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Abstract

SEROLOGICAL RESPONSE OF PIGS TO A STANDARD AND INCREASED DOSE OF FOOT-AND-MOUTH
DISEASE VACCINE

Two randomly allocated age-matched groups of 17 conventionally reared pigs derived from vaccinated sows were
vaccinated at 10 and 14 weeks of age with a commercially available foot-and-mouth disease vaccine, using either a 1 mL
dose or a 3 mL dose. A control group of four pigs was left unvaccinated. Pigs were monitored at regular intervals from birth
to 26 weeks of age for antibodies to FMD Type O virus using a liquid phase blocking ELISA. At 12 weeks post vaccination,
significantly more pigs vaccinated twice with 3 mL of vaccine had developed antibodies against Type O foot-and-mouth
disease virus (at an ELISA titre of 90 or greater) than those vaccinated twice with 1 mL of vaccine (chi-squared test, p =
0.006). Overall, the response to vaccination was poor in both groups of pigs. Four weeks after the first dose of vaccine only
four pigs had detectable antibody against the virus. Twelve weeks after the second dose of vaccine only 60% of pigs given
the 3 mL dose and 15% of pigs given the 1 mL dose had ELISA titres of 90 or greater. Maternal antibody is considered to
have played a role in this poor response, as it was present in 27 of the 34 vaccinated pigs at the time of first vaccination. Two
pigs in the unvaccinated control group developed a low level antibody response (antibody titre <90). Infection with field
virus was considered a highly unlikely cause of this. These results show, that under field conditions using a widely adopted
protocol not all pigs vaccinated develop antibody to foot-and-mouth disease. This, in part, may explain why vaccination
programmes against this disease in Hong Kong seem to have a limited impact. The results also suggest, that an increased
dose of vaccine has a positive effect on the humoral immune response against FMD virus and may improve protection
against this disease. Timing of vaccination needs to be re-evaluated to reduce the impact of maternally derived antibodies.

1. INTRODUCTION

Outbreaks of foot-and-mouth disease (FMD) caused by Type O virus occur every year in pigs in
Hong Kong. Most of these occur in the cooler half of the year (from November to April), presumably
due to improved conditions for transmission of the virus. On most farms, vaccination is used as the
key means of minimizing the impact of this disease, but is not sufficient to prevent the disease.
Outbreaks of FMD still occur on farms that use vaccines manufactured and supplied by reputable
firms and use the vaccine according to the manufacturer's recommendations.

In some instances outbreaks appear to be the result of antigenic variants of the virus. Such
strains of type O FMD virus have been identified in Hong Kong as shown by reduced r-values when
field strains are compared with vaccine strains [1]. However, not all outbreaks of disease in vaccinated
herds have been due to a variant strain and the question has been raised if the antigenic payload in the
vaccine may be too low to effect a protective response under field conditions.

This study was designed to assess the serological response in pigs to vaccination under field
conditions when the vaccine was used according to the manufacturer's recommendation as well as at a
dose three times greater than that recommended.

2. MATERIALS AND METHODS

2.1. Pigs

The pigs used in this trial were raised at the Hong Kong Government's pig breeding centre.
They were derived from multiparous Landrace or Large White sows that had been vaccinated twice as
grower pigs and then twice annually. FMD had not occurred on this farm since February 1993. Piglets
were derived from four separate litters. Three litters were born on the same day, the fourth 3 days
later. Piglets were identified with ear notches prior to the first bleed and were randomly allocated to
one of three groups by drawing numbers from a hat.
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After weaning at 35 days, pigs were housed in one large pen on sawdust litter for the duration of
the trial and were also vaccinated against hog cholera and Aujezsky's disease as per schedule in
Table I.

TABLE 1. SCHEDULE OF VACCINATION FOR PIGS

Vaccine Age at Dose 1 * Age at Dose 2*
Foot-and-mouth disease 70 days 98 days
Hog Cholera 30 days 90 days
Aujeszky's disease 49 days 79 days

*all less 3 days for the fourth litter of piglets

2.2. Vaccine and vaccination

The FMD vaccine used was an oil-based, commercial FMD vaccine containing 01 Manisa
strain (Rhone Merieux - Aftopor). The vaccine had been stored according to the manufacturer's
recommendations since purchase. Pigs were vaccinated by deep intramuscular injection behind the ear
by experienced farm workers under veterinary supervision using new disposable syringes fitted with
3.75 cm long 21 gauge needles.

Blood samples were collected from each pig at 7 days, 5, 8 and 10 weeks of age and then every

four weeks until 26 weeks of age, when the pigs were sold. Samples were kept frozen at -20°C until
they were tested.

The first group of 17 pigs was given 1 mL of vaccine at 10 weeks of age and again at 14 weeks
of age. The second group of 17 pigs was given 3 mL of vaccine at 10 weeks of age and again at
14 weeks of age. A third group of 4 pigs acted as control and the pigs in this group were sham
vaccinated with saline.

2.3. ELISA Test

The liquid phase blocking ELISA [2] was supplied by Pirbright Laboratory and the test
performed according to instructions. The antigen in the kit was the same as that used in the vaccine
(i.e. Type O Manisa).

All samples were initially tested using a screening test. All samples from the 22 and 26 week
old age group were retested using two-fold dilutions, including those that were negative on screening
test. Samples with titres exceeding 252 were retested using higher dilutions.

2.4. Statistical analysis

In screening tests any serological response (i.e. any titre of 32 or above) was recorded as
positive. Results for the 1 mL and 3 mL groups at each age group were compared using Fisher's exact
test (two tail).

For the analysis of results for pigs at 26 weeks of age, for which an assessment of the magnitude
of response was required, samples with a titre of 90 or more were regarded as 'positive'. Results of the
two groups were compared using Chi-square analysis. Variability in the magnitude of high titre
samples on retest prevented more detailed analysis of the results.

3. RESULTS

With the exception of one pig that died after week 22, all pigs remained clinically healthy for
the duration of the trial. The results of screening tests on each group of pigs are summarized in
Table II.

Significantly more pigs had detectable antibody at 26 weeks of age in the group of pigs
vaccinated with 3 mL of vaccine than the 1 mL group.
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Maternal antibody was detected in all but 7 pigs at 10 weeks of age. These sero-negative pigs
were all derived from the same litter (data not shown) and although the sow was sero-positive, she was
ill during lactation, leading to reduced transfer of immunoglobulins.

TABLE II. PIGS THAT GAVE A POSITIVE RESULT ON THE SCREENING TEST
(Positive pigs/total population in group that were tested)

Wkl Wk5 Wk8 WklO Wk 14 Wk 18 Wk22 Wk26

1 mL 16/16* 14/17 12/16* 12/17 1/17 10/16* 13/17 8/16A

3mL 16/16* 16/17 15/17 15/17 3/17 16/17 15/17 16/17

Control 4/4 2/4 2/4 2/4 0/4 0/3* 1/4 2/4
* missing sample
A one pig died

1 mL
3mL
Control

8*
1
2

5
5
2

Only four pigs had detectable antibody at 14 weeks of age, all at low levels. In one of these pigs
no antibody was detected at 10 weeks of age (the age at first vaccination) suggesting, that this was a
response to vaccination. In the other three pigs, it was not established whether this was due to
persistent maternal antibody or a response to vaccination.

Results for pigs at week 26 are summarized in Table III using a titre of 90 as a cut off. There is
a significant difference between the 3 mL and 1 mL groups (chi-squared test, p =0.006) in terms of
number of 'positive' pigs at 26 weeks of age.

TABLE III. DISTRIBUTION OF TITRES FOR PIGS AT 26 WEEKS OF AGE

< 3 2 >32<45 >45<90 >90<181 >181<256 > 2 5 6 T o t a l

1 1 1 16A

1 6 2 2 17
4

one pig that gave a low positive titre (32) in the screening test, tested negative in this round of testing,
one pig in this group died after week 22.

4. DISCUSSION

There are a number of factors that may affect the response of pigs to vaccination. In this trial,
we have demonstrated that one of these, namely the dose of vaccine used, can have a positive effect on
the immune response. In comparing 1 mL and 3 mL doses of FMD vaccine administered to pigs at
10 and 14 weeks of age, the increased dose improved the humoral immune response against
homologous FMD Type O virus when measured 12 weeks after the second dose.

Nevertheless, the overall response to vaccination in this trial was disappointing. In the group of
pigs given 3 mL of vaccine moderate to high level titres were found in less than 60% of pigs at
26 weeks of age (12 weeks after the second dose of vaccine). This level of immunity achieved on a
herd basis is unlikely to prevent the occurrence of FMD [3].

Other serological monitoring on farms where vaccination is practised has shown that vaccinated
pigs do not always develop demonstrable antibody (Sims, unpublished). In addition, outbreaks of
FMD in vaccinated pigs on farms in Hong Kong show that vaccination against this disease, as
practised, is not preventing this disease.

Maternally derived antibody (MDA) is considered to be the most likely cause of the poor
response in this trial. It was detected in 27 of the 34 vaccinated pigs just prior to inoculation with the
first dose of vaccine, and probably inhibited the response to the primary vaccination. Only four pigs
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had antibody against this virus four weeks post-vaccination, lending support to this proposal. MDA
may also have interfered with the generation of the secondary antibody response as a result of
T. lymphocyte immunosuppression [4].

Six pigs without detectable maternal antibody at the time of first vaccination also failed to
respond serologically within 4 weeks of vaccination and, at a later stage, did not develop demonstrably
higher titres than others in their group. This unresponsiveness may be due to persistence of inhibition
of the immune response by MDA even when MDA is no longer detectable [5].

These results reinforce the need to deliver vaccine at an appropriate time so that MDA does not
interfere with the immune response. It would appear that delaying the first dose of vaccine until at
least 12 weeks of age is warranted for piglets derived from sows with good maternal immunity. This
approach has been proposed by others [6], although, in using this method, one would need to take into
account the variable rates of transfer of MDA, which depends in turn on the quantity and timing of the
colostral intake. Vaccinating piglets at 12 weeks of age or later could provide a window of opportunity
for infection in those piglets that obtained only low levels of MDA. Monitoring of MDA, either
through measurement of specific FMD antibody a few days after birth in selected piglets or by using a
simple indicator of colostral intake, such as a semi-quantitative zinc sulphate turbidity test on serum
for immunoglobulins, would allow litters with low uptake of MDA to be identified and vaccinated
earlier.

Other factors that could have resulted in the poor response to vaccination in this trial have been
well thought-out but were not considered significant. The trial was conducted under close veterinary
supervision. Pigs were vaccinated by experienced staff and the method of vaccination adopted should
have delivered the vaccine into a deep intramuscular site. As a result, vaccination technique was not
considered a likely cause.

The vaccine used in this trial had been stored properly since purchase, had not expired and was
purchased from a reputable supplier. Nevertheless, antigenic degradation cannot be ruled out entirely,
given that FMD antigen is labile, and the full history of the product from the time of manufacture was
not available. Additional potency testing of the vaccine was not conducted.

In this trial, no attempt was made to assess whether the antibody levels achieved were
protective. The cut off titre of 90 used for analysis of results in pigs 12 weeks after vaccination was
based on findings in calves that those with titres below 100 became susceptible to infection [4].
Protective antibody levels for pigs under field conditions in Hong Kong have not yet been established
and, in fact, it may not be possible to predict with precision the exact point at which protection occurs
using serological tests [7].

The effect of vaccination on cell-mediated responses in this trial was not studied. The role of
cell mediated responses in immunity to foot-and-mouth disease virus is poorly defined when
compared to that of the humoral response [8] and warrants further investigation.

The apparent seroconversion (albeit at low levels) in two control pigs may be due to 'false
positive' results. The absorbance values of these samples in all 'positive' wells of the ELISA plate are
very close to the 50% inhibition level used as the cut-off for establishing whether a sample is positive.
Low level positive reactions have been reported when using the liquid phase blocking ELISA in cattle
unexposed to FMD virus [9].

The possibility of these results being due to exposure to field virus seems highly unlikely given
that all the pigs were housed together, many had no detectable antibody against FMD, and no clinical
disease resembling FMD occurred in these or other pigs on the farm. Misidentification of these pigs or
samples cannot be ruled out entirely as a cause. Nevertheless, it is considered unlikely given that one
of these animals was 'sero-positive' at both 22 and 26 weeks of age, and at no stage were duplicate
samples found that would suggest two pigs had been identified with the same number.

The information obtained from this trial is likely to have a positive impact on the efficacy of
vaccination against FMD in Hong Kong. We anticipate that increasing the dose of the vaccine given
and delaying vaccination of piglets in herds, in which sows are vaccinated regularly would increase
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the protection against FMD. Further studies need to be performed to ascertain whether the improved
response to an increased dose of vaccine observed in this trial would still be apparent if vaccination
was delayed until MDA was no longer detectable.
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