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Abstract

Pseudorabies (PR) has been prevalent in Chinese swine breeding farms since the outbreak at the end of 2011. For investigating
current prevalence of PR, a nationwide surveillance has been performed in this study. The swine serum samples were collected from
93, 100, 92, and 91 swine farms in China during 2013-2016, respectively. Since the extensive use of gE-deleted pseudorabies virus
(PRV) vaccine, we could apply the PRV-gE antibody for determining wild-type virus infection and the PRV-gB antibody for
evaluating vaccine immunization. The results were concluded as follows: (1) Nationally, the positive rate of PRV-gB was main-
tained at a high level (>90%), while the positive rate of PRV-gE continued to decrease (from 22.17 to 13.14%). (2) The positive
rates of PRV-gE were greatly varied in different geographical regions and swine farms (0~100%), while the positive rate of PRV-gB
was generally high (> 90%). (3) The number of imported PRV attenuated vaccines were about twice that of domestic PRV attenuated
vaccines, while the positive rate of PRV-gB was not significantly different (P >0.05). (4) The performance of PR eradication
developing or developed farms was better than the performance of common farms, with higher positive rate of PRV-gB (> 90%) and
much lower positive rate of PRV-gE (nearly 0%).
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Introduction

Porcine pseudorabies (PR) is a porcine acute infectious dis-
ease caused by pseudorabies virus (PRV). PRV can be verti-
cally transmitted transplacentally, mainly in the last third of
gestation. The virus can also spread via colostrum to suckling
piglets (Beran 1993). It has been a major infectious disease
threatened the global swine breeding industry, especially in
the swine breeding farms. The continuous accumulation and
proliferation of PRV would lead to continuously raised posi-
tive rate in population and offspring (Pomeranz et al. 2005;
Mettenleiter 2000).
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At the end of 2011, the PRV was outbroke in China.
Yu et al. (2014) and co-workers reported that the abor-
tion rate of infected sow was about 35% and the mortality rate
of piglets with neurological symptoms was more than 20%.
The positive rate of wild-type virus-infected pigs could be as
high as 50%, even in farms immunized with PRV attenuated
vaccine (Bartha strains) (Yu et al. 2014; Wu et al. 2013). An
(2012) confirmed that the mutations in PRV strains have re-
sulted in enhanced pathogenicity of PRV, whereas commercial
Bartha vaccine strains only provide partial protection for epi-
demic strains (An et al. 2013). It brought about great chal-
lenges to PR prevention and control. At present, a series of
measures have been taken to prevent and control PR in China,
including strengthening the construction of biosecurity system
and improving the vaccination efficacy (Freuling et al. 2017
Yuan et al. 2016).

Since the extensive use of gE-deleted pseudorabies virus
(PRV) vaccine, we could apply the PRV-gE antibody (PRV-gE
for short) for determining wild-type virus infection and the
PRV-gB antibody (PRV-gB for short) for evaluating vaccine
immunization. The PR eradication project has been promoted
and developed since 2012, the positive rate and incidence of
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the disease is declining year by year (Yuan et al. 2016;
Hu et al. 2015).

To further understand the domestic prevalence of PR, the
nationwide surveillance of both PRV-gB and PRV-gE was
developed from 2013 to 2016. More than 90% of the swine
breeding regions were covered and the results were analyzed
per seven geographical regions (North China, Northeast, East
China, Central China, South China, Southwest, and
Northwest). In this study, we first calculated the mean and
differences of PRV-gB and PRV-gE in the nation and seven
regions. Then, the efficacy of imported and domestic PRV
vaccines was compared. Finally, the effects of PR eradication
on positive rate of PRV-gB and PRV-gE were analyzed.

Materials and methods

During the surveillance in 2013-2016, 93, 100, 92, and 91
breeding farms were included, covering 28, 28, 28, and 26
provinces and autonomous regions (covering more than 90%
of Chinese swine breeding areas) respectively.

In each province, 2—7 farms were selected per the distribu-
tion density of swine farms. The samples were collected be-
tween May and June in each year. Thirty-five to fifty blood
samples were collected in each farm, including sow, gilts, and
boars. The serum was obtained 24 h after blood sample col-
lection and frozen at —20 °C until assay. The information of
sampled swine was collected with standard form, including
age in days, vaccine status, and vaccine brand.

The sampling was finished within 2 weeks in same year
and all the samples were determined with IDEXX PRV/ADV
gB Ab Test and IDEXX PRV/ADV gl Ab Test of the same
batch. The detection was performed, and the results were
interpreted according to the kit instructions.

The data was processed and demonstrated as boxplots with
EXCEL 2016 (Microsoft, USA). The boxplots were applied
for analyzing and demonstrating the positive rate and distri-
bution of PRV-gB (in white) and PRV-gE (in black). In the
boxplot, the polyline (in gray) indicated the average positive
rate; the column in the box plot indicated the distribution of
positive rate (the upper limit of the column was the upper
quartile of the positive rate and the lower limit was the lower
quartile); scattered points indicated the abnormal value
exceeded the limit. For the same region, the average positive
rate indicated the overall situation; the distribution presented
the differences across farms. The wide range of distribution
represented great difference of positive rates among farms,
indicating higher risk of across farm infection. The statistical
analysis in this study was performed with ¢ test embedded in
the EXCEL 2016 (Microsoft, USA) and P < 0.05 was consid-
ered as significant.

The positive rates of different geographical regions were
calculated. The seven regions were as follows: North China
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(Beijing, Tianjin, Hebei, Shanxi, and Inner Mongolia),
Northeast (Liaoning, Jilin, and Heilongjiang), East China
(Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, and
Shandong), Central China (Henan, Hubei, and Hunan),
South China (Guangdong, Guangxi, and Hainan), Southwest
(Chongqing, Sichuan, Guizhou, Yunnan, and Tibet), and
Northwest (Shaanxi, Qinghai, Gansu, Ningxia, Xinjiang, and
Xinjiang Corp).

Results

The general information for the surveillance
in 2013-2016

The general information for the surveillance in 2013-2016
was summarized (Table 1). In 2013-2016, the overall PRV-
gB positive rate per year was 91.23, 93.43, 96.77, and 92.75%
nationwide; the PRV-gE positive rate per year was 22.17,
23.26, 18.20, and 13.74%, respectively. The positive rate of
PRV-gB maintained above 90%. The positive rate of PRV-gE
was higher in 2013 and 2014, but significantly decreased in
2015 and 2016.

The positive rates and distribution in different
geographical regions

The positive rates and distribution of PRV-gB and PRV-gE in
different geographical regions were demonstrated with box
plot (Fig. 1). In the box plot, the polyline indicated the average
positive rate of different swine farms; the column in the box
plot indicated the distribution of positive rate (the upper limit
of the column was the upper quartile of the positive rate and
the lower limit was the lower quartile); scattered points indi-
cated the abnormal value exceeded the limit. Both the data of
PRV-gB (in white) and PRV-gE (in black) were provided. For
the same region, the average positive rate (in gray) indicated
the overall situation; the distribution presented the differences
across farms. The wide range of distribution represented great
difference of positive rates among farms, indicating higher
risk of across farm infection.

On a national scale, the average positive rate of PRV-gB
was above 90%; the average positive rate of PRV-gE was
decreased yearly from 2013 to 2016 (Table 1). In addi-
tion, the distribution range of positive rate was increas-
ingly concentrated, indicating lower difference of PRV-
gE positive rate. The PRV-gE positive rate was high in a small
number of farms.

The positive rates and distribution were also analyzed in
different geographical regions (Fig. 1). In North China, the
distribution range of PRV-gE positive rate was wide and dis-
crete, indicating great differences among farms and high risk
of inter-farm transmission. In the Northeast and Central
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Table 1 The sampling source, number, positive rate of PRV-gB and PRV-gE in 20132016

Year 2013 2014 2015 2016

PRV-gB PRV-gE PRV-gB PRV-gE PRV-gB PRV-gE PRV-gB PRV-gE
No. of included swine farms 93 93 100 100 92 92 91 91
No. of included provinces 28 28 28 28 28 28 26 26
No. of total samples 2783 2783 3990 3990 3720 3720 3654 3654
No. of positive samples 2539 617 3728 928 3600 677 3389 502
Positive rate (%) 91.23 22.17 93.43 23.26 96.77 18.20 92.75 13.74

China, both the average positive rates and distribution range  positive rate were significantly reduced, indicating overall de-
of PRV-gE were increased, indicating increased overall risk.  creased risk.

In the East and Northwest China, the PRV-gB positive rate In the South and Southwest China, the PRV-gB positive
remained high; both the average and distribution of PRV-gE  rate remained high (close to 100%); the average PRV-gE
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positive rate remained at low level with minimum difference
among farms, indicating minimum risk.

The selection of pseudorabies vaccine in 2013-2016

Pseudorabies vaccine was one of the most commonly used
vaccines. In China, the gene-deleted attenuated vaccine de-
rived from BarthaK61 strain was widely applied and a small
number of farms applied HB-98 and EA strains. The number
of farms used imported PRV vaccines was 63 in 2013, 68 in

Fig. 2 The efficacy of imported
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2014, 63 in 2015, and 62 in 2016, while the number of farms
used domestic PRV vaccine was 25 in 2013, 29 in 2014, 20 in
2015, and 26 in 2016. The number of farms used imported
PRV was twice of that used domestic PRV vaccines (Fig. 2a).

The box plot was applied for demonstrating the positive
rate of PRV-gB and PRV-gE in farms with imported and do-
mestic PRV vaccines (Fig. 2b, ¢). The positive rate of both
PRV-gB and PRV-gE differences in farms with imported and
domestic PRV vaccines were tested with 7 test. For the positive
rate of PRV-gB, there was a statistically significant difference
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Fig. 3 The PRV-gB and PRV-gE
positive rate in 2013 and 2016 for
eradication developing farms (a)
and eradication developed farms
(b). PR indicated pseudorabies
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between the two vaccines (P <0.05) only in 2014. For the
positive rate of PRV-gE, no significant difference was ob-
served (P> 0.05).

The positive rates of PRV-gB and PRV-gE in PR
eradication developing or developed farms

Some swine farms have developed PR eradication program
and passed the review of national eradication criteria in 2015—
2016. In our study, there were six farms have passed the na-
tional PR eradication criteria (eradication developed farms)
and 29 farms have developing the eradication projects (erad-
ication developing farms).

For further exploring the effects of eradication, the results
of these farms in 2013-2016 were selected for analyzing. In
the eradication developing farms, the PRV-gB positive rate
was maintained at a high level, and the difference in field
was decreased year by year (Fig. 3a). The positive rate of
PRV-gE was high in 2013 (16.49%) (number of gE positive
samples/total number of samples), while it was decreased year
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by year. Until 2016, the positive rate of PRV-gE was below
5% with small difference among farms. For the eradication
developed farms, PRV-gB positive rate was close to 100% in
all swine farms in 2013-2016, with minimum differences. The
positive rate of PRV-gE was 0% (Fig. 3b).

Discussion

At the end of 2011, there was a nationwide outbreak of por-
cine pseudorabies prevalence in China. The positive rate of
PRV-gE in swine farms of North China have exceeded 50%
and up to 90% (Wu et al. 2013). PR has been listed as one of
the priority swine diseases to be controlled in “Mid- and
Long-term Animal Disease Prevention and Control Program
in China (2012-2020).” The program has been carried out
since 2012. One of the tasks of the program is to eradicate
PR in pig breeding farms in China by the end of 2020 (The
State Council of the People’s Republic of China 2012) (Yuan
et al. 2016; Hu et al. 2015). The results obtained in our study
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were consistent with the tendency of eradication; the positive
rate of PRV-gE was 22.17% (2013), 23.26% (2014), 18.20%
(2015), and 13.74% (2016). The positive rate of PRV-gE was
continuously decreased, indicating that PRV was effectively
controlled. We believed that there were two reasons contrib-
uted to the effective control of the disease: the improved im-
mune quality of PRV and the development of PR eradication.

The immune quality of PRV has been improved (including
the vaccine quality and vaccination density), thereby increas-
ing the herd resistance to the disease. After 2012, both the
immunization rate of pigs and the positive rate of PRV-gB
were improved (Yuan etal. 2016; Hu etal. 2015). In this study,
the immunization rate in swine breeding farms was almost
100% and the positive rate of PRV-gB was above 90%, while
the positive rate of gE was decreased year by year. It suggested
that the improved immunization density and antibody level
would be effective factors for controlling PRV prevalence.

The development of PR eradication program has reduced
the prevalence of wild-type PRV in China, since it started in
2012, PR eradication criteria have been issued and the eradi-
cation guidance has been published. Eradication was reported
to make effects in Germany, Netherlands, and other countries.
The positive rate of wild-type virus infection has been reduced
below 5% and the application of attenuated vaccine has been
stopped (Stegeman 1997; Miiller et al. 2003; Vannier et al.
2000). The swine farms were encouraged to start the eradica-
tion program and participate in the review of national PR
eradication criteria. The swine farms could develop eradica-
tion plans according to the eradication guidance, as well as
sufficiently considering their own conditions, including
biosecurity, animal monitoring and elimination, immuniza-
tion, and so on.

In our study, specific study has been performed on the
swine farms developed or developing eradication. It was ob-
served that the positive rate of immunization antibody was
very high with minimum difference, while the positive rate
of wild-type virus infection was close to 0, indicating the
feasibility of domestic purification program and the availabil-
ity of purification technology. Therefore, the eradication tech-
nology and experience should be promoted and the scope of
the eradication farms should be expanded.

There were some differences in the prevention and control
of the disease in different regions. To prevent and control
pseudorabies in a comprehensive and effective manner, it
was advisable to adopt a regional prevention strategy in dif-
ferent regions. Firstly, the positive rate of wild virus infection
and differences among farms should be explored through the
surveillance of PRV-gE. Secondly, the corresponding preven-
tion strategy should be developed. For the farms with high
positive rate, the biosecurity should be enhanced, and the im-
munization plan should be optimized. The wild-type virus-
infected sows should be eliminated and cleared from the
herds, preventing from intra-farm and inter-farm prevalence.
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For the farms with great difference of positive rates, more
strict prevention strategy should be applied in farms with high
positive rate, preventing the prevalence of wild-type virus
towards other farms. The difference should be minimized then
the regional positive rate would be gradually reduced.

The effects of imported and domestic vaccines were also
compared. From the positive rate of PRV-gB, no significant
differences were observed (P > 0.05), indicating that no sig-
nificant difference in antibody production between domestic
and imported vaccines. Protection could be provided with
produced antibody while it was not directly related to the
positive rate of wild-type infection rate. Here we just com-
pared the positive rates of PRV-gB and PRV-gE. More assess-
ment should be performed from the aspects of protection,
safety, adverse reactions, and so on (Tong et al. 2016; Dong
et al. 2017; Freuling et al. 2017).

In general, in 2013-2016, the nationwide positive rate of
immunized antibody remained at a high level (above 90%),
while the wild-type virus infection rate continued to be de-
creased (from 22.17 to 13.14%). The differences of positive
rates could be applied for indicating the risk of pseudorabies
prevalence. The farms developed or developing PR eradica-
tion performed better than that of general farms. We proposed
to maintain and expand the scope of the eradication, control-
ling the pseudorabies prevalence by integrating eradication
with immunization.
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