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FOOT-AND-MOUTH DISEASE Oll. ADJUVANTED VACCINES FOR P1GS.
I. DOUBLE EMULSION VACCINE APPLIED BY DIFFERENT ROCUTES

P. Augé de Mello®; Ivo Gomes'

SUMMARY

Satisfactory immune response was obtained
up to 110 days post-vaccination (DPV) with sub-
cutaneous, intramuscular and intraperitoneal inoc-
ulation of oil adjuvanted double emulsion vaccine
containing unconcentrated and unpurified anti-
gens. No significant differences in response were
observed between the different routes of applica-

- tion when compared to primary emulsion vaccine
applied subcutaneously. However, challenge at
110 DPV showed some problems in interpreta-
tion of results. Several pigs developed vesicular
lesions despite high antibody titers. These lesions
did not affect the general health of the animals.
The double emulsion vaccine, IP application, pro-
duced no local reactions nor macroscopic altera-
tion of the regional lymph nodes. For field use
intraperitoneal vaccination with double emulsion
appears preferable to primary emulsion.

INTRODUCTION

Several papers (3, 5, 8, 10, 12, 13, 14, 15,
16, 18, 21) reported good levels of protection
obtained from primary emulsion oil vaccines in
pigs. However, these vaccines were not always
acceptable in the field because of tissue reactions
at the point of inoculation and the regional lymph
nodes (13, 18, 20).

Anderson et al. {1) and Mowat (17) confirmed
that oil adjuvanted vaccine provided acceptable
local tissue reactions and satisfactory immunity
when prepared in double emulsion (11) with pu-
rified, concentrated antigens and applied in small
vciumes of 0.1 to 0.5 ml intradermally in the dor-
sal site of the ear. Anderson et al. (1) suggested
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that this doubie emulsion formulation administer-
ed in small doses produces less reaction than the
primary emulsion, both at the point of the inoc-
ulation and in the regional lymph nodes. it shouid
therefore be more acceptable for use in the field.
In the present study young pigs were inoculated
with double emulsion oil adjuvanted vaccine using
foot-and-mouth disease (FMD) antigens without
concentration or purification. Observations were
made of the lesions produced by this type of vac-
cine when applied by subcutaneous (SC), intra-
muscular (IM) and intraperitoneal (IP) routes.

MATERIALS AND METHODS
Vaccines

Primary oil emulsion vaccines were prepared
as described (2} using minerai oil? and 10% of mo-
nooleate of manitol® emulsified with equal parts
of a trivalent antigen suspension inactivated by
binary ethylenimine (4). The double emulsion
(11) was made from the primary emulsion by
mechanical emulsification® of the primary emul-
sion with an equal volume of phosphate buffer
saline for 0.04 M, pH 7.4 with 2% of polyoxy-
ethylene 20 monooleate of sorbitan®. Table 1
lists the characteristics of the antigens.

Pigs

Recently weaned, 2-month old Landrace pigs
of approximately 20 kg were used. Three groups
of 10 pigs each were inoculated with the double

emuision vaccine: one group subcutaneously at

2Marcol 52, Exxon Corporation U.S.A.

3 Arlacel A, ICi America Inc. Atlas Chemicals Division,
4Silverson, Machines (Sales) L.td. L.ondon,

5 Tween 80, IC1 America Inc. Atlas Chemicals Division.
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the base of the ear; the second group intramuscu-
larly in the side of the neck; and the third group
intraperitoneally. A fourth group of 10 pigs was
inoculated subcutaneously at the base of the ear
with a primary emulsion vaccine. To ensure that
all pigs received the same quantity of antigen and
oil phase, 1.5 m! of the primary emuision vaccine
was inoculated and 3.0 ml of the double emulsion
vaccine.

TABLE 1. Characteristics of foot-and-mouth
disease antigens 2
Titers
Antigens CCIDsg/mi FC
0; Campos 7.5 1/14
A, 4 Cruzeiro 7.5 1/14
C3 Resende 7.3 1/18

32 Q Roller bottles of BHK 21 C 13 cells.
CCIDs(¢ = 50% infective cell culture doses.
CF == Complement fixation.

Antibody studies

Blood samples were collected from the pigs
before vaccination and at 30, 60 and 90 DPV. The
serum was tested by the microneutralization test
(7) against the strains of FMD virus used in vaccine
preparation. The 90 DPV sera were also tested by
the mouse protection test (6) against O; Campos,
the challenge strain.

Virus challenge

The animals were challenged at 110 DPV a-
gainst strain O; Campos. Four unvaccinated pigs
received intraplantar inoculation with 10%¢
mouse LDg 09 of the O, Campos virus. These 4
pigs were placed in the same isolation unit with
the vaccinated animals, along with 4 unvaccinated
controls pigs.

The pigs were then examined daity for lesions
until the 12th day, when the last observation was
made.

Scoring criterion

Observed lesions were classified according to
their location. One point was given for each af-
fected leg plus one for snout or lip, giving a total
of 5 possible points per animal.

RESULTS

The results of the microneutralization tests at
30, 60 and 90 DPV are summarized in Table 2.
No significant differences appeared in the antj-
body levels of pigs vaccinated with primary or
double emulsion vaccines. Also, no differences
were observed in the immune response when the
3 vaccination application routes were compared.

Table 3 shows the results of clinical observa-
tions of the pigs at 110 DPV against FMD virus O,
Campos. Most of the vaccinated pigs presented
some type of vesicular lesion, even if only super-
ficial. The animals did not appear to suffer and
moved about easily. Thus there was no economic
loss due to the disease. Evaluation by individual
scores and group averages showed marked differ-
ences with the control group since two pigs in the
inoculated groups and two in the contact groups
died of FMD infection. The survivors in the con-
trol groups all had maximum scores.

In most cases no correlation existed between an-
tibody levels and observed lesions. Eighteen of the
38 animals challenged showed some type of vesic-
ular lesion, despite mouse protection indices (MP1)
32.5. Only 3 of 35 were negative with MPI S4.0.
In the microtiter test 27 of the 38 pigs showed
lesions and had neutralization titers >2.0, while
the negative animals had titers >2.4. However, 8
animals with the same titers generalized.

The post-mortem examination carried out 30-
40 days after chalienge showed that pigs inocu-
lated with primary emuision oil vaccine had unac-
ceptable tissue reaction at the point of inoculation.
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There were also oil emulsion deposits in the re-
gional lymph nodes. The double emulsion vaccine
inoculated subcutaneously or intramuscularly
produced acceptable local lesions at the point
of inoculation. No macroscopic deposits of oil

emulsion were observed in the regional lymph
nodes. |t is noteworthy that the double emulsion
vaccine inoculated intraperitoneally produced no
tissue reaction nor macroscopic deposits in the
mesenteric lymph nodes.

TABLE 2. Mean of microneutralization titers of sera obtained from pigs
vaccinated with oil adjuvanted vaccine

Days post-vaccination

Inoculation Emulsion Virus —_
route type type 0 30 60 90
0, <1.0 219 + 0.18 206 * 0.32 2.15 + 0.28
Primary Asg <10 252 * 0.26 215 £ 0.3 195 + 0.35
Cs <1.0 2.18 + 0.32 1.97 £ 0.32 2.21 + 0.40
sc
0; <1.0 244 * 0.32 2.14 * 035 2.10 * 0.35
Double Asg <1.0 2.39 * 040 197 £ 038 194 + 0.40
Cs <1.0 219 * 0.29 1.97 + 0.41 2.15 + 0.27
0, <1.0 242 + 0357 204 + 052 2.35 + 0.38
M Double Asg <1.0 261 £033 246 * 057 2.13 * 0.50
Cs <1.0 234 + 0.28 208 + 052 2.47 * 0.40
0, <1.0 254 *+ 0.36 203 + 0.19 216 +0.38°7
iP Double Ajg <1.0 278 * 0.29 246 * 0.25 225 * 0.38
Cj <1.0 253 + 043 2.34 + 0.30 238 * 042
2Mean of 9 pigs (1 died).
SC = Subcutaneous. |IM = Intramuscular. [P = Intraperitoneal.
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TABLE 3. /ndividual clinical reactions of pigs at 110 days
post-vaccination with exposure by contact
FMDYV strain O Campos
Antibody evaluation
inoculation Emulsion Score
route Type Animal No, MN MPI Lesions mean
1 24 4.4 1P
2 2.1 1.3 4P
3 18 0.3 4P
4 2.1 4.0 P
. 5 17 1.2 2P, S
Primary 6 23 4.1 1P 23
7 20 23 4P
8 26 >48 Neg,
9 2.3 3.7 2P
10 2.4 2.0 pid
sC :
1 15 0.3 4P, S
12 .23 22 3P
13 20 05 4P, S
14 23 > 4.0 pid
15 2.3 15 1P, s
Double 16 21 0.4 3p 3.1
17 24 4.0 Neg.
18 27 3.0 apP
19 1.8 1.0 2P
20 1.8 0.5 4P, S, L
21 24 3.9 1P
22 2.1 1.4 2P
23 2.0 > 3.6 2P
24 29 > 4.6 1P
1M Double 25 24 5.0 2P 2.0
26 29 > 3.6 4p
27 20 19 4P
28 20 05 2P
29 2.7 >4,0 Neg.
30 1.8 1.4 4P
31 26 4.0 3P
32 23 > 3.6 3P
33 1.8 09 4P
P Double 34 23 2.0 2P 2.1
35 23 1.6 1P
36 . >4.6 1P
‘37 2.7 > 4.6 pid
38 1.7 0.6 1P
Control <10 4pP,s, L2 5
AN animals had generalized lesions and 4 died after infection.
MN = Microneutralization. MP! = Mouse protection indices.

P = Pad. $ = Snout.
+ = not done,

L = Lip.
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DISCUSSION

The experiment was limited to 110 DPV since
this period was considered essential to the pig's
protection, in the productive period between
weaning and slaughter, not counting breeder
stocks. The experiment was thus designed to
approximate as closely as possible commercial
pig breeding conditions.

Protection results were not entirely satisfactory
since the majority of vaccinated pigs presented
some vesicutar lesion after challenge by contact
at 110 DPV; however, the practical value of the
vaccination was evident. The lesions did not af-
fect the overall health of the animals, and they
continued to feed normally. The control animals
however. were severely infected: 2 of the contacts
‘and 2 of the inoculated animals died, whilg the
survivors suffered a precipitate weight loss, became
cachectic and did not recover.

The experiment pointed to some probiems
which must be considered in future vaccine ex-
periments using pigs. As noted by other authors
(19), pigs with high antibody titers had some
vesicular lesions. Gomes (8) also observed that
pigs with high antibody levels could develop le-

“sions when reexposed to homologous virus, thus
indicating that the lesions are probably produced
by locat virus replication.

In this experiment the hind feet were twice as
often affected as the front feet. Gomes (8) sug-
gested that excessive examination of the animals
produces microtraumas, small skin abrasions,
which permit introduction of virus from the envi-

ronment. We believe that many of the lesions
observed were actually caused by the daily exam-
ination of the pigs. It should also be noted that
lesions observed in the first few days were still
easily visible at the 12th day. Thus any lesion
appearing within the first few days would not be
overlooked if only one reading was made at 10 or
12 days.

Analysis of antibody ievels showed that the iP
route gave an immune response similar to those
obtained by the SC and IM routes, although the P
route produces neither local reactions nor macro-
scopic changes in the lymph nodes. This result
confirmed the preliminary observation made by

Augé de Mello (unpublished data) which indicated
that this formulation does not produce a local
reaction nor a macroscopic alteration of the re-
gional lymph nodes. It should be mentioned that
primary emulsion vaccine applied by the (P route
produces small, easily visible deposits in the mes-
enteric lymph nodes as well as in the abdomen.
Therefore for pigs FMD vaccine in the form of
double emulsion and use of IP seem to be more
promising than primary emulsion. These results
indicate the need for further experiments using
only double emulsion vaccine inoculated by the
IP route.
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