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The effects of classical swine fever (CSF) virus infection on the porcine
leukocyte subsets were investigated by flow cytometry in acute, chronic and con-
valescent forms of the disease. The virus antigen could be first detected in the
monocytes on postinfection (p.i.) day 10 while in the lymphocytes on p.i. day 13.
It could be established that the ratio of CD6+ cells decreased until p.i. day 6, but
afterwards it started to increase and reached different values. The CD4+CD8+, the
CD8+ and the CD6- cells were obviously higher virus positive than the CD4+ and
the CD4-CD8—subsets, but essentially all subsets could be infected. The ratio of
CD8+ cells increased during the disease, while the number of double positive cells
decreased, and that of the CD4+ cells was variable. The viral antigen could be
detected in a lower percentage of the CD4+CD8+, CD8+, CD6+ and CD6- cells
of the pigs affected with the chronic form of the disease than in those with the
acute form. During the experiments no viral antigen could be detected in the leu-
kocytes of the pig that became convalescent, though the changes in its leukocyte
subsets were very similar to those seen in pigs in which the viral antigen could be
detected. The studies have revealed that essentially all leukocyte subsets can be in-
fected with the CSF virus, but in very different amounts.
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The course and the epizootiological properties of classical swine fever
(CSF) first described in Ohio in 1833 have changed in the last decades. While in
the first part of this century the epidemiology of the disease showed the typical,
classical form, from the 1960s more and more data came to light in Germany,
France and the Netherlands, suggesting that CSF could appear in different forms
(Mengeling and Cheville, 1968; Liess et al., 1976). These forms manifest the m-
selves in chronic or fetopathogenic courses beside the acute form. A lifelong pe r-
sistent infection can result from in utero transplacental transmission of the CSF v i-
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rus, and such pigs excrete the virus without showing any characteristic clinical
signs (Van Oirschot and Terpstra, 1977).

These new clinical courses of the disease were tentatively attributed to viral
virulence factors, but it was also observed that some so-called low virulent CSF virus
strains could produce a typical, acute course too (Liess et al., 1976). It was also shown
that different pig breeds infected with the same strain and dose of CSF virus developed
acute, chronic and transient infection, providing evidence that breed-related genetic
factors can influence the outcome of infection (Depner et al., 1997). Flow cytometric
studies showed that CSF infections caused by strains of different virulence induced di f-
ferent immunological reactions (Markowska-Daniel et al., 1998).

The CSF virus replicates in the epithelial, endothelial and lymphoreticular
cells (Cheville and Mengeling, 1969). The viral antigen can be first detected in the
granulocytes and monocytes on p.i. day 10 (Summerfield et al., 1998). Immunohi s-
tological and flow cytometric studies have pointed out that the drop of the leukocyte
number as an early finding after infection is caused by depletion of the B lymph o-
cytes. This can be observed both in the lymphoid tissues and in the blood (Susa et al.,
1992). Narita et al. (1996) found that the ratio of the CD4+ and CD8+ subsets i n-
creased, while the so-called double positive (CD4+CD8+) lymphocytes, which are
typical of swine, showed a deficiency (Pauly et al., 1998).

The aim of this study was to compare the immunological changes during
the acute and the chronic form of the disease.

Materials and methods
Animals

Five German Landrace and five Pietrain x German Landrace crossbred
weaners were inoculated intranasally with the CSF virus isolate Visbek/Han95 in a
dose of 750 TCIDs, (Table 1). Heparinized blood samples were collected from
the vena cava cranialis twice weekly.

Table 1

Experimental animals

Group 1 Group 2 Control group

5 German Landrace 5 Pietrain X German Landrace 1 German Landrace
1 Pietrain x German Landrace

Mononuclear cell separation

Peripheral blood mononuclear cells (MNC) were obtained after Ficoll Iso-
paque (Cytogen, g = 1.077 g/ml) density gradient centrifugation (1100 g, 25 min,
10 °C). Interphase cells were washed three times with PBS.
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Preparation for flow cytometric analysis

Monoclonal antibodies (mab) (Table 2) against surface structures and
secondary reagents were used at appropriate dilutions (20 ul) in PBS- BN (PBS,
0.5% BSA, 0.01% NaN3). HC-34 anti-CSFV specific monoclonal antibody was
used to detect viral antigen, SWCI for detection of monocytes and T lymph o-
cytes, and SWC3 monoclonal antibody to detect swine monocytes. For indirect
detection of the B lymphocytes anti-CD5 and anti-CD2 antibodies were used.
All incubations and centrifugations during the procedure were made on ice to
avoid capping and shedding. One to 5 x 10° MNC were incubated in U-shaped
96-well microtitre plates with the respective monoclonal antibodies for 20 min
on ice, washed twice with PBS-BN (200 g, 5 min), and then incubated with sec-
ondary reagents. Unlabelled Mabs were detected with goat anti-mouse-
IgG(H&L)-PE (FIRMA, Germany). In case of three-colour fluorescence the cells
were incubated further with biotinylated mabs which were detected with strepta-
vidin-Cy5 (FIRMA, Germany). After membrane immunofluorescence the cells
were washed once in PBS-BN and fixed in 100 ul 1% paraformaldehyde
(FIRMA, Germany) in PBS, pH 7.2, for 20 min at room temperature (RT). After
centrifugation at 200 g for 5 min the cells were washed twice with PBS (200 g,
5 min), and the final cell pellet was incubated for 20 min at RT in 25 pl of the
pestivirus-specific monoclonal antibody HC-34, directly coupled with FITC, di-
luted in saponin buffer (PBS-BN, 0.5% saponin). After centrifugation (5 min,
200 g, RT) and discarding the supernatant the cells were resuspended in 200 pl
saponin buffer and kept at RT for further 30 min. Finally the cells were spun
down (200 g, 5 min, RT) and resuspended in 1 ml PBS-BN.

Table 2

Antibody panel
A B
1. 11/8/1+anti-mouse-IgG-PE (SWC1) 1. MSA4+anti-mouse-IgG-PE (CD2)
2. B53B7 biotintstreptavidin-CY5 (CD5) 2. B53B7 biotintstreptavidin-CY5 (CD5)
3. HC-34-FITC (CSFV) 3. HC-34-FITC (CSFV)
C D
1. 11/295/33+anti-mouse-IgG-PE (CDS) 1. 74-22-15A+anti-mouse-IgG-PE (SWC3)
2. 74-12-4 biotintstreptavidin-CY5 (CD4) 2. B53B7 biotintstreptavidin-CY5 (CD5)
3. HC-34-FITC (CSFV) 3. HC-34-FITC (CSFV)

E
1. A38B2+anti-mouse-IgG-PE (CD6)
2. HC-34-FITC (CSFV)
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Flow cytometric analysis

For each measurement 10,000 events were acquired and gated for lymph o-
cytes and/or monocytes according to their light scatter characteristics. Evaluation
of the data was performed with the software WinMDL

Results

All animals became febrile after 6 days. All purebred and two crossbred
pigs (II/1, 11/2) developed the acute form of CSF. One purebred pig died on day 13
due to acute heart failure during the sampling (I/1). The other animals (I/2, I/3, I/4,
I/5) died within the first month after infection. Two pigs of the crossbred group
developed the chronic form of the disease and died 32 (II/3) and 45 (11/4) days post
infection, respectively. One weaner of this group became convalescent after a mild
transient infection (II/5). Both animals of the control group remained healthy wit h-
out any symptoms during the experiment.

Monocytes

The viral antigen could be first detected in the monocytes (Fig. 1). A certain
percentage of these cells proved to be virus positive on p.i. day 10. The kinetics of
infection was very steep, because on p.i. day 13, when the first lymphocytes be-
came virus positive, the viral antigen could be found in 70-90% of the monocytes.
This high percentage of positive monocytes persisted until the animals’ death.
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Fig. 1. SWC3+ healthy monocytes (a); monocytes infected with CSF virus antigen 13 days p.i. (b)

Lymphocytes

The viral antigen could be first detected in lymphocytes on p.i. day 13. The
ratio of infected cells reached a maximum, and three groups could be formed a c-
cording to the level of this max imum:
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45-50%: three animals with symptoms of acute CSF, which died on day 21
(1/3), 21 (1I/1) and 24 (1/4), respectively;

25-35%: one animal with chronic symptoms (II/3), two with acute form
(I/5, 11/2), but one of them with ulcerative proctitis, which was typical in the
chronic form. These pigs died on p.i. day 24 (I/5), 26 (II/2) and 32 (1I/3);

10-20%: one pig which died of the chronic form on p.i. day 45 (1I/4).

One purebred pig (I/1) died too early, therefore no plateau could be esta blished.

In case of a purebred swine (I/2), which died on p.i. day 20, the ratio of vi-
rus-positive lymphocytes continued to increase until death.

No viral antigen could be detected in the leukocytes of the convalescent pig (1I/5).

CDG6 cells

It could be established that the ratio of CD6+ cells decreased until p.i. day 6
(from 30—40% to 15-20%), but afterwards it began to increase and reached diffe r-
ent values depending on the form of disease. Sometimes it exceeded 70% in pigs
that died of the acute form (Fig. 2). The CD6+ cells were less virus positive than
the CD6— cells in every pig (Fig. 3). The ratio of virus-infected CD6+ and CD6—
lymphocytes increased b efore death.
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Fig. 2. Changes in the CD6+ subpopulation during acute CSF infection (II/1)

CD4/CDS8 cells

Similar viral preference could be observed for the CD4 and CDS subsets,
because mainly in the later stages of the disease both the CD4+CD8+ and the
CD8+ cells showed obviously higher virus positivity than the CD4+ and the CD4—
CDS8- subsets, but essentially all subpopulations could be infected. The CD8+ and
the CD4+CD8+ cells were less virus positive in the pigs which died of the chronic
form than in those that succumbed to the acute form of disease. The early strong
decrease of CD4—CD8- cells could be observed in every pig (Fig. 4). The ratio of
CD8+ cells increased during the disease, while the number of double-positive cells
decreased. The percentage of the CD4+ cells was var iable.
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During the experiment no viral antigen could be detected in the leukocytes
of the pig which became convalescent, though the changes seen in the leukocyte
subsets (CD6, CD4/CDS cells) were very similar to those observed in cases where
the viral antigen could be detected.
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Fig. 3. Comparison of the ratios of virus-positive CD6+ and CD6— cells (1/2)
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Fig. 4. The earliest sign of infection: the drastic decrease of CD4—-CD8- cells as indirect evidence of
the depletion of B lymphocytes. Control (a); infected animal (b). (No decrease of double-positive cells
can be observed at this early stage.)

Discussion

The purpose of this experiment was to answer the following questions: (a)
which leukocyte subsets are infected with CSF virus and at what time? (b) are
these subsets permanently or just temporarily virus positive? (c) are there any di f-
ferences among the subsets in terms of CSF virus i nfection?

The results obtained show that essentially every leukocyte subset can be i n-
fected with the CSF virus. It could be established that there is no selectively i n-
fected leukocyte subset, but there are subpopulations preferred by the CSF virus.
However, the level of this preference can vary widely depending on the animals.
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Although no antibody was used to detect B lymphocytes, the early drastic drop of
the CD5— and the CD4-CD8- cell ratios suggests that it is due to the depletion of
B lymphocytes, which is in conformity with earlier results ( Susa et al., 1992). In
agreement with the results of earlier studies (Narita et al., 1996), the ratio of CD8+
cells increased also in the present experiment, but in this study the percentage of
CD4+ cells varied. The increasing ratio of CD6+ T cells following their early d e-
crease correlates with the role of these cells in MHC-restricted cytotoxic activity
(Pauly et al., 1995; Pauly et al., 1996). For CD4+CD8+ (double-positive) cells, the
number of which is high in swine compared to other animals, it was found that
their ratio decreased during the infection, in line with the earlier results ( Pauly et
al., 1998). In harmony with the results of Summerfield et al. (1998), the viral anti-
gen could be first detected in the monocytes on p.i. day 10, and the percentage of
virus-positive cells very rapidly reached a high level. This was typical of both the
chronic and the acute forms of infection. The viral antigen could be detected in the
lymphocytes on p.i. day 13, which is consistent with the results of Pauly et al.
(1998). Although every lymphocyte subset can be infected with CSF virus, certain
subpopulations such as CD4+CD8+, CD8+ and CD6- cells obviously showed
higher virus positivity than others. To explain this finding, the following hypoth e-
ses can be suggested. The cell surface antigen structures binding CSF virus ( i)
have genetic polymorphism; (i) show varying levels of expression in the subsets;
(7ii) are genetically uniform but undergo modification after translation; ( iv) have an
expression level depending on the activity of cells. These factors may be responsible
for the great individual differences found in the ratios of virus-positive cells.

Differences were observed between the acute and the chronic form of disease
in the immunological changes observed. The viral antigen could be detected in a
lower percentage of lymphocytes in the chronic form, which observation concerned
the CD4+CD8+, the CD8+, the CD6+ and the CD6— cells. Although the viral antigen
could not be detected during the experiment in the convalescent pig, the subsets
showed similar changes as in the virus-positive ones. This suggests that the immun o-
suppressive effect of CSF infection is not a direct consequence of the presence of v i-
ral antigen, since the lower responsiveness could be detected before the viral antigen
appeared. The increasing ratio of CD6+ and CD8+ cells suggests that these sub-
populations have an important role in the cellular immune response against CSF v i-
rus infection.
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