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Deficiencies in the current assays for the detection and identification
of DNA viruses of carp: an assay redesign and evaluation.
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Overview

A i
e Cyprinivirus-specific primers
e Failures in CyHV-3 detection using the Gilad gPCR assay

e Design and initial evaluation of a CyHV-3 pol gPCR assay
e CEV

e Current PCR based assays

e Failures in the Cefas conventional PCR assay
Design and initial evaluation of a modified nested PCR assay
Work to be done
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Cyprinid Herpesvirus 3: An Archetype of Fish Alloherpesviruses

Maxime E-cuter', Maygane chsmans': Krzysztof Ra}us-, Joanna Jazowiecka-RakJs', Catherine
‘Janu:sol-c-, Léa I*v'lc-'van', Ma. Michelle D. DEﬁE’E’W:IE-, David M. Stone’, Keith ‘u’-.-'a},", Steven J. van

Beurden®, Andrew J. Davison®, Alain 'v"EII"dEI’F-lESSChE"._ & S
B W.H. Wildgoose™2%

e Large DNA virus (295 kbp genome) — of the Alloherpesviridae family in the order
Herpesvirales

e CyHV-3 (Koi herpesvirus - KHV) is the type species of the Cyprinivirus genus -also
contains Cyprinid herpesviruses 1 & 2 and Anguillid herpesvirus

e Disease affects Common carp (Cyprinus carpio), including ornamental koi carp
and varieties and hybrids such as mirror and ghost carp. Goldfish (Carassius
auratus) x common carp hybrids also have low susceptibility to CyHV-3 infection
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Cyprinivirus- specific DNA polymerase primers

Nested conventional PCR assay based on CyHV 1-3 DNA polymerase
sequences

e Analytical sensitivity of 1-10 copies/reaction (~DNA from 0.25mg tissue)
o Assay accredited to ISO 17025

Initially run in parallel to the TK primers recommended by the OIE.

In the UK the assay was adopted as the primary assay for confirmation of
disease outbreaks as it performed better in our hands
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Herpesvirus diversity

N-J tree based on partial cyprinid
herpesvirus DNA polymerase gene
sequence (300nt) obtained from
carp tissues using the CyHV pol
generic primers
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CyHV-3 variants

N-J tree based on partial cyprinid
herpesvirus DNA polymerase gene
sequence obtained from carp tissues
using the CyHV pol generic primers
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Significance of the findings
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The significance of the novel CyHV-3 strains for common carp is not fully
understood

Many of the CyHV-3 variants were detected in apparently healthy animals.

low-pathogenic strains of CyHV-3 that do not warrant control in the
same way as conventional CyHV-3 isolates.

In a few cases the animals exhibited signs usually attributed to a CyHV-3
infection

pathogenic strains of CyHV-3 that do warrant control.
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CyHV-3 gPCR assay design

Multiple alignment of CyHV-1-3 partial DNA polymerase sequences
using Clustal W

Design multiple primer and probe combinations

Select the assay that performed well
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Amplification Plt 107
e B CyHV-3 gPCR
10¢ amplification
107 curves using
102 serially diluted
Coples plasmid and carp

reaction
DNA extracts as a

matrix
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Standard Curve

CyHV-3 gPCR
standard curve

1 2 345 W W@ 0 x 1000 10000
Cluantity
Legend

. Standard . LInknown nknown (Flagged)
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Gilad gPCR Gilad gPCR and CyHV-3
pol gPCR amplification
curves using DNA
extracted from tissue
infected with a CyHV-3
variants

D e HF Ec

CyHV-3 pol gPCR

D e HNF Ec
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Conclusions for the CyHV-3 assays
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Emergence of carp edema virus (CEV) and

its significance to European common carp and koi
Cyprinus carpio
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Large DNA virus. Genome ~ 460 kbp (Thomas Waltzek (personal communication)

The disease has been reported to generally occur naturally in koi at water temperatures
between 15-25°C with a cumulative mortality that may reach 75-100% in juvenile koi, but

outbreaks have also been reported to occur during periods of low water temperatures (6-
10°C)
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Design of a new assay prompted by CEV outbreak in common
carp 2012

o Carp mortality in several ponds in London to the South of the river
Thames.

e Initial confirmation of CEV in these cases was achieved by PCR using the
primers described by Oyamatsu et al. (1997)

* No products in the 15t round PCR. Non-specific products of a similar size
to the expected product in the 2" round which made the interpretation
of the assay difficult
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Non-specific PCR results using the using the primers
described by Oyamatsu et al. (1997)

1st round 2"d round

L

—

e

Q022 N1 Q026 N2 Q030 N3 +ve

g —

-

N3 N4 N5 Q034 N6 +ve
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Design of PCR primers based on the based on the CEV sequence
obtained from T Miyazaki

>CyPP-3
CEV ForA CEV ForB
GCAGGATCATTATCCTTGTATCTACAAGTACAATAGAAAGCAAGAAGTTTGTATGGAGTATCCAAAGTACTTAGATTA

ATGTTATCAATGAAATTTGTGTATTGTGTTTTTGTTAGTCCAAGAGTTTTCTTCTCATCGTTTGTTACCTTTTGTAGTT
CEV ForC

GTTTAATATTTGTGATAAGATTTCCATTAGCATAAAATCCTTCCCAAATTTGTGTTGATACATGTTTTAGTGTTTTGTA
CEV ForD CEV ForE

GATTGTAGCATTTCCTAGTTTGTATGGCAAGAAACAAACTCTCTTTACTGCAACTCCTTGAGGAATTTGATCTAGAATT

CCACAGAATGTAATCTCAAATTTGTTTGTAGAGTTTTTGAAGTATACTGTTTCATCACACAATCCTAGAACTAGAGCAA
CEV ForG
GATTAGAAGTCATTGTCTTATCGAAGACATTCATCTTATTCCAATCATCAATCTGAATTCCTTTCCAGAACATAACATT
CEV ForH
TGCAATTTTAACTTGCTCTGGAATTGTATCAACATGTCCAATATCTTTCTTTACTACGTAATTTGGATGAGGTAGTACT
CEV ForJd
TTGCTAACAAAGTCACAATAGTGAAGAGTTGTCATTTTAATTTGTTGTAGTCCAATTTCTGCAAATTGATATATATCAG
CEV ForkK CEV ForL
GAATATCAAATTTAACCATATTTGCAAATGGATTTGCTGCTGGTGCTGCCATTACGTAATTAGAATCGCGAAGTTCAGG
CEV Forl
ATCTCTTGCTGCTGCTGTTGCAACCATTTGAGAATGAACCGAATCAACAAGTTGATATGCTTTTGCATTTGCATCAAAA
GCAACAACTTGACGAGGGAATGATTGGGACAAAGTAGAACTTCTTGTATAATGTATATCTTGAGAAGCAGCTGCTCCAC
CTGCTACAATTCCAAGAGCATAATGATATTCAAGATCTAGTTTAATTTGATCTGGAGAATAAGTGTATGCCTTAATTCC
ATATAGCTTAATGAAATGCTCATAATTACCTTGTCCAAACAAAGTTAGGTAAAATAGTTTTAGGATTGAAGCAAGAGCT
GCTGCACTTTTAGGAGG CCAGCTCCCTACAAGGAAAGCAATTG
CTCAAGAATTAGAATTGCAACTTCTAGT
TGGCATCGAAATAACTTGCA AGGATTAGGAGC
AACCTGCA
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Initial PCR results using the primers based on the CEV sequence obtained
from T Miyazaki combined with R3 primer from Oyamatsu et al. (1997).
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Detection of CEV in gills by PCR using
the B/J and B int/J int primer sets

1st round 2" round

P054 = Q091 P054
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Fisheries & Aquaculture
Science




Detection of CEV-like sequences in carp tissue by nested PCR

using CEV B/CEV J in the first round and CEV Bint/CEV Jint in
the second round.

Q030 @USET0039 NI '+ +
iz 2.2 T2 1.2

Q039 Q089 Q91
2.2 1.32 1.2
Centre for Environment
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Tagman gPCR assay for CEV

Standard Curve s Amplification Plot
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0.25
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0.10
0.05

0.00 -P;_

-0.05

10 2030 100 200 1000 10000 100000 1000000 |m:'nm 100000000 1000000
Quantity

Detection limit of 1-10 copies/reaction
Widely used as a primary screening tool for surveillance and disease confirm by
conventional PCR and sequence analysis using the Cefas CEV B/J and Bint/Jint
primer sets.
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Neighbour-joining tree
based on partial
sequence (433nt) of the
core protein P4a gene
of CEV from 2009 —
2013

Detections

incommon carp

Detections .,
in Koi carp - P054 1.3

6 RO04 1.2 +1.6
R0O89 GP2 CEV
gl  M141
651 Q098

.- R082 1.4
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Could this disease be a major contributor to Spring Carp
Mortality Syndrome (SCMS) — unexplained mortalities,
reported to occur in carp fisheries since 1980s ?

Examination of the presence of CEV in SCMS samples

100%

90%

80%

T0%

B0%

50%

112(42%)
A0%

0%

20% A

10% -

0%
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—— 212/1 (2004)

All of the CEV-like sequences
175/2 (2004)

s generated from SCMS tissues

116/1 (2004)

samples from 2004-2006 were
213/1 (2004)

e assigned to the lineage linked

281/1 (2004)
116/2 (2004)
158/2 (2004)

18812 (000 commaon carp.
212/2 (2004)
235/1 (2004)
— 181/2 (2004)
251/1 (2004)
130/1 (2005)
161/1 (2004)
165/1 (2004)
185/1 (2005)
222/3 (2004)
— 21372 (2005)
250/1 (2004)
169/2 (2004)
189/3 (2005)
233/1 (2004)
250/1.2F (2004)*
342/1 (2004)

108/4 (2006)
123/2 (2006)

130/1 (2006)
130/2 (2006)
136/1 (2005)
174/1 (2005)
177/2 (2005)
177/4 (2005)
S038 1.2
245/3 (2004)

Q0302.2
Q037 1.2
Q039 1.2
Q089 1.2
Q091 1.2
RO85 1.2-2.2-3.2

192/1 (2004)
81 1192/2 (2004)

25 | R149 (OH Netherlands)
9 1R093 1.1
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e CEV specific real-time gPCR and conventional PCR

 Adopted internationally as the ‘standard’ for CEV surveillance
and disease confirmation.
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T084-1.4
29945

S022-1.1
220-2014
R0851.2-2.2-3.2
R086-1.2
R090 1.2
. 420-2014

6
{L 640-2013
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Q2251.2

Q2292.2
| RO06 1.4
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.| 549-2014
396-2013
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R0931.1

i’ R149 (OH Netherlands)
R0O83

CyPP-3

f31#98

L PO54 1

M141

Qo9

| R089 GP2 CEV

55-2013

“ 687-2014

— R0O04 1.2 +1.6

. |R082 1.4
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CEV_Japan
1-98
Q030
M141

CEV_Japan
1-98
Q030
M141

CEV_Japan
1-98
Q030
M141

CEV_Japan
1-98
Q030
M141

CEV_Japan
1-98
Q030
M141

GAAGTCATTG TCTTATCGAA GACATTCATC TTATTCCAAT CATCAATCTG AATTCCTTTC CAGAACATAA CATTTGCAAT

-.GA. ...

CEV Jint
TTTAACTTGC TCTGGAATTG TATCAACATG TCCAATATCT TTCTTTACTA CGTAATTTGG ATGAGGTAGT ACTTTGCTAA

Highly variable IGR
sequence




Table 2 the results of nested PCR base on old primers and new primers

15t PCR 2nd PCR 1t PCR 2nd PCR 15t PCR 2nd PCR
(CEV B/))  (CEV Bint/Jint) (CEV B/J2) (CEV Bint/Jint2)  (CEV B/J2) (CEV Bint/Jint3)

M Old primers | Newprimers1 | Newprimers2 ______
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So what have we missed?

Thank You
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Exploiting the increased discriminatory power of Variable
Number Tandem Repeats (VNTRS)

The three complete CyHV-3 genomes aligned using Clustal W and the
uninterrupted VNTRs were identified by visual examination

e 15 uninterrupted VNTRs displaying at least 4 repetitions.

e 11 with a repeat unit of 3 or more in length.

6 of the 11 alleles differed in repeat number between the CyHV-3 U
and CyHV-3 | strains.
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KHV virus Repeat size Start position Repeat sequence
strain (nucleotides)

DQ657948.1 [ 4810 (TGA),
DQ177346.1 4798 (TGA)s
AP008984.1 4752 (TGA),
DQ657948.1 [ 11628 (AGTGAGCAG); . .
DQ177346.1 11619 (AGTGAGCAG), V N T R p O Iy MOor p h ISIMS 1IN t h e
AP008984.1 11545 (AGTGAGCAG),
DQ657948.1 & 15501 (TCA)s
DQ177346.1 15497 (TCA); Cy H V—3 ge nome
AP008984.1 15455 (TCA),
DQ657948.1 A 16100 (TG
DQ177346.1 16096 (TG)se
AP008984.1 16052 (TG)a4
DQ657948.1 A 37878 (GT)sr
DQ177346.1 37928 (GT)a
AP008984.1 37856 (GT)so
DQ657948.1 [ 90974 (AACCACCGAGGA/T),
DQ177346.1 91007 (AACCACCGAGGA/T),;
AP008984.1 91021 (AACCACCGAGGA/T);,
DQ657948.1 [ 133275 (AcccTe),
DQ177346.1 133307 (ACCCTC),
AP008984.1 133358 (ACCCTC)s
DQ657948.1 [ 177568 (GA)s;
DQ177346.1 177605 (GA)7
AP008984.1 177510 (GA)o
DQ657948.1 [&} 188012 (TTC),q
DQ177346.1 187984 (TTC)yg
AP008984.1 187881 (TTC),,
DQ657948.1 [ 216450 (AGCAACAGC),
DQ177346.1 216418 (AGCAACAGO),
AP008984.1 216286 (AGCAACAGC),
DQ657948.1 |G 216553 (CTTCAGCAC),
DQ177346.1 216513 (CTTCAGCAC),
AP008984.1 216398 (CTTCAGCAC),4
DQ657948.1 [ 277488 (TGA),
DQ177346.1 277451 (TGA)s
AP008984.1 277589 (TGA),
DQ657948.1 [ 284305 (AGTGAGCAG),
DQ177346.1 284272 (AGTGAGCAG),
AP008984.1 284382 (AGTGAGCAG),
DQ657948.1 [ 288178 (TCA)s

s S DQ177346.1 288150 (TCA)s

Centre for Environment AP008984.1 288292 (TCA)g

Fisheries & Aquaculture  |DQ657948.1 i 288776 (TG)ss
Science DQ177346.1 288749 (TG)ss

AP008984.1 288890 (TG)s,




Centre for Environment

Fisheries & Aquaculture
Science

VNTR

VNTR-
11700

VNTR-
91700

VNTR-

133920

VNTR-

188700

Primer Sequence

11700 For CACATCATCAAGAACTTCAG

Genome
Location*

AGTGAGCAG

11700 Rev TTGCAGTATTGGAGCACTC

Allele no

91700 For GTATGGGTCTAGATAGAGAG

AACCACCGAGG(A/T)

91700 Rev GAAGGACCTGACCAACTCAG

133920 For CTCGCAGATCAGAGGTTCG

ACCCTC 133275

133920 Rev GACCTACCTACCTCTACAC

188700 For CGGAATCCACCACGTACAG

188012

188700 Rev TGAAATCCATCACCTGCGAG

Dendrogram for 4 VNTR loci, VNTR-91700, VNTR-11700,

VNTR-133920 and VNTR-188700
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VNTR profiles for CyHV-3 detected in the UK

e Approx. 10% of the total number of samples analysed to date

e Atotal of 75 distinct VNTR profiles were observed for the CyHV-3 detected in the
UK between 2003 and 2016, suggesting large numbers of independent
introductions

e Highlights the potential for even greater genetic diversity of the CyHV-3 strains
circulating globally.
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Stability of the VNTR profiles

e The same VNTR profile was observed in all viruses identified during a single
disease episode on a fishery site indicating that they stable in the short term and
represent suitable markers for epidemiological studies and outbreak tracing.

e Research undertaken at Cefas has demonstrated this experimentally. Virus was
reactivated by stressing fish that had survived a KHVD outbreak three years
earlier, and the infection was transmitted to naive cohabiting fish. The virus
detected in the stressed animals and that transmitted to the naive fish was
identical to those of the initial outbreak virus
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The same VNTR profile was observed in viruses isolated from a fishery site after
long periods without clinical disease indicating that the virus can remain dormant
for several years, and raises concerns that the virus may be more widespread than
originally thought.

9 24
J375 (2006) R135(2013) R136(2013) S118 (2014) D182 2.4 (2001)
5 5 5 5 5
25 25 25 18 18
5 5 5 7 7
14 14 14 18 18
Lavender Hall - reoccurance linked 13 year gap
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The same VNTR profile was observed on several sites across the country either in

the same year or within a year of each other suggesting spread or infected fish
from the same supplier

17
J2861.1(2006) H3291.1(2005) H3612.1(2005) H361 2.2 (2005) H361 2.3 (2005)
5 5 5 5 5
19 19 19 19 19
7/ 7/ 7/ 7/ 7/
13 13 13 13 13
Linked?
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The majority of the VNYR profiles were unique and found on a single site only
suggesting multiple independent introductions.

42 43 44 45 46 47
L151 (2008) L160 (2008) DQ177346.1 N099 (2010) N 100 (2010) P123 1.1 (2011)
5 5 7 5 5 5
18 18 18 18 18 18
9 8 8 7 7 7
19 21 28 19 20 30
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KHV specific VNTRs identified in the positive samples from 5 disease
outbreaks in Essex in 2014.

S106 S124 S134
Pea Lane S118 Valence S133 Puddledock

Great Oakley Slough House
11700
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91700

133920

188700
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KHV specific VNTRs identified in the positive samples from disease outbreaks
in Essex in 2014.
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KHV specific VNTRs identified in the positive samples from disease outbreaks
in Essex in 2014.
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Further work

Industrial placement student for 2018/19 looking at the suitability of the
CyHV pol PCR assay to demonstrate freedom from infection with CvHV-3.

Design and evaluation of a new real-time PCR assay to capture all CyHV-3
including the CyHV-3 variants

Analysis of the VNTR regions for the more recent CyHV-3 samples to identify
links between outbreaks.
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