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RT-gqPCR (EC 2015/1554)

EU-RL Diagnostic manual

IHNV VHSV
assay reference gene | product remark reference gene | product remark
Snow et al. N 512 bp 1;52[);
Emmenegger 1-.step, 2004 (505 bp) .
RT-PCR « | G | 693bp | without Detection
et al.2000 = | | | m,em e
nPCR Ki
im et N | 3200 1-ste
al.2018 P P
Purcell et 5.t
al.2013 >tep Jonstrup et
RT-qPCR N 80 bp * N 77 bp 1-step
Cuenca et al. {-ste al. 2013
2020 P

* OIE recommendation
Other assays have not been sufficiantly tested and validated
for isolates of different genotypes (OIE, 2017, 2020)




Improvement of IHNV RT-qPCR

IHNV RT-gPCR (Purcell et al. 2013): - high risk of contamination (2-step)
- 1 ug RNA as template
- no stable clear detection of some IHNV field samples

= Goal: the establishment of an efficient and rapid diagnostic method

1) Robust One-step RT-gPCR

2) Detection of IHNV-genome with good sensitivity and specifity
3) good price-performance ratio (probe: Tag-Man vs. FAM; kits)
4) endogenous control system

5) Optimisation of processes in daily routine diagnostics

6) meet MIQE guidelines and OIE criteria

CVUA Stuttgart and NRL IHN, VHS (FLI, Germany): independent validation



Purcell et al.2013: 2-step RT-qPCR

archieved diagnostic field samples
Positive control: D332-92, WRAC, RB76, SRCV

= Doubtful results (FV23, FV91-40 and D332-92)

(Discrepancy to virus isolation in cell culture with IFAT)



%
JHNV-F (Purcell etal. 2013) - IHNV-probe (Purcell &t al. 2013) JHNV-R (Purcell et al. 2013}

Nt position (X89213) 786 796 814 818 826 834 849 857 - 875 885

| | | I | | | | | |
consensus AGAGCCAAGGCACTGTGCG " TGAGACTGAGCGGGACAGGRATGACAATGGTG TCAACCAAGCCGCAAAGAA

E: FV84-3/2008

E: FV84-5/2008

E: FV85-1/2008

E: FV138-2/2011
E: FV23/2013

E: FV91-40/2013
E: FV48/2014

E: FV55-5/2014

E: FV127-2/2014
E: FV126-1/2015
E: D332-92

E: IFO-87 (X89213) i
M: WRAC (AY442518) l ‘ G
M: 220-90 (GQ413939) l .G
U: RB76 (AY442516) c
L: SRCV (AY442517) C
JRE HU-09 (1X649101)  ~“C
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= SNP within the binding site of IHNV-probe (Purcell et al. 2013)
- in silico analyses with available IHNV sequence data
1) optimized FAM-labeled probe
2) modified thermal profile
3) internal control: B Actin



IHNV RT-gPCR: modified one-step versus two step method

3000
Two-step RT-qPCR One-stepRTgqPCR. | — 7 FV23 (1)
(Purcell et al., 2013) fewy | FVa1-40 (1)
= ---D332-92 (1)
Sample MV sD MV sD S 2500 -
pl o wm E —--FV23 (2) (2) Modified probe,
FVE4-3 3261 0.03 2B.75 0.05 : —--FVo1 (2) 1 -step
FWB4-5 35.79 057 3677 0.64 = 2000 —D332-92(2)
=]
FWE5-1 29.60 0.25 3104 0.05 °
Q
FW138-2 26.07 0.00 2495 0.00 =
3 1500
Fvag® 33.31 147 28.68 0.03 @
FW91-40° 3871 0.57 3201 0.07 'g
FV4E 15.29 0.03 16.30 0.08 "; 1000
>
FW55-5 19.72 0.03 20.20 002 =
5 (1) Tag-Man probe,
FWvi1Z6-1 17591 0.05 2061 0.02 S 500 2-step (Purcel)
Fw127-2 3017 021 29.33 007
D332-92° 25.60 0.06 27.51 0.01
0 =
IHMNW WRAC 12 81 0.04 13.40 0.08 0 10 20
IHMV RETS 13.14 0.05 13.62 0.04
cq-value
IHMV SRCV 1277 0.03 13.21 014 -500

Motes. Mean cg value (MVY) and standard deviation |50 are given.
*|zolates with doubtful results in the two-step RT-gPCR.

= Tag-Man Probe = critical for samples with SNP and low virus load
= Good perfomance of the new method
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Technical sensitivity
Standard curves for serial diluted IHNV and VHSV transcripts (cCRNA of IHNV-N- and VHSV-N-plasmid)

:z NV RT-qPCR e IHNV RT-gPCR VHSV RT-gPCR

30 #WVHEV RT-qPCR copies) o MV D g MV sD
190E+0% 728 0.56 11.28 077

s 1.90E+08 12.09 122 15.04 011
<0 1.90E+07 16.12 0.06 18.35 0.10
15 1. 90E+06 19.58 0.20 21.68 012
10 1.90E+05 2288 0.15 25.20 0.11
5 . 1.90E+04 26.33 0.21 28.53 0.07
. 1.90E+03 29.58 0.05 3191 010
0 1 2 3 4 g 6 7 & 9 10 1.90E+02 23.02 0.25 35.23 0.42
cRMNA plasmid copies logl0 1.90E+01 3527 074 no cq no cq

IHNV RT-gPCR VH5V RT-gPCR

Slope 344673 -3.4054
Efficiency (E - 107/ 19427 19663

2% Efficiency 9427 F6.43
Y-intercept 40.78 43,08

R 0.9949 0.9998
Limit of detection (cq) 19 (35.27) 190 (35.23)



Analytical sensitivity

standard curves for serial diluted viruses of IHNV D332-92, RB76, SRCV, WRAC
with vs. without EC

. Virus re-isolation Without EC With EC
Virus isolate
40 (TCID g mh TCID55'ml CPE oq MV sD oq MV sD
O D292 [E] without 12
IHMW D332-72 1.58+05 + 1571 0.03 1579 0,04
35 D RBTE U without EC
A SRV {L] without BC 1.58+035 + 19.59 015 19.54 0.26
£1WRAL (M) withaut EC 1.58+04 + 2294 017 23.12 0.04
ElN]
# [F32-92 |E| with EC 1.58+03 + 2652 029 2647 Q14
25 = RBTE (L] with EC 1.58+02 + 2977 0.05 29.81 0.11
& SRCV LI with EC 1.58+01 + 3175 242 32.49 131
2 ® WRAL (M) with EC
_E 0 1.58+00 + 3417 071 3612 Q.57
E- IHNW RB7S 2.00E+D5 e 14 80 0.15 14.81 0.35
15 2.00E+D4 e 12.08 0.10 19:01 0.20
2 00E+03 + 2244 024 2224 035
10 2.00E+02 e 26.00 0.08 2595 040
2.00E+01 e 2230 0,08 2218 0.15
E] 2 00E+00 < 32.59 0.03 3240 043
IHMW SRCW TR4E+D35 + 13.82 017 13.69 0.03
0
i i 2 3 4 g G 7 TR4E+D4 + 17.665 015 1776 0.22
TﬂDn logl TR4E+D3 + 2121 0.07 2119 0.20
T24E+D2 + 2457 0.10 2474 0.10
T24E+01 + 28.03 044 2798 .08
TR4E+D0 + 3118 013 30.68 0.32
ITHMW WRAC 2. 51E+D6 e 1375 011 1404 0,08
Without EC With EC
2 51E+H05 e 17.70 0.02 1746 0.26
D332-92 RB76 SRCV WRAC D332-92 RB76 SRCV WRAC
2 51E+04 + 2135 010 2134 QU4
Slope -3.303%9 -3.5191 -3.4549 -3.4850 -3.3421 -3.47048 -3.4044 -3.4464
Efficiency (E - 1047 20076 19238 19436 19362 19914 19341 18666 19505 2.51E+03 + 2479 0.05 24 89 0.25
% Efficiency |100.76 92.38 F4.36 93.62 99.16 93.41 P6.66 95.05 I 2 S1E+02 + 28.01 001 2793 0.03
¥-intercept 3664 33.89 34.52 3440 36.8B8 3371 3425 356.2353
r: 09951 0.9780 07991 09989 0.9983 09981 0.9954 0.9985 2.51E+01 + a1 011 30.94 012
Limit of detection (cg) [16(3617) 20(32.55) 79(3118) 2.5(3506) 16(3612) 2.0(3240) 79(30.68) 2.5(35.01)| 2.51E+D0 + 35046 014 3501 014
EC = B-Actin
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Analytical sensitivity

standard curves for serial diluted viruses of VHSV Fi13
Jonstrup et al. 2013 vs. modified thermoprofile

© Original thermal profile Onginal thermal Modified thermal
# Modified thesmal profile Virus re-isolation profile profile
TCIDg,/ml CPE cq MV sD cq MV 5D
1, 26E+046 + 15.35 0.05 1522 025
1, 26E+05 18.71 0.23 18.57 036
1,26E+04 2232 0.21 2233 [
1, 26E+03 & 2379 0.18 25.74 0.2
1, 26E+02 2891 017 2917 026
1.26E+01 - no cg ! 32.62 036
1 2 3 4 5 & 7
€10y, logld
Original thermal Maodified
profile thermal profile
Slope -3.4200 -3.4917
Efficiency (E - 10799 19606 19337
% Efficiency 96.06 93.37
Y-intercept 35.24 36.51
R 0.9995 0.9982
Limit of detection (cq) 126 (28.91) 13 (32.62)



Analytical sensitivity

standard curves for serial diluted viruses of VHSV Fi13
modified thermoprofile: with vs. without EC

OWVHEY Fil3 without EC

& VHSY Fild with EC

o 1 2 3 q ]
TCD,, logl0

Slope

Efficiency (E = 107259
% Efficiency
f-intercept

R!

Limit of detection {cq)

Without EC
-3.5740
19046
F0.44
3892
0.9574
1.3(38.88)

Virus re-isolation Without EC With EC
TCID <, ml CPE og MV sD cq MV sD
1,26E+04 + 2434 0.10 24.68 0.70
1,26E+D5 + 2786 011 28.08 Q.04
1, 26E+04 + 3148 018 31.23 0.12
1, 26E+03 + 3452 0.42 34.65 029
1,26E+02 - 38.88 0.30 38.45 0.40

With EC

-3.4120

19637

9637

3858

05787

1.3(38.45)



Specifity

105 Archived IHNYV field isolates collected between 1998-2015 in Europe
detection by RT-gPCR with good signals

154 Field samples from clinically healthy fish within IHN prevention and monitoring programme

28 fish = IHNV positive in cell culture and RT-qPCR
14 fish = IHNV positive only in RT-qPCR

165 Archived VHSYV field isolates collected between 1998-2015 in Europe
detection by RT-gPCR with good signals

127 Field samples from clinically healthy fish within VHS prevention and monitoring programme

2 fish = VHSV positive in cell culture and RT-qPCR
1 fish = VHSV positive only in RT-qPCR

= Higher sensitivity of RT-qPCR compared to virus isolation



Specifity

The following samples were also included in this study :

SVCV 56

IPNV VR299, Ab, Sp, fiedl samples
ISAV Glesvaer 2/90

Ranaviruses ECV-24, EHNV
Renibacterium salmoninarum
Yersinia ruckeri

Aeromonas hydrophila
Aeromonas salmonicida
Aeromonas veronii
Tertracapsuloides bryosalmonae



Robustness

- validation in two independent laboratories (CVUAS, FLI)
- Annual proficiancy test in Germany for modified RT-qPCR

Interlaboratory test 2016
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Summary

IHNV VHSV IPNV

............. reaction | . ..............\tube 1-step

S primers | Purcell et al. 2013 | Jonstrup et al. 2013 | Hoferer et al. 2017

S probe || Hoferer et al. 2019 | Jonstrup et al. 2013 | Hoferer et al. 2017
thermoprofile Hoferer et al. 2019, 2017

« High technical and analytical sensitivity

» High specifity

* High robustness

* Meets criteria of OIE and MIQE-guidlines

« Internal control B-actin

« Same run of IHNV-; VHSV- and IPNV- RT-qPCR
« Comparable to gold standard (cell culture)

* RNA-extraction: automatic, manuel

* RNA-reagents: independent

« RT-PCR reagents: independent
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