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Summary

Fifteen 6-week-old crossbred weaners weighing about 12 kg each were randomly divided into three
groups of five animals each. One group of pigs was inoculated first with porcine reproductive and
respiratory syndrome (PRRS) virus and then 3 days later with CSF virus. The second group received
classical swine fever (CSF) virus, while the third group was inoculated with PRRS virus only. The aim of
the experiment was to determine whether a primary PRRS virus infection influences the clinical outcome
of experimentally induced CSF in young pigs.

The PRRS virus infected weaners developed mild respiratory symptoms and recovered completely.
All five weaners which were inoculated with CSF virus only showed severe clinical signs typical of the
acute form of CSF. One pig had to be killed 15 days post-inoculation (p.i.); the remaining four died
between the 18th and 22nd day p.i. The clinical course of the animals inoculated with both viruses was
slightly different from that of the pigs that received only CSF virus. Four out of five pigs from the
PRRS/CSF group became febrile and viraemic earlier than the animals which received CSF virus only.
These pigs had to be killed 15–17 days post CSF virus inoculation. One animal in this group survived the
acute phase of CSF and recovered completely. It was concluded that the observed divergences of the
clinical courses would not have been noticed under field conditions. Therefore these findings cast doubt
on the relevance of PRRS virus infection potentiating significantly the clinical outcome of CSF in young
pigs.

Introduction

During the outbreaks of classical swine fever (CSF) in Germany between 1993 and 1998,
differing clinical courses were observed, ranging from mild to severe symptoms ‘typical’ of
CSF, with low and high mortality rates, respectively. This diversity of clinical pictures and the
different patterns of distribution and severity of morphological lesions were primarily attributed
to host- and virus-related factors (Depner et al., 1996, 1997). However, veterinarians and
epidemiologists also discussed the possibility of a dual infection of pigs with porcine repro-
ductive and respiratory syndrome (PRRS) virus and CSF virus, which might lead to a changing
clinical picture of CSF. Reports were vague, but since PRRS virus has become endemic in
Germany, dual infections with PRRS virus and CSF virus could not be excluded. The occurrence
of subclinical PRRS infections and the prolonged circulation of this virus within herds give
ample opportunities for mixed PRRS/CSF infections during a CSF epidemic. This assumption
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prompted us to perform a study, in order to determine whether a primary PRRS virus infection
influences the clinical outcome of experimentally induced CSF in young pigs.

Materials and Methods

Animals and experimental design

Fifteen 6-week-old crossbred weaners weighing about 12 kg each and free of neutralizing antibodies
against pestiviruses and PRRS virus were randomly divided into three groups of five animals each. One
group of pigs (PRRS/CSF group) was inoculated with PRRS virus and infected 3 days later with CSF
virus. The second group (CSF group) received CSF virus, while the third group (PRRS group) was
inoculated with PRRS virus only. The pigs were inoculated intranasally with cell culture supernatant
containing 106 TCID50 of PRRS virus and/or 104,7 TCID50 of CSF virus, respectively.

The pigs were housed under identical conditions in two different isolation stables and monitored
throughout the experiment. The PRRS/CSF group and the CSF group were housed in the same stable
but in two different compartments without direct contact with each other. The PRRS group was kept in
a separate stable. Blood samples for virological and serological investigations were collected twice weekly.
Animals which died or had to be killed were submitted to a full necropsy.

Viruses

The CSF virus (Isolate ‘Losten/Freese98’) used in the experiment was isolated from a diseased pig
from a CSF outbreak in northern Germany in January 1998. On the basis of sequence analysis of the 5?
non-translated region of the CSF virus genome, the isolate was grouped according to Fritzemeier et al.
(1998) within subtype ‘2.3–Guestrow’ (data not shown). The CSF virus isolate was passaged twice in PK15
cell cultures before the animals were inoculated.

The PRRS virus was isolated from a field case in the south-east of Germany in 1991 (Fichtner et al.,
1993). The isolate was designated ‘Cobbelsdorf’ and caused, under experimental conditions, mild respiratory
disease with increased body temperature during the first and second weeks of infection (Fichtner et al.,
1993). The PRRS virus isolate was propagated first in porcine alveolar macrophages and then in MARC
145 cell cultures (Kim et al., 1993) over six passages.

Virological and serological examinations

Isolation of CSF virus from buffy coats was performed on PK15 cell cultures as described before
(Dahle et al., 1993). Serum samples were tested for the presence of neutralizing antibodies against the
homologous CSF virus using a direct neutralizing peroxidase-linked antibody assay (Hyera et al., 1987).

PRRS virus was isolated from blood samples over two cell culture passages in MARC 145 cells and
assessed with an indirect immunofluorescence test (IIFT) using a polyclonal anti-PRRS serum from swine
and a conjugated anti-swine IgG rabbit serum. PRRS serology was conducted using the IIFT with PRRS
virus infected MARC 145 cells (Fichtner et al., 1994).

Results

Pigs inoculated with PRRS virus only (PRRS group)

Before inoculation with PRRS virus, body temperatures between 38.8 and 39.6 were
measured. Post-inoculation (p.i.), two phases of increased temperature (39.7–39.9°C) were
noted, between days 7 and 10 p.i. in two animals and between days 13 and 15 p.i. in three
animals. The animals showed a mild dyspnea and tachypnea after day 7 p.i. These symptoms
were mainly seen during stress situations, for example when the rectal temperatures were
recorded. During the phases of increased body temperature the animals looked slightly apathetic,
food uptake appeared to be disturbed and occasionally coughing was noticed. All five pigs
recovered completely.

PRRS virus could be re-isolated from day 3 after PRRS virus inoculation onwards. The
first antibodies against PRRS virus were detected 10 days after PRRS virus inoculation. High
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antibody titres (× 320) were measured during the third and fourth weeks of infection. The
antibody titres and the results of PRRS virus isolation are shown in Table 1.

Pigs inoculated with CSF virus only (CSF group)

After inoculation with CSF virus all five weaners fell ill and showed severe clinical signs
typical of the acute form of CSF. One pig had to be killed 15 days p.i., and the remaining four
died between the 18th and 22nd days p.i. The incubation period, the time before the febrile
phase of CSF started (body temperature below 40°C), lasted 5 to 7 days (Table 2, Fig. 1). After
onset of fever, progression of the disease was characterized by poor appetite, apathy, diarrhea,
coughing, muscle tremor, weakness of the hind legs and swollen inguinal lymphnodes. The
terminal stage was characterized by skin haemorrhages of various degrees.

CSF virus could be re-isolated regularly from the buffy coats obtained during the febrile
phase. The first positive samples were obtained from four animals on day 7 p.i. and from one
animal on day 12 p.i. (Table 2). A low titre (20) of neutralizing antibodies against the homologous
CSF virus was detected in a serum sample taken 19 days p.i., 1 day before the pig died. No
antibodies were found in serum samples of the remaining four animals. PRRS virus or antibodies
against PRRS virus were not detected in this group.

Pigs inoculated first with PRRS virus and subsequently with CSF virus (PRRS/CSF group)

The clinical course of the animals inoculated with both viruses was slightly different from
that of the pigs which received only CSF virus. The body temperatures ranged between 39.6
and 40.7°C 3 days after inoculation with PRRS virus, which was on average 0.5°C higher than
before PRRS virus inoculation. Four to five days after CSF virus inoculation, a steep rise in
body temperatures was noted (Fig. 1). Thereafter four pigs showed clinical symptoms of acute
CSF and died or had to be euthanized 15–17 days after CSF virus inoculation. The average
body temperatures of these four animals was higher compared to the pigs of the CSF group
(Fig. 1). One animal developed a mild transient infection, being febrile during the second week
of CSF virus infection. This animal recovered completely.

With the exception of the mildly affected pig which survived the disease, CSF viraemia
was detected in all pigs of this group during the febrile phase of the disease. The first positive
samples were obtained from two animals during the CSF incubation period on day 4 p.i. No

Table 1. PRRS virus isolation and antibody detection in pigs infected first with PRRS virus and then
3 days later with CSF virus and in pigs infected only with PRRS virus

Days post-inoculation with PRRS virus

Group Animal no. 0 3 7 10 15 22 29 36

PRRS 1128 n* n n 80** 320 320 320
1129 n n n 320 320 ×1280 ×1280
1130 n n n 80 320 1280 1280
1131 n n n 80 320 1280 ×1280
1132 n n n 80 320 ×1280 ×1280

PRRS/CSF 967 n n n n 80
968 n n n 80 80
969 n n n 80 80
970 n n n 80 80
971 n n 80 80 80 ×320

*n: no antibodies detected in the initial serum dilution of 1:80.
**80: antibody titre expressed as reciprocal value of the serum dilution of 1:80.
Bold text: PRRS virus isolation positive.
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Fig. 1. Body temperatures in pigs infected first with PRRS virus and then 3 days later with CSF virus
(PRRS/CSF group) and in pigs infected only with CSF virus (CSF group).

antibodies against CSF virus were found in the serum samples of the pigs which died. The
surviving pig developed neutralizing antibodies with titres of 320 on day 19 p.i. and 240 on day
33 p.i.

PRRS virus could be re-isolated from all pigs of the group. On day 3 post PRRS virus
inoculation, the day when the animals were challenged with CSF virus, two weaners were
positive for PRRS virus. Low titres (80) of antibodies against PRRS virus were detected in all
serum samples taken from day 10 post PRRS virus inoculation onwards. The antibody titres
and the results of PRRS virus isolation are shown in Table 1.

Discussion

Several studies have been conducted to evaluate the effect of PRRS virus infection on a
subsequent challenge with different bacterial pathogens in pigs without observing potentiation
of the symptoms (Cooper et al., 1995). However, in a few studies the interaction of PRRS virus
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infection and bacterial infections (e.g. Streptococcus suis) has been proven (Galina et al., 1994).
PRRS virus has also been found in association with other viral diseases, including swine
influenza, porcine respiratory coronavirus, paramyxovirus and encephalomyocarditis virus. It is
not yet clear to what extent these viruses act synergistically. Brun et al. (1994) could not find
any difference between groups of pigs infected with PRRS virus and swine influenza virus or
swine influenza virus alone, while Van Reeth et al. (1994) observed potentiation of illness
caused by PRRS virus in pigs experimentally challenged 4 days p.i. with both swine influenza
and porcine respiratory coronavirus. This apparent increased susceptibility to secondary diseases
suggests that PRRS virus infection causes some degree of immunosuppression. Immu-
nosuppression is also a common finding in pigs infected with CSF virus (Trautwein, 1988).
Therefore, an infection with both viruses might lead to a clinical course which differs from that
of a solitary CSF infection. So far there are no reports about PRRS/CSF interactions in the
pig. However, it is understandable that, due to the variety of clinical pictures in field cases of
CSF, a synergistic activity of CSF virus and other pathogens, including the PRRS virus, was
often used as an explanation for the diversity of symptoms.

The PRRS virus infected weaners in our experiment developed mild symptoms, similar to
those seen in previously conducted experiments with this PRRS virus isolate (Fichtner et al.,
1993). These pigs would probably not have attracted any attention under field conditions.
However, the subsequent inoculation with CSF virus somehow accelerated the disease process.
Four out of five pigs from the PRRS/CSF group became febrile and viraemic earlier than the
animals which received CSF virus only. The slight difference between the incubation periods
in the two groups indicates that there was some difference in the pathogenesis. In terms of
clinical signs in the weaners (e.g. fever development), particularly at the beginning of the disease,
a homogeneous clinical picture was seen in the group of pigs which received only CSF virus,
while the pigs infected first with PRRS virus and 3 days later with CSF virus reacted less
uniformly. However, the clinical differences disappeared towards the terminal stage of the CSF
infection in all pigs that died. Nevertheless, it has to be pointed out that the above-mentioned
divergence of clinical courses would not have been noticed under field conditions. Therefore
these findings cast doubts on the relevance of PRRS virus infection potentiating the clinical
outcome of CSF in young pigs. On the contrary, one pig infected with both viruses survived
the infections while none of the pigs of the CSF group recovered.

The results of CSF virus isolation and antibody detection as well as the clinical course of
CSF were in line with data from animal experiments conducted with other CSF field virus
isolates from Germany (Depner et al., 1994, 1997). The group of weaners subsequently
inoculated with CSF virus showed a less pronounced antibody response against PRRS compared
to the pigs which received only PRRS virus. This could be explained by the severe leukopenia
induced by CSF virus infection (data not shown).

So far we can conclude that the challenge of weaner pigs with CSF virus during the early
phase of PRRS does not significantly potentiate the disease. The variety of clinical pictures of
CSF, as observed during recent CSF outbreaks in Germany, thus appears related more to host
and CSF virus factors than to mixed PRRS/CSF virus infections. However, the question
remains whether a CSF virus challenge at a more advanced stage of PRRS (e.g. 14 days after
PRRS virus infection) leads to a potentiation of the clinical course of CSF. A synergistic activity
of these two pathogens cannot be completely excluded yet.
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