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Background-1

 Conventional PCR is regularly used for detection and 
genotyping of pathogens.

 However, we found a low sensitivity for detection of VHSV 
IVa isolates using the conventional RT-PCR described in 
the OIE aquatic manual (VN primer set). 

 And, non-specific bands with fish cell lines were often 
observed when using the OIE RT-PCR. 

- In particular, these non-specific bands showed sizes very 
close to the positive VHSV control bands. 
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Background-1

 Conventional PCR is regularly used for detection and 
genotyping of pathogens.

 However, we found a low sensitivity for detection of VHSV 
IVa isolates using the conventional RT-PCR described in 
the OIE aquatic manual (VN primer set). 

 And, non-specific bands with fish cell lines were often 
observed when using the OIE RT-PCR. 

 Thus, a novel conventional RT-PCR (3F2R) have been 
developed and validated for detection of all genotypes of 
VHSV.



Background-2
 The novel 3F2R method showed the same sensitivity and 

specificity as cell culture and real-time RT-PCR using 10 fold 
diluted viral RNA. 

VHSV       
genotypes

(Small Panel)
Cell culture Real-time 

RT-PCR

Conventional
RT-PCR using 
OIE primer

Conventional
RT-PCR using 
3F2R primer

Ia -6 -6 -5 -6
Ib -5 -5 -5 -5
II -7 -7 -7 -7
III -7 -7 -7 -7
IVa -7 -7 -3 -7

IVb -7 -7 -6 -7

10,000
folds low

10,000
folds low



Background-2
 The novel 3F2R method showed the same sensitivity and 

specificity as cell culture and real-time RT-PCR using 10 fold 
diluted viral RNA. 

 No specific responses were observed in heterologous viruses, 
tissue of several fish species (rainbow trout, Atlantic salmon, 
olive flounder) and normal fish cell lines using 3F2R method.

Heterologous viruses

Lane 1 : Positive control, Lane 2 : IHNV F-32/87  
Lane 3 : IHNV I-4008, Lane 4 : IHNV DW, Lane 5 : IHNV BC
Lane 6 : Birnavirus II,  Lane 7 : LGV,  Lane 8 : PFR
Lane 9 : SVC 56/70 Fijan, Lane 10 : KHV H361

M  1   2   3   4   5   6   7   8   9   10   C

Non-infected fish samles

M  P  1  2  3  4  5  6  C 7 8  9  10  11  M  P  C
++ IHNV           

Birna V           
LGV           

PFR           
SVCV           

KHV           

-
Rainbow 
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salmon          

-
Olive 
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+ -



Background-2

 The novel 3F2R method showed the same sensitivity and 
specificity as cell culture and real-time RT-PCR. 

 No specific responses were observed in heterologous viruses, 
tissue of several fish species (rainbow trout, atlantic salmon, 
olive flounder) and normal fish cell lines using 3F2R method.

M  1  2   3  4   5   6  7  8  9  10  C

Cell lines 

M  1  2  3  4  5  6  7  8  9  C   10 11 12 13 14 15 16 C

EPC RTG-2 FHM CHSE BF-2 
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Background-2

 The novel 3F2R method showed the same sensitivity and 
specificity as cell culture and real-time RT-PCR. 

 No specific responses were observed in heterologous viruses, 
tissue of several fish species (rainbow trout, atlantic salmon, 
olive flounder) on normal fish cell lines.

 The novel RT-PCR was following tested on 80 VHSV isolates 
representing a worldwide collection of all known genotype and 
subtypes, where it produced clear and unique amplicons for all 
80 isolates.

B.P. 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



AIM
• To assess why a low sensitivity is observed when detecting 

VHSV genotype IVa by the current RT-PCR given in the OIE 

manual.

• To confirm the specificity of the novel 3F2R method on organ 

materials from VHS infected rainbow trout and Atlantic 

salmon

• To assess the reproducibility and robustness of the 3F2R 

conventional RT-PCR by an inter-laboratory proficiency test

among 9 selected laboratories.
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using the OIE primer set

IVa

IVb
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The reason for the low sensitivity of VHSV IVa 
using the OIE primer set

Primer Name Primer Sequence (5′→3′)

VHSV Trial 1 F
VHSV Trial 2 F

ATGGAAGGGGGAATTCGTGAAGCG 
ATGGAAGGAGGAATTCGTGAAGCT

Materials and methods



VN F + VN R Trial 1 F + VN R Trial 2 F  + VN R

Results using template as VHSV IVa type

Primer Name Primer Sequence (5′→3′)

VHSV Trial 1 F
VHSV Trial 2 F

ATGGAAGGGGGAATTCGTGAAGCG 
ATGGAAGGAGGAATTCGTGAAGCT

M  1   2   3   4   5   6   7   C M  1   2   3   4   5   6   7   C M  1   2   3   4   5   6   7   C

M : marker, Lane 1 : 10-2 dilution of RNA, Lane 2 : 10-3 dilution, 
Lane 3 : 10-4 dilution, Lane 4 : 10-5 dilution, Lane 5 : 10-6 dilution
Lane 6 : 10-7 dilution, Lane 7 : 10-8 dilution, Lane C : negative control 

Results



VN F + VN R Trial 1 F + VN R Trial 2 F  + VN R

Results using template as VHSV IVa type

Primer Name Primer Sequence (5′→3′)

VHSV Trial 1 F
VHSV Trial 2 F

ATGGAAGGGGGAATTCGTGAAGCG 
ATGGAAGGAGGAATTCGTGAAGCT

M  1   2   3   4   5   6   7   C M  1   2   3   4   5   6   7   C M  1   2   3   4   5   6   7   C

M : marker, Lane 1 : 10-2 dilution of RNA, Lane 2 : 10-3 dilution, 
Lane 3 : 10-4 dilution, Lane 4 : 10-5 dilution, Lane 5 : 10-6 dilution
Lane 6 : 10-7 dilution, Lane 7 : 10-8 dilution, Lane C : negative control 

Caused low 
sensitivity 

on IVa type

Results



AIM
• To assess why a low sensitivity is observed when detecting 

VHSV genotype IVa by the current RT-PCR given in the OIE 

manual.

• To confirm the specificity of the novel 3F2R method on organ 

materials from VHS infected rainbow trout and Atlantic 

salmon
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conventional RT-PCR by an inter-laboratory proficiency test 
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VHSV Ia 
challenged 

fish

VHSV IVa 
challenged 

fish

Atlantic salmon IP infection

Atlantic salmon IP infection

Rainbow trout bath infection

Rainbow trout IP infection

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

VHSV Ia VHSV Ia 

VHSV IVa VHSV IVa 

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

Results



RT-PCR  using 3F2R primer on samples fromVHSV I subtypes 
infected rainbow trout

It was confirmed that only specific bands were observed 
using the 3F2R primer set on samples from rainbow trout 
infected with VHSV sub-type Ia, Ic, Id and Ie. 

Results



AIM
• To assess why a low sensitivity is observed when detecting 

VHSV genotype IVa by the current RT-PCR given in the OIE 

manual.

• To confirm the specificity of the novel 3F2R method on organ 

materials from VHS infected rainbow trout and Atlantic 

salmon

• To assess the reproducibility and robustness of the 3F2R 

conventional RT-PCR by an inter-laboratory proficiency test

among 9 selected laboratories.

[France(ANSES), UK(CEFAS), Denmark(DTU), Germany(FLI, two laboratory), Italy(IZSVe), 

Korea(NFQS), Japan(Two OIE ref. lab., KHV, RSIVD)] 



Sample preparation (10) on FTA cards

• 6 VHSV samples : VHSV I, Ib, II, III, IVa, IVb

• 3 heterologous virus : IPNV, HRV, IHNV

• 1 control : only normal cell culture medium

Materials and methods

The viral supernatants were dropped 
on FTA cards (Whatmann Company).



What is FTA cards ?

Chemical formula on the cards
- lysis cell membrane and denature protein on contact
- Nucleic acids : entrapped, immobilised and stabilised

Advantage of FTA cards
- protect nucleic acids from nucleases, oxidation, UV 

damage and microbial and fungal attack 
- inactivation: infectious pathogens
- stable for storage at room temperature 

Materials and methods



SOP for 3F2R

Materials and methods



• RNA extraction on FTA cards

• Real-time RT-PCR for VHSV detection

• RT-PCR using VN (OIE) primer set for VHSV detection

• RT-PCR using 3F2R primer set for VHSV detection

Materials and methods

Analysis methods

Cutting of FTA cards Cut into small pieces 
and mixed lysis buffer



S 1                     DK-F1                       Genotype I
S 2                     IPN SP
S 3                    DK-1p52                    Genotype II
S 4                    HRV8401
S 5                    Goby 1-5                   Genotype IVb
S 6                    JF-JF00Ehi                Genotype IVa
S 7                    IHN 32/87
S 8                    DK-4p168                  Genotype III
S 9             Medium (cell control BF-2)
S10                     DK-1p8                     Genotype Ib

CT value  Sample    Isolate     VHSV genotypes

Results

Positive results : Sample 1, 3, 5, 6, 8, 10

qRT-PCR results using Jonstrup et al. method



S 1                     DK-F1                       Genotype I
S 2                     IPN SP
S 3                    DK-1p52                    Genotype II
S 4                    HRV8401
S 5                    Goby 1-5                   Genotype IVb
S 6                    JF-JF00Ehi                Genotype IVa
S 7                    IHN 32/87
S 8                    DK-4p168                  Genotype III
S 9             Medium (cell control BF-2)
S10                     DK-1p8                     Genotype Ib

CT value  Sample    Isolate     VHSV genotypes

Results

Almost same level of viral RNA : 5, 6, 8

qRT-PCR results using Jonstrup et al. method



Conventional RT-PCR results using OIE VN primer

M   1   2   3   4   5   6   7   8   9  10  N

M : 50 bp DNA marker
1. DK-F1(Genotype I)  2. IPN SP  3. DK-1p52 (Genotype II)  4. HRV8401
5. Goby 1-5(Genotype IVb)  6. JF-JF00Ehi(Genotype IVa)  7. IHN 32/87
8. DK-4p168(Genotype III)  9. Medium (cell control BF-2)
10. DK-1p8(Genotype Ib)

Not detected

505bp

►

Results

Positive results : Sample 1, 3, 5, 6, 8, 10



Conventional RT-PCR results using 3F2R primer

M   1   2   3   4   5   6   7   8   9  10  N

M : 50 bp DNA marker
1. DK-F1(Genotype I)  2. IPN SP  3. DK-1p52 (Genotype II)  4. HRV8401
5. Goby 1-5(Genotype IVb)  6. JF-JF00Ehi(Genotype IVa)  7. IHN 32/87
8. DK-4p168(Genotype III)  9. Medium (cell control BF-2)
10. DK-1p8(Genotype Ib)

319bp
►

Results

Positive results : Sample 1, 3, 5, 6, 8, 10



Summary-1 of the PCR results from 9 institutes

Institute
Number

3F2R
Conventional PCR

qPCR or Sequencing 
(option)

1 Success
(Macherey Nagel Nucleospin Virus & 
Invitrogen superscript III one-step RT-

PCR)

Success (qPCR, Jonstrup et al method)
(Invitrogen superscript III one-step qRT-PCR)

2 Success
(Qiagen Rneasy Mini Kit & 

Qiagen Onestep RT-PCR Kit)

Success (qPCR, Jonstrup et al method)
(Qiagen QuantiTect RT Kit)

3 Success
(QIAamp Viral RNA mini kit & 
Qiagen Onestep RT-PCR Kit)

Success (Sequencing and genotyping)

4 Fail
(EZ-1 RNA tissue mini kit & EZ-1 

BioRobot & Two step RT-PCR 
using MMLV and Go-Taq)

ND



Institute
Number

3F2R
Conventional PCR

qPCR or Sequencing 
(option)

5 Success
(QIAamp Viral RNA mini kit & 
Qiagen Onestep RT-PCR Kit)

ND

6 Success
(Macherey Nagel Nucleospin Virus & 

Qiagen Onestep RT-PCR Kit)

Success (qPCR, Jonstrup et al method)
(Qiagen QuantiTect RT Kit)

7 Success
(Qiagen Rneasy Mini Kit & 

Qiagen Onestep RT-PCR Kit)

Success (qPCR, Jonstrup et al method)
(Qiagen QuantiTect RT Kit)

8 Success
(Qiagen Rneasy Mini Kit & Invitrogen 

superscript III one-step RT-PCR)

ND

9 Success
(Qiagen Rneasy Mini Kit & Invitrogen 

superscript III one-step RT-PCR)

ND

Thus, the reproducibility of 3F2R was confirmed by 
several institutes and kits.

Summary-2 of the PCR results from 9 institutes



Conclusions
• We found the cause of low sensitivity on VHSV IVa type by 

OIE manual. 

• Specificity of the novel 3F2R method  was confirmed on 
organ materials from fish samples.

• The reproducibility of 3F2R method was confirmed by 
several institutes. 

• Finally, we suggest that the 3F2R primer set shall replace 
the current primer set recommended in the OIE manual 
for detection of VHSV.
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Phylogenetic analysis of Big Panel (80 isolates) using 3F2R primer

Genotype I

Genotype III

Genotype II

Genotype IV

IVb

Asia

America

Ie

Id

Ic

Ib

Sequencing of the PCR products can be 
useful to assess the genotypes of VHSV. 
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