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SUMMARY

Currently, N2 subtype avian influenza (Al) virus actively circulates in domestic and wild bird populations and is regularly detected in China, other Asian countries
and Russia, particularly in combination with H9 hemagglutinin. Therefore, a method for rapid detection of the said infectious agent is urgently required. Data on
oligonucleotide primer selection and reverse transcription real-time polymerase chain reaction condition optimization for N2 Al virus detection are presented in
the paper. Modified primers and probe proposed by B. Hoffmann in 2006 as well as original primers and probes with the viruses available in the Laboratory wor-
king collection and selected during testing were assessed for N2 neuraminidase gene fragment amplification. Optimal concentrations of real-time RT-PCR master
mix components and temperature-time mode were determined. Various combinations of primers were tested against ten N2 avian influenza virus isolates that
genetically differed from each other in N gene. Nine viruses were isolated from birds in the Russian Federation regions and classified to different genetic groups.
The real-time RT-PCR assay was tested for its specificity using Al virus isolates of different neuraminidase subtypes (H5N8, H3N6, H4N6, H5SN1, H10N7) as well as
samples containing other RNA-viruses: Newcastle disease virus, infectious bronchitis virus and infectious bursal disease virus. As a result of the testing, real-time
RT-PCR conditions providing high sensitivity and specificity of the assay were selected and optimized.

Key words: avian influenza virus, real-time RT-PCR, optimization, N2 neuraminidase subtype, sensitivity, specificity.

Acknowledgements: The works were financed by the budget in the framework of the official programme: “Development of the methods for determination of
primary structure of N gene of N2 and N8 subtype and H gene of AV with RT-PCR and nucleotide sequencing”.

For citation: Akshalova P. B., Andriyasov A. V., Scherbakova L. 0., Kolosov S. N., Zinyakov N. G., Chvala |. A., Andreychuk D. B. Development of real-time RT-PCR for
N2 subtype avian influenza RNA-virus detection. Veterinary Science Today. 2020; 3 (34): 186—192. DOI: 10.29326/2304-196X-2020-3-34-186-192.

Conflict of interest. The authors declare no conflict of interest.

For correspondence: Perizat B. Akshalova, Post-Graduate Student, Researcher, Reference Laboratory for Avian Viral Diseases, FGBI “ARRIAH’, 600901, Russia,
Vladimir, Yur'evets, e-mail: akshalova@arriah.ru.

YK 619:578. 832.1:636.52/58:616-079.4

Pazpabotka metoga OT-I1LP B pexxume peanbHOro BpemeHwm
ona sblasneHna PHK supyca rpunna ntuy nogruna N2

M. b. Akwanosa’, A. B. Auppuscos?, Jl. 0. Llep6akosa’, C. H. Konocos®, H. . 3unakos’, 0. A. Ysana®, 1. b. Auppeituyk’
OIBY «OefepanbHblil LLeHTp oXxpaHbl 340poBbA XMBOTHbIX» (OTBY «BHUI3X»), . Bnagumup, Poccua

' ORCID 0000-0009-1520-1887, e-mail: akshalova@arriah.ru

2 0RCID 0000-0001-6314-2119, e-mail: andriyasov_av@arriah.ru

3 ORCID 0000-0001-5434-6179, e-mail: scherbakova@arriah.ru

* ORCID 0000-0002-8467-180X, e-mail: kolosov@arriah.ru

5 ORCID 0000-0002-3015-5594, e-mail: zinyakov@arriah.ru

8 ORCID 0000-0002-1659-3256, e-mail: chvala@arriah.ru

7 ORCID 0000-0002-1681-5795, e-mail: andreychuk@arriah.ru

186 VETERINARY SCIENCE TODAY, SEPTEMBER Ne3 (34) 2020 | BETEPUHAPWSA CETOZHS, CEHTABPb Ne3 (34) 2020



ORIGINAL ARTICLES | AVIAN DISEASES OPUTUHANTBHBIE CTATbI | BOME3HI NTUL

PE3IOME

B HacTosLee Bpems BUpYC rpunna nTiy noaTuna N2 akTUBHO LPKYAMPYET B NONYNALMAX JOMALLIHIAX U AUKUX NTUL, 11 €70 PErynapHo BbIABNAIT B KuTae, apy-
rux cTpaHax A3um u Poccum, ocobeHHo B KOMOUHaLMK ¢ remartioTuHUHOM nogrina H9. Moatomy npumeHeHue MeToga Ana 6bICTPOro 06Hapy»eHUs JaHHOTO
NHOEKLMOHHOTO areHTa KpaiiHe HeobxoAumo. B npecTaBneHHoil paboTe NPUBOAATCA AaHHbIe N0 BbIGOPY ONUTOHYKNEOTUAHbIX NpaliMepoB 1 ONTUMM3ALMN
YCNOBUIA NOCTAHOBKM NOANMepPa3HOii LienHoi peakwum ¢ 06paTHOi TpaHCKpUNLKelt B pexiume peanbHOro BpeMeHU AA BbIABNEHUA BUPYCa rpunna nTuL nog-
una N2. [ina amnaudukaumuv dparmeHTa reHa Heiipamuninaasbl noatvna N2 6binm anpobupoBanbl npeanoxerHble B 2016 rogy B. Hoffmann npaiimepbi 1 3044
B MOANQUKALIMK, a TaKKe BblOpaHHbIE B X0Ze NCCNeA0BaHMA OPUTHANbHbIE NPaiiMepbl 1 30HAbI C BUpYcamu, nMeloLLMicA B paboyeii konnekumv nabopatopui.
B xoze paboTbl onpezieneHbl ONTUMabHble KOHLIEHTPALMI KOMMOHEHTOB PeaKkLIMOHHOI CMecul sl MPOBeAEeHIA NOAMepa3Hoii LieNHoi peakwum ¢ 06paTHoil
TPaHCKpUNLeii B peXime peanbHOro BpemeHH 1 TeMnepaTypHO-BpeMeHHO pexum. Pa3Hble KOMOUHALMY NpaiiMepoB TeCTUPOBANM Ha AECATH U30ATaX BU-
pyca rpunna ntuy noatuna N2, reHeTuueckin oTaMYatoLLMXca apyr ot apyra no redy N. leBATb BUPYCOB BblAeneHbl 0T NTUL U3 perinoHos Poccuiickoil Oegepaumn
11 OTHOCATCA K Pa3NINYHBIM reHeTUueckim rpynnam. CneumduyHoCTb MeToga NpoBepAny MeToZoM NonMepasHoii LienHoi peakLmy ¢ 06paTHoii TpaHcKpunumeii
B peXxuMe peanbHoro BpeMeHy ¢ UCMoNb30BaHNeM U30ATOB BUPYCa Fpunna nTiw ¢ Apyrum noaTnom Heiipammunpassl (H5N8, H3NG, H4NG, H5N1, H10N7),
a Takxe npob, conepxatumx PHK BupycoB HbtoKacnckoii 6one3HI, IHPEKLMoHHoro 6poHXUTa Kyp U MHeKLIMOHHOI bypcanbHoil 6one3tu. B peynbrate npo-
Be/IeHHbIX UCCTIe[10BaHUI Obini Nof06paHbI 1 ONTUMI3NPOBAHBI YCIOBYSA NOCTAHOBKM MONMMEPA3HOIi LienHOIi peakLm ¢ 06paTHoii TpaHCKpUNLueit B pexiume
peanbHoro BpeMeHH, KoTopble 00eCneuBakoT BbICOKYI0 UyBCTBUTENbHOCTb 1 CMELMOUUHOCTD METOZA.

KnioueBbie cnosa: supyc rpunna ntuu, OT-MLP-PB, ontumm3aums, noatvn Heilpamuningasbl N2, uyBCTBUTENBHOCTD, CELMGUUHOCTD.

bnaropapHocTb: PaboTa BbinonHeHa 3a cueT GlOKETHbIX CPEACTB B PaMKax BbiNONHEHUA TOCYAAPCTBEHHOrO 3afaHuA no Teme «Paspabotka metopoB
onpeaenenua nepeuyHoii crpykTypbl reHa N noatunos N2 u N8 v rena H Bupyca rpunna ntuy ¢ nomowybto OT-LP v HyKneoTuaHoro cekBeHnpoBaHuay.

[ina untuposanma: Akwanosa 1. b., Augpuacos A. B., Llep6akosa J1. 0., Konocos C. H., 3unakos H. I, Ysana W. A., Auppeituyk [1. b. Pa3pabotka metopa
QOT-MLIP B pexxmme peanbHoro Bpemeny ans BblasneHna PHK Bupyca rpunna ntuw nogruna N2. Bemepunapus cezo0us. 2020; 3 (34): 186—-192.D0I: 10.29326/2304-

196X-2020-3-34-186-192.
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INTRODUCTION

Avian influenza (Al) is an acute infectious disease
caused by the virus of Orthomyxoviridae family having
segmented negative-sense RNA genome and belonging
to Influenzavirus A genus [1]. Segmented genome of avian
influenza virus allows for its reassortment.

Current classification of avian influenza A viruses is
based on antigenic properties of their surface glycopro-
teins: hemagglutinin (HA) and neuraminidase (NA).

Neuraminidase accounts for 20% of all surface glyco-
proteins. There may be single NA spikes or local NA clusters
surrounded by HA on the virion surface [2]. Neuraminidase
plays an important role in AlV infection: it facilitates the vi-
rion penetration into respiratory epithelial cells, optimizes
HA fusogenic activity, enables release of new virions and
prevents their aggregation on the host cell surface.

To date, 16 HA and 9 NA subtypes of the virus in va-
rious combinations have been isolated from birds. How-
ever, two new HA and NA subtypes of the virus, H17N10
and H18N11, isolated from bats were reported in 2012 and
2013 [3, 4].

In the FGBI “ARRRIAH" Reference Laboratory for Avian
Viral Diseases reverse transcription real-time polymerase
chain reaction (real-time RT-PCR) with M-gene-targeted
primer system is initially used for diagnostic tests aimed
at detection of type A avian influenza virus (AlV) in patho-
logical material samples [5-7]. The samples tested positive
with M-targeted real-time RT-PCR should be examined for
virus H5 and H7 subtypes since the Al viruses of the said
subtypes can be highly pathogenic and are notifiable to
the OIE. NA subtype should be identified for precise virus
characterization.

Neuraminidase inhibition (NI) test is one of the me-
thods used for NA typing [8], but it takes at least two days
and requires a panel of high-quality monospecific antisera
and control antigens. The test should be carried out under
specified conditions since highly toxic reagents have to
be used.

Therefore, new highly sensitive, specific and reliable
techniques for NA subtype detection and identification
are urgently required for prompt diagnosis when it is ne-
cessary to identify AIV neuraminidase within a short period
of time (within one working day).

Currently, N2 subtype Al virus is quite widespread and
actively circulates in domestic and wild bird populations.
In 2018, HON2 Al virus was detected in three commercial
poultry establishments in the Primorsky Krai, Russian Fe-
deration, as well as on one poultry farm in the Republic of
Tajikistan. In 2017-2018, highly pathogenic H5N2 Al out-
breaks were reported on one poultry farm in the Kostroma
Oblast. In 2019, HON2 Al virus was detected in the Chelya-
binsk Oblast and Zabaikalsky Krai [9, 10].

Hence, development of high sensitive and specific real-
time RT-PCR-based assay for N2 subtype AlV genome de-
tection that enables faster results and rapid diagnosis for
improvement of preventive measure effectiveness is urgent.

The works were aimed at development of the real-time
RT-PCR-based assay with original primer and probe system
and optimized parameters for N2 avian influenza virus RNA
detection.

MATERIALS AND METHODS

The following N2 Al virus isolates available in the
working collection of the FGBI “ARRIAH" Reference
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Table 1

Primers and probes used for real-time RT-PCR amplification of N2 AIV N gene fragments

Tabnuua 1

Mpaiimepbl n 30HAbI AnA amnnudukayum pparmentos reHa N nogruna N2 g OT-NLP-PB

Primer designation

AIVN2-1316f

AIVN2-1325f

AIVN2-1414r

AIVN2-1376-FAM

AIVN2-1488R

AIVN2-1418r

AIVN2-1430r

AIVN2R-1383FAM

Nucleotide
base number

5'-3'sequence

I T
e ovewowme
I . S
I
T
e
o

(FAM) TATGGAACAGGCTCATGGCCTGATGG (BHQ1)

AATTGCGAAAGCTTATATAGVCAT
GCGAAAGCTTATATAGSCAT
TTTTTTCTAAAATTGCGARAGC

(FAM) CCATCAGGCCATGAGCCTG (RTQ1)

Laboratory for Viral Avian Diseases were used for selec-
tion of primers and probes providing high real-time
RT-PCR sensitivity and specificity: A/ty/Mass/65 H6N2,
A/w.duck/Vladimir/446/09 H4N2, A/bird/Amursky/21/12
HION2, A/chicken/Kostroma/3175/17 H5N2, A/chicken/
Kostroma/2367/18 H5N2, A/chicken/Primorsk/419/18
HIN2, A/chicken/Tadjikistan/2379/18 HIN2, A/chicken/
Primorsk/3124/18 HIN2, A/chicken/Chelyabinsk/30/19
HION2, A/duck/Primorie/2621/2001 H5N2.

Real-time RT-PCR primers were optimized using low
virulent HON2 AlV isolate, A/chicken/Primorsk/419/18, re-
covered in the Russian Federation (Primorsky Krai) in 2018.
The real-time RT-PCR assay was tested for its analytical sen-
sitivity using serial ten-fold dilutions of extracted total RNA
of the following isolates in triplicate: A/ty/Mass/65 H6N2,
A/bird/Amursky/21/12 HON2, A/duck/Primorie/2621/2001
H5N2, A/chicken/Tadjikistan/2379/18 HON2, A/chicken/Pri-
morsk/3124/18 HON2, A/chicken/Chelyabinsk/30/19 HON2.

N gene nucleotide sequences of AIV/N2 isolates pub-
lished in the electronic NCBI GenBank database from
1999 to 2008 (http://www.ncbi.nlm.nih.gov/genomes/
FLU/Database/) were used for primer selection. Multiple
nucleotide sequence alignment was performed with
Clustal W tool and BioEdit 7.0 software programme was
used for searching for the most conserved regions. The
primers and probes were tested for their specificity using

on-line Blast resource (NCBI) (http://blast.ncbi.nlm.nih.
gov) and AlV isolates of other NA subtypes: (A/w_duck/
Altai/1732/2013 H3N6, A/shoveler/Krasnoyarsk/1586/08
H4N6, A/chicken/Adygea/203/06 H5N1, A/mallard/
Khabarovsk/12/2014 H10N7) as well as Winterfield 2512
strain of infectious bursal disease virus, H120 strain of
infectious bronchitis virus and APMV/wild duck/Rus/Vla-
dimir/44/15 isolate of Newcastle disease virus. Selected
primers and probes were synthesized by SINTOL Compa-
ny (Russia) (Table 1).

All primers and probes except for No. 10-12 were se-
lected in the FGBI“ARRIAH" Reference Laboratory for Viral
Avian Diseases. Reverse primer, AIVN2-1418r, and probe
(FAM), CCATCAGGCCATGAGCCTG (RTQ1), were modified
relevant oligonucleotides described by B. Hoffmann et al.
in their publication. Probe and primers No. 10-12 were
also recommended by B. Hoffmann et al. [11].

The RNA was extracted from allantoic fluid of SPF chi-
cken embryonated eggs infected with N2 Al virus isolates
with ‘AmpliPrime RIBO-sorb kit" in accordance with the
instruction of its use. Real-time RT-PCR was carried out
using deoxynucleoside triphosphates (dNTPs) (Fermen-
tas, cat. No. R0181), GoTaq® Flexi DNA Polymerase, ther-
mostable Tag-DNA-polymerase (Promega, cat. No. M8295)
and MMLYV reverse transcriptase (SINTOL, cat. No. E-040)
with Rotor-Gene Q cycler (Germany).
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Table 2

Ct-values for AlV isolates obtained by M gene-targeted real-time RT-PCR

Tabnuuya 2
3Hauenus noporosoro uukna ana usonaros Bl B OT-MLP-PB Ha ren M

Original

(t-value for dilution

Isolate designation materials _
1 A/bird/Amursky/21/12 HIN2 1.27 14.01 17.08 20.49 2393 26.86 -
2 A/chicken/Primorsk/419/18 HON2 11.22 14.98 18.67 2238 28.46 30.59 36.20
3 A/chicken/Kostroma/2367/18 H5N2 1247 15.80 19.72 2348 28.58 30.66 3531
4 A/w.duck/Vladimir/446/09 HAN2 14.04 18.08 22.07 26.27 30.22 34.35 =
5 A/chicken/Tadjikistan/2379/18 HON2 12.62 16.49 20.21 23.77 27.14 - -
6 A/chicken/Chelyabinsk/30/19 HIN2 11.09 15.30 19.06 22.29 26.26 3221 -
7 Afchicken/Primorsk/3124/18 HON2 11.08 13.85 17.45 20.86 237 274 30.45
8 A/duck/Primorie/2621/2001 H5N2 1.27 15.02 18.00 21.50 24.63 2851 -
9 Afty/Mass/65 HoN2 14.36 17.37 20.67 24.25 27.28 30.32 -

«—» —negative result (OTpuLaTENbHbIA pe3ynbTar peakwuum).

RESULTS AND DISCUSSION

Development of the real-time RT-PCR assay for de-
tection of N2 Al virus RNA included selection of the
primers-probe system providing sufficiently high assay
sensitivity and specificity. Also, optimal real-time RT-PCR
conditions, reaction mix component concentrations and
temperature-time mode had to be determined.

Selection of primers and probe. The full-length NA gene
nucleotide sequences of N2 Al virus isolates recovered in
Eurasian and African countries in 1999-2008 and belonging
to different genetic groups that had been published in the
electronic NCBI GenBank database (http://www.ncbi.nlm.
nih.gov/genomes/FLU/Database/) were analyzed to select
the primer system for neuraminidase detection.

Initially, 2,822 N gene nucleotide sequences of AIV/N2
isolates were selected for comparative analysis. One hun-
dred and sixty-nine sequences the most different from
each other were finally selected for the analysis after step-
by-step optimization and removal of the most genetically
similar sequences from the selected ones. All sequences
contained relatively conserved segments located at both
gene ends. The 200-bp region at the N-gene end was con-
sidered optimal and selected for the primer incorporation
since number of substitutions in the said region was the
least in all selected sequences as compared to the other
gene segments.

The data previously published by foreign authors were
analyzed concurrently with the tests for in-house primer
selection. The structure of the primers proposed by B. Hoff-
mann etal.[11] (No. 10-12, Table 1) was taken into account
during in-house primer selection.

As aresult, 11 primers and 6 probes were selected and
synthesized for further real-time RT-PCR testing to identify
the most specific and sensitive system.

One the most suitable primer system (indicated in bold
in Table 1) was selected during experimental real-time RT-
PCR runs using various primer-probe combinations with
N2 AlV isolates and used for further assay optimization

aimed at its sensitivity improvement. The reverse primer
and fluorescent probe were designed in the FGBI“ARRIAH”
Reference Laboratory for Viral Avian Diseases with mini-
mum modifications of the nucleotide sequence proposed
by B. Hoffmann et al. Forward primer sequence was iden-
tical to that one given in the above said publication [11].

Optimization of real-time RT-PCR conditions. |t was
required to optimize reaction mix component concentra-
tions and temperature-time mode in order to increase sen-
sitivity, specificity and rate of the real-time RT-PCR assay
for N2 subtype avian influenza virus genome detection.

Prepared ten-fold dilutions (10'-107) of extracted total
RNAs of N2 AlV isolates were tested with the said real-time
RT-PCR targeted for M gene using the primers-probe sys-
tem recommended by the OIE immediately before tests
for optimization of N-targeted real-time RT-PCR condi-
tions [5-7]. The reaction was carried out in accordance
with the Methodical Guidelines developed earlier in the
FGBI“ARRIAH" [12]. The results of tests of N2 subtype AIV
isolates with M-targeted real-time RT-PCR assay (Table 2)
were compared to the results obtained by optimized N-tar-
geted real-time RT-PCR assay.

The main task was to optimize reaction mix component
concentrations in order to increase sensitivity and speci-
ficity of the real-time RT-PCR assay for N2 AIV RNA detec-
tion. To do this, N gene-targeted real-time RT-PCR assays
using ten-fold dilutions of low virulent HON2 AlV isolate
recovered in the Russian Federation (Primorsky Krai) in
2018 were carried out. A temperature-time mode similar
to that one of the M gene-targeted real-time RT-PCR assay
was used. Tables 3-6 show cycle threshold (Ct) values for
two AIV RNA dilutions (10 and 10*) tested in triplicate.

Selection of optimal magnesium chloride concen-
tration for the real-time RT-PCR assay. Mg**ions as a
required reaction mix component are crucial for proper
DNA-polymerase functioning. They also have a signifi-
cant impact on primer hybridization specificity. Optimal
Mg?*" ion concentration can vary within a fairly wide range
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Table 3

Ct-values obtained by real-time RT-PCR during optimal MgCl, concentration selection

Tabnuua 3

3HaueHusA NoporoBoro LMKAa npy nogbope oNTUMaNbHOIM KOHLEHTPaLUK MgCIZ B OT-MLP-PB

MgCl,amount, ul (concentration 25 mM)

Dilution
---

_ 28.14 28.57 22.25 24.08 23.89 23.99
_ 3297 31.16 27.03 28.96 27.85 27.55
_ 33.16 33.53 28.12 29.76 27.59 29.45

«—» —negative result (oTpuLaTeNbHbIA pe3ynbTaT peakymn).

depending on used primers and enzymes [13]. For best
results, it is recommended to select Mg?* concentration for
the used system of primers and enzymes empirically. The
test results are given in Table 3.

Data given in Table 3 show that change in magnesium
salt concentration has a significant impact on the ampli-
fication process. Specific PCR-product yield was obtained
when 2 ul of MgCl, were added to the reaction mix. Ana-
lysis of the obtained results showed that the amplification
was effective when 4-6 pl of MgCl, solution were added.
Therewith, Ct-value deviation was minimal, when 5 pl of
magnesium chloride solution was used. This amount was
considered optimal. It should be noted that increase in
magnesium salt concentration could result in decrease in
the assay specificity.

Selection of optimal primer concentration for the
real-time RT-PCR assay. Optimal concentrations of

Table 4
Ct-values obtained by real-time RT-PCR
during optimal primer concentration selection

Tabnuua 4
3HaueHus NoporoBoro LMKAa npy nogéope oNTUManNbHo
KOHLeHTpauuu npaiimepos B OT-NLP-PB

Amount of primers, l (concentration 10 pmol/pl)
Dilution

21.13 22.40 22.09

25.08 26.96 27.44
24.82 26.58 28.41

AIVN2-1367f and AIVN2-1418r primers were selected ex-
perimentally. Reaction mixes were prepared using dilu-
tions given in Table 4 and different amounts of the primers,
stating from 0.5 pl and up to 2 ul, were added to each of
them. Amounts of both primers, forward and reverse, are
given in Table 4.

Performed tests show that increase in the primer con-
centration results in decrease in the assay sensitivity that
is clearly demonstrated by data given in Table 4. The least
Ct-values were obtained by the assays when 0.5 pl of each
of the primers was added to the reaction mix.

Selection of optimal fluorescent probe concentra-
tion. Amount of the probe to be added was optimized
to increase amplification effectiveness and fluorescence
intensity of amplification curves. Test results are given in
Table 5. Insignificant changes in real-time RT-PCR assay
sensitivity were registered when 0.75 up to 2 pl of the

Table 5
(Ct-values obtained by real-time RT-PCR
during optimal fluorescent probe concentration selection

Tabnuua 5
3HaueHus NOPOroBoOro LMKNa npu noabope onTUManbHoOM
KOHLEHTpauumn gpnyopecueHTHoro 3o4pa B OT-MLP-PB

Amount of probe, pl (concentration 10 pmol/pl)
Dilution

24.58 22.72 22.96 21.47
29.26 26.20 26.63 25.70
27.47 2591 27.40 25.84
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probe were added to the reaction mix. Mean Ct-values
differed by no more than 1.5 cycles. The most stable re-
sults were obtained when 1.5 pl of AIVN2R-1383FAM probe
were used. Moreover, changes in the maximum levels of
positive sample fluorescence intensity were observed in
the reaction graph when the said component in the speci-
fied amount was added.

Concentrations of the reaction mix components
(magnesium chloride, primers, fluorescent probe) were
optimized to increase sensitivity and specificity of the

Table 6
(t-values obtained during optimal primer and probe annealing
temperature selection

Ta6nuua 6
3HaueHua NOPOroBoro LKA npu nogbope onTUManbHoi
Temnepatypbl OTXUra npailmMepoB 1 30HAA

Annealing temperature, °C
Dilution
T R T

real-time RT-PCR assay for N2 subtype AIV RNA detection. 10° 22.04 22.22 21.91

Other components were used in accordance with their "

manufacturer instructions. 10 a7 2197 28
Optimization ofthe real-time RT-PCR temperature-time 103 21.79 2147 2247

parameters. The next step of our works was optimization

of temperature-time mode of the PCR itself since tempera- Mean value 21.87 21.89 24

ture parameters of reverse transcription were defined by the 104 25.12 25.70 27.20

enzyme (reverse transcriptase) used. In our case, optimal

annealing temperature for the primer system containing 10 25.39 26.62 27.06

selected oIigonuchotide primers and fluorescein-labeled 10° 25.86 25.84 26.58

probe was determined. The next stages of the PCR — DNA

denaturation and synthesis — were carried out in rather nar- Mean value 25.46 26.05 26.95

row temperature range. Denaturation is usually performed
at 90-95 °C and DNA chain elongation — at 68-72 °C [13].
Results of primer annealing temperature selection for the
real-time RT-PCR assay are shown in Table 6.

According to the data given in Table 6 compatible
Ct-values were observed when the primer annealing tem-
perature was 55-60 °C. Generally, this temperature range
is suitable for the majority of primer systems used for the
real-time RT-PCR assays intended for molecular avian in-
fluenza diagnosis. So, it was reasonable to use the same
annealing temperatures for N2 subtype AlV identification.
Thus, it is possible to carry out real-time RT-PCR assay tar-
geted to different genes (M, H, N) during one thermocy-
cler run and thereby to get the results and to make the
diagnosis more quickly. The following temperature and
time parameters were used for the optimized real-time RT-
PCR: 20 min at 40 °C (reverse transcription); 10 min at 95 °C
(polymerase activation); and further 40 PCR cycles com-
prising DNA denaturation: 10 sec at 95 °C; primer annea-
ling: 35 sec at 55 °C and cDNA elongation: 10 sec at 72 °C.

Comparative sensitivity and specificity of the real-
time RT-PCR assay for N2 subtype AlV genome detection.
Sensitivity is one of the crucial parameters of real-time

Table 7

Ct-values for AlV isolates obtained by N gene-targeted real-time RT-PCR

Tabnuua 7

3HaueHus noporosoro unkna ana usonaros Bl B OT-MLP-PB Ha ren N

Original materials

RT-PCR assay. Usually analytical sensitivity, i.e. minimum
amount of the agent that can be detected by the method
in the particular clinical samples, is reported. In this paper
comparative sensitivity is reported since two real-time RT-
PCR assays: one — for M-gene detection (data are given in
Table 2) and the other - for N gene detection (Table 7) have
been compared by the said parameter. Serial ten-fold dilu-
tions of total extracted RNAs of 6 AlV isolates were made
to test the developed assay for its sensitivity. The real-time
RT-PCR assay was carried out in triplicate to obtain more
reliable data.

After optimization of component concentrations and
temperature and time parameters of the N gene-targeted
assay Ct-values for ten-fold AlV isolate dilutions obtained
by the said assay were consistent to Ct-values obtained by
the M gene-targeted assay. Number of the dilutions tested
positive for each AlV isolate was similar for the compared
real-time RT-PCR assays.

The assay was tested for its specificity using samples
containing N2 and N1, N6, N7, N8 AlV genetic materials

(t-value for dilution

A/chicken/Tadjikistan/ 2379/18 HON2 12.19 15.92 19.24 23.16 26.11 - -
A/chicken/Chelyabinsk/30/19 HON2 10.30 13.88 17.53 20.75 25.91 29.82 -
A/chicken/Primorsk/3124/18 HIN2 10.62 13.43 17.22 21.05 24.77 29.10 36.73

A/bird/Amursky/21/12 HIN2 10.00 13.57 17.22 21.11 25.54 30.04 -
A/duck/Primorie/2621/2001 H5N2 11.30 14.52 18.31 21.72 25.14 29.25 -
A/ty/Mass/65 HoN2 10.90 14.34 18.54 21.24 26.04 29.70 -

«—» — negative result (oTpuLaTENbHbIA pe3ynbTaT peakuum).
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as well as samples containing Newcastle disease virus, in-
fectious bronchitis virus and infections bursal disease virus

RNAs. All samples containing non-specific pathogens were

tested negative with the developed real-time RT-PCR assay

that confirmed the said assay specificity.

CONCLUSION

Primer system for N2 subtype Al virus genome detection
was selected and the real-time RT-PCR conditions, reaction
mix component composition and temperature-time mode,
were optimized based on the performed test results. It was
demonstrated that the proposed assay was able to detect
N2 AIV RNA in biological material samples. High specificity
and sensitivity of the real-time RT-PCR assay were proved
by successful identification of N2 AIV genetic materials in
samples collected from birds and submitted for testing from
several regions of the Russian Federation in 2019-2020.
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AxKwanosa lNMepunsart baTbipXxaHKbI3bl, aCNUPaHT, COTPYAHUK
pedepeHTHOW nabopaTopum BUPYCHbIX GonesHein NTuy
OrBY «BHUWN3X», r. Bnagumup, Poccnsa.

AnppusicoB Aptem BanepbeBuy, KaHgnaaT bronornyecknx
HayK, BeAyLLMIA HayYHbl COTPYAHVK pedepeHTHO nabopaTtopun
BUPYCHbIX 60ne3Hen Nty OIBY «BHUW3X», r. Bnagumup, Poccus.

Lllep6akosa Jingns OneroeHa, KaHAMAAT GNONOTMYECKNX HaYK,
BeJyWniA HayuHbli COTPYAHUK pedepeHTHON nabopatopun
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COTPYLAHUK pedepeHTHOI NlabopaTopumn BUPYCHbIX GonesHei
ntuy OrBY «BHUN3XK», r. Bnagumup, Poccus.

3uHakos Hukonaii leHHagbeBMY, KaHANAAT GONOrMYECKNX
HayK, CTapLUMiA HayuYHbI COTPYAHUK pedepeHTHOI NabopaTtopun
BUPYCHbIX 6onesHei Nty OIBY «BHUW3XK», r. Bnagnmup, Poccus.

Ysana Unba AnekcaHApoOBUY, KaHAWAAT BeTepUHAPHbIX
HayK, 3amecTuTenb gupektopa no HWP n mMoHUTOpUHTY
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Anppeituyk Omutpuin BopncoBuy, KaHangaT 6MoNorMyecKknx
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6onesHen ntuy OreY «<BHUM3X», r. Bnagumup, Poccus.
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