23—-17.21) and between 3 and 5 years
old (OR =4.51, 95% CI 1.53-19.29) had significantly higher
odds of seropositivity compared to yaks in the pastoral pro-
duction system and aged <2 years old, respectively (Table 2).
The likelihood ratio test, x* = 16.37 (p < 0.001), AIC value of
the final model 0f326.95 and a Hosmer-Lemeshow goodness-
of-fit value (p = 0.46), indicated that the model was a good fit
of the data. The area under the ROC curve was 0.61, indicat-
ing that the model had moderate to good predictive ability.

Herds with a history of abortion in the preceding year to the
survey were more likely to be seropositive (OR = 4.98, 95%
CI 1.48, 16.62) than herds without abortions. No other man-
agement or husbandry variables produced a significant asso-
ciation with seropositive herds (all p > 0.20).

Discussion
Although there is an official bovine brucellosis surveillance

strategy in Tibet, this study is one of the first epidemiological
studies on the disease investigating the prevalence in yaks
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Fig. 2 Map showing the distribution of positive and negative herds sampled in the three counties

managed under different production systems in the region.
The study showed that the seroprevalence in individual yaks
was relatively low (2.8%), although the herd prevalence was
reasonably high (18.2%). A higher animal level prevalence in
yaks has been reported in India (21.1%) and Nepal (22%)

(Bandyopadhyay et al. 2009, Jackson et al. 2014). In China,
the prevalence reported in yaks has varied, with a range of 6.5
to 13.4% in animals on Qing-Tibet plateau (Gao et al. 2013,
He et al. 2015), reaching 12.8% in Xinjiang Autonomous
Region (Yuan et al. 2014).

Table 1 Univariable analysis of

risk factors associated with Variable Categories Prevalence (%) OR (95%) p value
brucellosis seropositivity among
yaks in Tibet using interpretation Age =6 3.01 1.27 (0.63, 2.65) 0.06*
of the rose bengal test (RBT) and 3-5 3.81 3.75(1.27, 16.63)
F:ompetitive enzyme-linked < 1.00 1
immunosorbent assay (C-ELISA)
in parallel Sex Female 3.14 1.18 (0.61, 2.31) 0.61
Male 2.66 1
Herd size >50yaks 1.81 1
<50 yaks 4.03 2.26 (1.14,4.71) 0.02*
County Damxung 2.03 1 0.07*
Maizhokunggar 3.73 1.86 (0.95, 3.81)
Production system Agro-pastoral 4.54 1 0.004*
Pastoral 1.80 2.58 (1.32,5.20)

*p < 0.20 and offered to multivariable logistic regression model
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Table 2 Multivariable logistic
regression analysis of risk factors Risk factors Category levels Estimate SE OR 95% C1 p value
associated with brucellosis
seropositivity among yaks Constant —5.28 0.64
Production system Pastoral 1.0
Agro-pastoral 1.06 0.35 2.90 1.48,5.86 0.002
Age >6 1.36 0.65 3.89 1.23,17.21 0.037
3-5 1.51 0.62 4.51 1.53,19.29 0.016
<2 1.0

Estimate regression coefficient, SE standard error, C/ confidence interval

In order to relieve the pressure on degraded grasslands,
Tibet has implemented regulations to restrict grazing on pas-
ture. Pasture has been fenced and allocated to different house-
holds (Wang et al. 2014) and the number of livestock owned
by individual households has been limited. These measures
may restrict livestock movement with the potential to reduce
potential contact between herds, and hence likely disease
transmission of brucellosis between herds in the region.

It is apparent from this study that the disease is endemic in
yaks in the Tibetan plateau. It is possible that the introduction
of yaks to improve the local genetics and through movement
for trade and nomadic grazing purposes have resulted in dis-
ease spread (Boukary et al. 2013). Yaks in the study areas are
recognised as of superior quality and are frequently exchanged
and exported to other areas for breeding purposes. This move-
ment of animals has the potential to play a key role in the
distribution of the disease. In addition, two national highways
traverse the counties of Damxung and Maizhokunggar, as well
as a railway line passing through Damxung, resulting in more
trade between Tibet and other regions of China. Furthermore,
Yadong County borders Bhutan and India allowing for poten-
tial cross-border movement of yaks. Tibet also has an overall
low temperature, due to its high altitude, allowing extended
environmental survival of Brucella organisms (Aune et al.
2012). Customs may also play a role in the disease, as herders
still raise livestock in a traditional manner. Herders slaughter
animals themselves when the livestock are old, and the higher
prevalence in older animals is likely to lead to a greater risk of
infection for the herders and their families. Finally, with the
development of Tibet, nomadic practices have been replaced
by an agropastoralist system which has significantly changed
people’s diet and lifestyle resulting in more unhygienic living
conditions, degraded quality of fodder, consumption of dirty
water and improved road transportation. These changes could
increase the public health risk for zoonotic diseases (Jackson
et al. 2014) and the potential for the further spread of
brucellosis.

At the individual animal level, age and production system
were significant in the logistic regression model. This is likely
to be associated with an increased opportunity of exposure to
the bacterium through environmental exposure to contaminat-
ed materials such as aborted foetuses, fluids and milk. In the

current study, animals between the age of 3 and 5 years, which
coincides with sexual maturity, had the highest prevalence.
Others have similarly shown an increased risk of infection
with Brucella spp. at this time (Matope et al. 2011).

The production system was identified as a risk factor for
seropositivity in the current study, as has also been reported by
others (Jergefa et al. 2009). The lower population density as-
sociated with a nomadic system would decrease potential ex-
posure to Brucella, in contrast the higher stocking density in
an agro-pastoral system would provide a greater opportunity
for non-infected animals to have contact with infected yaks.

Others have reported a higher seroprevalence in larger
herds (Jackson et al. 2014) which was in contrast to that found
in the current study where smaller herds (<50 head) were more
likely to be infected in the univariable analysis (p < 0.05,
OR = 2.26, 95% CI 1.14-4.71). This finding may be con-
founded by the area of land owned/managed and stocking
density may be a more appropriate method of determining risk
of infection in future studies.

In this study, a history of abortions in the herd in the
12 months preceding the survey was strongly linked to sero-
positivity (p < 0.05). This is consistent with other studies and
is not unexpected given the association between infection and
abortion (Alhaji et al. 2016).

In the present study, the RBT and C-ELISA were adopted
as diagnostic tests since they were convenient. However, the
diagnostic tests used have not been validated in yaks and this
should be undertaken to ensure these tests are suitable for use
in this species, even though they have been used in yaks in
other studies (He et al. 2015). In addition, as agglutinating
antibodies induced by the B. suis strain 2, vaccine are reported
to last for approximately 4 months post-vaccination (Han et al.
2009), in Pali, all yaks sampled were older than 2 years of age
and consequently, it is highly likely that the positive results
indicate natural infection rather than a vaccination induced
one.

In conclusion, this study demonstrated that the animal level
seroprevalence to brucellosis in domestic yaks (B. grunniens)
was low (2.8%) in Tibet, although the herd level seropreva-
lence was higher (18.2%). To minimise future spread of infec-
tion, it is recommended that an annual vaccination programme
should be implemented, as has previously been adopted for
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cattle (Baghiyan and Shirvanyan 2016). There is a need for
educational material to be developed for yak herders to min-
imise infection of humans who are in close association with
these animals or who consume unpasteurised milk and milk
products.
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