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Current OIE RT PCR problems (1)

* Low Sensitivity for VHSV IVa

VHSV la type VHSV IVa type
M-1-2-3-4-5-6-7-8C M-1-2-3-4-5-6-7-8 C

+++ - -

* Results : The sensitivity of OIE primer set was high
using VHSV la type. But, low sensitivity was showed in
VHSV IVa type.

Therefore:

- We need to improve the specificity of the conventional
RT-PCR so that all VHSV genotypes can be detected
without the non-specific reaction due to fish cell lines.
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Problems of conventional RT-PCR for VHSV detection

* A conventional RT-PCR for detection of VHS
developed by M. Snow et al. is included in the OIE
Diagnostic Manual as well as in the EU CD 2015-
1554.

« Low sensitivity for detection of VHSV Genotype IVa
(Kim 2015, Aquaculture).

« Often non specific reaction close to the VHSV
amplicon is seen when testing various non- infected

cell cultures leading to false positive reactions. (o,
2012)

Current OIE RT PCR problems (2)

* Non specific bands appear when normal fish cell lines are
used

M1234567 89C 10111213141516C

EPC RTG-2 FHM CHSE BF-2

M : 50 bp DNA size marker (Takara), Lane 1 & 10 : Positive control
Lane 2-5 : EPC, Lane 6 & 7 : RTG-2, Lane 8 & 9 : FHM,
C : Negative control, Lane 11-13 : CHSE, Lane 14-16 : BF-2

- Non-specific bands can be observed with EPC, RTG-2,
CHSE-214 and BF-2.

New Primer Design

¢ Primer sets for VHSV gene detection in 37 published
articles were investigated against 136 VHSV N-genes -
NCBI Genbank (118) + EURL Fishpathogens.eu (18)

Result : No primer set matched all VHSV genotypes
therefore

« Candidate primers for 5 regions were designed.
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1 VHSV N gene ORF 1215

RT-PCR results on VHSV IVa using new primer sets

15 3F 2R VN 1F&IR 2F& 1R !

436 - ATGATCAAGTACATCACCAA - 455 | 658 - GGGACAGGAATGACCATGAT - 677 | 955 - CTGGAGGGGATCAAGGTGACAGA - 977

—

2F, 1R -

559 - CAGAAGATCACCAAGGCCCTCTA -581 883 - AATGACAACTCCAAGATCTC - 902 45 50 55 60 45 50 55 60 AAAR Matorials and Methods
Annealing temp.  Annealing temp.  Annealing temp. - Template : spleen from

1F challenged flounder

55 NORICAAGTACATCARCAA 485 Bcosso1isae | L2 | | |RT-POR using primer sets e
- - -89-1 isolate (only) :
436 - ATGATCAAGTACATCACTAA - 455 Fi13 isolate (only) - RNAextraction and RT-PCR
1set:1F & 1R =456 bp Negative ! - PCR condition :
2set:1F & 2R =541bp control OIE manual (VN primer set)
2;; GGGACAGGAATGACCATGAT - 677 3sel:2F & IR =418 bp
658 - GGGACGGGAATGACCATGAT - 677 4set:2F & 2R =343 bp
two isolates : 99-202, BC02-235 5set: 3F & 2R =319 bp - e -
- 45 50 55 60 45 50 55 60
559 - CAGAAGATCACCAAGGCCCTCTA -581 Annealing temp.  Annealing temp.
559 - CAGAAGATCACAAAGGCCCTCTA -581 GHA40 isolate (only)
559 - CAGAAGATCACCAAAGCCCTCTA -581 VHS IVa KJ2008 (only)

- 2F2R & 3F2R primer sets amplified VHSV IVa at all temperatures.
[ : Complete match with all isolates

RT-PCR titration results using new primer sets Do primer set from various companies influence the
Materials and Methods 3F2R RT‘PCR’)

- Template : RNA from spleen of challenged flounder Primer set from 6 companies tested :
with VHSV KJ2008 IVa

- RNAextraction and RT-PCR

- PCR condition : OIE manual (annealing 55 °C) M123456C

102103104 105106107 108 C M-|102 10° 10 105 106 107/108 C M50 bp DNA size marker,
Lane 1-5 : 5 Korean companies
Lane 6 : Danish company

C : Negative control

2F2R primer 8 3roRr primer

- W

+++++ + -

- 3F2R primer set showed higher sensitivity than 2F2R. ~>No effects of using different companies.

- So, the 3F2R primer set was selected.

Change of annealing temperatures from 55 to 60°C

Do 3F2R cause non-specific reaction with fish cell lines? e -
reduced the non specific bands on BF-2 cell line

M123456789CHEMI10111213141516C

M1234567C

Lane 1 : positive control
Lane 2: 60 °C

Lane 3:59 °C

Lane 4:58 °C

Lane 5:57°C

Lane 6:56 °C

Lane 7:55°C

Lane C: Negative control

EPC RTG-2 FHM

N

Non-specific bands|

-> However, the non-specific bands were detected in all fish cell
lines, and specially same bands as target size were observed

with BE-2 cell line. - The non-specific bands disappeared when annealing

temperatures increased from 55°C to 60°C.



The VHSV RT-PCR using the 3F2R primers at annealing temperature of 60 °C
resulted in high specificity with no cross reaction to any heterologous viruses or
to any fish cell lines.

M12345678910C Lane 1 : Positive control
Lane 2 : IHNV F-32/87
Lane 3 : IHNV 1-4008
Lane 4 : IHNV DW

Lane 5 : IHNV BC

Lane 6 : Birnavirus Il
Lane7: LGV

Lane 8 : PFR

Lane 9 : SVC 56/70 Fijan
Lane 10 : KHV H361
Lane 11 : Negative control

Heterologous
viruses

M : 50 bp DNA size marker,
UOMERPARIENENI® | ane 1 & 10: Positive control
Lane 2-5 : EPC

Lane 6 & 7 : RTG-2

Lane 8 & 9: FHM,

Lane 11-13 : CHSE

Lane 14-16 : BF-2

C: Negative control

CEULE 11 23456789C

RT-PCR using 3F2R primer on samples fromVHSYV infected fish

Atlantic salmon IP infection Rainbow trout bath infection

VHSV la VHSV la
VHSV la
challenged D i L pp——
fish

Atlantic salmon IP inf inbow trout IP i

VHSV IVa VHSV IVa
VHSV IVa
challenged
fish

-1t was confirmed that only specific bands were observed
using the 3F2R primer set on VHSV fish infected samples.

Comparison of sensitivities using several methods

* Real-time RT-PCR (Jonstrup et al. 2013)

* OIE conventional RT-PCR.

* 3F2R conventional RT-PCR

* Cell cultures for virus titration(TCID50)
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No non-specific reactions were observed in tissue samples

Non-infected
fish samples

from rainbow trout and Atlantic salmon

M1234567C

Rainbow  Atlantic Lane 1: positive control
Lane 2 : Spleen and Kidney in Rainbow trout

trout  salmon Lane 3 : Rainbow trout 2 small fishes

Lane 4 : Rainbow trout 2 small fishes

Lane 5 : Atlantic salmon 1

Lane 6 : Atlantic salmon 2

Lane 7 : Atlantic salmon 3

Lane C : Negative control

Summary

* A highly sensitive primer set was selected
among several new candidate primers

* Reaction conditions were established for this
conventional RT PCR without non-specific
reactions in fish, fish cell lines or with
heterologous viruses

Testing of 6 VHSV isolates representing all

major genotypes (Small panel )

Genotype Isolate name Source of isolate Used cell lines
la DK-3592B Lorenzen et al. (1993) BF-2
b DK-1p8 Mortensen et al. (1999) BF-2
n DK-1p52 Mortensen et al. (1999) FHM
m DK-4p168 Mortensen et al. (1999) EPC
IVa KJ2008 Kim & Kim (2011) EPC
Vb MIO3, Lakes St. Clair, MI Elsayed et al. (2006) EPC




RT-gPCR on titrations from 10 to 10 of small panel VHSV

VHSV genotype la

(detected until 109 dilutions)

(CTval)

VHSV genotype 11

VHSV genotype Ib

P

e

LAY ez m
) QAT AT 0T

dilutions)

B ]

-> In this small panel, the viral genes were detected at dilutions between 10-° and 107

3F2R primer RT-PCR on titrations from 102 to 108 of small panel
VHSV (annealing at 60 °C)

VHSV genotype la

Dilutions

M 107 10° 10¢ 10° 10° 107 10° C

(10%)

VHSV genotype 111

Dilutions

M 102 10° 10¢ 10° 10° 107 10° C

(107)

VHSV genotype 1b (10

Dilutions
M 107 10° 10* 10° 10° 107 10° C

(10%) =

M 10% 10° X(

@)

VHSV genotype 1Va (10

Dilutions
M 107 10° 10¢ 10° 10° 107 10° C

= (107)

@0’

- The viral genes were detected at dilutions between 105 and 107
> The 3F2R primer set detected all VHSV at high level.

VHSV genotype 11 (107)
Dilutions

VHSV genotype 1Vb (107)

Dilutions
M 107 10° 10* 10° 10° 107 10° C

Big Panel-1 : Testing 80 VHSV isolates by 3F2R RT-PCR:
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OIE VN primer RT-PCR on titrations from 10-2 to 10 of small panel

VHSV genotype la (10-)

Dilutions
M 107 10° 10* 10° 10° 107 10° C

VHSV genotype 111 (10

Dilutions
M 107 10° 10* 10° 10° 107 10° C

Summary

VHSV
VHSV genotype Ib (10°

Dilutions Dilution:

M 107 10° 10° 10° 10° 107 10° C

(107)

Dilutions
? 10" 10° 10° 107 10

(109)

- The viral genes were detected at dilutions between 103 and 107
- The OIE VN primer only detected VHSV IVa at a very low level.

Sensitivities of 3 RT-PCR and cell culture for

detection of VHSV.

VHSV genotype 11 (107)

M 107 10° 10 105 10° 107

VHSV genotype 1Vb (10%)
Dilutions

Real-time Convention'al Convemion_al
Small Panels | Cell culture RT-PCR RT-PCI_R using RT—PCR'usmg
OIE primer 3F2R primer
la -6 5 =
Ib 5 5 5
I 7 7 3
n 7 7 .
1Va -7 7 2
1Vb L7 | 7 3

genotype IV on EPC.

- Sensitivity was tested in parallel on cell cultures. Genotype I, 11 and 111 on BF-2 and

-> Itwas concluded that the sensitivity for all genotypes were at the same level when

using cell culture, real-time RT-PCR and the conventional 3F2R RT-PCR . While it
was lower for the OIE VN RT-PCR.

Big Panel-2 : Testing 80 VHSV isolates by 3F2R RT-PCR:

Virus number Isolate  Genotype Source isolate Used cell lines Virus number Isolate Genotype Source isolate Used cell lines
1 DK-FL T Jensen (1963, 1965) ED )  Dixon et (1997) or-2
2 DK-207 (HEDEDAM) | Vestergd Jorgensen (1974) BF2 2 oy b Mortensen sl (1999) 52
3 DK-35928 la Lorenzen etal. (1993), Jorgensen et al. (1995) BF-2 z hogssed © j::i:x; o ggg e
4 DK-3971 la Jonstup etal. (2009) BF2 M o P oo o2
: o) oo e B Nk a22/00 & RajoHall etal. (2006) erc
° i semaar [ e N o 37 FiN-2ka 66/2000 1d Einer-ensen etal. (2004) £pc
. Dk a000et e 00 it 3B NOAIGNSS Eods 14 Hasten, Holt & Krogsrud (1968) o2

1 G2 le Lab. of A Animal Health, Rusia Res. Inst, for Vet Viro and Micbio. (unpubl) ~ BF-2
9 DK-200149 la Jonstup etal. (2009) BF2 B o e o2
0 ROV la LeBerretal (1977) BF-2 bt e s U0 e o2
n mRmTs la deKinkelin & Le Berre 1977) BF2 nooh I ot et o) e
2 o8 la Benmansour etal. (1997) eec 2 e N ot et o) ri
B CzIneRs la IOV (o) 8e2 W okapse I Mortensen et (199) o2
u  czam la Veterinary ResearchInstut, Brno, Czech Repubiic (unpubl) BF2 wo o e 52
B D la Snowetal (19%9) B2 a5 okapion e Mortensen etal (1999) o2
6 AuESs la Universty of Veterinary Megcine, Vienna (unpubl) BF2 o e e pronensen o3 oo o2
1 CHFI262BRH la Cent.for Fih and Wi Health, Div. Fish, Univ. of Berne, Swizerland (unpubl) BF2 ® Wla  Mortensen et ol (1999) Jois
B PL2aT la National Veternary Research Insiute, Pulawy, Poland (unpubl) BF2 a9 UKHL/5/ s Smail 2000) or2
19 DKM, Rhabdo Ib Vestergard Jorgensen & Olsen (1967), Jensen, Bloch & Larsn (1979) BF2 0 uKseo/st W Rossetal. 199) or.2
2 DKipe 1o Mortensen etal (1999) BF2 sL ukHIz/2/es W Smai (2000) or2
2 DKipao b Morensen etal (1999) BF2 52 W2 Thiery etal 2002 erc
2 oK1 b Mortensen etal (1999) BF-2 s NRGHIO i Dopazo etal. (2002) 52
2 DK1pEs b Mortensen etal (1999) BF2 54 DKO79SIEG (RFIZ02ST Nl Snowetal (1999) P
% DK b Mortensen etal (1999) BF2 S5 NO.2007.50:385 Wb Daleetal. (2009) o2
2 DKl b Mortensen etal (1999) BF2 s UseMAGH Na  Brunson etal (1969) or2
% DK b Mortensen etal (1999) BF2 57 : Va  Hopper (1989) or2
27 DKl b Mortensen etal. (1999) BF2 s& Usallott ay o USGS (unpubl) 52
8 DKot b Sl etal. (2005) BF2 59 Minter Creek, Wa Mo USGS (unpubl) erc
2 sesval I Nordblom (1998) enc 60 TokulCreek WA Vs USGS (unpubl) epc
3 sesvausm 15 Nordblom & Norell (2000) BF2




Big Panel-3 : Testing 80 VHSV isolates by 3F2R RT-PCR:

Virus number Isolate Genotype Source isolate Used cell lines
61 Port Angels, WA wa USGS (unpubl) EPC
62 CAN-3624. WVa “Traxler etl. (1995), Pac. Biol. Stat. (unpubl) BF-2
& CAN-99-019 wa 10 etal. (2012) EPC
64 Quatsino, BC Wa USGS (unpubl) EPC
65 Jp-Obama 25 Wa Takano et l. (2000) EPC
66 JP-JFO0ENiL Wa Nishizawa etal. (2002) EPC
67 BROIENIL Wa ito etal. (2010) EPC
68 JFOL0itL Wa Ito etal. (2010) EPC
69 JsLo2Yam1 wa 1t0 etal. 2010) EPC
) PMOSENiL va NRIA FRA (unpubl) EPC
n K12008 Wa Kim & Kim (2011) EpC
2 FYesu0s va Kim etal. (2009) EPC
1) FWando0s Wva Kim etal. 2009) EPC
74 DH2008 wa Kim etal. (unpubl.) EpPC
5 MIO3, Lakes St. Clair, MI Wb Elsayed etal. (2006) EPC
% FPL2006-005, Goby 1-5 Wh Groocock etal. (2007) EpPC
” Gizzard shad, Lake Ontario, NY b USGS (unpubl) EPC
) Blue gill, Budd Lake, MI Wb USGS (unpubl) EPC
7 Fpl 07-010 Skaneateles Lake, NY Wh USGS (unpubl) EpC
80 New Brunswick e Groocock etal. (2007) EPC

Phylogenetic analysis of Big Panel (80 isolates) using 3F2R primer

Genotype |

-> Sequencing of the PCR products can be

useful to assess the genotypes of VHSV.

Genotype IlI

Genotype IV
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Big Panel of VHSV 80 isolates using 3F2R primer (annealing 60)

BP.1-9 B.P.10-18 B.P.19-27
B.P. 28 - 36 B.P. 37 -45 B.P. 46 - 54
B.P.55-63 B.P.64-72 B.P. 73 - 80

-> Clear and unique amplicons were observed for all 80 VHSV isolates
representing a worldwide collection of all known genotypes and subtypes.

Discussion

= A new conventional RT-PCR have been developed and
validated for detection of all genotypes of VHSV.

= The new RT-PCR showed the same sensitivity as cell culture.

= No non-specific responses to heterologous viruses, tissue of
several fish species (rainbow trout, atlantic salmon, olive
flounder) or fish cell lines were observed.

= We suggest that the new primer set shall replace the current
primer set recommended in the OIE manual for detection of
VHSV.



