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A B S T R A C T

Porcine circovirus type 2 (PCV2) is widespread throughout Chinese farms, and the infection rate of porcine
pseudorabies virus (PRV) is very high. The emergence of mixed infection involving PCV2 and PRV has been
difficult to prevent and control and has caused considerable economic loss. The present study investigated lung
and brain damage caused by PRV in piglets with PCV2 infection. Twenty piglets were divided randomly into two
experiment groups (PRV group and PRV+PCV2 group; n= 10 per group). The pigs were observed for clinical
signs at specified times. At necropsy, lung and brain tissue samples were collected for histopathological ex-
amination, and tissue virus load was determined using quantitative polymerase chain reaction. Severe patho-
genicity due to PRV was evident in two-month-old piglets. PCV2 and PRV co-infection led to more severe
neurological and respiratory symptoms and a higher mortality rate in the piglets. In addition, the pathological
damage to the lung and brain was also aggravated. The co-infection was associated with a significant increase in
the content of PRV in the brain and lung tissue. In conclusion, PCV2 and PRV co-infection could cause severe and
irreversible damage to piglets.

1. Introduction

Since the first description of porcine circovirus by Tischer et al. in
1982, porcine circovirus type 2 (PCV2) has become one of the most
important pathogens affecting the swine industry worldwide (Chae,
2004;Chae, 2005). PCV2 is the causative agent of a number of disease
syndromes that are collectively termed porcine circovirus diseases
(PCVAD). Of the syndromes, post-weaning multi-systemic wasting
syndrome (PMWS), is the most important, economically (Kim et al.,
2003, 2011). Infection solely with PCV2 rarely results in clinical disease
(Kim et al., 2011). In the majority of cases, pigs are sub-clinically in-
fected.

Porcine pseudorabies is an acute infectious disease caused by
pseudorabies virus (PRV). The disease is characterized by fever and
encephalomyelitis. Newborn piglets mainly display neurological
symptoms, and adult pigs mainly display recessive infection.
Consequences of the infection in pregnant sows include abortion,
stillbirth, and mummified fetus (Klupp et al., 2003; Szpara et al., 2011;
Boadella et al., 2012). Signs in pigs over two months of age include

neuropathic symptoms, tremors, ataxia, head-up posture, arched back,
limb spasm, intermittent seizures, and occasionally death. The disease
may also occur in other animals (Wang et al., 2015a, 2015b).

PRV infection is prevalent and sporadic in Yunnan province, China.
The rate of PRV infection in pigs on farms in China has increased in
recent years (Song et al., 2017). Combination of the infection with other
pathogens could lead to immunosuppression, complicate the condition,
increase the morbidity and mortality, and increase the death rate. The
mixed infection with PCV2 and PRV has become more serious on some
pig farms in Yunnan province, and the prevalence of the mixed infec-
tion has increased to an epidemic proportion (Fachinger et al., 2008;
Lee et al., 2010). Hence, there is an urgent need to detect and prevent
the mixed infection.

In the present study, we established an animal model of PCV2 and
PRV co-infection. Characteristic clinical signs included stillbirth or the
birth of weak piglets with neurological symptoms that ultimately lead
to death. Moreover, the brains and lungs of the infected piglets were
seriously damaged, and the tissue virus load was higher than that of a
single infection. A 100% death rate was observed in the co-infection
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group on the 14th day. The results showed that co-infection could lead
to the rapid death of piglets.

2. Materials and methods

2.1. Viruses and experimental animals

The PRV gD strain named YN1was previously isolated from the
lungs of infected pigs in Yunnan Province (Song et al., 2017). The virus
was propagated in Vero cells and titrated in PK-15 cells as previously
described (Wang et al). The titers of PCV2 and PRV were 106.5TCID50/
mL.

All piglets in this study were two-month-old male that were born
from several unvaccinated with PRV and PCV2 sows and tested nega-
tive for PRV, PCV2, porcine reproductive and respiratory syndrome
virus, classical swine fever virus, and porcine parvovirus using a poly-
merase chain reaction (PCR) method. They were determined to be free
of antibodies against PRV prior to the study using enzyme-linked im-
munosorbent assay (ELISA) kits.

The temperature of piglets is closely related to the course of the
disease. Observation of clinical symptoms is a preliminary means to
judge animal diseases. During the challenge period, the rectal tem-
perature of piglets was measured at 08:30 and 17:30, parameters like
cougha, pruritus, anorexi,tremor and diarrhea were recorded daily after
inoculation of the viruses every day to determine the occurrence and
development of the disease and the prognosis of piglets.

2.2. Experimental design

After 1 week of acclimation, the piglets were randomly allocated
into two groups. 10 piglets were administered 2mL PRV suspension
intramuscularly, and in the PCV2+PRV group, 10 pigs were injected
intramuscularly with 1mL each of prepared suspensions of PRV and
PCV2. Since the mixed infection with 2mL PRV +1mL PCV2 together
made the piglets die quickly in the previous pre-experiment, the total
amount of viruses in this study was set on half of the amount in pre-
experiment study, which was also consistent in the two groups.

After challenge, on day 3, 7, 14, 21, and 35, two piglets in each
experimental group were euthanized and complete necropsies were
performed. The lung and brain tissue samples were collected for DNA
extraction and quantitative PCR (qPCR) detection.

2.3. Animal ethics statement

All experiments performed in this study were approved by the
International Animal Care and Use Committee of the Yunnan
Agricultural University (permission code: YAUACUC06; date of pub-
lication: July 10, 2017). The study complied with the guidelines of the

institutional administrative committee and ethics committee of la-
boratory animals.

2.4. Protocol of qPCR

For the primer design, Lasergene v7.1 (DNASTAR) was used to
analyze the published gene sequences of PRV strains available at NCBI
GenBank. Primer Premier 5.0, Oligo 6.0, and other molecular biology
analysis software were used to design primers for the detection of PRV.
The primers were synthesized by San Gong Biotech Company. The
qPCR amplification of PRV was carried out in 20 μL reaction mixtures
containing 10 μL SYBR Ⅱ, 0.8 μM upstream primer (F), 0.8 μM down-
stream primer (R,) and 2.0 μL cDNA template. Diethyl pyrocarbonate
was added to produce a final volume of 20 μL. The PCR conditions were
95℃ for 2min; 35 cycles consisting of 95℃ for 15 s, 59℃ for 20 s, and
65℃ for 5 s; and primer annealing at 65℃ for 5min. The qPCR ampli-
fication of PCV2 was carried out using the same reaction mixture and
reaction conditions. The accuracy of qPCR was determined by gel
electrophoresis of the PCR products and visualization of the resulting
bands using a gel imaging system. After purification of the target
fragment, vector ligation was performed. The recombinant plasmid was
identified by plasmid extraction, enzyme digestion, and sequencing.

PRV was amplified by PCR, and the standard curve was established.
A strong linear relationship was evident, with a coefficient (R2) of
0.998. The amplification efficiency (E) was 103.8%. The linear re-
lationship between Ct and the copy number was calculated as: Ct =
-3.232×28.027. PCV2 was also amplified by PCR, and the standard
curve was established. A strong linear relationship was also evident,
with an R2 of 1.000, and E was 92.7%. The linear relationship between
Ct and the copy number was calculated as: Ct = -3.510×32.996.

2.5. Statistical analysis

Values are expressed as the mean+ SD. One-way analysis of var-
iance followed by Student-Newman-Keul’s multiple comparisons test
was used for the comparison of means. A probability of 0.01 was taken
as being statistically significant. The analysis was carried out using the
SYSTAT 9 software package (SPSS 20).

3. Results

3.1. PCV2 and PRV co-infection is lethal for piglets

Clinical symptoms are a fundamental method for the diagnosis of
diseases. To preliminarily make sure that which one is more harmful for
piglets with co-infection or PRV single infection, we examined the body
temperature of co-infected or single infected piglets.

The body temperature of co-infected piglets increased rapidly at

Fig. 1. Body temperature of piglets infected with PRV, PCV2 alone, or both PRV and PCV2 (A) and characteristic symptoms (B). A: The body temperature of
the piglets increased significantly (41.0℃) on day 6 after PRV infection, began to decrease after 10 days, and then returned to normal after 14 days. In a contrast,
piglets infected with both PCV2 and PRV (PCV2+PRV) started to show fever (41.0℃) at 12 h post-infection, and the fever began to decrease after 10 days to below
normal body temperature (35.8℃). B: One of the typical mental depression characteristics of leaving a wound after scratching.
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12 h, reached the peak value of 41.8℃ on the 7th day, and decreased
rapidly to 35.8℃ on the 8th day, which was below the normal body
temperature suggested that the prognosis is poor (Fig. 1A). The body
temperature of the pigs in the PRV group increased significantly on day
6 and returned to normal on day 20.

Piglets in the two experimental groups developed clinical signs
characterized by typical neurological and respiratory symptoms. Piglets
co-infected with PCV2 and PRV showed neurological symptoms such as
swaying walk, head-back posture, circling, uncoordinated exercise,
dog-sitting, limb-paddling, and mental depression (Fig. 1B). Respiratory
symptoms included cough, asthma, and dyspnea. Interstitial pneumonia
and severe lymphoplasmacytic and histiocytic bronchointerstitial
pneumonia are characteristic symptoms. The clinical symptoms of PRV
infection alone are less severe than those of co-infection, which are
characterized by itching, depression, accelerated breathing, cough, and
runny nose. Two piglets in the PCV2+PRV group were dead by day 8,
and all the piglets in this group had died by day 14. There was no piglet
death due to disease in the PRV group.

3.2. PCV2 and PRV co-infection results in more severe brain and lung
damage in piglets than PRV infection alone

The observations of severe neurological symptoms and dyspnea in
piglets prompted a more detailed examination of clinical symptoms,
pathological anatomy, and histological observations.

PRV infection resulted in damage to the lung and brain tissue, such
as hemorrhage. These tissue injuries were exacerbated by co-infection
with PCV2 and PRV, with increased bleeding and congestion in the
lungs. The lung lesions were characterized by serous filled pulmonary
alveoli, which may have been the cause of death. Nucleolysis in the
brain tissue was also more prevalent in the co-infection group com-
pared to that in the group infected with PRV alone, which may be the
reason why the piglets in the co-infection group showed such severe
neurological symptoms (Fig. 2).

3.3. Concurrent infection with PCV2 and PRV can significantly increase
PRV content in lung and brain tissues

There is a correlation between pathological injury and viral load,
and in order to study the effect of PCV2 on the content of PRV in the
lungs and brains of the piglets, qPCR was utilized. In the co-infected
group, the viral content continued to increase up until day 14. By that
time, all the piglets had died (Fig. 3A). The viral levels in the
PCV2+PRV group were lower in the early stage than those in piglets
infected solely with PRV. However, by day 14, the PRV levels in the
lungs of the co-infected group were about 200 times higher than those
of the PRV-alone infection group (Fig. 3B). PRV content in the brains of
co-infected piglets was also higher than that in the PRV group. The viral
content in the brain and lung tissue in the PRV group peaked at day 7
and decreased thereafter. Concurrently, the PCV2 content in the lung
and brain samples was very low. The findings indicated that PCV2 may
enhance the content of PRV in the lung and brain, leading to more
severe pathological injury.

4. Discussion

Several reports demonstrated that co-infection with PCV2 and PRV
is pervasive in piglets and has become a major threat to the global pig
industry (Solano et al., 1997; Cai et al., 2005; Afolabi and Benson,
2017; Shuqing et al., 2017). PCV2 alone cannot cause extensive damage
to the host (Sara and Valerie, 2018), but PCV2 infection can result in
the elimination of B cells and impair PCV2 antibody production and
immunosuppression. Sara and Valerie (2018) found that PRV infection
is age-dependent; there were no obvious clinical symptoms in 15-week-
old piglets, and the infection was not lethal at the age of two months. In
this study, the Yunnan strain of PRV seriously harmed the respiratory

and nervous systems of piglets. Symptoms including cough, dyspnea,
scratching, rotation, tremor, ataxia, head-up posture, arched back, and
limb spasm appeared 3–7 days after challenge. The presently observed
clinical signs were similar to those described in a previous study that
used 107 TCID50 PRV HN1201 inoculation via the nose (Qing et al.,
2016). In the present study, piglets inoculated with PRV developed a
high fever and similar neurological symptoms. Their body temperatures
began to return to normal at 14 days post-injection of the virus. More
severe respiratory difficulties and neurological symptoms were ob-
served in the PCV2+PRV group. A sharp drop in body temperature at
10–14 days indicated a poor prognosis of piglets. The observations
suggest that PRV re-infection could cause serious injuries and even
death in piglets infected with PCV2. Therefore, even PRV, which is an
age-dependent virus, can cause more significant damage when co-in-
fected with PCV2, thus causing great economic losses.

The PRV infection rate is increasing, and protection from airborne
infection is becoming more difficult. This is a major problem for live-
stock farms and veterinarians (Kim et al., 2002).

PRV has a pantropic effect on the respiratory and nervous systems of
pigs. Virus particles enter the termini of sensory nerves and stimulate
the infected mucosal epithelium. The virus propagates abundantly in
the nasal cavity mucous membrane. Pathogenic foci form after the first
round of virus replication and subsequently pass through the trigem-
inal, olfactory, and glossopharyngeal nerve endings. Ultimately, the
virus enters the olfactory bulb and the trigeminal nerve ganglion. It
takes 2–4 weeks for this process to occur in the form of a core-capped
shell after replication (Nauwynck et al., 2007; Sarah et al., 2011; Sara
et al., 2017). The damage to the nervous system caused by PCV2 in-
fection has not been previously reported (Segalés, 2012). In pigs, PRV
strain HeN1 can cause lymphocyte infiltration around the small blood
vessels in the brain cortex (Tong et al., 2013). Presently, PRV infection
alone resulted in similar symptoms, and neurological symptoms were
more severe in the pigs challenged with PCV2 and PRV. In addition,
there was more surface bleeding and more eosinophilic inclusion-
bodies in the brain, with the dissolution of neuronal cell bodies being
prevalent. The results support the view that PCV2 can aggravate brain
tissue damage in piglets infected with PRV.

Both PCV2 and PRV can cause lung damage in piglets. Interstitial
pneumonia and severe lymphoplasmacytic and histiocytic bronch-
ointerstitial pneumonia are characteristic symptoms that occur in pig-
lets after PCV2 infection (Jizong et al., 2015). Pulmonary consolidation
edema and lung hemorrhage could be caused by PRV. In this study,
pulmonary hemorrhage was observed in piglets inoculated with PRV,
with more severe congestion and bleeding as well as pulmonary con-
solidation in the whole lungs observed in piglets of the PCV2+PRV
group. Histopathological lung lesions were characterized by serious
bleeding, and the alveoli were filled with serous fluid, which may have
been the cause of death in piglets with dyspnea. The findings suggest
that co-infection with PCV2 and PRV can cause lung injury and more
severe damage compared with PRV infection alone.

Pigs infected with PCV2 continue to carry the virus and show sub-
clinical symptoms. PCV2 is linked with a variety of clinical disease
manifestations collectively referred to PCVAD (Harding and Clark,
1997), and co-infection heavily influences the severity and outcome of
PCVAD. In pigs, the co-infections involved include PCV2, porcine par-
vovirus, porcine reproductive and respiratory syndrome virus, Haemo-
philus parasuis serovar 4, and classical swine fever virus (Ellis et al.,
2000; 2004; Shuqing et al., 2017). In these cases, some co-infections
increase the pathogenicity of PCV2 or other pathogens. Therefore,
mixed infection with PCV2 and PRV enhances the pathogenicity of
both, leading to severe disease and even death of pigs.

In this study, PCV2 infection also led to the increase in PRV in the
brain tissue of piglets. The amount of PRV in pigs infected with
PCV2+PRV was half of that in pigs infected with PRV alone, and the
PRV load in the brain tissue increased to the highest level on day 14.
The detection of a large amount of PCV2 in the brains of piglets

X. Zhang, et al. Veterinary Microbiology 237 (2019) 108394

3



suggested that PCV2 aggravated the brain tissue damage of piglets due
to PRV. This may be related to the restriction of the immune response
by PCV2, which could lead to the proliferation of PRV in the lungs.

When PCV2 levels in the lungs are still well below the PRV levels, we
suspect that PCV2 plays a role in the acceleration of PRV reproduction.
Therefore, the damage to the lung and brain caused by PRV is

(caption on next page)
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aggravated by PCV2.
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