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The vaccine-induced maternal immunity against classical swine fever
(CSF) was investigated in this study. Eight sows were vaccinated with the Chi-
nese strain of classical swine fever virus (CSFV). The length of time between
vaccination and farrowing was 167-217 days. Milk samples from the front, mid-
dle and back udder sections and blood samples were taken from the sows on days
3 and 14 after farrowing. Blood samples were obtained from the piglets at the age
of 3, 6 and 10 weeks. The antibody level of the milk was examined by ELISA,
and that of blood samples by the virus neutralization (VN) test as well. In all 3-
week-old piglets and in 80% of the 6-week-old animals the neutralizing antibody
level reached the titre of 1:40. In none of the 10-week-old piglets did the titre ex-
ceed the value of 1:20, but in about 25% of the piglets it reached 1:20; the half of
these piglets came from two litters. In none of the piglets did the antibody level
reach the negative threshold in the ELISA test during the study. No significant dif-
ferences were found between the udder sections in milk antibody level by ELISA.
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The humoral immune response has a dominant role in the antiviral activity
of the immune system against classical swine fever (CSF) infection. Although
several vaccines were developed because of the ecological significance of the
disease, in 1980 the authorities of the European Community decided to eradicate
CSF and imposed a ban on vaccination. Eradication is attempted first of all by
stamping out and veterinary administrative measures. Vaccination is allowed in
situations where initial control measures failed to stop the spread of the infection.
Apart from this, in several countries all over the world protection against the dis-
ease is based on vaccination with modified live virus even today.

Although several data were presented about the kinetics and duration of
maternal immunity in the past years, certain details of vaccine-induced maternal
immunity have remained unclear.
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Precaustra et al. (1978) described that the efficacy of vaccination is in-
versely proportional to the level of maternal antibodies present at the time of the
vaccination. In other studies about 95% of pigs could be immunized very well at
neutralization titres of < 1:32, while maternal antibodies present in titres higher
than 1:64 inhibited the effect of the vaccination. The half-life of maternal anti-
bodies was found to be 12 days (Kim et al., 1984; Suvintarakorn et al., 1993).

Piglets from non-immune sows could be successfully vaccinated from the
age of 7 days, while piglets from sows vaccinated 10 months before farrowing
could be immunized as early as 5 weeks (Precaustra et al., 1983). Other authors
suggest that, in order to avoid the inhibitory effect of maternal antibodies and
reach a good immune response, piglets from immune sows should be vaccinated
at the age of 7-9 weeks (Terpstra and Wensvoort, 1987).

The antibody level against CSF virus in the colostrum was found to be 2—
4 times higher than that in the serum of the sow and it was even exceeded by the
antibody level in the serum of the majority of the piglets. The antibody titres
reached the peaks in the piglets between the 9th and 24th hour of life (Lai et al.,
1986; Lai et al., 1989).

In challenge studies a neutralization titre higher than 12.5 was sufficient to
protect, but virus excretion was abolished only if the titre was > 32. The thresh-
old for a positive neutralization test in the serological screening of herds is a titre
> 1:25 (Terpstra and Wensvoort, 1988).

The aim of the present work was to examine the length of protection pro-
vided by maternal antibodies in a model experiment. The results are expected to
be of use in case of an emergency vaccination, and it is necessary to know how
long the maternal immunity can affect the results of methods based on antibody
detection.

The following questions were to be answered: (i) how long can a maternal
immunity persist which can give sufficient protection against clinical symptoms
and death, and inhibit virus excretion; (ii) how long can the maternal antibodies
cause false reactions in serological tracing; (iii) are there any differences between
different udder sections in the antibody level of the colostrum?

Materials and methods

Animals

Eight Hungarian Large White sows were vaccinated with the Chinese C
strain of CSF virus (Suvac®, 2 ml i.m., Bognar and Mészaros, 1963) virus before
service. The animals were obtained from a closed herd and housed in isolation
units. The length of time between vaccination and farrowing ranged between 167
and 217 days.
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Blood samples were collected from the sows 3 and 14 days after farrowing
and from the 66 piglets at the age of 3, 6 and 10 weeks. Milk samples were taken
from the front, middle and back sections of the udder on day 3 and 14 after far-
rowing. CSF antibody levels in the milk were measured by ELISA and those in
the serum samples by ELISA as well as by the virus neutralization (VN) test.

Serology

ELISA. The ELISA test was performed as described by Have (1984), with
the following modifications.

Biotinylated anti-CSF swine IgG was applied to compete with the test sera
for CSF virus antigen binding. The amount of the attached antibody was detected
with peroxidase-labelled streptavidine and TMB substrate (SIGMA). The anti-
body activity of test sera was calculated as percentage inhibition:

(OD neg. ref. — OD test serum) x 100
OD neg. ref. — OD background

The optical density (OD) of the background was the value obtained with a
strong positive serum.

The cut-off level of inhibition, above which the serum was considered to be
positive, was determined at 50%, and below 30% it was regarded as negative.

Neutralizing peroxidase-linked antibody (NPLA) assay. The NPLA test
was based on the technique described by Holm Jensen (1981) and modified by
Terpstra et al. (1984), with the following modifications.

After incubation the monolayers were rinsed briefly with PBS, dried with
bench ventilator and fixed in an oven at 80 °C for 1 h. The monolayers were then
overlaid with 50 pl of goat-anti CSF serum diluted 1:400 and incubated for 1 h at
37 °C. After subsequent washing, staining was carried out with peroxidase-la-
belled anti-sheep IgG conjugate (SIGMA) diluted 1:1000.

Results

The neutralizing antibody titres of the vaccinated sows ranged between 80
and > 640; with a mean titre 340 on day 3, and 480 on day 14 after farrowing.
The 3-week-old piglets from these dams had an arithmetical mean (henceforth:
mean) titre of 183.38 (range 40—-640). The mean titre for the 6-week-old piglets
was 57.86 (range 10—320); only one of these piglets had a titre of 10 and one had
a titre of 320. The 10-week-old piglets had a mean titre of 10.54 (range 5-20).
The mean values of the NPLA titres for the litters are shown in Fig. 1.
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Fig. 1. Mean NPLA titres of the litters of sows 1-8

Table 1
Mean values of the ELISA and NPLA tests

Animal Ti NPLA mean titres ELISA mean values (%)
1mazs 1me (range) (standard deviation)
Sows 3 days 340 (80— > 640) 101.65 (3.67)
14 days 480 (80— > 640) 96.9 (8.24)
3 weeks 183.38 (40-640) 101.41 (4.00)
Piglets 6 weeks 57.86 (10-320) 92.69 (8.65)
10 weeks 10.54 (5-20) 81.45(11.39)

The mean percentage values obtained by the ELISA test in the serum sam-
ples of the sows are summarized in Table 1. The mean ELISA percentage value
was 101.41, 92.69 and 81.45 in the 3-week-old, 6-week-old and 10-week-old
piglets, respectively. The percentage values obtained by ELISA in the sera of
piglets are shown in Fig. 2.
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Fig. 2. Mean percentage values obtained in ELISA tests of the sera of piglets in litters 1-8
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The mean ELISA values measured in milk from different udder sections
are shown in Fig. 3.

At the age of 3 weeks none of the piglets had an NPLA titre lower than
1:40. In 80% of the piglets the NPLA titre reached or exceeded 1:40 at the age of
6 weeks; only one had a value of 1:10. In 10-week-old piglets the NPLA titre did
not exceed 1:20, but in about 25% of the piglets it reached 1:20; the half of these
piglets came from two litters.
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Fig. 3. Mean ELISA values measured in milk from the different udder sections

Discussion

The vaccination strategy in CSF-endangered areas should not only prevent
the clinical cases but also inhibit the shedding of virus. The studies of Terpstra
and Wensvoort (1988) showed that NPLA titres > 32 provide adequate protection
to both the individual animal and the herd. They established that NPLA titres
<'12.5 are insufficient to prevent disease and death, however the threshold dilu-
tion for a positive NPLA test in serological tracing of infected herds remained
25, justified by the absence of cross-reactive antibodies against bovine viral diar-
rhoea virus in pig sera and the initial steep increase of antibody titres after infec-
tion with CSF virus strains of low virulence.

This study showed great individual differences in NPLA titres in the litters
and among the sows. In all 3-week-old piglets and in 80% of the 6-week-old
animals the neutralizing antibody level reached the titre of 1:40. These animals
can be considered as being protected against the infection and, based upon the
results of earlier studies, they do not shed the virus. Only one of the 6-week-old
pigs failed to reach the titre 1:20, thus the majority of these animals are protected
against CSF. This can be stated for only about 25% of the 10-week-old piglets;
however, a large proportion of them came from two litters.

With regard to the threshold of the positive NPLA test (1:25), the maternal
antibodies can be expected not to cause a false positive reaction only if the
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NPLA test was performed from the samples of 10-week-old pigs, because in the
majority of the 6-week-old piglets the antibody level reached the titre of 1:40,
but in none of the 10-week-old animals did it exceed the titre of 1:20.

The ELISA values reached the threshold of positivity in all piglets during
the study period. Thus, in serological screening with this ELISA test a period of
10 weeks is too short for the maternal immunity to reach a level that does not
cause false positive reaction.

We could not find any explanation for the observation that the titre of
neutralizing antibodies in the serum of some sows increased by day 14. It can be
supposed that — because colostrum production has already ceased by that time —
there is no further excretion of large amounts of antibodies from the blood. It
could also be observed that the ELISA value of the milk increased by day 14 in
some sows (antibody level increases in the milk and in the serum did not occur in
the same sows). Although the level of antibodies did not decrease steeply in the
milk (and in some cases, as mentioned above, an increase was measured), the se-
rum antibody level of the piglets decreased during this period, which supports the
fact that maternal antibodies can get into the serum only at the beginning of life.

It was described in earlier studies (Kim et al., 1984; Suvintarakorn et al.,
1993) that the majority of piglets with NPLA titres lower than 32 could be suc-
cessfully vaccinated with the C strain, while titres > 32 inhibited the effect of the
vaccine. In another study (Terpstra and Wensvoort, 1987) the serological re-
sponse of piglets from immunized sows increased with the age of vaccination
from 11% at 5-6 weeks to 42% at 7-8 weeks and 77% at 9—-10 weeks. Similarly,
we found that 80% of the piglets had an NPLA titre > 40 at the age of 6 weeks,
while none of the piglets had a titre exceeding 20 at the age of 10 weeks. This
suggests that the vaccination of the piglets would be successful at about weeks
7-9 of their life as recommended in the study of Terpstra and Wensvoort (1987).
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Fig. 4. Comparison of the ELISA values of the sera of piglets (on day 21) with those obtained
in the sera and colostrum of the sows (on day 3)
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No significant differences were found in the antibody titre of milk from
the different udder sections, which is in agreement with the conclusion of Inoue
et al. (1980) and Inoue (1981a and b), who stated that udder sections had negli-
gible influence on the total IgM, IgG and IgA concentration of swine colostrum.

Lai et al. (1989) described that in sows the neutralizing antibody titre of
the colostrum was 2—3 times higher than that of the serum, and most pigs had
lower antibody level in the serum than in the colostrum. With the exception of
two sows, on day 3 the ELISA values of the colostrum were lower than those
obtained in the serum of sows on day 3 and in that of piglets on day 21 (Fig. 4).
This may be attributed to the fact that the antibody level of the colostrum was
measured only on day 3 after farrowing, by which time it could have decreased.

No correlation was found between the length of time between vaccination
and farrowing (167-217 days) and the ELISA value of the milk or the NPLA ti-
tre of the sows.
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