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a  b  s  t  r  a  c  t

West  Nile  virus  (WNV)  and  Japanese  encephalitis  virus  (JEV)  are  important  mosquito-borne  viruses  of
the Flaviviridae  family,  associated  with  encephalitis,  mainly  in  humans  and  horses.  WNV  is also  pathogen
for many  bird  species.  The  incidence  of  human  and animal  WNV  infections  in  Europe  has  risen,  mostly
in  recent  years,  and  JEV  was  detected  in 2011  in mosquitoes  collected  in  Italy  and  may  emerge  in Europe
in  the  same  way  as other  flaviviruses  had  emerged  recently  (USUTU  and  Bagaza  virus)  and  should  be
regarded  as  a potential  threat  to public  health.

Prompt  identification  and  discrimination  between  WNV  and  JEV  provides  critical  epidemiological  data
for  prevalence  studies  and  public  and  animal  health  management  policies.  Here  we  describe  a quantitative
one-step  duplex  TaqMan  RT-PCR,  targeting  non-structural  protein  2A  gene  (NS2A-qRT-PCR),  based  on
only  one  primer  pair  and  two  probes  for  differential  diagnosis  of  WNV  and JEV.  Also  this  assay  enables
the  detection  of both  WNV  lineages  (WNV-1  and  WNV-2).

To  access  the  specificity  of NS2A-qRT-PCR  a panel  of different  arboviruses  were  used.  The  assay  was

shown  to be  specific  for both  WNV  lineages  (WNV-1  and  WNV-2),  WNV  related  Kunjin  virus  and  JEV,  since
no cross-reactions  were  observed  with  other  tested  arboviruses.  Sensitivity  of  the  assay  was determined
using  serial  dilutions  of in  vitro-transcribed  RNA  from  WNV  and  JEV.  The  duplex  NS2A-qRT-PCR  assay
was  shown  to  be  very  sensitive,  being  able  to detect  10 copies  of  WNV  and  JEV RNA.

This  assay  is  a  suitable  tool  for  the  diagnosis  of  WNV  and  JEV,  and  provides  a valuable  addition  to  the
methods  currently  available  for  routine  diagnosis  of  these  zoonoses  and  for  surveillance  studies.
West-Nile virus (WNV) and Japanese encephalitis virus (JEV) are
oonotic mosquito-transmitted flaviviruses belonging to the fam-
ly Flaviviridae, which cause public health problems worldwide.
hey have a single-stranded positive-sense RNA genome which
ncodes 10 proteins, three structural (C, prM and E) and seven
on-structural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5).

Japanese encephalitis virus (JEV) causes acute encephalitis with
 mortality rate up to one-third of infected patients, and nearly half
f the survivors suffer neurological or mental sequelae (Vaughn and
oke, 1992).

WNV  is the most distributed arbovirus in the world (Gould et al.,
003; Kramer et al., 2008), while JEV is prevalent in Southeast Asia,
ndonesia, Australia, Papua New Guinea, and Pakistan (Ghosh and

asu, 2009). In Europe, two recent reports were published concern-

ng the detection of JEV in birds and mosquitoes collected in Italy
Ravanini et al., 2012; Platonov et al., 2012), raising the risk that JEV
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may  emerge in Europe, in the same way  as other flaviviruses (Usutu
and Bagaza virus) have emerged (Vásquez et al., 2011; Gamino et al.,
2012).

Phylogenetic studies based in the envelope protein show that
WNV  can be separated into two major lineages. WNV  lineage
1 (WNV-1) is the most widespread, and has been detected for
decades in Europe. It was  assumed that these viruses are partic-
ularly pathogenic for birds, humans and horses (Solomon et al.,
2003). WNV  lineage 2 (WNV-2) was thought to be confined to sub-
Saharan Africa and Madagascar until it was first detected in Europe
in 2004 (Bakonyi et al., 2005). Initially it was  postulated that WNV-
2 was  non-pathogenic for horses (Lanciotti et al., 1999) however
retrospective studies demonstrated that some variants of WNV-2
can also cause severe symptoms in horses and humans (Botha et al.,
2008; Venter et al., 2009).

Real-time RT-PCR methods are essential tools in laboratory diag-

nosis. Several methods have been developed for the laboratory
diagnosis of WNV  infection (reviewed by De Filette et al., 2012).
Many of these methods were initially designed to detect strains
of WNV-1 (Buckley et al., 2003; Lanciotti et al., 2000) but not
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http://www.sciencedirect.com/science/journal/01660934
http://www.elsevier.com/locate/jviromet
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jviromet.2013.07.025&domain=pdf
mailto:miguel.fevereiro@iniav.pt
dx.doi.org/10.1016/j.jviromet.2013.07.025


S.C. Barros et al. / Journal of Virological Methods 193 (2013) 554– 557 555

F d from
s action

s
H
t
E
M
W
p
a
a
s
t
a
r

T
t
t
a
n

b
f
p
(

t
r
p
0
T
f
R
h
m
a
i

T
P

a

r

ig. 1. Standard curves of TaqMan uniplex and duplex NS2A-qRT-PCR assay generate
eries  of 101–109 WNV  copies RNA per reaction and 101–106 JEV copies RNA per re

trains of lineage 2, found in Africa and more recently in Europe.
owever, novel real-time RT-PCRs have been published for detec-

ion and discrimination of WNV-1 and WNV-2 (Del Amo  et al., 2013;
iden et al., 2010; Jimenez-Clavero et al., 2006; Linke et al., 2007).
oreover, molecular methods to discriminate between strains of
NV and JEV have been reported previously, using RT-PCR com-

lemented with restriction fragment length polymorphism (RFLP)
nalysis (Shirato et al., 2003), conventional RT-PCR (Yeh et al., 2010)
nd real-time RT-PCR based on the use of a single probe and primer
ets for both viruses (Shirato et al., 2005). Compared to the conven-
ional RT-PCR, real-time RT-PCR is more sensitive, specific, rapid,
nd allowing quantification of viral genome; thus progressively
eplacing the conventional RT-PCR (Mackay et al., 2002).

The aim of the present study was to develop a duplex one-step
aqMan quantitative real-time RT-PCR (qRT-PCR) assay targeting
he NS2A gene (NS2A-qRT-PCR), based in only one primer pair and
wo probes, for rapid and specific detection of both WNV  lineages
nd JEV. This assay was rendered quantitative by using known copy
umbers of WNV  and JEV RNA transcripts.

Specific primer pair and probes were designed manually
ased on alignment of WNV  and JEV sequences retrieved
rom NCBI database (http://www.ncbi.nlm.nih.gov/) and
otential mismatched bases were taken into consideration
Table 1).

The duplex NS2A-qRT-PCR assay was carried out in 25 �l reac-
ions using the one-step RT-PCR kit (Qiagen, Germany). Each
eaction mixture contained final concentrations of 1 �M of each
rimer, 0.2 �M of each TaqMan probe, 1X one-step RT-PCR buffer,
.4 mM  dNTP mix, 1 �l enzyme mix  (including RT and hot-start
aq polymerase) and 1 �l of RNA template. The reaction was  per-
ormed using the following thermal cycling program: one cycle of
T at 50 ◦C for 30 min, one cycle at 95 ◦C for 15 min  to activate the

ot-start Taq polymerase, 50 cycles of amplification of cDNA with
elting at 95 ◦C for 20 s, annealing at 50 ◦C for 30 s and elongation

t 72 ◦C for 30 s. The negative control contained PCR-grade water
nstead of template RNA.

able 1
rimer pair and TaqMan probes for WNV  and JEV detection.

Primer/probe Sequence (5′ → 3′) 

NS2A-F CCTTTTCAGYaTGGGCCTTCTG 

NS2A-3R CAGTGTAVbGTVbATRcCCCCCAA 

WNVpNS2A-3612 FAM-AGCCAAGATCAGCATGCCAGC-TAMR
JEVpNS2A-3628 RED-TGACCATTCCTGCGGTTTTGGGG-BHQ

,b,c Degenerate nucleotides: Y = C or T; V = A, C or G; and R = A or G. Fluorophores: FAM (6-ca
hodamine) and BHQ-1 (black hole dark quencher 1). d,e Numbering according to the sequ
 the Ct values obtained against the log of known WNV  and JEV RNA copies (dilution
). The regression equations are indicated.

The specificity of NS2-qRT-PCR assay was  evaluated by test-
ing WNV  and JEV specific probes against RNAs extracted from
several arboviruses (Table 2). With the exception of Kunjin and
JEV, provided as RNAs by the European reference laboratory
(ANSES—Maisons-Alfort, France), all other viruses were grown in
VeroE6 cells in minimum essential medium (MEM) (Invitrogen,
USA) containing 10% fetal bovine serum (FBS) and an antibiotic-
antimycotic mixture (Invitrogen, USA) at 37 ◦C in a humidified 5%
CO2 environment. Viral RNA was extracted using MagCore® viral
nucleic acid extraction kit (RBCbioscience, Taiwan) according to the
manufacturer’s recommendations.

As a control to monitor the integrity and specificity of RNA, an in-
house pan-FLAVI conventional RT-PCR targeting the NS3 region was
also performed (primers: 5461F-ATGGATGARGCTCAYTTCAC and
5669R-GTKATCCATYCRTATCCA) and the amplicons were subjected
to sequence analysis to confirm their specificity.

The results demonstrated that the assay was completely specific
for JEV and WNV  RNA, detecting both lineages of WNV  (WNV-
1 and WNV-2) as well as the WNV-1b Kunjin virus (Table 2). No
cross-reaction was  observed with the other ten closely related fla-
viviruses nor with the CHIKV and Toscana arbovirus. Pan-FLAVI
conventional RT-PCR assay yielded positive results for all fla-
viviruses tested, which was confirmed by sequence analysis. No
amplification was  detected when non-template control was used.

For sensitivity determination, in vitro-transcribed NS2A genes
from WNV  and JEV were used. A 136 bp portion of WNV-Eg 101 and
JEV-Nakayama NS2A genes were amplified by NS2A primers. The
amplicons were purified with the Qiaex II gel extraction kit (Qiagen,
Germany) and cloned into the pCR2.1 vector using One Shot TOP10
chemically competent Escherichia coli (Invitrogen, USA). Plasmid
was extracted using the plasmid midi purification kit (Qiagen,
Germany). The BamHI restriction enzyme (Biolabs, UK) was  used

to linearize NS2A-pCR2.1 plasmids prior to in vitro transcription
with the MAXIscript kit (Ambion, UK), according to the manufac-
turer’s instructions. Transcribed RNA was treated with RNase-free
DNase and purified with the DyeEx 2.0 Spin kit (Qiagen, Germany).

Tm (◦C) Positiond,e

59.5 3548–3568d

3555–3575e

60.8 3682–3662d

3690–3670e

A 61.8 3612–3632d

 62.1 3628–3650e

rboxyfluorescein) and RED (Texas red). Quenchers: TAMRA (6-carboxy-tetramethyl-
ences of WNV  Eg101 (AF260968) and JEV (U15763) respectively.

http://www.ncbi.nlm.nih.gov/
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Table 2
Summary of the viral strains used in this study and of the results of NS2A-qRT-PCR (WNV and JEV probes).

Family Virus GenBank accession no. NS2A-qRT-PCR

WNV  JEV

Flaviviridae WNV-Eg101-lineage1 (WNV-1a) AF260968 + −
Flaviviridae WNV-Uganda B956-lineage2 (WNV-2) AF394221 + −
Flaviviridae Kunjin virus (WNV-1b) AY274505 + −
Flaviviridae JEV-Nakayama EF571853 − +
Flaviviridae DENV-1-US/Hawaii/1944 EU848545 − −
Flaviviridae DENV-2-New Guinea C M29095 − −
Flaviviridae DENV-3-H87 M93130 − −
Flaviviridae DENV-4-H241 AY947539 − −
Flaviviridae Zika virus- MR766 AY632535 − −
Flaviviridae YFV-strain Asabi AY640589 − −
Flaviviridae Ntaya AF13392 − −
Flaviviridae TBEV-strain Far East Sofjin AF013399 − −
Flaviviridae USUTU-strain Meise H JQ219843 − −
Bunyaviridae Toscana virus-ISS.Phl.3 NC 006319 − −
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Togaviridae CHIKV-LR2006 OPY1 

NA transcripts were stored at −80 ◦C until use. Additionally, a
igh Fidelity PCR Mix  (Qiagen, Germany) was used with NS2A
rimers, according to the manufacturer’s instructions, for testing
he absence of DNA. RNA concentration was determined by spec-
rophotometry using a NanoDrop 1000 (Thermo Scientific, USA) by
etermining the average concentration from three measurements.
NA copy number was determined by the following formula:

mount (RNA copies/�l) = X(g/�l)RNA × 6.022 × 1023

nt transcript length × 340

The in vitro derived T7 promoter transcript obtained was  249
ucleotide long, of which 136 bases correspond to virus-specific
equence. The detection threshold of NS2A-qRT-PCR was deter-
ined by using 10-fold serial dilutions of RNA standards in order to

mplify from 106 to 1 (JEV) and 109 to 1 (WNV) copy per reaction.
eactions were repeated in duplicate for each sample and a sam-
le was considered positive when viral RNA was detected in both
eplicas. Standard curves for each probe were generated by plotting
t values per two replicates per standard dilution versus the loga-
ithm of the RNA copy number to determine analytical sensitivity
nd efficiency of the assay. The Ct values should remain within the
ange of linearity of a standard curve with a minimum correlation
oefficient of 0.98. The amplification efficiency (E) was calculated
ith the equation E = [10(−1/k) − 1], where (k) is the slope of the lin-

ar regression line (Pfaffl, 2001). An efficiency of 1 corresponds to
00% amplification efficiency.

The sensitivity of duplex qRT-PCR was compared with that
f uniplex RT-PCR. WNV  and JEV, duplex and uniplex RT-PCR
ere performed simultaneously with the same concentration of
NA template per dilution (Fig. 1). Based upon the real-time PCR
tandard curve, the correlation coefficient (R2) and RT-PCR effi-
iency (E) were obtained. The WNV-probe showed similar limits
f detection of 10 copies in uniplex and duplex reactions, with a
2 value of 0.9994 and 0.9992, and an E = 97% and E = 100%, respec-
ively for uniplex and duplex NS2A-qRT-PCR assays. For JEV, 10
opies RNA could be detected in uniplex and duplex reactions with
n R2 of 0.9916 and 0.09918, and an E = 94% and E = 100%, respec-
ively. No obvious interference or inhibition was observed in duplex
S2-qRT-PCR when compared with uniplex assay.

In this study, a TaqMan duplex one-step RT-PCR was  developed
or specific detection of both WNV  lineages and JEV in a single run.

NV and JEV RNA could be distinguished by the differently labeled

robes and the fluorescence signals for WNV  (FAM) and JEV (Texas
ed) showed no crosstalk. This assay has the potential for use for
linical diagnosis and epidemiological surveillance. Since WNV-2
as introduced into Europe the detection of both WNV  lineages
DQ443544 − −

by RT-PCR is mandatory for a diagnostic laboratory. Past interna-
tional proficiency studies on WNV  indicated that some laboratories
were unable to detect WNV-2 virus genome by their RT-PCR diag-
nostic assays (Linke et al., 2011). On the other hand, although no
clinical cases of JEV have occurred, the presence of JEV sequences
in mosquitoes collected in Italy suggests the virus may  emerge in
Europe as it has emerged in other continents, therefore laboratories
must be prepared for its diagnosis.

The NS2A-qRT-PCR assay described above proved specific for
WNV  and JEV, as no cross-reaction against a panel of other 12
arboviruses was  detected. This assay exhibited high sensitivity,
being able to detect as few as 10 copies of WNV  and JEV RNA.
We already used this duplex NS2A-qRT-PCR with success in pro-
ficiency tests conducted by the European reference laboratory. In
the present study, the high number of sequences used to select the
primers provides an upgraded method for the detection of those
viruses and reduces the probability of false-negative detection due
to new viral mutations.

The duplex NS2-qRT-PCR assay developed in this study provides
a sensitive and rapid tool that is a valuable addition to the methods
currently available for routine diagnosis of WNV  and JEV in horses,
humans, birds or mosquitoes. This assay improves the current diag-
nostic capability and can be easily implemented for screening a
large number of samples in a rapid, sensitive, and reproducible way,
for clinical and epidemiological purposes.
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