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THE SERUM MICRONEUTRALIZATION TEST FOR FOOT-AND-MOUTH DISEASE:
ESTABLISHMENT OF AN EXPECTED PERCENTAGE OF PROTECTION

P. Sutmoller'; K. de Freitas Costa'; Ivo Gomes'

SUMMARY

A total of 532 sera from vaccinated cattle were
assayed by the microneutralization test as used
routinely at the Pan American Foot-and-Mouth
Disease Center. The sera were from cattle used in
vaccine potency tests and were challenged by
the intradermolingual route of infection. An ex-
pected percentage of protection (EPP) was estab-
lished for the serum neutralization titers. It is
proposed that the mean EPP of a group of cattle
is a meaningful measurement of the immune
status.

INTRODUCTION

This study attempts to establish an expected
percentage of protection (EPP) (6) for the mi-
croneutralization test (MNT) as described by
Ferreira (5). At the Pan American Foot-and-Mouth
Disease Center (PAFMDC) this test has been used
routinely for several years: {1) to evaluate serum
antibody titers of cattle from vaccine potency con-
trol tests; (2) for evaluating antibody titers of cat-
tle in field trials of vaccines, and (3) for serological
surveitlance.

In order to correlate the degree of protection
of cattle with a certain serum antibody titer a
study was made of the relationship between anti-
body levels as measured by the MNT of vaccinated
cattle and the lesions developed after intrader-
molingual (IDL) inoculation of virus.

MATERIALS AND METHODS

Cattle .
The challenge data and the sera were obtained
from cattle used in routine vaccine potency testsin

“Pan American Foot-and-Mouth Disease Center, PAHO/
WHO, Caixa Postal 583, 20000 Rio de Janeiro-RJ, Brazil.

Argentina and in cooperative experiments of the
PAFMDC with the National Institute of Agricul-
tural Technology {Instituto Nacional de Tecnolo-
gra Agropecuaria, INTA), Argentina, Laboratory
Service (Servicio de Laboratorios, SELAB) of the
National Anima! Health Service (Servicio Nacio-
ral de Sanidad Animal, SENASA), Argentina
(7, 2); and the Foot-and-Mouth Disease Control
Directorate (Direccion de Lucha contra la Fiebre
Aftosa, DILFA), Uruguay (3, 4).

Table 1 lists the number of cattle, divided by
the type of vaccine and virus strains used.

TABLE 1. Number of cattle by type of vaccine
and virus strain used

Vaccines

Saponin Qil
Virus strains hydroxide adjuvanted  Total
0O, Campos—Br/58 8 269 277
O, Caseros—Arg/67 42 0 42
A4 Cruzeiro—Br/55 8 48 56
A4 (8345) Arg/68 42 45 87
C3; Resende—Br/55 20 50 70
Total 120 412 532

Protection of cattle

Cattle were considered unprotected when le-
sions developed on one or more feet after IDL
inoculation.

Sera

Blood samples were collected from cattle 3-4
weeks after vaccination prior to chalienge and
kept at —20°C until tested.

Vaccine dilutions were used to vaccinate the
cattle in some experiments. The higher dilu-
tions of such vaccines produced the majority
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of the tow titered sera. Sera from unvaccinated
cattle were not included.

Classification of sera

The sera were classified according to the fol-
lowing antibody titer classes <1.49, 1.50—1.99,
2.00-2.49, 2.50-299, 3.00-3.49, =235 (Ta-
ble 2). Arbitrarily, the midpoint for the <1.49
group was taken as 1.0. The other midpoints
were 1.7, 2.2, 2.7 and 3.2, respectively. The
value 4.0 was taken as the midpoint for the
=3.5 group.

Data processing

For each antibody class the number of pro-
tected and unprotected cattle were determined
according to type of vaccine and virus types

RESULTS

The probit/dose relationship s shown in
Table 3 for: (1) all of the cattle; (2) cattle vac-
cinated with oil-adjuvanted vaccine or saponin-
hydroxide vaccine; (3) cattie challenged with
foot-and-mouth disease (FMD) O, virus (strain
Campos) and those challenged with other strains.

TABLE 3. Relationship between Probit (Y)
and log serum dilution

(Table 2). Using the percentage of cattle pro- Standard ¥-  Swandard
tected in each class and the above-mentioned Siope  error intercept  error
class mi ints for the dilution, computer? cal-
ass midpoints _ P “ Al cattle 900 178 3645 438
culations provided the probit/dose correlation
using a weighted least square calculation (§). Saponin-hydroxide .
Only the last dilution giving full protection was  Y2°¢'n® 1.670 .00 25687 168
included in the computation. Next, serum dilu- Oil-adjuvanted .
tions for the 1—99% protection range were com- vaccine 800  .190 3.850 472
puted and dose response curves were developed virus O Campos 7256  .286 3.858 741
from these values (Figs. 7 and 2). Other strains 1402  .096 3012 197
2PDP11/34 computer (DIGITAL). BASIC program
available upon request.
TABLE 2. Classification of sera according to the neutralization titer
Vaccines Strains
Neutralization All Saponin Qil
titer cattle hydroxide adjuvanted 0; Campos Others
<1.49 5/27 2/11 3/16 0/9 5/18
1.60 — 1.99 43/66 13/21 30/45 13/21 30/45
2.00 - 2.49 71/97 26/29 45/68 20/40 51/67
2.650 — 2.99 145/159 34/35 111/124 71/83 74/78
3.00—-3.49 114/121 19/19 95/102 71/78 43/43
=35 62/62 5/5 67/57 46/46 . ¥%/16 ;
Totals 440/532 99/120 341/412 221/277 219/255
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The percentages of protection (1, 10, 20, . ..
90, 99%) were plotted against the dilution as
shown in Figs. 1 and 2.

In Fig. 1 the response curve of the cattie vac-
cinated with oil-adjuvanted vaccine is very similar
to the curve representing all cattle, because of the
predominance of the number of cattle vaccinated
with oil vaccine among the total number of cattle
studied. The value for the slope of the curve of
cattle vaccinated with saponin-hydroxide vaccine

is larger. According to Fig. 2, higher serum titers
are needed to protect cattle against challenge with
the O, Campos strain of FMD virus than against
the other strains used. Since the majority of cattle
used in the oil-adjuvanted vaccine experiments
were challenged with O, Campos virus, the dif-
ference between oil-adjuvanted vaccine and sapo-
nin-hydroxide vaccine may, at least in part, be
more related to the challenge virus than to the
differences between those types of vaccine.
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FIGURE 1. Redationship of the serum neutralization titer and percentage of protected cattle vaccinated with inac-

tivated FMD vaccine.
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FIGURE 2. Relationship of the serum neutralization titer against different strains of virus and the percentage of

protected cattle, vaccinated with inactivated FMD vaccine.

DISCUSION

It is likely that for different strains of virus
used in challenge, different levels of antibody are
required to protect equal percentages of these
cattle against the disease. It also is probable that
conditions of challenge, management of the cat-
tle during the test, age of the cattle, etc., are rather
important factors which may influence the out-
come of such tests (8).

Purposely, two sets of data were eliminated
from the original material because the dose re-
sponse curve was very different from the one
developed in this study. One of these sets con-
cerned the data reported earlier on a group of
cattle challenged by contact exposure (4). The
other set was of a heterogenecus group of 60
cattle vaccinated with commercial saponin-hy-
droxide vaccines of low potency. In that test

the majority of the cattle developed severe le-
sions and the few cattle with significant levels of
antibody most likely were exposed to unusually
high levels of virus, which probably caused a much
higher number of reactors than expected in that
category. The slope of the regression line of that
group was 2.664 and the Y-intercept - 1.489.
Protection of cattle in that group started only
with an antibody level of >2.0 but was over 90%
with vaiues >2 8.

It is not practical to have a different measur-
ing unit for antibody against different strains of
virus or different types of vaccine. Therefore, all
data were pooled with the exception of the above-
mentioned sets. From the resulting curve an EPP
was established for each decimal MNT serum titer
(Table 4). Group immunity could then be ex-
pressed as the mean EPP similar to the method
proposed for the mouse protection test (7).
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TABLE 4. Expected percentage of protection

MNT %

MNT . % MNT % MNT %
0.1 8 1.1 30 2.1 71 3.1 92
0.2 9 1.2 34 2.2 74 3.2 93
0.3 10 . - 13 38 23 77 3.3 94
0.4 11 1.4 42 24 80 3.4 . 95
0.5 13 1.5 46 25, 82 3.5 95
0.6 15 1.6 50 26 84 3.6 96
0.7 17 1.7 . 56 2.7 86 3.7 96
0.8 19 1.8 60 28 88 . 3.8 98
0.9 22 1.9 64 29 90 3.9 98
1.0 26 2.0 68 3.0 91 4.0 99

@ Microneutralization titer.

E xpected percentage of protection.
The EPP, like most antibody expressions, REFERENCES

should not be interpreted in absolute terms
because of the differences of protection which
are likely to exist when different strains are
used for challenge. Also the EPP is derived from
challenge results after IDL. exposure under labo-
ratory conditions and the infection by this route
may have little resemblance to infection under
field conditions. As long as one recognizes these
limitations the mean EPP can be a convenient
way to compare the immune status of groups
of cattle. It may be an advantage that a few ani-
mals with very high titers will have less influence
on the mean EPP of a group than on the mean
antibody titer.

ACKNOWLEDGMENTS

The authors wish to gratefully acknowledge
the staff of Foot-and-Mouth Disease Control
Directorate (DILFA), Uruguay, of the Labora-
tory Service of National Animal Health Service
(SELLAB-SENASA), the National Institute of
Agricultural Technology (INTA), Argentina, and
the Vaccine Control Unit (UCV), Porto Alegre,
Brazil, for their valuable collaboration.

1.

ABARACON, D.; ALONSO FERNANDEZ, A.; MA-
GALLANES, N.; CHARLES, E.G.; DURINI, L.A.
Proteccidn de bovinos después de vacunados con vacu-
nas con adyuvante oleoso. {Protection of cattle follow-
ing vaccination with oil-adjuvanted foot-and-mouth
disease vaccine). Bol. Centr. Panam. Fiebre Aftosa
37-38:41-43, 45-47, 1980.

. ABARACON, D.; MAGALLANES, N.; CHARLES,

E.G.; DURINI, L.A.; FRICK, E.; ALBARRACIN,
G.F. de; BURGHI, E.D. de; RADISICH, T. Vida
util de una vacuna antiaftosa inactivada con adyu-
vante oleoso. (Shelf life of inactivated oil-adjuvanted
foot-and-mouth disease vaccine). Bol. Centr. Panam.
Fiebre Aftosa 37-38: 17-20, 21-24, 1980.

AUGE DE MELLO, P.; COSTA, K. de F.; ALONSO
FERNANDEZ, A.; SUTMOLLER, P.; POLLAK, A.;
MILLAN, A. Influencia del grado de dispersién en
la fase acuosa sobre la inmunogenicidad de vacuna
antiaftosa con adyuvante oleoso. {Influence of the
degree of dispersion in the aqueous phase on the
immunogenicity of oil-adjuvanted foot-and-mouth
disease vaccine). Bol. Centr. Panam. Fiebre Aftosa
37-38:5-9, 11-15, 1980.

CENTRO PANAMERICANO DE FIEBRE AFTOSA;
DIRECCION DE LUCHA CONTRA LA FIEBRE
AFTOSA. Prueba de potencia para vacunas contra



42

Bitn Centro Panamericano Fiebre Aftosa 39-40

la fiebre aftosa de adyuvante oleoso: ensayos de
DPso en cobayos y en bovinos de una vacuna pre-
parada en forma semi-industrial con una emulsién
del tipo agua en aceite. (Potency testing of oil ad-
juvanted foot-and-mouth disease vaccine: PDso
assays of a semi-industrial water-in-oil emuision vac-
cine in guinea pigs and cattle). Bol Centr. Panam.
Fiebre Aftosa 29-30: 55-59, 61-65, 1978.

FERREIRA, M.E.V. Prueba de microneutralizacién
para estudios de anticuerpos de la fiebre aftosa.
(Microtiter neutralization test for the study of foot-
and-mouth disease antibodies). Bol Centr. Panam.
Fiebre Aftosa 21-22: 17-20, 21-24, 1976.

6.

FINNEY, D.J. Statistical method in biological assay.
Griffin & Co. Ltd., London 1952 (pdg./page 524).

. GOMES, I.; ASTUDILLO, V., Foot-and-mouth dis-

ease: evaluation of mouse protection test results in
relation to cattle immunity. Bol, Centr. Panam. Fie-
bre Aftosa 17-18:9-16, 1975.

. SUTMOLLER, P. Patogenesis de la fiebre aftosa

en relacion con la eficacia y control de la vacuna,
(Pathogenesis of foot-and-mouth disease relative
to efficiency and control of vaccines). Presented at
the VI International Meeting of the Veterinary Sci-
encies University, November 9-11, 1978, La Plata,
Argentina. )





