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varicella-zoster viruses by multiplex real-time PCR assay
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State Research Center of Virology and Biotechnology "VECTOR", Koltsovo, Novosibirsk Region, 630559, Russia

ABSTRACT

Article history: A method of one-stage rapid detection and differentiation of epidemiologically important variola virus

Received 9 February 2016 (VARV), monkeypox virus (MPXV), and varicella-zoster virus (VZV) utilizing multiplex real-time TagMan

iiiem 'Z“S’Je"l‘sez‘:):‘(’;"" 23 July 2016 PCRassay was developed. Four hybridization probes with various fluorescent dyes and the corresponding
e uly

fluorescence quenchers were simultaneously used for the assay. The hybridization probes specific for the
VARV sequence contained FAM/BHQ1 as a dye/quencher pair; MPXV-specific, JOE/BHQ1; VZV-specific,
TAMRA/BHQ2; and internal control-specific, Cy5/BHQ3. The specificity and sensitivity of the developed
method were assessed by analyzing DNA of 32 strains belonging to orthopoxvirus and herpesvirus species.

© 2016 Elsevier B.V. All rights reserved.
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1. BEIVAINAEERE T ST IV L PCR DHEETSE ELI-3CHK

Primer and Probe

Primer Sequence (5-3")

VARV B12R upper |ATGTTCAAGCTGTTAATATCAATCTCG
VARV B12R lower |TTTGCCACTGAACCATTCTATCAT

MPXV F3L upper  |CATCTATTATAGCATCAGCATCAGA
MPXV F3L lower  |GATACTCCTCCTCGTTGGTCTAC
VZV ORF38 upper |AAACCGCACATGATAACGC

VZV ORF38 lower  |GATTAGGACCATCCCCCG

Probe Sequence (5'-3")
VARV B12R probe [FAM-CTGTCGGAGCCACAGTTTCGAGACG-BHQ1

MPXV F3L probe  |HEX-TGTAGGCCGTGTATCAGCATCCATT-BHQ1
VZV ORF38 probe  [TexasRed-ACAATGAGTAGTGGCTTTATGGCGAG-BHQ3
VARV-1C. probe  [Cy5-TTGCTTGTCGTGCTCGTATCGTCC-BHQ3

2. ZZ5I14ILANVARY), HILEDAILAMPXV), KE -TIRBEBIAILANVZV) DR FELFEHRHT
5TS54MI—ELVTO—T DEFIESAN)L, HEMEIO—)ILOTO—T DEFIESN)L
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DNA standards (PCR product)

Standard DNA Sequence (5'-3")
GATCATGTTCAAGCTGTTAATATCAATCTCGATAAACG
TGAACAGGCTGTCGGAGCCACAGTTTCGAGACGAGGA
GATTTAGAAATGTTGGGATTATTGCATGATAGAATGGT
TCAGTGGCAAATCGA
GATCCATCTATTATAGCATCAGCATCAGAATCTGTAGG
MPXV F3L (79 bp) |CCGTGTATCAGCATCCATTGTCGTAGACCAACGAGGA
GGAGTATCTCGA
GATCTAAATATAACCTCGTCCGCAAAAAAAACCGCACA
TGATAACGCGCGGATACAATGAGTAGTGGCTTTATGGC
GAGGATCCCAAATGTCCATTACCCGGGGGATGGTCCT
AATCTTCGA
GATCATGTTCAAGCTGTTAATATCAATCTCGATAAACG
VARV B12R-1.C. (119]TGAACAGGTTGCTTGTCGTGCTCGTATCGTCCAGGAG

bp) ATTTAGAAATGTTGGGATTATTGCATGATAGAATGGTT
CAGTGGCAAATCGA

VARV B12R (120 bp)

VZV ORF38 (89 bp)

3. ALERLIEBEIMILADRASS —K DNA B L UERRHE I ~O—)LDEEF
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Reatcion setup

primer probe Mix 1 primer probe Mix 2
per reaction final conc. per reaction final conc.

VARV upper primer 0.15uL 300nM 0.TuL 200nM

VARYV lower primer 0.15uL 300nM 0.1uL 200nM

MPXV upper primer 0.15uL 300nM 0.TuL 200nM

MPXV lower primer 0.15uL 300nM 0.1uL 200nM

VZV upper primer 0.15uL 300nM 0.1uL 200nM

S0uM VZV lower primer 0.15uL 300nM 0.1uL 200nM

VARY probe (FAM) 0.125uL 250nM 0.1uL 200nM

MPXV probe (HEX) 0.125uL 250nM 0.TuL 200nM

VZV probe (TexasRed)| 0.125ulL 250nM 0.1uL 200nM

VARV-LC. probe (Cy5)| 0.125uL 250nM 0.1uL 200nM
primer probe mix total 1.4ul 1.0uL
2 x QuantiTect probe PCR Mix 12.5ul 12.5uL
H.O 8.1uL 8.5uL
Standard DNA or sample DNA 3.0uL 3.0uL
Total 25.0uL 25.0uL

PCR condition

95°C 10 min
95°C 15 sec
63°C 60 sec

45 cycles
| 31c | 30 sec

4. )7 )L3A L PCR DRI HEDHAER WSS
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1.800
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Cycle

primer probe Mix2

primer probe Mix2

primer probe Mix2

5. YT ILBA L PCRIZEITHFMAZ A —E DNA £ (R) £ T FIL D& (EEh LY 1 7LD

3.000 o ———gEEEEe
- — -
2.500 VARV-|.C. 19,/, "
”
7”7 .
g 2.000 (Cy5) Y Al MY ’
g 70 700 / [ be Mix2
g 1.500 77, 10 / primer probe Mix
5 7 7y 102 /
= 7 /
T 1.000 7 107
/7 / / A0
0.500 Poip / 70100
., / /
0.000 2200 LA A -zl NC
4.00 8.00 12.00 16.00 20.00 24.00 28.00 32.00 36.00 40.00 44.00
Cycle
primer probe Mix1 primer probe Mix2
Cq Cq
. VARV MPXV vzv VARV-1C ) VARV MPXV vzv VARV-1C.
copies (Log10) copies (Log10)
FAM HEX Texas Red Cyb FAM HEX Texas Red Cyb
5 188/18.7 19.41/19.87 | 2331/2302 | 1877,/1882 6 18.39/1848 | 1951/1944 | 23.46/2358 | 1845/1854
5 26.44/2227 | 2706/2317 | 2986/262 22021/222 5 2196/2192 | 2285/2281 | 265/2657 | 2192,/2197
4 2575/2578 | 2668/2667 | 29.48/2933 | 2566/2573 4 2553/2551 | 2628/263 | 297/2969 | 0547/2543
3 29.34/2922 | 30.04/3008 | 329/32.81 | 29.13,/2903 3 28.88/29.12 | 29.89/2989 | 33.13/3334 | 2906,2885
2 32.71/3279 | 3352/3331 | 37.14/36.39 | 3289,/3259 2 32.31/326 | 3269/3325 | 3654/36.79 32/3226
1 36.65/36.74 | 3804/3821 | 40.34/3884 | 3587,/3633 1 36.28/3505 | 36.43/40.14 | 3991/4039 | 3536,/36.44
0 387/4054 | 3899/(-) /() )/ (=) 0 38.16/(-) 375/(-) V(=) 4212/(-)

6. ZEEM O PO—)LOFRMNE (KH) E9FILDRE GE8hF Y1 2)LE), CtiE
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K1 BEIVIFUOEBRDYILEIAINART LMk

Sample Vaccin Day after Ant- Mg::(ley Sample Vaccin ;?eyr Anti- M:\nnlzayp
D R vaccinati NYCBH DX D R vaccin NYCBH
on  PRNTs0  poNTs aion | RNTSO pRNT
HS001 LC16 0 <10 <10 HS031 Dryva 0 <10 <10
HS002 m8 30 320 23 HS032 X 30 320 150
HS003 Dryv 0 <10 <10 HS033 Dryva 0 20 <10
HS004 ax 30 320 157 HS034 X 30 1280 192
HS005 LC16 0 10 <10 HS035 LC16 0 10 <10
HS006 m8 30 320 <10 HS036 m8 30 320 64
HS007 LC16 0 <10 <10 HS037 LC16 0 <10 <10
HS008 m8 30 320 123 HS038 m8 30 640 <10
HS009 Dryv 0 <10 <10 HS039 LC16 0 20 19
HS010 ax 30 1280 <10 HS040 m8 30 640 120
HS011 LC16 0 <10 <10 HS041 LC16 0 <10 <10
HS012 m8 30 320 138 HS042 m8 30 640 155
HS013 LC16 0 <10 <10 HS043 LC16 0 10 <10
HS014 m8 30 320 39 HS044 m8 30 640 111
HS015 LC16 0 <10 <10 HS045 LC16 0 <10 <10
HS016 m8 30 320 <10 HS046 m8 30 640 <10
HS017 LC16 0 <10 <10 HS047 Dryva 0 10 <10
HS018 m8 30 320 30 HS048 X 30 320 103
HS019 LC16 0 10 <10 HS049 LC16 0 80 <10
HS020 m8 30 640 23 HS050 m8 30 640 129
HS021 LC16 0 <10 <10 HS051 LC16 0 <10 <10
HS022 m8 30 320 27 HS052 m8 30 320 <10
HS023  Dryv 0 <10 <10 HS053 LC16 0 <10 <10
HS024 ax 30 320 204 HS054 m8 30 640 71
HS025 Dryv 0 20 <10 HS055 LC16 0 <10 <10
HS026 ax 30 640 74 HS056 m8 30 320 82
HS027 LC16 0 <10 <10 HS057 LC16 0 80 <10
HS028 m8 30 320 80 HS058 m8 30 320 26
HS029 LC16 0 <10 <10 HS059 LC16 0 <10 <10
HS030 m8 30 640 26 HS060 m8 30 320 73

35



K2 BELOVIFUBBERDTILEVAINART SR MIKIGERE

Anti-NYCBH PRNT Anti-Monkeypox PRNT
Vaccination LC16m8 Dryvax LC16m8 Dryvax
N 23 7 23 7
Seroconversion 100%™ 100%* 78%* 78%** 86%" 86%™*
rate (23/23) (717) (18/23) (18/23) (6/7) (6/7)
GMT 420 525 35 86
GMT ratio 1.25 2.45

MO EUEDO PR EEERLI-EZBEEHIE
*)OFUBBHIORAKMED 4 EULEORAKMEESL-EEZEBEEHTE
GMT: Geometric mean titer

K3 EBEEIVIFULCI6ME HERDYILEIAILAXMT 2GRl R kB ER

Bgforg 1 month 4 or 7 months 3~4 years
vaccination
Positiv Positiv Positiv Positiv
Subjects GMT e GMT e GMT e GMT e
rate* rate* rate* rate*
Primary 17% 50% 33% 33%
22 28 25 28
(N=12) (2/12) (3/6) (2/6) (4/12)
Revaccinee 43% 71%
N/A N/A N/A N/A
(N=7) 33 (3/7) 88 (5/7) / / / /

GMT: Geometric mean titer, Positive rate: seroconversion/seropositive rate, N/A: not applicable
o T B EE R FIHUR AT AY 40 fELL L DIKREZ RLI-BZEHEHIE
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