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Biological properties
of foot-and-mouth disease virus A 2205/G-1V strain
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ABSTRACT

According to the World Organisation for Animal Health, foot-and-mouth disease (FMD) is regularly reported in domestic and wild cloven-hoofed animals in Africa.
G-I, G-IV, G-VI, G-VII, ASIA/Iran-05 genetic lineages of serotype A FMD virus are considered to be the most widespread on the African continent. Given the close
economic and trade relations maintained by the Russian Federation with the countries of North Africa, of particular interest for us is studying the FMD virus of
serotype A G-IV genetic lineage, which has been responsible for the infection outbreaks in the naturally susceptible animal population of the said region every
year since 2012, and there is a risk of introduction of this virus genotype into the Russian Federation. Therefore, the issues of FMD introduction risk assessment and
timely diagnosis are relevant for the Veterinary Service of Russia. FMD virus A 2205/G-IV strain tested for its biological and antigenic properties in cell cultures and
naturally susceptible animals (cattle and pigs) was adapted for its reproduction in initially trypsinized porcine kidney (PK) cell culture, continuous monolayer cell
cultures (IB-RS-2, PSGK-30, YaDK-04, BHK-21) by five serial passages. The virus was considered to be adapted when 90—-95% cytopathic effect developed within
14-19 hours after the cell culture infection. The virus adapted to the cell cultures was tested for its infectivity with microtitration in IB-RS-2 cell culture. The virus
strain tested for vaccine matching with microneutralization test (MNT) demonstrated significant difference from production A/Turkey/06, A No. 550/Azerbaijan/64,
A, /Iraq/64, A/lran/97, ANo. 2155/Zabaikalsky/2013, A No. 2166/Krasnodarsky/2013, A No. 2269/ARRIAH/2015 strains of FMD virus.
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buonormnyeckue cBoiictea wtamma A 2205/G-1V
BUpYCa ALLYPa

M. B. CupopoBckas, C. H. Oomuna, B. B. Hukudopos, T. A. Komaposa, M. A. lLlesuenko, H. A. Konuawos, C. P. Kpemenuyrckas
OIBY «OegepanbHblil LieHTp oxpaHbl 340poBbA XMBOTHbIX» (OT'BY «BHUWU3X»), . Bnagumup, Poccua

PE3IOME

[To AaHHbIM BcemmpHoil opraHu3auum 3apaBooxpaHenna xmBoTHbIX (BO3X), B ctpaHax AQpukn perynapHo perucTpupyioT ALLYp cpean JOMALLHUX 1 AUKNX
MapHOKOMbITHbIX XBOTHbIX. Hanbonee pacnpoctpaHeHHbIMU Ha AQPUKAHCKOM KOHTUHEHTe cunTatoTca reHeTyeckue ik G-1, G-1V, G-VI, G-VII, ASIA/Iran-05
Bupyca Awypa cepotuna A. Mockonbky Poccuiickas Oesepavims nopAepKIBaeT TecHble TOProBO-IKOHOMIYECKIe OTHOLLEHNA Co cTpaHamu CeBepHoii AGpuky, Ana
Hac 0coblii MHTepeC NpeACTaBAAET M3yyeHNe BIPYCa ALLypa cepoTina A reHeTnyeckoit iuHNI G-IV, KoTopblil HaunHad ¢ 2012 1. eXerofHo ABNAETCA NPUYNHOI
BCMbILLEK MHOEKLMM B NONYNALNM €CTECTBEHHO BOCMPUUMUYUBLIX KUBOTHBIX AAHHOTO PETIOHA, NPV 3TOM CyLLIECTBYeT PUCK 3aHOCA BUPYCa aHHOTO reHoTuna
Ha Tepputopuio Poccuiickoii Oepepauun. B cBA3M € 3TMM BONPOCbI OLLEHKI PUCKa 3aHOCA M CBOEBPEMEHHOI ANArHOCTUKY ALLYPa ABAAKTCA aKTyanbHbIMI ANA
BeTepuHapHoil cnyx6bl Poccun. B xode nccnefosauii no n3yyeruto 61onornyeckux 1 aHTUreHHbIX (BOACTB Wramma A 2205/G-1V Bupyca ALypa B KynbTypax
KNeTOK 1 OpraHu3me ecTeCTBEHHO BOCMPUMMUMBDIX XKUBOTHbIX (KPYMHbIil poraTblii CKOT U CBUHbBN) BUPYC af4anTupoBanul K penpoayKumu B nepBuyHo
TPUNCUHN3NPOBAHHOI KyNbType KneTok cBuHoi nouki (CM), nepeBrBaembIx MOHOCTOIHbIX KynbTypax KneTok (IB-RS-2, NCrK-30, AAIK-04, BHK-21) B Teuexue
NATY NOCNefoBaTeNbHbIX naccaxeil. Mpu HacTynneHn 90—95%-ro LuUTONaTNYECKOro AeidCTBUA B TeueHne 14—19 4 nocne MHGUUMPOBAHUA KYNbTYpbl KNETOK
BUPYC ALLYpa CYUTaNN afanTUPOBAHHbIM. VIHYEKLMOHHYI0 aKTUBHOCTb aaNTUPOBAHHOTO K KYNbTYpaM KNETOK BUPYCa U3yyany TUTPOBaHNEM MUKPOMETOLO0M
B Kynbrype Knetok IB-RS-2. OueHKa aHTUreHHOro COOTBETCTBIA B PeaKLymi MIUKPOHeTpanu3aLmn nokasana 3HauuTenbHoe OTAnYMe 1U3y4aemoro Wramma ot
NPOU3BOACTBEHHbIX BAKLMHHbIX WTammoB A/Typuns/06, A, N 550/Asep6aimkan/64, A, /Mpak/64, A/Mpan/97, A N° 2155/3abaitkanbcknii/2013, A N° 2166/
KpacHogapcknii/2013, A N° 2269/BHUN3/2015 Bupyca Awypa.

KnioueBbie cnoBa: BUpYC ALLYpa, FeHOTUM, KyNbTYpa KNETOK, aHTUTeHHOE COOTBETCTBYE LUTaMMOB, Adpuka
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INTRODUCTION

Foot-and-mouth disease (Aphthae epizooticae) is
an acute highly contagious infectious disease of clo-
ven-hoofed animals, which is caused by an epitheliothropic
RNA virus of the family Picornaviridae, genus Aphthovirus.
The disease is characterized by fever, hypersalivation, aph-
thous lesions of oral mucosa, muzzle, interdigital cleft and
coronary band skin, reduced milk and meat performance
of livestock [1, 2, 3]. The disease was first described in the
mid-XVI century, and, to this day, it continues to adversely
impact the development of global trade and economy, as
well as food security of the countries, since it is associated
with enormous losses in the animal husbandry sector of
agriculture [4, 5]. According to the current classification of
the World Organisation for Animal Health (WOAH), foot-
and-mouth disease belongs to the group of transboun-
dary infections [6].

FMD virus has 7 serotypes significantly different from
one another: A, O, C (not reported since 2004), SAT-1 (South
Africa Territories-1), SAT-2, SAT-3, Asia-1 [7, 8]. The genetic
diversity of field isolates and lack of cross-resistance to
different FMDV serotypes in animals contribute to its wide
spread all over the world. However, strict compliance with
restrictions aimed at excluding the entry of livestock sus-
ceptible to foot-and-mouth disease from FMD infected re-
gions into the countries free from the infection, as well as
the application of state-of-the-art diagnosis and prevention
tools help to prevent the occurrence of new FMD outbreaks.
However, wild cloven-hoofed animals that are also suscep-
tible to the virus can migrate at long distances and conti-
nuously maintain its persistence in a herd [9, 10, 11, 12].
Wild cloven-hoofed animals sharing the same territory
with livestock act as a source of infection, and this is one
of the causes of numerous new FMD outbreaks [13, 14, 15].

No country, not even the one with a highly effective
animal disease prevention and control system in place, is
shielded from FMD virus introduction, and FMD occur-
rence and further spread may cause a huge economic
damage for agriculture [16]. The WOAH data on FMD in-
fected countries of the world show that the virus is present
in the susceptible animal population of three continents,
with the highest number of FMD endemic countries being
reported in Africa [17, 18, 19, 20]. Given the close trade
and economic partnership maintained by the Russian
Federation with the countries of this geographical region,
studying the FMD virus circulating in Africa continues to
be an urgent matter.

The aim of the study is to investigate the biological, an-
tigenic and reproduction properties of foot-and-mouth
disease virus A 2205/G-IV strain.

MATERIALS AND METHODS

FMDV A 2205/G-1V isolate (AFRICA topotype of G-IV
genetic lineage) was provided to the FGBI “ARRIAH" by
the World Reference Laboratory for Foot-and-Mouth Di-
sease (Pirbright, Great Britain) for research purposes. The
virus had been isolated from the pathological material
collected from cattle in the Arab Republic of Egypt during
FMD outbreaks in February 2018. During the study, the vi-
rus was adapted for its reproduction in initially trypsinized
and continuous monolayer cell cultures.

Cell culture. The following cell lines were used for FMD
virus A 2205/G-IV strain adaptation to cell cultures: PK (ini-
tially trypsinized porcine kidney cell culture), IB-RS-2 (con-
tinuous porcine kidney cell culture), PSGK-30 (continuous
cell line of porcine origin), BHK-21 (continuous newborn
Syrian hamster cell culture) and YaDK-04 (continuous
domestic goat gonad cell culture). The cell cultures were
tested for their susceptibility to FMDV A 2205/G-IV strain
by serial passages in 25 cm? plastic culture flasks with
a completely formed monolayer supplemented with main-
tenance nutrient medium. The infected cell monolayer was
incubated at a temperature of (37.0 = 0.2) °C until the de-
velopment of apparent cytopathic effect (CPE). The time
required for the development of 90-95% CPE reduced
gradually with each subsequent passage.

Tests of the strain for biological activity in cell culture. The
virus adapted to the cell cultures was tested for its bio-
logical activity by microtitration in 96-well culture plates.
For this purpose, 4-fold serial dilutions of the virus were
prepared in duplicate using sterile Eagle’s medium (pH 7.6)
containing kanamycin, an antibiotic, at a concentration of
20 IU/cm?. Freshly prepared IB-RS-2 cell suspension with
a concentration of (0.8-1.0) x 10° cells/cm?® demonstrating
no signs of contamination with foreign microorganisms
was used as a biological activity indicator. The plates con-
taining the reaction components were covered and placed
into a carbon dioxide (CO,) incubator with CO, concentra-
tion of 5% at a temperature of (37.0 + 0.2) °C for 48 hours.
The test results were recorded based on the specific CPE
caused by the virus in the cell culture using an inverted
microscope. The virus biological activity titre was calcu-
lated according to the Karber method and expressed as
Ig TCID/cm?.
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Animals. Six 8-10-month-old Russian Black Pied calves
with a weight of 260-295 kg and six 4-month-old Large
White gilts with a weight of 35-40 kg originating from
infectious disease free farms of the Vladimir Oblast were
used for FMDV A 2205/G-IV strain adaptation and infec-
tivity titre determination in naturally susceptible animals.

Animal experiments conducted as part of the FMDV
strain tests for its biological properties were car-
ried out in compliance with interstate standard
GOST 33215-2014 “Guidelines for accommodation and
care of animals”adopted by the Interstate Council for Stan-
dardization, Metrology and Certification (Protocol No. 73-P
of 22 December 2014).

FMD virus adaptation in cattle. For the virus adapta-
tion, the virus culture suspension was administered to
the animals intradermalingually in 4 sites at a volume
of 0.1 cm?3. At passage 2, a 10% virus suspension prepared
from passage 1 aphthous material was administered. Every
12 hours, the animals were examined for FMD clinical
manifestations based on the presence of aphthous lesions.

Tests of FMD virus for infectivity in cattle. The infectivity ti-
tre of the studied FMD virus strain was determined accord-
ing to the Henderson method. For this purpose, 10-fold
dilutions of a 10% aphthous suspension of passage 2 FMD
virus were prepared using phosphate buffer solution (PBS).
The prepared virus dilutions were administered intrader-
malingually to two calves. The titration results were re-
corded after 24 hours based on the presence of aphthae
at the virus-containing material inoculation site. The virus
infectivity titre in cattle was expressed as Ig ID, /0.1 cm?.

FMD virus adaptation in pigs was carried out by infecting
4-month-old piglets (2 piglets per passage) with the virus
culture suspension administered intradermally in the coro-
nary band. For passage 2, a 10% suspension prepared from
passage 1 aphthous material with PBS was used. FMD clini-
cal signs (aphthous lesions) were recorded every 12 hours.

Tests of FMD virus for infectivity in pigs were carried out
by administration of the virus suspension (10-fold dilu-
tions of a 10% suspension of passage 2 aphthae with PBS)
to two gilts intradermally in the coronary band according
to the Graves and Cunliffe method. The virus titration re-
sults in pigs were recorded after 24 hours based on the
presence of aphthae at the virus-containing material dilu-
tion inoculation site. The virus infectivity titre in pigs was
expressed as Ig ID, /0.1 cm’.

Microneutralization tests of the isolate for antigenic
properties. For determination of antigenic relationship
(r, value) between A 2205/G-IV strain and production
strains of serotype A FMD virus with microneutralization
test (MNT), reference bovine sera from animals immu-
nized with monovalent vaccines based on the following
FMD virus strains were used: A/Turkey/06, A,, No. 550/
Azerbaijan/64, A, /Iraq/64, A/lran/97, A No. 2155/Zabai-
kalsky/2013, A No. 2166/Krasnodarsky/2013, A No. 2269/
ARRIAH/2015. The tests were carried out in accordance
with“Methodical guidelines for determination of antigenic
relationship between field isolates and production strains
of foot-and-mouth disease virus using cross microneutral-
ization test”, the test results were interpreted according
to M. Rweyemamu [21].

MU 76-12 Methodical guidelines for determination of antigenic
relationship between field isolates and production strains of foot-and-
mouth disease virus using cross microneutralization test: approved by
the Rosselkhoznadzor on 13.09.2017. Vladimir: FGBI “ARRIAH"; 2017. 24 p.

Reference serum titres against 100 TCID, of homo-
logous and heterologous viruses were determined with
MNT by the serum cross-titration with five doses of the
virus, calculated using linear regression equation and ex-
pressed as Ig. Antigenic relationship coefficient (r, value)
was calculated as the antilog of difference between serum
titre (Ig) against the heterologous virus and serum titre (Ig)
against the homologous virus.

The test results were interpreted as follows: r, > 0.3 sug-
gests that there is an antigenic relationship between the
field isolate and the production strain and that the vac-
cine based on the production strain will confer protec-
tion against the field virus; r, < 0.3 indicates that the field
isolate is different from the production strain and that
the vaccine based on this strain will not confer protection
against the field virus.

RESULTS AND DISCUSSION

FMDV A 2205/G-1V strain adaptation to cell cultures.
FMD virus A 2205/G-IV strain was adapted by five serial
passages in IB-RS-2, PSGK-30, BHK-21, YaDK-04 and PK cell
cultures. Test results are presented in Table 1.

Table 1
Results of FMDV A 2205/G-1V strain adaptation in cell cultures (n = 3)

Cell culture Passage CPE development period, Virus titre,
No. hours lgTCID, /em’
1 18 550+0.13
2 15 6.73+£0.22
[B-RS-2 3 15 7.03+0.07
4 n 7.60£0.07
5 7 6.59+0.30
1 20 6.80£0.12
2 15 7.25+0.15
PSGK-30 3 15 6.81£0.23
4 9 7.70 +£0.24
5 9 7.28+0.16
1 22 7.28+0.24
2 23 7.03£0.25
BHK-21 3 20 7.13+£0.37
4 15 7.25+£0.25
5 n 7.22+0.22
1 12 6.64£0.11
2 n 7.01+0.40
YaDK-04 3 10 6.69 +0.02
4 10 7.60+0.07
5 n 7.27+£0.37
1 10 7.28+0.17
2 7 6.88£0.12
PK 3 10 6.85+0.03
4 9 7.00£0.05
5 7 6.94 +0.80
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Fig. 1. Negative control BHK-21 cell
culture 72 hours after the start of
cultivation (200x magnification)

Fig. 4. Negative control IB-RS-2 cell
culture 72 hours after the start of
cultivation (200x magnification)

The negative control cell culture remained unchanged
during 72 hours of observation (Fig. 1, 4). The formation
of groups of rounding vacuolated cells (Fig. 2, 5) subse-
quently demonstrating degenerative changes of nuclei
such as karyolysis and karyorrhexis (Fig. 3, 6) was inter-
preted as specific CPE characteristic of FMD virus. Then
the cells became wrinkled and decreased in size, and that
eventually led to the monolayer destruction. The above
changes in the cells were indicative of the active replica-
tion of the virus.

The findings allow to conclude that FMD virus was
successfully adapted to PSGK-30 and BHK-21 cell cultures.
The most stable virus infectivity titre (between 7.03 £ 0.25
and7.28+0.241gTCID, /cm?) was recorded during the virus
adaptation in BHK-21 cell culture. The highest infectivity of
FMD virus A 2205/G-IV strain was 7.70 + 0.241g TCID, /cm?
at passage 4 in PSGK-30 cell culture monolayer.The virus in-
fectivity titre in IB-RS-2 cell culture increased gradually with
every passage: from 5.50 + 0.13 Ig TCID, /cm? at passage 1
t07.60+0.07 IgTCID, /cm® at passage 4, but then began to
decrease at passage 5. By contrast, the virus titre decreased
during serial passages in PK cell culture. In YaDK-04 cell
culture, CPE was steadily observed on average 11 hours
after the virus inoculation. The infectivity titre increased

Table 2

Fig. 2. FMDV A 2205/G-IV strain CPE
in BHK-21 cell culture 20 hours after
inoculation (200x magnification)

Fig. 5. FMDV A 2205/G-IV strain CPE
in IB-RS-2 cell culture 15 hours after
inoculation (200x magnification)

Fig. 3. Degenerative changes in BHK-21
cells as a result of FMDV A 2205/G-IV
strain replication (400x magnification)

Fig. 6. Degenerative changes in IB-RS-2
cells as a result of FMDV A 2205/G-1IV
strain replication (400x magnification)

in an undulating manner from 6.64 +0.11 Ig TCID, /cm? at
passage 1t07.27 £ 0.37 Ig TCID, /cm?® at passage 5.

FMDV A 2205/G-IV strain adaptation to naturally sus-
ceptible animals. To adapt FMD virus A 2205/G-IV strain
to naturally susceptible animals, the virus containing ma-
terial with activity of 6.81+0.23 Ig TCID, /cm? prepared by
passage 3 in PSGK-30 cell culture was used.

During the experiment, the animals were daily ob-
served, first and foremost for their general health state,
for lameness (piglets) and salivation (calves), for the se-
verity and number of aphthous lesions at the virus sus-
pension inoculation sites, their body temperature was
measured.

At passage 1, apparent and well formed primary aph-
thae characteristic of foot-and-mouth-disease were found
in the oral cavity (cattle) and on the coronary bands (pigs)
28 hours after the inoculation. The virus adaptation in na-
turally susceptible animals was considered to be success-
ful based on the development of pronounced FMD clinical
signs. The resulting aphthous material was used to prepare
a 10% suspension for the virus infectivity tests in cattle
and pigs, as well as in initially trypsinized PK cell culture.
The results of the virus titration in animals and in PK cell
culture are shown in Table 2.

Results of infectivity titre determination for 10% aphthous suspension during FMDV A 2205/G-IV strain adaptation

Description of material

in cattle, Ig 1D /0.1 cm?®

FMD virus infectivity titre in biological systems

in pigs, lg ID, /0.1 cm* in PK cell culture, Ig TCID, /0.1 cm?

(n=1) (n=1) (n=3,p<0.01)
10% aphthous suspension passage 1in cattle 4.00 - 4.67+0.30
10% aphthous suspension passage 11in pigs - 3.25 433+0.17
10% aphthous suspension passage 2 in cattle 5.50 - 6.00£0.14
10% aphthous suspension passage 2 in pigs - 5.00 5.92+0.22
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The infectivity titres of 10% aphthous suspensions of
the virus prepared using the material collected from cattle
and pigs were found to be as follows: at passage 1 in ani-
mals - 4.00 and 3.25 Ig ID, /0.1 cm’; at passage 2 - 5.50
and 5.001g 1D, /0.1 cm?, respectively. Ininitially trypsinized
PK cell culture, the infectivity titres of 10% aphthous sus-
pensions of the virus prepared using the aphthae collected
from cattle and pigs were found to be as follows: at pas-
sage 1-4.67 £ 0.30 and 4.33 £ 0.17 Ig TCID, /0.1 cm?; at
passage 2 - 6.00 + 0.14 and 5.92 + 0.22 Ig TCID, /0.1 cm?,
respectively, and this is indicative of FMDV A 2205/G-IV
strain adaptation to naturally susceptible animals.

Microneutralization tests of the strain for antigenic
properties. High variability of FMDV within one serotype
leads to the emergence of new isolates that may differ
from the previously recovered strains of the virus as
regards their virulence, immunogenicity and antigenic
properties. Among FMDV serotypes, serotype A FMD
virus demonstrates the most pronounced antigenic
variability, and this may result in strain-specific diagno-
sis problems. In view of this, the determination of anti-
genic relationship between the newly recovered FMDV
isolates and the characterized and production strains
of heterologous genotypes is of particular interest
when studying FMD virus. The results of FMDV A 2205/
G-IV strain tests for antigenic relationship are presented
in Table 3.

FMD virus A 2205/G-IV strain was found to be an-
tigenically different from production FMD virus
A/Turkey/06, A,, No. 550/Azerbaijan/64, A, /Iraq/64,
A/lran/97, A No. 2155/Zabaikalsky/2013, A No. 2166/Kras-
nodarsky/2013, A No. 2269/ARRIAH/2015 strains and not
related to them. The findings are consistent with the data
of the World Reference Laboratory for Foot-and-Mouth
Disease (Pirbright, Great Britain) [22].

CONCLUSION

The results of FMDV A 2205/G-IV strain tests for its bio-
logical and infectious properties are indicative of its high
stability in cattle and pigs, and this may pose a significant
risk in case of genotype A/AFRICA/G-IV FMD virus intro-
duction into FMD free countries.

The tests of FMD virus A 2205/G-1V strain for its anti-
genic properties revealed its significant difference from
production serotype A FMDV strains included in the vac-
cines used for the preventive immunization of naturally
susceptible animals in the Russian Federation and neigh-
bouring countries (r, values ranged from 0.06 to 0.25).
The test results show that emergency response measures
to be implemented in case of occurrence of foot-and-
mouth disease caused by the virus of A/AFRICA/G-IV ge-
netic lineage require the development and production of
diagnostica and vaccines based on FMDV strains that are
homologous or closely related to genotype A/AFRICA/
G-IV FMD virus.

To ensure the economic stability and food security, as
well as FMD freedom of the Russian Federation, to mini-
mize the economic damage in case of possible FMD out-
break occurrence, we consider it appropriate to continu-
ously monitor the global FMD situation in order to assess
the risk of the disease agent introduction into Russia, to
develop tools for timely FMD diagnosis based on hetero-
geneous field isolates of FMD virus that are not typical for
our geographical region.

Table 3

Antigenic relationship (r1) between A 2205/G-1V
strain and production strains of serotype A FMD
virus (n=3)in MNT

FMD virus strains (genotypes) r value
A, No. 550/Azerbaijan/64 (A/ASIA/Iraq-64) 0.22
A.,/Iraq/64 (A/ASIA/Irag-64) 0.15
A/lran/97 (A/ASIA/Iran-97) 0.21
A/Turkey/06 (A/ASIA/Iran-05) 0.08
A No. 2155/Zabaikalsky/2013 (A/ASIA/Sea-97) 0.06
A No. 2166/Krasnodarsky/2013 (A/ASIA/Iran-0551S-10) 0.19
A No. 2269/ARRIAH/2015 (A/ASIA/G-VII) 0.25
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