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Abstract

Since the emergence of cyprinid herpes virus 3 (CyHV-3), outbreaks have been devastating to koi
and common carp leading to high economic losses. Current diagnostics for detecting CyHV-3 are
limited in sensitivity and are further complicated by latency. Here we describe the detection of
CyHV-3 by recombinase polymerase amplification (RPA). The RPA assay can detect as low as 10
copies of CyHV-3 genome by an isothermal reaction and yields results in approximately 20
minutes. Using the RPA assay, CyHV-3 genome can be detected in total DNA of white blood cells
isolated from koi latently infected with CyHV-3, while less than 10% of the latently infected koi
can be detected by a real-time PCR assay in total DNA of white blood cells. In addition, RPA
products can be detected in a lateral flow device that is cheap, fast, and can be used outside of the
diagnostic lab. The RPA assay and lateral flow device provide for the rapid, sensitive, and specific
amplification of CyHV-3 that with future modifications for field use and validation could lead to
enhanced surveillance and early diagnosis of CyHV-3 in the laboratory and field.

Introduction

Cyprinid herpes virus 3 (CyHV-3), also known as koi herpesvirus (KHV), is a highly
pathogenic and contagious member of A/loherpesviridae (Pikarsky et al. 2004; Waltzek et al.
2009). Other closely related members of the group include carp pox herpesvirus (CyHV-1)
and goldfish hematopoietic necrosis virus (CyHV-2). Initial reports describing the virus
originated from Israel, the United States and Germany; however, CyHV-3 has since been
reported worldwide (Bretzinger et al. 1999; Calle et al. 1999; Hedrick et al. 2000; Choi et al.
2004; Bondad-Reantaso et al. 2005; Grimmett et al. 2006; Garver et al. 2010; Marek et al.
2010; Taylor et al. 2010; Cheng et al. 2011; Avarre et al. 2012; Dong et al. 2013).

Productive infection occurs in several tissues/organs, including but not limited to gills, eyes,
skin, kidney, heart, and brain (Gilad et al. 2004; Miyazaki et al. 2008). Based on the severe
clinical manifestations of disease, mortality rates have been reported to be 80-100%
(Hedrick et al. 2000; Dixon et al. 2009; Bergmann et al. 2010). As is consistent with other
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known herpesviruses, CyHV-3 can become latent in koi that recover from an initial viral
infection (St-Hilaire et al. 2009; Eide et al. 2011). Latency is a hallmark of herpesvirus
infection, and is characterized by the persistence of the viral genome within the host cells
and the lack of virus particle production. The main site for latency of CyHV-3 has been
identified to be white blood cells (WBC), specifically the B lymphocyte (Eide et al. 2011;
Reed et al. 2014). Fish with latent CyHV-3 infection can live normally; however, they can
shed infectious viruses and succumb to viral disease when they experience latency
reactivation under stressful conditions. While the severity and consequences of disease have
been devastating to the carp aquaculture industry as well as the ornamental koi trade, latency
and reactivation highlight additional risk for subsequent reinfection of surviving populations
and the spread to naive groups of fish (St-Hilaire et al. 2005). Diagnostic methods to detect
CyHV-3 must be able to detect the latent infection so that naive populations are not
unknowingly exposed to carriers, which would put them at risk of exposure to this deadly
virus. Currently, no test is available that can detect latent infection. CyHV-3 becomes latent
in less than 1% of cells in the peripheral white blood cells (Reed et al. 2015). Only a few
copies of viral genome are present in the latently infected cells.

Several diagnostic methods have been employed to detect CyHV-3, including ELISA (St-
Hilaire et al. 2009), immunohistochemistry based assays (Aoki et al. 2011; Tu et al. 2014),
hybridization assays (Monaghan et al. 2015; Saleh and El-Matbouli 2015), numerous PCR
assays (Gilad et al. 2002; Bercovier et al. 2005; Ishioka et al. 2005; EI-Matbouli et al. 2007;
Bergmann et al. 2010; Yuasa et al. 2012), and loop mediated isothermal amplification
(Gunimaladevi et al. 2004; Soliman and El-Matbouli 2005, 2010; Yoshino et al. 2009). PCR-
based strategies have been the “gold standard” as they are more sensitive than ELISA based
methods and are less invasive than strategies requiring invasive tissue sampling, like many
hybridization assays. However, these available assays all have limitations in analytical
specificity and sensitivity. Currently available diagnostic tests, such as enzyme-linked
immunosorbent assay (ELISA) and PCR, often misdiagnose koi that are CyHV-3 latently
infected. New tests that are capable of detecting low copy numbers of CyHV-3 genome are
needed to diagnose CyHV-3 carriers and therefore prevent the spread of the virus..

Lateral flow (immuno) assay/ immunochromatography is a technique with broad spectrum
applications including the detection of nucleic acids (Posthuma-Trumpie et al. 2009).
Nucleic acid detection is through primer sets with two different tags recognized in the lateral
flow device by antibodies specific to the tags. As the sample is applied to a strip containing a
polymeric material, it reacts with areas where specific antibody molecules have been
affirmed to the strip resulting in a colorimetric signal. Each lateral flow device (LFD) has at
least two lines, a test line where the sample is recognized and a control line to ensure the
proper flow of sample through the strip (Posthuma-Trumpie et al. 2009). In this study, a
commercially available LFD detects nucleic acid in less than 10 minutes and has a simple
and straightforward protocol that can be easily used without extensive technical training.

Recombinase polymerase amplification (RPA) is an emerging method for the isothermal
amplification of nucleic acid (Piepenburg et al. 2006), and has been employed for the
detection of various pathogens (Euler et al. 2012a, 2012b; Abd EI Wahed et al. 20134,
2013b; Amer et al. 2013; Boyle et al. 2013, 2014; Ahmed et al. 2014; del Rio et al. 2014;
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Jaroenram and Owens 2014; Krdlov et al. 2014; Mekuria et al. 2014; Tsaloglou et al. 2015;
Xia et al. 2014, 2015; Zaghloul and EI-Shahat 2014; Zhang et al. 2014). The RPA method
utilizes three main enzymes to amplify template DNA: recombinases, single stranded
binding protein (SSB), and a strand-displacing polymerase (Piepenburg et al. 2006).
Exponential amplification of target amplicons proceeds by the use of two opposing
oligonucleotide primers similar to PCR. The length of the RPA primers, >30 bp, is longer
than those primers commonly used in traditional PCR; melting temperature differences are
inconsequential because thermocycling is unnecessary for the RPA reaction to proceed.
Amplification in a RPA reaction starts by primers forming a complex with recombinase
enzymes that pair primers to their homologous template sequences (Piepenburg et al. 2006).
SSB then bind to displaced template DNA strands and synthesis proceeds with a strand
displacing polymerase (Piepenburg et al. 2006). RPA has been used as a rapid and sensitive
method for amplifying nucleic acid of pathogens. In this study, we employed RPA to
isothermally amplify CyHV-3 DNA from latently infected koi fish and detected the product
using a lateral flow device. In addition, we directly compare the use of RPA to amplify
CyHV-3 from latently infected koi to a PCR-based assay.

Koi sampling

Twelve adult koi fish with confirmed exposure to CyHV-3 were used in this study with no
clinical signs of CyHV-3 infection within the past two years. One fish with true negative for
CyHV-3 was used. We have confirmed the latency by RT-PCR and have been described in
detail in our previously published paper (Reed et al 2015). To investigate whether CyHV-3
has any gene expression during latency, all eight open reading frames (ORFs) from the
terminal repeat were investigated by RT-PCR (Fig. 1 and Table 1 Reed et al 2015). It was
shown that the amplification from ORF1 to -5 and ORF7 to -8 was not observed. However,
Only a spliced ORF6 transcript was found to be abundantly expressed in IgM* WBC from
CyHV-3 latently infected koi. All the 12 fish that were positive with RPA assay were true
positives and one fish that was negative with RPA was true negative. Koi were maintained at
the Oregon State University John L. Fryer Salmon Disease Laboratory (OSU-SDL) and
blood samples were collected as previously described (Reed et al. 2014). White blood cells
(WBC) were isolated by a Ficoll-Paque PLUS gradient according to the manufacturer’s
instructions (GE Healthcare, United Kingdom).

Template preparations

The genomic DNA purified from strain CyHV-3 (KHV-U) was used as a positive control in
this study. Briefly, Common carp brain cell line (CCB) was infected with KHV-U strain at a
moi of 1.0. After characteristic KHV cytopathogenic effect (CPE) is observed, the
supernatant was harvested and virus was purified by ultracentrifigation (Eide et al. 2011).
Genomic DNA was extracted from the virus with a High Pure PCR Template Preparation Kit
according to the manufacturer’s instructions (Roche Diagnostics, Indianapolis, IN, USA).
CyHV-3 genomic DNA was diluted to 100, 50, and 10 copies per sample estimated by
spectrophotometric assessment by NanoDrop. A minimum of seven replicates was tested for
each dilution.
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Koi white blood cells (WBC) were isolated on a Ficoll-Paque gradient from 2 ml of whole
blood as described previously (Reed et al. 2014). Total DNA was extracted from WBC with
the High Pure PCR template preparation kit (Roche Diagnostics, Indianapolis, IN) according
to the manufacturer’s instructions; DNA was eluted in nanopurified water. 0.5 pl of total
extracted DNA (500 ng-1 mg) was used in the RPA assay as template.

To investigate the analytical specificity of the RPA assay samples known to be negative for
CyHV-3 were used as control. Total DNA was extracted from a closely related cyprinid
species, the goldfish ( Carrasius auratus) which included WBC and skin samples.
Additionally, a negative control sample of total DNA from a goldfish with confirmed
Cyprinid herpesvirus 2 (CyHV-2) infection was also used as negative control.

Primer design

Primers suitable to RPA amplification were designed based on the CyHV-3 reference
sequence (NCBI accession no. NC_009127.1). The primers were selected based on 100%
conserved sequence of major capsid protein gene of all the Cyprinid herpesvirus 3 strains:
reference (NC_009127), KHV-GZ11, TUMST1, KHV-U, KHV-I, Israel and FL BAC that
are available from NCBI gene bank. The major capsid gene is highly conserved among the
CyHV-3 strains and this was the basis for selection of this gene for primer sequence. The
forward primer (32bp long) matched 12 and 13 nucleotide bases with CyHV-1 (NG-J1
strain) and CyHV-2 (ST-J1 strain) and the reverse primer (34bp long) matched 11 and 13
bases with CyHV-1 (NG-J1 strain) and CyHV-2 (ST-J1 strain), respectively. RPA primers
were designed to detect a 230 bp region of the major capsid protein of CyHV-3 (Table 1).
The primers for quantitative TagMan PCR were selected as previously described (Table 1)
(Gilad et al. 2004). For product detection on a lateral flow device, a5" modification of
either FAM or biotin was added to each original RPA primer. The modified primers were
synthesized by Thermo Fisher Scientific (Waltham, MA) and unmodified primers were
synthesized by Eurofins MWG Operon (Huntsville, AL).

Quantitative PCR

To detect and quantify CyHV-3 genome from each koi, ~500 ng of total DNA extracted from
WBC was used as template in quantitative PCR with primers KHV-86f and KHV-163r and
fluorescently labeled TagMan probe KHV-109p as previously described (Gilad et al. 2004;
Reed et al. 2014). Briefly, amplification was performed on the Bio-Rad CFX96 thermocycler
(Bio-Rad Laboratories, Hercules, CA) using a 25-pl reaction mixture consisting of 12.5 pl
Platinum quantitative PCR (qPCR) Supermix-UDG with ROX (Invitrogen, Carlsbad, CA),
0.5 pl of each primer (20 nM) and probe (10 mM), and 5 pl (approximately 1 pg total) of
DNA template; the reaction mixture was subjected to the following steps: (i) 50°C for 2 min;
(ii) 95°C for 2 min; (iii) 60 cycles, with 1 cycle consisting of 95°C for 15 s and 60°C for 60
s (a slower ramp time was adjusted to 2°C/s to facilitate higher sensitivity). Genome copy
numbers from real-time PCR were extrapolated from a standard curve established by using
10-fold serial dilutions of CyHV-3 DNA from 10° to 10° genome copies. Samples without
the template was used as a negative control. Data analysis was performed using the
associated CFX Management Software suite (Bio-Rad Laboratories, Hercules, CA).
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To detect CyHV-3 genome in koi WBC using RPA, the TwistAmp Basic kit (TwistDx, LTd.,
Cambridge, United Kingdom) with the RPA specific primers (Table 1) were utilized. The
RPA assay contained a lyophilized pellet premeasured and distributed by the manufacturer
that was dissolved using a mix of 29.5 pl rehydration buffer, 0.5 uL DNA template, 3 pl
primers (300 nM each) and 14.5 pl water to a final reaction volume of 50 pl. Magnesium
acetate (2.5 pl, 280 nM) was used to initiate the RPA reaction as described in the
manufacturer’s instructions. A negative control (water with no DNA) sample was included
in each run along with a positive control for assay runs involving koi WBC DNA samples,
which were run in duplicate. The reaction was conducted at 37°C (unless otherwise
specified) on a heat block for 20 minutes and purified using a GeneJET DNA purification kit
(Thermo Fisher Scientific, Waltham, MA) for samples observed by gel electrophoresis.

To confirm the correct DNA product was amplified, Sanger sequencing was performed at the
Center for Genome Research and Biocomputing (CGRB) at Oregon State University.
Following gel electrophoresis, selected bands of the approximated product size were
visualized on an LED blue light transilluminator and were excised using a razor blade. DNA
was purified using a GenelJet kit eluted using diH,O. Sequencing results were aligned to the
predicted CyHV-3 sequence by pairwise alignment tool. Amplification products were
detected by either visualization by gel electrophoresis on a 1.5% agarose gel stained with
SYBR Safe (Life Technologies, Carlsbad, CA) following DNA purification or by lateral
flow strip detection (LFD).

Lateral Flow Device application

Results

For rapid detection of CyHV-3 genome, RPA product was visualized using a lateral flow
device. Briefly, 5° modified primers (Table 1) were substituted for original RPA primers in
the RPA assay, and end products now labeled with both FAM and biotin were diluted with
supplied buffer and the diluted product was applied onto the PCRD-2 strips (Forsite
Diagnostics, United Kingdom). Results were assessed by visual detection of colorimetric
signal on the lateral flow strip which detects the combination of the 5" primer modifications,
FAM and biotin, by anti-FAM and anti-biotin antibodies that are immobilized together at the
test line (T-line). A control line (C-line) is incorporated as a flow check control. Negative
results are indicated on the strip by a single line at the C-line position and no color detected
on the T-line. Positive results are indicated by lines at both the C- and T-line positions. Strips
that do not develop a line on the C-line are discarded as faulty.

Detection of CyHV-3 using the RPA assay

To test the ability of the RPA assay to detect CyHV-3 DNA, DNA purified from the KHV-U
strain at 100, 50, and 10 copies was used as template in the RPA assay. As shown in Figure
1, an approximately ~230 bp product was detected in reaction with templates at 100, 50, and
10 copies of CyHV-3 genomic DNA (Figure 1, lanes 3, 4, and 5 respectively). No band was
seen from reactions without CyHV-3 DNA (nanopure water) when ran in parallel to CyHV-3
DNA samples (Figure 1 lane 1, Table 2). This result was consistent with all replicates for
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each of the dilutions tested. To confirm the amplification is specific for the CyHV-3 genome,
RPA products were examined by Sanger sequencing. Based on sequence data, all the RPA
products showed 100% sequence identity to the CyHV-3 reference DNA. To test the RPA
analytical specificity, templates from CyHV-2 and total DNA of goldfish (Carrasius auratus),
which is known to be CyHV-3 free, were also evaluated (Figure 1, Table 2). As shown in
Figure 1, lanes 7-8, no product was amplified from any of the negative control samples,
which suggests the primers selected for CyHV-3 is specific for the virus. Our results
demonstrated that CyHV-3 RPA is specific and capable of detecting viral genome copy
number as low as 10 copies.

Evaluation of temperature effects on RPA amplification of CyHV-3

To investigate the range of temperatures in which the RPA assay can be performed, positive
control DNA was diluted to 10 copies per reaction and the RPA assay was run at
temperatures of 41°C, 39°C, 35°C, 33°C, as well as at the manufacturer’s recommendation
standard of 37°C . As seen in Figure 2, product was detected at all temperatures, confirming
that the RPA amplification of CyHV-3 DNA was able to amplify across the temperature
range of 33-41°C.

Detection of CyHV-3 by RPA assay in latently infected koi

To determine the ability of the RPA assay to detect latent CyHV-3 infection in koi, total
DNA of WBC from latently infected koi was evaluated by the RPA assay. As shown in
Figure 3, CyHV-3 DNA was amplified from 12 of the 12 true positive samples in all
replicates by the RPA assay. All fish samples were tested by the RPA assay with a minimum
of two replicates using total DNA (500ng-1mg) in each reaction. The same samples of DNA
from each of the fish were also analyzed by quantitative TagMan PCR, where only one
sample out of 12 positive samples was tested positive. One out of 13 fish, which was true
negative, gave negative result with both RPA and gPCR. Amplified products from three
samples were selected for further confirmation of RPA results by Sanger sequencing. As
confirmed by sequencing, all RPA products from three different koi have DNA sequence
with 100% identity to the CyHV-3 genome (NCBI accession no. NC_009127.1). This result
demonstrated that the RPA assay is capable of detecting CyHV-3 DNA in latently infected
fish and has a greater analytical sensitivity than the quantitative PCR as described previously
(Gilad et al. 2002).

Detection of CyHV-3 RPA products on a Lateral Flow Device

To test the application of this CyHV-3 RPA assay as a rapid detection assay, RPA products
were applied to a lateral flow device. The RPA products from six koi WBC DNA samples
were added to a LFD containing PCRD-2 strips as well as negative control (RPA product
amplified with no DNA template) and positive control (RPA product amplified from 50
copies KHV-U DNA) products. As seen in Figure 4, a positive colorimetric signal from the
RPA reaction was detected on a LFD from all latently infected koi and not from the negative
control sample. The same RPA products showed a positive band by gel electrophoresis for
all latent WBC samples. This data demonstrates detection of purified RPA products by LFD
as an alternative to visualization by gel electrophoresis.
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Discussion

The need for a highly sensitive assay capable of detecting latent infections is paramount as
undiagnosed latent fish could be introduced to naive populations leading to subsequent
infection, loss of fish, and monetary losses. The RPA assay we report herein is a rapid and
robust alternative test for detecting CyHV-3. This RPA assay is specific to CyHV-3 and is
capable of detecting as little as 10 copies of CyHV-3 genome (Figure 1, Table 2). The RPA
assay consistently and repeatedly amplified CyHV-3 genome, while negative control
reactions remained unamplified. The assay successfully detected CyHV-3 DNA across the
temperature range of 33-41°C, suggesting that the RPA assay can be performed at any one
temperature without a thermocycler (Figure 2). Using the RPA assay, CyHV-3 was detected
in all previously confirmed latently infected fish, and provided a more sensitive detection of
latently infected koi as directly compared to quantitative PCR (Figure 3). In addition, we
illustrated the ability of the end products to be visualized by LFD detection (Figure 4). The
data we present demonstrated the advantage and resilience of using RPA in conjunction with
LFD to detect CyHV-3.

RPA assay identified all 12 latently infected fish. A true negative fish was negative with
Tagman PCR, gPCR and RPA methods. While the 12 confirmed latently infected fish used
in this study had previously been positively identified by PCR strategies, in this study, only
one was identified as positive by detection with quantitative PCR. This can be explained in
several ways as the quality of DNA extraction could have varied from previous samples
tested or the circulating genomic copies may fluctuate over time. The discrepancy in the
detection of latent fish between gPCR and RPA methods may have been due to inhibitors in
the DNA prep. RPA has been shown to be highly resistant to crude samples in comparison to
PCR and in addition, RPA works on a wide range of temperatures. We believe PCR is more
sensitive to inhibitors as compared to RPA and this may have affected the results. However,
the direct comparison of RPA with quantitative PCR demonstrates that RPA is a much more
sensitive assay for detecting latent CyHV-3 infections.

RPA is an isothermal method of DNA amplification; therefore, it can be performed at one
constant temperature and expensive machinery necessary to perform thermocyling is not
required. RPA produces reliable results at a wide range of temperatures, further
demonstrating its robust nature and highlighting its flexibility over traditional PCR
strategies. The optimum reaction temperature of the RPA enzymes is near 37°C and
although our assay is successful at a range of temperatures, running at 37°C will increase the
chance of optimum enzyme performance. Ideally a diagnostic assay could be performed by
minimally trained technicians in a patient-side manner and produce results as quickly as
possible to prevent translocation of potentially infected fish and subsequent transmission of
the disease.

We have shown that LFD technology can be used in conjunction with our RPA assay
demonstrating the potential development of RPA as a field assay. Detection by LFD adds
less than 10 minutes to the already rapid assay time and omits the use of expensive
quantitative machinery associated with real time detection strategies and gel electrophoresis
equipment otherwise necessary to visualize the amplified product. As an alternative to lateral
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flow device, the dynamic nature of the RPA assay allows for the addition of a fluorescent
probe to detect amplified results in real time. The speed, analytical sensitivity, and overall
dynamic nature of the RPA assay highlight a viable option for future development of a
CyHV-3 specific rapid diagnostic test capable of detection in an onsite manner. In future
developments we would like to improve upon the handling and DNA extraction process for a
more accessible protocol which would decrease detection time and further eliminate
technical equipment needed to adequately employ this assay in the field.

RPA detection of CyHV-3 has many advantages when compared to other detection methods.
An ELISA based detection assay has been reported to be less sensitive than TagMan PCR
(Eide et al. 2011)); ELISA detects whether the fish has been exposed to the infection but
may not detect the carrier or latent infection. in a direct comparison, this RPA assay is more
sensitive than quantitative PCR assay as latent CyHV-3 was detected in more fish using RPA
than gPCR. In addition to analytical sensitivity, RPA compared to other genomic detection
strategies has additional advantages. RPA is faster (amplification in about 20 minutes), and
ease of performance is equal or greater than PCR, with less expensive and sophisticated
equipment required. Fluctuations in temperature have little effect on the results and a wide
range of temperatures provides flexibility and will lead to more successful application of the
diagnostic test. RPA has true promise for further development of a rapid, affordable, easy,
and sensitive diagnostic test to detect CyHV-3.
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230 bp

Figure 1.
Electrophoresis of RPA amplification products following DNA purification. Products were

run at 85 volts for 70 minutes in 1.5% of agarose in TAE buffer. The numbers in the left
margin indicate the positions in base pairs for selected bands of the DNA marker (Thermo
Scientific™ GeneRuler™ 50 bp DNA Ladder, 50-1000 bp).The number in the right margin
indicates the predicted 230 bp size of RPA amplification. Lane 1 is the negative control
(water as template), lane 2 is a 50 bp DNA ladder. Lanes 3-5 are RPA products from 100,
50, and 10 copies of CyHV-3 genomes respectively as template. Lane 6 is RPA product from
a goldfish skin DNA, lane 7 is RPA product from goldfish WBC DNA, and lane 8 is RPA
product using WBC DNA from a fish positive for Cyprinid herpesvirus 2.
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Figure 2.
Reaction temperature range of RPA amplification of CyHV-3. The numbers in the left

margin indicate selected bands of the DNA marker, and the estimated amplified product size
is indicated at 230 bp in the right margin. Lane 1 is a 50bp DNA ladder (Thermo
Scientific™ GeneRuler™ 50 bp DNA Ladder, 50-1000 bp), lane 2 is the negative control
(water as template). Lanes 3—7 represent RPA amplification products from 10 copies of
CyHV-3 genome per reaction at temperatures 41°C, 39°C, 37°C, 35°C, and 33°C
respectively.
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Figure 3.
Summary of positive CyHV-3 detection from latently infected koi. Detection of DNA

extracted from WBC samples (n=13) from exposed or latently infected koi using RPA and
quantitative PCR (gPCR).
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Negative control Positive control

Figure4.
Detection of CyHV-3 product from RPA assay in lateral flow detection strips. The control

line is labeled as C which indicates the strip is working as predicted. The test line is labeled
as T which indicates the presence of doubly—labeled (with FAM and biotin) amplified
product. Samples from left to right: Negative control: water as template, positive control: 50
copies of KHV-U, Koi 1-3: three representative products amplified from total DNA of WBC
DNA from latently infected koi.
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Table 1

RPA and quantitative Tagman PCR primers used for the detection of CyHV-3 genome.

Name Sequence (5’-3) 5" modification?

RPA
KHV-MCP2F  TTCTTCAAGCCGGACGCCTTCAACGTGCAGCG FAM
KHV-MCP2R  TTCTCCAGGCGGCTCATGACGCTGGTGTTCTCGG  Biotin

Quantitative PCRY

KHV-86f GACGCCGGAGACCTTGTG
KHV-163r CGGGTTCTTATTTTTGTCCTTGTT
KHV-109p CTTCCTCTGCTCGGCGAGCACG FAM

a. .. . L
Modified primers were added for product detection via LFD.

b(GiIad et al. 2004).
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Table 2
Sensitivity and Specificity of RPA assay for the detection of CyHV-3

Sample Detection of CyHV3 DNA by RPA assay

CyHV-3 genome: 100 copies Positive

CyHV-3 genome: 50 copies Positive
CyHV-3 genome: 10 copies Positive
Water (no DNA) Negative
Goldfish skin Negative
Goldfish WBC Negative

CyHV-2 positive goldfish WBC  Negative
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