ORIGINAL ARTICLES | FOOT-AND-MOUTH DISEASE
OPUTUHANBHBIE CTATBI | ALLYP

UDC619:616.98:578.835.2:616-085.371:616-076
DOI: 10.29326/2304-196X-2020-2-33-94-101

Studies on development of early immunity against type 0 FMD
in naturally susceptible animals

D. V. Mikhalishin’, D. A. Lozovoy?, V. A. Starikov?, Yu. S. EI’kina*, M. 1. Doronin®, A. V. Borisov®
FGBI “Federal Centre for Animal Health” (FGBI “ARRIAH"), Vladimir, Russia

' ORCID 0000-0003-1718-1955, e-mail: mihalishindv@arriah.ru

2 ORCID 0000-0002-5983-7062, e-mail: lozovoy@arriah.ru

3 ORCID 0000-0002-9960-0887, e-mail: starikov@arriah.ru

* ORCID 0000-0002-2986-8992, e-mail: elkina_ys@arriah.ru

5 ORCID 0000-0002-4682-6559, e-mail: doronin@arriah.ru

S ORCID 0000-0001-9880-9657, e-mail: borisov_av@arriah.ru

SUMMARY

FMD risk in the Russian Federation dictates the need for enhanced measures aiming to prevent the introduction of FMD virus and comprising systematic monitoring
research and mass vaccination of susceptible animals in the buffer zone. Research into the development of vaccines for early protection confirm that their use
induces the formation of virus-neutralizing antibodies in naturally susceptible animals in the outbreak area, which protects from FMD infection, limits its spread
and contains it within the primary outbreak. Taking into account the high speed of the infection spread, such a control measure as using FMD vaccines which
induce early protection should be adopted immediately after the occurrence of the outbreak. The article presents the results of the research into the formation of
humoral immunity in naturally susceptible animals triggered by administration of inactivated emulsion FMD vaccines capable of ensuring early protection against
type O FMD. Culture FMD virus of O/Primorsky/2012, 0/Saudi Arabia/08 and 0/Mongolia/2017 strains was used for vaccine production. Inmunogenic activity of
vaccines was tested in cattle, pigs, and sheep. It was found that monovalent emulsion FMD vaccine based on 0/Mongolia/2017 strain induced the formation of
virus-neutralizing antibodies in the quantity necessary to protect against the homologous strain in seven days after a single administration in the dose of 2 cm’.
Vaccines based on 0/Saudi Arahia/08 and 0/Primorsky/2012 FMDV strains can protect animals from infection with heterologous 0/Mongolia/2017 strain at early
stages if a double dose is administered. Vaccines based on the above-mentioned strains induce early immunity formation (seven days after vaccination) against
type O FMD. We suggest using the given products in the zones of a higher risk of the virus introduction.
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PE3IOME
PucK BO3HIKHOBEHMA BCMblLLIEK ALLypa Ha TeppuTopun Poccuiickoit Denepauun AUKTYeT He06X0AUMOCTb YCUNEHUA NPOTUBOALLYPHbIX MEPONPUATHA, HanpaB-
NeHHbIX Ha NpelynpeXxzeHue 3aHoca BIUPYCa B CTPaHY U BKIHOYAIOLLIX NPOBEAEHNE CACTEMATIYECKIX MOHUTOPUHTOBbIX MCCNE0BAHMUI, @ TakXKe OCyLLeCTBAEHMe
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1oroN0BHOI BaKLMHALMN BOCIPUUMUMBLIX XKIBOTHBIX B OydepHoii 30He. ViccneoBaHmA no pa3paboTke BakLIH AnA paHHei 3aLUuTbl NOATBEPXKAAHT, 4TO NpH MX
11CNONb30BAHMN NPOUCXOAUT BbIPABOTK BUPYCHERTPANN3YIOLLMX aHTUTEN Y eCTECTBEHHO BOCPUUMUYUBLIX XKUBOTHbIX B 30HE BCTIbILLIKIA, YTO CYXKUT 3aLLUTON OT
3apax<eHna ALLYPOM, NPUBOANT K CAEPKUBAHNIO MHOEKLIM 11 ee KyNUPOBaHII0 B NEPBUYHOM 0Yare. YUUTbIBas BbICOKYH CKOPOCTb pacnpocTpaHeHua HeKLum,
TaKas Mepa KOHTPONA, Kak NpUMeHeHe BaKLWH NPOTUB ALLYPa, 06eCneynBaloLLX PaHHIOI0 3aLLUTY, AOMKHA NPUMEHATLCA CPasy Nocie BCMbILLKA. [peAcTaBaeHbl
pe3ynbTaTbl UCCNIef0BaHMIA N0 GOPMUPOBAHMH FYMOPANBHOTO UMMYHUTETA Y €CTECTBEHHO BOCTPUNMUMBDIX KUBOTHbIX HA BBEEHME UHAKTUBMPOBAHHDIX SMYJTb-
CMIOHHBIX MPOTUBOALLYPHBIX BAKLYH, CNOCOGHBIX 06€CneynThb panHHow 33Ty NpoTiB Awypa Tuna 0. Ina u3roToBReHNA BaKLIH UCMONb30BaNM KyNbTYpanbHblil
BUpyC Awypa wrammos 0/Mpumopcknii/2012, 0/Caynosckaa Apasus/08 u 0/MoHronua/2017. UMMyHOreHHyt0 aKTUBHOCTb BAKLMH NPOBEPANN HA KPYMHOM
pOraTom cKoTe, CBUHbAX 1 0BLAX. BbIABNEHO, 4TO MOHOBANEHTHAA IMYNbCMOHHAA NPOTUBOALLYPHAA BaKLyMHa U3 wramma 0/MoHronna/2017 uepes 7 cyT nocne
OfJHOKPATHOro BBEJEHNA B [103e 2 CM* MHAYLMPOBANa BbIPABOTKY BUPYCHETPANU3YIOLLIAX aHTUTEN B KONMYECTBE, AOCTAaTOUHOM ANA 3alLUTbl OT 3apaeHnsa
TOMOIONMYHBIM LUTAMMOM. BakumHbl 13 WrammoB Bupyca Alypa 0/Cayaosckaa Apasua/08 u 0/Mpumopckiii/2012 npu BBeAEHUN ABOIHON A03bl CNOCOOHbI
3aLLUTUTD XKMBOTHBIX HA PaHHUX CPOKAX OT 3aparkeHUsA reTepoNiornyHbIM WTamMmom Bupyca awypa 0/Mokronna/2017. BakuuHHble npenaparbl U3 yKa3aHHbIX
LUTaMMOB BbI3bIBAKOT GOPMMPOBaHME UMMYHUTETA B PaHHIe CPOKM (Ha 7- CyT Nocie BaKLUMHaLm) npoTis Allypa Tuna 0. [laHHble npenapatbl npeAnaraetca
11CNONb30BaTb B 30HaX NOBBILLEHHOTO PUCKa 3aHOCA BUpYCa.

KnioueBble cnoBa: AWYp TUNa 0, WNHAKTUBNUPOBAHHAA MOHOBA/IEHTHAA SMYNbCMOHHAA BaKLIMHA, PaHHAA 3alliTa, peakuna HeVITpaJ'IVBaLlMVI.
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W ONbITHO-KOHCTPYKTOPCKMX pa60T M0 CO3AaHNI0 HOBbIX 3aLLMTHBIX NpenapaToB Ha 0CHOBE LIMPKYNUPYOLKX BHOBb BblAEE€HHbIX N30/1ATOB 0060 OnacHbIx
N3K30TUYEeCKIX MH¢9KLll/1I71 PKUBOTHbIX 1 UX UCMbITaHUEN.
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INTRODUCTION

Foot-and-mouth disease is a viral disease of wild and
domesticated cloven-hoofed animals which is economi-
cally important due to a large number of naturally suscep-
tible species, significantimpact on animal productivity and
rapid spread within and between neighbouring geogra-
phical regions. Foot-and-mouth disease outbreaks result
in high economic losses incurred by huge costs of sanitary
measures aimed at eradication of the disease [1-3].

Currently, despite the awareness of cattle owners and
trained veterinary staff, FMD outbreaks may remain unno-
ticed on farms in many countries until the disease spreads
beyond the primary outbreak. This situation is due to a lack
of identification of FMD clinical signs, delayed or unavai-
lable information on diseased animals, and illegal move-
ment of livestock or contaminated animal products [4, 5].

Between September 2017 and March 2018, about
30 outbreaks of type O FMD in cattle, sheep and goats
were registered in several Mongolian aimags bordering
Russia in the north and China in the south. The risk of out-
breaks in the Russian Federation requires enhanced FMD
control measures aimed at preventing the introduction of
the virus into the country, including systematic monito-
ring studies as well as general vaccination of susceptible
animals in the buffer zone [4, 6, 7]. Given the high speed of
infection spread, FMD vaccines providing early protection
of animals should be used immediately after the outbreak
has occurred.

Vaccines have been shown to be highly effective and
undeniably useful in controlling infectious diseases over
many decades. Mono- and polyvalent culture inactivated
vaccines are widely used for specific FMD prevention [3].
Studies on the development of vaccines for early pro-

tection confirm that their use induces the formation of
virus-neutralizing antibodies in naturally susceptible ani-
mals in the outbreak area, which protects against FMD in-
fection, limits the infection spread, and contains it within
the primary outbreak [1, 2, 7].

The aim was to study humoral and protective immu-
nity during the formation of early protection in naturally
susceptible animals after administration of the inactiva-
ted emulsion FMD vaccine based on O/Mongolia/2017
strain against the homologous strain as well as vaccines
based on O/Saudi Arabia/08 and O/Primorsky/2012 strains
against the heterologous strain O/Mongolia/2017.

MATERIALS AND METHODS

Virus. To study humoral immunity, we used O/Mongo-
lia/2017 homologous strain and O/Primorsky/2012 and
O/Saudi Arabia/08 heterologous strains of FMD cultural
virus.

For challenging of naturally susceptible animals we
used aphthous FMD virus of O/Mongolia/2017 strain
adapted to these animals.

Cell lines. Monolayer continuous cell lines from the Si-
berian mountain goat kidney (SMGK30) and Syrian baby
hamster kidney (BHK21) were used for propagation of the
virus. Primary monolayer cell culture of pig kidney (PK) was
used to evaluate antibody titer and antigen innocuity after
inactivation.

Animals. In the studies, we used: 1) 26 Holstein-
Friesian cows weighing 250-300 kg; 2) 16 pigs of different
breeds weighing 30-40 kg; 3) 4 sheep of Romanov breed
weighing 20-30 kg.

All animal experiments were conducted in strict accor-
dance with the Interstate Standard for the keeping and
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care of laboratory animals (GOST 33216-2014), adopted
by the Interstate Council for Standardization, Metrology
and Certification, as well as the requirements of Directive
2010/63/EU of the European Parliament and of the Council
of the European Union of 22 September 2012 on the pro-
tection of animals used for scientific purposes.

Inactivation of the virus, purification and concentration
of the antigen. FMD virus was inactivated with amino-
ethylethyleneimine solution (AEEI). Polyhexamethylene
guanidine (PGMG) solution was used to purify the anti-
gen from ballast proteins, including non-structural pro-
teins. Concentration was performed by ultrafiltration in a
tangential flow.

Determination of component composition of inactivated
suspension. The number of immunogenic components in
the inactivated suspension was estimated in accordance
with Methodical recommendations for determining the
concentration of 146S, 75S, and 12S components of vac-
cine strains of FMD culture virus in complement fixation
test (CFT) [8].

Selection of adjuvant and antigen-adjuvant ratio. Mon-
tanide ISA 206 VG was chosen as an adjuvant for the pro-
duction of monovalent emulsion vaccines against FMD
because research literature showed that it induced the for-
mation of antibodies on days 4-7 afterimmunization [5, 9].
The ratio of antigen to adjuvant was 50:50.

Vaccines. Three samples were produced to study the
immunogenic activity of emulsion vaccines against FMD,
which were administered in a single dose of 2 cm? intra-
muscularly, and in a double dose - intramuscularly in two
sites per 2 cm?.

The first vaccine was based on O/Mongolia/2017 FMD
virus strain. A double dose (4 cm3) contained 24.22 ug of
146S component and a single dose (2 cm®) - 12.11 ug.

The second vaccine was based on O/Saudi Arabia/08
FMD strain with 146S component in a dose of 4 cm?-
30.1 ug.

The third vaccine was based on O/Primorsky/2012
strain containing 29.2 ug of 146S particles in a double
dose (4 cm?®).

Challenging. Seven days after vaccination, animals were
challenged with adapted FMD virus of O/Mongolia/2017
strain. Challenging was carried out to the mucosa of
the tongue at a dose of 10*ID, /0.20 cm? (two sites per
0.10 £ 0.05 cm?).

Blood sampling. Blood sampling was carried out on
days 4 and 7 after vaccination.

Determination of VNA titer. The quantity of virus-neutral-
izing antibodies (VNA) in serum samples was determined
by neutralization reaction using a monolayer of PK cell
culture according to the generally accepted method [10].

Evaluation of viral antigen innocuity. Innocuity of the
inactivated virus was controlled by inoculation into the
monolayer PK cell culture.

Evaluation of vaccineimmunogenicity.Vaccine immuno-
genicity was studied in cattle and pigs. The level of humo-
ral immunity in neutralization reaction was determined in
sheep. The blood sera obtained on days 4 and 7 after im-
munization were analyzed by neutralization reaction.Then,
cattle and pigs were challenged with O/Mongolia/2017
control strain of FMD virus, 7 days later all animals were
euthanized and pathological examination was performed.
Animals that had no lesions on their limbs were considered
to be protected against FMD. Primary ulcers were not con-
sidered.

Statistical data processing. All measurements were
made in triplicate. The obtained results were statistically
processed to determine arithmetic mean values and the
degree of reliability of statistical difference between mean
values by Student-Fisher difference method, as well as the
determination coefficient [11]. Diagrams were made in
Microsoft Excel 2010.

RESULTS AND DISCUSSION

At the first stage of the studies pigs were immunized
with monovalent emulsion FMD vaccines based on
O/Mongolia/2017, O/Primorsky/2012 and O/Saudi Ara-
bia/08 strains. Subsequent assessment of the formation
of early immunity against homologous and heterologous
strains was carried out. The results of the study are shown
in Figure 1.

Figure 1 shows that in animals immunized with the
vaccine based on O/Saudi Arabia/08 strain, antibody titers
against the homologous strain increased by 1.3 from day 4
to 7 after vaccination. Titers of antibodies against O/Pri-
morsky/2012 and O/Mongolia/2017 heterologous FMDV
strains day 4 after immunization were 2.1 and 1.9 times
lower compared to the homologous strain and amounted
to 1.95 £ 0.10 and 2.05 = 0.17 log,, respectively. On day 7
after the inoculation, VNA titers against O/Primorsky/2012
and O/Mongolia/2017 heterologous strains were 2.5
and 2.1 times lower than those against the homologous
strain and corresponded to the values of 2.10 + 0.10 and
2.35+0.10 log,, respectively.

In pigs vaccinated with the vaccine based on O/Pri-
morsky/2012 strain, the number of antibodies against
the homologous strain on day 4 after immunization
was 3.35 + 0.17 log,, against O/Saudi Arabia/08 and
O/Mongolia/2017 heterologous strains — 2.30 £ 0.22
and 3.25 +0.18 log,. Translating log, into natural numbers,
it can be noted that on day 4 titers of antibodies against
O/Saudi Arabia/08 and O/Mongolia/2017 heterologous
strains were 2.1 and 1.1 times lower, respectively, com-
pared to the homologous strain. The difference between
the level of humoral immunity against the homologous
FMD virus O/Primorsky/2012 and the heterologous strain
O/Mongolia/2017 is insignificant. On day 7 after immuni-
zation the number of antibodies against the homologous
strain was 4.20 + 0.29 log,, which is 1.8 times higher than
on day 4 after vaccination. Antibody levels on day 7 after
vaccination against O/Saudi Arabia/08 and O/Mongo-
lia/2017 heterologous strains were 2.4 and 1.5 times lower
respectively.

In pigs immunized with the vaccine based on O/Mon-
golia/2017 strain on days 4 and 7 after the inoculation,
antibodies titers against the homologous strain were
3.00 £ 0.36 and 3.90 + 0.30 log,, respectively. On day 7,
the number of antibodies against the homologous strain
increased by 1.9. The content of antibodies against O/Sau-
di Arabia/08 and O/Primorsky/2012 heterologous strains
on day 4 after vaccination in serum was 1.50 £ 0.18 and
1.75 £ 0.18 log,, which is 2.8 and 2.4 times lower than
against the homologous strain. On day 7 after immuniza-
tion, the VNA titers against O/Saudi Arabia/08 and O/Pri-
morsky/2012 heterologous strains were 3.7 and 1.6 times
lower than those for the homologous strain and amoun-
ted to 2.00 £ 0.17 and 3.25 + 0.20 log., respectively.

As it follows from Figure 1, the level of humoral immu-
nity in pigs vaccinated with monovalent early protection
vaccines against FMD increases by day 7 post-vaccination.
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Fig. 1. Dynamics of VNA formation in pigs after use of vaccines based on O/Saudi Arabia/08, O/Primorsky/2012
and O/Mongolia/2017 strains in a double dose (4 cm’) against homologous and heterologous FMDV strains,

day 4 and 7 post-vaccination

Puc. 1. JuHamuka obpazosaHusa BHA y cauHeli nocsie npumeHeHusa sakyuH u3 wmammos O/Caydosckas Apasus/08,
O/lMpumopckuti/2012 u O/MoHzonus/2017 8 080liHOU 003e (4 cM?) Npomu8 20MOJT02UYHbIX U 2eMeposI02UYHbIX

wmammos supyca Aawypa Ha 4-e u 7-e cym nocJie sakyuHayuu

The products manufactured have the best immunogenic
activity mainly in relation to homologous strains. In further
experiments, pigs were infected with O/Mongolia/2017
strain 7 days after vaccination to assess their protective
immunity. One non-vaccinated animal was used for con-
trol. The results of the challenging are presented in Table 1.

Table 1 shows that animals immunized with vaccines
based on O/Primorsky/2012 and O/Mongolia/2017 strains
did not manifest FMD signs after challenging. The emul-
sion FMD vaccine based on O/Saudi Arabia/08 strain 7 days
after administration and subsequent challenging did not
protect 1 out of 5 pigs. VNA titre in the diseased animal
was 2.00 log,. The control animal also contracted FMD.

The next stage of the work was devoted to compara-
tive analysis of formation of early immunity in cattle after
administration of a single and double dose of monovalent
emulsion FMD vaccines. Antibody levels in blood of im-
munized animals against homologous and heterologous
strains of FMD virus were estimated. The results of the
study are shown in Figure 2.

The data presented in Figure 2 demonstrates that
when the cattle was administered the monovalent emul-
sion FMD vaccine based on O/Mongolia/2017 strain at a
dose of 2 cm? on the 4" day the antibody titers against
the homologous strain amounted to 2.83 +0.33 log,, and
with immunization at a dose of 4 cm® - to 3.46 + 0.24 log.,.
When the vaccine was administered at a dose of 2 cm?® on
day 4 post-vaccination, the content of antibodies against
the homologous strain was 1.6 times lower compared to
the case when a double dose was inoculated.

On day 7 post-vaccination with a single dose, the level of
VNA against O/Mongolia/2017 strain was 4.67 + 0.23 log,,
and with a double dose - 5.00 + 0.21 log,, which is an
insignificant difference. After the administration of the
vaccine, the VNA against the homologous strain on day 7
increased by 3.6 times compared to the data obtained on
day 4 post-vaccination. When a double dose of the vaccine
was used from the 4™ to 7t days after immunization, there
was a 2.9-fold increase in the titre of antibodies against
O/Mongolia/2017 strain.

When the vaccine based on O/Mongolia/2017 strain
was administered at a dose of 2 cm? on the 4™ day after
immunization of cattle, the level of VNA against hetero-
logous strains O/Saudi Arabia/08 and O/Primorsky/2012
was 2.21 + 0.41 and 2.46 + 0.29 log,, respectively. The
number of antibodies against the homologous strain was
2.83 £ 0.24 log,, which is 1.5 and 1.3 times higher than
against the heterologous strains O/Saudi Arabia/08 and
O/Primorsky/2012, respectively.

It was found that on day 4 after the administration of
a double dose of monovalent emulsion vaccine based
on O/Mongolia/2017 strain, the level of VNA against the
homologous strain was 3.46 + 0.19 log,, against hetero-
logous strains O/Saudi Arabia/08 and O/Primorsky/2012 -
3.21 £ 0.33 and 3.21 £ 0.22 log,, respectively. In other
words, the values of antibody after administration of this
vaccine at a dose of 4 cm? against the homologous strain
were 1.2 times higher than against the heterologous strain.

On day 7 after the administration of a single dose of
the vaccine based on O/Mongolia/2017 strain, the level
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Table 1
Study of humoral and protective immunity in pigs vaccinated with a double dose of inactivated emulsion vaccines against FMD

Tabnuua 1
WccnepoBahue rymopanbHoOro U NpoTeKTMBHONO MMMYHUTETa CBUHEN, BaKLIMHUPOBAHHBIX ABOIIHOI 1030/ NHAKTUBMPOBAHHbIX
3MYNbCMOHHBIX BaKLYUH MPOTUB AALLypa

Titers of antibodies against FMDV, log, (M + m)

Day 4 post-vaccination Day 7 post-vaccination Results of challenging
with 0/Mongolia/17

Vaccine strain 8 = ~ =] ~ ~ strain day 7
= > = =2 = = post-vaccination
£ £ S, £ 2 = (challenged/
= g é = g é protected)
- S S < S S
0/Saudi Arabia/08 3.00+0.38 1.95+0.10 2.05+0.17 3.40£0.36 2.10%0.10 235%035 5/4
0/Primorsky/12 230+0.22 335+0.17 | 3.25+0.18 | 2.95%0.15 420029 | 3.60£0.27 5/5
0/Mongolia/17 1.50+0.18 1.75+0.18 3.00+0.36 2.00+0.33 3.25+0.26 3.90+0.30 5/5
Control 1/0
of VNA against the homologous strain was 4.67 +0.23 log,, After the administration of the vaccine at a dose of

and against the heterologous strains O/Saudi Arabia/08 4 cm?®onday 7, the titer of antibodies against homologous
and O/Primorsky/2012 corresponded to the values of  strain O/Mongolia/2017 was 5.00 +0.22 log,, against heter-
3.58 £0.12 and 3.92 £ 0.19 log,. Thus, on day 7 after im-  ologous strains O/Saudi Arabia/08 and O/Primorsky/2012 -
munization, the number of antibodies against the homol-  4.46 + 0.33 and 4.33 + 0.22 log,, respectively. That is, on
ogous strain exceeded the VNA content against the heter-  the 7t day after the administration of a double dose of the
ologous strains O/Saudi Arabia/08 and O/Primorsky/2012  vaccine based on O/Mongolia/2017 strain, the level of anti-
by 2.1 and 1.7 times, respectively. bodies against heterologous strains practically did not

® Day 4 post-vaccination
B Day 7 post-vaccination

VNA titer against FMDYV, log,
L")

0

% a = % 2 = é 2 = % = =
I =T =R 23z F 03z R
£l £ 2 : 7 3 : 7 3 : f 3
= z 2 <= g ¢ = 2 £ z £ £
T OE = < = 8 S E 8 2 E = 2
7 g = 2 g & 2 E & = E -9 =
E| 2 o © 2 S © 2 S c @ S =

o o =}

Vaccine based on Vaccine based on Vaccine based on Vaccine based on
O/Mongolia/1 7 strain O/Mongolia/17 strain O/Saudi Arabia/08 strain O/Primorsky/12 strain
(single) (double) (double) (double)

Fig. 2. Dynamics of VNA formation in cattle after administration of a single or double dose of the vaccine based on
O/Mongolia/2017 strain, double dose of vaccines based on O/Saudi Arabia/08 and O/Primorsky/2012 strains
against homologous and heterologous FMDV strains, day 4 and 7 post-vaccination

Puc. 2. luHamuka obpazosaHua BHA y KPC nocne npumeHeHuUs 00HOU U 080UHOU 003bl 8aKUUHbI U3 LUMAMMA
O/MoHzonus/2017, deoliHol 0036l 8akyuH u3 wumammos O/Caydosckas Apasus/08 u O/[pumopckuti/2012
Nnpomug 20M0J102U4HO20 U 2emMepos102UYHbIX WMAMMO8 8UpYCa Auypad HA 4-e u 7-e cym nocsie 8aKkyuHayuu
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differ from the VNA titre against the homologous strain.
It should be noted that the immunization of cattle using
a double dose on day 7 if compared to the administra-
tion of a single dose of the vaccine allowed increasing the
number of antibodies against strains O/Saudi Arabia/08
and O/Primorsky/2012 by 1.8 and 1.3 times, respectively.

From the data presented in Figure 2, it follows that on
day 4 and 7 after the inoculation, antibody levels were
242 +0.14 and 4.92 £ 0.15, respectively, in cattle vacci-
nated with a double dose of emulsion FMD vaccine based
on O/Saudi Arabia/08 strain. The values of antibody titers
on days 4 and 7 after immunization increased by 5.7.

On day 4 after the vaccination, the antibody titer va-
lues against heterologous strains O/Primorsky/2012 and
O/Mongolia/2017 were 1.88 + 0.15 and 2.00 + 0.35 log,,
respectively. The difference between antibody titers
against homologous and heterologous strains was 1.5
and 1.3, respectively.

On day 7 after the vaccination with the same vaccine,
VNA against heterologous strains O/Primorsky/2012
and O/Mongolia/2017 corresponded to the values of
3.33+0.19and 2.83 £0.12 log,, which is 3.0 and 4.3 times
lower than the antibody titer against the homologous
strain.

In animals vaccinated with monovalent emulsion
vaccine based on O/Primorsky/2012 strain at a dose
of 4 cm?, the antibody titers against homologous strain
on days 4 and 7 after immunization were 2.25 + 0.14
and 4.13+0.11 log,, respectively. The activity of cattle’s hu-
moral immunity against the homologous strain increased
by 3.7 on days 4 to 7 after immunization.

On day 4 after the vaccination, VNA against the hete-
rologous strains O/Saudi Arabia/08 and O/Mongolia/2017
was 1.75 + 0.13 and 1.79 £ 0.10 log,, respectively, which
is 1.4 times lower than against the homologous strain. On

Table 2

day 7 after immunization, antibody titers against hetero-
logous strains corresponded to the values of 3.29 + 0.12
and 3.46 = 0.10 log,. Thus, the number of antibodies
against heterologous strains O/Saudi Arabia/08 and
O/Mongolia/2017 decreased by 1.8 and 1.6 times com-
pared to the data for the homologous strain.

The results of the study of protective immunity on day 7
post-vaccination in cattle vaccinated with monovalent
FMD vaccines are presented in Table 2. Two non-vaccina-
ted animals were used as controls.

According to Table 2, after the administration of the
monovalent emulsion vaccine based on O/Mongolia/2017
strain at a dose of 2 cm?® we observed the formation of
VNA in titers sufficient to protect against direct challen-
ging with the homologous strain. The results of challen-
ging with O/Mongolia/2017 strain 7 days after vaccination
showed that all six animals immunized with a double dose
of vaccine based on O/Primorsky/2012 and O/Mongo-
lia/2017 strains had no FMD signs. The emulsion FMD vac-
cine based on O/Saudi Arabia/08 strain 7 days after admin-
istration did not provide protection against challenging of
one of the six animals. The diseased animal on day 7 after
the vaccination had VNA titre equal to 2.75 log,. FMD signs
were also observed in two control animals.

At the next stage of the work the formation of early
immunity in sheep after immunization with monovalent
emulsion FMD vaccine based on O/Mongolia/2017 strain
in a dose of 4 cm® was studied. Estimation of the sheep’s
immune status was difficult due to the lack of a virus
adapted to this type of animal, for this reason, no chal-
lenging was carried out. The results of the determination
of VNA titre on day 4 afterimmunization of the animals are
presented in Table 3.

Table 3 shows that on day 4 after immunization the
level of antibodies against the homologous strain was

Study of humoral and protective immunity in cattle vaccinated with monovalent emulsion vaccines against FMD

Tabnuuya 2

WccnepoBanme rymopajnbHoOro U npoTeKTUBHOro UMMyHUTETa Y KPC, NPUBUTbHIX MOHOBAJIEHTHbIMU 3MYJIbCUOHHbIMU

BaKLiMHamMu NPOTUB ALLypa

Titers of antibodies against FMDV, log, (M + m)

Day 4 post-vaccination Day 7 post-vaccination
Results of challenging with

Vaccine strain, 8 ~ — 8 ~ — 0/Mongolia/17 strain day 7
dose = S S £ s S post-vaccination
£ 2 =S £ 2 S, (challenged/protected)
5 E = = E g
E = = = £ 2
3 S S 3 = =
0/ M"Z"fn‘;','a/ Vool ao1s041 | 2464029 | 283+033 | 3584012 | 3924019 | 467023 6/6
Ui M‘L"g:"g'a/ Vo1 3214033 | 3214022 | 346024 | 4464012 | 433+011 | 500+021 6/6
0/ Sa”‘jl' cAn?}b'a/ 0 | 2m+014 | 188015 | 2002022 | 492+015 | 3334019 | 283012 6/5
Ui P”m;ky/ 0 9752003 | 2254004 | 1794010 | 329£012 | 413=011 | 346+0.10 6/6
Control 1 1/0
Control 2 1/0
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Table 3

Study of humoral and protective immunity in sheep vaccinated with inactivated emulsion vaccine against FMD

based on 0/Mongolia/2017 strain
Tabnuua 3

WccnepoBanme FYMoOpaiibHOro UMMYHUTETA y oBeL, NPUBUTDIX ﬂpOTMBOilI.I.l,ypHOiI MHaKTMBMpOBaHHOVI BMyﬂbCMOHHOﬁ BaKL|UHOI

u3 wramma 0/Mouronus/2017

VNA titers day 4 post-vaccination (Iogz)

Vaccine strain No. of an animal against FMDV strains
0/Saudi Arabia/08 0/Mongolia/17
1 2.50 3.00 3.75
2 3.25 2.75 3.75
0/Mongolia/17 4m? 3 3.00 3.50 3.50
4 3.00 3.75 4.00
M£m 2.94+0.38 3.25+0.38 3.75+0.14

3.75 £ 0.14 log,. Titers of VNA against the heterologous
strains O/Saudi Arabia/08 and O/Primorsky/2012 corre-
sponded to the values of 2.94 + 0.38 and 3.25 + 0.38 log,,
respectively. Thus, on the 4™ day after the administration
of the vaccine, sheep formed early immunity, the activity
of which against the heterologous strains O/Saudi Ara-
bia/08 and O/Primorsky/2012 was 1.8 and 1.4 times lower
compared to the homologous strain. In other words, the
use of FMD inactivated emulsion vaccine based on O/Mon-
golia/2017 strain contributes to the formation of early im-
munity in sheep after administration of the vaccine.

CONCLUSION

Studies on the formation of early immunity in natu-
rally susceptible animals against FMD type O indicate
that FMD emulsion vaccine based on O/Mongolia/2017
strain on day 7 after the administration of a double dose
to pigs induced the formation of VNA in the amount
of 3.90 + 0.30 log,. On day 7 after immunization of cat-
tle with this vaccine using a dose of 2 cm® VNA titer
against homologous strain corresponded to the value of
4.67 £0.23 log,, adose of 4cm®-5.00 +0.21 log,. Results
of challenging of cattle and pigs with O/Mongolia/2017
strain 7 days after immunization showed that all animals
vaccinated with homologous virus had no generalized
FMD signs.

When a double dose of FMD emulsion vaccine based
on O/Primorsky/2012 strain was administered, on day 7
after immunization, the VNA titer in pigs against the het-
erologous strain O/Mongolia/2017 was 3.60 + 0.27 log,
and in cattle - 3.46 + 0.10 log,. According to the results of
the challenging, all animals vaccinated with FMD vaccine
based on O/Primorsky/2012 strain were protected against
O/Mongolia/2017 FMDV strain.

FMD inactivated emulsion vaccine based on O/Sau-
di Arabia/08 strain 7 days after administration at a dose of
4 cm? contributed to the formation of VNA against O/Mon-
golia/2017 strain in pigs in the amount of 2.35 + 0.35 log,,
in cattle - 2.83 £ 0.12 log,. At the same time, after challen-
ging with O/Mongolia/2017 FMDV strain, immunization
with this vaccine using a double dose did not protect one
out of five gilts and one of six cows. In diseased animals
on day 7 post-vaccination, the VNA titers were 2.75 log,
(cattle) and 2.00 log, (pig).

On day 4 after vaccination of sheep with FMD inac-
tivated emulsion vaccine based on O/Mongolia/2017
strain at a dose of 4 cm® VNA titer against the homolo-
gous strain was 3.75 + 0.14 log,, which attested to the
fact that this preparation could form early immunity.
The level of humoral immunity in sheep vaccinated
with this vaccine against strains O/Saudi Arabia/08 and
O/Primorsky/2012 was 1.8 and 1.4 times lower compared
to the homologous strain. Studies conducted in cattle
suggest that FMD inactivated emulsion vaccine based
on O/Mongolia/2017 strain can provide protective immu-
nity in sheep as well.
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