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a  b  s  t  r  a  c  t

Usutu  virus  (USUV)  has been  isolated  in  several  African  and  European  countries  mainly  from  mosquitoes
and  birds.  However,  previous  benign  and  two  recent  severe  cases  of  human  infections  point  out  the  need
of  a  tool  for  the  identification  of  USUV  in  human  samples.  A published  real-time  reverse  transcription  (RT)
PCR assay  for  the  detection  of USUV  in  human  blood  or  cerebrospinal  fluid  does  not  take  into  account  the
genetic  variability  of  USUV  in  different  geographic  regions.  Therefore,  this  article  presents  a quantitative
real-time  RT-PCR  assay  based  on  sequences  from  Europe  and  Africa.  Primers  and  probe  were  designed
in  conserved  regions  among  USUV  strains  that  differed  from  closely  related  flaviviruses.  The specificity
lavivirus
eal-time RT-PCR
iagnosis
tandard RNA

of  the  assay  was  investigated  by testing  16 other  flaviviruses  circulating  in Africa.  The sensitivity  was
determined  by  testing  serial  dilutions  of  virus  and  RNA  standard.  Intra-  and  inter-assay  coefficients  of
variation  were  evaluated  by  10 reactions  in  a  same  and  in  different  assays,  respectively.  The  assay  provides
high  analytical  specificity  for  USUV  and detection  limits  of  1.2 pfu/reaction  for  virus  dilutions  in L-15
medium  or human  serum  and  60 copies/reaction  for  the  RNA  standard.  The  assay  needs  to be  evaluated
in  a  clinical  context  and  integrated  in  standard  diagnosis  of  flaviviral  diseases.
Usutu virus, a flavivirus belonging to the Japanese encephalitis
erocomplex of flaviviruses, has been isolated in several African and
uropean countries mainly from mosquitoes and birds (Bakonyi
t al., 2004, 2007; Hubálek et al., 2012; Nikolay et al., 2011; Tamba
t al., 2010; Weissenbock et al., 2003). However, USUV infections of
umans have been reported also from the Central African Republic
nd Burkina Faso, and recently two cases of neuroinvasive infec-
ions in immune-compromised patients in Italy confirmed the

otential of USUV as human pathogen (Cavrini et al., 2009; Nikolay
t al., 2011; Pecorari et al., 2009). As symptoms of flavivirus infec-
ions are unspecific, the occurrence of human cases emphasizes

Abbreviations: CV, coefficient of variation; R, correlation coefficient; USUV,
sutu virus.
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the need to develop a diagnostic tool for USUV, which can be inte-
grated into routine diagnosis of flaviviral infections (Gaibani et al.,
2010; Vazquez et al., 2011). In this regard, a USUV specific real-time
reverse transcription (RT) PCR assay for the detection of USUV in
human blood and cerebrospinal fluid was  developed recently based
on sequences from Austria and Hungary (Cavrini et al., 2011).

As the genetic variability of African USUV strains had not been
taken into account (Nikolay et al., 2013), the universal application of
this assay developed previously might be constrained. Therefore, to
ensure detection of a maximum of genetically diverse USUV strains
from distinct geographic regions, this article presents a quantitative
real-time RT-PCR assay based on USUV sequences from Europe and
Africa.

USUV sequences from South Africa, Senegal, Central African
Republic, Austria, Hungary, and Italy (GenBank: KC754954,
KC754955, KC754956, KC754957, AY453412, AY453411, EF206350,
JF296698) were aligned to a USUV subtype strain (GenBank:
KC754958) and closely related flaviviruses circulating in Africa

as West Nile (GenBank: AY603654, DQ318019, DQ318020) but
also Murray Valley Encephalitis (GenBank: NC000943, AF161266),
and Saint Louis Encephalitis virus (GenBank: NC 007580). Primers
and probe were designed in regions conserved among all USUV

reserved.
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Table  1
USUV strains and flaviviruses used for the test of specificity of real-time PCR assay.

Reference number Virus species Host origin Geographic origin Year of isolation

SAAR1776 Usutu Cx. neavei South Africa 1959
ArD19848 Usutu Cx. perfuscus Kedougou (Senegal) 1974
HB81P08 Usutu Human CAR 1981
ArD101291 Usutu Cx. gr. univittatus Barkedji (Senegal) 1993
ArD192495 Usutu Cx. neavei Barkedji (Senegal) 2007
ArB1803 Subtype Usutu Cx. perfuscus CAR 1969
Dak  Ar B 209 Bagaza Culex sp. CAR 1966
Ar  B 490 Bouboui Anopheles paludis CAR 1967
An  D 249 Dakar Bat Scotiphilus sp. Senegal 1962
NGC  84850 Dengue Human USA 1944
Ar  D 14701 Kedougou Aedes minutus Senegal 1972
An  D 5443 Koutango Tatera kempi Senegal 1968
ArB  472 Ntaya Culex sp. CAR 1967
MK7148 Sepik Mansonia septempunctata New Guinea 1966
An  D 4600 Saboya Tatera kempi Senegal 1968
SA  Ar 94 Spondweni Mansonia uniformis South Africa 1955
ArD  109325 Uganda S Aedes furcifer Senegal 1994
ArB  4177 Wesselsbron Rhipicephalus muhsamae CAR 1982
Eg101 West Nile Human Egypte 1951
B965 Human Uganda 1937
ArD  94343 Cx. perfuscus Senegal 1992
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FNV  281 Yellow Fever Human 

Ar  Y 276 Yaounde Culex nebulo
MR766 Zika Rhesus mon

trains and varying in other flaviviruses, and were evaluated with
he primer probe test tool of Primer express® software (Applied
iosystems). The primers UsuFP (CAAAGCTGGACAGACATCCCT-
AC) and UsuRP (CGTAGATGTTTTCAGCCCACGT) amplify a 103 bp
equence in the NS5 gene, detected by a dual labeled probe UsuP
6FAM-AAGACATATGGTGTGGAAGCCTGATAGGCA-TMR) (TIB Mol-
iol, Berlin, Germany).

RNA extractions were performed from 100 �l virus of 10-fold
ilution spiked in L-15 medium or human serum, using the QIAamp
iral RNA extraction kit (Qiagen, Heiden, Germany) following the
roviders’ instructions. However, as a smaller volume of sample
as used, the volumes of kit reagents were adjusted accordingly.

he real-time RT-PCR assay was performed using an ABI 7500 cycler
Applied Biosystems, Foster City, US) and the Quantitect Probe RT-
CR kit (Qiagen, Heiden, Germany). Reactions were performed in
5 �l reaction volume containing 1 �l diluted RNA, 0.5 �M UsuFP
nd UsuRP, 0.2 �M of UsuP, 12.5 �l of 2× QuantiTect Probe RT-PCR
aster Mix, and 0.25 �l of Quantitect RT Mix. The applied condi-

ions were as follows: 15 min  50 ◦C, 15 min  95 ◦C and 40 cycles of
5 s 95 ◦C and 1 min  60 ◦C.

To obtain an RNA standard, primers UsuUP (GGAAGACCAGGAG-
AAGGACAC) and UsuDP (CAAAACCCTGTCCTCCTGGAC) (TIB Mol-
iol, Berlin, Germany) were designed to amplify the entire NS5
ene (2715 bp). RNA of the USUV reference strain SAAR1776 was
xtracted using QIAamp viral RNA extraction kit, and reverse tran-

cribed using Superscript II kit (Invitrogen, Carlsbad, USA) and
dN6 random primers (Roche, Mannheim, Germany), following
he provider’s instructions. The resulting complementary DNA was

9280 9290 9300
---------+---------+---------+----

SouthAfrica_1959  ..............A........G..........
Kedougou_1974     ..............A...................
CAR_1981          ..............A...................
Barkedji_1993     ....................T.............
Barkedji_2007     .............................T....
Vienna_2001       ..A...............................
Budapest_2005     ..A...............................
Italy_2009        ..................................

Cavrini et al. -- AAAAATGTACGCGGATGACACA-- CGGCTGGG
forward                 

ig. 1. Sequence alignment of USUV sequences from South Africa, Senegal, CAR, Austria,
t  al. (2011). The indicated nucleotide positions refer to the genome sequence of USUV re
Ghana 1927
Cameroon 1968
Uganda 1947

amplified using Go-Taq PCR kit (Promega, Madison, USA) with
PCR conditions as follows: 5 min  94 ◦C, 45 cycles of 1 min  94 ◦C,
1 min  54 ◦C and 2.5 min  72 ◦C, and 10 min  72 ◦C. The obtained
PCR product was cloned into vector pGEM-T (Promega, Madison,
USA), following the provider’s instructions, and sequenced with
standard primers M13  FP (TGTAAAACGACGGCCAGT) and M13 RP
(CAGGAAACAGCTATGACC) to exclude sequence errors and to iden-
tify the orientation of the insert. The insert was transcribed using
SP6 polymerase (Roche, Mannheim, Germany) at 37 ◦C for 2 h, fol-
lowed by 2 min  inactivation at 62 ◦C. DNA was removed using the
DNA-free kit (AMBION), following the provider’s instructions. Sam-
ples were tested by RT-PCR and PCR for the complete removal
of DNA. Subsequently, the transcribed RNA was  quantified using
RiboGreen kit (Invitrogen, Carlsbad, USA), following the provider’s
instructions, and the copy number was calculated.

The sensitivity of the assay was  determined by testing five USUV
strains circulating in Africa. The specificity was tested with a USUV
subtype strain and 18 isolates of 16 different flaviviruses (three
different lineages were tested for WNV) (Table 1). Prior to the real-
time RT-PCR assay, RNA isolations were tested by RT-PCR using
Superscript II reverse transcriptase (Invitrogen, Carlsbad USA) with
pdN6 random primers (Roche, Mannheim, Germany) followed by
PCR with the primer pair FD3-FU1 as described previously for fla-
vivirus amplification (Kuno et al., 1998). The detection limit of the
real-time RT-PCR assay was evaluated by serial 10-fold dilutions of

USUV reference strain SAAR1776 in L-15 medium (GibcoBRL, Grand
Island, NY, USA) and human serum. Additionally, the detection limit
was analyzed by 10-fold dilutions of RNA standard. Intra-assay

9310 9320 9330 9340 9350
----- +---------+---------+---------+---------+
............... .........................G.....
.................... ...........T..............
...................C..........................
...................C ..........................
...................C ..........................
...................C ..........................
................G..C ..........................
...................C..........................

ACACCCGGATAACC ------ GATCTTGACAACGAGGCCAAA-----
probe                      reverse

 Hungary, and Italy with primers and probe used in real-time PCR assay of Cavrini
ference strain from South Africa (SAAR1776).
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10190     10200     10210     10220     10230     10240     10250 10260
---------+---------+---------+--------- +---------+---------+---------+---------+ 

SouthAfrica_1959  ..................................... ........................................... 
Kedougou_1974     .......C........................................................................ 
CAR_1981          ................................................................................ 
Barkedji_1993     ................................................................................ 
Barkedji_2007     ................................................................................ 
Vienna_2001       ................................................. ............................... 
Budapest_2005     ................................................................................ 
Italy_2009        ...T............................................................................ 

Primers & probe   --------CAAAGCTGGACAGACATCCCTTAC-------------AAGACATATGGTGTGGAAGCCTGATAGGCA-----
forward                                      probe 

CAR_1969(subtype) .G..C..C..G........G..AG.T..C..T.....A...A.A........T.....C..C..TT....T.....CA. G 
WNV(AY603654)     .......GG.G.AA....GT...G....A...T.A..A..A.....G.....C........C...T....T.....AA.. 
WNV(DQ318019)     .A......G.G..G....GT..TG.T..A...T.T..A...A.A........T........C..TT....C.....A... 
WNV(DQ318020)     .A......G.G..G....GT..TG.T..A...T.T ..A...A.A........T........C..TT....C.....A... 
MVEV(NC000943)    ..A.G...TCCGA......G..AG....A..TGTA......A.A........C.....C.....T..C.....G..CA.G 
MVEV(AF161266)    ..A.G...TCCGA......G..AG....A..TGTA......A.A...... ..C.....C.....T..C.....G..CA.G 
SLEV(NC007580)    .A...T.GGCGGCT....AC.....T..A...CTA..A...A.A..G.....C..............T..C..A..AA.G 

10270     10280     10290       
---------+---------+---------+-----

SouthAfrica_1959  ................................... 
Kedougou_1974     ................................... 
CAR_1981          ................................... 
Barkedji_1993     ................................... 
Barkedji_2007     ................................... 
Vienna_2001       ................................A.. 
Budapest_2005     ................................A.. 
Italy_2009        ....... .........................A.. 

Primers & probe   ---------ACGTGGGCTGAAAACATCTACG----
reverse           

CAR_1969(subtype) G....T... ..A........G........T..A.. 
WNV(AY603654)     G.C..A..C........A.........C.G.TA.. 
WNV(DQ318019)     ..C..C..C..T...........T...C.T.T... 
WNV(DQ318020)     ..C..C..C..T...........T...C.T.T... 
MVEV(NC000943)    ..CA.......A........G...........C.. 
MVEV(AF161266)    ..CA.......A........G...........C.. 
SLEV(NC007580)    ..CA.A..C..C........G...........TC. 

Fig. 2. Primers and probe design in conserved regions of USUV genome. Primers and probe are located in a highly conserved region of the NS5 gene. This region is variable
among closely related flaviviruses including the USUV subtype strain CAR 1969. The indicated nucleotide positions refer to the genome sequence of the USUV reference
strain from South Africa (SAAR1776).

Fig. 3. Serial 10-fold dilutions of virus in L-15 medium (A) and human serum (B), as well as of RNA standard (C) have been tested in the real-time RT-PCR assay. Tested
dilutions ranged from 1.2 × 104 to 0 pfu/reaction for virus in L-15 medium and serum, and from 8.4 × 109 to 8.4 copies/reaction for the RNA standard.
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oefficient of variation (CV) was evaluated by 10 reactions in a same
ssay, inter-assay CV by 10 reactions in different assays. Repetitions
ere performed in the same laboratory by the same person.

As demonstrated in Fig. 1, the alignment of primers and probes
f the previously developed real-time RT-PCR assay (Cavrini et al.,
011) with the sequences of USUV isolates from Africa shows
equence variations mainly in the region of the forward primer.
he position of this primer in a non-conserved region might lead
ventually to problems in USUV detection of strains circulating in
frica. Therefore, primers and probe were designed in a conserved
egion of USUV genomes from South Africa, Senegal, the Central
frican Republic, Austria, Hungary, and Italy taking into account
ther flaviviruses circulating in Africa to ensure analytical USUV
pecificity. The alignment of sequences of five USUV strains, the
SUV subtype, and closely related flaviviruses together with the

ocation of the newly designed primers is shown in Fig. 2. In the real-
ime RT-PCR assay, these primers and probe were able to detect
ve different USUV isolates from Africa. Furthermore, when testing
8 strains of 16 other flaviviruses (Table 1) and the USUV subtype
train, no amplification was observed. The RNA of these flaviviruses
as tested previously successfully by RT-PCR with the primers pair

D3-FU1.
The detection limit for USUV in L-15 medium, as well as in

uman serum, was 1.2 pfu/reaction, corresponding to 600 pfu/ml.
urthermore, the detection limit was tested with a RNA standard
ontaining the entire NS5 gene and was 60 copies/reaction. Fig. 3
hows the threshold cycles (Ct) for serial 10-fold dilutions of virus
n L-15 medium (Fig. 3A) and human serum (Fig. 3B) and for dilu-
ions of the RNA standard (Fig. 3C). The correlation coefficients (R)
f the 10-fold dilution series were of 0.998 for virus dilutions in
-15 and human serum and of 0.999 for dilutions of RNA standard.
fficiencies ranged from 106% to 111%. The intra-assay and inter-
ssay CV for the detection limits were of 0.8 –1.1% and of 1.6–2%,
espectively.

This real-time RT-PCR assay was adapted for the identification
f genetically diverse USUV strains demonstrated by its ability to
etect all tested USUV isolates from Africa including an isolate
rom an infected human in the Central African Republic. Further-

ore, it has a high analytical specificity for USUV tested with the
ost abundant flaviviruses circulating in Africa and a USUV sub-

ype strain. The detection limits of 1.2 pfu/reaction or 60 copies of
NA standard/reaction indicate a good analytical sensitivity. Tak-

ng into account the reported cases of human USUV infections and
he recent information about USUV genetic variability in Africa, an
pplication of this universal USUV specific real-time RT-PCR assay
hould be recommended in flavivirus identification. Especially in

eographic regions with demonstrated USUV and WNV  circulation,
here highly specific tools for the identification of USUV are nec-

ssary, this assay might be highly valuable (Gaibani et al., 2010;
azquez et al., 2011). However, even though the primers design
al Methods 197 (2014) 51– 54

in conserved regions of the USUV genome suggests that the assay
can detect European USUV strains, its evaluation with European
isolates is necessary prior to its integration into routine diagnosis
of flaviviral diseases. Moreover, an evaluation in a clinical context
with samples of more infected individuals will be necessary.
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