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ABSTRACT

A total of 138 serum samples from pigs and cattle vaccinated against foot-and-mouth disease virus (FMDV) of one or two serotypes or infected with FMDV were
used for testing of 24 enzyme-linked immunosorbent assay (ELISA) diagnostic tests-systems for detection of antibodies against FMDV structural proteins produced
by 6 manufacturers (Federal Centre for Animal Health, Prionics, IZSLER, Innovative Diagnostics, BIONOTE and MEDIAN Diagnostics) for their serotype-specificity.
All used test-systems detected apparent serotype-specific activity (homologous reaction) as well as cross-reacting virus-specific antibodies that was accounted for
some reasons related to conservative epitopes in amino acid sequence of FMDV virion capsid VP1-VP3 polypeptides, accessibility of internal conservative epitopes
of /P4 polypeptide for the animal’s immune system during virus replication or vaccine antigen (virus) destruction in the animal’s body in the process of immunity
development, as well as the pilot anti-FMD vaccine composition, etc. Nevertheless, the analysis of a large data set (about 3,500 tests) showed that the homologous
serotype-specific reaction in general was significantly higher and predominant, the proportion of virus-specific non-protective antibodies, including cross-reacting
ones, was not significant and did not distort the results of ELISA tests of anti-FMD vaccine for itsimmunogenicity. Inconclusive test results require confirmation with
other serological tests. Complex tests for FMDV using different diagnostic methods such as ELISA with standard and reference test-systems and/or virus neutralization
test in cell culture are to be considered as the best option.
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PE3IOME

Mpy u3yyeHnn cepotunocnelduuHoCTM 24 ANArHOCTUYECKIX IMMYHODEPMEHTHBIX TeCT-CUCTeM ANA ONpe/eneHna aHTUTeN K CTPYKTYpHbIM Genkam Bupyca
Awypa 6 nponssoguteneii (OrbY «BHUU3X», Prionics, IZSLER, Innovative Diagnostics, BIONOTE u MEDIAN Diagnostics) 6bino nccnegoano 138 06pasLios cbi-
BOPOTKY KPOBY CBYUHE! 1 KPYMHOr0 POraToro Ck0Ta, BaKLMHUPOBAHHbIX MPOTVB ALLYPa OAHOTO W JBYX CEPOTUMOB NIN60 MHOULMPOBAHHBIX BUPYCOM ALLypa.
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Bce ncnonb3oBaHHble TCT-CUCTeMbI HapAZY C APKO BbIpaXKeHHOI cepoTunocneLMdpuyeckoil akTMBHOCTbIO (OMONOrVYHAA peaKkLna) BbIABNANN TakxKe HeKoTopoe
KONMYECTBO NepeKpecTHo-pearnpyroLLMx BUpycocneMduyeckmx aHTuten, uto 6bino 06ycnoBReHO PAROM NPUYNH, (BA3AHHDBIX C KOHCEPBATUBHbIMU SNATONAMY
B AMUHOKICIOTHOI NOCNe0BATeNbHOCTA KancuaHbIx nonunentugos VP1-VP3 BupuoHa Bo3byautena Alypa, ¢ LOCTYNHOCTbIO BHYTPEHHUX KOHCEPBATUBHBIX
3nuTonos nonunentinaa VP4 Ans UMMYHHOI CUCTEMbI KMBOTHOTO NP PENANKaLyMN BUPYCa MW AeCTPYKLMI BAKLIMHHOTO aHTUreHa (BUpyca) B OpraH13me XuBoT-
HOrO B X0/}€ IMMYHHOT0 NPOLIECCa, a TaKXKe C KOMMOHEHTHBIM COCTaBOM JKCMEePUMEHTaNbHOI NPOTUBOALLYPHOI BaKLMHbI 1 Ap. TeM He MeHee aHanu3 60NbLLoro
MaccvBa AaHHbIX (okono 3500 nccnefoBaHuin) nokasan, uto roMonoruyHas cepotunocneLudpuyeckan peakuua B Lenom Obina 3HauuTeNbHO Bbille U ABNANACH
JOMUHUpYHOLLEi, ZONA BUPYCOCELNUUECKNX HE3ALLUTHBIX aHTUTEN, B TOM YMCTe U NepeKpecTHO-pearupytoLLmx, 6bina He CToNb 3HAUNTENbHON 1 He MCKaXa-
Na pe3ynbTaTbl OLEHKI IMMYHOrEHHOCTY NPOTUBOALLYPHON BaKLMHbBI B IMMYHOGEPMEHTHOM aHanu3e. B COMHUTENbHBbIX Cyuasx TpebyeTca NoATBepXAeHUe
pe3ynbTaTos B ApyriX ceponornyeckinx peakunax. ONTumanbHbIM BapuaHToM ClieflyeT cuuTaTh KOMMIEKCHble NCCNef0BaHNA Ha ALLYP C MPUBAEYeHNEM Pa3HbIX
METOZI0B ANarHOCTUKY, TaKUX Kak MMMYHO(GEPMEHTHDIl aHanu3 ¢ UCMONb30BaHNEM CTAHAAPTHBIX U PedepeHTHbIX TeCT-CACTEM U/UNK peakLna BUPYCHOI Heil-
TPanu3aLum B KyNbType KNeTok.

KnioueBble cnoBa: ALyp, IMMyHODEPMEHTHBIi aHanw3, cepoTMnocneLuduuHoCTb
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ABTOpbI BbIpaXatoT 6naroapHoOCTb COTPYAHMKaM CeKTopa biuotexHonoruu nabopatopun npodunaktukn awypa OrbY «BHUN3X»: mnaawwemy HayuHomy coTpya-
HUKY KaHp,. BeT. Hayk [0. C. EnbkuHoii 1 Bepywiemy BeTBpauy M. A. LLleBueHKo 3a paboTy CKMBOTHBIMY, 3aBeAyIoLLEeMY pedepeHTHOIA labopaTopueil AnarHoCTUKI
Awypa B. B. Hukudopoy 3a npesoctaBneHHble 06pasLibl CbIBOPOTKY KPOBK OT NepeboneBLuyx ALLypom cepotina SAT 2 CBUHEI! 1 KpYMHOTO poraToro cKoTa.

[ina yntuposauua: flyrockas H. H., Cunanbesa E. A., OkoBbitaa T. B., XapuToHoBa A. A., foumypapos bl. M., Pasrynaesa E. A., byanna 0. 0., ficieBa E. A. U3yye-
Hine cepoTUNOCneLndUIHOCTI IMArHOCTYECKIX TECT-CUCTeM ANA BbIABNEHNUA aHTUTEN K CTPYKTYPHbBIM 6enkam BUpYCa ALLypa UMMyHOGEPMEHTHBIM aHaNu30M.

Bemepunapus ce200ks. 2024; 13 (1): 44-56. https://doi.org/10.29326/2304-196X-2024-13-1-44-56

Koudnukr untepecos: ABTopbl 3aABAAKT 00 OTCYTCTBIM KOHGANKTA MHTEPECOB.

[ins koppecnonpenuun: Jlyrosckas Hatanua HukonaesHa, KaHz. 61on. Hayk, pykoBogutenb cektopa nabopatopuu npodunaktinku Attypa OrbY «BHUN3N,

MKp. 0pbesed, . Bnagumup, 600901, Poccus, e-mail: lugovskaya@arriah.ru

INTRODUCTION

Foot-and-mouth disease (FMD) is one of the most high-
ly contagious viral diseases of domestic and wild cloven-
hoofed animals that is well-known since ancient times
and can have drastic economicg, social, and environmental
impact. The disease is caused by aphthovirus of Picorna-
viridae family and is characterized by fever, mucous and
epithelial aphthous lesions and other symptoms. There
are 7 immunologically distinct serotypes of FMDV: O, A, C,
SAT 1, SAT 2, SAT 3 and Asia 1[1, 2].

Specific vaccination is one of important tools used
together with other measures to combat the infection.
Since the virus of different serotypes practically does
not induce any cross-immunity and vaccines based on
the virus strains that differ from the field strains of the
same virus serotype may confer incomplete protection,
thorough selection of the virus strains to be incorporated
in the developed vaccines is required to achieve maxi-
mum possible protection of animals in the particular
region [T, 2].

Two major methods for testing serum samples for anti-
bodies to FMDV structural proteins: virus neutralization
test (VNT) and enzyme-linked immunosorbent assay
(ELISA), are used for laboratory diagnostics for the purpose
of assessment of vaccine effectiveness, immune status and
immunity level in susceptible animals [1, 2].

Virus neutralization tests is considered a gold standard
for FMDV since its allows direct detection of the virus neu-
tralizing antibodies in serum samples from vaccinated or
convalescent animals, thereby determination of the level
of protection against FMD caused by the virus of particular
serotype.

Enzyme-linked immunosorbent assay based on the
inactivated whole virus or recombinant virus antigen co-
vers the whole range of virus-specific antibodies, primarily
virus neutralizing ones, owing to the virion structure. This
allows ELISA to be used for laboratory FMD diagnosis as an
alternative or confirmatory method like VNT.

However, we repeatedly detected cross-reactive anti-
bodies with test-systems for detection of different virus
serotypes in serum samples from FMD vaccinated or con-
valescent animals. Some researchers reported the same
phenomenon during performed serological tests [3, 4, 5.
The nature of this phenomenon is unclear and requires
further research.

The virion is non-enveloped and is a capsid surrounding
RNA-genome. The capsid forms an icosahedral structure
with a sedimentation coefficient of 146S and comprises
60 copies of protomer unit consisting of four structural pro-
teins, VP1 to VP4. The virus forms intermediates during its
replication: empty 75S capsid lacking nucleic acid, 12S pen-
tamers and 5S protomers. During degradation the capsid
appears to dissociate into separate units. The surface pro-
teins VP1-VP3 carry epitopes responsible for FMDV sero-
type specificity and virus-neutralizing antibody develop-
ment, while the internal VP4 protein is more conservative
in different virus serotypes and antibodies against VP4 epi-
topes do not confer protection against the infection [3, 6].

Accessibility of internal conservative epitopes for the
animal’s immune system in the presence of a certain
number of 12S and 5S subunits along with an intact
antigen (capsid antigen with unchanged structure) con-
tained in the vaccine or during FMDV replication at the
time of infection may be one of probable reasons for the
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cross-reactivity of antibodies between serotypes. Presence
of conservative epitopes in the amino acid sequence of
capsid surface proteins (VP1-VP3) may be the other rea-
son. The latter is supported by detection of cross-reactive
virus neutralizing antibodies with VNT, which may also be
indicative of some cross-serotype protection [4, 5].

In this paper, an attempt was made to explain the na-
ture of the cross-reactions in ELISA, as well as to assess
the effect of this phenomenon on the possibility of deter-
mination of serotype specificity of post-vaccination and
post-infectious antibodies in serum samples from pigs
and cattle. For this purpose, mono-specific panel includ-
ing experimental serum samples collected from infected
pigs and cattle or from pigs and cattle single-vaccinated
with FMD vaccine based on one FMDV strain. The serum
samples were concurrently tested with commercial ELISA
test-kits for detection of antibodies against FMDV struc-
tural proteins of different manufacturers: Federal Centre
for Animal Health (FGBI“ARRIAH"), Russia; Prionics, Nether-
lands/Switzerland; IZSLER & The Pirbright Institute, Italy/
Great Britain; Innovative Diagnostics, France; BIONOTE,
South Korea; MEDIAN Diagnostics, South Korea. The used
FGBI “ARRIAH" test-kits were strain-specific polyclonal
test-systems based on liquid-phase blocking ELISA, used
foreign test-kits were serotype-specific monoclonal com-
petitive ELISA test-systems.

MATERIALS AND METHODS

The following samples were used for the test: retained
serum samples from pigs and cattle infected with serotype
SAT 2 and O FMDV or vaccinated with monovalent and
bivalent anti-FMD vaccines. Before testing the samples
were kept at minus 20 °C. Monospecific panel contained
81 serum samples including 8 serum samples from con-
valescent animals and 73 serum samples from animals
vaccinated against serotype A (25 samples), serotype O
(31 samples), serotype Asia 1 (17 samples) as well as 57 se-
rum samples collected from pigs immunized with pilot bi-
valent emulsion vaccine against serotype A and O FMD
before and after challenge with serotype O FMDV. Serum
samples were tested with ELISA and some serum samples
were tested with VNT.

Two specimens of pilot emulsion vaccine contain-
ing FMDV O 2212/Primorsky/2014 and A 2155/Zabai-
kalsky/2013 strain antigens at different concentrations
were tested in piglets. Challenge tests were carried out
in accordance with recommendations of the World Orga-
nization for Animal Health (WOAH) [2]. Two groups of ani-
mals, 15 pigs per group, were formed for the experiment.
The animals were immunized subcutaneously with the
vaccine containing different antigen amounts (undiluted,
1:5 and 1:25 diluted antigen, 5 animals per antigen dilution
in each group) in a volume of 2.0 cm? (1 dose). Another
two non-vaccinated animals served as controls. Blood
samples were collected from all animals on day 21 after
immunization and subjected to serological testing, then
the animals were challenged with aphthous FMDV O 2212/
Primorsky/2014 strain at a dose of 10*ID, /0.2 cm®. Chal-
lenge test results were recorded and blood samples were
collected on day 8 after challenge.

All experiments in animals were carried out in strict
accordance with GOST 33215-2014, Interstate standard
for the laboratory animal keeping and handling, adopted
by the Interstate Council for Standardization, Metrolo-

gy and Certification, as well as in accordance with the
requirements of Directive 2010/63/EU of the European
Parliament and Council of the European Union of 22 Sep-
tember 2010 on the protection of animals used for sci-
entific purposes.

The test-kits based on liquid-phase blocking ELISA
for detection of antibodies against structural proteins of
different strains of serotype A, O, Asia 1 FMDV (Table 1)
developed by the FGBI “ARRIAH” in accordance with the
instructions on their use as well as the following commer-
cial test-kits for detection of antibodies against serotype
A, O, Asia 1 FMDV produced by leading European and
Asian manufacturers in according to their manufacturers’
instructions were used:

- PrioCHECK® FMDV Type A (Prionics, Netherlands/
Switzerland);

— PrioCHECK® FMDV Type O (Prionics, Netherlands/
Switzerland);

— PrioCHECK® FMDV Type Asia 1 (Prionics, Netherlands/
Switzerland);

- SPCE for antibodies specific to FMDV Serotype A
(IZSLER & The Pirbright Institute, Italy/Great Britain);

- SPCE for antibodies specific to FMDV Serotype O
(IZSLER & The Pirbright Institute, Italy/Great Britain);

—ID Screen® FMD Type A Competition (Innovative Diag-
nostics, France);

- ID Screen® FMD Type O Competition (Innovative Di-
agnostics, France);

— ID Screen® FMD Type Asial Competition (Innovative
Diagnostics, France);

— FMD Type O Ab ELISA (BIONOTE, South Korea);

—VDPro® FMDV Type O Ab b-ELISA (MEDIAN Diagnostics,
South Korea).

Test results were interpreted based on percentage of
inhibition (PI) calculated for each tested sample according
to the formula and interpretation criteria indicated by the
test-kit manufacturer.To easily perceive large data sets, the
results obtained with the test-kits as optical density (OD)
values to be expressed as S/N ratio (Innovative Diagnos-
tics — IDVet, MEDIAN), were also recalculated to Pl values.

Foot-and-mouth disease virus antigen was serotyped
with indirect sandwich ELISA using hyperimmune rabbit
serum and guinea pig serum prepared against intact cap-
sid antigen of one of FMDV strains (146S-Ag) as described
above with some modifications as capture antibody and
detection antibody, respectively [2, 7]. For this purpose,
96-well ELISA plates (NUNC, Denmark) were coated with
the solution of strain-specific rabbit serum (serotypes A,
O, Asia 1 or SAT 2 FMDV) in 0.05 M carbonate-bicarbonate
buffer, pH 9.6. Then, successive steps of adding tested
or control antigen samples, detection antibodies (strain-
specific guinea pig serum for relevant serotype) and anti-
species immunoperoxidase conjugate diluted with 0.01 M
tris-buffered saline solution supplemented with 0.01% of
Tween 20 detergent containing 10% of bovine fetal serum
to the plate wells were carried out. All test steps were car-
ried out at 37 °C for 1 hour and the plates were washed
after each step to remove non-bound components. The
reaction was visualized with ABTS (2,2'-azino-di(3-ethyl-
benzothiazoline)-6-sulfonic acid) substrate for 20 min at
room temperature; the reaction was stopped with 1% so-
dium dodecyl sulfate.

The intact antigens of FMDV were also serotyped with
direct ELISA when the antigen adsorbed in the plate wells
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was detected with commercial peroxidase-conjugated se-
rotype-specific monoclonal antibodies produced by Prio-
nics, IZSLER, Innovative Diagnostics, BIONOTE, MEDIAN
Diagnostics companies. The reaction conditions were
similar to that ones for sandwich ELISA.

Optical density values of tested samples that were
2.5 times greater than conjugate control OD value (back-
ground control) in both assays were considered positive.

Foot-and-mouth disease VNT was carried in con-
tinuous IB-RS-2 porcine kidney cells in accordance
with the WOAH recommendations [2]. The VNT was
carried out using 96-flat-bottom well culture micro-
plates. The virus, 10* TCID, /0.05 cm? (accepted range:
10'%-10** TCID, /0.05 cm?), was added to two-fold dilu-
tions of tested and control serum samples prepared with
the nutrient medium (Eagle’s MEM). Then, the plates were
incubated at 37 °Ciin 0.5% CO, environment for one hour
and IB-RS-2 culture cell suspension at concentration of
106 cells/cm® was added to all wells, 0.05 cm? per well, and
the plates were incubated under the same conditions for
48-78 hours. The reaction results were read based on cyto-
pathic effect (CPE) developed in the control wells contain-
ing infected cell culture without sera from tested animals.
Virus-neutralizing antibody (VNA) titre was defined as the
last serum dilution showing 50% inhibition of the virus
CPE[2].

VP1 amino acid sequences of FMDV of different
serotypes were aligned in accordance with the data
obtained from the NCBI and publicly accessible sour-
ces[6,8,9,10,11,12,13,14,15]:

— A (A/TAN/26/2013); GenBank: AX168858.1;
- A (A,,/IRQ/24/64); GenBank: ARO74643.1;
- A (A/TUR/2/2014); GenBank: QWL55674.1;
- A (A/TUR/2006); GenBank: ACC63168.1;
- A (A/PAK/2013); GenBank: APZ88528.1;
- O (wild type of type O FMDV); PDB: 7ENP_1;
-0 (0O/TUR/33/2011); GenBank: QWL56951.1;
- O (O/PAK/2019); GenBank: UFI08025;
- Asia1 (Asial/BAN/DH/Sa-319/2018);
GenBank: QED10746.1;
- Asia1l (Asia1/284-3/4_ISB/Pak_2012);
GenBank: APZ88631.1;
— Asial (Asia1/Shamir/89); GenBank: ASV50713.1;
- C1 (C1/Loupogne BEL/53); GenBank: AAA91488.1;
— SAT2 (SAT2/LIB/2012); GenBank: AFU55197.1;
— SAT2 (SAT2/EGY/Ismailia/2018); GenBank: QZE50286.1.

Electrophoretic separation of the proteins in polyacryl-

amide gel was carried out as described earlier [16, 17].

RESULTS AND DISCUSSION

Twenty-four ELISA test-kits for detection of antibodies
against FMDV structural proteins produced by various
manufacturers were tested for their serotype-specificity
using the panel of monospecific porcine and cattle sera.
The test-kits for FMD diagnosis manufactured by leading
foreign companies such as Prionics, IZSLER, Innovative Di-
agnostics, BIONOTE and MEDIAN Diagnostics, are based
on direct competitive ELISA. Serum immunoglobulins
and horseradish peroxidase-conjugated monoclonal anti-
bodies compete for specific binding to the virus or recom-
binant antigen. The FGBI “ARRIAH" tests-kits contain spe-
cificand nonspecific components for indirect liquid-phase
blocking ELISA. This ELISA variant for detection of anti-
bodies against FMDV structural proteins is a competitive

Table 1
FMDV strains used in the test-kits produced by the FGBI “ARRIAH” for virus
neutralization tests and/or for monospecific serum preparation

OIS Name of production FMDV strain Shqrt st@in Topotype Qenetic
serotype designation NEEN
A 2155/Zabaikalsky/2013 A/Zab/13 ASIA Sea-97
A 2029/Turkey/2006 A/TUR/06 ASIA Iran-05
A A 2269/ARRIAH/2015 A/ARRIAH/15 ASIA G-Vl
A,/Iraq/24/64 A,,/IRQ/64 ASIA Irag-64
A/Tanzania/2013 A/TAN/13 AFRICA G-1
02047/Saudi Arabia/2008 0/SAU/08 ME-SA PanAsia2
02356/Pakistan/2018 0/PAK/18 ME-SA PanAsia2
02212/Primorsky/2014 0/Prim/14 SEA Mya-98
0,/Manisa/Turkey/1993 0,/Manisa/93 SEA Mya-98
0 0,/Campos/1994 0,/Campos/94 | EURO-SA -
02344/Mongolia/2017 0/M0G/17 ME-SA Ind 2001
0 2311/Zabaikalsky/2016 0/Zab/16 ME-SA Ind 2001
0.2620/0renburg/2021 v ?;;‘1 MESA | Ind2001
0/Kenya/2017 O0/KEN/17 EA-2 -
Asia-1 1946/Shamir 3/89 oal o | ASA | Shami
AsaT 1" psia-1 2145 Majikistan/2011 | Asial/TAJIT | ASA | Singh-08
Asia-12356/14/Pakistan/2018 | Asial/PAK/18 ASIA Singh-08
SAT2/LIB/39/2012 SAT2/LIB/12 Vil Lib-12
A2 SAT2/ERI/98 SAT2/ERI/98 Vil -

ELISA variant and is characterized by preliminary step of
FMDV antigen-tested serum interaction (“liquid phase”)
during which theimmunodominant epitopes in the FMDV
antigen amino acid sequence are blocked by specific im-
munoglobulins. The other steps of the assay are generally
similar to other ELISA variants. Competing antibodies are
homologous strain-specific polyclonal antibodies in gui-
nea pig blood serum (detection antibodies) that bind to
free antigenic determinants [2, 18, 19, 20].

Figure 1 shows that none of above test-kits used for
testing sera collected from animals on day 21-28 after their
vaccination with anti-FMD monovalent vaccines based on
the virus strains indicated in Table 1 demonstrated 100%
serotype-specificity. The reaction to homologous sera
was predominant, however, the number of cross-reacting
samples turned out to be significant.

The cross-reactivity was also measured during the tests
of 6 serum samples from SAT 2 FMD convalescent pigs and
cattle (Table 2).

Analysis of the obtained results showed that the ma-
jority of used test-systems detected cross-reactive anti-
bodies in sera collected from animals on day 21-31 after
their infection with FMDV SAT2/ERI/98 strain. Therewith,
the detected cross-reactivity was significantly lower than
that one detected by SAT2/LIB/12-ARRIAH test-system: all
6 samples were tested positive with Pl __ = 97.6%. Four
monoclonal test-systems: A-PrioCHECK, O-PrioCHECK,
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Fig. 1. Results of ELISA tests of serum samples from animals immunized
with monovalent anti-FMD vaccine (n = 73)

O-I1ZSLER and Asia1-IDVet did not detect anti-FMDV anti-
bodies in convalescent animals. However, two serum
samples from control pigs infected with aphthous sero-
type O FMD virus-containing suspension during vaccine
tests were tested positive with heterologous A-PrioCHECK
test-system (Table 3).

The cross reactions were observed in samples
from pigs after their challenge with FMDV O 2212/Pri-
morsky/2014 strain during tests of bivalent emulsion
anti-FMD vaccine based on A 2155/Zabaikalsky/2013
and O 2212/Primorsky/2014 strains (Table 3). Six hetero-
logous test-systems for serotypes Asia 1 1 SAT 2 detected
low cross reactivity to serotypes O and A or did not detect

Table 2
Results of ELISA tests of serum samples from animals
infected with SAT 2 FMDV

Serum samples from cattle and pigs,
21-31dpi SAT2/ERI/98 (n =6

Diagnostic test-system

A/Zab/13-ARRIAH 64.9 5/6
A/TUR/06-ARRIAH 66.7 5/6
A,,/IRQ/64-ARRIAH 62.8 4/6
A/ARRIAH/15-ARRIAH 545 5/6
ATTAN/13-ARRIAH 62.6 3/6
A-PrioCHECK 363 0/
A-IZSLER 74.8 4/6
A-IDVet 450 3/6
O/Prim/14-ARRIAH 60.2 5/6
0/Zab/16-ARRIAH 51.8 4/6
O/PAK/18-ARRIAH 52.8 4/6
0/SAU/08-ARRIAH 64.8 5/6
O/KEN/17-ARRIAH 61.9 3/6
0-PrioCHECK 348 0/
0-IZSLER 456 0/
0-IDVet 358 3/
0-BIONOT 155 /6
0-MEDIAN 37.0 3/6
Asial/PAK/18-ARRIAH 374 2%
Asial /TA/11-ARRIAH 57.8 4/6
Asial/Shamir/89-ARRIAH 71.9 5/6
Asial-PrioCHECK 52.8 4/6
Asial-IDVet 314 0/6
SAT2/LIB/12-ARRIAH 97.6 6/6

dpi — days post infection; pos/n — number of ELISA positive serum samples
to total number of tested serum samples; results of tests with heterologous
ELISA test-systems are given in italics, positive Pl values are given in bold.

any cross reactivity to serotypes O and A, however, only
two-test kits (Asial-PrioCHECK and Asia1-IDVet) did not
detect any anti-FMDV antibodies in sera from both vacci-
nated and control animals after challenge. The following
interesting dependence was observed when sera were
tested with test-systems for serotype A FMDV: the num-
ber of seropositive animals increased and the antibody
level increased significantly 8 days after infection with
FMD serotype O compared to that ones before infection,
however, mean Pl value in the test group was lower than
that one in control (unvaccinated) animals. This could be
the evidence of partial neutralization of serotype O FMDV
with antibodies against serotype A FMDV, i.e. the evidence
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of cross-protection. This was confirmed by results of VNT
of FMDV A 2155/Zabaikalsky/2013 strain. Tables 3 and 4
show that number of animals demonstrating positive VNT
reaction to serotype A FMD virus before and after infection
remained unchanged but it was not possible to determine
the proportion of cross-reactive VNAs since the animals
were vaccinated against serotype A FMDV. But virus-spe-
cificantibodies of this category were detected in sera from
control animals and protective VNA titre was 1:45 or 1.651g,
similar to VNA titre detected when FMDV Asia-1 2356/14/

One animal in each of two groups of pigs vaccinated
with the vaccine diluted 1:25 demonstrated systemic di-
sease after challenge with aphthous virus. Therewith, no
ELISA antibodies to serotype A FMDV were detected and
threshold antibody levels to serotype O FMDV were de-
tected using tested ELISA test-kits for serotype O, except
for the FGBI “ARRIAH" test-kits for O 2356/Pakistan/2018,
O 2311/Zabaikalsky/2016, O 2047/Saudi Arabia/2008,
O/Kenya/2017 strains, in these two pigs before challenge.
Virus neutralizing antibody titres against FMDV A 2155/

Pakistan/2018 strain was used. Zabaikalsky/2013 and O 2212/Primorsky/2014 strains in
Table 3

ELISA and VNT results for serum samples from pigs vaccinated with bivalent vaccines against type A and 0 FMDV before and after challenge
test using type 0 FMDV

Serum samples collected from pigs on

21 dpv 29 dpv 8 dpi
(vaccination against serotype A (vaccination against serotype A and 0 FMDV), (infection with serotype O FMDV)
and 0 FMDV) 8 dpi (infection with serotype O FMDV) non-vaccinated controls

Diagnostic test-system

| 0

mean”

A/Zab/13-UNT n/d 12/29 n/d 12/28 n/d 2/2
A/Zab/13-ARRIAH 39.6 13/28 59.2 18/28 76.0 2/2
A/TUR/06-ARRIAH 36.9 10/28 57.9 18/28 75.1 22
A,,/IRQ/64-ARRIAH 48.0 15/28 67.6 22/28 80.7 22
A/ARRIAH/15-ARRIAH 28.7 4/28 54.1 17/28 73.2 22
A/TAN/13-ARRIAH 38.2 9/28 58.7 17/28 65.5 22
A-PrioCHECK 36.0 3/28 4.8 9/28 52.4 172
A-IZSLER 77.3 23/29 76.1 21/28 84.5 22
A-IDVet 51.54 15/29 58.52 19/28 78.6 2/2
0/Prim/14-UNT n/d 10/29 n/d 28/28 n/d 2/2
0/Prim/14-ARRIAH 74.3 26/28 87.8 28/28 91.3 2/2
0/Zab/16-ARRIAH 53.1 18/28 76.8 24/28 90.0 2/2
0/PAK/18-ARRIAH 50.9 16/28 75.6 23/28 94.2 2/2
0/SAU/08-ARRIAH 51.9 16/28 73.4 23/28 89.8 2/2
O/KEN/17-ARRIAH 453 12/28 73.1 21/28 93.9 2/2
0-PrioCHECK 73.5 25/28 82.0 27/28 89.9 2/2
0-1ZSLER 58.6 529 7.2 16/28 714 2/2
0-IDVet 63.4 13/29 77.9 21/28 71.7 2/2
0-BIONOT 494 18/29 73.1 25/28 80.1 2/2
0-MEDIAN 52.0 23/29 68.0 27/28 60.0 2/2
Asia1/PAK/18-ARRIAH 23.0 0/29 39.9 6/28 78.5 22
Asia1/TAJ/11-ARRIAH 287 3/29 50.3 13/28 80.3 22
Asia1/Shamir/89-ARRIAH 294 1/29 47.9 13/28 76.2 22
Asia1-PrioCHECK 215 0/29 24.8 0/28 359 072
Asia1-IDVet 6.6 0/29 5.8 0/28 20 072
SAT2/LIB/12-ARRIAH 6.8 0/29 19.0 4/28 61.6 22

dpv — days post vaccination; dpi — days post infection; pos/n — number of ELISA positive serum samples to total number of tested serum samples;
n/d — not detected; results of tests with heterologous ELISA test-systems are given in italics, positive Pl values are given in bold.
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the serum samples were 1.08 and 0.78 |g, respectively, that
was lower than protective level (data are not provided). At
the same time, serum samples from challenged control
pigs were tested positive by 22 out of 24 ELISA test-kits
and 7 out of 14 VNT both serotype O-homologous and
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serotype O-heterologous ones (Tables 3 and 4).

Our studies have detected and repeatedly confirmed
the presence of cross-reactive antibodies in sera tested
with ELISA and, to a lesser extent, with VNT. In our opinion,

this could be accounted for as follows:

- presence of conservative epitopes in VP1-VP3 capsid

polypeptide amino acid sequences;

— accessibility of internal conservative epitopes of VP4
polypeptide for the animal’s immune system due to pre-
sence of 125 and 5S subunits in the vaccine, during FMDV
replication or vaccine antigen (virus) degradation in the

animal body during immunity development.

The diagnostic kits used in our study had their own
distinctive features. First, they differed in competitive
antibody origin. Monoclonal antibodies are used as com-
petitive ones in foreign test-systems (Prionics, IZSLER, In-
novative Diagnostics, BIONOTE and MEDIAN Diagnostics),
the FGBI “ARRIAH" produces the test-kits based on poly-
clonal antibodies. Serotype-specificity is the main goal
of test system developers for any test variant, the serotype
specificity is determined by surface capsid epitopes. For
this purpose, laboratory animals being antibody donors
are immunized with FMDV intact antigen that mainly con-
sists of 146S subunits. In the FGBI “ARRIAH" highly puri-
fied FMDV antigen subjected to sucrose density gradient
fractionation in the form of the intact capsids not divided
into smaller subunits is used for preparation of hyperim-
mune polyclonal rabbit and guinea pig serum for gene-

Table 4

Results of testing of serum samples from control animals (n = 2) infected with FMDV

02122/Primorsky/2014 strain with VNT (8 dpi)

Virus dose,

FMDV strain TCID, /0.05 i T o VNA, Ig
A 2029/Turkey/2006 10738 1.08
A 2155/Zabaikalsky/2013 104 1.65
A 2269/ARRIAH/2015 1076 0.98
A,,/Iraq/24/64 10 1.34
A/Tanzania/2013 10" 1.34
02356/Pakistan/2018 10 2.56
02311/Zabaikalsky/2016 108 2.03
02212/Primorsky/2014 107 2.26
02047/Saudi Arabia/2008 102 2.10
0/Kenya/2017 10 2.40
Asia-11946/Shamir/Israel/3/89 10" 1.20
Asia-12145/Tajikistan/2011 101 1.08
Asia-12356/14/Pakistan/2018 101 1.65
SAT2/LIB/39/2012 1076 1.08

T VNA —mean titre of virus neutralizing antibodies; results of tests with heterologous VNT

mean

are given in italics, protective level of virus neutralizing antibodies is given in bold.

50

rating capture and detection antibodies, respectively. Thus,
the probability of generating antibodies to internal highly
conserved epitopes is low. However, according to the pub-
lications of some researchers, surface polypeptides also
have conservative antigenic determinants inducing
cross-reactive VNAs [4, 5].

He Y. et al. [4] detected and identified serotype O/A
cross-reactive neutralizing antibodies (R50) in cattle with
single B cell antibody isolation technique as well as deter-
mined virus-NAb complex structures with cryo-electron
microscopy. R50 were shown to engage FMDV-O capsids
as well as FMDV-A capsids and to bind to BC/EF/GH-loop
of VP1 polypeptide and to GH-loop of VP3 polypeptide,
revealing a previously unknown antigenic site. The cross-
serotype neutralizing epitope recognized by R50 is highly
conserved among serotypes O/A.

To illustrate this, 14 amino acid sequences up
to 214 a. a. in length, of VP1, one of surface proteins,
of FMDV of different serotypes were analyzed in order
to determine the probability of conservative epitope
presence [9, 10, 11, 12, 13, 14, 15, 16, 17]. The sequences
were aligned with FMDV A/TAN/26/2013 strain (GenBank:
AX168858.1). Figure 2 shows that this probability exists,
since conservative sites with a minimum number of sub-
stitutions are found.

Putative epitopes of surface polypeptides were as-
sessed for theirimmunogenicity during serotyping the in-
tact antigen of different FMDV strains with ELISA variants:
sandwich ELISA with capture and detection polyclonal
antibodies, direct ELISA with horseradish peroxidase-
conjugated monoclonal antibodies (Tables 5 and 6).

Analysis of obtained data shows that FMDV intact anti-
gen at concentration of 0.025 mg/mL was distinctly sero-
typed by most of the ELISAs using both polyclonal and
monoclonal antibodies. Two direct ELISAs with conjugates
detected cross-reaction: A-IZSLER (serotype SAT2/LIB/12
antigen) and A-IDVet (serotype Asia 1 antigen), these find-
ings together with cross-reaction detected with VNT con-
firmed, in our opinion, the presence of conservative epi-
topes in surface polypeptides. These epitopes appeared
to be less immunogenic as compared to loop-regions (Fi-
gure 2) due to their location on capsid surface. Protruding
loop regions of amino acid sequence induce primary im-
mune response. The cross-reactive antibody response de-
tected with both ELISA as well as with VNT in convalescent
animals was lower than homologous (serotype-specific
response) response (Tables 2, 3 and 4) the similar results
were obtained when sera from vaccinated animals were
tested with the ELISAs (Figure 1).

The performed tests allow us to conclude that pa-
rallel tests with the test-systems designed for different
FMDV serotypes are required for determination of sero-
type-specificity of anti-FMDV antibodies in sera from in-
fected animals. The serotype should be determined based
on predominant results. Cross-reactive antibody level is
not important for post-vaccination immunity level, since
this category of antibodies, regardless of the cause of their
appearance, is virus-specific and indicates the animal’s im-
mune system state. The level of the animal protection from
infection is directly proportional to the total number of
virus-specific antibodies that are predominantly VNAs due
to the structural features of the virion.

Table 7 shows responses of two cattle (animal
No. 1 and animal No. 2) to administration of the pilot
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A/TAN/26/2013 1 ttatgesadp vtttvenygg etqvqrrhht svefimdrfv  klgvsspthv  idlmgthghg
A,,/IRQ/24/64 1 d-t-t----- -i-nln----  --=--------
A/TUR/2/2014 1 d-g-------  -inpv-----  -——-—---- a
A/TUR/2006 1 d-g------ a -ispv----- @ ————————- a
A/PAK/2013 1 d-g-v-----  -inpv-----  -——-—---- a
O, wild type of FMDV 1 d-s--1---- -vtpkdsin- 1----- ps-t
O/TUR/33/2011 1 d-s--1---- -vtpkdgin- 1--—-- pa-t
O/PAK/2019 1 d-s--1---- -vtpkdqgin- l-==== pa-t
Asial/BAN/DH/2018 1 ---ta--1-- d-a-vl---- --nepks-q- 1l----ipa-t
Asial/ISB/Pak_2012 1 ---aa--1-- d-g-vl---- --tnpka-qt 1----ipp-t
Asial/Shamir/89 1 ---ta--1-- d-a--1l---- --tapkniqgt 1l----ips-t
Cl/Loupogne BEL/53 1 | —————————m mmmmmmme d-a-vl---- -vt--gng-t 1-v--a-kdn
SAT2/LIB/39/2012 1 --sa--g--v ---dpsth-- nvgeg--k-- e-a-1ll--st  hvhtgktsf- v---n-kkka
SAT2/EGY/Ismailia/2018 1 --sa--g--v  ---dpsth-- nvgeg--k-- e-a-1ll--st hvhtgktsf- v---n-keka
A/TAN/26/2013 61 lvgallraat yyfsdlevvv rhegnltwvp ngapeaalan tsnptayhke pftrlalpyt
RA,/IRQ/24/64 61 | ————-————- i

A/TUR/2/2014 61 | ————-——-—-

A/TUR/2006 61 | ————-————-

A/PAK/2013 6l | m=m=mmmeee

O, wild type of FMDV 61

0/TUR/33/2011 61

O/PAK/2019 61

Asial/BAN/DH/2018 61 v-t-pa----

Asial/ISB/Pak_2012 61 v-t-pv---- ----kt--dc

Asial/Shamir/89 61 v-a-pv - ----kd--n-

Cl/Loupogne BEL/53 61 t-t-k----- —-——-vs--d-

SAT2/LIB/39/2012 61 vgdhtrvfwqg pngaprttqp gd--mvfa-g gv--f-i-f-
SAT2/EGY/Ismailia/2018 6l | —----i---s- vg-htrvfwg pngapr-tql gd--mvfa-g gv--f-i-f-
A/TAN/26/2013 121 | aphrvlatvy ngtskysaat sgrrgdlgsl aarvaaqglpa sfnygalrat tihellvrmk
A;,/IRQ/24/64 121 | mm=mmmmmmm mmmmeeee gg  t------- p- mmmmmmmmme eme fomig-= mmmmmmm——-
A/TUR/2/2014 121 | —=====—-—- —==fe-i-== p---------
A/TUR/2006 121 | ———mmmm - mmfemimmn mmmmemeeee
A/PAK/2013 121 | ———mmmmm oo g g ---f--ik--  —mmmmmmme-
O, wild type of FMDV 121 | -—-====--=  -—- c--aegs lpnvrgdlqv l1-gk--rplp tsfnygaika -rvte-lyrm
0/TUR/33/2011 121 | —===== - --nc--gesh  tanvrgdlqv  l-gk--rtlp tsfnygaika -rvse-lyrm
O/PAK/2019 121 | —————————- --nc--geg- vtnvrgdlgv 1-gk--rtlp tsfnygaika -rvte-lyrm
Asial/BAN/DH/2018 121 | —=====m=m- --ktt-get- -r-gdlaala qrvsrgqlpts fnygavkaen  itel-irmkr
Asial/ISB/Pak/2012 121 | ———------- --kta-gge- pr-gdlaaia qrvstslpts fnygavkadn itel-irmkr
Asial/Shamir/89 121 | —————————- --kta-get- sr-gdmaala qrls-rlpts fnygavkad- itel-irmkr
Cl/Loupogne BEL/53 121 | ————---- a- t--tt-t-s- r-dlah-aat h--hlptsfn fgavk-eti- ellvrmk-ae
SAT2/LIB/39/2012 121 | ----1-s--- --ecd-nktv tai---raa- --ky-dntht lpstfnfgfv -vdkpvdvyy
SAT2/EGY/Ismailia/2018 121 | ----1-s--- --ecv-kkpv asi---raa- --ky-dstht  lpptfnfgfv -vdkpvdvyy
A/TAN/26/2013 181 | raelycprpl latevsager ykgkiiapak qll

A,,/IRQ/24/64 181 | —=====---- h -—=

A/TUR/2/2014 181 | -——————--- -—=

A/TUR/2006 181 | ———————-—-- -—=

A/PAK/2013 181 | ——====———- -

O, wild type of FMDV 181 | kraetycprp —-lavhpsaa-

0/TUR/33/2011 181 | kraetycprp -laihpnea- --

O/PAK/2019 181 | kraetycprp -laihpe-a-

Asial/BAN/DH/2018 181 | aetycprpl- aldttqdrrk geiiapekqv 1

Asial/ISB/Pak_2012 181 | aetycprpl-  aldttqdrrk qeiiapekq

Asial/Shamir/89 181 | aetycprpl- aldttqdrrk g-iiapekqv 1nf

Cl/Loupogne BEL/53 181 | lycprpil-i gp-gdrhkqgp lvapakqll

SAT2/LIB/39/2012 181 | rmkraelycp rpllptydha grdrfd--ig verq

SAT2/EGY/Ismailia/2018 181 | rmkraelycp rpllpaydha grdrfd--ig verq

Fig. 2. Amino acid sequence of surface VP1 polypeptide of FMDV of different serotypes, 214 a. a. (according to the GenBank
NCBI data; GH-loop region is indicated in red)

monovalent anti-FMD vaccine based on Asia-1 1946/
Shamir/Israel/3/89 strain. Clinically healthy same-aged
young bulls kept under similar conditions demonstrated
different patterns of immune response development. If
sera from both animals tested with ELISA on day 14 after
their vaccination reacted only to serotype Asia 1, then
on day 23 after vaccination antibodies were detected
in serum from animal No. 1 with 7 out of 8 ELISA test-
kits for serotype A and with 3 out of 10 ELISA test-kits
for serotype O whereas the serum from animal No. 2 re-
mained serotype-specific. Therewith, the level of specific
antibodies against serotype Asia 1 FMDV was the same
in both animals. This could be accounted for by different
rate of the immunity development in the bulls capable
of provoking destruction of the injected vaccine anti-

gen. According to our observations, the level of humoral
immunity, as a rule, reaches a peak on the 21° day after
vaccination and achieves a plateau, over time (obser-
vation period: 14-45 days after vaccination), the num-
ber of serotype-specific antibodies practically remains
unchanged or the changes are insignificant, and cross-
reactive antibodies show stable dynamics (data are not
provided).

When the antigen with the structure disrupted for
various reasons is used for immunization, a large-scale
cross-reaction of virus-specific antibodies can occur which
makes serotyping with ELISA difficult.

Thus, cattle sera collected on day 21 after their vac-
cination against FMD with the vaccine based on FMDV
O 2620/0Orenburg/2021 strain demonstrated high cross
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Table 5
Results of serotyping of FMDV intact antigen with sandwich ELISA

Sandwich ELISA (FGBI “ARRIAH") for detection of FMDV Ag of the virus serotype:
1465-FMDV Ag

specimens

(C=0.025 mg/mL)

A/Zab/13 pos. pos. neg. neg. neg. neg. neg. neg.
A/TUR/06 pos. pos. neg. neg. neg. neg. neg. neg.
A/ARRIAH/15 pos. pos. neg. neg. neg. neg. neg. neg.
A.,/IRQ/64 pos. pos. neg. neg. neg. neg. neg. neg.
0/Zab/16 neg. neg. pos. pos. pos. pos. neg. neg.
0/PAK/18 neg. neg. pos. pos. pos. pos. neg. neg.
0/SAU/08 neg. neg. pos. pos. pos. pos. neg. neg.
0/Prim/14 neg. neg. pos. pos. pos. pos. neg. neg.
O/KEN/17 neg. neg. pos. pos. pos. pos. neg. neg.
Asia1/Shamir/89 neg. neg. neg. neg. neg. neg. pos. neg.
Asial/TAJ/ N neg. neg. neg. neg. neg. neg. pos. neg.
Asial/PAK/18 neg. neg. neg. neg. neg. neg. pos. neg.
SAT2/LIB/12 neg. neg. neg. neg. neg. neg. neg. pos.

FMDV Ag — antigen of FMDV.

Table 6
Results of FMDV intact antigen serotyping with direct ELISA using commercial monoclonal antibody-horse radish peroxidase conjugates

Direct ELISA with commercial conjugate for detection of FMDV Ag
146S-FMDV Ag

(C=0.025 mg/mL)

specimens PrioCHECK IZSLER BIONOTE | MEDIAN
A 0 A 0 A 0 0 0

A/Zab/13 pos. neg. pos. neg. neg. neg. pos. neg. neg. neg. neg.
A/TUR/06 pos. neg. pos. neg. neg. neg. pos. neg. neg. neg. neg.
A/ARRIAH/15 pos. neg. pos. neg. neg. neg. pos. neg. neg. neg. neg.
A.,/IRQ/64 pos. neg. pos. neg. neg. neg. pos. neg. neg. neg. neg.
0/Zab/16 neg. pos. neg. pos. neg. neg. neg. pos. neg. pos. pos.
0/PAK/18 neg. pos. neg. pos. neg. neg. neg. pos. neg. pos. neg.
0/SAU/08 neg. pos. neg. pos. neg. neg. neg. neg. neg. pos. pos.
0/Prim/14 neg. pos. neg. pos. neg. neg. neg. pos. neg. pos. neg.
O/KEN/17 neg. pos. neg. pos. neg. neg. neg. pos. neg. pos. pos.
Asia1/Shamir/89 neg. neg. neg. neg. pos. neg. pos. neg. pos. neg. neg.
Asial/TAJ/ N neg. neg. neg. neg. pos. neg. pos. neg. pos. neg. neg.
Asial/PAK/18 neg. neg. neg. neg. pos. neg. pos. neg. pos. neg. neg.
SAT2/LIB/12 neg. neg. pos. neg. neg. pos. neg. neg. neg. neg. neg.

FMDV Ag — antigen of FMDV.

reactivity when tested with 11 out of 13 ELISA test-kits for
detection of antibodies to structural proteins of serotype
A, Asia 1 and SAT 2 FMDV comparable to homologous
reaction and low response when tested with other two
test-kits (A-PrioCHECK, Asia1-PrioCHECK), Table 7. In this
case, the cross-reactivity was caused by disruption of cap-

sid antigen integrity that resulted in development of large
numbers of antibodies against internal conservative epi-
topes of VP4 polypeptide.

Electrophoretic analysis of the antigen-containing
material used for the pilot vaccine preparation showed
the cleavage of VP1-VP3 structural polypeptide molecules.
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The non-disrupted 1465-Ag of FMDV Asia-1 2145/Tajiki-
stan/2011 strain (intact antigen, band 1) is given for com-
parison (Figure 3).

However, the VNAs at the amount of 2.70 Ig (VNA
titre — 1:512), determined by VNT for FMDV O 2620/Oren-
burg/2021 strain was sufficient to protect from the infec-
tion (Table 8). When the same serum sample was tested
with VNT for cross virus neutralizing activity, serum neu-
tralization of FMDV A 2155/Zabaikalsky/2013 strain was
observed up to final serum dilution of 1:128 (2.10 Ig). At
the same time, VN testing of the serum against O 2356/
Pakistan/2018 showed significant cross-serotype neutral-
ization of FMDV SAT2/LIB/39/2012 strain (1.65 Ig).

Thus, the altered vaccine antigen structure did not in-
terfere with the immune response development, however,
it could hamper ELISA testing of the vaccine for their pro-
tective properties.

Table 7
Results of ELISA tests of serum samples from cattle immunized with monovalent vaccine against type 0 and Asia 1 FMDV

Nevertheless, this must be avoided during large-scale
vaccine production through strict control of the vaccine
components. The above example was used for better un-
derstanding of possible causes of cross-reactivity in ELISA.

Our study results are consistent with the data pub-
lished by the Pirbright Institute (Great Britain) [3]. Testing
of 294 monovalent mainly bovine sera collected following
infection, vaccination, or vaccination and infection with
one of five FMDV serotypes showed that over half of the
samples, representing all three immunization categories,
were positive to at least one heterologous serotype and
some were positive to all serotypes tested. Preliminary
studies with stabilized recombinant capsid antigens
of serotypes O and A that did not detect internal epitopes
showed reduced cross-reactivity of serum samples, sup-
porting the hypothesis that capsid integrity can affect
the serotype-specificity of the SP-ELISAs. The residual

Sera from cattle, Pl (%)

Dlagnostictest-sytem | T T—— st Shamirs sl Samirs
A/Zab/13-ARRIAH 97.1 354 82.2 21.7 17.3
A/TUR/06-ARRIAH 93.8 6.5 63.0 1.1 22.3
A.,/IRQ/64-ARRIAH 89.2 364 68.8 38 6.56
A/ARRIAH/15-ARRIAH 90.1 4.4 40.5 233 25.9
A/TAN/13-ARRIAH n/t 31 81.5 87 373
A-PrioCHECK 58.3 233 63.8 17.9 351
A-IZSLER 95.8 71.0 81.6 674 70.3
A-IDVet 97.7 35.6 81.4 36.6 34.3
0/Prim/14-ARRIAH 96.6 48.3 58.4 312 395
0/Zab/16-ARRIAH 95.9 16.7 383 6.4 14.7
0/PAK/18-ARRIAH 96.1 352 337 124 18.6
0/SAU/08-ARRIAH 96.0 345 68.2 228 252
O/KEN/17-ARRIAH n/t 21 33 53 7.1
0-PrioCHECK 973 40.5 48.4 23.9 255
O-1ZSLER 95.8 56.1 415 38.6 55.6
0-IDVet 85.9 4.2 1.0 -26.6 —43.6
0-BIONOT 98.9 32.0 39.7 21.0 22.9
0-MEDIAN 90.0 40.0 54.0 30.0 20.0
Asia1/PAK/18-ARRIAH 92.2 67.3 84.6 63.7 84.5
Asial/TAJ/11-ARRIAH 88.7 62.3 721 61.6 715
Asia1/Shamir/89-ARRIAH 90.6 72.8 90.8 71.9 89.9
Asia1-PrioCHECK 47.1 74.8 80.4 74.2 81.7
Asia1-IDVet 81.9 85.2 88.9 78.9 75.9
SAT2/LIB/12-ARRIAH 81.5 n/t n/t n/t n/t

dpv — days post vaccination; n/t — not tested; results of tests with heterologous ELISA test-systems are given in italics, positive Pl values are given in bold.
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Fig. 3. Polyacrylamide gel (12%) electrophoresis of FMDV
antigen specimens:

M - protein marker, 10-200 kDa;

1-1465-Ag Asial/TAJ/11 (intact antigen);

2~Ag,5s O/Orenburg/21;

3~ A9, O/Orenburg/21;

4~ AG,r,s Asial/PAK/18;

5= Agecp Asial/PAK/18.

Ag, s — antigen concentrated with 35% sucrose gradient
ultracentrifugation (UCF);

AG,ecp — antigen precipitated with 8% polyethylene
glycol 6,000

Table 8

Results of tests of serum samples from cattle vaccinated with anti-FMD vaccine
based on 0 2620/0renburgsky/2021 or 0 2356/Pakistan/2018 strain

with neutralization test using homologous and heterologous FMDV serotypes

T . UNA, Ig

0/Orenburg/21 0/PAK/18

Virus dose,
T0ID,,/0.05 cm?

FMDV strain

A2155/7abaikalsky/2013 10146 2.10 1.38
02356/Pakistan/2018 101 >2.86 3.00
02620/0renburg/2021 1018 2.70 1.70
Asia-11946/Shamir/Israel/3/89 10%% <078 1.08
SAT2/LIB/39/2012 106 0.90 1.65

T ... YNA—mean titre of virus neutralizing antibodies; results of tests with heterologous VNT
are given in italics, protective level of virus-neutralizing antibodies is given in bold.

cross-reactivity associated with capsid surface epitopes
was consistent with the evidence of cross-serotype virus
neutralization.

CONCLUSION

Thus, all ELISA diagnostic test-kits for detection of anti-
bodies to FMDV structural proteins produced by different
manufacturers: FBGI “ARRIAH” (Russia), Prionics (Nether-
land/Switzerland), IZSLER & The Pirbright Institute (Italy/
Great Britain), Innovative Diagnostics (France) BIONOTE
(South Korea), MEDIAN Diagnostics (South Korea) were
shown to detect some cross-FMDV serotype reactive
antibodies. Such cross-reactive antibodies could develop
due to the following: presence of conservative epitopes
in FMDV surface polypeptide amino acid sequence, dis-
ruption of the capsid integrity provoking development
of antibodies against internal highly conservative poly-

peptide. Nevertheless, the analysis of a large data set
(about 3,500 publications) showed that homologous
serotype-specific reaction in general was significantly
higher and predominant, the proportion of virus-spe-
cific non-protective antibodies, including cross-reactive
ones, was not significant and did not distort the results
of ELISA tests of anti-FMD vaccine for its immunogenicity.
In exceptional cases, the test results require confirmation
with other serological tests. Complex tests for FMDV using
different diagnostic methods such as enzyme-linked im-
munosorbent assay (ELISA) with standard and reference
test-systems and/or virus neutralization test in cell culture
are to be considered as the best option.
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