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Summary

Twenty 6-week-old specific pathogen-free pigs were divided
into four groups. On day 0 of the experiment, PRRSV–PRV

(n ¼ 6) and PRRSV (n ¼ 4) groups were intranasally inocu-
lated with porcine reproductive and respiratory syndrome
virus (PRRSV) (105.6 TCID50). On day 7, the PRRSV–PRV

and PRV (n ¼ 6) groups were intranasally inoculated with
pseudorabies virus (PRV) (103.6 TCID50). Control pigs (n ¼ 4)
were kept as uninoculated negative controls. Half of the pigs in
each group were euthanized and necropsied on day 14 or 21.

Clinical signs such as depression and anorexia were observed
in the PRRSV–PRV and PRV groups after inoculation with
PRV. Although febrile response was observed after virus

inoculations, the duration of that response was prolonged in
the PRRSV–PRV group compared with the other groups. The
lungs in the PRRSV–PRV group failed to collapse and were

mottled or diffusely tan and red, whereas the lungs of the pigs
in the other groups were grossly normal. Histopathologically,
interstitial pneumonia was present in all PRRSV-inoculated
pigs, but the pneumonic lesions were more severe in the

PRRSV–PRV group. Mean PRRSV titres of tonsil and lung in
the PRRSV–PRV group were significantly (P < 0.05) higher
than that in the PRRSV group on day 21. These results indi-

cate that dual infection with PRRSV and PRV increased
clinical signs and pneumonic lesions in pigs infected with both
viruses, as compared to pigs infected with PRRSV or PRV

only, at least in the present experimental conditions.

Introduction

Porcine reproductive and respiratory syndrome (PRRS) is
mainly characterized by reproductive disturbances in sows and
respiratory distress in young pigs. In Japan, PRRS virus
(PRRSV) was first isolated from fattening pigs and stillborn

pigs in 1993 (Shimizu et al., 1994). The antigenicity of the
Japanese isolates was more closely related to that of the
American-type virus than to that of the European-type virus

(Murakami et al., 1994). PRRSV is thought to be a major
primary pathogen and increase severity of secondary infections
related to porcine respiratory disease complex. Concurrent

infection with PRRSV and porcine respiratory coronavirus or
swine influenza virus (Van Reeth et al., 1996), Mycoplasma
hyopneumoniae (Thacker et al., 1999) or Streptococcus suis

(Galina et al., 1994) causes more severe disease than PRRSV
alone. Pseudorabies virus (PRV) infection caused nervous
disorders, mortality and respiratory disease in pigs. Dual
infection with PRV plus bacteria induced severe pneumonia in

pigs (Fuentes and Pijoan, 1987; Iglesias et al., 1992a; Sakano

et al., 1993; Shibata et al., 1998). In swine farms, pigs are
confronted with several infectious agents, especially after
weaning, and infections of Japanese pigs with PRRSV and
PRV are common shortly after the grouping of pigs in

intensive fattening units. Combined infections with both
viruses likely take place at that stage, but the clinical effects
of dual infection with PRRSV and PRV have not been

demonstrated. The objective of this study was to compare the
clinical and pathological effects of dual infection with these
viruses in young pigs, with that of a single infection with

PRRSV or PRV.

Materials and Methods

PRRSV and PRV strains

The E4 strain of PRRSV (Shibata et al., 2000) was used for
pig inoculation at the fourth passage level in swine alveo-
lar macrophages (SAM). The EDRD-1 strain of PRRSV
(Murakami et al., 1994) propagated in MARC-145 cells (Kim

et al., 1993) was used for serological examination. The
Yamagata-S81 strain of PRV (Fukusho et al., 1981) propaga-
ted in CPK cells derived from pig kidneys was used for pig

inoculation and serological examination.

Animals

Twenty specific pathogen-free (SPF) pigs (Landrace), 6 weeks
of age, were obtained from a SPF pig herd routinely monitored

to be negative for PRRSV, PRV, atrophic rhinitis and
mycoplasma pneumonia. They were seronegative for PRRSV
and PRV.

Experimental design

The pigs were randomly assigned to four groups, each of which

was housed separately in a barrier-maintained room main-
tained at 23�C. Six pigs were inoculated with PRRSV plus
PRV (the PRRSV–PRV group), four with PRRSV only (the

PRRSV group) and six with PRV only (the PRV group). The
remaining four pigs were kept as negative controls (the control
group). On day 0 of the experiment, pigs in the PRRSV–PRV
and PRRSV groups were inoculated intranasally with 105.6

TCID50 of PRRSV. On day 7, pigs in the PRRSV–PRV and
PRV groups were inoculated intranasally with 103.6 TCID50 of
PRV. Half of the pigs in each group except the control group

and the remaining pigs were euthanized and necropsied on
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days 14 and 21, respectively. After inoculation, the pigs were
observed for clinical signs of disease daily and weighed weekly.
Rectal temperature was taken daily. Nasal swabs were

collected every other day for PRV isolation. Blood samples
for PRRSV isolation and serological examination were
collected weekly. At necropsy, tissue samples of medulla

oblongata, tonsil, lung, heart, liver, spleen, kidney, small
intestine, pulmonary lymph node and mesenteric lymph node
were collected for virus isolation and pathological examina-

tion.

Virus isolation

Isolations of PRRSV and PRV from tissue samples, sera
and/or nasal swabs were performed in SAM and CPK cells,
respectively, seeded in 96-well microtitre plates (Shibata et al.,

2000). Convalescent serum using SPF pig for challenge
infection with 1 : 128 virus neutralization antibody titre to
PRV and negative for PRRSV antibody was added to the

SAM maintenance media to a final concentration of 20%.

Bacterial isolation

Bacterial isolation from lung samples was performed according
to routine procedures. In brief, lung samples were cultured using
tryptic soy agar containing 100 lg/ml of b-NAD and 5% horse

serum, dextrose starch agar containing 0.1 lg/ml of gentamy-
cin, 30 lg/ml of vancomycin and 5% sheep blood agar.

Serological examination

Sera from all pigs were tested for antibodies against PRRSV

by indirect fluorescent antibody (IFA) assay (Shibata et al.,
2000) and against PRV by virus neutralization (VN) test
(Shibata et al., 1998).

Pathological examination

Histopathological examination was performed according to

routine procedures. In brief, tissue samples were fixed in 20%
neutral phosphate-buffered formalin. Thin sections of paraffin-
embedded samples were stained by haematoxylin and eosin.

Immunohistochemistry for detection of porcine circovirus 2
(PCV 2) was performed by a protocol as previously described on
paraffin-embedded tonsil and lung samples (Onuki et al., 1999).

Statistical analysis

Statistical analysis was determined by Student’s t-test and each

value was given as the mean ± SD. Results were considered
significant if P < 0.05.

Results

Clinical signs

In the control group, no clinical signs were observed through-
out the study. Prior to inoculation, no clinical signs were

observed in any of the pigs. After inoculation with PRRSV,
clinical signs were not apparent. After inoculation with PRV,
depression and anorexia were observed in two pigs in each of

the PRRSV–PRV and PRV groups between days 11 and 14.

Mild respiratory distress was recognized in one pig in the
PRRSV–PRV group on day 14. In the groups challenged with
the viruses (PRRSV–PRV, PRRSV and PRV groups), an

increase in rectal temperature was seen (Fig. 1). Mean rectal
temperatures of the pigs in the PRRSV–PRV, PRRSV and
PRV groups remained significantly (P < 0.05) higher than

those of control pigs at days 1–19, 1–11 and 9–14, respectively,
indicating that febrile response in the pigs in the PRRSV–PRV
group was prolonged. Mean weight gains between days 0 and

14 were 3.2 ± 2.4, 3.9 ± 0.7, 3.8 ± 1.2 and 4.1 ± 0.1 kg in
the PRRSV–PRV, PRRSV, PRV and control groups, respect-
ively.

Gross and histopathological lesions

Gross and histopathological lung lesions in each group are

summarized in Table 1. At necropsy on day 14 with PRRSV,
the lungs in the PRRSV–PRV group failed to collapse, and
were mottled or diffusely tan and red at the periphery of the

lobes. On day 21, the gross lung lesions in the PRRSV–PRV
groups were more severe than that on day 14 (Fig. 2). No gross
lung lesions were observed in the PRRSV, PRV and control
groups. Lymph nodes in the thoracic region were moderately

enlarged in the inoculated groups. Histopathologically, inter-
stitial pneumonia characterized by thickening of the alveolar
septa with infiltration of mononuclear cells and alveolar

exudates was present in all pigs in the PRRSV–PRV and
PRRSV groups on days 14 and 21. These lesions were more
severe in the PRRSV–PRV group than that in the PRRSV

group (Fig. 3). Mild interstitial pneumonia was also observed
in two of the six pigs in the PRV group. PCV 2 antigen was not
detected in tonsils and lungs of all of the pigs in the four

groups. Encephalitis in medulla oblongata characterized by
perivascular cuffing and focal gliosis was observed in the
cerebrum of the pigs in the PRRSV–PRV and PRV groups,
especially on day 14.

PRRSV and PRV isolations

PRRSV was isolated from the sera of all pigs in the PRRSV–
PRV and PRRSV groups from day 7. At necropsy, PRRSV
was isolated from several tissues of pigs in the PRRSV–PRV

and PRRSV groups (Table 2). On day 21, geometric mean
PRRSV titres of tonsil and lung in the PRRSV–PRV group

Fig. 1. Mean body temperature in the PRRSV–PRV (d), PRRSV(m),
PRV (n) and control (j) groups. Pigs in the PRRSV–PRV and PRV
groups were inoculated with PRV on post-inoculation day 7 with
PRRSV.
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Table 1. Gross and histopathological lung lesions

Group
Days after inoculation

with PRRSVa No. of pigs

Gross lung lesionsb Interstitial pneumoniac

– + ++ – + ++ +++

PRRSV–PRV 14 3 0d 3 0 0 0 1 2
21 3 0 0 3 0 0 1 2

PRRSV 14 2 2 0 0 0 1 1 0
21 2 2 0 0 0 2 0 0

PRV 14 3 3 0 0 2 1 0 0
21 3 3 0 0 2 1 0 0

Control 21 4 4 0 0 4 0 0 0

aPorcine reproductive and respiratory syndrome virus.
b–: normal; +: the lungs fail to collapse and are diffusely mottled and tan and red at the periphery of the lobes; ++: the lungs fail to collapse and
are diffusely mottled and tan and red all over the lobes.
c–: normal; +: mild; ++: moderate; +++: severe.
dNo. of pigs.

Fig. 2. Lungs from pigs in the PRRSV–PRV (A) and PRRSV
(B) groups post-inoculation week 3 with PRRSV. Lung (A) from a
pig inoculated with PRRSV plus PRV fails to collapse and is mottled
or diffusely tan and red.

Fig. 3. Microscopic section of lungs from pigs in the PRRSV–PRV
(A) and PRRSV (B) groups post-inoculation week 2 with PRRSV.
Proliferative interstitial pneumonia in lung (A) from a pig inoculated
with PRRSV plus PRV is more severe than that (B) inoculated with
PRRSV only. HE stain, 412·.
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(mean: 103.7 and 103.3 TCID50 /0.05 ml, respectively) were
significantly (P < 0.05) higher than that in the PRRSV group
(mean: 102.6 and 101.9 TCID50 /0.05 ml, respectively). All of

the pigs in the PRV and control groups were negative for
PRRSV isolation. PRV was isolated from nasal swab samples
of pigs in the PRV and PRRSV–PRV groups between days 9

and 21. Although PRV was isolated from several tissues of pigs
in the PRRSV–PRV and PRV groups on day 14, no PRV was
isolated from the lung and lymph node on day 21 (Table 3). All

of the pigs in the PRRSV and control groups were negative for
PRV isolation. No significant bacteria were isolated from lung
of any pig.

Serological tests

At the time of virus inoculation, all of the pigs in all four

groups were negative for antibodies against PRRSV and PRV.
All of the pigs in the PRRSV–PRV and PRRSV groups
developed antibodies against PRRSV by day 14 as determined

by IFA, and all of the pigs except one pig necropsied on day 14
(7 days after challenge with PRV) in each of the PRRSV–PRV
and PRV groups developed antibodies against PRV by day 14

or 21 by VN test.

Discussion

This study is the first experimental report examining the effects

of dual infection with PRRSV plus PRV in young SPF pigs. A
reduction of weight gain was seen in PRRSV–PRV group;

however, this difference was not statistically significant
between PRRSV–PRV and control group probably because
of limited size and individual variation. In the PRRSV–PRV

group, the duration of the fever was significantly prolonged,
and lung lesion was increased, compared with either the
PRRSV or PRV group. The lungs failed to collapse and were

mottled or diffusely tan and red. Gross lung lesion was not
observed in the other groups. The PRRSV titres of tonsil and
lung in the PRRSV–PRV group were significantly higher than

that in the PRRSV group on day 21. In summary, infection of
the pigs with PRRSV followed by PRV challenge resulted in
increased clinical signs and pneumonia lesions, as compared to
the pigs infected with PRRSV or PRV only.

Under experimental condition, respiratory clinical signs in
pigs experimentally infected with PRRSV alone were not
observed and pulmonary gross lesions have usually been very

mild (Carvalho et al., 1997; Solano et al., 1997). Infection with
the E4 strain or other Japanese isolates alone did not cause
pigs to develop respiratory clinical signs and visible pneumonia

as reported in previous studies (Hirose et al., 1995). Generally,
in field conditions, pigs coinfected with PRRSV and other
organisms show clinical symptoms. Infection by the American

PRRSV strain, ATCC VR-2385, induced gross lesions char-
acterized by lungs that were mottled tan or diffusely tan, were
firmer and heavier than normal lungs, and failed to collapse
(Thacker et al., 1999). The VR-2385 strain was classified as a

high virulence strain (Halbur et al., 1996), and should be more
virulent than the strain used in the present study. The lung
lesions observed in the PRRSV–PRV group were similar to

Table 3. Pseudorabies virus (PRV) isolation from tissues

Group

Days after
inoculation

with PRRSVa
No. of

pigs

No. of positive pigs

Medula
oblongata Tonsil Lung

Lymph node

Heart Liver Spleen Kidney
Small

intestinePulmonary Mesentric

PRRSV–PRV 14 3 1 (1.0b) 3 (2.3) 2 (2.6) 1 (1.8) 0 0 0 0 0 0
21 3 0 0 0 0 0 0 0 0 0 0

PRRSV 14, 21 4 0 0 0 0 0 0 0 0 0 0
PRV 14 3 2 (0.9) 2 (3.0) 1 (1.25) 1 (1.3) 0 0 0 1 (0.8) 0 1 (1.5)

21 3 0 1 (2.0) 0 0 0 0 0 0 0 0
Control 21 4 0 0 0 0 0 0 0 0 0 0

aPorcine reproductive and respiratory syndrome virus.
blog TCID50/0.05 ml. Virus titre or geometric mean virus titre of positive tissue samples.

Table 2. Porcine reproductive and respiratory syndrome virus (PRRSV) isolation from tissues

Group

Days after
inoculation

with PRRSV
No. of

pigs

No. of positive pigs

Medulla
oblongata Tonsil Lung

Lymph node

Heart Liver Spleen Kidney
Small

intestinePulmonary Mesentric

PRRSV–PRV 14 3 0 2 (2.0a ) 2 (4.6) 1 (2.5) 0 1 (1.0) 0 1 (0.8) 1 (0.5) 0
21 3 0 3 (3.7) A 3 (3.3) A 3 (1.7) 1 (1.3) 0 0 1 (0.8) 1 (0.8) 1 (0.8)

PRRSV 14 2 0 2 (2.9) 2 (4.0) 2 (0.5) 1 (0.8) 0 0 1 (0.8) 0 0
21 2 0 2 (2.6) B 2 (1.9) B 2 (0.5) 1 (0.5) 0 0 1 (1.0) 0 0

PRV 14, 21 6 0 0 0 0 0 0 0 0 0 0
Control 21 4 0 0 0 0 0 0 0 0 0 0

alog TCID50/0.05 ml. Virus titre or geometric mean virus titre of positive tissue samples. Different letters within a column denote a significant
difference (P < 0.05).
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that introduced by the VR-2385 strain. On the other hand,
some PRV strains induce pulmonary lesions in addition to
lesions in the central nervous system, and cause mild respir-

atory disease to develop in pigs. However, the Yamagata S-81
strain used in the present study introduced no pneumonic
lesions in pigs inoculated intranasally (Shibata et al., 1998). In

the present study, gross lung lesions were also not observed in
the PRV group. Generally, characteristic lung lesions induced
by PRRSV infections is proliferative interstitial pneumonia,

and that by PRV infection consist of necrotic bronchitis,
bronchiolitis, and alveolitis (Kluge et al., 1999). The prominent
lung lesion in the PRRSV–PRV group was proliferative
interstitial pneumonia. Furthermore, PRRSV was isolated

from the lungs of the inoculated pigs; however, PRV was not
isolated from the lungs in any group on day 21. These findings
support the hypothesis that the lung lesions observed in the

PRRSV–PRV group may be induced by PRRSV infection.
Further studies using a larger number of pigs would be
necessary to confirm this hypothesis.

Recently, it has been reported that coinfection with PCV2
and PRRSV induces more sever lesions and clinical disease
than that with PCV 2 or PRRSV alone (Allan et al., 2000;

Harms et al., 2001; Rovira et al., 2002). Coinfection with
PCV 2 and PRRSV increased the severity of PRRSV-induced
interstitial pneumonia and PCV 2-associated lesions consis-
tent with post-weaning multisystemic wasting syndrome such

as lymphocyte depletion, granulomatous inflammation, intra-
cytoplasmic inclusion body in histiocyte and necrotizing
hepatitis in Caesarean-derived colostrums-deprived pigs

(Harms et al., 2001). Lungs were diffusely tan to purple
and non-collapsed at 7, 14 and 21 days after the infection
and moderate to severe lesions of interstitial pneumonia

observed in the dually infected pigs with PCV 2 and PRRSV
(Harms et al., 2001). These lung lesions were similar to those
observed in the PRRSV–PRV group; however, PCV 2-asso-
ciated lesions were not observed in any tissues examined and

PCV 2 antigen was not detected in tonsils and lungs of all
pigs in four groups.

At this time, the mechanism of the interaction between

PRRSV and PRV is not clearly understood. Alveolar macro-
phages are the most important defence line in the respiratory
tract. PRV infection in SAM affects the cell functions and

induces a deleterious effect on cytoxicity and production of
cytokine (Iglesias et al., 1989, 1992b). Furthermore, PRV
causes immunosuppression by altering the function and

survival of lymphocytes (Chinsakchai et al., 1990). Respiratory
defence mechanisms may be temporarily impaired as a result
of PRV infection, and development of pneumonia induced by
PRRSV may be promoted because of impaired and/or delayed

viral clearance.
Infection with PRRSV and PRV are very common after

weaning in fattening pigs. PRRSV can be isolated from the

lungs of experimentally infected pigs until at least 28 days after
inoculation (Hirose et al., 1995; Shibata et al., 2000). Conse-
quently, a primary infection with PRRSV can be easily

followed by infection with other virus. So, in the present
study, the pigs were infected with PRRSV and followed by the
inoculation with PRV at an interval of 7 days. In our previous
study, PRRSV and PRV were isolated from respiratory tissues

of same fattening pigs in a farm (Shibata et al., 1996). Further
study is needed to evaluate the true economical significance of
dual virus infection under field circumstances.
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