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SUMMARY

Foot and mouth disease has a negative impact on economy due to the high cost of eradication campaigns and stringent measures imposed on domestic and
international trade in animal products. Prevention and control measures include mass vaccination of susceptible animals and control of post-vaccination immunity
level. Concentration of 146S particles, which are the main component affecting the vaccine immunogenicity, is determined during commercial scale production
of FMD vaccines. The paper assesses feasibility of spectrometric analysis for indirect determination of 146S component concentration while measuring amount of
FMDV RNA isolated after serological binding. This method is cheap, easy-to-use and makes it possible to determine indirectly concentration of FMDV 146S particles
in inactivated vaccine raw materials within 3—4 hours. Study of cultural FMDV suspensions shows that the linear model Cus = (3.9x Noniss + 566,783,689)/
280,818,944,837 makes it possible to estimate FMDV 146S component concentration in the vaccine raw materials with the help of a spectrometric analysis.
The actual results obtained in real-time reverse transcription — polymerase chain reaction (rtRT-PCR) were 97.0-99.9% consistent with the expected results of
the spectrometric analysis used to determine cultural FMDV 1465 component concentration. When compared to a complement fixation test, the actual results were
94.5-99.5% in line with the expected ones. The actual results for positive control were 99.0-99.6% in line with the expected ones. As expected, no FMDV genome
or 146S particles were detected in the negative control sample.
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PE3IOME
AlLtyp NpuumHAET cepbe3HbIii IKOHOMUUECKNIA YLLepd, KOTOPBIN BbIPAXKAETCA B CYLLECTBEHHDIX 3aTpaTax Ha MMKBUAALMIO 60Ne3HN, BBEAEHME CTPOTUX OTpaHi-
UeHMii, HanaraeMbIX Ha BHYTPEHHIOI0 U MeXAYHapOAHYI0 TOPTOBIIO NPOAYKLMelt XUBOTHOBOACTBA. Komnnekc mep ans 60pb0bl M NpodunakTikin 3aboneBanms
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MpeAnonaraeT MaccoByto UMMYyHIU3aLMI0 BOCTPUMMYNBDIX XXUBOTHDIX, a TaKXKe KOHTPOMb YPOBHA HaNpsXeHHOCTI NOCTBAKLMHANbHOT0 UMMYHHTETa. [Tpu npo-
MbILLIEHHOM W3rOTOBAEHIM NPOTUBOALLYPHBIX BAaKLMHHbIX NPenapaToB onpeaenstoT KOHLEHTpaLmio 1465 uacTiL, KOTopble ABAAIOTCA 0CHOBHBIM KOMMOHEHTOM,
BNUAKLLMM Ha UMMYHOTEHHYI0 aKTUBHOCTb BAKLMHBI. B CTaTbe Npe/icTaBieHbl pe3ysbTaTbl OLeHK) BO3MOXKHOCTU NPUMEHEHIA CNEKTPOMETPUYECKOro cnocoba
ANA 0N0CPeA0BaHHOIO onpeseneHIsA KOHLEeHTpawum 1465 KomnoHeHTa npu onpepeneHy konnyectsa PHK Bupyca Aypa, BbifeneHHoii nocne ceponornyeckoro
(BA3bIBAHMA. [laHHbIN CN0CO6 ABNAETCA eLieBbIM, NPOCTLIM B UCMONHEHMH, N03BOAAET ONOCPEAOBAHHO ONpeAendTb KOHLEHTpaLmio 1465 yacTul Bupyca Alypa
B HEVHAKTUBMPOBAHHOM CbIpbe ANA BaKLIHbI B TeueHne 3—4 u. lTpu uccnesoBaxnm CycneH3uii KynbTypanbHOro BUpYca ALLypa 0Ka3aHo, uTo INHeliHaA MoeNb
BugaC, o= BIXN,,, 1 T 66783 689)/280 818 944 837  NOMOLLbHO CNEKTPANbHOTO MCCIe0BAHNA N03BONAET OLIEHNBATb KOHLIEHTpaLMto 1465 KOMNOHEHTa
BUPYCa ALLYPa B Cbipbe ANA BaKLMHbI. (0BNajeHne GakTnyeckinx pe3ynbraToB NoavMmepasHoii LienHoli peakuum ¢ 06paTHOI TpaHCKpUNLKei B pexmme peasnb-
HOro BPEMEHM 11 0XKIAAEMbIX Pe3yNbTaToB M0 ONPeAeneHIto KOHLEHTpaLmn 146S KOMMOHEHTa KyNbTYpanbHOT0 BUPYCa ALLYpa CNEKTPOMETPUYECKUM CNOCOBOM
cocTaBuno 97,0-99,9%. lpu cpaBHEHUM € AaHHBIMY, NONYYEHHBIMY B PeaKLMI CBA3bIBAHUA KOMMEMEHTa, COBNAZeHIe GaKTUUECKIX U 0KIAAEMbIX pe3ynbTa-
TOB COOTBETCTBOBANIO 3HaueHNAM 94,5-99,5%. [1ns nonoxutenbHoro KOHTpoNA coBnazieHne GakTUueckux 1 0xugaemblx pesynsratos cocraiuno 99,0-99,6%.
B oTpuuatenbHom KOHTpoNbHOM 06pa3Lie reHoM 11 1465 yacTiLbl BUPYCa ALLypa He 06HapyXKeHbl, UTO TaKxe COOTBETCTBOBANO OXMAAHMAM.

Kntouesbie cnosa: PHK Bupyca Aypa, KoHLeHTpawuua 1465 KoMnoHeHTa, CnekTpomMeTpuyeckiii aHanus.
bnaropapHoctb: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUN3X» B pamkax TemaTuku HayuHo-nccneaoBaTenbekux pabot «BetepuHapHoe 6narononyune».
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INTRODUCTION

Foot and mouth disease is a highly infectious viral
disease primarily affecting wild and domestic cloven-
hooved [1]. FMD virus is characterized by high antigenic
variability due to changes in surface protein genes; there
are 7 serotypes: A, O, C, Asia-1, SAT-1, SAT-2, SAT-3, inclu-
ding many subtypes [2].

The genome is represented by a single-stranded, po-
sitive-sense RNA of 8,500 bp. The virion molecular weight
ranges between 8,080,000 and 8,167,500 Da [2, 3]. Fol-
lowing infection of biological systems, FMDV forms four
types of particles with different sedimentation coeffi-
cients: 146S component (whole virus particles) consisting
of one viral RNA molecule and 60 copies of VP, -VP -V/P_-VP,
polypeptide;75S component lacking RNA and including
60 copies of VP,-VP_-VP polypeptide; 12S particles repre-
sented by proteins VP, VP, VP_; 3.8S subunits consisting
of functional protein VPg [4].

FMD causes huge economic losses associated with the
costs of the disease eradication and stringent measures
imposed on domestic and international trade in animal
products. Complex measures for FMD prevention and con-
trol include stamping-out, mass immunization of suscep-
tible animals as well as control of postvaccinal immunity
level [1, 5].

Concentration of 146S component, which directly af-
fects the vaccine immunogenicity, is determined during
commercial scale production of FMD vaccines [2]. A quan-
titative complement fixation test (CFT) is traditionally
used for this purpose; afterwards the results are assessed
pursuant to the methodical instructions [6]. However, the
test has a number of disadvantages: it is labour-intensive
and time-consuming (up to 3 days); it is impossible to si-
multaneously test a great number of samples, despite it
is required by the production process; a high cost of the

procedure. A real-time reverse transcription — polymerase
chain reaction (rtRT-PCR) has been used in recent years to
determine indirectly concentration of FMDV 146S compo-
nent in non-inactivated suspension [7]. The represented
method is highly sensitive, specific and cost-effective; is
rapidly performed, provides rapid results and enables to
simultaneously test dozens of samples of non-inactivated
virus-containing material. However, rtRT-PCR requires ex-
pensive chemicals and equipment.

A spectrometric analysis has been developed to indi-
rectly determine concentration of FMDV 146S component
in non-inactivated suspensions while measuring amount
of the viral RNA isolated after serological binding of the
whole particles; with linear model C, .. = (3,9 X N, 166 T
+ 566,783,689)/280,818,944,837 used. The proposed me-
thod is cheap, easy-to-use and makes it possible to de-
termine concentration of FMDV 146S particles in the non-
inactivated raw materials for vaccine within 3-4 hours [8].

The purpose of the research is to assess the feasibility
of the spectrometric analysis for indirect determination of
146S component concentration while measuring amount
of FMDV RNA in suspensions.

MATERIALS AND METHODS

Virus. We used in the research non-inactivated cultural
FMDV suspensions of the following vaccine production
strains: A/Turkey/2006, A/ARRIAH/2015, O/Primorsky/2012,
O/Primorsky/2014, Asia-1/Tajikistan/2011, SAT-2/ Saudi Ara-
bia 7/2000. The virus was cultivated in suspension continu-
ous baby hamster kidney cell line (BHK-21/SUSP/ARRIAH) at
a concentration of (3.0-3.5) x 10 million cells/cm?.

Plate immobilization and serological binding of FMDV
with strain-specific immunoglobulin G (IgG) were car-
ried out in accordance with the requirements provided
earlier [8].
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RNA extraction from the whole FMDV particles. RNA
elution from the FMDV 146S component bound with
strain-specific IgG was carried out in accordance with
P. Chomczynski’'s method [9, 10]. As a result, 30-fold viral
RNA extracts were obtained (0.1 cm? each). These eluates
were either immediately used in further activities or were
frozen at the temperature of -20 °C.

Using spectrum analysis to measure purity of FMDV RNA
eluate. The spectral absorption capacity of RNA extracts
was measured in the UV spectrum at wavelength from 205
to 325 nm. The residues of phospholipids, polysaccharides
and guanidine isothiocyanate, phenol, polypeptides and
large conglomerates were measured by the optical den-
sity (OD) values at wavelength of 205, 235, 270, 280 and
320 nm, respectively [11]. The RNA eluate was considered
free from protein and carbolic acid impurities if the R, ex-
tinction coefficient (OD,,,/OD,, ) was within the range of
1.8-2.2 and was tended to 2.0. The exceeded value sug-
gested nucleic acid degradation into oligonucleotides and
free nucleotides. FMDV RNA extract was considered free
from carbohydrates, if R, (OD,,/OD,.,) extinction coeffi-
cient ranged between 2.00-2.02. If 1% RNA is substituted
with polysaccharide components, the R, coefficient de-
creases by 0.002. If R, > 2.02, dissociation of nucleic acid is
observed and free nucleotides or oligonucleotides in the
tested sample eluate are reported. The absence of large
suspended particles in the FMDV RNA extract was con-
firmed, if OD,, tended to zero [12].

Estimating the number of FMDV RNA molecules. The
number of RNA molecules extracted from the whole FMDV

particles (N, ,,.) Was estimated using the following for-

mula:

N o 41.67><K><(OD262—ODm—ODmC)><NA
ANA 1465~ 0-70 X 1078 x Mw onucleoside X ’

where K- dilution factor of the RNA eluate extracted from
the whole FMDV particles;

OD,,, - optical density of the RNA extract isolated
from FMDV 146S component at wavelength of 262 nm;

OD,,, - optical density of the RNA extract isolated
from FMDV 146S component at wavelength of 320 nm;

OD,,, . - optical density of the negative control at
wavelength of 260 nm;

N, - Avogadro’s constant (in the Sl system (Sl), ac-
cording to redefinition of the Sl base units exactly equals
t0 6.02214076 x 102 mol™);

bonucleoside — TiPONUCleoside molecular-weight
average (340.5 Da);

L -length of FMDV RNA (about 8,500 bp, pursuant
to the data provided by the National Center for Biotech-
nology Information);

41.67 - FMDV RNA factor (F,, ., e

1/10748 — cumulative coefficient for mass con-
version from [ug] to [g] and recalculation of FMDV RNA
molecule number from the 30-fold eluate into one-fold
extract [8].

Determination of 146S particle concentration using the
number of FMDV RNA molecules. Based on the data ob-
tained on the number of viral RNA molecules (N, ..o
concentration of FMDV 146S particles (C,, ) was deter-
mined with the help of the math expression given below:
Crus = BIXN,,, .o +566,783,689)/280,818,944,837 [8].

In accordance with the relevant requirements, a quali-
tative CFT was simultaneously carried out to determined

concentration of the whole FMDV particles (in pg/cm?3) [6].

Real-time reverse transcription — polymerase chain
reaction (rtRT-PCR). FMDV RNA in non-inactivated sus-
pension used for vaccine production was quantified in
rtRT-PCR, in accordance with the relevant requirements.
Amplification cycle threshold was determined in the
test, thus making it possible to estimate indirectly the
amount of the virus nucleic acid; and the data obtained
were interpreted to determine concentration of FMDV
146S particles [7].

Control samples. Non-inactivated suspension of Asia-1/
Tadjikistan/2011 FMDV strain with 146S component at a
concentration of 3.7 pg/cm? was used as a positive con-
trol cultivated in suspension continuous baby hamster
kidney cell line (BHK-21/SUSP/ARRIAH). Suspension of
BHK-21/SUSP/ARRIAH cell culture at a concentration of
(3.0-3.5) x 10° million cells/cm?® was used as a negative
control.

Statistical data processing included calculation of arith-
metical means, confidence level for statistical difference
between mean values determined with differential Stu-
dent’s - Fischer test; calculation of standard deviations in
concentration of RNA molecule numbers and the number
of the whole FMDV particles. The data were processed and
diagrams were drawn using StatSoft (version 6.0) and Mic-
rosoft Excel 2010 software application package.

RESULTS AND DISCUSSION

A spectrometric analysis was checked in this research as
a way to determine indirectly concentration of 146S par-
ticles while FMDV RNA amount is estimated in the strains
indicated in “Materials and Methods" Each test included
the use of positive and negative control samples indicated
above.

At the first stage, concentration of FMDV 146S compo-
nent of Asia-1/Tajikistan/2011 strain (positive control) was
determined in spectrometric analysis while estimating
amount of the viral RNA isolated after serological binding
with the help of IgG; and in quantitative CFT and rtRT-PCR
variants. Immunobinding of the whole virus particles from
non-inactivated virus suspension was carried out as well
as extraction of RNA from FMDV 146S component bound
by strain-specific antibodies. Summary data on purity of
the obtained eluates for experimental and control samples
are given in the table below.

The spectrum analysis of the 30-fold FMDV RNA eluate of
Asia-1/Tajikistan /2011 strain demonstrates that the mean
extinction values at wavelengths of 205-259 nm (OD, . ,.)
and 263-325nm (OD,, _.) did not exceed OD,, ., (0.001-
0.948 < 0.951-0.952 and 0.947-0.002 < 0.951-0.952), that
means the preparation contained mainly ribonucleic acid.
The eluate did not contain phospholipids, polysaccharides
and guanidine isothiocyanate residues, carbolic acid, pro-
teins and large conglomerates, as there were no marked
peaks in the graphs at wavelengths of 205, 235, 270, 280
and 320 nm, correspondingly. The R, extinction coefficient
was 1.996 (OD,,,/OD,, = 0.952/0.477) which is close to
norm of 2.000 and demonstrates high purity of the eluate
as well as almost total absence of polypeptide compo-
nents and residues of carbolic acid after RNA extraction.
The R, extinction coefficient was 2.000 (OD,,,/OD, . =
=0.952/0.476) which corresponded to norm and accoun-
ted for high purity of the control preparation, thus, increa-
sing reliability of the carried out test [12].

The spectrometric analysis of FMDV RNA demon-
strated the following mean optical density values:
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0D, = 0.952 + 0.001, OD,,, = 0.002, OD, . = 0.006 (for
0OD,,, and OD,, ). Arithmetic mean of the RNA molecules
(number of structural particles) isolated from FMDV
146S component of Asia-1/Tajikistan/2011 strain was
265,600,889,380 + 331,586,628. Using the developed
linear bond model C, .. and N, ... [8], concentration
of the analyte was indirectly determined in the positive
control (3.691 £ 0.004 pg/cm?®) and it had 99.43% and
99.84% correlation with the results of quantitative CFT
(3.710£0.170 pg/cm3) and rtRT-PCR (3.700 £ 0.030 pg/cmd),
correspondingly. Thus, the positive control met the re-
quirements for purity and for the declared amount of the
146S component. None of the used methods detected
RNA or FMDV 146S particles in the negative control.

Concentration of FMDV 146S component was simul-
taneously determined in experimental samples of the
following strains: A/Turkey/2006, A/ARRIAH/2015, O/Pri-
morsky/2012, O/Primorsky/2014, Asia-1/Tajikistan/2011,
SAT-2/Saudi Arabia 7/2000 with the help of a spectromet-
ric analysis while estimating the amount of FMDV RNA elu-
ated after serological binding and with the help of quanti-
tative CFT and rtRT-PCR. The test stages were carried out in
accordance with procedures described above. The figure
and the table provide results of the purity estimation for
the RNA eluates of the abovementioned FMDV strains.

The spectrum analysis of the 30-fold FMDV RNA eluate
of A/Turkey/2006 strain demonstrates that mean extinc-
tion values at wavelengths of 205-259 and 263-325 nm
did not exceed OD,, . (0.001-0.482 < 0.483-0.488
and 0.487-0.002 < 0.483-0.488), which means the prepa-
ration contained mainly RNA molecules. The eluate was
not contaminated with phospholipids, polysaccharides
or guanidine isothiocyanate residues, phenol, protein
components or large conglomerates, as there were no
marked peaks in the graphs at wavelengths of 205, 235,
270, 280 and 320 nm, correspondingly. The R, extinction
coefficient was 1.984 (OD, /0D, = 0.488/0.246) which is
close to norm of 2.000 and meant almost total absence of
polypeptide components and residues of carbolic acid af-
ter RNA extraction. The R, extinction coefficient was 1.992
(OD,,,/0OD,,, = 0.488/0.245) which is close to 2.000 and
accounts for high purity of the eluate. When 1% RNA was
substituted with polysaccharides, the R, coefficient de-
creased by 0.002, i.e. polysaccharide level in the obtained
extract did not exceed 4% and it is admissible (not more
than 10%) [12].

The spectrum analysis of the FMDV RNA extract of
A/Turkey/2006 strain demonstrated the following mean val-
ues of optical density: OD,, = 0.488 +0.001, 0D, = 0.002,
0D, = 0.006 (for OD,,, and OD,, ). Arithmetic mean of
the structural particles (RNA) isolated from the whole
FMDV particles was 135,051,299,685 + 281,356,875. Using
the developed linear bond model C,, . and N, ., [8]
concentration of the 146S component was calculated
and it was 1.878 + 0.004 pg/cm? and it had 98.84% and
99.89% correlation with the results of quantitative CFT
(1.900 £ 0.180 pug/cm3) and rtRT-PCR (1.895 £ 0.032 pug/cm3),
correspondingly. Thus, the previously developed linear
model makes it possible (with the help of a spectrum
analysis) to determined concentration of FMDV 146S com-
ponent in the non-inactivated suspension for vaccine pro-
duction.

The spectrum analysis of the 30-fold FMDV RNA eluate
of A/ARRIAH/2015 strain demonstrated that mean extinc-
tion values at wavelengths of 205-259 and 263-325 nm

did not exceed OD,, ,., (0.001-0.403 < 0.404-0.407
and 0.403-0.001 < 0.404-0.407), which means that the
obtained preparation contained mainly ribonucleic acid.
The extract did not contain phospholipids, polysaccha-
rides or guanidine isothiocyanate residues, phenol, poly-
peptides or large suspended particles, as there were no
marked peaks in the graphs at wavelengths of 205, 235,
270, 280 and 320 nm, correspondingly. The R, extinction
coefficient was 1.995 (OD, /0D, = 0.407/0.204) which is
close to norm of 2.000 and meant almost total absence of
protein and carbolic acid impurities. The R, extinction coef-
ficient was 1.995 (OD,,,/OD,, = 0.407/0.204) which is close
to 2.000 and accounts for high purity of the extract. When
1% RNA was substituted with polysaccharide components,
the R, coefficient decreased by 0.002, i.e. polysaccharide
components in the obtained preparation did not exceed
2.5% and it is admissible [12].

The spectrum analysis of the FMDV RNA eluate of
A/ARRIAH/2015 strain demonstrated the following mean
values of optical density:OD,,=0.407 +0.001,0D,, =0.003,
0OD,,,. = 0.006 (for OD,,, and OD, ). Arithmetic mean of
the RNA molecules eluated from FMDV 146S particles
after strain-specific serological binding resulting from
neutralization test was 111,698,679,114 + 281,356,870.
Concentration of FMDV 146S component in the obtained
sample was 1.553 + 0.004 pg/cm? and it had 98.29% and
99.94% correlation with the results of quantitative CFT
(1.58 £ 0.17 pg/cm®) and rtRT-PCR (1.555 + 0.041 pg/cm?),
correspondingly. Thus, the above-mentioned linear
mathematical function makes it possible (with the help of
a spectrum analysis) to determined concentration of the
whole FMDV particles in the non-inactivated suspension
for production of a large range of vaccines [8].

The spectrum analysis of the FMDV RNA eluate of
A/Primorsky/2014 strain demonstrated that mean values
of 0D, ,., and OD,_, ... did not exceed OD,,, . (0.001-
0.311 < 0.312-0.314 and 0.311-0.001 < 0.312-0.314),
which means that the obtained extract contained mainly
ribonucleic acid molecules. The eluate was not contami-
nated with phospholipids, polysaccharides or guanidine
isothiocyanate residues, carbolic acid, polypeptides or
large aggregated particles, as there were no marked peaks
in the graphs at the wavelengths of 205, 235, 270, 280 and
320 nm, respectively. The R, extinction coefficient was
1.987 (OD,,,/OD,,, = 0.314/0.158) which is close to norm
of 2.000 and means almost total absence of peptides and
residues of carbolic acid in the extracted RNA. The R, ex-
tinction coefficient was 2.000 (ODZGZ/OD235 =0.314/0.157)
which is close to norm and accounts for the absence of
polysacciride impurities and signs of viral RNA degrada-
tion [12].

The spectrum analysis of the FMDV RNA eluate of
A/Primorsky/2014 strain demonstrated the following
mean values of optical density: OD,, = 0.314 + 0.002,
OoD,,, = 0.002, 0D, = 0.006 (for OD_, and OD,, ). The
average number of RNA structural particles in the ex-
tract was 86,095,203,549 + 562,713,749, concentration of
viral 146S component was 1.198 + 0.008 pg/cm? which
had 99.01% and 99.50% correlation with the results
of quantitative CFT (1.21 £+ 0.15 pg/cm?) and rtRT-PCR
(1.999 + 0.045 pg/cmd), correspondingly. Thus, the earlier
developed linear mathematical model makes it possible
(with the help of a spectrum analysis) to determined con-
centration of FMDV 146S component in the non-inactiva-
ted raw materials for production of FMD vaccines [8].
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The spectrum analysis used for indirect determination
of 146S particles concentration when number of FMDV
RNA molecules was calculated in A/Primorsky/2012 strain
demonstrated that mean values of OD, ., and OD,, ...
did not exceed OD, . (0.002-0.335 < 0.336-0.339
and 0.334-0.001 < 0.336-0.339) which means the extract
contained mainly RNA molecules. The eluate was not
contaminated with phospholipids, carbohydrate com-
ponents or guanidine isothiocyanate residues, hydroxy-
benzene, proteins or conglomerates, as there were no
marked peaks in the graphs at wavelengths of 205, 235,
270, 280 and 320 nm, correspondingly. The R, extinction
coefficient was 1.982 (OD,,/OD,, = 0.339/0.171) which is
close to norm of 2.000 and means almost total absence of
polypeptides, peptides or residues of carbolic acid in the
analyzed extract. The R, extinction coefficient was 1.994
(OD,,,/0D,,, =0.339/0.170) which is close to norm of 2.000.
The data obtained explain the absence of signs of viral RNA
degradation and the amount of polysacciride impurities
not exceeding 3% (which is admissible) [12].

Based on the results of the spectrum analysis of
the RNA eluate, the following mean values of op-
tical density were obtained: OD,,, = 0.339 + 0.002,
oD,,, = 0.001, OD,,,. = 0.006 (for OD,, and OD,, ). The
average number of RNA molecules in the sample was
93,410,482,282 + 562,713,747, and concentration of
the whole FMDV particles in A/Primorsky/2012 strain
was 1.299 = 0.008 pg/cm?® which had 97.67% and
98.66% correlation with the results of quantitative CFT

(1.33 £ 0.16 pg/cm?) and rtRT-PCR (1.302 + 0.052 pg/cm?),
correspondingly. Thus, the mathematical expression used
in the research (with the help of a spectrum analysis)
makes it possible to determined concentration of FMDV
component with 146S sedimentation coefficient in the
non-inactivated suspension for FMD vaccines [8].

The spectrum analysis of the 30-fold FMDV RNA eluate
of Asia-1/Tajikistan /2011 strain demonstrates that the
mean OD, .. and OD, ... values did not exceed
0D, ,, (0.001-0.801 < 0.802-0.810 and 0.801-0.003 <
< 0.802-0.810) that means the eluate contained mainly ri-
bonucleic acid. The extract did not contain phospholipids,
carbohydrates or residues of guanidine isothiocyanate
detergent, hydroxybenzene, polypeptides or suspended
conglomerates, as there were no marked peaks in the
graphs at wavelengths of 205, 235, 270, 280 and 320 nm,
correspondingly. The R, extinction coefficient was 1.995
(OD,,,/0OD,,, = 0.810/0.406) which is close to norm of
2.000 and means high purity of the RNA eluate and almost
total absence of polypeptide components or residues
of carbolic acid. The R, extinction coefficient was 1.990
(OD,,,/0OD,,, = 0.810/0.407) which is also close to 2.000
and accounts for high purity of the sample. When 1% RNA
was substituted with polysaccharide components, the R,
coefficient decreased by 0.002, therefore, the obtained
extract contained not more than 5% of carbohydrate
components, which is admissible [12]. Thus, the RNA
eluate isolated from FMDV Asia-1/Tajikistan/2011 strain
was highly pure, which made it possible to determine

Optical density, s. u.

"""" et o A Turkey /2006
. , . + wCms AfARRIAH/2015
e Asia-1/Tajikistan/2011
s O /Primorsky/2012
_ | === O/Primorsky/2014
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205 210 215 220 225 230 235 240 245 250 255 260
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Wavelength, nm

Fig. Spectrograms of the FMDV RNA extracts of the studied strains to assess purity and determine concentration

of 146S particles in the original suspensions

Puc. Cnekmpozpammesl 3kcmpakmos PHK supyca Awypa ucciedyembix wimammos 0718 OYeHKU 4ucmomel
U onpedesieHUA KOHUeHMpayuu 146S 4yacmuy 8 UCXOOHbIX CyCneH3UAX
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the number of structural particles (RNA molecules) with
a high degree of reliability.

Based on the results of the spectrum analysis, the
following mean values of optical density OD,, were
obtained: 0.810 + 0.001, OD,, = 0.003, OD,, . - 0.006
(for OD,,, and OD,, ). Arithmetic mean of the structural
particles (RNA) isolated from the whole FMDV particles
was 225,366,856,349 + 281,356,874, concentration of
FMDV 146S component of Asia-1/Tajikistan/2011 strain
was 3.132 + 0.004 pg/cm? and it had 99.49 and 99.76%
correlation with the results of CFT (3.150 £ 0.170 pg/cm3)
and rtRT-PCR (3.136 + 0.040 pg/cm?), correspondingly.
Thus, the linear algebraic bond function of C,, . and

146S
N, developed on the basis of spectrum analysis data

n?g?(:gs it possible to determined concentration of the
whole particles in the non-inactivated suspension for FMD
vaccines [8].

The spectrum analysis of the 30-fold FMDV RNA elu-
ate of SAT-2/Saudi Arabia 7/2000 strain demonstrated
that mean extinction values at wavelengths of 205-259
and 263-325 nm did not exceed OD, . (0.002-0.199 <
< 0.200-0.203 and 0.198-0.001 < 0.200-0.203), which
means that the eluate contained mainly ribonucleic acid.
The extract was not contaminated with phospholipid
impurities, carbohydrates or guanidine isothiocyanate
residues, hydroxybenzene, polypeptides and suspended
conglomerates, as there were no marked peaks in the
graphs at wavelengths of 205, 235, 270, 280 and 320 nm,
correspondingly. The R, extinction coefficient was 1.971
(OD,,,/0D,,,=0.203/0.102) which is close to norm of 2.000
and means almost total absence of polypeptides and
residues of carbolic acid in the extract. The R, extinction
coefficient was 1.990 (OD, /0D, = 0.203/0.102) which is
close to 2.000 and accounts for high purity of the extract.
When 1% RNA was substituted with carbohydrates, the R,
coefficient decreased by 0.002, i.e. polysaccharide content
in the obtained preparation did not exceed 2.5% and it is
admissible [12].

Based on the results of the spectrum analysis of the
RNA extract, the following mean values of extinction
were obtained: OD,,, = 0.203 + 0.002, OD_, = 0.002,

262
OD,,,.. = 0.006 (for OD,,  and OD,, ). The average number

of st\(l); molecules isolated from FMDV particles of SAT-2/
Saudi Arabia 7/2000 strain (with 146S sedimentation co-
efficient) was 54,864,590,497 + 562,713,752. Concentra-
tion of FMDV 146S component was 0.764 + 0.008 pg/cm?
which had 98.10 and 99.48% correlation with the results
of quantitative CFT (0.75 £ 0.14 pg/cm?) and rtRT-PCR
(0.765 £ 0.044 pg/cm?), correspondingly. Thus, the pre-
viously developed linear mathematical model makes it
possible (with the help of a spectrum analysis) to deter-
mine concentration of the whole FMDV particles in the
non-inactivated suspension for vaccine preparations [8].
At the end of the research, the spectrometric method
was tested for its ability to determine concentration of
146S particles in 410 non-inactivated suspensions of
FMDV vaccine strains A/Turkey/2006, A/ARRIAH/2015,
O/Primorsky/2012, O/Primorsky/2014, Asia-1/Tajiki-
stan/2011, SAT-2/ Saudi Arabia 7/2000. Quantitative
rtRT-PCR and CFT tests were simultaneously used in three
replications. The actual results obtained in real-time re-
verse transcription — polymerase chain reaction (rtRT-PCR)
were 97.0-99.9% consistent with the expected results of
the spectrometric analysis used to determine cultural
FMDV 146S component concentration. When compared

to a complement fixation test, the actual results were
94.5-99.5% in line with the expected ones. Actual results
for positive control were 99.0-99.6% in line with the ex-
pected ones. As expected, no FMDV RNA or 146S particles
were detected in the negative control sample. Thus, the
carried out research demonstrated that the spectrum ana-
lysis used to determine concentration of 146S component
(when estimating the number of FMDV RNA isolated after
serological binding of the whole particles with the help of
strain-specific IgG) had 94.5-99.9% correlation with quan-
titative variants of CFT and rt RT-PCR.

CONCLUSION

We assessed the feasibility of a spectrum analysis to
determine indirectly concentration of 146S component
based on the number of FMDV RNA molecules isolated
after serological binding of the whole virus particles with
the help of IgG. This method is cheap, easy-to-use and
makes it possible to determine concentration of FMDV
146S particles in non-inactivated suspencion for FMD vac-
cine within 3-4 hours.

Tests of non-inactivated suspensions of cultural FMDV
strains A/Turkey/2006, A/ARRIAH/2015, O/Primorsky/2012,
O/Primorsky/2014, Asia-1/Tadjikistan/2011, SAT-2/Saudi
Arabia 7/2000 proved that the linear algebraic model
Coee = 3.9 X N, ... + 566,783,689)/280,818,944,837
makes it possible (with the help of a spectrum analysis) to
assess indirectly concentration of FMDV 146S component
in the raw materials for a wide range of vaccines.

It was found, that the spectrum analysis used to mea-
sure the whole virus particles (when estimating the num-
ber of FMDV RNA isolated after serological binding) had
94.5-99.9% correlation with quantitative CFT and rtRT-PCR.
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NopoHuH Makcum UropeBuny, KaHgnaat 6MoNormyecknx Hayk,
BeyLMIA HayuHbI/i COTPYAHVK nabopatopun nNpodunakTmkm
auypa OreY «BHUN3X», r. Bnagumup, Poccus.

Muxanuwmux Jmutpuii BanepbeBnd, KaHAUAAT BETEPUHAPHbIX
HayK, 3aBegylowunin nabopatopuein NnpodunakTuky suypa
OrBY «<BHUN3XK», r. Bnagumup, Poccusa.

Kamanoea Hatanba EBreHbeBHa, [OKTOP BeTePUHAPHbIX
HayK, FMaBHbIA HayYHbI COTPYAHMK LEHTPa SOKIUHUYECKMX
nccneposannii OIBY «BHUN3XK», r. Bnagumup, Poccusa.

Bopucoe Anekceii BanepbeBud, KaHAMAAT BETEPUHAPHbIX HAYK,
BeAyLWMI Hay4HbIi COTPYAHMK Nnabopatopumn npodrnakTukn
awypa OrbY «BHUM3X», r. Bnagnmup, Poccums.
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