PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2026; 71(2)
https://doi.org/10.36233/0507-4088-364

ORIGINAL RESEARCHES

W) Check for updates

ORIGINAL STUDY ARTICLE |:|
DOI: https://doi.org/10.36233/0507-4088-364

© FEDINA M.P,, IVANNIKOV R.I., KARGANOVA G.G., LITOV A.G., 2026

Test systems for the laboratory detection and differentiation
of Powassan virus from tick-borne encephalitis virus
(Flaviviridae: Orthoflavivirus) using RT-PCR and RT-qPCR

Maria P. Fedina, Roman I. lvannikov, Galina G. Karganova, Alexander G. Litov

Chumakov Federal Scientific Center for Research and Development of Immune-and-Biological Products of Russian Academy

of Sciences (Institute of Poliomyelitis), 108819, Moscow, Russia

162

Abstract

Introduction. Powassan virus (POWV) is a tick-borne orthoflavivirus capable of causing neurological diseases.
In the Russian Far East, the area affected by POWYV overlaps with that of another neurotropic orthoflavivirus, tick-
borne encephalitis virus (TBEV). Currently, there are no differentiating test systems for specific detection of POWV
in the presence of TBEV.

The aim of this work is to create differentiating test systems for the detection of POWYV in a mixture with TBEV and
other orthoflaviviruses.

Materials and methods. We constructed a genome alignment of eight POWV and five TBEV strains to select
differentiating primers using MEGA X. To assess the specificity of the assay, we used POWYV, several TBEV strains,
and other orthoflaviviruses. PCR and gPCR were performed with the selected oligonucleotides, and the specificity
of amplification was verified by electrophoresis in agarose gel and Sanger sequencing. cDNA was obtained from
virus-containing material by isolating RNA and performing a reverse transcription reaction.

Results. The selected oligonucleotides for the gPCR-based differentiation system ensured specific detection of
POWV without detecting signals from other orthoflaviviruses. The assay’s limit of detection was 10? copies/sample.
Analysis of mixed samples containing POWV and TBEV demonstrated no distortion of the measurement results.
Furthermore, differentiating oligonucleotides were selected and tested to amplify extended regions of the POWV
and TBEV genomes for subsequent sequencing and phylogenetic analysis.

Conclusion. Alaboratory technique based on PCR has been developed that allows to detect the POWYV in samples
containing other orthoflaviviruses.
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OPUTUHAJbHbBIE NCCNEAOBAHUA

TecT-cuctembl AnNA NabopaTopHOro BbIsIBIIEHUA
n andcpepeHumnaumm Bupyca lNosaccaH oT BUpyca KneweBoro
aHuedanuta (Flaviviridae: Orthoflavivirus) metogom OT-ILP

nm OT-NMLUP-PB
deguHa M.IM., MBaHHKKOB P.W., KapraHosa I'.I"., JlutoB A.T.

PIrAHY «PenepanbHbIii Hay4YHbIV LEHTP UCCMefoBaHUA U paspaboTkn MMMYyHOGKHONOrMyecknx npenaparos
um. M.TM. Yymakosa PAH» (MHcTuTYT nonvomuenuta), 108819, r. Mocksa, Poccusi

Pestome

BBepneHnue. Bupyc lNoeaccaH (IMTOBB) — nepeHocuMbIn knewammu optodnaBmMBmpyc, CNOCOOHbIN BbI3biBaTb He-
Bponorunyeckne 3abonesaHus. Ha JansHem Boctoke Poccum apean NOBB nepekpbiBaeTca ¢ apeanom Apyroro
HepoTpONHOro opTocraBmBMpyca — BUpYyca Knewesoro aHuedanuta (BK3). Ha gaHHbIN MOMEHT He cyliecTByeT
andepeHumpyoLmx TecT-cucteM ans Boisiernenus NOBB B coveTaHun ¢ BKO.

Llenbto paboTbl sBnsieTcs cosgaHne guddepeHumnpyowmx TecT-cuctem ans soisgeneHus NOBB B coyetaHum
¢ BK3 u gpyrumu optochnasusupycamm.

MaTtepuanbl u Mmetoabl. C nomoubto nporpammbl MEGA X 6bIn0 NOCTPOEHO BbipaBHUBAHWE FEHOMHBIX MOCe-
posatenbHocTer 8 wrammos MNOBB n 5 wrammos BKS ¢ uenkto nogbopa anddepeHumpyowmx npaiMepos. Ons
npoBepkn crneumnduYHOCTN TecT-cuctembl ucnonb3osanu MNOBB, Heckonbko wrtammoB BKSG v gpyrne optodna-
BmBMpYycbl. C NogobpaHHbIMM ONUIOHYKNeoTUAaMM NPOBOAMINU NoNMMepasHyto LenHyto peakuuto (MUP) n NUP
B peanbHoM BpeMeHu (MLP-PB), Bepuduumnpys cneumgunyHocTs amnnndukalmm nytem anektpodopesa B ara-
pO3HOM rene u cekBeHupoBaHusa no Caurepy. kKAHK nonyyanu us Bupyccogepkalliero matepuana nocpeacTsom
BblgeneHnsa PHK 1 noctaHoBku peakummn ¢ obpaTHOM TpaHCKpunumen.

Pesynkrathbl. [logobpaHHble onuroHykneoTuabl Ans avddepeHumpyoen cucteMsl Ha ocHose [MLP-PB obe-
cneyunu cneunduyHyto getekumio NOBB, He AeMOHCTPYPYS NPW 3TOM CUMIHaNOB OT APYrMX OpTOIaBUBMPYCOB.
Mpenen 4yBCTBUTENBHOCTM TECT-CUCTEMbI cocTaBmn 102 konuii/npoba. MpoBeaeHHbIN aHanu3 cMellaHHbIX 06pas-
uoB, cogepxatymx NMNOBB 1 BK3, npoaemoHcTprpoBan OTCYyTCTBME UCKaXXEHUI pe3ynbTaToB uamepeHuin. Kpome
Toro, ObinNM NogobpaHbl U NPOTECTUPOBaHbLI AU dEPEHLMPYIOLLIME ONIUTOHYKNEeoTUaAbl Ans aMmnnndukaumm npo-
TSXKEHHbIX ydacTkos reHomoB MOBB 1 BKS ¢ uenblo nx nocnegytollero cekBeHMpoBaHus 1 ounoreHeTm4eckoro
aHanusa.

BbiBoabl. Pa3pabotaHa nabopatopHas metoguka Ha ocHoBe ML P, nossonstowas BeisensaTte NOBB B 6uomatepuna-
nax, cogepxaLumx apyrue optodnasmBupychbl.

KnioueBble cnoBa: supyc knew,esozo sHuyeganuma, BKO; supyc NosaccaH; Flaviviridae; Orthoflavivirus; MNLP

Onsa umtupoBaHusa: ®egmHa M.IM., MeaHHukoB P.W., Kapranosa [T, JlutoB A.l. TecT-cuctembl ans nabopa-
TOPHOro BbISIBNEHMSA U anddepeHumaummn Bupyca NoBaccaH OT Bupyca kreLleBoro aHuedanuta (Flaviviridae:
Orthoflavivirus) metogom OT-TLUP n OT-MUP-PB. Bonpocki supyconoauu. 2026; 71(2): 162-174.
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d)VIHaHCVIpOBaHMe. ABTOpr 3aaBnaT 06 OTCYTCTBUM BHELUHEro CbI/IHaHCI/IpOBaHVIH npun npoesegeHnn uccnegoBaHuA.
VccnegoBaHve BbIMOMHEHO 3a CHET cpeacTB rocygapcTBeHHoro 3agaHusa Ne FNZG-2024-0008.

KOH(*)HVIKT UHTepecoB. ABTOpr AEeKNapupyroT OTCYTCTBUE ABHbIX U NOTEHLUMANbHbIX KOHd’)J‘II/IKTOB NUHTEepecos,
CBsI3aHHbIX C Ny6rnvkauuen HacTosiLLeh CTaTbu.

Introduction TBEV causes a disease that affects the human central
Orthoflavivirus  powassanense (Powassan virus,  nervous system. It is widespread in Europe and Northeast
POWYV) and Orthoflavivirus encephalitidis (tick-  Asia. There are three main subtypes: «European»

borne encephalitis virus, TBEV) belong to the
genus Orthoflavivirus of the family Flaviviridae.
Orthoflavivirus virions are enveloped, 50 nm in diameter
[1]. The orthoflavivirus genome is represented by (+)RNA
approximately 11 kb in length [2]. It encodes one open
reading frame (ORF) flanked by 5’ and 3’ untranslated
regions (UTR). The ORF is processed into three structural
proteins (C, prM and E) and seven non-structural proteins
(NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5) [3].

(Eur), «Siberian» (Sib), and «Far Eastern» (FE) [4],
and several recently described subtypes: «Baikalian»
(Bkl) 1 and 2, «Himalayan», as well as the «Obskayay
strain, which is genetically distant from the other subtypes
[5]. The main vectors of TBEV are ticks of the genus
Ixodes. The European subtype of TBEV is common in
Western Europe, where it is transmitted by /. ricinus. The
main vector of the Siberian, Far Eastern, and Baikalian
subtypes in Siberia and the Russian Far East is the tick
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1 persulcatus [4, 5]. Ticks of the genera Haemaphysalis
and Dermacentor may be additional vectors of TBEV
[6, 7].

POWY causes a rare but severe neuroinvasive disease,
with clinical characteristics similar to tick-borne
encephalitis virus infection [8]. There are two POWV
lineages [9]. Lineage I POWYV is transmitted by ticks
1. cookei and I. marxi in the United States and Canada
[10]. Lineage Il POWYV, also called deer tick virus (DTV),
was discovered in 1996. It is also distributed in the United
States and Canada and is divided into Northeast and
Midwest clades. The vector for this lineage is the tick
1 scapularis [11]. In the Russian Far East, POWYV was first
isolated in 1972 from the tick H. longicornis (neumanni)
[12] and then from the tick I. persulcatus [13]. Studies
of POWYV in the Russian Far East have shown that all
POWYV strains isolated between 1972 and 2006 are very
similar to the Canadian LB strain. Only lineage I of the
Powassan virus is currently detected in Russia [8]. The
two virus lineages differ by =~ 15% at the nucleotide
level and by = 5% at the amino acid level in the C/prM/E
protein regions [14].

In the Russian Far East, there is an overlap of POWV
and TBEV infection foci, and there is also a common
vector for virus transmission — the tick 1. persulcatus.
The TBEV infection rates of /. persulcatus ticks collected
between 1999 and 2014 in the Far East was 7,9 + 0,7%
[6]. The prevalence of POWYV in ticks has not yet been
determined; therefore, its contribution to seasonal
morbidity is unknown. As early as 1977, antibodies to
both POWYV and TBEV were observed in rodents and
birds in forested zones of the Russian Far East [15]. In
another study [16], antibodies to both POWYV and TBEV
were detected in 4,3% of 117 people bitten by a tick. All
of this demonstrates the need to monitor POWYV in the
Russian Far East and to develop a specific test system for
distinguishing these viruses.

There are commercial test systems available for the
detection of TBEV via the polymerase chain reaction

Table 1. Strains of POWYV and TBEV used for alignment

Taommua 1. ltammsr IIOBB u BKD, ucnonszyemsie
JUTS BBIPABHUBaHUS

POWV TBEV
IIOBB BKD
GenBank Strai GenBank
. train name
Strain name number number
HasBanue
Ha3Banue mramma Homep ——— Homep
GenBank GenBank
Pow-24 MG652438 EK-328¢ MH094241
Ternay HQ231415 | Irkutsk-12 JN003209
Ulysses HQ231414 Est54 GU183384
LB L06436 Latvia-1-96 | GU183382
64-7062 isolate
POWANY64 HM440563
Spassk-9 EU770575 | Lesopark 11 | KJ701416
Partizansk/2006 EU543649
Nadezdinsk-1991 EU670438
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(PCR), and several more laboratory test systems have
been developed [17-19]. Various RT-PCR and RT-
qPCR [20] systems for detecting POWYV have also been
developed [9]. Effectiveness of both TBEV and POWV
systems in mixtures has not been established.

The aim of this work is to develop a test system for the
differential detection of POWYV and TBEV in a mixture,
as well as to select oligonucleotide pairs that amplify
large sections of POWYV and TBEV structural regions
from mixed samples.

Materials and methods

Viruses

All the viruses used in the work were taken from
the institute’s collection and used without additional
passages. POWV strain Pow-24 (GenBank number:
MG652438) was isolated from a pool of I. persulcatus
ticks collected in Primorsky Krai in 1975. TBEV
strain EK-328 (Sib) (DQ486861) was isolated from
1. persulcatus ticks in Estonia in 1972. We used
several members of the Orthoflavivirus genus (TBEV:
strains SofjinKGG (FE) (GU121963), DV-936k (FE)
(GU125722), Absettarov (Eur) (KU885457), 178/79
(Bkl-1) (EF469661) and 886/84 (Bkl-2) (EF469662);
Loping ill virus (LIV): strain S1; West Nile virus
(WNV): strain HP-90 lineage 1 (PX444461); Japanese
encephalitis virus (JEV): strain JaGAr 01 (AF069076))
in the form of culture fluid from infected in pig embryo
kidney (PEK) cells or brain suspensions of infected
mice. Poliovirus (strain Sabin I) was used as an internal
control [18] for extraction and reverse transcription
(RT) in RT-qPCR.

Design of the differentiating primer systems
for RT-gPCR and RT-PCR

The POWV RT-gPCR and RT-PCR systems were
designed based on the alignment of selected POWYV and
TBEV strains (Table 1). Nucleotide sequences were
aligned via the MEGA X program [21] using the Muscle
algorithm, adhering to the standard parameters. Through
this alignment, we manually selected the most divergent
regions between the two viruses and the most conserved
regions of the genomes from among strains of the same
virus.

Oligonucleotides

The sequences of the primers and probe for POWV
detection via RT-qPCR are shown in Table 2. All
oligonucleotides used in the work were synthesized by
«Syntol» (Russia).

For the specific detection of TBEV strain EK-328 in the
mixture, the RT-qPCR test system developed earlier [18]
was used (Table 3).

Table 4 shows the oligonucleotide sequences used
to amplify large regions of the POWYV (strain Pow-24)
genome and TBEV (strain EK-328) genome via RT-PCR.

RNA isolation and reverse transcription

TRI Reagent LS (#T3934, Sigma-Aldrich, USA)
was used to isolate RNA from samples according to
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Table 2. Oligonucleotides for detection of Powassan virus via RT-qPCR

OPUTUHAJbHbBIE NCCNEAOBAHUA

Tadauna 2. OnuronykiaeoTuasl 1 nerekun supyca I[loBaccan merogom OT-IT1P-PB

Name Sequence Type Position in the genome*, nt
Hassanue ITocienoBaTeabHOCTD Tun Tlo3unus B reHOME™, HT
PowTestF 5°-CCTTCACATGAGAGGGCGTC-3 E"rwarﬁi 351-370
pAMon
PowTestR2 5°-CGTGACGCAAGAGTAGGTGA-3’ Reverse 572-591
OO6parHblii
Pow_TestProbe R6G-GCGGGCCAGTGGAAGGGACGC-BHQ-1 gﬁ)o:; 474494
Pow 681~ 5-AGACCTTTTCCCCCTAGAT-3’ [ommer for RT 687-705
- paitmep i OT

Note. * — genome positions are given for the strain Pow-24 (MG652438).

IIpumevanue. * — HO3UIUK B TCHOME yKa3aHHI 110 mramMmy Pow-24 (MG652438).

Table 3. Oligonucleotides used for the amplification of TBEV and poliovirus in RT-qPCR
Taénauua 3. OnuronykieoTuasl, 3aaeiictBopannsle 11 ammdukauu BKO u nomosupyca 8 OT-IILIP-PB

Oligonucleotide Sequence Type Position in the genome, nt
ONUTroHYKI€0TH]| ITocnenoBareabHOCTh Tun Tlo3unus B reHoMe, HT
1. TBEV*
1. BKD*
TBEL1 5*-TCTGAGGGAGACACACTTGG-3’ E‘;:ngg 7672-7691
TBERI 5°-GTGCGCCTGTAAACAAAGAA-3’ o%;:;;iem 7735-7754
TBEP1 FAM-TCCTTGGTGCAGCTGTTCAGCC-BHQ-1 gr;f; 7709-7730
GTBIR 5°-CCATTCCGGCTCTGAACTTG-3° Primer for RT 8037-8056
IIpaiimep ms OT
2. Poliovirus**
2. IlomoBupyc**
PVLI 5°-GGCAGACGAGAAATACCCAT-3’ %‘;r::ftfg 7121-7140
PVRI 5-CGAACGTGATCCTGAGTGTT-3’ O%;;jfflﬁ 7209-7228
PVPI ROX-TTGATTCATGAATTTCCTTCATTGGCA-BHQ-2 g?}'f; 7159-7185
PVRI 5°-CGAACGTGATCCTGAGTGTT-3’ Primer for RT 7209-7228
IIpaiimep qs OT

Note. * — genome positions are listed by strain EK-328c (MH094241); ** — genome positions are listed according to [18].

Ipumeuanue. ¥ — o3uIMK B reHOMe ykasaHbl 1o mrammy EK-328c (MH094241); ** — mo3uumu B TeHOME yKa3aHbl B COOTBETCTBHH ¢ [18].

the manufacturer’s protocol. Briefly, 375 pl of TRI
Reagent LS was added to 125 pl of the sample. Internal
control (IC) (poliovirus, 8 x 10* copies) and 1 pg of total
RNA from PEK cell culture were added to normalize
the amount of total RNA in each sample during RT-
gPCR [22]. RT was performed using MMLV reverse
transcriptase (#SK022L, «Evrogen», Russia) according
to the manufacturer’s protocol. The primers used in the
RT reaction are presented in Table 2 and Table 3 for each
virus. An RT reaction was carried out for TBEV (POWYV)
and IC in the same tube. A random hexamer primer (R6)
was used in the RT reaction to test for the presence of
orthoflaviviruses in the sample.

To determine optimal oligonucleotide amplification
conditions for sequencing large regions of the POWYV and
TBEV genomes, the primers Pow3668 and Kgg 30 were

used in an RT reaction to generate POWYV complementary
DNA (cDNA) and TBEV c¢DNA, respectively. The
sequences of these primers are presented in Table 4.

Polymerase chain reaction

PCR was performed in DNAEngine (BioRad, USA)
using DreamTaq DNA polymerase (#EP0701, Thermo
Fisher Scientific, Lithuania) according to the manufactur-
er’s protocol. Reaction cycle: 1) denaturation for 30 sec-
onds at 95 °C; 2) annealing of primers for 30 seconds at a
temperature selected separately for each pair of primers;
and 3) elongation at 72 °C for an experimentally selected
time for each pair of primers. This reaction cycle was re-
peated 40 times during the PCR. Before starting the PCR,
pre-denaturation was performed at 95 °C for 10 minutes.

Orthoflavivirus amplification was carried out using
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Table 4. Primer pairs designed to distinguish POWYV and TBEV in a mixture using RT-PCR
Taodauma 4. [Tapsr npaiimepos, mogodpannsie s uddepennmanuu [IOBB 1 BKD B cmecu metonom OT-TILP

Group Oligonucleotide Type of primer Position in the genome, nt
I'pynna OIHrOHYKICOTH] Tun npaiimepa [lo3umus B reHome, HT
Primers for Powassan virus*
[paiimeps! 1uist Bupyca [ToBaccan™
Kgg 65 f Forward - 16%*
I 5’-AGATTTTCTTGCACGT-3’ Ipsimoi
Disc_Pow 919r Reverse 901-917
5’-GGCCCTAGACTCAACGC-3’ OOpatHbIii
Disc_Pow 852f Forward 817-834
1 5’-AACAAGCTTCTAACTGCC-3’ [psimoii
Disc_Pow 1889r Reverse 1871-1890
5’-GCTGTCCACAGGAACTCTCT-3’ OOpatHblii
Disc_Pow 1782f Forward 1747-1764
I 5’-GCCAGTGTGGAGGGCCAG-3’ [psimoii
Disc_Pow 2669r Reverse 2651-2668
5’-CTTCTCCCTCACTCAGCA-3’ OOpatHbIii
Pow3668 Primer for RT 3632-3650
5’-CGCACGATCTCCTCCACTC-3’ Ipaiimep st OT
Primers for tick-borne encephalitis virus***
IIpaiiMepsl Ul BUpyca KISMEeBoro sHuedamura***
Kgg 65 f Forward 1-16
" 5’-AGATTTTCTTGCACGT-3’ [psimoii
Disc_ EK 930r Reverse 946-962
5’-GGAGCCAGGCAGAAGAG-3’ OOpatHbIii
Disc_EK 863f Forward 862-879
I 5’-AACAAACTACTTGCCCTG-3’ Ipsimoii
Disc_EK 1900r Reverse 1916-1934
5’-CTATCTGTTGGAGTCCGCC-3’ OOpatHbIii
Disc_EK 1793f Forward 17921809
I 5’-GCGCACATTGATGGAACA-3’ [Mpsimoii
Disc_EK 2677r Reverse 2693-2710
5’-CGTCTCCCTCTGCCAAGG-3’ OG6paTHbIi
Kgg 30 Primer for RT 33493367
5’-TGGTGCTCCTCACAGAAGC-3’ [paiimep s OT

Note. * — genome positions are given for the strain Pow-24 (MG652438); ** — the position is indicated according to the L06436 genome; *** — genome

positions are given for the strain EK-328c (MH094241).

IIpumeyanne. * — HO3UIMK B TEHOME yKa3aHbl 110 mTamMmy Pow-24 (MG652438); ** — no3unus ykazana o reromy L06436; *** — no3unuu B reHome

ykazansl 1o mramMmmy EK-328c (MH094241).

panflaviviral primers cFD2 (5’-GTGTCCCAGCCGGC-
GGTGTCATCAGC-3’) and MAMD (5’-AACATGATG-
GGRAARAGRGARAA-3’) [23] to test for the presence
of viruses in the sample. The reaction cycle is shown in
Table 5.

Polymerase chain reaction with real-time detection

gPCR was performed on a C1000 Thermal Cycler us-
ing #KG2532 strips (Kirgen, China) and a CFX96 Re-
al-Time System (BioRad, USA) for fluorescent signal
detection. The reaction mixture used for the TBEV or
poliovirus systems included 2,5 pul ANTP (2,5 mM), 2,5
ul 10x buffer, 2,5 pl MgCl, (25 mM), 2 ul each of for-
ward and reverse primers (5 pmol/ul), 1 pl of the probe
(5 pmol/ul) (Table 3), 10,25 ul ddH, O, 0,25 ul SynTaq
polymerase (5 units/ul), and 2 pl of the analyzed sample.
For the POWYV system, the composition described above
was used, but the amount of MgCl, added was 1,875 pl,
and the amount of ddH,O added was 10,875 pl. The prim-
ers and probe for POWYV are indicated in Table 2. Re-
agents for the qPCR (#R-412) were provided by «Syntol»
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Table 5. Amplification program for PCR with universal orthoflavivirus
primers

Taomuua 5. Hukn ammundukamun st [TUP ¢ yHuBepcansHbIMH
npaiiMepaMu Uit OpTo(IIaBUBUPYCOB

Instruction
Wuctpykims

Hold, 95 °C, 8 min
Hold, 95 °C, 20 seconds
Hold, 53 °C, 40 seconds

Hold, 72 °C, 1 min

Goto 2, 39 times

Hold, 72 °C, 7 min

Amplification step
Oran ammnpuKaInn

(o)W IO, T (R ~NU (S 5 B NS 2% B

(Russia). The reaction cycles for TBEV and poliovirus
are shown in Table 6. Reaction cycle for POWYV: 1) dena-
turation for 15 seconds at 95 °C; 2) annealing of primers
and probe for 40 seconds at 63 °C with plate read. This re-
action cycle was repeated 40 times during the qPCR. Be-
fore starting the qPCR, pre-denaturation was performed
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Table 6. RT-qPCR amplification program for TBEV or poliovirus

Tadauna 6. Llnxn ammumdukanmnm s BKD wnmn nonmmosupyca
B OT-IIL[P-PB

Instruction
Wuctpyknus

Hold, 95 °C, 5 min
Hold, 95 °C, 15 seconds
Hold, 60 °C, 45 seconds

Plate read
Goto 2, 39 times

Amplification step
Otan aMIMQpuKanuu

(O, [ N IROS I I O 2

at 95 °C for 3 minutes. The obtained data were analyzed
using the Bio-Rad CFX Manager 3.1 program.

Sample preparation for Sanger sequencing
and bioinformatics analysis

First, analytical electrophoresis was conducted in 1,7%
agarose gel on TAE buffer with the GeneRuler 100 bp
Plus DNA Ladder marker (#SM0321, Thermo Fisher
Scientific, Lithuania). Then, preparative electrophoresis
was carried out in 1% agarose gel. Bands of the required
lengths were cut for subsequent DNA extraction using
the QIAquick Gel Extraction Kit (#28706, QIAGEN,
Germany) according to the manufacturer’s protocol.

The DNA was sequenced with the ABI PRISM
BigDye Terminator v. 3.1 reagent kit (#4337454,
Thermo Fisher Scientific, Lithuania), using the ABI
PRISM 3500 (Applied Biosystems, USA) automated
DNA sequencer. Chromatographic analysis was
performed using the SeqMan v. 7.0.0 program from the
DNAStar software package.

Preparation of standard samples of Powassan virus RNA

The primers BHT7PowF (5’-ATGACTGGATCCTA-
ATACGACTCACTATAGGAGATTTTCTTGCACGT-
GT-3’) and Pow 1116r (5’-AGGCAGTATTCTCTG-
GTTTC-3") were used to amplify Powassan virus cDNA
in PCR. The PCR product was purified using the QIAquick
Gel Extraction Kit (#28706, QIAGEN, Germany). Then,

OPUTUHAJbHbBIE NCCNEAOBAHUA

the PCR product was subjected to in vitro transcription
using T7 RNA polymerase (#EPO111, Thermo Fisher Sci-
entific, Lithuania) according to the manufacturer’s proto-
col. The obtained RNA was purified in a 5-20% sucrose
density gradient. The concentration of purified RNA was
determined using a SmartSpec Plus spectrophotometer
(BioRad, USA), and the fraction with the highest RNA
concentration was selected. This fraction’s RNA was iso-
lated using TRI Reagent LS (#T3934, Sigma-Aldrich,
USA), and final RNA concentration was measured.
Then 10-fold dilutions were prepared and used as stan-
dards for RT-qPCR.

Results

Differentiating primer system for RT-qPCR

The PowTestF and PowTestR2 primers and the Pow
TestProbe probe (Table 2) for POWV were designed
based on the alignment of the genome sequences of
several strains of POWYV and several strains of TBEV
(Table 1, Fig. 1).

Testing the specificity of primers detecting Powassan
virus

Six strains of TBEV belonging to the European,
Siberian, Far Eastern and two Baikalian subtypes, as
well as other orthoflaviviruses (WNV, JEV and LIV)
that occur in the same area as POWYV, were used to test
the specificity of the primers via the RT-qPCR method.
The presence of viruses in the samples was confirmed
(Fig. 2) using the universal orthoflavivirus primers cFD2
and MAMD [23]. The same viruses and negative controls
were then tested using RT-qPCR, with the primer pair
PowTestF/PowTestR2 and the probe Pow_TestProbe.
This testing confirmed that developed RT-qPCR system
specifically amplified POWYV, with no detection of other
viruses or negative controls (Fig. 3).

Obtaining standards for RT-qPCR

Standard samples with known amounts of POWV
RNA were prepared as described above. They were
subsequently utilized to create a calibration curve

Fig. 1. Fragments of the alignment of genome sequences of several strains of Powassan and tick-borne encephalitis viruses with the primers
(PowTestF — blue frame, PowTestR2 — red frame) and probe (Pow_TestProbe — green frame) marked on it.

Puc. 1. ®parMeHTsI BEIpaBHUBAaHNS TEHOMHBIX MOCIIEIOBATENBHOCTEH HECKOIBKHX IITaMMOB BupycoB IloBaccaH u kiemieBoro sHiedanuTa
¢ ormeueHHbIME Tpaiimepamu (PowTestF — cunsts pamxa, PowTestR2 — kpacnast pamka) u 3oa10M (Pow_TestProbe — 3enenas pamka).
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and used to determine the sensitivity of the method.
The lowest amount of cDNA that was detected during
amplification in RT-qPCR was taken as the system’s
limit of sensitivity, which was 10* copies/sample. The
amplification efficiency was 99,2% (2= 1) (Fig. 4).

Fig. 2. Gel electrophoresis (with inversion) of PCR products of
orthoflavivirus samples with panflavivirus primers.
1 — POWV (Pow-24), 2 — TBEV (EK-328), 3 — TBEV (DV-936k), 4 — TBEV
(SofjinKGG), 5 — TBEV (Absettarov), 6 — TBEV (178/79), 7— TBEV (886/84),
8 — WNV (Hp-90), 9 — JEV (JaGAr 01), 10 — LIV (S1), 11 — k (culture fluid),
12 — k (brain suspension). M — marker. Size of target products = 250 bp.
Puc. 2. T'enb-anexrpodopes [MIIP-mpoaykToB mpoo, comepKranmux
OpTO(IaBUBHPYCHI, C TAH(PIABUBAPYCHBIMHU TIPaiMEpaMH.
1 - TIOBB (Pow-24), 2 — BK? (EK-328), 3 — BKD (DV-936k), 4 — BKD
(SofjinKGG), 5 — BKD(Absettarov), 6 —BKD (178/79), 7 —BKD (886/84),
8—WNV (Hp-90), 9 -JEV (JaGAr 01), 10— LIV (S1), 11 —x (xynbeTypasbHast
KHUIKOCTB), 12 — K~ (Mo3roBast cycnensusi). M — mapkep. Pasmep neneBbix
mpoxykToB = 250 bp.

The developed system included internal control. We tested
the POWYV system in the RT reaction using two variants:
for the first variant, the RT reaction for POWYV and IC was
carried out simultaneously in the same tube; the second
reaction was conducted in two separate test tubes. We found
no differences in sensitivity under these conditions.

Testing the specificity of amplification in the presence
of another virus

We developed a system for the quantitative measurement
of POWYV and the quantitative ratio of POWYV to TBEV
in mixed samples. For this reason, we propose the use of
the POWYV system presented in this article and the TBEV
system described earlier [ 18]. We studied the effect of the
presence of TBEV on the detection of the POWYV amount
and vice versa.

To test the specificity of the primers for each of the systems,
samples containing the following amounts of virus(es) were
used: 1) 107 copies/ml of the target virus; 2) 107 copies/
ml of the target virus + 107 copies/ml of the heterologous
virus; 3) 10° copies/ml of the target virus; 4) 10° copies/
ml of the target virus + 107 copies/ml of the heterologous
virus; and 5) 107 copies/ml of the heterologous virus. No
amplification was observed in samples containing only
a heterologous virus. Moreover, the number of copies
of the target virus was the same regardless of whether a
heterologous virus was present in the sample (Table 7).

Thus, testing the primers for POWYV and TBEV shows
that the presence of another virus in the mixture does
not distort the measurement result, which allows us
to accurately determine the amount of one virus in the
presence of another.

Selection of oligonucleotides for amplification of large
regions of POWV and TBEV genomes via RT-PCR

In addition to virus quantification, the ability to
sequence the structural region of a genome is useful
for phylogenetic analysis of orthoflaviviruses. Primer
sequences (Table 4) for the amplification of large

Fig. 3. RT-qPCR of orthoflaviviruses with primers PowTestF/PowTestR2 and probe Pow_TestProbe.

Blue lines (A, B) — two replicates of the sample containing POWV; lines beyond the threshold (B) — strains of TBEV (EK-328; DV-936k; SofjinKGG; Abset-
tarov; 178/79; 886/84), other orthoflaviviruses (WNV (Hp-90), JEV (JaGAr 01), LIV (S1)) and k.

Puc. 3. OT-IILIP-PB oprodnaBuBupycos ¢ npaiimepamu PowTestF/PowTestR2 n 3oun0M Pow_TestProbe.

Cunnn nunnu (A, B) — 1Be noBropHoctH npo6, conepxanmx [IOBB; kpuBble, Haxoasiuecs nox moporosoi auuueit (B) — mrammer BKO (EK-328; DV-936k;
SofjinKGG; Absettarov; 178/79; 886/84), npyrue opropnasusupycsl (WNV (Hp-90), JEV (JaGAr 01), LIV (S1)) n k.
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Fig. 4. Calibration curve for the quantitation of Powassan virus cDNA.
Puc. 4. KamnbposouHast kprBas 1 KonmdecTseHHoro onpenenenns k/IHK Bupyca IToaccan.

Table 7. Results of the amplification of samples containing one virus or a mixture of viruses in different concentrations

Taéauua 7. Pesynbrarsl ammindukanuy npod, conepikalmx OUH BUPYC WM CMECh BUPYCOB B Pa3JIMYHBIX KOHLIEHTPALUAX

Sample
IIpo6a

log copies/mL*
log xommit/mir*

POWYV detection system
Cucrema aerexuuu [IOBB

2 x 107 copies/mL POWV

2 x 107 xoruit/mn IIOBB 7.08 +£0.65
2 % 107 copies/mL POWV + 8 x 107 copies/mL TBEV 6.7+ 0.88
2 x 107 kormmii/min ITOBB + 8 x 107 xommii/ma BKD ' ’

2 x 10° copies/mL POWV

2 x 10° xonuit/mn IIOBB 5.08 £0.60
2 x 10° copies/mL POWYV + 8 x 107 copies/mL TBEV 4824150

2 x 10° xoruii/min ITOBB + 8 x 107 konuit/ma BKD

8 x 107 copies/mL TBEV
8 x 107 xorwii/mir BKD

No signal detected
Her curHasna nerexuuu

TBEV detection system

Cucrema nerexkuun BKD
8 x 107 copies/mL TBEV
8 107 xormuii/sn BKD 7.56+0.30
8 x 107 copies/mL TBEV + 2 x 107 copies/mL POWV 7474013
8 x 107 kormii/mit BKD + 2 x 107 xorumii/mi [IOBB ’ )
8 x 10° copies/mL TBEV
8 x 10° kormit/mn BKD 3.51+0.14
8 x 10° copies/mL TBEV + 2 x 107 copies/mL POWV 543+ 0.09

8 x 10° konwmii/mi BKD + 2 x 107 xormii/min IIOBB

2 x 107 copies/mL POWV
2 x 107 xoruit/mn IIOBB

No signal detected
Her curnana nerexunu

Note. * — three repetitions were performed. The values are given in the format AVERAGE + CONFIDENCE.T.

Ipumeuanue. ¥ — ObUTH BHITOJHEHBI TPU MIOBTOPHBIC aMIunuKaiuy. 3HaueHus npuseneHs! B popmare «CP3HAY + JIOBEPUT.Ty.
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regions of the POWYV and TBEV genomes were selected
manually according to an alignment of the genomes of
several POWYV and TBEYV strains.

Selected oligonucleotides (schematically shown in
Fig. 5) were designed to amplify three overlapping PCR
products for use in the sequencing of the whole structural
part of the genome.

The sample variants used for system optimization are
presented in Table 8.

Each pair of analyzed oligonucleotides (Table 4) was
tested in PCR with the above-mentioned samples. Sanger
sequencing was used to confirm the specificity of ampli-
fication. We selected the annealing temperature (Tm) and
elongation time at which the oligonucleotides specific to
POWYV did not amplify the TBEV genome and vice versa
(Fig. 6). The Tm for oligonucleotides of groups I and II
varied from 47 to 53 °C; and for oligonucleotides of group
II1, this varied from 50 to 57 °C. The elongation time was
initially 1°30”. For group I oligonucleotides, the elonga-
tion time was optimized due to the presence of non-specific
bands at the standard elongation time (Fig. 7). All bands of
target length were verified by Sanger sequencing.

As a result of our experiment, optimal amplification
conditions were selected for each group of oligonucle-
otides, which are presented in Table 9.

Under optimal conditions, amplification with primers of
groups II and III allowed us to obtain only the target virus.
Amplification of the target virus using primers of group I is

observed when the virus is present in the mixture. However,
when target virus is not present, low-level amplification of
a heterologous virus can be observed (Fig. 6, group I: A —
well 2, B — well 1). It is likely due to the same primer at
the 5” end (Kgg 65 f) being used for both systems, since the
sequences of the POWYV and TBEV genomes in this region
are very similar; therefore, it is impossible to select another
primer that would distinguish these viruses. It is important
to note that the oligonucleotides used in the RT reaction
for both POWYV and TBEV are not discriminatory. When
a heterologous primer is used for RT, accumulation of the
target virus PCR product is detected (Fig. 6, well 4 for all
A and well 3 for all B).

Discussion

Currently, many systems and commercial kits identify
TBEV and POWYV. However, in most cases, the primers
in these systems are selected for conserved regions of
orthoflaviviruses, which can lead to false-positive results.
To our knowledge, there are no specialized systems for the
differential detection of TBEV and POWYV in a mixture.

The objective of this study was to develop a test system
for monitoring and molecular epidemiology of POWYV.
Primers in existing test systems for detecting POWV
often target the most conserved region of the orthofla-
vivirus genome — the non-structural protein NS5 [9].
However, for the stated purposes, this region of the ge-
nome is unsuitable, since primers from this region may

Fig. 5. Schematic representation of the selected primer sets for POWYV and TBEV according to the genomes.
Puc. 5. Cxemarnunoe nzobpaxxenue nmogodpanusix rpyni npaiimepos a1t [IOBB u BKD B cooTBeTcTBUE ¢ reHOMaMH.

Table 8. The cDNA samples used in the PCR with the oligonucleotide pairs under study

Taomuua 8. O6pasust K IHK, ucnonssyemsie B [P ¢ ucciaeayeMpiMu mapamMmu OJUTOHYKICOTHIOB

Ne Sample name Sample preparation
B Haspanue npo6st IIpo6omoaroroBka
1 POWYV cDNA POWYV RNA (Pow3668 in RT)
x/IHK TIOBB PHK ITOBB (Pow3668 B OT)
5 TBEV cDNA TBEV RNA (Kgg 30 in RT)
k/IHK BKD PHK BKD (Kgg 30 8 OT)
3 cDNA of virus mixture (POWV + TBEV) 1 POWYV RNA + TBEV RNA (Pow3668 in RT)
k/IHK cmecu Bupycos (IIOBB + BKD) 1 PHK I[TOBB + PHK BK3 (Pow3668 B OT)
4 c¢DNA of virus mixture (POWV + TBEV) 2 POWYV RNA + TBEV RNA (Kgg 30 in RT)
kJIHK cmecu Bupycos (IIOBB + BKD) 2 PHK ITOBB + PHK BK3 (Kgg 30 8 OT)
POWYV RNA (Pow3668 in RT) + TBEV RNA (Kgg 30 in RT)
5 POWYV cDNA + TBEV ¢cDNA 1:1
kJIHK TTOBB + kIHK BKD PHK IIOBB (Pow3668 B OT) + PHK BKD (Kgg 30 8 OT)
1:1
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Fig. 6. Gel electrophoresis of PCR products of POWYV ¢cDNA, TBEV ¢DNA, and mixtures of these viruses with the analyzed primers of three
groups.
A —PCR products with POWYV primers; B — PCR products with TBEV primers. Designations: | —POWYV ¢DNA; 2 — TBEV ¢cDNA; 3 — ¢cDNA of virus mixture 1;
4 — cDNA of virus mixture 2; 5 — POWYV ¢cDNA + TBEV ¢cDNA; M — marker; k™ — negative control. The red arrow indicates the products of the target length.

Puc. 6. I'enp-anexrpodopes npoxykros I[P x/IHK ITOBB, kIHK BKD un cmeceit 3Tux Bupycos
C aHAJIU3MPYEMBIMHU IIpaiMepaMH TPEX TPyIIIL.

A — mpoxyxrs! I[P ¢ nmpaiimepamu Ha IIOBB; B — mpomyxrs! IT1P ¢ npaiimepamu na BKD. O603nauenus: 1 — kJHK TIOBB; 2 — kJHK BKD; 3 — k/IHK cmecu
Bupycos 1; 4 —kIHK cmecu Bupycos 2; 5 — kJHK IIOBB + x/IHK BK3; M — mapkepbl; K~ — OTpULIaTeIbHbII KOHTPOJb. KpacHoii cTpenkoil yka3aHbl IPOILYKThI
TapTeTHON JUTHHBL.

Fig. 7. Gel electrophoresis of PCR products of TBEV cDNA, POWYV c¢DNA, and a mixture of these viruses with the analyzed primers
of the first group.

Wells 1-10 — PCR products with primers for TBEV; well 11 — marker GeneRuler DNA Ladder Mix (#SMO0333, Thermo Fisher Scientific, Lithuania); wells

12-21 — PCR products with primers for POWV; wells 10 and 21 — negative controls. Samples 1, 2, and 3 contain TBEV ¢cDNA with a Tm 0f 47, 49.6, and 53 °C,

respectively; samples 4, 5, and 6 contain POWYV ¢DNA with the same Tm; samples 7, 8, and 9 contain a mixture of TBEV and POWYV c¢DNAs with the same Tm.

Samples 12, 13, and 14 contain POWYV ¢DNA with a Tm of 47, 49.6, and 53 °C, respectively; samples 15, 16, and 17 contain TBEV cDNA with the same Tm;
samples 18, 19, and 20 contain a mixture of TBEV and POWV ¢DNAs with the same Tm. The red arrow indicates the target length products.

Puc. 7. I'enp-anexrpodopes [ILP-mporykros kIHK BKD, kIHK [TOBB u cmecu 3THX BHPYCOB C aHAIM3UPYEMBIMH IIpaiiMepaMu epBoit
IpYIIIBL.

Jlynku 1-10 — ILP-npoxyxTsl ¢ npaiimepamu Ha BKO; nyuka 11 — mapkep GeneRuler DNA Ladder Mix (#SMO0333, Thermo Fisher Scientific, JIuta); ayHku

12-21 — IIP-npoxyxTsl ¢ mpaiimepamu Ha IIOBB. JIynku 10 u 21 — orpunarensasie koHTpoaH. [Ipo6s! 1, 2 u 3 comeprkar K JHK BKD ¢ Tm =47; 49,6 u 53 °C,

COOTBETCTBEHHO; P00k 4, 5 1 6 conepxar k/ITHK TTOBB ¢ Temu sxe Tm; npo6sr 7, 8 u 9 coaepxar cmecs k/IHK BKD u I1IOBB ¢ Temu sxe Tm. [Tpo6sr 12, 13

u 14 conepxar k/IHK TIOBB ¢ Tm = 47; 49,6 u 53 °C, cootrBeTcTBeHHO; poObI 15, 16 1 17 coneprxkar kJJHK BKD ¢ Temu sxe Tm; npo6sr 18, 19 u 20 conepixar
cmech k/IHK BKD u I[TOBB ¢ temu ke Tm. KpacHoit cTpenkoii ykazaHbl IPOAYKTbI TAPTETHOM JAJTHHBI.

amplify both POWYV and TBEV. Based on in silico data
from [9], test systems targeting the NS5 protein showed
good results both in detecting all POWYV lineages and
in detecting each lineage separately. The same study [9]
showed that test systems targeting structural proteins
E and C are likely to be lineage-specific. Our RT-gP-

CR test system is focused on lineage I POWYV, which is
widespread in the Russian Far East, where mixed foci
of POWV and TBEV are present [16]. The developed
system shows specificity, with no false-positive signals
in RT-qPCR with different subtypes of TBEV or other
orthoflaviviruses (WNYV, JEV, LIV). This enables rapid
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Table 9. Amplification conditions with oligonucleotides for sequencing of large regions of the POWV and TBEV genomes

Tadauua 9. Yenosus aMmiUKaMU OJTUTOHYKJICOTUIOB JUIsl CEKBEHHUPOBaHUs O0NbIIHMX y4yacTkoB reHoMos IIOBB n BKO

Primer group Belonging to the virus Oligonucleotides Trm. °C Elongation time
I'pynna npaiimepos IIpunanne:xHOCTh BUpYyCYy OIUrOHYKICOTUIBI ’ Bpewms anoHranuu
Ny Keg65f-Disc_Pow 919r 50
I 30”7
TBEV .
BKD Kgg65f-Disc EK 930r 53
]ﬁ%\g]\; Disc_Pow 852f—Disc_Pow 1889r
II 47 1’307
Ty Disc_EK 863f-Disc_EK 1900r
A Disc_Pow 1782f-Disc_Pow 2669r 57
I 1’30~
TBEV . .
BKD Disc_EK 1793f-Disc_EK 2677r 52
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