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Importance of foot and mouth disease vaccine
purity in interpreting serological surveys
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Summary

The aim of this study was to determine whether the degree of purity achieved
in conventional vaccines against the foot and mouth disease virus in Argentina
interferes with the interpretation of seroepidemiological surveys for confirming
the absence of viral activity, which are performed to support the recognition of
free zones practising vaccination.

The evaluation of 168 vaccine series due to be marketed in Argentina (2006—2012)
and subjected to official control testing in cattle, as well as repeated vaccination
of cattle and other species using vaccines with high antigen concentrations,
demonstrated that they did not induce antibodies to non-structural proteins
(NSPs).

The results show clearly that vaccines with satisfactory potency do not induce
a response to NSPs, even by forcing the immune response through more
concentrated doses with multiple valences and revaccination protocols at
shorter intervals than in vaccination campaigns. These results confirm that the
vaccines used in routine vaccination programmes have a degree of antigen
purification consistent with the needs observed on the basis of sampling for
serological surveillance. Moreover, serological surveys conducted in 2006-2011
by Argentina’s official Veterinary Services — the National Health and Agrifood
Quality Service (SENASA) — on more than 23,000 sera per year from cattle
included in the vaccination programme, in order to confirm the absence of virus
circulation, revealed an average 0.05% of reactive results, consistent with the
specificity of the tests.

In conclusion, the vaccines produced by conventional methods and with proven
potency that are available in Argentina are sufficiently purified to ensure that they
do not interfere with the interpretation of sampling for serological surveillance
performed to support the recognition of FMD-free zones practising vaccination.
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Introduction

Foot and mouth disease (FMD) is an acute, highly
contagious disease of cloven-hoofed animals. It is the
most economically important disease of livestock because
of its impact on international trade in animals and animal
products.

In its standards, the World Organisation for Animal Health
(OIE) stipulates the use of control measures to enable
countries or zones to obtain recognition of their FMD-
freedom with or without vaccination, which is essential
for gaining access to markets for the products and by-
products of FMD-susceptible species. To obtain or regain
disease-free status following outbreaks, every country’s
Veterinary Services must demonstrate the effectiveness of
control and/or eradication programmes. They do this by
means of clinical, virological and serological surveillance to
ensure the absence of clinical cases and cases of infection or
asymptomatic virus circulation, the latter particularly when
vaccination is administered.

In FMD monitoring, control and eradication campaigns
implemented in zones or countries practising vaccination
where no clinical cases have occurred, serological methods
for detecting antibodies to viral structural proteins are
not useful because they detect the antibodies produced in
animals as a result of both infection and vaccination. For
over a decade, serological indicators have been available for
detecting antibodies to viral non-structural proteins (NSPs)
(1, 2, 3, 4) and it is widely documented that the presence
of NSP antibodies is associated with viral replication in
the population, whether or not the animals have been
vaccinated. Tests to determine the presence of antibodies
to NSPs have therefore been very useful in identifying
FMD-free zones (5) and hence in supporting international
recognition of free zones practising vaccination. It is essential
to ensure that the vaccines used in vaccination campaigns
or emergency vaccination meet the purity requirement with
regard to their NSP content and that they do not induce
antibodies to NSPs in vaccinated animals.

The use of vaccines for routine vaccination of cattle and
emergency vaccination of all susceptible species has proved
to be an effective tool in controlling the disease (6, 7) and
has reduced virus circulation significantly to undetectable
levels. In Argentina, the FMD control and eradication
programme of Argentina’s official Veterinary Services — the
National Health and Agrifood Quality Service (SENASA) —
provides for the routine vaccination of cattle in the free zone
practising vaccination: every six months for cattle under
two years of age and every year for those over two years of
age. These intervals may be modified in accordance with
the epidemiological situation and risk. The programme
does not include the vaccination of pigs, sheep or other
species, except in risk situations determined by SENASA.
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In the production of viral antigens and inactivated FMD
vaccines, there have been significant improvements in
the substrates used for replicating the virus and in the
inactivating agents, antigen purification procedures (8, 9)
and the quality of adjuvants employed (10). As a result,
vaccines whose production process includes purification
stages have been found not to induce NSP antibodies, even
after several vaccinations and/or using a double dose with a
high antigen concentration (2, 9, 11, 12).

This makes these vaccines a product of choice for use in
routine vaccination or as a high-potency emergency vaccine,
not only because they have met the purity, safety, potency
and efficacy requirements laid down in the regulations
of the country where they are marketed but also because
they have been administered extensively to the susceptible
animal population.

This study presents data on the potency of inactivated
vaccines marketed in South America and on the guarantees
of their purity in terms of NSP content. The strategy
used was NSP antibody determination under different
vaccination and revaccination schedules of different hosts
under controlled conditions. The study also presents
the results of potency control tests and of NSP antibody
determination obtained in official control testing of the
vaccines and data from serological surveys of cattle included
in Argentina’s routine vaccination programme. It shows that
the conventional vaccines with satisfactory potency used
in Argentina do not interfere with serological surveys to
determine viral activity, which are performed to support
recognition/maintenance of the disease status of FMD-free
zones practising vaccination.

Materials and methods

Vaccines

The vaccines were produced by the Biogénesis Bagod
laboratory (Buenos Aires, Argentina) in accordance with
good manufacturing practice. The antigens (O1 Campos,
A24 Cruzeiro, A Argentina 2001 [A2001], A Argentina
2000 [A2000] and C3 Indaial) were grown in baby hamster
kidney (BHK-21) cells in suspension, inactivated with
binary ethyleneimine, then concentrated and purified
using polyethylene glycol. The vaccines were formulated as
simple water-in-oil emulsion with antigen concentrations
greater than 30 micrograms (ug) per dose in the case of
polyvalent vaccines and greater than 15 pg/dose in the
case of monovalent vaccines. These concentrations are
considered high compared with those documented by
European manufacturers (13). Trivalent vaccines were used
at 5 millilitres (ml) per dose, and quadrivalent or pentavalent
vaccines (Table 1) and monovalent vaccines (O1 Campos)
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Table |
Design of repeated vaccination tests in cattle

157

Experiment no. No. of cattle Strains included in the vaccine Doses/volume Timing of vaccinations (dpv)

1a 17 01 Campos, A24 Cruzeiro, 1 dose/2 ml 0,30 and 60

A2001, A2000
1b 17 01 Campos, A24 Cruzeiro, 2 doses/4 ml 0, 30 and 60

A2001, A2000
2 16 01 Campos, A24 Cruzeiro, A2001, A2000, 1 dose/2 ml 0,90, 120 and 150

C3 Indaial

3 17 01 Campos, A24 Cruzeiro, C3 Indaial 1 dose/5 ml 0,60 and 90
4 18 01 Campos, A24 Cruzeiro, C3 Indaial 1 dose/5 ml 0,42 and 90

dpv: days post primary vaccination

were used at 2 ml/dose. The commercial vaccines submitted
for official control testing between 2006 and 2012 were
quadrivalent vaccines (O1 Campos, A24 Cruzeiro, A2001
and C3 Indaial). They were tested by the production
laboratory before being submitted to SENASA for official
control testing to determine their safety, purity and potency,
and the vaccines met the official control testing requirements
satisfactorily under current Argentinian regulations (in the
case of the 2 ml/dose vaccines) (14, 15) and under current
Brazilian regulations (in the case of the 5 ml/dose vaccines).

The vaccines for experiments 2, 3 and 4 were in commercial
use, while the vaccine for experiment 1 was experimental.
A commercial monovalent vaccine for export was used for

pigs.

Vaccines from a number of manufacturers have been used
in vaccination campaigns in Argentina. During the 2006—
2011 period, more than 88% of the vaccines administered
came from the Biogénesis Bago laboratory.

Repeated vaccination testing in cattle

Repeated vaccination tests were carried out under
controlled conditions on cattle in the SENASA experimental
field in Argentina. The animals used (n = 87) were of the
Hereford breed, aged between 18 and 24 months and free
from FMD antibodies; they came from the Patagonia region
of Argentina (a zone not practising FMD vaccination, 42nd
parallel south), had been wormed and were in good health.
In experiment la, a single dose (2 ml) was administered
three times at 30-day intervals, and in experiment 1b, a
double dose (4 ml) was administered following the same
schedule. In experiment 2, four single doses of vaccine were
administered at intervals ranging from 30 to 90 days, and in
experiments 3 and 4, three single doses were administered
at intervals of 30 to 90 days. Table I describes the design
of each vaccination experiment using repeat doses, and

N.° 24092015-00060-ES

specifies the number of cattle used in each test, the strains
included in each vaccine and the volume per dose, the
number of vaccinations administered and the timing of
vaccinations. The blood for obtaining serum was drawn on
day 0 of the test and between 30 and 60 days following each
vaccination. In each test, two unvaccinated cattle were used
as a control and blood samples were taken from them at the
same times as from the vaccinated cattle.

Repeated vaccination testing in pigs and sheep

The pigs (n = 15) used for testing were of the Duroc Jersey
breed. They were 2 months old, had never been vaccinated
against FMD and had been wormed. The sheep used
(n = 23) were of the Merino breed, aged between 12 and
48 months, had never been vaccinated against FMD and
had been wormed. The repeated vaccination tests were
conducted under controlled conditions in establishments
in the Province of Buenos Aires (Argentina).

The pigs and sheep were given two vaccinations (using the
monovalent vaccine O1 Campos in the case of pigs, and
the quadrivalent vaccine O1 Campos, A2001, A24 Cruzeiro
and A2000 in the case of sheep) at 30-day intervals, and
blood samples were taken every 30 days up to 60 days post
primary vaccination (dpv).

Determination of antibodies to structural
proteins

Liquid-phase blocking enzyme-linked immunosorbent
assay (LPB-ELISA) was used to detect specific antibodies to
vaccine virus strains of the above-mentioned vaccines. The
titres obtained by LPB-ELISA were converted into expected
percentage of protection (EPP) values for each of the vaccine
strains, in accordance with tables of correlation between
LPB-ELISA titres and protection against the challenge virus
(16). The official potency control testing performed on the
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vaccine series consists of using this technique to determine
antibodies in the sera of a group of 17 cattle 60 dpv (SENASA
[Argentina], 14, 15). For each batch to be approved, the
EPP value must be equal to or greater than 75%. The sera
obtained 28-30 dpv with 5 ml/dose trivalent vaccines
were also evaluated using LPB-ELISA supplied by the Pan
American Foot and Mouth Disease Center (PANAFTOSA),
and the results were extrapolated to the corresponding EPP
curve (17).

Detection of antibodies to non-structural
proteins

NSP antibodies were determined in all the cattle samples
using a screening test that consists of an ELISA kit for
detecting the non-capsid protein 3ABC of the FMD
virus (indirect [-ELISA 3ABC), called the NCPanaftosa
screening test, followed by a confirmatory test performed
using the NCPanaftosa confirmatory kit (with which an
enzyme-linked immunoelectrotransfer blot [EITB] assay
is performed) (4, 18). The two tests combined are known
as the I-ELISA 3ABC Panaftosa/EITB system. The results
were expressed as test to control (T/C), which is the ratio
between the absorbance value obtained with test serum (T)
and the absorbance value obtained with control serum (C).
Non-reactive sera were considered to be those yielding T/C
values of <0.8, borderline sera, those yielding T/C values of
between 0.8 and <1, and reactive sera, those yielding T/C
values of =1. Sera with borderline or reactive results were
confirmed by EITB.

The sera from repeated vaccination testing in cattle were
also analysed using the PrioCHECK FMDV NS method
(Prionics), which is a blocking ELISA for the detection of
antibodies in any animal species. The results were expressed
as a percentage of inhibition (PI). Non-reactive sera were
considered to be those yielding a PI value of <50% and
reactive sera, those yielding a PI value of 250%. In addition,
the sera for experiment 1 were examined using the 3ABC-
CEVAN method of Argentina’s Animal Virology Centre
(CEVAN) (19), in which the results were expressed as
percent positivity (PP). Non-reactive sera were considered
to be those yielding a PP value of <15%, borderline sera,
those yielding PP values of 15-20%, and reactive sera, those
yielding PP values of =20%.

The samples from sheep and pigs were analysed using only
the PrioCHECK FMDV NS method (Prionics).

In all cases the manufacturer’s instructions were followed.

To check the purity of each batch of vaccines with regard
to NSP content, Argentina’s official body uses the I-ELISA
3ABC Panaftosa/EITB system to determine the presence of
reactions in sera obtained 60 dpv and in prevaccination sera,
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while simultaneously checking the potency and safety of all
vaccine series. This study includes the official results using
[-ELISA 3ABC Panaftosa/EITB for more than 2,800 sera
relating to 168 series of quadrivalent vaccines (O1 Campos,
A24 Cruzeiro, A2001, C3 Indaial) used in the years 2006
(n=49),2007 (n=42),2008 (n =23), 2009 (n = 22), 2010
(n=10), 2011 (n=9) and 2012 (n = 13) — representing a
total of over 730 million doses produced by the Biogénesis
Bago laboratory that underwent control testing.

Seroepidemiological surveillance

For more than a decade, SENASA has conducted random
serological surveys to assess the control measures
implemented and to obtain OIE recognition and annual
reconfirmation of the animal disease status of free zones
with and without vaccination. Sampling was carried out
in accordance with the OIE Terrestrial Animal Health Code
(Terrestrial Code) (20). The sampling used was that required
to detect an event, in two stages. To calculate the sample
size, the assumptions were: 1% prevalence of infected herds;
10% prevalence of infected animals; and 95% confidence
interval in each of the zones into which the country was
divided. This study reports the results of NSP antibody
determination using I-ELISA 3ABC Panaftosa and of the
confirmation of reactions using EITB in cattle samples taken
during the first vaccination campaign, in 2006 to 2011,
prior to administering the next vaccine dose. Farms with
reactor animals were then subjected to a virological and
epidemiological investigation that confirmed the absence
of virus circulation (not shown). These data were included
in the documentation submitted by SENASA to the OIE
every year to support the continued animal disease status
of FMD-free zones.

Statistical analysis

The antibody titres determined by LPB-ELISA following the
first two vaccinations of repeated vaccination testing in cattle
were compared using analysis of variance (ANOVA) and
the post-hoc test used was Tukey-Kramer; the significance
threshold was set at 5% (p = 0.05).

Results

Repeated vaccination testing in cattle:
determination of antibodies to non-structural
proteins

The use of repeated vaccination tests forces an immune
response, thus making it possible to detect NSP antibody
responses that might not be detected with a primary
vaccination or with conventional single-dose vaccines.
These tests are performed to demonstrate the efficiency

N.” 24092015-00060-ES
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of the purification process and are used as support in the
product authorisation or licensing process. This makes
the interpretation of sampling reliable by evaluating viral
activity in zones included in the vaccination programme
or during animal health emergencies, ruling out possible
interference of vaccines with the tests used. As described
in the ‘Materials and methods’ section, vaccines with 3, 4
and 5 valences were used in a single dose (2 ml or 5 ml) or
in a double dose (4 ml), administered either 3 or 4 times at
intervals of 30-90 days.

Figures la, 1b and 1lc show, at each post-vaccination stage,
how many cattle sera were classified into each category
of T/C results after being analysed by the I-ELISA 3ABC
Panaftosa method in experiments la and 1b (Fig. la),
experiment 2 (Fig. 1b) and experiments 3 and 4 (Fig. 1c).

As can be seen, the reactivity profile found in each test is
highly consistent. No reactions were induced even after
forcing the immune response with 1, 2 or 3 revaccinations
or by using double-dose vaccines in schedules of up to two
revaccinations. No positive reactions were detected in cattle

a) Experiments 1a and 1b
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sera following 1, 2, 3 or 4 vaccinations in any of the tests.
A point of note is that the I-ELISA 3ABC Panaftosa/EITB
system entails determination by I-ELISA 3ABC Panaftosa,
after which all suspect sera (T/C values of 0.8-1) or
positive sera (T/C values of =1) are subjected to the EITB
confirmatory test. Of all the sera studied (n = 360), only
one reacted to the I-ELISA test (0.28%) but, when it was
analysed by EITB, it was found not to react. The serum had
reacted only following revaccination, as a transient reaction,
but proved to be non-reactive at the following blood sample
(120 dpv, Fig. 1a).

The sera for all the experiments were analysed using the
PrioCHECK FMDV NS method and those for experiment 1
were analysed using the ELISA 3ABC CEVAN method, with
no reactions being detected at any post-vaccination stage
(data not shown).

According to the methods used, the unvaccinated cattle
included in each of the tests remained non-reactive
throughout the study.

0004 | 050.7 | 0809 | 1.020 | 2050 | 00-04 | 05-0.7 | 0809 | 1.020

Prevaccination Post 1st vaccination
0dpv 30 dpv

] Exp. 1a: single dose

Fig. 1

2050 | 0004

0507 08[]9 02[] 2050 | 0004 | 050.7 | 0809 | 1.020 | 2050

Post 2nd vaccination Post 3rd vaccination
60 dpv 120 dpv

[ Exp. 1b: double dose

Non-structural protein antibody determination in cattle following several vaccinations
The bars indicate how many cattle sera were classified into each category of test to control (T/C) results after being analysed by the

|-ELISA 3ABC Panaftosa method

The y-axis denotes the number of cattle, while the x-axis denotes the T/C values
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b) Experiment 2
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Non-structural protein antibody determination in cattle following several vaccinations

The bars indicate how many cattle sera were classified into each category of test to control (T/C) results after being analysed by the
I-ELISA 3ABC Panaftosa method

The y-axis denotes the number of cattle, while the x-axis denotes the T/C values
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Repeated vaccination testing in cattle:
determination of antibodies to structural
proteins

The determination of specific antibodies (to structural
proteins) by LPB-ELISA ensured that the vaccines used had
induced adequate seroconversion for every strain included
in each vaccine (Fig. 2).

Average levels of antibodies per group to each of the vaccine
strains at 60 dpv was greater than log,,= 2.3, exceeding the
values established by current Argentinian regulations for
the approval of commercial 2 ml/dose quadrivalent vaccines
(14, 15). In the case of commercial 5 ml/dose trivalent
vaccines, the EPP values (17) exceeded the required level of
antibodies at 28-30 dpv for each of the vaccine strains. The
average antibody titres following one or two vaccinations
increased significantly (p < 0.01) in each experiment.

Repeated vaccination testing in pigs and sheep

In Argentina, FMD vaccination in sheep and pigs is
administered in animal health emergencies or in cases of

761

FMD infection risk. This makes it necessary to ensure that
FMD vaccination and revaccination of these species does
not induce NSP antibodies; this indicator can therefore
be used to detect infected animals following an outbreak.
Neither of the two vaccines studied induced NSP antibodies
in either pigs or sheep, after either one or two vaccinations
(Table 1I). The specific antibody levels to Ol Campos
evaluated using LPB-ELISA (average/group) following the
first vaccination (at 30 dpv) were log,,= 2.10 in pigs and
log,,=2.91 in sheep. At that stage, antibody levels to A2001
were log,,=3.07 in sheep. The second vaccination induced
an increase in the titres of specific antibodies to O1 Campos
detected at 60 dpv in both sheep (log,, = 4.2) and pigs
(log,o=3.3).

Official (batch by batch) control testing of
vaccine potency

To ensure the potency of products for use in campaigns,
animal health authorities in South America require potency
control testing in cattle of every batch of FMD vaccine to
be marketed.
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Average antibody titres per group to 01 Campos, determined using liquid-phase blocking enzyme-linked immunosorbent assay
(LPB-ELISA) (log,,). before and after each cattle vaccination, corresponding to experiments 1a, 1b, 2, 3 and 4

The vertical lines indicate standard deviation
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Figure 3 shows the potency results, expressed as EPP
values in cattle, corresponding to vaccine series destined
for Argentina in the period 2010-2012 and evaluated by
SENASA. The EPP values of all the vaccines exceeded the
established cut-off value (275%).

Official control testing of vaccines for induction
of antibodies to non-structural proteins

SENASA checks all batches of vaccine for NSP lack of
reactivity in the final product. This evaluation gives
greater assurance of purity in terms of NSP content, as a
supplement to the information provided in the product
registration dossier.

Table III shows the number of vaccine series for local use
that are submitted for official control testing in Argentina
every year (2 ml/dose quadrivalent vaccine), as well as the
final results from the I-ELISA 3ABC Panaftosa/EITB system

Table Il
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of all the sera evaluated in a production laboratory in the
period 2006-2012. No reactions were detected in the sera
of vaccinated cattle.

Seroepidemiological surveillance

One of the keys to the success of vaccination campaigns is the
quality of vaccines used. The results of seroepidemiological
surveillance of the zones included in the vaccination
programme therefore represent an indirect measure of
quality of this tool. In Argentina, SENASA performs annual
seroepidemiological surveys in order to demonstrate the
absence of virus circulation or infection in zones with or
without vaccination of cattle and other FMD-susceptible
species. This study takes into consideration the results
of NSP antibody determination in cattle from the zone
included in the vaccination programme, using samples
from age category 1 (6-12 months) and age category 2
(12-24 months). The percentage of positives to NSP

Antibody response to structural proteins (determined using liquid-phase blocking enzyme-linked immunosorbent assay [LPB-ELISA])
and antibody response to non-structural proteins (determined using the PrioCHECK FMDV NS method) in sheep and pigs following

repeated vaccinations

Titres of LPB-ELISA Titres of LPB-ELISA Reactions to PrioCHECK
01 Campos A2001 FMDV NS
Species Vaccine
Post 1st vac.” Post 2nd vac.® Post 1st vac. Post 2nd vac. Post 1st vac. Post 2nd vac.
M lent
Pigs onovaien 2109 (0.19)0 33(027) ND ND 0/13¢ 0/13
01 Campos
Sheep Polyvalent 2.91(0.52) 4.20(0.45) 3.07(0.58) 4.14(0.49) 0/23 0/23

a) After first vaccination (30 days post primary vaccination)
b) After second vaccination (60 days post primary vaccination)

¢) Average antibody titres per group according to liquid-phase blocking enzyme-linked immunosorbent assay (LPB-ELISA), expressed as inverse of log;,

d) Inbrackets: standard deviation

e) Reactive sera as a ratio of total sera analysed
ND:  not determined

ELISA: enzyme-linked immunosorbent assay

Table IlI

Official control testing in Argentina of vaccines produced by the Biogénesis Bago laboratory with respect to the induction of antibodies

to non-structural proteins

Sera reactive to ELISA 3ABC/EITB®

Series approved as a ratio

Vear No. of vaccine series Millions of doses as a ratio of total sera evaluated of total series evaluated
2006 49 132 0/1,650 49/49
2007 42 119 0/1,428 42/42
2008 23 127 0/782 23/23
2009 22 122 0/748 22/22
2010 10 74 0/340 10/10
2011 9 67.4 0/306 9/9
2012 13 94.7 0/442 13/13
Total 168 736.1 0/5,696 168/168

a)  The sera (pre-vaccination and 60 days post primary vaccination) of each bovine vaccinated with each of the vaccine series were determined using the ELISA kit for detecting the
non-capsid protein 3ABC of the FMD virus (indirect I-ELISA 3ABC Panaftosa), after which sera with a test to control (T/C) value of = 0.8 (suspect and positive) were analysed

by enzyme-linked immunoelectrotransfer blot (EITB) assay

N.” 24092015-00060-ES
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Fig. 3
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Results of the potency control tests, expressed as expected percentage of protection, performed on series of foot and mouth disease
vaccine submitted in the period 2010-2012 to Argentina’s official Veterinary Services (the National Health and Agrifood Quality

Service — SENASA)

antibodies ranged from 0.01% to 0.07% in category 1 and
from 0.05% to 0.13% in category 2, using the I-ELISA 3ABC
Panaftosa/EITB system (Table IV), with an average 0.05% of
reactive results — values consistent with the specificity of
the test (4). The epidemiological investigation conducted
into additional sampling and into the distribution of these
reactive results (data not shown) indicated the absence of
virus circulation in the zone included in the vaccination
programme and, hence, non-interference of the vaccines
with these determinations.

Discussion

It is generally accepted that the most efficient and cost-
effective method of preventing and controlling infectious
diseases such as FMD is to use vaccines. The OIE Terrestrial

N.° 24092015-00060-ES

Code provides guidelines on the animal health surveillance
needed to support submissions for recognition of freedom
from infection or absence of virus circulation, a status that
allows access or continued access to markets for meat and
by-products. Countries practising vaccination that wish to
obtain OIE recognition for FMD freedom with vaccination
must demonstrate sufficient herd immunity and absence of
virus circulation by means of serological surveys and NSP
antibody determination using OIE-validated and recognised
methodologies (20).

Countries with routine vaccination campaigns, as well as
FMD-free countries not practising vaccination, should have
available, for their campaigns or for possible emergency
vaccination, vaccines of proven efficacy that do not interfere
with methods for detecting infected animals.
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Table IV
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Results from sampling (2006-2011) cattle in age category 1 (612 months) and age category 2 (12-24 months) in zones included in the
vaccination plan drawn up by Argentina’s official Veterinary Services (the National Health and Agrifood Quality Service — SENASA)

Age category 1 Age category 2
Year
No. of cattle Percentage of positives’ No. of cattle Percentage of positives

2006 16,200 0.02 10,413 0.07
2007 16,464 0.02 10121 0.10
2008 20,632 0.04 13,034 0.07
2009 14,762 0.07 9,749 0.11
2010 15,969 0.01 10,382 0.13
2011 15,646 0.01 10,281 0.05

*Percentage of reactive results using the I-ELISA 3ABC Panaftosa/EITB system
ELISA: enzyme-linked immunosorbent assay

The chapter on purity (18) in the OIE Manual of Diagnostic
Tests and Vaccines for Terrestrial Animals recommends that, as
part of the registration process, the production laboratory
should provide information on the non-induction of NSP
antibodies following three double-dose vaccinations in
calves. Argentinian regulations for the registration of
FMD vaccines require that evidence of potency, safety
and purity be provided. To obtain evidence of the latter,
the product to be registered must be used in revaccination
tests and demonstrate absence of NSP seroconversion.
After registration has been approved, purity control testing
of vaccine series consists of determining the presence of
NSP antibodies in the sera of vaccinated animals, which is
carried out in parallel with efficacy control testing (14, 15).

NSP lack of reactivity in repeated vaccination tests of cattle,
sheep and pigs in this study supports the conclusion that
the purification method is satisfactory and that it has been
verified using different methodologies and vaccination
schedules. Earlier reports of unpurified vaccines not
authorised in Argentina had found an increase in the T/C
value following each vaccination (21) and a majority of
reactor cattle.

Specific humoral response in the repeated vaccination
experiments indicates antibody levels above the cut-off
values required by current regulations and significant
increases following the first two vaccinations. This confirms
an enhancing effect on specific humoral response and
hence significant antigen concentration. Following the third
vaccination, antibody titres remained high, with EPP values
of over 99% with no significant differences from previous
titres. According to Black et al. (22), high antibody levels
could limit the response to subsequent vaccinations owing
to neutralisation of vaccine antigen or a regulatory effect on
antibody production.

Furthermore, no reactions were detected in the batch-by-
batch control testing of industrial series using the I-ELISA
3ABC Panaftosa/EITB system. This guarantees that vaccine
series for marketing are sufficiently purified. A point of note
is that all the series were of appropriate potency and that
more than 75% showed EPP values of over 90%.

Serological surveys to determine the prevalence of NSP
antibodies in the various zones with vaccination programmes
are used to assess the degree of virus circulation. Should
vaccines with residual NSP be used, positive reactions to NSP
could be detected, which would require further analysis to
make sure that the reactions stem from post-vaccine reaction
rather than from virus circulation, as the latter would affect
the status granted by the OIE to that country or zone. The
low percentage of reactive results detected, consistent with
the specificity of the test (4), and the subsequent virological
and epidemiological investigation indicated the absence
not only of virus circulation but also of interference from
vaccines with the tests to determine NSP antibodies.

This is the first study to demonstrate that potent vaccines
produced by conventional methods achieve a degree
of purity, in terms of NSP content, that allows for an
accurate interpretation of the results of seroepidemiological
surveillance; this accuracy is important, as the detection of
NSP antibodies during surveillance provides supporting
evidence to confirm the animal disease status of FMD-
free zones. This conclusion is based on the use of vaccines
with a high antigen concentration and multiple valences,
after forcing the immune response by increasing doses and
revaccinating, and by vaccinating at shorter intervals than
in vaccination campaigns. Furthermore, these data were
supplemented by SENASA batch-by-batch control testing
of vaccines prior to their release, in which more than
5,500 sera were analysed.

N.” 24092015-00060-ES
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In conclusion, the inactivated vaccines described in this
study, which are on sale and are strictly controlled by the
animal health authorities, provide an essential tool for
eradication campaigns to support recognition of freedom
from viral activity in zones where vaccination is practised or
following one or more emergency vaccinations.

Conclusions

In repeated vaccination tests in cattle, sheep and pigs,
vaccines subjected to purification processes with a high
antigen concentration and multiple valences do not induce
NSP antibodies.
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