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Cyprinid herpesvirus-3 (CyHV-3) induces the highly contagious koi herpesvirus disease (KHVD) and may
result in significant economic losses to the ornamental and food-producing carp industry. Suspicion of
KHVD is triggered by clinical signs and confirmed using laboratory techniques. The latter are labour- and
time-consuming, require specialised equipment and trained personnel. For rapid, on-site detection of
CyHV-3, a lateral flow device (LFD) was developed using two monoclonal antibodies directed towards
the viral glycoprotein ORF65. The LFD was highly specific with analytical and diagnostic specificities of
100%. Analytical sensitivity ranged between 1.25 x 10% and 2.40 x 10* plaque forming units per ml for
isolates originating from geographically distinct regions. In experimentally infected carp, CyHV-3 was
detected as early as 4-5 days post infection. Diagnostic sensitivities of 52.6% and 72.2% relative to PCR
were recorded, depending on the viral isolate used. When onset of mortality was taken as reference,
diagnostic sensitivities increased to 67.0% and 93.3%. The diagnostic sensitivity for freshly found-dead
animals was 100%, irrespective of the virus isolate used. Given the high specificity and ease-of-use for
on-site detection of CyHV-3, the LFD was regarded fit for purpose as a first-line diagnostic tool for the
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identification of acute CyHV-3 infections in KHVD affected (koi) carp.

© 2013 Elsevier B.V. All rights reserved.

Cyprinid herpesvirus-3 (CyHV-3, also known as koi herpesvirus
or KHV) is the causative agent of koi herpesvirus disease (KHVD), a
highly contagious disease of common carp (Cyprinus carpio) and its
colourful ornamental varieties (koi) (Waltzek et al., 2005). KHVD
may result in mortality rates as high as 70-100%. The disease
was first reported in Israel in the late 1990s; then rapidly spread
throughout the world (Michel et al., 2010a). This rapid spreading
was attributed to international fish trade and to koi shows orga-
nised around the world. Outbreaks of KHVD are often associated
with considerable economic damage to both the food-producing
and the ornamental carp industry (Haenen et al., 2004). In order to
adequately control KHVD outbreaks, rapid diagnosis is crucial. In
general, suspicion of CyHV-3 infection in naive carp populations is
triggered by the observation of clinical signs of disease. Even though
KHVD does not induce pathognomonic signs, lethargy, overpro-
duction of mucus, discolouration of the gills, and herpetic lesions
of the skin have often been associated with CyHV-3 infection.
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Neurological signs such as disorientation and loss of equilibrium
may be observed at a later stage (OIE, 2012).

Diagnosis of CyHV-3 mainly relies on laboratory techniques,
whereby the virus is detected either directly (e.g. CyHV-3 isolation
on susceptible cell cultures or PCR-based techniques) or indirectly
(detection of virus-induced antibodies by ELISA or neutralisa-
tion assays). Particularly, highly sensitive PCR-based techniques
have been suggested as the gold standard for CyHV-3 diagnosis
(Bergmann et al., 2010), although the World Organisation for Ani-
mal Health (OIE) recommends a combination of detection methods
(OIE, 2012). Acommon drawback of all laboratory techniques is that
they are labour- and time-consuming, require specialised equip-
ment and trained personnel. A rapid assay, suitable for use under
field conditions, could thus be a valuable tool for carp and koi breed-
ers as well as veterinarians in diagnosing CyHV-3 “on-site”. The
present study aimed at developing and validating an immunochro-
matographic test for the specific detection of CyHV-3 antigen using
a non-invasive approach.

A characterised panel of monoclonal antibodies (mAbs), origi-
nating from mice immunised with CyHV-3, were screened by ELISA
for reactivity against CyHV-3. Two highly reactive mAbs, hereafter


dx.doi.org/10.1016/j.jviromet.2013.07.034
http://www.sciencedirect.com/science/journal/01660934
http://www.elsevier.com/locate/jviromet
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jviromet.2013.07.034&domain=pdf
mailto:Robert.vrancken@okapi-sciences.com
dx.doi.org/10.1016/j.jviromet.2013.07.034

680 R. Vrancken et al. / Journal of Virological Methods 193 (2013) 679-682

mAb1

mAb2

ORF65 transfected cells

DAPI

Overlay

Overlay

Fig. 1. Indirect immunofluorescence staining of CCB cells transfected with a pcDNA3 derived vector expressing ORF65. Left panels show immunoreactivity of mAb1 and
mAb2 with ORF65 as revealed by Alexa fluor probe 488 (green signal). The blue fluorescence represents the DAPI nuclear counterstain (middle panels). An overlay of both

fluorescent signals is depicted in the right panels.

called mAb1 and mAb2, both specific for the structural ORF65 pro-
tein (Michel et al., 2010b) were selected for incorporation into a
lateral flow device (LFD). The molecular target of these mAbs was
verified by indirect immunofluorescence staining of common carp
brain cells (CCB) transfected with pcDNA3 derived vector express-
ing CyHV-3 ORF65 (Invitrogen). Cells were transfected using the
Lipofectamine Plus reagent (Invitrogen). Transfected cells were
stained using either mAb1 or 2 as primary antibody and an Alexa
Fluor 488-conjugated goat anti-mouse immunoglobulin G as the
second conjugate as published earlier (Costes et al., 2008). In paral-
lel, a nuclear counterstain (DAPI) was performed according to the
manufacturer’s protocol (Invitrogen). Microscopic analysis, carried
out as described earlier (Costes et al., 2008), revealed a positive
immunoreactivity of mAb1 and mAb2 with ORF65 (Fig. 1).

Using a proprietary method (Coris BioConcept SPRL), mAb1 was
coupled to colloidal gold particles, adsorbed on a conjugate pad
and applied to the base of a plastic-backed nitrocellulose mem-
brane. The mAb2 was immobilised on the nitrocellulose membrane
at the test line (T) and a control antibody (in casu a goat anti-mouse
antibody) was immobilised at the control line (C). The LFD was
assembled by embedding the test strip in a plastic cassette (see
Fig. 2A).

To determine the LFD’s analytical sensitivity, two-fold serial
dilution series of in vitro cultured isolates of CyHV-3 were eluted in
250wl of a proprietary elution buffer (Coris BioConcept SPRL). The
test was carried out by transferring 100 .l of eluent to the sample
pad of the LFD. Once applied, the gold-conjugated mAb1 is recon-
stituted in the conjugate pad. When CyHV-3 antigen is present
in the eluent, an antigen/mAb1 complex is formed. This complex
migrates through the nitrocellulose membrane by capillary force
and encounters the immobilised mAb2 at T. Consequently, the anti-
gen/mAb1 complex is captured at T and a reddish-brown colour
appears (Fig. 2B). Remnants of the conjugated complex migrate
further and are captured by the goat anti-mouse control antibody
resulting in a similar signal at C, substantiating the test result
(Fig. 2B). Results of the test are read 15 min following application
of the eluent to the sample pad. The analytical sensitivity was eval-
uated with four CyHV-3 strains originating from three countries.

The FL (Costes et al., 2008) and the M3 strains were isolated from
the kidney of carp that died of KHVD in two distinct geographical
regions of Belgium. A German isolate (G) (kindly provided by Dr.
Fuchs, FLI, Germany) and an Israeli isolate (I) (kindly provided by
Dr. Kotler, The Hebrew University Hadassah Medical School, Israel)
were also used. All CyHV-3 strains were produced on CCB cells. Clar-
ified cell supernatants were stored at —80 °Cand titrated before use.
The LFD was able to detect all tested isolates with an analytical sen-
sitivity ranging from 1.25 x 102 to 2.40 x 10* plaque forming units
per ml (pfu/ml) (Table 1).

The analytical specificity of the LFD was evaluated using other
known viral pathogens of carp, namely Spring viraemia of carp
virus (SVCV; kindly provided by Dr. Bremont, INRA, France) and
Cyprinid herpesvirus-1(CyHV-1; UKG364 P2 isolate kindly provided
by Dr. Keith Way, CEFAS, UK). SVCV and CyHV-1 were produced on
Epithelioma Papulosum Cyprini (EPC) cells and KF-1 (koi fin) cells,
respectively. Clarified cell supernatants were stored at —80°C and
titrated before use. SVCV was chosen because this carp pathogen,
like CyHV-3, can induce mortality without associated pathog-
nomonic clinical signs; whereas CyHV-1 is genetically the most
closely-related aquatic pathogen to CyHV-3 able to infect common
carp. No cross-reactivity or false positive results were observed on
the LFD when the analyses where performed on a twofold dilution
series in elution buffer of the virus stock of SVCV (3.5 x 108 pfu/ml)
and CyHV-1 (2.4 x 106 pfu/ml); indicating an analytical specificity
of 100% for the LFD and ensuring the correct diagnosis of KHVD in
case of a positive LFD result.

To define the diagnostic sensitivity of the LFD, two identi-
cal experimental infection studies in carp were carried out using

Table 1
Analytical sensitivity of the LFD on CyHV-3 isolates from different geographical
regions.

CyHV-3 isolate Origin Detection limit (pfu/ml)
I Israel 1.5x 103

FL Belgium 2.4 x10%

M3 Belgium 3.1x10°

G Germany 1.25 x 102
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Fig. 2. (A) Schematic presentation of the components of the LFD. (B) Example of a negative and positive result at the Test line (T), a positive result at the control line (C)

validates the obtained result.

the Belgian field isolates CyHV-3 FL or CyHV-3 M3 as inoculum.
This animal study was accredited by the local ethics commit-
tee of the University of Liége, Belgium (Laboratory accreditation
No0.1610008). For each experiment, 120 common carp (average
bodyweight of approximately 10 g) were distributed over four 60-
litre tanks. Each tank was equipped with an individual recirculating
water system and kept at the permissive temperature of 25 °C. After
a 5-day acclimation period, three tanks containing 30 carp each
were infected by bath infection for 1 h with CyHV-3 at an inocula-
tion dose of 40 pfu/ml. One tank holding 30 carp served as negative
control. Daily, for a period of 10 consecutive days post infection
(p.i.) and every other day from day 10 to 16 p.i., two animals per
tank were randomly selected (they were not put back in the tank
to avoid introducing bias as a consequence of repeated handling).
Gills of fish selected at random were swabbed and tested for the
presence of CyHV-3 antigen using the LFD. All animals found dead
during the experiment were removed, the gills were swabbed and
tested as well. For comparison, gill tissue samples of dead animals
selected at random were also tested in a CyHV-3 specific poly-
merase chain reaction (PCR) assay based on a published protocol
(Bercovier et al., 2005) which is one of two PCR assays described
in the OIE Manual of Diagnostic Tests for Aquatic Animals (OIE,
2012). To this end, 50 mg of gill tissue was homogenised mechani-
cally in 200 wl of phosphate buffered saline using the Precellys®24
tissue homogeniser according to the manufacturer’s instructions
(Precellys, France). Subsequently, total DNA was extracted from
100 !l of homogenate using the QIAamp DNA Mini Kit (Qiagen,
France). Extracted DNA was eluted in 50 .l of RNase/DNase-free
water of which 2.5 pl was used for PCR analysis.

When the CyHV-3 isolate FL was used for inoculation, the LFD
detected viral antigen in 2 out of 6 carp (i.e. two randomly selected
carp for each of the three tanks) at day 5 p.i. Hence, a detection
rate of 33.3% was observed. Similarly, at day 6 p.i., viral antigen on
the LFD was detected in 2 out of 6 carp. The detection rate steadily
increased to 100% on day 9 p.i. and subsequently decreased until the
end of the observation period corresponding to day 16 p.i. (Fig. 3).
Mortality due to KHVD was first observed on day 7 p.i. All carp
found dead (n=16) were positive for CyHV-3 antigen on the LFD. In
parallel, the presence of viral DNA was evaluated by means of PCR.
At day 3 p.i., 5 out of 6 animals tested positive on PCR. Thereafter,
all animals were found to be positive for CyHV-3 DNA until the end

of the experiment (day 16 p.i.). Consequently, the LFD displayed a
diagnostic sensitivity of 52.6% relative to PCR.

When using the CyHV-3 isolate M3 for inoculation, the LFD
detected viral antigen in 2 out of 6 animals at day 4 p.i. (detec-
tion rate equalled 33.3%) and in 5 out of 9 animals at day 5 p.i. (2
out of 6 randomly selected animals and 3 out of 3 animals found
dead; equalling a detection rate of 55.6%). The detection rate rapidly
increased to 91.7% at day 6 p.i. and 100% at day 7 and 8 p.i. The
detection rate subsequently decreased to 88.9% at day 9 p.i. and
the experiment was halted because all animals were found dead
(Fig. 3). Mortality due to KHVD started from day 5 p.i. and all ani-
mals found dead (n = 32) tested positive on the LFD. In parallel, 1 out
of 6 animals tested PCR positive on day 1 p.i., and 5 out of 6 animals
were positive for viral DNA on day 2 p.i. Thereafter, all carp tested
PCR positive for the remainder of the experiment until 9 days p.i.
Hence, the LFD exhibited a diagnostic sensitivity of 72.2% relative
to PCR.

The diagnostic specificity of the LFD test was evaluated by test-
ing gill swabs of 60 common carp, known to be negative for CyHV-3
(originating from the two control tanks). No (false) positive signals
were observed, indicating a diagnostic specificity of 100% for the
LFD.

The current study presents the first rapid immunochromato-
graphic test for the specific detection of CyHV-3-antigen. Criteria
such as ease of sampling (including accessibility of sampling site),
absence of background signal on the LFD, and intensity of the signal
read-out were taken into account when deciding on the sampling
site (swab sites tested: eye, gill, skin with and without mucus, faecal
matter, intestinal tract, kidney). This resulted in the selection of gill
swabs as the preferred sampling site. A non-invasive sampling pro-
cedure, thereby preventing unnecessary sacrifice of the animal, was
opted for since carp with unknown disease status may suffer from
untreatable as well as treatable diseases. A non-invasive sampling
procedure is of particular importance to recreational koi-keepers,
owning frequently ornamental koi of substantial value. Further-
more, the LFD was intended to identify CyHV-3 in the acute phase
of the infection as a first-line diagnostic tool, and CyHV-3 is known
to reach the highest levels in the gills at permissive water temper-
atures (Gilad et al., 2004). Although the analytical and diagnostic
specificities of the LFD equal 100%, the relative diagnostic sensitiv-
ity of the LFD is inferior to that of the PCR assay. Nevertheless, the
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Fig. 3. Detection rate of the lateral flow device during a CyHV-3 infection with the Belgian field isolates FL (solid bars; 40 pfu/ml; n=90 carp) or M3 (striped bars; 40 pfu/ml;
n=90 carp). Koi herpesvirus disease induced mortality was observed from day 7 and 5 post infection for CyHV-3 FL and CyHV-3 M3 respectively. *: Experiment halted, all

remaining carp were found dead.

latter does not invalidate the use of this LFD for the following rea-
sons. Carp keepers can roughly be divided into (i) breeders, where
large numbers of carp are present (breeders of carp for human con-
sumption or koi, ponds for recreational fishing) and (ii) hobbyists
or recreational keepers, owning small(er) numbers of animals.

When large volumes of carp are housed together, KHVD diagno-
sis in the early stage of infection based on clinical signs is difficult
and generally, suspicion is triggered only when increased mortal-
ity is observed in the carp population. When onset of mortality
is regarded as the primary criterion for raising KHVD suspicion,
the diagnostic sensitivity of the LFD increased to 67.0% (for the
moderately virulent CyHV-3 FL strain) and 93.3% (for the highly
virulent CyHV-3 M3 strain). Moreover, the LFD test has a detection
rate of 100% in newly found-dead carp. Hence, CyHV-3 diagno-
sis will most likely be reached under these (field) circumstances.
Hobbyists are often equipped with basic material for the diagnosis
of parasitic and bacterial infestations and are known to moni-
tor carefully the individual carp’s health status. It is important to
note that in the present study, the diagnostic sensitivity of the
LFD was determined on randomly selected fish and not on fish
displaying the fastest progression of the disease. KHVD symp-
toms increase with time post-infection as the viral charges in the
organs (Gilad et al., 2004). Consequently, it is likely that the sen-
sitivity of the test performed by hobbyists on sick fish will be
higher than the one determined under the present experimental
conditions.

For both professional breeders and hobbyists, a rapid and highly
specific test such as the LFD could be an easy “on-site” diagnostic
tool. A read-out of the test result is obtained within 15 min after
sampling without the need of sophisticated equipment or trained
personnel. This is in contrast to laboratory techniques, including
PCR, which are relatively expensive, time- and labour-consuming
requiring specialised equipment, trained personnel and the ship-
ment of samples to a diagnostic laboratory.

Taking these considerations and the test characteristics into
account, the LFD is fit for purpose as arapid, highly specific first-line
diagnostic tool for the identification of acute CyHV-3 infections in
KHVD affected (koi) carp.
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