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ARTICLE INFO ABSTRACT

Keywords: Pseudorabies virus (PRV) is considered as an infectious agent with a wide of host range, causing considerable
PRV economic losses in animal husbandry. Although the commercial vaccine against PRV plays an critical role in
Vaccine control of this disease in swine industry, the potential risk of commercial vaccines against PRV for other host is
PD:tgh ogenicity unclear. Here, we report that the commercial vaccine against PRV is a hidden health risk for dogs. We found that

different attenuated PRV strains in commercial vaccines possess different tissue tropism, and that the attenuated

PRV strains are lethal to dogs, and that the attenuated PRV strain possesses the ability to spread horizontally
among the dogs. Collectively, our findings provide clues that the commercial vaccine against PRV is a hidden
risk for dogs, even for the owner of pet dogs to take seriously.

1. Introduction

Pseudorabies (PR) disease is an economically critical viral disease of
pigs worldwide (Mettenleiter, 2000). The causative agent of this disease
is pseudorabies virus (PRV), which is also called suid herpesvirus 1
(SuHV-1). PRV is a member of the genus Varicellovirus of the subfamily
Alphaherpesvirinae within the family Herpesviridae (Nauwynck et al.,
2007).

Pigs have been confirmed as the primary host and reservoir of PRV
(Marcaccini et al., 2008; Mettenleiter, 1996). Besides the pig, PRV has a
wide spectrum of hosts, including cattle, sheep, dog, cat, even some
avian species (Mettenleiter, 2000; Pomeranz et al., 2005). There are
numerous reports about PRV infection in dogs either due to consuming
raw meat or by direct contact with PRV-infected swine, indicating that
dogs are highly susceptible for infection with PRV. In addition to its
importance in animal husbandry, PRV has potential public health sig-
nificance. In vitro, PRV can readily infect human cells in cell culture,
indicating the zoonotic threat theoretically (Tischer and Osterrieder,
2010). Although it has been demonstrated that human beings are re-
sistant against natural PRV infection (Jentzsch and Apostoloff, 1970),
several suspected cases describing putative infection of humans with

PRV were reported. The first suspected case of PRV infection in human
was reported in 1914, but the detection of antibodies against PRV and
the virus cultivation had failed. Later, another suspected case of PRV
infection in human was reported in 1987, 3 patients exhibited central
nervous system symptoms and produced positive antibodies against
PRV (Mravak et al., 1987). A latest report describing the etiology of a
human endophthalmitis case in southern China concluded that there is
evidence supporting the role for PRV in human infection and disease of
eyes, and PRV can infect human after direct contact with pig con-
taminants (Ai et al., 2018). Therefore, PRV can be considered as a
potential zoonotic agent with a wide of host range.

Currently, more and more companion animals walked into human
life. As the presence of companion animals (especially pet dogs) be-
comes increasingly ubiquitous in human life, the influence of the health
of such animals on human health is growing. Considering the suscept-
ibility of PRV to dogs and human and the intimate contact of dogs with
human, the potential threat of PRV to public health security existed.
However, the epidemiology and pathogenicity of PRV in dogs is still
unclear. In the present study, we investigated the epidemiology in dogs
in pig farms or pet hospitals, evaluated the pathogenicity and trans-
mission of distinct PRV strains in dogs. Our findings provide a basis for
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the research into the mechanism behind the pathogenicity of PRV.
2. Materials and methods
2.1. Ethics statement

This study was approved by the Animal Care Committee of South
China Agricultural University (approval ID: SYXK-2014-0136). All
study procedures and animal care activities were conducted in ac-
cordance with the recommendations in the Guide for the Care and Use
of Laboratory Animals of the Ministry of Science and Technology of the
People’s Republic of China.

2.2. Vaccines, virus and animals

Two commercial live attenuated PRV vaccines, vaccine A (Bartha-
K61 strain, Batch no.150137018) and vaccine B (HB98 strain, Batch
1n0.170041056), were purchased from YEBIO Co., Ltd and Wuhan
Keqgian Animal Biological Co., Ltd, respectively. Both commercial vac-
cines against PRV are widely used in Chinese swine industry. DCD-1
strain (a highly pathogenic strain) was isolated and obtained in our
laboratory. Eighteen 60-day-old beagle dogs, which were determined to
be free of PRV by ELISA and PCR assay, were purchased from
Guangdong National Beagles Resources Research Center (Approval ID:
SCXK-2013-0007).

2.3. Antibody detection

A total of 19 serum specimens were collected from dogs in pig farms
or pet hospitals in Guangdong province during the period from May
2017 to June 2018. Among these 19 serum specimens, 16 specimens
were collected from companion dogs (including 1 samples collected
from pre-mortal dogs that exhibited pruritus, dyspnea and muscle
spasms, and 4 samples collected from dogs that died without showing
any of typical symptoms), and other 3 specimens were collected from
homeless dogs in pig farms. The anti-gB antibodies in the serum sam-
ples were detected using the PRV/ADV gB Antibodies Test Kit (Batch
no. 99-09732, IDEXX) according to the manufacturer's instructions, and
the anti-gE antibodies in the serum samples were detected using the
Anti-gE Antibody ELISA Kit (Batch no. 180304, Keqian Corp.) according
to the manufacturer's instructions.

2.4. Viral titers

The viral titers of PRV in the commercial vaccines were titrated
using 50% tissue culture infective doses (TCIDso) as described pre-
viously (Verpoest et al., 2016). Briefly, 100 uL of the vaccines were
diluted in 900 uL Dulbecco's modified Eagle's medium (DMEM, In-
vitrogen Corp.) with penicillin (100 IU/mL) and streptomycin (100 pg/
mL), and filtered through 0.22-um filters. The viral solution was serially
diluted 10-fold in DMEM. A 100-pL aliquot of each diluted sample was
added to the wells of multiple 96-well plates, followed by addition of
PK15 cells at a density of 2 x 10° cells/mL. Cells were cultured for 3
days at 37°C in 5% CO,. The culture wells with CPE were considered to
be positive. Viral titers were determined according to the Reed and
Muench method (Reed, 1938).

2.5. Challenge study

To assess the pathogenicity of commercial attenuated PRV vaccine
in dogs, a total of twelve 60-day-old beagle dogs were randomly divided
into four group (three dogs per group). The dogs in group I and group II
were inoculated with PRV commercial vaccine Bartha-K61 and HB98,
respectively, via the intramuscular inoculation route at a dose of 10°°
TCIDso, which is same as the dose used for piglets. The dogs in group III
were inoculated with PRV strain DCD-1 at a dose of 10°° TCIDs, as a
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positive infection control, and dogs in group IV were inoculated with
PBS as a mock infection control. Dogs in different groups were raised in
independent rooms. Clinical signs of disease and mortality were mon-
itored daily. The blood samples and excretion were collected at 0, 3, 6,
9, 12 and 14 days post infection (dpi). Dogs in each group were eu-
thanized till one of them presented with the nervous signs of disease or
sudden death. The rest dogs were euthanized for tissue collection at 14
dpi. Tissues, including the brain, heart, liver, spleen, lung, kidney,
pancreas, thymus, intestinal tract, esophagus, trachea and stomach,
were collected for further pathological analysis. To assess whether PRV
can be transmitted between dogs, a total of six beagle dogs were raised
in the same room. Three dogs were inoculated with Bartha-K61 via the
intramuscular inoculation route at a dose of 10°° TCIDs, while other
dogs were inoculated with PBS. Clinical signs of disease and mortality
were monitored daily. The blood samples and excretion were collected
at 0, 7, 14 and 28 dpi. All the dogs were euthanized till one of them
presented with the nervous signs of disease or sudden death. Tissues
were collected for further pathological analysis.

2.6. Virus detection in the excretion

Viral DNA of the excretion of oral cavity, nasal cavity and anus were
extracted using TRIzol reagent according to the manufacturer’s in-
struction (Invitrogen Corp.). The specific primer pairs 5-GGACGGGC
GCCACCCCAGACGGCTT-3’ (sense) and 5-CAGACGTAGAAGCGGTCC
CGCTCGG-3’ (anti-sense) targeting on the PRV gB gene were designed
according to the previous publication (Tong et al., 2016). The PCR was
performed to detect the presence of PRV.

2.7. Cytokine detection

The blood samples were collected from the fore leg vein and pro-
cessed to collect sera for detection of cytokines. The pro-inflammatory
cytokines IFN- and TNF-a in the serum were determined using the
Canine TNF-a ELISA Kit (Batch no. SU-B76147, MIBIO) and Canine
IFN-B ELISA Kit (Batch no. SU-B76017, MIBIO) according to the man-
ufacturer’s instruction.

2.8. Quantification of viral loads

Viral DNA were extracted from the affected tissues using TRIzol
reagent, and subjected to the quantitative real-time PCR (qRT-PCR) to
determine the viral distribution in artificially challenged dogs. A spe-
cific primer set 5-TGAAGCGGTTCGTGATGG-3’ (sense) and 5-CCCCG
CACAAGTTCAAGG-3’ (anti-sense) were designed based on the highly
conserved sequence within the gB region of the PRV genome. The qRT-
PCR was performed in a 20 pL volume containing 10 pL of 2 X SYBR
Premix ExTaq Green mix (TaKaRa), 1pL of DNA template, and a
0.5 mM concentration of specific primers. Thermal cycling parameters
were as follows: 95°C for 5 min; 40 cycles of 95°C for 10's, 56°C for 30,
and 72°C for 30 s and 1 cycle of 95°C for 30 s, 60°C for 30 s, and 95°C for
30s. All the samples were reacted in triplicate on the same plate. The
analysis of qRT-PCR was carried out with a CFX96 Touch (Bio-Rad).

2.9. Histopathology

The fresh affected tissues were fixed in 10% neutral-buffered for-
malin, routinely processed, embedded in paraffin, sectioned (4-um
thick), and stained with hematoxylin and eosin (H&E) according to
standard protocols. Pathological changes were examined by light mi-
Croscopy.

2.10. Statistical analysis

Statistical analyses were performed with the GraphPad Prism (ver-
sion 5.0) and expressed as means and standard deviation. The
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significance of the differences between PRV-infected dogs and controls
in temperature or body weight, and between PRV-infected dogs and
controls in cytokine production was determined by Mann-Whitney test
or analysis of variance, respectively. Differences between groups were
considered significant when the P value was less than 0.05.

3. Results
3.1. PRV infection and shedding in dogs

It has been reported that dogs can be infected with PRV by con-
suming contaminated raw pork or offal (Quiroga et al., 1998), we
speculated that PRV might be widespread in dogs. To test this hy-
pothesis, we collected the serum specimens from dogs in the pig farms
and pet hospitals, and then detected the anti-gB antibodies and anti-gE
antibodies in the serum specimens, respectively. As a result, a total of 6
serum specimens were positive for PRV gB, but only 3 serum were
positive for PRV gE, indicating that 3 dog were infected with gE-dele-
tion PRV strain. Among the serum collected from pet hospitals, 5 serum
specimens were positive for PRV gB, and 3 serum were positive for PRV
gE. While among the serum collected from pig farms, only 1 serum were
positive for PRV gB, and no serum were positive for PRV gE, indicating
that only one dog in pig farms was ever infected with gE-deletion PRV
strain (Table 1). All these data indicated that PRV infection exist in dogs
in China.

3.2. PRV infection cause clinical manifestation in dogs

To assess whether the commercial attenuated PRV vaccine cause
lesions in dogs, we inoculated 60-day-old beagle dogs with the com-
mercial attenuated PRV vaccines via the intramuscular inoculation
route. As a result, the death rate of dogs in the HB98-inoculated group
and DCD1-inoculated group reached to 100%, while no death occurred
in the Bartha-K61-inoculated group and mock-inoculated group during
the experiment (Fig. 1a). Generally, in the DCD1-inoculated group, one
dog died naturally at 2 dpi (46 h post infection), and other two dogs
were euthanized at 3 dpi, following the presentation of anorexia, dys-
pnea, pruritus and vocalization. In the HB98-inoculated group, all the
dogs were euthanized at 6 dpi, following the presentation of anorexia,
dyspnea and pruritus. The dogs in Bartha-K61-inoculated group and the
mock-inoculated group without any signs of disease were euthanized at
the end of the experiment for further analysis.

Clinical observations indicated that the dogs inoculated with HB98
strain showed typical signs of PR, including pruritus, dyspnea, ataxia
and muscle spasms. Similar clinical signs were observed in dogs in-
oculated with DCD1 strain. However, no typical signs of the disease
were observed in the dogs of Bartha-K61-inoculated group compared
with that of the mock-inoculated group. Interestingly, the virus were
detected in the nasopharyngeal swab, anal swab and the buccal swab of
the artificially challenged dogs at 3 dpi (Table 2), indicating the suc-
cessfully inoculation of PRV in the experimental dogs.

The temperatures of the dogs in Bartha-K61-inoculated group had
an analogous trend to that in mock-inoculated group, but showed a
little fever on at 12, 13 and 14 dpi. High fever was observed at 2 dpi in
DCD1-inoculated group, and at 4 dpi in HB98-inoculated group
(Fig. 1b). The average body weight of the dogs in Bartha-K61-

Table 1
Epidemiological survey of PRV in dogs.
Antibody Pet hospitals Pig farms
Positive Negative Positive Negative
anti-gB 5 11 1 2
anti-gE 3 13 0 3
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inoculated group had an analogous trend to that in mock-inoculated
group. While there was no significant change in body weight in HB98-
inoculated group, but a significant decrease in DCD1-inoculated group
(Fig. 1c). All these data indicated that DCD1 strain and HB98 strain
possess higher virulence than Bartha-K61 strain.

3.3. The attenuated PRV strains in commercial vaccine cause
histopathological lesions in dogs

PRV has been confirmed to cause severe lesions in natural- or ex-
perimental-infected dogs (Zhang et al., 2015b). It was intriguing to
analyze the pathogenicity of the commercial PRV vaccines in the dogs.
Therefore, we performed the autopsy and recorded the gross abnorm-
alities at necropsy. As a result, compared to the dogs in the mock-in-
oculated group, the Bartha-K61-infected dogs did not exert any clinical
symptoms of disease at necropsy, while the HB98-inoculated dogs and
DCD1-inoculated dogs presented with apparent lesions (Fig. 2a-h).
Generally, the HB98-inoculated dogs showed the multifocal pulmonal
hemorrhages in lung, focal hemorrhage in spleen, and congestion in the
mesentery, but no lesions in brain (Fig. 2e). The DCD1-inoculated dogs
presented with severe hemorrhages and congestion in brain, focal he-
morrhage in the heart, liver, kidney, pancreas and spleen, and the
punctate hemorrhage in stomach and intestinal wall (Fig. 2g & h),
which are consistent with the previous reports. Interestingly, in this
study, we observed focal ecchymoses in the lung of Bartha-K61-in-
oculated dogs at 14 dpi, this findings are contrary to the previous report
that Bartha-K61 is not only safe for dogs, but also effective in inducing
an immune response to the antigen it carries, indicating the feasibility
and practicality of PRV strain Bartha-K61 as an approved vaccine (Yuan
et al., 2008).

To further evaluate the pathogenicity of PRV in dogs, histopatho-
logical analysis was performed. Similar to the observations at necropsy,
among the dogs in these group, the HB98- and DCD1-inoculated dogs
presented with most severe lesions of multi-organs, while the Bartha-
K61-inoculated dogs only presented with lesions in the brain and lung.
Compared to the dogs in the mock-inoculated group, severe lympho-
histiocytic perivascular infiltration of neuroparenchyma and gliosis
were observed in the cerebrum of Bartha-K61-, HB98- and DCD1-in-
oculated dogs (Fig. 3a-d), the degeneration and necrosis of neurons
occurred in the brainstem of HB98- and DCDIl-inoculated dogs
(Fig. 3e-h). The apparent pulmonary hemorrhage and congestion oc-
curred in the lung of Bartha-K61-, HB98- and DCD1-inoculated dogs
(Fig. 3i-1). While apparent hemorrhage only occurred in the liver,
kidney, and pancreas of DCD1-inoculated dogs (Fig. 4).

3.4. Different PRV strains have different tissue tropism in dogs

To study on the distribution of distinct PRV strains in dogs, we
detected the presence of Bartha-K61, HB98 and DCDI1 strain in the
organs of the dogs. As a result, virus were detected in all the organs of
the DCD1-inoculated dogs, the dogs had much more viral loads of PRV
genomes in the heart, liver, spleen, lung, kidney, intestinal tract, eso-
phagus and pancreas compared with that of other both groups, but had
much less viral loads of PRV genomes in the brain, stomach and trachea
compared with that of HB98-inoculated group. On the contrary, the
dogs of Bartha-K61-inoculated group had lower viral loads of PRV
genomes than others, and no virus were detected in the liver, intestinal
tract, trachea and pancreas in the dogs of dogs. Furthermore, no virus
was detected in the liver of HB98-inoculated dogs (Fig. 5). All these
data indicated that all these PRV strains have different replicate rate
and tissue tropism.

3.5. PRV infection induces the pro-inflammatory cytokines production

Because the pro-inflammatory cytokines play important role in the
host immune response against pathogen (Biron, 1998; Trevejo et al.,



W. Lin, et al.

a

100+
80
~
é -©- Mock
8 604 —¥— Bartha-K61
g —& HBSS
> 401 - DCDI
2
=
“ 20
O——T Y7171 T T T T T T T
0 1 2 3 45 6 7 8 9 101112 13 14
Days post infection
C
4.0
3.5
~
o
L
o~
£ 3.0
20
)
£ 55 —— Mock
Z " —— Bartha-K61
e —— HB98
=]
2.0 - D(CDI
1'5 I I I I I 1
0 3 6 9 12 14

Days post infection

Veterinary Microbiology 233 (2019) 102-112

- * %
384
3
o
5 36 —— Mock
§ —¥— Bartha-K61
) —— HB9S
ﬁ 34 =¥ DCDI
32 T T T T T T T

T T T T T T T T
0 1 2 3 45 6 7 8 910111213 14
Days post infection

Fig. 1. Clinical signs of PRV-infected dogs. 60-day-old beagle dogs were infected with Bartha-K61, HB98, DCD-1 or PBS as a control. Clinical signs of disease and
mortality were monitored daily. (a) Survival curves for each group. (b) Variation of mean rectal temperature in each group. (c) Body weight changes for each group.

Table 2
Virus detection in the excretion of artificially challenged dogs.

Group Sample Days post infection
0 3 6 9 12 14
Mock Buccal swab 0/3  0/3 0/3 0/3 0/3 0/3
Nasopharyngeal swab ~ 0/3 0/3 0/3 0/3 0/3 0/3
Anal wab 0/3 0/3 0/3 0/3 0/3 0/3
Bartha-K61 Buccal swab 0/3 3/3 3/3 3/3 3/3 3/3
Nasopharyngeal swab ~ 0/3 3/3 3/3 3/3 3/3 3/3
Anal wab 0/3 3/3 3/3 3/3 3/3 3/3
HB98 Buccal swab 0/3 3/3 3/3 / / /
Nasopharyngeal swab  0/3 3/3 3/3 / / /
Anal wab 0/3 3/3 3/3 / / /
DCD1 Buccal swab 0/3 3/3  / / / /
Nasopharyngeal swab ~ 0/3  3/3 / / / /
Anal wab 0/3 2/3 / / / /

2001), we proposed that pro-inflammatory cytokines might be involved
in PRV infection in dogs. Therefore, we measured the production of
TNF-a and IFN-f by ELISA in the serum. As a result, HB98- and DCD1-
inoculated dogs had much more TNF-a in the serum than controls
during the infection period (P < 0.05), whereas Bartha-K61-inoculated

dogs produced more TNF-a at 14 dpi (P < 0.05) (Fig. 6a). IFN-f} are
dominant during the early phase of viral infection. As expected, all the
Bartha-K61-, HB98- and DCD1-infected dogs had more IFN- than
controls at the early phase, but no significantly difference after 3 days
(Fig. 6b).

3.6. PRV can be transmitted among the dogs

Our previous study indicated that dogs can be infected with com-
mercial vaccine against PRV. It was intriguing to evaluate the char-
acteristics of PRV transmission in dogs. Therefore, we raised three PRV-
free dogs and three Bartha-K61-inoculated dogs together, monitored
the clinical signs of disease and mortality, and ended the experiment till
the dogs presented with sudden death or nervous signs of disease. As a
result, the experiment ended at 28 dpi, a total of four dogs (including
three Bartha-K61-inoculated dogs and one contact-exposed dog) died
without showing any of the typical symptoms during the experiment
period, and other dogs were euthanized at 28 dpi. The death rate of
Bartha-K61-inoculated dogs reached to 100% (Table 3), indicating that
PRV Bartha-K61 strain is lethal to dogs. Clinical signs of this disease in
Bartha-K61-inoculated dogs and contact-exposed dogs were monitored
daily. However, no typical clinical symptoms of disease were observed
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during the experimental period, except for a little change of the tem-
perature of the dead dogs before death (Fig. 7a). The body weight of
Bartha-K61-inoculated dogs had an analogous trend to that in the
contact-exposed group at the early infection stage, but the initially
immunized as well as one of the contact-exposed dogs grew more
slowly than the rest contact-exposed dogs at the late infection stage
(Fig. 7b). At necropsy, focal ecchymoses were observed in the lung and
spleen, multifocal hemorrhages were observed in the stomach and
kidney (Fig. 7c—f). All these data indicated that Bartha-K61 strain
possesses the pathogenicity in dogs.

Our previous study showed that Bartha-K61 can be replicate in the
heart, spleen, lung, kidney, brain, esophagus and stomach, so we de-
tected the viral loads for each Bartha-K61-inoculated and contact-
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Fig. 2. Gross pathologic changes in PRV-in-
oculated dogs. 60-day-old beagle dogs were
infected with Bartha-K61, HB98, DCD-1 or PBS
as a control. All the dogs were euthanized at 14
dpi. The autopsy was performed, and the gross
abnormalities were recorded at necropsy. (a&
b) The necropsy symptoms of the mock-in-
fected dogs. (c&d) The necropsy symptoms of
the Bartha-K61-infected dogs. All the tissues
seemed to be normal macroscopically. (e&f)
The necropsy symptoms of the HB98-infected
dogs. Multifocal pulmonal hemorrhages were
observed (labeled with arrows). (g&h) The
necropsy symptoms of the DCD1-infected dogs.
The hemorrhages and congestion were ob-
served in the brain (labeled with arrows).

exposed dogs. As expected, Bartha-K61 was detected in these organs
with a high load (Fig. 8). Additionally, the Bartha-K61 were detected in
the excretion of the contact-exposed dogs after 7 days, and isolated
from all the contact-exposed dogs. All these data indicated that PRV can
be transmitted between dogs.

4. Discussion

In China, the first case of PRV was documented in the 1947 in cats,
and subsequently reported in cattle and swine (Sun et al., 2016). As the
increase in the intensity of swine production in China, PRV had been
spread widely in China in the 1980s. By early 1980s, PRV infection had
been identified in 18 regions (14 provinces, 1 municipality and 3
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autonomous regions of China) in diverse species, mainly in pigs but also
in cattle, sheep, goats, cats, dogs and minks (Sun et al., 2016).

PRV has a double-stranded linear DNA genome with 150kb in
length, encoding at least 11 different glycoproteins (gB, gC, gD, gE, gG,
gH, gI, gK, gL, gM and gN) (Dong et al., 2014). To data, only gB gD, gH,
gL and gK were confirmed as the essential genes of PRV, whereas other
genes are considered nonessential (Kopp et al., 2004; Olsen et al.,
2006). The existence of these nonessential genes in the PRV genome
permits the deletion or the insertion of foreign genes in the hope of
vaccinating against PRV or other diseases (Hong et al., 2007). Thanks to
this, many novel recombinant vaccines against PR have been developed
in the past decades, such as the gE-gene-deleted PRV vaccine Bartha-
K61, the gE/gl/TK-gene-deleted PRV vaccine SA215, the gG/TK-de-
leted PRV vaccine HB98, the gE/gl/TK-deleted PRV vaccine TJ, the gE/
gl/TK-deleted PRV vaccine HN1201, and the killed gE/gl-deleted PRV
vaccine ZJO1 (Cong et al., 2016; Gu et al., 2015; Zhang et al., 2015a).
Although all these attenuated vaccines have been reported to provide
effective protection against PRV infection, only Bartha-K61, HB98 and
SA215 have been proved to be safe and efficacious, and licensed in
China. The safety and efficacy of other candidate vaccines still need
further evaluation.

Currently, all the licensed vaccines against PRV were widely used in
Chinese swine industry, and played a critical role in control of this
disease.

Bartha-K61 used in this study is an attenuated PRV strain which was
deleted the gE and part of gI genes (Klupp et al., 1995). PR has been
eradicated from domesticated pigs in North America and a number of
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Fig. 3. Histological changes in dogs infected
with PRV. Affected tissues of mock-, Bartha-
K61-, HB98- and DCDl-infected dogs were
fixed by immersion in 10% neutral-bufered
formalin, routinely processed, embedded in
parafn, sectioned (4um thick), and stained
with hematoxylin and eosin. Histological
changes were examined by light microscopy.
(a—d) Histological changes of the cerebrum.
The lymphohistiocytic perivascular infiltration
of neuroparenchyma and gliosis were observed
in the cerebrum of Bartha-K61-, HB98- and
DCD1-inoculated dogs. (e-h) Histological
changes of the brainstem. The degeneration
and necrosis of neurons occurred in the brain-
stem of HB98- and DCD1l-inoculated dogs,
while no changes were observed in the brain-
stem of Bartha-K61l-inoculated dogs. (i-1)
Histological changes of the lung. The pul-
monary hemorrhage and congestion occurred
in the lung of Bartha-K61-, HB98- and DCD1-
inoculated dogs. The lesions were labeled with
arrows. Magnification, x 200.

Lung

European countries using the Bartha-K61 vaccine for large-scale com-
pulsory vaccination and the differentiating infected from vaccinated
animals strategy (Muller et al., 2011). The Bartha-K61 vaccine strain
was imported from Hungary in 1979, and then widely used in Chinese
swine industry. Currently, the PRV vaccines based on the Bartha-K61
strain or its derivatives were wide-scale immunized in the Chinese pig
industry, resulting in relatively favorable control of PR and the mor-
bidity and mortality in newborn piglets of infected swine herds were
less than 10% in Bartha-K61-vaccinated swine herd (Sun et al., 2016).
HB98 used in the present study is also an attenuated PRV strain, which
was deleted the gG and TK genes. The vaccine based on the HB98 strain
was licensed in 2006 and considered to be suitable for emergency
vaccination in case of PR outbreaks. Nowadays, Bartha-K61 vaccine and
HB98 vaccine are the most widely-used vaccines against PR in China,
that is why we selected both strains in the present study.

Dogs have been reported to be the host of PRV, the pathogenesis of
natural and experimental PRV infection in dogs has been evaluated.
However, few reports about the pathogenesis of attenuated PRV vaccine
strains in dogs are available. Therefore, we investigated the PRV sero-
prevalence and assessed the risk factors of PRV infection in dogs in the
present study. Considering the PRV infection in dogs, we performed the
epidemiological survey using the serum specimens that were collected
form dogs in pig farms and pet hospitals from May 2017 to June 2018.
Our data strongly suggested that PRV, especially the gE-deleted PRV
strains, existed in dogs in South China. However, no PRV strains were
isolated in this epidemiological survey because of the absence of clin-
ical specimens. More effort will be required to determine the prevalence
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of PRV in dogs.

Of note is that our findings were obtained primarily from experi-
ments using animals. According to the previous reports, the incubation
time of PRV is about 2-9 days in dogs, and most infected dogs die
within 48h of the onset of symptoms, some dogs even die without
showing any of the typical symptoms (Capua et al., 1997; Monroe,
1989), the typical symptoms caused by PRV are characterized by
pruritus, dyspnea, vomiting, bloody diarrhea, edema, ataxia and muscle
spasms in dogs (Cramer et al., 2011). Consistent with these reports, in
our study, we found that both the virulent strain DCD1 and the atte-
nuated strain HB98 cause similar clinical symptoms and pathological
lesions, and induce death in 24h of the onset of symptoms. The in-
cubation time of DCD1 and HB98 were 2 days and 5 days, respectively.
Interestingly, there is a discrepancy for the pathogenicity of Bartha-K61
in dogs. The early studies showed that the Bartha strain are dangerous
for dogs, because the outbreak of this disease occurred after two week
vaccination with Bartha strain in dogs (Willemse et al., 1977). Con-
troversially, a recent report indicated that Bartha-K61 is not only safe
for dogs, but also effective in inducing an immune response to the
antigen it carries (Yuan et al., 2008). Surprisingly, in our study, Bartha-
K61 did not cause any death of dogs during the experiment (14 days),
the body weight curve of Bartha-K61-inoculated dogs demonstrated a
consistently increasing trend line, and the temperature curves of
Bartha-K61-inoculated dogs were demonstrated a relatively stable trend
line, yielding the trend lines similar to that of the mock infected-dogs. It
seems that Bartha-K61 has no pathogenicity to dogs. However, in a
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Fig. 4. Histological changes in dogs infected
with PRV. Affected tissues of mock-, Bartha-
K61-, HB98- and DCDl-infected dogs were
fixed by immersion in 10% neutral-bufered
formalin, routinely processed, embedded in
parafn, sectioned (4um thick), and stained
with hematoxylin and eosin. Histological
changes were examined by light microscopy.
(a—d) Histological changes of the liver. The
hemorrhage occurred in the livers of DCD1-
inoculated dogs, while no typical lesions were
observed in other dogs. (e-h) Histological
changes of the kidney. The hemorrhage oc-
curred in the kidneys of DCD1-inoculated dogs,
while no typical lesions were observed in other
dogs. (i-1) Histological changes of the pan-
creas. The hemorrhage occurred in the pan-
creas of DCDl-inoculated dogs, while no
changes were observed in the Bartha-K61- and
HB98-infected dogs. The lesions were labeled
with arrows. Magnification, x200.

Pancreas

follow up transmission experiments with Bartha-K61 vaccine, the in-
itially inoculated as well as one of the contact-exposed dogs succumbed
during the prolonged observation period (28 days), all the dogs pre-
sented with focal ecchymoses in the lung and spleen, and multifocal
hemorrhages in the stomach and kidney, illustrating the potential risk
associated with vaccinating dogs with Bartha-K61 vaccine. Therefore,
we proposed that, when dogs are infected with Batha-K61, the virus
with longer incubation time and lower replicate rate than other PRV
strains (HB98 and DCD-1 strain) need more time to cause lesions in
dogs. Our findings provide clues that the commercial vaccine Bartha-
K61 is not safe for dogs.

The immune system plays a key role in protecting the body from
foreign pathogens through either innate immunity or acquired im-
munity (Biron, 1998; Trevejo et al., 2001; Zhao et al., 2018). The innate
cytokines, such as IFN-3, TNF-a, IFN-y and interleukin, play a critical
role in inhibiting virus infections. Although the dogs have been con-
firmed to be infected with PRV, few reports about the immune response
of dogs against PRV infection are available. Our findings indicated that
all the PRV-infected dogs produced much more IFN-f than controls,
illustrating the dominant role of IFN-f during the early phase of PRV
infection. Moreover, we also observed the increase of TNF-a in the
HB98- and DCD1-inoculated dogs during the infection period, but only
observed the increase of TNF-a in Bartha-K61-inoculated dogs at 14
dpi. This finding is consistent with the observation about the tem-
perature changes in Bartha-K61-inoculated dogs. We proposed that
Bartha-K61 with long incubation time and low replicate rate induced
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Fig. 5. PRV loads in the organs of artificially
challenged dogs. 60-day-old beagle dogs were
randomly divided into four group (n = 3), and
inoculated with PRV strains Bartha-K61, HB98,
DCD-1 or PBS as a control. All of the dogs were
euthanized and subjected to analysis of viral
loads/virus distribution of PRV. Data from
Group IV (uninfected group) are not visible in
the graph because there was no viral load in
animals from that group. Results are re-
presentative of three independent experiments.
Data are represented as means *+ SD.
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Fig. 6. Pro-inflammatory cytokines production in artificially challenged dogs. The blood samples were collected from the fore leg vein at 3, 6, 9 and 14 dpi, and
processed to collect sera for detection of cytokines. The pro-inflammatory cytokines TNF-a (a) and IFN-{ (b) in the serum were determined using ELISA Kit. Results

are representative of three independent experiments. Error bars are presented as mean

determined by two-way ANOVA (* stands forp < 0.05).

Table 3
Horizontal transmission of PRV between dogs.

Group Animal Number Endpoint Shedding virus

Bartha-K61 I
I
11

contact-expose I
I
11

Dead at 26 dpi
Dead at 28 dpi
Dead at 28 dpi
Dead at 28 dpi
Euthanized
Euthanized

+ o+ o+ o+ o+

the production of TNF-a, leading to the temperature increase from 12
dpi to 14 dpi.

Up to now, little reports about the viral distribution in the organs of
the dogs are available. In the present study, we evaluated the viral loads

109

+

SD. The differences between the two groups are statistically significant as

of different PRV strains in the organs of the artificially challenged dogs.
Interestingly, we detected the virus in all the organs of the DCD1-in-
oculated dogs, whereas no virus were detected in the liver of HB98- or
Bartha-K61-inoculated dogs. Moreover, no virus were detected in the
intestinal tract, trachea and pancreas of Bartha-K61-inoculated dogs.
These results provide clues that Bartha-K61, HB98 and DCD1 have
different replicate rate and tissue tropism in vivo. Considering the dif-
ferent deleted genes of Bartha-K61 and HB98, we proposed that the
deleted genes might be associated with replicate rate and tissue tropism
in vivo. Of course, further evidence is required to confirm this hy-
pothesis. Additionally, Neuronal spread of PRV requires axonal sorting
of assembled virions followed by transporting of viral particles over
long distances in axons (Smith, 2012). The PRV Bartha strain with a
3.4kb deletion (coding for gI, gE, US9 and US2) in the unique short
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Fig. 7. Clinical features of Bartha-K61-inoculated dogs and contact-exposed dogs during the prolonged observation period. Three Bartha-K61-inoculated dogs were
raised with three mock-inoculated dogs in the same room. Clinical signs of disease and mortality were monitored daily. All the dogs were euthanized till sudden death
occurring. The autopsy was performed, and the gross abnormalities were recorded at necropsy. (a) Variation of rectal temperature in each dogs. (b) Body weight
changes for each dogs. (c) focal ecchymoses were observed in the lung. (d) focal ecchymoses were observed in the spleen. (e) multifocal hemorrhages were observed
in the stomach. (f) multifocal hemorrhages were observed in the kidney. The lesions were labeled with arrows.

region of the genome and some point mutations within the glycoprotein more effort will be required to determine whether the effect exist.

C, gM and UL21 genes, only spread from post- to pre-synaptic neurons It has been reported that dogs can be infected with PRV by con-
in a circuit (retrograde only) (Paulus et al., 2006; Zeng et al., 2018). suming contaminated raw pork or by exposing to the virus during
However, the effect of the impaired intraaxonal transport process on hunting or fighting with live pigs (Monroe, 1989; Quiroga et al., 1998),
the replication, spread and tissue tropism of Bartha strain is unclear, but very few reports about the transmission of PRV between dogs are
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available. Therefore, we attempted to elucidate the characteristics of
PRV transmission in dogs. We first determined that contact-exposed
dogs raised with Bartha-K61-inoculated dogs together can be infected
with PRV, the same PRV strain was isolated in contact-exposed dogs.
Moreover, our data also showed that Bartha-K61 cause death in dogs.
These observations clearly show that PRV can be transmitted between
dogs by touching with each other.

5. Conclusion

It is the first demonstration of the safety assessment of commercial
attenuated PRV vaccines in dogs. Based on the epidemiological survey,
pathogenicity evaluation and horizontal transmission in dogs, this
study strongly suggest that commercial PRV vaccines are hidden health
risk for dogs. Considering the susceptibility and the intimate relation-
ship of human and pet dog, asymptomatic carriage of PRV in dogs at the
early stage is also a hidden infection that it is vital for owner of pet dogs
to take seriously.

Research funding

This work was supported by the construction project of modern
agricultural science and technology innovation alliance in Guangdong
province (2018LM1112).

Conflict of interest statement
The authors declare that they have no conflict of interest.
References

Ai, JW., Weng, S.S., Cheng, Q., Cui, P., Li, Y.J., Wu, H.L., Zhu, Y.M., Xu, B., Zhang, W.H.,
2018. Human endophthalmitis caused by pseudorabies virus infection, China, 2017.
Emerg. Infect. Dis. 24, 1087-1090.

Biron, C.A., 1998. Role of early cytokines, including alpha and beta interferons (IFN-
alpha/beta), in innate and adaptive immune responses to viral infections. Semin.
Immunol. 10, 383-390.

Capua, L., Fico, R., Banks, M., Tamba, M., Calzetta, G., 1997. Isolation and character-
isation of an Aujeszky’s disease virus naturally infecting a wild boar (Sus scrofa). Vet.
Microbiol. 55, 141-146.

Cong, X., Lei, J.L., Xia, S.L., Wang, Y.M., Li, Y., Li, S., Luo, Y., Sun, Y., Qiu, H.J., 2016.
Pathogenicity and immunogenicity of a gE/gl/TK gene-deleted pseudorabies virus
variant in susceptible animals. Vet. Microbiol. 182, 170-177.

Cramer, S.D., Campbell, G.A., Njaa, B.L., Morgan, S.E., Smith 2nd, S.K., McLin, W.Rt.,

Veterinary Microbiology 233 (2019) 102-112

Fig. 8. PRV loads in the organs of Bartha-K61-
inoculated dogs and contact-exposed dogs.
Three Bartha-K61-inoculated dogs were raised
with three mock-inoculated dogs in the same
room. All of the dogs were euthanized and
subjected to analysis of viral loads/virus dis-
tribution of PRV. Results are representative of
three independent experiments. Data are re-
presented as means *+ SD.

_;_
87
_;_

A

Z

Brodersen, B.W., Wise, A.G., Scherba, G., Langohr, .M., Maes, R.K., 2011.
Pseudorabies virus infection in Oklahoma hunting dogs. J. Vet. Diagn. Invest. 23,
915-923.

Dong, B., Zarlenga, D.S., Ren, X., 2014. An overview of live attenuated recombinant
pseudorabies viruses for use as novel vaccines. J. Inmunol. Res. 2014, 824630.

Gu, Z., Dong, J., Wang, J., Hou, C., Sun, H., Yang, W., Bai, J., Jiang, P., 2015. A novel
inactivated gE/glI deleted pseudorabies virus (PRV) vaccine completely protects pigs
from an emerged variant PRV challenge. Virus Res. 195, 57-63.

Hong, Q., Qian, P., Li, X.M., Yu, X.L., Chen, H.C., 2007. A recombinant pseudorabies virus
co-expressing capsid proteins precursor P1-2A of FMDV and VP2 protein of porcine
parvovirus: a trivalent vaccine candidate. Biotechnol. Lett. 29, 1677-1683.

Jentzsch, K.D., Apostoloff, E., 1970. [Human susceptibility to herpesvirus suis (Aujeszky-
virus). 4. Serological determinations in persons in infection endangered occupational
groups]. Z. Gesamte Hyg. 16, 692-696.

Klupp, B.G., Lomniczi, B., Visser, N., Fuchs, W., Mettenleiter, T.C., 1995. Mutations af-
fecting the UL21 gene contribute to avirulence of pseudorabies virus vaccine strain
Bartha. Virology 212, 466-473.

Kopp, M., Granzow, H., Fuchs, W., Klupp, B., Mettenleiter, T.C., 2004. Simultaneous
deletion of pseudorabies virus tegument protein UL11 and glycoprotein M severely
impairs secondary envelopment. J. Virol. 78, 3024-3034.

Marcaccini, A., Lopez Pena, M., Quiroga, M.L., Bermudez, R., Nieto, J.M., Aleman, N.,
2008. Pseudorabies virus infection in mink: a host-specific pathogenesis. Vet.
Immunol. Immunopathol. 124, 264-273.

Mettenleiter, T.C., 1996. Immunobiology of pseudorabies (Aujeszky’s disease). Vet.
Immunol. Immunopathol. 54, 221-229.

Mettenleiter, T.C., 2000. Aujeszky’s disease (pseudorabies) virus: the virus and molecular
pathogenesis—state of the art, June 1999. Vet. Res. 31, 99-115.

Monroe, W.E., 1989. Clinical signs associated with pseudorabies in dogs. J. Am. Vet. Med.
Assoc. 195, 599-602.

Mravak, S., Bienzle, U., Feldmeier, H., Hampl, H., Habermehl, K.O., 1987. Pseudorabies
in man. Lancet 1, 501-502.

Muller, T., Hahn, E.C., Tottewitz, F., Kramer, M., Klupp, B.G., Mettenleiter, T.C., Freuling,
C., 2011. Pseudorabies virus in wild swine: a global perspective. Arch. Virol. 156,
1691-1705.

Nauwynck, H., Glorieux, S., Favoreel, H., Pensaert, M., 2007. Cell biological and mole-
cular characteristics of pseudorabies virus infections in cell cultures and in pigs with
emphasis on the respiratory tract. Vet. Res. 38, 229-241.

Olsen, L.M., Ch’ng, T.H., Card, J.P., Enquist, L.W., 2006. Role of pseudorabies virus Us3
protein kinase during neuronal infection. J. Virol. 80, 6387-6398.

Paulus, C., Sollars, P.J., Pickard, G.E., Enquist, L.W., 2006. Transcriptome signature of
virulent and attenuated pseudorabies virus-infected rodent brain. J. Virol. 80,
1773-1786.

Pomeranz, L.E., Reynolds, A.E., Hengartner, C.J., 2005. Molecular biology of pseudora-
bies virus: impact on neurovirology and veterinary medicine. Microbiol. Mol. Biol.
Rev. 69, 462-500.

Quiroga, M.I., Nieto, J.M., Sur, J., Osorio, F., 1998. Diagnosis of Aujeszky’s disease virus
infection in dogs by use of immunohistochemistry and in-situ hybridization.
Zentralbl. Veterinarmed. A 45, 75-81.

Reed, L.M.H., 1938. A simple method of estimating fifty percent endpoints. Am. J. Hyg.
493-497.

Smith, G., 2012. Herpesvirus transport to the nervous system and back again. Annu. Rev.
Microbiol. 66, 153-176.

Sun, Y., Luo, Y., Wang, C.H., Yuan, J., Li, N., Song, K., Qiu, H.J., 2016. Control of swine
pseudorabies in China: opportunities and limitations. Vet. Microbiol. 183, 119-124.


http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0005
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0005
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0005
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0010
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0010
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0010
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0015
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0015
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0015
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0020
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0020
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0020
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0025
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0025
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0025
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0025
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0030
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0030
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0035
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0035
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0035
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0040
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0040
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0040
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0045
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0045
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0045
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0050
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0050
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0050
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0055
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0055
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0055
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0060
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0060
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0060
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0065
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0065
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0070
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0070
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0075
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0075
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0080
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0080
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0085
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0085
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0085
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0090
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0090
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0090
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0095
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0095
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0100
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0100
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0100
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0105
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0105
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0105
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0110
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0110
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0110
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0115
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0115
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0120
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0120
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0125
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0125

W. Lin, et al.

Tischer, B.K., Osterrieder, N., 2010. Herpesviruses—a zoonotic threat? Vet. Microbiol. 140,
266-270.

Tong, W., Li, G., Liang, C., Liu, F., Tian, Q., Cao, Y., Li, L., Zheng, X., Zheng, H., Tong, G.,
2016. A live, attenuated pseudorabies virus strain JS-2012 deleted for gE/gI protects
against both classical and emerging strains. Antiviral Res. 130, 110-117.

Trevejo, J.M., Marino, M.W., Philpott, N., Josien, R., Richards, E.C., Elkon, K.B., Falck-
Pedersen, E., 2001. TNF-alpha -dependent maturation of local dendritic cells is cri-
tical for activating the adaptive immune response to virus infection. Proc. Natl. Acad.
Sci. U. S. A. 98, 12162-12167.

Verpoest, S., Cay, A.B., Favoreel, H., De Regge, N., 2016. Pseudorabies virus isolates from
domestic pigs and wild boars show no apparent in vitro differences in replication
kinetics and sensitivity to interferon-induced antiviral status. J. Gen. Virol. 97,
473-479.

Willemse, A., Rondhuis, P.R., Goedegebuure, S.A., Maas, J.H., 1977. [An atypical form of
Aujezky’s disease after vaccination (author’s transl]. Tijdschr Diergeneeskd 102,
386-388.

Veterinary Microbiology 233 (2019) 102-112

Yuan, Z., Zhang, S., Liu, Y., Zhang, F., Fooks, A.R., Li, Q., Hu, R., 2008. A recombinant
pseudorabies virus expressing rabies virus glycoprotein: safety and immunogenicity
in dogs. Vaccine 26, 1314-1321.

Zeng, H.L., Yu, F.L,, Zhang, Z., Yang, Q., Jin, S., He, X., Chen, X., Shen, Y., Cheng, L., Guo,
L., Xu, F., 2018. Quantitative proteomics study of host response to virulent and at-
tenuated pseudorabies virus infection in mouse brain. Biochim. Biophys. Acta
Proteins Proteom. 1866, 307-315.

Zhang, C., Guo, L., Jia, X., Wang, T., Wang, J., Sun, Z., Wang, L., Li, X., Tan, F., Tian, K.,
2015a. Construction of a triple gene-deleted Chinese Pseudorabies virus variant and
its efficacy study as a vaccine candidate on suckling piglets. Vaccine 33, 2432-2437.

Zhang, L., Zhong, C., Wang, J., Lu, Z., Liu, L., Yang, W., Lyu, Y., 2015b. Pathogenesis of
natural and experimental Pseudorabies virus infections in dogs. Virol. J. 12, 44.

Zhao, X., Tong, W., Song, X., Jia, R., Li, L., Zou, Y., He, C., Liang, X., Lv, C., Jing, B., Lin,
J., Yin, L., Ye, G., Yue, G., Wang, Y., Yin, Z., 2018. Antiviral effect of resveratrol in
piglets infected with virulent pseudorabies virus. Viruses 10.

112


http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0130
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0130
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0135
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0135
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0135
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0140
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0140
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0140
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0140
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0145
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0145
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0145
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0145
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0150
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0150
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0150
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0155
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0155
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0155
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0160
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0160
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0160
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0160
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0165
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0165
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0165
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0170
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0170
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0175
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0175
http://refhub.elsevier.com/S0378-1135(18)31402-0/sbref0175

	Commercial vaccine against pseudorabies virus: A hidden health risk for dogs
	Introduction
	Materials and methods
	Ethics statement
	Vaccines, virus and animals
	Antibody detection
	Viral titers
	Challenge study
	Virus detection in the excretion
	Cytokine detection
	Quantification of viral loads
	Histopathology
	Statistical analysis

	Results
	PRV infection and shedding in dogs
	PRV infection cause clinical manifestation in dogs
	The attenuated PRV strains in commercial vaccine cause histopathological lesions in dogs
	Different PRV strains have different tissue tropism in dogs
	PRV infection induces the pro-inflammatory cytokines production
	PRV can be transmitted among the dogs

	Discussion
	Conclusion
	Research funding
	Conflict of interest statement
	References




