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Wuxiang  virus  (WUXV),  a  new  species  of
Phlebovirus  from  sandfly  specimens  (identified  as
Phlebotomus chinensis) collected in Wuxiang County,
Shanxi  Province,  China,  belongs  to  the  order
Bunyavirales,  family  Phenuiviridae[1].  Like  other
Bunyavirales,  WUXV  contains  a  negative-sense
tripartite  RNA  genome  comprising  a  small  (S),  a
medium (M), and a large (L) segment. The S segment
encodes  nucleocapsid  protein  (NP)  and  a
nonstructural protein (NSP). The M segment encodes
a  glycoprotein  precursor  (Gp),  which  is  cleaved  into
mature  N  and  C  glycoproteins.  The  L  segment
encodes  an  RNA-dependent  RNA  polymerase
(RdRp)[1].

WUXV is the first report of a Phlebovirus isolated
from  sandfly  specimens  collected  from  the  natural
environment  in  China.  The  virus  was  subsequently
isolated  three  times  in  the  same  province[1-3].
Although  there  are  no  reports  of  human  infection
with  WUXV,  a  study  showed  that  it  can  cause
cytopathic  effects  in  mammalian  cells,  death  in
neonatal  mice,  and  infection  in  mammals[1,2].
However, a relevant detection method has not been
established.  Therefore,  it  is  imperative  to  create  an
efficient  and  rapid  method  to  detect  WUXV  in
sandflies in the environment.

Reverse-transcription  recombinase-aided
amplification  (RT-RAA)  is  a  new  isothermal
amplification technology using specific enzymes and
proteins for the rapid detection of pathogens. Under
constant temperature, the amplification process was
repeated  with  high  efficiency,  and  the  amplification

product  of  the  target  gene  could  reach  detectable
levels  five  minutes  after  the  reaction.  Its  use  has
been  widespread  in  the  clinical  detection  of  human
and  animal  pathogens,  such  as  coronavirus[4]  and
tick-borne encephalitis virus[5].

This study presents a rapid and sensitive RT-RAA
assay to detect WUXV. We designed and synthesized
specific  primers  and  probes  in  the  S  segment  of
WUXV  (Supplementary  Table  S1  available  in
www.besjournal.com).  The  amplification  length  was
220  bp.  The  titer  of  WUXV  strain  SXYQ1872-1
(GenBank  accession  no.  MT786487.1)  was
determined using a plaque assay, and then serial 10-
fold  dilutions  ranging  from  103  to  101  pfu/μL  were
made,  and  the  viral  RNA  was  extracted  for  use  as
templates in RT-RAA.

The  RT-RAA  reaction  was  performed  with  an  RT
exo kit (Jiangsu Qitian Bio-technology, China), which
comprised  a  mixture  of  all  the  enzymes  (SSB,
800  ng/μL;  UvsX,  120  ng/μL;  DNA  polymerase,
30 ng/μL) needed for reverse-transcription and DNA
amplification in lyophilized form in a single tube. The
reaction  mixture  contained  the  following
components:  25  μL  of  rehydration  buffer,  2.1  μL  of
each  primer  (10  μmol/L),  0.6  μL  of  probe
(10  μmol/L),  1  μL  of  the  RNA  template,  and
diethylpyrocarbonate  (DEPC)  water  16.7  μL.  Then,
47.5  μL  of  master  mix/template  solution was mixed
and  transferred  to  each  lyophilized  enzyme  mix.
Then, 2.5 μL of 280 mmol/L magnesium acetate was
pipetted into each tube lid. The tube lids were closed
carefully,  vortexed  briefly,  and  centrifuged
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simultaneously  to  trigger  the  RT-RAA  reaction.  The
tube  was  then  placed  in  a  QT-F1620RAA
fluorescence  detection  device  (Jiangsu  Qitian  Bio-
technology,  China)  at  39  °C  for  30  minutes.  A
negative  control  (DEPC water)  was  included in  each
run.

To  test  the  specificity  of  this  assay,  the
nucleotides  of  Japanese  encephalitis  virus,  yellow
fever  virus,  West  Nile  virus,  Tahyna  virus,  severe
fever  with  thrombocytopenia  syndrome  virus,
Kadipiro  virus  (KDV),  and  Liaoning  virus  (LNV)  were
examined.  Acquired  experimental  results  showed
that  the  RT-RAA  assay  was  positive  for  WUXV  and
negative  for  the  other  seven  arboviruses  belonging
to  four  families,  four  genera,  and  the  negative
control.  No cross-reactivity of RNA from any control
virus was observed (Figure 1).

The sensitivity of the method was assessed using
a  dilution  gradient  of  the  WUXV  virus  ranging  from
103 to 101 pfu/μL, with each dilution measured eight
times  to  assess  the  reproducibility  of  the  method
(Table  1).  The  lower  limit  of  detection  was  10
pfu/reaction  viral  RNA.  The  higher  the  template
concentration,  the  greater  the  fluorescence  value
and the earlier the peak time (Figure 2).

A  total  of  30  pools  of  sandflies  were  used  to
perform  the  RT-RAA  assay,  and  7  of  them  were
identified  as  positive  for  WUXV,  which  was
consistent  with  the  results  of  the  sequencing  assay
(Supplementary  Table  S2  available  in  www.
besjournal.com).  The  results  indicated  the  accuracy
of the assay developed in this study.

WUXV  is  a  sandfly-borne  virus.  Other  such
viruses include sandfly fever Sicilian virus (SFSV) and
Toscana  virus.  The  former  can  cause  febrile  disease
after  infection,  referred  to  as  ‘‘three-day  fever’’[6];
The  latter  can  cause  acute  meningitis[7].  Using  the
plaque  reduction  neutralization  test,  it  was  found

that  humans  (8.7%,  4/46)  and  chickens  (100%,  4/4)
in  the  virus  isolation  region  contained  WUXV-
neutralizing  antibodies,  suggesting  that  they  could
be  infected  with  WUXV[2].  Although  there  has  been
no clear report of human WUXV cases, these results
indicate  that  humans  are  susceptible  to  the  virus,
and it may be a potential human disease pathogen.

According to our research,  the WUXV is  a stable
viral  population  present  in  local  sandflies[3].
Moreover,  the  sandfly  species  is  distributed  widely
throughout  the  plain,  mountainous,  and  Loess
Plateau  regions  north  of  the  Yangtze  River.  As  we
detected  sandflies  only  in  Shanxi  Province,  it  is
unclear  whether  they  carry  the  virus  in  other
regions.  Hence,  we  need  to  expand  the  detection
range.  Moreover,  with  the  improvement  of  the
population  mean  standard  of  living  and  the
development of  transportation,  tourist  regions have
been further expanded, which also creates favorable
conditions  for  the  contact  between  humans  and
sandflies, increasing the possibility of transmission of
the sandfly-borne virus. Therefore, a rapid, sensitive,

Table 1. Assay data used for probit analysis to
calculate the detection limit of RT-RAA for WUXV

Pfu/reaction
No. of positive samples/

No. of sample tested by the
RT-RAA assays for detection of WUXV

1 × 103 8/8

1 × 102 8/8

1 × 101 8/8

1 × 100 1/8

　　Note. Each dilution was tested in a total of eight
replicates. WUXV: Wuxiang virus.
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Figure 1. Specificity  of  the  RT-RAA  assay  for
Wuxiang virus (WUXV).
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Figure 2. Sensitivity  of  the  RT-RAA  assay  for
Wuxiang  virus  (WUXV).  WUXV  titers  from  103

to 101 pfu per reaction were used to determine
the  sensitivity  of  the  RT-RAA  assay.  NC,
negative control.
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and convenient detection method is indispensable to
the  monitoring  of  WUXV  among  sandflies  in  the
environment.

The current WUXV detection methods are based
on  virus  isolation  or  rely  on  traditional  reverse-
transcription  PCR.  However,  these  methods  are
expensive  and  time-consuming  and  require  highly
specialized  equipment,  making  them  unsuitable  for
widespread application in the field.

As  WUXV  was  only  isolated  in  2018,  few
sequences of its three segments are available. There
are  23  full-length  or  partial  sequences  of  the  L
segment  in  the  NCBI  database;  however,  there  are
only  three  full-length  sequences,  and  the  rest  are
short ones of only about 400 bp. Due to the limited
number  of  known  sequences,  the  specificity  of  the
primers  and  probes  designed  for  this  segment  may
not  meet  the  needs  of  the  experiment.  Moreover,
the RdRp gene of phleboviruses  is  highly  conserved,
with  more  than  95%  identity  at  the  amino  acid
level[8]. High intergeneric homology will increase the
probability  of  cross-reaction.  As for  the M segment,
it  presents  on  the  surface  of  virions  and  is  thus
exposed to the selective pressures of the host. These
sequences  could  vary  widely  among  strains[9].  We
selected  the  S  segment  to  establish  the  detection
method.  First,  there  are  64  known  reference
sequences for the S segment, significantly more than
for the M and L segments. Second, the sequences of
the N proteins of the different phleboviruses exhibit
low  homology,  but  sequence  data  indicate  high
homology  within  one  phlebovirus.  Apart  from  this,
some  studies  have  also  established  detection
methods for the S segment. Another study designed
primers and probes targeting the NP gene for Congo
Hemorrhagic Fever (CCHFV) and SFSV[10].

The  sensitivity  of  the  established  RT-RAA  assay
reached 10 pfu per reaction, and there was no cross-
reaction  with  seven  insect-borne  viruses,  including
Flavivirus,  Alphavirus,  Orthobunyavirus,  and
Seadornavirus,  which  showed  strong  specificity  and
high  sensitivity.  Notably,  our  RT-RAA  assay  can
detect WUXV in sandflies, requiring only 30 minutes
at  a  constant  temperature  of  39  °C,  producing  a
positive  signal  in  approximately  10  minutes,  and
showing  100%  consistency  with  sequencing  results.
Moreover,  for  this  method,  under  the  condition  of
constant  temperature,  the  repeated  and  efficient
amplification  of  nucleic  acids  can  be  accomplished.
The  detection  results  are  determined  by  the
instrument,  which  is  more  accurate  and  objective
than  human  interpretation.  The  reaction  is
conducted  in  a  single  tube,  and  the  cover  is  not

opened during the process to avoid the possibility of
contamination.  Furthermore,  the  reaction  reagents
are  stored  in  freeze-dried  powder  form.  Compared
with liquid reagents,  these are easier  to manipulate
and  reduce  the  loss  caused  by  pipetting  error.
Meanwhile,  they  are  convenient  to  transport,
avoiding  the  wastage  caused  by  repeated  freezing
and  thawing  during  transportation.  Although  there
are  many  advantages  to  the  RT-RAA  assay  for  virus
detection, it also has some limitations. First, because
long  primers  and  probes  form  dimers  more  easily
than  short  ones,  it  is  difficult  to  achieve  multiplex
detection  of  pathogens.  Second,  RT-RAA  cannot
achieve quantitative detection of the nucleic acid of
the  detected  virus.  Furthermore,  we  only  used  30
pools of sandflies to validate the assay. This method
should be evaluated using more sandfly samples.

However, the advantages of this method make it
more  suitable  for  rapid  detection  in  the  general
laboratory and in the field.
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Supplementary Table S1. Sequences of primers and probe for the RT-RAA assay for WUXV

Primers/Probe Sequence (5'-3') Genomic positiona

WUXV_S_F ctggacagtccatcctgcgagtgcagcagc 1,301–1,330

WUXV_S_R gttaggcggaagtggatgggaggaggatgc 1,520–1,491

WUXV_S_Probe* Actccttggcaccctctggagacatcctc[FAM-dT]c(THF)[TAMRA-dT]gcatcttctttggcttgttacc[C3-spacer] 1,404–1,459

       Note.  *Probe  modifications:  FAM,  6-carboxyfluorescrin;  THF,  tetrahydrofuran;  TAMRA,
Carboxytetramethylrhodamine;  C3-spacer,  3′  phosphate  blocker;  aThe  primer  and  probe  locations  in  the
genome were based on the S gene sequence of SXYQ1872-1 Wuxiang virus (WUXV) strain (GenBank Access No.:
MT786487.1).

Supplementary Table S2. Comparison of WUXV detection in sandflies examined by RT-RAA and sequencing

Year Location Strain GenBank accession no. Sequencing RT-RAA

2019 Wuxiang SXWX1917-1 MT877566.1 Pos Pos

2019 Wuxiang SXWX1917-4 MT877568.1 Pos Pos

2019 Wuxiang SXWX1918-3 MT877569.1 Pos Pos

2019 Wuxiang SXWX1920-2 MT877571.1 Pos Pos

2019 Wuxiang SXWX1920-3 MT877572.1 Pos Pos

2019 Wuxiang SXWX1922-1 MT877575.1 Pos Pos

2019 Wuxiang SXWX1923-4 MT877577.1 Pos Pos

　　Note. Pos: positive; Neg: negative; WUXV: Wuxiang virus.
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