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ABSTRACT

Background: Pseudorabies (PR), caused by the pseudorabies virus (PRV), is an endemic disease 
in some regions of China. Although there are many reports on epidemiological investigations 
into pseudorabies, information on PRV gI antibody dynamics in one pig farm is sparse.
Objectives: To diagnose PR and analyze the course of PR eradication in one pig farm.
Methods: Ten brains and 1,513 serum samples from different groups of pigs in a pig 
farm were collected to detect PRV gE gene and PRV gI antibody presence using real-time 
polymerase chain reaction and enzyme-linked immunosorbent assay, respectively.
Results: The July 2015 results indicated that almost all brain samples were PRV gE gene 
positive, but PRV gI antibody results in the serum samples of the same piglets were all negative. 
In the boar herd, from October 2015 to July 2018 three positive individuals were culled in 
October 2015, and the negative status of the remaining boars was maintained in the following 
tests. In the sow herd, the PRV gI antibody positive rate was always more than 70% from 
October 2015 to October 2017; however, it decreased to 27% in January 2018 but increased to 
40% and 52% in April and July 2018, respectively. The PRV gI antibody positive rate in 100-day 
pigs markedly decreased in October 2016 and was maintained at less than 30% in the following 
tests. For 150-day pigs, the PRV gI antibody positive rate decreased notably to 10% in April 2017 
and maintained a negative status from July 2017. The positive trend of PRV gI antibody with an 
increase in pig age remarkably decreased in three tests in 2018.
Conclusions: The results indicate that serological testing is not sensitive in the early stage 
of a PRV infection and that gilt introduction is a risk factor for a PRV-negative pig farm. The 
data on PRV gI antibody dynamics can provide reference information for pig farms wanting 
to eradicate PR.
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INTRODUCTION

Pseudorabies (PR), also known as Aujeszky's disease, is caused by the pseudorabies virus 
(PRV). The PRV can cause infection in a broad spectrum of mammals, including ruminants 
and rodents; however, domestic and wild pigs are the only hosts capable of surviving 
PRV infection and can serve as reservoirs for the virus [1]. Clinical manifestations in pigs 
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infected by PRV vary from subclinical signs to death. For example, PRV infections may 
result in nervous system disorders and high mortality in piglets, respiratory symptoms 
and growth retardation in finishing pigs, and abortions and/or stillbirths in sows [2]. Like 
other herpesviruses, PRV usually establishes lifetime latent infections in pigs by inducing 
specific host cells to retain the viral genome. Latency is established mainly in nervous 
ganglia cells such as the trigeminal ganglia in the head and the sacral ganglia in the lumbar 
region. PRV replication can reactivate from latently infected cells after host stress or immune 
system depression; for example, during gestation. Reactivation increases PRV shedding and 
promotes transmission; thus, latently infected pigs can be a source of reinfection [3,4].

Because of the threat from PRV latent infection and the benefits of an absence of PR [5], the 
best approach for PR is eradication. In North America and several European countries, PR 
has been eradicated from domestic pigs due to the implementation of effective eradication 
programs, which include enhanced biosecurity measures and nationwide compulsory 
vaccination with gE-deleted vaccines [6-9]. Both gI and gE are type I transmembrane proteins 
that form a heterodimer in the endoplasmic reticulum through noncovalent interactions 
between their ectodomains, and this protein complex is involved in virion assembly, cell-to-
cell spread, species-specific binding of IgG as an Fc receptor, and mediating full virulence 
in animal infections [10]. However, the coding region for gI and gE is deleted in the 
genome of the attenuated PRV strain Bartha compared to that of virulent PRV [11]. Thus, the 
development of DIVA vaccines to differentiate infected animals from vaccinated animals and 
gI-enzyme-linked immunosorbent assay (ELISA) kits has an important role in PR eradication. 
In China, PR was well controlled before 2010 because of the nationwide vaccination with the 
Bartha-K61 vaccine strain [12]. However, in late 2011, PR outbreaks were reported in some 
Bartha-K61-vaccinated pig farms in China, resulting in significant economic losses [13]. 
A national survey indicated that the PRV gE antibody positive rate was between 22.17 and 
13.14% during 2013–2016 [14].

PR has been listed within the National Middle-to-Long Term Plan for Animal Disease Control 
(2012–2020) as one of the priority swine diseases to be controlled. One of the tasks of that 
program is to eradicate PR in breeding pig farms in China by the end of 2020 [15]. There was 
a PR outbreak in a previously PR-negative breeding pig farm in Hei Longjiang Province, China 
in July 2015. Subsequently, the farm undertook a series of measures to eradicate PR. The main 
aim of the present study was to describe and analyze PRV gI antibody dynamics in this farm by 
examining time series data. The authors hope the results of this study will provide reference 
information that will be useful for farms that want to carry out a PR eradication program.

MATERIALS AND METHODS

Pig farm background and sample collection
The studied pig farm was built in 2013, and about 1000 gilts were introduced in August 2014. 
All pigs were fed by automatic equipment. The sows started to farrow in March 2015. The 
farm's PR vaccination schedule was three times per year for sows and boars, and once at 70 
d and 100 d for nursery and fattening pigs, respectively. The live PR vaccine used at the farm 
was produced by HIPRA, Spain.

All samples in this study were collected from the above pig farm. From May 2015 to July 2018, 
1513 serum samples from different pigs were randomly collected according to a systematic 
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sampling scheme (Tables 1 and 2) to detect the PRV gI antibody. Ten brain tissues were 
collected in July 2015 to detect the PRV gE gene; those samples were from 3 suckled piglets 
with clinical signs, 2 suckled piglets without clinical signs, 3 weaned piglets with clinical 
signs, and 2 weaned piglets without clinical signs. The serum samples were obtained after 
centrifugation of coagulated blood samples, and all samples were placed in tubes and stored 
at −20°C prior to testing.

The detection of PRV gI antibody by ELISA
All serum samples were assessed using PRV gI Ab test kits (IDEXX Laboratories, USA) 
according to the manufacturer's protocol. For testing, a diluted sample (100 μL; 1:2) was 
added to the ELISA plate and incubated for 60 min at 18°C–26°C. The plate was then washed 
4 times with 300 μL of wash solution, after which 100 μL of the conjugate was added, 
and the mixture was incubated for 20 min at 18°C–26°C followed by washing as described 
above. Then, 100 μL of the substrate was added, and the mixture incubated for 15 min at 
18°C–26°C. After incubation, 50 μL of stop solution was added to each well, and the plate was 
immediately read at 650 nm. The reaction result was read as an optical density (OD) by using 
an ELISA plate reader (BioTek Instruments Inc., USA). Sample to negative (S/N) ratios were 
calculated from the ODs according to the kit manufacturer's formula. Cut-off S/N values ≤ 0.6 
or ≥ 0.7 were used to classify samples as positive or negative, respectively, for PRV gI antibody 
presence. It should be noted that the PRV-suspected sample in this study was recognized as 
a PRV-positive sample when the antibody positive rate was calculated. Additionally, the gilts 
sampled in May 2015 were different gilts from those sampled in July 2015.

The detection of PRV gE gene by real-time polymerase chain reaction (PCR)
The brain was ground with liquid nitrogen to powder and diluted with five volumes of PBS. 
The 1 mL homogenate was centrifuged at 3,000 × g for 10 min at 4°C, and the supernatant was 
transferred to another 1.5 mL tube. The DNA extraction was performed with a commercial 
TIANamp Stool DNA Kit (Tiangen Biotech Co., Ltd, China) according to the manufacturer’s 
instructions. All DNA extracts were stored at −40°C until assayed by real-time PCR.
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Table 1. Pig farm serum sampling scheme in May and July 2015
May Jul

Pig type Number of serum samples Pig type Number of serum samples
Boars 18 Boars 10
Gilts 21 Gilts 10
Sows 30 Sows in pregnancy house 20
10-day pigs 5 Sows in farrowing house 8
40-day pigs 5 Suckled pigs with clinical signs 10

Suckled pigs without clinical signs 10
Weaned pigs with clinical signs 10
Weaned pigs without clinical signs 8

Table 2. Pig farm serum sampling scheme from October 2015 to July 2018
Pig type Number of serum samples

2015 2016 2017 2018
Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul

Boars 18 27 24 21 18 17 18 18 16 25 20 20
Sows 30 30 30 30 30 28 30 30 30 30 30 29
40-day pigs 30 30 30
100-day pigs 20 20 30 29 29 19 30 30 29 30 30 29
150-day pigs 20 20 30 30 30 25 29 30 30 30 30 30



The PRV gE gene was detected by using a PRV gE real-time PCR diagnostic kit (Beijing 
Anheal Laboratories Co., Ltd, China). The amplification reaction was conducted in a 20 μL 
reaction volume containing 10 μL of PCR master mix, 2.1 μL primers and probe mix, 2 μL of 
DNA extract, and 5.9 μL of nuclease-free water. The real-time PCR was performed under the 
following conditions: 95°C for 2 min, and 40 cycles of 95°C for 5 sec and 60°C for 35 sec using 
an Applied Biosystems ABI 7500 real-time PCR system (Thermo Fisher Scientific, USA). 
Analysis of the results was carried out using ABI 7500 software, version 2.3. A sample with a 
Ct value ≤ 35 in the gE real-time PCR assay result was considered positive.

Statistical analysis
All statistical analyses were performed using GraphPad Prism® 7.00 software (GraphPad 
Software, Inc., USA). Descriptive statistics were used to define the pattern of the PRV gI 
antibody detection in serum. The S/N ratio data are presented as mean ± SD.

RESULTS

Detection and analysis of PRV gI antibody in May 2015
The May 2015 PRV gI antibody results are shown in Fig. 1. The S/N values for the PRV gI 
antibody from the different groups of pigs were all above the suggested cut-off, so there were 
no PRV-positive individuals among the sampled pigs. The results indicated that this pig farm 
was free of PR.
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Fig. 1. Pseudorabies virus gI antibody S/N ratio and positive rate (%) in different groups of pigs in May 2015. 
S/N, sample to negative.



Detection and analysis of PRV gI antibody and PRV gE gene in July 2015
In July 2015, suckled piglets manifested vomiting, diarrhea, and nervous system disorders, 
and weaned piglets manifested fever, lethargy, and anorexia. Based on those observations, 
PR was the first suspected disease. Subsequently, serum and brain samples were collected 
to determine PRV gI antibody and gE gene presence. The results of the serological and 
etiological test are respectively given in Figs. 2 and 3. The serological results indicated that 
only the gilts' PRV gI antibody was positive, and the PRV gI antibody results were negative 
from all other pig samples. The etiological results indicated that the PRV gE gene was positive 
in 9 piglets, and their Ct values were all less than 30. The serological and etiological results 
indicated a PR outbreak at this pig farm, with the infectious source probably being the 
introduced gilts. Notably, the brain sample PRV gE gene results were mostly positive, but the 
serum PRV gI antibody results from the same piglets were all negative.

Dynamics of PRV gI antibody from October 2015 to July 2018
Most pigs in the assessed farm quickly became PRV-positive, and a series of measures, 
including a routine surveillance plan and improvement of biosecurity measures, were 
implemented to eradicate PR from the farm. From October 2015 to July 2018, 1,348 serum 
samples from boars, sows, and nursery and fattening pigs were collected to determine PRV 
gI antibody presence. The dynamic results for the PRV gI antibody from the different groups 
of pigs are presented in Figs. 4 and 5. Within the boar herd, 3 PRV-positive individuals were 
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Fig. 2. Pseudorabies virus gI antibody S/N ratio and positive rate (%) in different groups of pigs in July 2015. 
S/N, sample to negative.



culled in October 2015 and the PRV-negative status of boars was maintained in subsequent 
tests. The PRV gI antibody positive rate in the sow herd was very high and ranged between 
70% and 93% from October 2015 to October 2017. In January 2018, the sow positive rate 
decreased to 27%, but it rose to 40% and 52% in April and July 2018, respectively. Among the 
100-day pigs sampled, the PRV gI antibody positive rate markedly decreased in October 2016 
and remained less than 30% in subsequent tests. For the 150-day pigs, the PRV gI antibody 

6/10https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e23

Diagnosis and gI antibody dynamics of pseudorabies virus

Su
ck

led pigs

with
 cl

inica
l s

igns

Weaned pigs

with
 cl

inica
l s

igns

Weaned pigs

with
out c

lin
ica

l s
igns

0

20

40

60

100

80

1

2

3

4

6

5

PC
R 

po
si

tiv
e 

(%
)

Sa
m

pl
e 

nu
m

be
r

Pig classification

Su
ck

led pigs

with
out c

lin
ica

l s
igns

Sample number
PCR positive

Fig. 3. Detection of Pseudorabies virus gE genes by real time PCR in the suckled and weaned pigs in July 2015. 
PCR, polymerase chain reaction.
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positive rate decreased notably to 10% in April 2017, and the results remained negative from 
July 2017. Sampling of 40-day pigs was temporarily added to the assessment program in 
January 2018 to detect a trend in PRV gI antibody-positive results related to an increase in pig 
age. The results indicated that the PRV gI antibody positive rates for pigs of increasing age 
were all remarkably decreased in three tests performed in 2018.

DISCUSSION

PR is an endemic disease in some regions of China, even though gene-deleted live vaccines 
have been widely used for decades. The epidemiology investigation reported by Liu et al. 
[14] indicated that PRV gE positive rates differed among different geographical regions in 
China, with results from Northeast China showing increasing average PRV gE positive rates 
from 2013 to 2016. The pig farm assessed in the present study was located in Hei Longjiang 
Province, Northeast China, and in May 2015, results indicated the pig farm was PR-free. But 
in July 2015, observations indicated a PR outbreak at this pig farm, with sampling results 
indicating that the infectious source was probably the introduced gilts. Previous studies have 
identified that the introduction of gilts is one of the risk factors related to PRV seropositivity 
in pig farms [16-18]. After observing an outbreak, a PR eradication program, including PRV 
vaccine replacement, increased immune times and disinfection frequencies, implementing 
an all-in/all-out practice, and improving biosecurity measures, was initiated. From October 
2015, routine surveillance was undertaken to monitor the dynamics of the PRV gI antibody 
results in different groups of pigs.
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Maintenance of a PRV-free status involves surveillance of susceptible swine, and serological 
detection of PRV antibodies is the most common method used for herd diagnosis. Such 
detection is quite efficient and sensitive once the animal has seroconverted. However, 
serological detection is not sensitive during the early infection period, leading to false-
negative results [19,20]. In this study, the PRV gE gene results from brain samples were 
mostly positive, while the serum PRV gI antibody results from the same piglets were all 
negative. These results further indicate that serological detection is not sufficiently sensitive 
in an early infection because the specific gI antibody against PRV was either not produced or 
produced at a low level. Our study could not confirm whether the PRV gE gene was positive 
in serum samples because detection of PRV gE genes in serum samples was not performed. 
Regardless, the PRV gE gene has been widely used in the detection of PRV DNA from many 
specimens, including serum, nasal swabs, brain, tonsil, and other sources, and these studies 
have suggested that serum sampling is not sufficiently sensitive for detecting PRV [21-24]. In 
conclusion, in the early stage of a PRV infection, serological detection and serum sampling 
for PCR detection are not suitably sensitive.

There are many reports on epidemiological investigations of PR [14,16,25,26], but there 
are few reports on PRV gI antibody dynamics in a single farm. In this study, 1348 serums 
from the different groups of pigs in a single farm were collected to analyze PRV gI antibody 
dynamics. In the boar herd, 3 PRV-positive individuals were detected in October 2015; the 
apparent reason for the infections was that the boars were temporarily housed in the sow 
pen during renovation of the boar pen. Subsequently, the PRV-positive boars were culled, and 
based on further testing, a PRV-negative status was maintained in the boar herd. In nursery 
and fattening pigs, the 150-day pigs were always negative after July 2017, and the positive 
PRV gI antibody results with increasing pig age were all remarkably decreased in three tests 
performed in 2018. These results indicate that the PRV gI antibodies present in 40-day and 
100-day pigs after April 2017 were probably from the maternal antibodies, not from infection. 
Moreover, the results also indicate that a positive sow cannot infect the fetus through the 
placenta. Based on the above results and conclusion, the farm decided to introduce PRV-
negative gilts into the sow herd in November 2017. The PRV gI antibody positive rate in the 
sow herd in 2018 was notably lower than that in 2016 and 2017, although the PRV gI antibody 
positive rate in 2018 wavered in accord with the number of serum samples from negative 
gilts. Additionally, the results showed no seroconversion among the introduced gilts, this 
further indicating that the positive sows did not shed the virus.

Except for the sow herd, the other pigs became PRV-negative; thus, this pig farm could 
probably eradicate PR by introducing PRV-negative gilts in the next two years. Unfortunately, 
all pigs in this farm were culled because African Swine Fever was detected in a nearby pig 
farm at the end of 2018. Regardless, the following summarized the farm's experience with 
PR eradication. First, creating an eradication program is important, but practicing the 
components of that eradication program is even more important. Second, effective vaccines, 
improved biosecurity measures, and strict production management are significant aspects 
of such an eradication program. Third, the eradication program may differ at different 
farms or in different regions, and it also should be adjusted according to the monitoring 
results and practical situations at the farm. Fourth, it is difficult but essential to detect 
subclinical infections in a timely manner; thus, a pig farm should have a suitable detection 
plan for diagnosis, eradication, or other purposes. Fifth, based on our results from the boar 
herd, isolation effectively controls PRV transmission. Sixth, positive gI antibody results can 
probably come from a maternal antibody source, not from infection within a herd of 100-day 

8/10https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e23

Diagnosis and gI antibody dynamics of pseudorabies virus



pigs. Seventh, an introduction of negative gilts must be on the premise that PRV-positive 
sows do not shed the virus, and there is no virus in the farm’s environment. Eighth, the 
farm owner should believe the validity of scientific virus detection and not rely on clinical 
manifestations during PR eradication.

PR has been listed in the National Middle-to-Long Term Plan for Animal Disease Control 
(2012–2020) as one of the priority swine diseases that need to be controlled [15]. Based on 
our results, it is possible to control and eradicate this disease in China in the near future via 
the use of PRV gE-deletion vaccines and the concomitant use of ELISA kits.
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