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SUMMARY

During reproduction in biological systems, FMD virus forms four variants of components, three of which do not include RNA of the virus. In the process of industrial
production of FMD vaccines, special attention is paid to the number of whole virions, which have the most important biological properties of FMD virus and are the
main components that determine the immunogenicity of vaccine preparations. Raw materials for vaccines at various stages of the technological process are tested
for concentration of FMDV 146S component. The traditional method of determination is quantitative complement fixation test. In recent years, real-time RT-PCR
has been used for indirect determination of FMDV 1465 component concentration in a virus-containing suspension. The article presents a new approach to indirect
determination of FMDV 146S component concentration in a non-inactivated suspension by comparing the maximum extreme points of the graphs of the second
derivative of the fluorescence signal accumulation curves and the number of amplification reaction cycles. The dependence between FMDV 146S component concen-
tration and the maximum extreme points of the graphs of the second derivative of the fluorescence signal accumulation curve is presented in the form of a square
function: €, = 0.01 11(Cp)2 - 1.0157(p + 20.446 with a high accuracy of approximation (R* = 0.993). The proposed model allows to quantitatively estimate
the content of 146S component in virus-containing vaccine raw materials. The presented method allows studying a large number of samples of non-inactivated
raw materials for FMD vaccine in 45 hours. The main advantage of the proposed method is the capacity to determine the concentration of FMDV 146S component
in a suspension with a high level of ballast proteins (more than 7.00 mg/cm?®) and complete viral particles (from 0.01 to 5.00 pg/cm?).
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PE3IOME

[pu penpoayKuwu B 6uonornyeckix cuctemax BUpYC ALLlypa GopmupyeT 4 BapuaHTa KOMMOHEHTOB, TPU 113 KOTOPbIX He BK/tualoT B ceba PHK Bupyca. B npoviecce
MPOMBILLAIEHHOTO NPOU3BOACTBA NPOTUBOALLYPHBIX BAKLIMH 0C060€ BHUMAHME YAENAIT KONMYECTBY LieNbHbIX BUPUOHOB, KOTOpble 06M1aZaloT BaxHeWmumm
6uronoruyeckumn CBOICTBAMM BUPYCa ALLypa 11 ABAAIOTCA OCHOBHbIMM KOMMOHEHTaMy, OnpeaenaLmMin UIMMYHOTeHHOCTb BaKLWHHbIX Npenapatos. Cbipbe
ANA BaKUMH HA Pa3ANYHbIX Tanax TEXHONMOrMYeCkoro NpoLecca MCCNeAyIoT C Lefblo OnpefeneHina KOHLEeHTpauum 1465 KomnoHeHTa Bupyca Awlypa. Tpaguun-
OHHbIM METO/ZI0M OnpedeneHna ABNAETCA KONMYECTBEHHDIIA BAPUAHT peaKkLun (BA3bIBaHUA KoMNNEeMeHTa. [ind onocpejoBaHHOTO OnpeaeneHns KOHLeHTpa-
Lmn 1465 KOMNOHEHTa BUpYCa ALLYpa B BUPYCCOAEPKALLEIi CyCeH31M B NOCNEAHIE TOAbI CTaNl MCNOb30BaTb NOANMEPA3HYI LIENHYH peakLyio ¢ 06paTHol
TPAHCKpUNLeil B pexume peanbHoro BpemeHi. B cTatbe npezcTaBieH HOBbIA MOAXOZ K 0MOCPe0BaHHOMY ONpPeeNeHINto KOHLEeHTpaLm 146S KOMMOHeHTa
BUPYCa ALLYPa B HEMHAKTMBIPOBAHHOI CYCNEH3UM NPy CPaBHEHMN MAKCUMANbHbIX 3KCTPEMYMOB rpadinkoB BTOPOil MPO3BOAHOI KPUBbIX HAKOMNEHUA CUTHana
(nyopecueHLN OTHOCUTENbHO KONMYECTBA LNKNOB peaKunin amnnndukaumuy. CyLiecToBaHue 3aBUCUMOCTI MeXAY KOHLIeHTpaLyeil 146S KoMnoHeHTa Bipyca
ALLYPa N MaKCUMAnbHbIMY IKCTPeMyMami rpaduKoB BTOPOil MPOI3BOAHOI KpUBOIA HAKoMNEHUA (NyopecLeHTHOro CUrHana npeACTaBAeHo B BiAe KBaAPaTUYHOI
dynkumn €, =0,0111 (Cp)2 - 1,0157Cp+ 20,446 ¢ BbICOKOI1 ,0CTOBEPHOCTbHO annpoKcumaLn (R =0,993). lpeanoxeHHas MoAenb N03BOAAET KONMYECTBEHHO
OLleHIBaTb COZepaHue 1465 KOMNOHEHTA B BUPYCCOAEPXALLEM Cbipbe ANA BaKLMHbI. [peAcTaBneHHblif CN0cob No3BOAAET UCCNIe[0BATL 60bLIOE KONNYECTBO
06pa3Li0B HEMHAKTUBUPOBAHHOIO CbIpbA ANA NPOTUBOALLYPHOIA BaKLMHbI 33 4—5 u. OCHOBHbIM NpenMyLLeCTBOM Npesnaraemoro cnocoba ABNAETCA BO3IMOX-
HOCTb onpezieNieHns KOHUEHTpaLyi 1465 KoMNoHeHTa BUpyca AiLypa B CYCNeH31u, CORepraLLieil BbICOKoe KonmuecTBo bannacTHoro benka (6onee 7,00 mr/cw’)
1 KONIMYECTBO MOMHbIX BUPYCHbIX YacTiy o1 0,01 5o 5,00 MKr/cv?.

KnioueBbie cnoBa: BupnoHbl Bupyca Awypa, OT-MLP-PB, noporosblit uykn amnnaudukaumum, rpaduk BTopoit npoM3BOAHON KprBoit amnanduKkaumm.
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INTRODUCTION

In many countries foot-and-mouth disease (FMD) is at
the top of the list of animal viral diseases control and pre-
vention measures. FMD is a highly contagious viral acute
disease of wild and domestic cloven-hoofed animals and
tylopods and is a global problem, which a special attention
of international organizations (FAO, OIE) and veterinary
services of many countries is paid to [1, 2].

FMD virus (FMDV) genome is represented by a single-
stranded positive RNA consisting of approximately
8,500 n. r. (nucleotide residues), surrounded by an ico-
sahedral capsid consisting of 60 copies, each of which
is represented by four structural proteins: VP, (1D-gene),
VP, (1B-gene), VP, (1C-gene), VP, (1A-gene) [3-5].

During reproduction in biological systems FMD virus
forms four variants of components: 146S component
(whole virion, full particle), consisting of one whole viral
RNA molecule and 60 copies of polypeptide, each of which
is represented by a complex of proteins VP, (1D-gene),
VP, (1B-gene), VP, (1C-gene), VP, (1A-gene); 75S particle
(“blank” capsid), consisting of 60 copies of polypeptides
VP, (1AB-gene), VP, (1D-gene), VP, (1C-gene); 125 particle
(capsomer), consisting of structural proteins VP, (1D-gene),
VP, (1B-gene), VP, (1C-gene); 3.8S subunit, represented by
non-structural protein VPg. 75S,12S and 3.8S components
do not include FMDV RNA [1, 31.

In the process of industrial production of vaccines, spe-
cial attention is paid to the number of whole virions, which

have the mostimportant biological properties of FMD virus

and are the main components that determine the poten-
cy of vaccine preparations [2, 3]. Therefore, raw materials

for vaccines at different stages of technological process

are studied to determine the concentration of 146S com-
ponent of FMD virus. Traditionally for this purpose quan-
titative variant of complement fixation test (CFT) is used

and the results are evaluated according to methodical

recommendations [6]. In recent years, real-time reverse

transcription polymerase chain reaction (real-time RT-PCR)

has been used for indirect determination of concentration

of FMDV 146S component concentration in a non-inacti-
vated virus-containing suspension [1, 7-12]. The presented

method is highly sensitive, specific, economical and rapid,
and also allows to investigate several dozens of samples

of the virus-containing material simultaneously. However,
this modification has some disadvantages: if the content of
146S component in the tested sampleis less than 0.1 mg/cm?,
the sensitivity of the reaction decreases; if there are a lot of
proteins and lipoproteins in the sample, the sorbent par-
ticles are sensitized by excess of ballast components that

reduces the possibility of virus RNA sorption and decreases

the sensitivity of the analysis; where trace amounts of sor-
bent may end up in the reaction mixture, the background

value of the fluorescence may increase and there may be a

distortion of the analysis results when determining the a
proportionality coefficient between the fluorescence signal

and the amount of the whole virus in the sample.
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It is therefore an important and challenging task to
improve the method for indirect determination of con-
centration of FMDV 146S component in a non-inactivated
suspension on the basis of the method for comparing the
maximum extrema of the graphs of the second derivative
for real-time amplification reaction curves.

The aim of the research is to develop a method for indi-
rect determination of concentration of FMDV 146S compo-
nent in the viral suspension by comparing the maximum
extrema of the second derivative graphs for the real-time
amplification reaction curves.

MATERIALS AND METHODS

Virus. FMD culture virus of Asia-1/Shamir Israel 3/89
strain was used. The virus was propagated in the suspen-
sion continuous cell line of baby hamster kidney BHK-21.
Non-inactivated FMDV suspensions with ballast proteins
contents of more than 7.00 mg/cm? were used.

Complement fixation test (CFT). Quantitative CFT was
used to determine FMDV 146S component concentra-
tion [6].

Determination of 146S component concentration. FMDV
146S component concentration was determined with
real-time RT-PCR using values of threshold cycle of ampli-
fication (Ct) according to the above-mentioned require-
ments [7].

Coating of plates with polyclonal strain-specific anti-
bodies against FMDV. A six-well plate was coated with
highly purified strain-specific polyclonal antibodies
against FMDV in the volume of 1.5 cm? of the suspension
with concentration of immunoglobulins G of 5.0 ug/cm? at
4 + 2 °Cfor 18-20 hours. Open binding sites were blocked
with 1% gelatine suspension at 37 £+ 1 °C for 30 minutes
and the wells were washed with 1/15 M phosphate-
buffered saline (PBS) five times.

Strain-specific binding of FMD virus. Samples of suspen-
sions in the volume of 2.4 cm? were added to the wells
coated with strain-specific FMDV antibodies and incuba-
ted at 37 + 1 °C for 30 minutes. The wells were washed to
remove ballast components three times using 1/15 M PBS.
The obtained immune complexes were resuspended in
1.0 cm?® of Eagle’s medium (MEM).

Isolation of FMDV virion RNA bound by immune complex.
The process of isolation of RNA of 146S FMDV component
was based on method by P. Chomczynski [13, 14]. The pro-
cess resulted in obtaining per 0.2 cm® of 12-fold extracts
of viral RNA.

Evaluation of purity of eluates of FMDV RNA.The spectral
absorption capacity of RNA extracts was measured at wave
lengths within the range of 205-325 nm and temperature
of 22-25 °C. In the isolated extracts the content of resi-
dues of phospholipids, polysaccharides and guanidine iso-
thiocyanate (GITC), carbolic acid, polypeptides and large
suspended particles was estimated, determining the op-
tical density (OD) values at 205, 235, 270, 280 and 320 nm,
respectively [15]. The RNA eluate was considered free of
protein and carbolic acid impurities if the extinction co-
efficient R, (OD,,/OD,, ) was within the range of 1.8-2.2
and was optimally about 2.0. Lower R, values indicated the
presence of DNA, protein components and carbolic acid
residues in the eluate. Higher values of R, coefficient indi-
cated the degradation of RNA and the presence of free ri-
bonucleotides. FMDV nucleic acid extract was considered
uncontaminated with polysaccharides if the extinction co-
efficientR, (OD,,/OD,,.) was close to 2.000. When 1% RNA

235)

is substituted for polysaccharide components, R, decrea-
ses by 0.002[16]. Values of R, coefficient greater than 2.000
may indicate degradation of RNA molecules. The absence
of coarse particle suspension in the eluate is confirmed
if OD,,, is close to zero [15, 16]. If the purity requirements
are not met, the stages of serological binding and isolation
of FMDV RNA from the source material are repeated.

Real-time RT-PCR for quantitative determination of
FMDV 146S patrticles. Forward-3D-FMDV-primer (5’-ACT-
GGT-TTT-ACA-AAC-CTG-TGA-GGT-3’), Reverse-3D-FMDV-
primer (5'-GCG-AGT-CCT-GCC-ACG-GAG-TTG-GTT-3') and
3D-FMDV-ROX/BHQ2-probe (5-ROX-TCC-TTT-GCA-CGC-
CGT-GGG-ACG-3") were used in the test as oligonucleotides
homologous to 3D FMDV gene in 15 pM concentrations
per reaction. The concentration of each of the deoxy-
ribonucleoside triphosphates was 0.2 mM. DreamTaq buf-
fer (10x), magnesium chloride and dimethyl sulfoxide in
the amounts of 4 mM and 3% of the volume of real-time
RT-PCR-mixture, respectively, were used as the basis.
MMLV-reverse transcriptase (10 units) and Thermus aqua-
ticus DNA polymerase (1 unit) were used as catalysts for
reverse transcription and amplification reaction. The tem-
perature and time parameters of real-time RT-PCR were
set according to the above-mentioned requirements [7].

Control during testing of the method. Control during tes-
ting of the method. As a positive control, a non-inactivated
suspension of culture FMD virus with the content of virions
of 1.00 pg/cm?3. A non-inactivated suspension of BHK-21
cells with a concentration of 2.5-3.0 mIn/cm? was used as
negative control.

RESULTS AND DISCUSSION

At the first stage of the study the control panel of ready
dilutions of the standard was obtained. A non-inactivated
suspension of FMD culture virus of Asia-1/Shamir Is-
rael 3/89 strain with concentrations of 146S component
of the virus: 0.01; 0.05; 0.10; 0.20; 0.50; 1.00; 2.00; 2.50; 3.00;
3.50; 4.00; 4.50; 5.00 pg/cm? was used as a standard. Then,
a viral suspension containing FMD virus was introduced
into plates coated with antibodies against FMD virus of
a given strain and then viral RNA was isolated from the
obtained complexes of “FMDV virion - strain-specific
antibodies” As a result, 12-fold viral RNA extracts of each
standard dilution were obtained and their purity was as-
sessed by spectral analysis in ultraviolet light. A record of
the absorption spectrum of standard dilutions of RNA at
wavelengths from 205 to 325 nm is shown in Figure 1.

Based on the results of analysis of control samples
in the above-mentioned dilutions demonstrated that
0oD, ,.,,andOD,, ... values did not exceed OD,, .., which
attests to a high level of purity of the obtained RNA eluates
(n=3).The data of spectral study of the standards, shown
in Figure 1, showed the absence of marked peaks in the
graphs at wavelengths of 205, 235, 270, 280 and 320 nm,
which indicated almost complete absence of contamina-
tion of RNA extracts with phospholipids, polysaccharides
and residues of GITC, carbolic acid, polypeptides and large
conglomerates, respectively. The values of R, extinction co-
efficient for the standards are close to the norm of 2.000
(R, was 1.995-1.999), which confirmed the absence of DNA
and the presence of only trace amounts of protein impu-
rities and carbolic acid residues. Degradation of nucleic
acid and presence of free nucleotides in eluates were not
observed, as R, did not exceed 2.000. The viral RNA extracts
of the standard dilutions were not contaminated with
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Fig. 1. Spectograms of diluted eluates of FMDV RNA (Asia-1/Shamir Israel 3/89 strain). From bottom to top see graphs
for diluted extracts corresponding to the following concentrations of virions: 0.01; 0.10; 0.50; 1.0; 2.0; 3.0; 4.0; 5.0 ug/cm?

Puc. 1. Cnekmpozpammesl pasgedeHuli smoamos PHK supyca auypa wmamma Azus-1/LLamup U3paune 3/89.
CHu3y 8gepx ompaxkeHbl 2paguKu 019 pazeedeHull SKCMPAkmos, Coomaemcmayouux c1edylouumM KOHUeHMpayuam

supuoHoe: 0,01,0,10;0,50; 1,0; 2,0; 3,0; 4,0; 5,0 mK2/cm?

polysaccharides and GITC, as the values of R, extinction
coefficient were close to the norm of 2.000 and correspon-
ded to 2.000-2.001. Taking into account that when 1% of
RNA is substituted for carbohydrates, R, value decreases
by 0.002 [16], polysaccharide impurities were not detected
in the extracts obtained. The degree of RNA destruction in
the extracts was not more than 0.5% ((2.001-2.000)/0.002),
which is admissible. Thus, FMDV RNA extracts extracted
from standard dilutions and used for further studies were
characterized by a high purity level.

At the next stage of the work, real-time RT-PCR was car-
ried out according to the above-mentioned recommenda-
tions. The analysis was based on the use of 5’-exonuclease
activity of Thermus aquaticus of DNA polymerase. In the
absence of a target, fluorophore ROX and fluorescence
extinguisher BHQ2 in the 3D-FMDV-probe were brought
closer due to the maximum use of hydrogen bonds be-
tween atoms of H, O and N oligonucleotides. Due to the
mechanism of fluorescence-resonance energy transfer the
glow is suppressed. Due to the 5-exonuclease activity of
Thermus aquticus of DNA polymerase after annealing
the Forward-3D-FMDV-, Reverse-3D-FMDV-primers and
3D-FMDV-ROX/BHQ2-probe the hybridized probe and
amplicon were destroyed, their spatial separation was ob-
served, which led to the growth of the detected signal. The
increase in the fluorescence level (Fl) was proportional to
the number of reaction products produced. Monitoring
of the signal during 40 cycles (C) of real-time PCR allowed
to construct kinetic fluorescence curves, which are set by
functions of type FI = f(C).

The obtained data were analyzed with the help of Rotor-
Gene FRT-Manager software, which allows to construct
graphs of the accumulation of fluorescent signal in real
time during the specified number of amplification cycles.

Using the technology of “Maxima” software (or ana-
logue), the graphs of the first and second derivatives for
obtained eluates of FMD RNA of each dilution of the stan-

dard with known concentrations of 146S component were
plotted and average values of maximum extrema (Cp) of
the graphs of the second derivative FI = f(Cp) with projec-
tion on the abscissa axis “O-cycles” were calculated.

The value of C,isanimportant characteristic of the reac-
tion, which is directly proportional to the number of copies
of the original RNA matrix and, consequently, to the con-
centration of the 146S component of FMD virus, since each
such particle contains one molecule of viral RNA[3, 17, 18].
Taking into account that the second derivative of the func-
tion f(Cp) (f”(Cp)) is continuous in some neighborhoods of
the point ¢=C, and is set at the amplification cycle inter-
val from 0 to 40, there is a certain interval near the point
G for which in all coordinates on the 0O-C, axis the second
derivative of the function f(Cp) will be negative. Since f”(Cp)
is the first derivative of f(C ), it follows from the condition
(f’(Cp)) <0that f’(Cp) on some smallinterval containing point
¢.=C, will decrease. Taking into account that f’(Cp) =0,0n
the segment at ¢ <C, the first derivative of the function
f(Cp) >0,and at Cp > Cp1 —-f(C) <0.In other words, the first
derivative of the function f(Cp) changes the sign from plus
to minus when passing through the point C,=C, there-
fore, at the point C, the function reflecting the process of
fluorescence signal accumulation has the maximum extre-
mum [17]. Thus, if the graph of the real-time amplification
reaction is represented by the function FI = f(Cp), f‘(Cp) =0
and f”(Cp) < 0, then provided that Cp = Cp1 the obtained
function has a maximum at the point with the argument
C,. the value of which is taken into account to establish
the dependence between the concentration of FMDV 1465
component and the value of C..

The advantage of using the second derivative in this
case is that when the function of the amplification curve
Fl= f(Cp) is multiplied by any multipliers, including the pro-
portionality coefficient a [8, 14], the position of the maxi-
ma of the derivatives does not change. The maximum ex-
tremum of the second derivative is within the exponential
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Fig. 2. Mean values of critical points C » calculated with the second derivative for real-time amplification reaction graphs during
analysis of RNA of standard FMD virus, Asia-1/Shamir Israel 3/89 strain, with the following concentrations of 1465 component:
0.01,0.05,0.10, 0.20, 0.50, 1.00, 1.50, 2.00, 2.50, 3.00, 3.50, 4.00, 4.50, 5.00 ug/cm?(n = 3) (A — graphs of accumulation of
fluorescent signal, first and second derivatives; B — graphs of second derivatives for amplification reaction curves)

Puc. 2. CpeoHue 3Ha4eHus Kpumuyeckux moyek C , paccHumaHHsle ¢ NOMOWbio 8mMopoli Npou3800HOU 0715 2pdghuKkos peakyuu
amnuguKkayuu 8 peasabHoM epemeHu npu aHanuze PHK cmandapma eupyca awypa wmamma Asus-1/Lamup W3pausns 3/89

C KOHYeHmpayuamu 146S komnoHeHma 0,01; 0,05, 0,10; 0,20; 0,50; 1,00; 1,50; 2,00; 2,50; 3,00; 3,50; 4,00; 4,50; 5,00 mk2/cm? (n = 3)
(A — 2paghuku HakoneHus rryopecyeHmHo20 cuzHasnd, nepsoli U 8mopoli Npou3800HbIX; B — epaguku 8mopoti npou3gooHoU
0714 KpuBbIX pedkyuu amnauguxkayuu)
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region of the fluorescence accumulation graph, i.e., in the
exponential region, during the analysis of which the effi-
ciency of the amplification reaction does not change [17].

Graphs of the first and second derivatives of the ob-
tained eluates of FMDV RNA of each dilution of the stan-
dard with known concentrations of virions of FMD virus
are shown in Figure 2.

The results of the experiment on presentation of the
system of parallel evaluation of maximum extrema of
the graphs of the second derivative for real-time am-
plification reaction curves (Cp) and the concentration of
146S component of FMDV (C,,. .,.,,) in control samples
are presented in the table from which it follows that C,
values for all dilutions of the standard of culture FMDV
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Table

Relationship between concentration of FMDV 146S component and values of maximum extreme points of real-time amplification reaction curves determined

with the second derivative (1 =3)

Tabnuua

3aBUCUMOCTb KOHLieHTpaLuK 146S KOMNOHEHTa BUpY(a ALLYpPa U 3HAYEHUiT MaKC(MMabHbIX SKCTPEMYMOB KPUBbIX peakLuy amnaudukaumm B peanbHom

BpeMeHu, onpeAeneHHbIX C NOMOLLbI0 BTOPOI NPOn3BOAHON (1 = 3)

Determination of FMDV 146S component concentration with real-time RT-PCR

FMDV 146S
component
concentration,
pg/cm?

Type of sample

according to critical point C (crossing point)
(proposed method)

cycle) (prototype)

according to amplification threshold cycle Ct (threshold

(vin’uns’ ug/cm3

, pg/cm? @,

vmons

per 12 eluate

“ 29.85 29.92 29.81 29.86 +0.06 0.010+£0.003 29.19+0.08 0.058 +0.069
2959 | 29.63 29.61 29.61+0.04 0.103 +0.020 29.01+0.06 0.660 +0.083
28.53 28.51 28.56 28.53+0.03 0.503 +0.041 27.74 +0.05 4.985 +0.024

Standard
with known
concentrations
of FMDV 1465
component

26.02 | 2605 | 26.08 26.05+0.03 1.520£0.031 24.28 +0.04 16.741 +£0.015

(according to CFT) - 2394 | 238 | 2392 | 2391+003 2.506 +0.028 2083+£003 | 28.503+0.014
201 | 2204 | 2199 | 2201+003 | 3.470+0034 | 17724005 | 39.0600.012
2070 | 2007 | 2005 | 2007+0.03 | 4.5300.031 1460005 | 49.684+0.019

Negative control 0.00 0.00 0.00 0.00

0.00 0.000 0.00 0.000

per 1 eluate

0.005 £ 0.005

0.055+0.038

0.415 +0.050

1.395+0.048

2.375+0.039

3.255+0.044

4.144 +0.061

0.000

p-criteria: for (p samples with concentrations of 0.01-0.10 pg/cm? is less than 0.010, with concentrations of 0.10 —5.00 pg/cm* - less than 0.005 (for the developed method);
for Ct samples with concentrations of 0.01-0.10 pg/cm’— less than 0.020, with concentrations of 0.10—0.20 pg/cm?*— less than 0.10 pg/cm?, and with concentrations
of 0.50—5.00 pg/cm?— less than 0.005 (for the prototype). To calculate the concentration of 146S particles in 12-fold sample using Ct method (initial method) the following

formula was used: C,,

=-3.401(Ct) + 99.333, to evaluate the content of virions in a one-fold sample the obtained value was divided by 12.

p-KpuTepuii: Ana Cp 06pa3LioB ¢ KoHueHTpaumamn 0,01-0,10 mkr/cw® coctasnset menee 0,010, ¢ KoHueHTpaumami 0,10-5,00 Mkr/cw®— meHee 0,005 (ana paspaboTtaHHoro
metoza); ana (t 06pasioB ¢ KoHuenTpauusmu 0,01-0,10 mkr/cv® — mewee 0,020, ¢ koHuenTpauuamu 0,10—0,20 MKr/cv® — Meree 0,10 MKT/CM? 1 € KOHLEHTpaLUAMM
0,50—5,00 mkr/cm’ — meHee 0,005 (ans npotoTuna). ins pacueta KoHueHTpaumn 146S uactuu B 12-KpatHom 06pasiie MeTofom Ct (nepBoHauanbHblii Cnocob) npUMeHsN
dopmyny: C, = —3,401(Ct) + 99,333, AnA pacyeTa CofepXKaHNA BUPUOHOB B OAHOKPATHOM 00pa3Lie noayyeHHoe 3HaueHue Aennnn Ha 12.

with concentrations of 146S component from 0.01 to
5.00 pg/cm? are within the range of 29.86 + 0.06 to
19.25 £ 0.04 respectively. The study of negative control
did not reveal fluorescent signal accumulation, which
confirmed the absence of FMD virus in the sample. In the
presented studies p-level of significance is less than 0.010
for control samples of the standard with concentrations
of FMDV 146S component from 0.01 to 0.10 pg/cm? and
p < 0.005 - from 0.20 to 5.00 pg/cm?.

The dependence of FMDV 146S component concentra-
tion and the values of maximum extrema of the graphs of
the second derivative for the fluorescence signal accumu-
lation curves is shown in Figure 3 and is presented as a
square function C =0.0111 (Cp)2 -1.0157C_+20.446

1465 FMDV

with high accuracy of approximation (R? = 99.3%). The

model was developed to analyze 12-fold eluates of FMDV
RNA obtained by this method. Thus, the existence of de-
pendence between FMDV 146S component concentration

in non-inactivated vaccine raw materials and the maxi-
mum extreme of the graph of the second derivative for
amplification reaction curve in real time was found.

The control samples were studied simultaneously
with CFT and classical real-time RT-PCR method with
determination of threshold amplification cycle value
(Ct) and calculation of 146S component concentration
(n = 3) [7]. It should be noted that the preparation of
eluates and real-time RT-PCR for the developed method
and the prototype differ, in this connection the values of
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o+
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Concentration of FMDV virions, pg/cm®
- ~

<
(=]
th

10 15

1

Crass iy = 0.0111C,2— 1.0157C, + 20.446
R*=99.3%

35

Critical point G,

Fig. 3. Relationship between critical point C detected with the second derivative for real-time amplification curve
and concentration of FMDV 146S component (standard error specified) (n = 3)

Puc. 3. 3agucumocme Kpumuyeckol moyKu Cp, demekmupyemou C NOMOWbio 8Mopoli nNpou3sooHoU 0718 Kpugou
amnsiupuKayuu 8 pexume peasabHo20 8peMeHU, 0m KoHUeHmpayuu 146S komnoHeHmMa supyca awypa

(c ykazaHuem cmaHOapmHou noepewHocmu) (n = 3)

threshold amplification cycles for the obtained graphs
of fluorescent signal accumulation of the same sample
will be different.

The obtained data are presented in the table, from which
it follows that the degree of difference between the results
of control analysis by the developed method and the true
values of positive standards is 0.00-2.91%. Differences in
determination of FMDV 146S component concentration
of positive controls with ballast protein content more than
7.00 mg/cm? by the initial method in comparison with ex-
pected values for samples with 146S component concentra-
tions from 0.01 to 0.10 pg/cm® were 45-52%, from 0.01 to
0.10 pg/cm? - 17-45%, with full viral particles content from
0.50 to 5.00 pg/cm?® - 5-17%. In the negative control, FMD
virus was not detected with any of the methods presented.
Thus, the developed method of indirect determination of
FMDV 146S component concentration in the non-inactiva-
ted suspension by comparing the maximum extremes of the
graphs of the second derivative for the amplification reac-
tion curves in real time allows studying the virus-containing
material with concentrations of the 146S component from
0.01 to 5.00 pug/cm? with the presence of the ballast protein
in the samples more than 7.00 mg/cm? within 4-5 hours
and with high accuracy.

CONCLUSION

A new approach to indirect determination of FMDV
146S component concentration in a non-inactivated sus-
pension when comparing the maximum extrema of the
graphs of the second derivative of the fluorescence signal

accumulation curves with the number of amplification re-
action cycles is proposed.

The proposed method allows to: 1) increase specifi-
city of sample analysis due to strain-specific binding of
FMD virus virions; 2) exclude the possibility of increasing
the background fluorescence values due to the use of
P. Chomczynski method of sample fraction separation;
3) increase the reliability of the conducted analysis by de-
termining the dependence between the values of FMDV
146S component concentration (C, . ) @nd the maxi-
mum extrema of the second derivative graphs for amplifi-
cation reaction curves (Cp).

The existence of dependence between the quantities
of 146S particles of FMDV and maximum extrema of the
graphs of the second derivative of the fluorescence sig-
nal accumulation curve in the form of a square function
Ciussenpy = 0-0111 (Cp)z— 1.0157C_+ 20.446 with high accu-
racy of approximation (R? =0.993) was determined. The
proposed model allows us to quantitatively estimate the
content of FMDV virions in non-inactivated raw materials
for the vaccine in 4-5 hours.
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