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Rapid detection and quantitation of viral hemorrhagic septicemia virus in
experimentally challenged rainbow trout by real-time RT-PCR
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Abstract

A quantitative real-time RT-PCR (Q-RT-PCR) was developed to detect and determine the amount of viral hemorrhagic septicemia virus (VHSV)
in organs of experimentally infected rainbow trout. Primers and TaqMan probes targeting the glycoprotein (G) and the nucleoprotein (N) genes of
the virus were designed. The efficiency, linear range and detection limit of the Q-RT-PCR were assessed on cell cultured virus samples. VHSV N
gene amplification was more efficient and more sensitive than the VHSV G amplicon. On cell culture grown virus, samples could be accurately
assayed over a range of seven logs of infectious particles per reaction. To demonstrate the utility of Q-RT-PCR in vivo, bath infection trials were
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arried out and samples from fish spleen, kidney, liver and blood were harvested and tested for VHSV. Q-RT-PCR was a more reliable m
ither conventional RT-PCR or the cell culture assay for virus diagnosis. Results of VHSV RNA detection in fish shortly after infection
n asymptomatic fish several weeks after experimental challenge are presented here. This is the first report showing the utility of Q-R
HSV detection and quantitation both in vitro and in vivo. The suitability of this method to test the efficacy of antiviral treatments is also d.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Viral hemorrhagic septicemia is a very contagious disease
ffecting predominantly rainbow trout (Onchorrynchus mykiss).

t was formerly confined to continental Europe but in the
ast decade it has been found in North America (Meyers and

inton, 1995) and Asia (Isshiki et al., 2001). The agent of
he disease (VHSV) is a virus belonging to theRhabdoviri-
ae family, Novirhabdovirus genus. VHSV has a negative-sense
sRNA genome containing six open reading frames: 3′-N-P-M-
-NV-L-5′. Due to the characteristic transcriptional attenuation
f rhabdoviruses, the relative abundance of each gene mRNA
epends on how close the gene is to the 3′end of the genome.
HSV causes high mortality and significant losses in aquacul-

ure facilities. Therefore, rapid and reliable methods for VHSV
etection are much needed to avoid contamination and spread
f the disease. With the emergence of molecular biology tech-
iques, new methods for virus detection have been developed
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to improve the standard determination of cytopathic effec
cell culture and additional virus-specific antibody confirma
(King et al., 2001). With respect to viruses infecting salmon
there are several techniques based on antibody detection o
proteins (Estepa et al., 1995; Lorenzo et al., 1996; Mourto
al., 1992; Perez et al., 2002), as well as a number of protoco
based on amplification of viral RNA by RT-PCR (Rodriguez
Saint-Jean et al., 2001; Williams et al., 1999). In recent year
real-time PCR has emerged as a powerful technique for the
nosis of viral diseases, providing a mean to detect and qua
virus in tissue samples from the infected animal. In the
of aquaculture, real-time PCR have been applied to asses
loads in shrimp (de la Vega et al., 2004; Dhar et al., 2002; Nun
et al., 2004; Tang et al., 2003). With respect to fish viruses, re
time PCR has been used to detect koi carp herpesvirus (Gilad
et al., 2004), fish iridovirus (Goldberg et al., 2003) as well as
viruses predominantly infecting salmonids (Munir and Kibenge
2004; Overturf et al., 2001). Real-time RT-PCR using TaqM
probes allowed detection of 100 genome copies per react
samples from brain and kidney of trout infected with infecti
hematopoietic necrosis virus (IHNV), a virus closely rela
E-mail address: luis.perez@umh.es (L. Perez). to VHSV (Overturf et al., 2001). The low detection limit of
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this technique has proven useful dealing with asymptomatic
fish which may contain minute amounts of virus and there-
fore being a potential a threat to healthy fish, as it has been
reported for infectious pancreatic necrosis and infectious salmon
anaemia viruses (Hirayama et al., 2005; Munir and Kibenge,
2004).

In the present study, detection of VHSV in samples from
experimentally infected rainbow trout, is achieved by real-time
RT-PCR with increased reliability when compared with other
virus detection methods. Sequence of the N gene was chosen
for PCR amplification based on the fact that N mRNA is the
most abundant viral transcript within the infected cells. Both
symptomatic and asymptomatic fish were collected, and samples
from spleen, kidney, liver, and blood were analysed. In addition,
real-time RT-PCR was utilized to determine whether those fish
surviving a VHSV challenge become virus carriers.

2. Materials and methods

2.1. Cells and viruses

Epithelioma papulosum cyprini (EPC) cells were pur-
chased from the European Collection of Cell cultures
(ECACC#93120820, Salisbury, UK). Virus used was the viral
hemorrhagic septicemia virus (VHSV), 07.71 European strain.
VHSV stocks were prepared by infecting EPC cell monolay-
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Table 1
Quantitative real-time PCR primers, probes and amplicon size

Name 5′ → 3′ sequence PCR product
size (bp)

VHSV-G-for GGGCCTTCCTTCTACTGGTACTC 71
VHSV-G-rev CGGAATCCCGTAATTTGGAAT
VHSV-G-probe CTGTTGCTGCAAGGCGTCCCCT

VHSV-N-for GACTCAACGGGACAGGAATGA 69
VHSV-N-rev GGGCAATGCCCAAGTTGTT
VHSV-N-probe TGGGTTGTTCACCCAGGCCGC

solved in 100�l DEPC-water and RNA concentration was deter-
mined by O.D. 260 nm and subsequently adjusted to 0.1�g/�l
for every sample. Aliquots were stored at−80◦C until RT-PCR
reactions were carried out.

2.4. Quantitative RT-PCR assay

2.4.1. Primers and TaqMan® probes
Primers and probes for the VHSV G and VHSV N genes

(Table 1) were designed by using the Primer ExpressTM soft-
ware (Applied Biosystems). VHSV 07-71 pathogenic strain
sequences were retrieved from the GeneBank database (Acc.
numbers A10182 and D00687). TaqMan probes (Genotek,
Spain) were labelled at the 5′ end with the reporter molecule 6-
carboxy fluorescein (FAM) and at the 3′ end with the quencher
6-carboxytetramethyl-rhodamine (TAM).

2.4.2. Preparation of the VHSV RNA standards
Viral RNA was extracted from 20�l of a VHSV-infected cell

supernatant collected and titrated by an immunostaining focus
forming assay previously described (Lorenzo et al., 1996; Perez
et al., 2002). The RNA was resuspended in water and 10-fold
serial dilutions were prepared before quantitation by the real-
time RT-PCR assay.

To obtain a concentrated stock of virus, 300 ml of a VHSV-
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irus from infected cell supernatants were recovered at d
ost-infection by centrifugation at 4000 rpm for 25 min. Vi
as titrated by a immunostaining assay (Lorenzo et al., 1996)
n 96-well plates containing EPC cells. VHSV stock titer
.7× 107 focus forming units (f.f.u.)/ml.

.2. Animals and in vivo trials

Rainbow trout (Oncorrynchus mykiss) juveniles were
btained from Centro de AcuiculturaEl Molino (Madrid, Spain)
ish were held in dechlorinated water at a constant temper
f 11◦C and fed with a commercial diet (Trouw, Spain). Gro
f 40 trouts (5–6 cm, 4–5 g) were experimentally challenge

mmersion with 109 TCID50 VHSV for 1 h in 5 l water and the
ransferred to 240 l tanks for the rest of the experiment. Cu
ative mortality was monitored daily over a 4-week period.

Fish were collected at the indicated days post-infec
nd the spleen and anterior kidney from a given animal
arvested and pooled together for RNA extraction. In s

nstances fish blood was also harvested, allowed to clo
pun down to collect the sera. An aliquot of serum was st
t −80◦C for RNA extraction, while the remaining serum w
ept at−20◦C for ELISA testing.

.3. RNA extraction

Total RNA was extracted from small pieces (5–10 mg
sh organs using the RNAgents® Total RNA Isolation System
xtraction kit (Promega Corporation, Madison, WI, USA),

owing the manufacturer’s instructions. RNA samples were
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nfected cell supernatant were centrifuged at 60,000 rpm
5 min at 4◦C. VHSV pellet was resuspended in ste
ater and stored at−70◦C. Concentrated VHSV titer wa
.1× 1011 f.f.u/ml.

.4.3. TaqMan real-time RT-PCR conditions
Reverse transcriptase (RT) reactions were performed by

�g total RNA, 90 ng random hexamers and 0.5 mM dN
ix. After denaturing for 5 min at 65◦C, 10 mM DTT, 20 units

ibonuclease inhibitor, and 200 units MMLV-RT enzyme w
dded in a final reaction volume of 20�l. The RT reaction profil
as: 10 min at 25◦C, 50 min at 37◦C and 15 min at 70◦C.
Quantitative PCR assays were performed using an

RISM® 7700 Sequence Detector System. Reactions wer
ied out in a final volume of 25�l, containing 300 nM of eac
rimer, 100 nM probe, 2�l RNA (unknown samples) and 1×
aqMan® Universal Master Mix (Applied Biosystems). Th
al cycler conditions were the standard default protocol o

nstrument. Endogenous control for quantitation was the
ibosomal RNA gene. 18S rRNA levels were determined
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the TaqMan® Ribosomal RNA Control Reagents kit (Applied
Biosystems) following the manufacturer’s guidelines.

For absolute quantitation VHSV infectious units were cal-
culated from the sampleCt and the standard curve regression
equation, followed by normalization of the data to the 18S rRNA
values. The efficiencies of the PCR reactions were calculated by
using the formulaE = [10(−1/S)] − 1, with S being the slope of
the standard curve.

2.5. VHSV cell culture assay

Briefly, 5–10 mg pieces of infected rainbow trout spleen
and kidney were pooled together in eppendorf tubes containing
PBS + gentamicin and were sonicated for 15 sec on ice. Samples
were subsequently centrifuged at 3000 rpm for 20 min at 4◦C.
Lysate supernantants were diluted 1:50 in culture medium prior
to infection of EPC cell monolayers. At 7 days post-infection the
cells were stained with crystal violet and the cytopathic effect
observed.

2.6. ELISA test of rainbow trout sera

ELISA plates were coated with∼2× 107 TCID50 VHSV
in 100�l distilled water per well and incubated overnight at
37◦C. Wells were blocked with 0.3% rabbit serum in ELISA
dilution buffer (0.24 mM merthiolate, 0.1% Tween 20, 50 mg/ml
p four
d um
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3. Results

3.1. Linearity, amplification efficiency and sensitivity of the
real-time RT-PCR assay

To determine the linear range and sensitivity of the Taq-
Man RT-PCR assay with the VHSV-G and VHSV-N primers
and probes (Table 1) an aliquot of a VHSV-infected cell culture
supernatant (titer 6.7× 107 f.f.u./ml) was used to perform total
RNA extraction and RT reactions. Subsequently, serial 10-fold
dilutions of the cDNA were amplified in triplicate by quantitative
real-time PCR TaqMan reactions.Fig. 1A presents the standard
curves plotting focus forming units versus the cycle threshold
(Ct). A linear range over five orders of magnitude was observed
for both the VHSV-N and VHSV-G amplicons. The slope of the
standard curve indicates the efficiency of the PCR reaction. The
optimal efficiency of 100% corresponds to a slope of−3.32,
but in practice, efficiencies between 90 and 110% are consid-
ered acceptable. Calculation of the efficiency for each one of the
amplification reactions resulted inEG = 120% for VHSV-G and
EN = 108% for VHSV-N. Therefore, amplification of the VHSV
N gene sequence was chosen for further analysis. Moreover, the
sensitivity of the assay was better with VHSV-N as indicated by
the lowerCt values. The lowest amount of VHSV that could be
reliably quantified corresponded to 0.5 f.f.u.

The specificity of the Q-RT-PCR assay was assessed by test-
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henol red, 5 g/l BSA). Rainbow trout sera were tested at
ilutions (1/100, 1/200, 1/400, 1/800) in ELISA buffer. Ser
ilutions were added to the VHSV coated wells and incub
t room temperature for 1 h. The plates were washed with w
nd a mouse anti-trout-IgM monoclonal antibody was ad

or 30 min followed by washing and incubation with a rab
nti-mouse peroxidase antibody at 1:1000 dilution for 30
hen plates were thoroughly washed before adding the sub
one tablet 1,2-phenylenediamine in 2 ml substrate develo
uffer). Color reaction was allowed to develop at room tem
ture and stopped by adding 2 M H2SO4. O.D. at 492 nm wa
easured in an ELISA plate reader.

ig. 1. Standard curves of VHSV focus forming units vs.Ct values. Standard c

t values are plotted against the log of the initial starting quantity of infe
mplification with VHSV G gene primers and probe (�); slope =−2.92,R2 = 0
2 = 0.999. (B) Total RNA was extracted from a concentrated stock of VH
sequence was performed on 10-fold serial dilutions of VHSV cDNA; slo
r

te
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ng RNA extracted from a cell culture infected with a rela
almonid rhabdovirus: infectious haematopoietic necrosis
IHNV). No amplification with VHSV-N primers was observ
or the IHNV samples, up to 104 TCID50 units of IHNV per
eaction (data not shown).

By using a virus supernatant as a starting material the d
ion range of the Q-RT-PCR test had a top limit of 104 infectious
nits per reaction. In order to extend the detection rang
oncentrated VHSV stock was prepared by ultracentrifuga
ikewise, 10-fold serial dilutions from the concentrated VH
ere analysed by Q-RT-PCR with the more efficient VH
gene primers. As a result (Fig. 1B), the quantitation limi

were obtained from 10-fold dilutions of VHSV (titer = 6.7× 107 f.f.u./ml) cDNA.
s virus (focus forming units). (A) Total RNA from VHSV cell culture supernatant
. Amplification with VHSV N sequence primers and probe (©); slope =−3.13,
iter = 1.1× 1011) and after RT reaction, TaqMan PCR reactions targeting the V
3,R2 = 0.999.
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Fig. 2. (A) Comparison of cell culture, conventional RT-PCR and TaqMan RT-PCR assays performance on spleen + kidney samples from VHSV infected rainbow
trout. (B) Relative quantitation of VHSV RNA in nine VHSV positive fish by TaqMan RT-PCR. The internal reference to normalize the data was the cellular 18S
rRNA. The fish specimen with the lowest amount of VHSV RNA was assigned a value of 1.

was increased up to 106 f.f.u. per reaction, extending the linear
range to seven orders of magnitude. In addition, the efficiency
of the PCR amplification was improved (E = 104%). The low-
est amount of VHSV tested was≈1.6 f.f.u. per reaction. The
following sample dilution (that is,≈0.16 f.f.u./reaction) did not
provide reliable and accurate measurements.

3.2. Detection of VHSV RNA in experimentally infected fish

To assess the utility of the TaqMan RT-PCR assay on field
specimens, spleen plus kidney tissue samples from rainbow trout
challenged with VHSV in aquaria were collected during the first
10 days post-infection and analysed as described earlier. The
real-time RT-PCR assay yielded more VHSV-positive fish than
either conventional RT-PCR or the standard cell culture assay
(cytopathic effect) as shown inFig. 2A. Therefore, Q-RT-PCR
was in our hands the most reliable method for VHSV detec-
tion in vivo. The amount of virus capable of inducing a visible
cytopathic effect after a 7-day incubation appeared to be smaller
than the amount of virus required to obtain a detectable product
by RT-PCR. The lack of sensitivity of classical RT-PCR is not
surprising: usually, nested PCR on the first-round PCR product
is necessary to get a positive detection, as it has been reported
by a number of groups (de la Vega et al., 2004; Hirayama et al.,
2005).
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tude between the fish with the highest and the lowest viral loads
was observed (Fig. 2B). It was also noticed that, with only one
exception, there seemed to be a fairly good correlation between
the cell culture test results and the amount of VHSV RNA found
in the fish tissues.

3.3. Detection of VHSV in fish surviving experimental
challenge

To demonstrate the value of the TaqMan Q-RT-PCR method
for the detection of VHSV in apparently healthy fish, spleen and
kidney samples were harvested from survivor fish, 9 weeks post-
challenge. The overall mortality in that particular experimental
trial was 49%, with fish dying between days 5 and 33 post-
infection. Nine weeks after the first challenge neither infectious
particles (tissue culture assay) or VHSV RNA were detected in
four fish analysed (Table 2), suggesting that those fish surviving
the infection were able to eliminate the virus from their bodies.

We observed in previous trials that those fish surviving VHSV
infection appeared to be refractory to a second infection with the

Table 2
Detection of VHSV in spleen + kidney samples from fish surviving experimental
challenge

Group Weeks post-second VHSV+ cell culture VHSV+ Q-RT-PCR

I
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I
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R nd
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i enates
t Taq-
M

).
Liver samples from the same fish specimens were also t
n a separate experiment, with the result of five VHSV pos
sh. These five fish had already been shown to have VHSV
y Q-RT-PCR analysis of the spleen and kidney samples.
uggests that spleen and kidney are good sources of mate
HSV diagnosis in rainbow trout.
To get an preliminary insight on the variability of the amo

f virus within the infected fish population, a second assay
arried out on the nine VHSV positive fish, normalizingCt val-
es with respect to an endogenous cellular standard (18S rR
his approach leads to a relative quantitation where the arb
mount of “1” is assigned to the positive sample with the sma
uantity of VHSV RNA. A difference of four orders of mag
d

s
or

).
y
t

challenge

a 0/4 0/4
I 1 2/4 4/4
II 4 1/4 2/4b

V 7 0/4 0/4b

otal 3/16 6/16

ainbow trout fingerlings (≈5 g) were challenged by immersion with VHSV a
aintained in aquaria for 9 weeks. After the 9-week period, the surviving
ere subjected to a second VHSV bath infection. Four fish were sampled

ndicated times. Cell culture: supernatants from spleen + kidney homog
ested for cytopathic effect on EPC cell monolayers. Q-RT-PCR: real-time
an RT-PCR targeting the VHSV N gene sequence.
a Nine weeks after first challenge (not subjected to a second challenge
b Same result when RNA from blood samples was tested.
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same virus. To further prove that those survivors were resistant to
VHSV and to determine whether they had become carriers or, on
the contrary, no virus remained in their bodies, 32 fish survivors
of a previous experimental VHSV infection were subjected to a
second challenge with VHSV (Table 2). Four fish were collected
at weeks 1, 4 and 7 after this second challenge, and spleen/kidney
samples were tested by cell culture and Q-RT-PCR assays. As
shown inTable 2, no virus was detected at the last time point (7
weeks post-challenge). VHSV positive fish were only found at
1 and 4 weeks post-challenge: three out of eight by cell culture
assay compared to six out of eight by Q-RT-PCR. Therefore, the
real-time RT-PCR analysis was again a more reliable method for
VHSV diagnosis.

To determine whether blood samples could be used for VHSV
detection and quantitation, serum was harvested from the 4 and
7 weeks post-challenge fish for RNA extraction and Q-RT-PCR
analysis. The results exactly matched those obtained from the
spleen and kidney samples. The fish sera were also checked for
anti-VHSV antibodies by ELISA assay. Only three out of the
eight fish analysed were found to have anti-VHSV antibodies.
Thus, from our results it was not possible to establish a correla-
tion between antibody response and virus clearance.

A final remark. The fish employed in this experiment (sur-
vivors of a VHSV challenge) were actually resistant to the virus,
since those fish left in the tanks (not sacrificed for testing) did
not experience mortality and did not show symptoms of viral
d
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Fig. 3. Determination of VHSV infectious particles in spleen + kidney sam-
ples from experimentally infected rainbow trout by real-time RT-PCR targeting
VHSV N sequence. Fish collected at 70 and 91 days had been subjected to
a second VHSV infection at day 63 post-first-challenge. A standard curve
with RNA from a titrated VHSV stock was run in parallel. The equation
y(Ct) = 37.75− 3.43× (log f.f.u.) was used to calculate focus forming units
(f.f.u.). Data were normalized to total RNA per reaction with the 18S rRNA
Ct values. Surrounded by circles: fish diagnosed as VHSV positive by the cell
culture assay.

PCR amplification was achieved by using VHSV N primers and
probe as compared to the VHSV glycoprotein (G) amplicon. The
results from our in vivo trials support the validity of the TaqMan
PCR assay: low detection limit (0.5 infectious units) and a lin-
ear range spanning seven orders of magnitude. Although the
detection limit of the Q-RT-PCR assay in vitro is roughly equal
to the theoretical cell culture assay detection limit (1 f.f.u.), the
former is still a preferable method since it is faster (2.5 days
total compared to≥7 days), it is virus specific, and above all,
Q-RT-PCR has shown to be more reliable for in vivo testing:
when tissue samples from infected fish were analysed, Q-RT-
PCR yielded a higher number of VHSV positive fish than the
cell culture assay. In principle, one may expect to have higher
sensitivity with the PCR-based techniques since it is assumed
that the number of viral genome and mRNA molecules is larger
than the number of infectious particles in an infected cell (Bae
et al., 2003). Due to the different ways authors refer to detection
limits (i.e. sample dilution, plasmid/genome copies, infectious
particles) a comparison with our data is not straightforward.
Those who refer to infectious units (i.e. TCID50) have reported
a 101 to 102 TCID50/ml detection limit by Q-RT-PCR (Boxus
et al., 2005; El Mubarak et al., 2005; Orrú et al., 2004). We
have roughly estimated as 50 TCID50/ml the detection limit of
our assay. Moreover, the TaqMan probe Q-RT-PCR was in our
hands the most efficient method to detect VHSV in apparently
healthy fish. Other groups have also reported detection of a fish
v rtal-
i o
s tion,
a

tion
a -PCR
isease after the second VHSV infection.

.4. Determination of VHSV infectious units in rainbow
rout tissues

To estimate the actual number of infectious VHSV parti
n a given fish sample, a standard curve was derived fro
HSV stock grown in cell culture and titrated by the immun

aining focus forming assay. Two positive fish from four ti
oints along the experimental trial were analysed by Q-RT-P
ocus forming units per sample were calculated from the
ard curve linear regression equation and normalized to th
RNA endogenous controlCt values (Fig. 3). VHSV infectious
nits values ranged from 3 f.f.u./�g RNA to 0.98× 104 f.f.u./�g
NA. When compared to the cell culture assay it appeared
102 f.f.u. was the lowest amount capable of inducing a vis

ytopathic effect in vitro. As mentioned earlier, one excep
o this was found at 3 d.p.i.:a ≈ 104 f.f.u./�g RNA fish yielded

negative result by cell culture testing. We may speculate
HSV defective particles were produced in that fish.

. Discussion

Improvement of the currently available methods for v
etection is a key issue in virology. In the fish farming indus
apid and reliable virus diagnosis is greatly demanded. In
tudy, we explored the potential of the real-time RT-PCR t
ique as a tool for VHSV detection and quantitation. TaqM
robes and primers targeting the N gene sequence of VHSV
esigned since N RNA transcripts are the most abundant in
ovirus infections. In fact, better sensitivity and efficiency of
e
-

irus by real-time PCR in experimental trials where no mo
ty was observed (Gilad et al., 2004). In addition, Q-PCR is als
uitable to confirm virus clearance from the body after infec
s it has been shown in here.

Another obvious benefit of real-time PCR is its applica
s a quantitative method. On this regard we believe that Q



V. Chico et al. / Journal of Virological Methods 132 (2006) 154–159 159

may become the method of choice for testing prophylactic and
therapeutic treatments against viruses. In this preliminary work
we have found a high degree of variability in fish belonging to
the same experimental group: up to 10,000-fold difference in
spleen/kidney samples, as well as in liver samples. Over 2 log
differences have been reported in fish infected with koi herpes
virus as measured by real-time PCR (Gilad et al., 2004).

In this study, we explored the possibility of performing Q-RT-
PCR on RNA extracted from blood samples, bearing in mind the
utility of a diagnosis method which would not require to sacrifice
the animal. This is not a matter of concern in many cases but
it might be worthy when dealing with particularly valuable fish
specimens. Furthermore, it can be useful for research purposes
to be able to analyse blood samples from the same animal at
different time points to learn about the spread of the infection
following experimental challenge. The potential of Q-PCR in
this field had already been demonstrated for bovine respiratory
syncytial virus (Boxus et al., 2005). Our results indicate that
fish blood is a suitable material for RNA extraction and PCR
amplification, with a virus detection performance equivalent to
the analysis of spleen and kidney samples.

Finally, we may conclude that Q-RT-PCR is a convenient
method for diagnosis and quantitation of VHSV, a pathogen with
severe impact on salmonid aquaculture. Q-RT-PCR is sensitive,
reliable and suitable for studying viral replication and progres-
sion of the disease following experimental infection. Further
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