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This study aimed to explore the presence of West Nile Virus (WNV) inside four species of mosquitoes:
Culex univittatus (Theobald), Culex quinquefasciatus (Say) Aedes vittatus (Bigot) and Aedes vexans
(Meigen). Adult wild mosquitoes were collected from different sites: Soba West, Hellat Kuku, Shambat,
and Khartoum North Central Live Stock Market (KCLM). Surveys were carried out at Khartoum State dur-
ing two phases: pre to the rainy season and post to the rainy season. Mosquito specimens were identified
using classical keys then preserved at �80 �C freezer for two weeks till the virus examination using poly-
merase chain reaction (PCR) were carried out. WNV has been detected inside the three species of mos-
quitoes: A. vexans, C. univittatus, and C. quinquefasciatus. The species were collected from Hellat Kuku,
(Shambat and Hellat Kuku), and (Shambat and KCLM) respectively. Two species of mosquitoes were pos-
itive for the virus: C. quinquefasciatus and C. univittatus. Positive results for the virus during the first phase
of the study; males of C. quinquefasciatus and C. univittatus collected during the second phase of the study
were also tested for the existence of the virus and they were positive. For our knowledge this study rep-
resents first record of WNV inside wild mosquitoes in Sudan. PCR technique provided reliable informa-
tion because specific primer-probe sets were used for the detection of the virus. Extra studies are
required to incriminate these species of mosquitoes as potential vectors of WNV.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Viruses transmitted by arthropods cause many diseases to
humans. Many mosquitoes transmit viral infections even they
may have a negative impact for both man and animals such as
Dengue fever/Dengue haemorrhagic fever (DF/DHF), Rift Valley
Fever (RVF), West Nile Viruses (WNV), and Yellow Fever (Rigau-
Pérez et al., 1998, Lanciotti et al., 1999, Soliman et al., 2010). West
Nile Virus has first been discovered in 1999 in the USA and soon
disseminated to nearby countries such as Central America and
Canada (Hollidge et al., 2010, Weissenböck et al., 2010,
Chaskopoulou et al., 2013). Recently, WNV is one of the most glob-
ally distributed and it is endemic in many developed as well devel-
oping countries throughout the Continents (Lanciotti et al., 1999).
West Nile Virus (WNV) is a Flavivirus contains a single positive
strand of RNA (Khromykh et al., 2001, Friebe and Harris, 2010,
Londono-Renteria and Colpitts, 2016). The most harmful morbidi-
ties of WNV disease is serious encephalitis in horses and humans,
besides the infection may be fatal in some domestic and wild birds.
It is a Zoonotic disease emerges and resurges as an authenticity
trouble due to weather and societal modifications. West Nile Virus
is transmitted by mosquitoes. In about 75% of cases patients have
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few or do not develop any symptoms (Petersen et al., 2013).
Around 20% of patients have febrile chills, headache, spew, or skin
eruption. Presentations of sharp sickness comprise high febrile epi-
sodes, headache, neck rigidity, confusion, locomotion disorders
coma, shiver, convulsions, muscle ache, sight loss, anesthesia and
palsy (Prevention, 2018).

West Nile Virus neuro-invasive disease (WNND) is comprised
with the loss of hippocampal synapses with lack of cure. Adult neu-
rogenesis and synaptogenesis are essential features of hippocam-
pal repair, which suggests that viruses affect these processes as
well, can cause death in adults (Öncü et al., 2018). WNV is found
naturally circulating between birds, mosquitoes and other mam-
mals like humans and horses. WNV pathogen affect human’s brain
causing encephalitis (Lanciotti et al., 1999, Lanciotti et al., 2000).
Suburban conditions seem adequate for propagation cycles of the
transmission of the virus to mammalian hosts (Wagner et al.,
2018).

WNV initially discovered in 1937 from a blood sample of a
female (had a fever) inhabiting the West Nile Province of Uganda
then the virus was detected in Egypt in 1950s in mosquitoes, birds
as well as other human patients. The virus was not detected since
that time in Africa until the years 1974 and 1983–1984 when
intermittent outbreaks in South Africa were registered. Within
the last fourteen years, human epidemics occurred in Africa: Alge-
ria; 1994, Tunisia; 1997, and Congo; 1998 (Burakoff et al., 2018).

In neoteric years, devastating outbreaks of the disease have
been reported from many countries (Depoortere et al., 2004,
Lindsey, Lehman et al., 2015, Krow-Lucal et al., 2017). The recent
documented outbreak of WNV occurred in Ngorban County, South
Kordophan province, Sudan 2002 (Grubaugh et al., 2017), but the
first information on WNV outbreak in Sudan obtained from the
Nuba Mountains in the same province in 1956 where WNV anti-
bodies were documented in children aged up to 14 years in the
Nuba Mountains (Watts et al., 1994). WNV outbreaks happened
in the Northern State of Sudan in 1989 and in Nuba mountains
in 2002 (Toschi, 1954, Watts et al., 1994). In Sudan, WNV infections
have observed mainly among kids and demonstrated as encephali-
tis including severe neuro-complications. The spread of such a
virus to other countries cannot be excluded (Grubaugh et al.,
2017). WNV oversight differs between the countries of different
continents (Strausbaugh et al., 2001, Abdelgadir et al., 2010),
extending from clinical examination of horses, humans, birds or
other infected animals through typical inspection and the detec-
tion of the virus inside mosquitoes vectors. Horses can be diag-
nosed for WNV before humans due to their higher sensitivity to
the virus compared to humans (Hollidge et al., 2010,
Weissenböck et al., 2010). The advanced isolation or detection of
the virus in mosquitoes may be significantly helpful for a fast
and precise diagnosis.

Hypothesis of this study depended on a previous study which
recorded at least three of the four mosquitoes’ species involved
in this study are established at Khartoum State and found to be
harboring some arboviruses inside them such as Rift valley Fever
virus when examined by PCR technique (Mohamed et al., 2004,
Abdelgadir et al., 2010). This gave the rationale to screen the virus
inside four species of mosquitoes: Cx. univittatus, Cx. quinquefascia-
tus Ae. vexans, and Ae. vittatus using PCR.
2. Materials and methods

2.1. Study area

The State of Khartoum is located between 15 1000 and 16 3000N
latitude and 31 3500 and 40 2000E longitude. Four sites in Khartoum
State (Soba West, Hellat Kuku, Shambat, KCLM) were selected for
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this study depending on certain risk factors such as the high den-
sity of mosquitoes. Certain surveys were conducted in these sites
post to the rainy season (between October 2016 to January 2017)
and pre to the rainy season between (April – July 2017).

2.2. Ethical approval

The study was approved by the ethical board of National Min-
istry of health- Sudan. Participants who agreed to allow the
researchers to collect mosquitoes from inside and around their
houses in the four study sites were asked to sign informed consent
forms before the beginning of the study.

2.3. Sample collection

Adult males and blood fed females of the targeted mosquito
species were collected by aspirators from outdoors resting sites
such as earthen jars ’zeers’, septic tanks and wells. Indophilic mos-
quitoes were aspirated from inside rooms. Collected specimens
were identified using morphological keys (Hopkins, 1952) and cat-
egorized morphologically (Fig. 1), placed into labeled tubes then
transported in cool containers to the laboratory. Mosquito speci-
mens were anesthetized using triethyl amine then re-classified
under dissecting microscopes using classical keys (Strausbaugh
et al., 2001). Identified specimens collected from each study site
were then separated into labeled cryovials and preserved into
�80 �C freezer. At the end, a total of 2690 samples (separated into
ten pools) have been examined for WNV using RT- PCR method.
The sample size has been chosen as recommended before
(Mohamed et al., 2004, Abdelgadir et al., 2010).

2.4. Entomological study

Mosquito pools were homogenized by shaking with 3 mm tung-
sten carbide beads (QIAgen, Hilden, Germany) in 500–600 ll of
Eagle’s least essential medium, added to 5% fetal bovine plasma
1% penicillin–streptomycin and 1% L-glutamine. They were purified
by centrifugation at 4,000 � rpm for 4 min, divided into tubes and
preserved at �80 �C. Nucleic acids were clarified from one aliquot
of each pool using High Pure Viral Nucleic Acid Kit (Roche Diagnos-
tics, Mannheim, Germany), Then reverse transcription polymerase
chain reaction conducted (TaqMan� one-step RT-PCR master mix
reagents kit). The One-Step EZ RT-PCR TaqMan� reagent kit
(Applied Biosystems, Sweden) reaction performed according to
the manufacturers’ guidelines (Jupp et al., 2002). All collected sam-
ples were classified into their species using available morphologi-
cal keys (The ten mosquito pools were grinded in a varying volume
of Virus Transport Media (VTM) depending on the pool size accord-
ing the method of (Zakhia et al., 2018). The supernatants were clar-
ified through a 3.5 mm filter and centrifuged at 3000 cycle/30 min.

2.5. RT-PCR

In this study researchers concentrated on primer styling for dis-
closure of WNV inside mosquitoes. RNA was extracted from the
purified samples where RNA was washed in 40 ml washing buffer
used in the RT-PCR reaction. The series of WNV primer used in this
research was as follows:

Forward 5́ -CAGACCACGCTACGGCG- 3́ (Nucleotides 10,668–
10,684).

Reverse 5́ -CTAGGGCCGCGTGGG- 3́ (nucleotides 10,770–
10,756), and Probe 5́ - (6-Fam) TCTGCGGAGAGTGCAGTCTGCGAT
(BHQ 1 ~ Q)- 3́ (nucleotides 10,691 – 10,714).

For each RNA sample the following reagents were added (X one
reaction) to a thin walled 0.2 ml PCR tube: RNA template (2 ng-
2 mg), 1.0 ml of the RT primer (Ranomnonamer primer), and



Fig. 1. Morphological characterization of the mosquitos investigated during the
current study (a) Characteristic features of Culex. quinquefasciatus 4th instar larvae
i- Siphon with markedly convex sides. Siphon index usually more than 3. ii- Sub
ventral tufts numerous. (b) Characteristic features of 4th instar larvae of Culex
univittaus i- Pectin spines toothed ii- Siphonal index above 6 iii- Middle spin
between valvesiv- Ventral tufts numerous restricted to the distal two thirds. (c)
Characteristic features of 4th Instar Larvae of Aedes vexans mosquitoes. i. Spines of
antennae widely spaced, antennae shorter than head. ii. Siphon short and stout. iii.
Single sub ventral tuft. iv. Distal siphon spines detached. v. Caudal setae numerous.
vi. Gills are relatively short. vii. Saddle incompletely fills the caudal segment.
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RNAse/DNAse free water (4.0 ml). The final volume was 10 ml. A lid
has been applied to each sample then samples were heated to
65 �C for 5 min using a heater water bath then the tubes soon
cooled in snowy water bath. After that a mix was prepared as fol-
lows (per one reaction):

qScript 10X Buffer (2.0 ml), dNTP mix 10 mM of each (1.0 ml),
DTT 100 mM (2.0 ml), RNAse/DNAse free water (4.0 ml), qScript
enzyme (1.0 ml), the final volume was 10 ml. Aliquots of the PCR
products (10 ml) were electrophoresed on 1.2% agarose gel in
Tris-borate buffer and ethidium bromide and DNA bands were
visualized on a UV trans illuminator. The positive samples were
used for RT_PCR investigation in order to obtain the amplification
curves.
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2.6. Statistical analysis

Results were statistically analyzed using the Anderson–Darling
test, as well as for homogeneity variances. The data was normally
distributed and is expressed as the mean ± standard error of the
mean (SEM). Significant differences among the groups were ana-
lyzed by one- or two-way ANOVA followed by Tukey’s post-test
using SPSS software, version17. Variations were deemed statisti-
cally significant at P < 0.05.
3. Results

3.1. Seasonal variation of mosquitos and arboviruses surveillance in
four different regions of Khartoum State during post rainy seasons

During the post-rainy season, different specimens from four
localities in Khartoum State were investigated. The four localities
are Soba West, Shambat, Live Stock Market and Hellat Kuku.
Fig. 2 illustrates the electronic map of these collection sites. Overall
the most abundant mosquito type was Culex quinquefasciatus
(54.5%), which was the dominant species in all of the investigated
regions (Table 1). Aedes vexanswas the second prevalent mosquito
type (29.9%), was found in both localities of Soba West and Hellat
Kuku. Other mosquito species which have no direct role in trans-
mitting WNV, were not included in the current study. Positive
results for WNV were detected in pools of Culex quinquefasciatus,
Culex univittatus and Aedes vexans in Shambat, live stock market
and Hellat Kuku (Table 1).
3.2. Seasonal variation of mosquitos and arboviruses surveillance in
four different regions of Khartoum State during pre rainy seasons

During the pre-rainy season, the dominant mosquito species
were Culex quinquefasciatus and Culex univittatus.While Culex quin-
quefasciatus was prevalent in all the four investigated regions,
Culex univittatus was prevalent only in shambat region (Table 2).
Positive results for WNV were detected in pools of Culex quinque-
fasciatus and Culex univittatus in Shambat and live stock market.
Conversely, in both of Soba West and Hellat Kuku, no viral infec-
tions could be detected (Table 2).
3.3. PCR analysis for the positive pools samples

As showed in Fig. 3a, the plot of cycle numbers against fluores-
cence signals (amplification plot) which correlates with the initial
amount of target DNA during the exponential phase of PCR, has
revealed different patterns. In Fig. 3b, when the threshold cycle
(CT) was plotted against the concentration (standard curve), it
was clear the reverse relationship between the concentration and
the CT values.
3.4. Agarose gel electrophoresis for the DNA of the WNV inside three
pools of mosquitos during the post rainy season

PCR products were electrophoresed on 1.2% agarose gel in Tris-
borate buffer and ethidium bromide and DNA bands were con-
ceived on a UV trans illuminator. Fig. 4 illustrates the results of
the gel electrophoresis whereas the first lane represents the molec-
ular marker (the ladder), lanes two and nine represents the posi-
tive controls, lane three is the negative control. Negative samples
are represented in lanes five, seven, eight, twelve and thirteen
while the positive samples are represented in lanes four, six, ten,
eleven and fifteen.



Fig. 2. Electronic Map showing collection sites of most WNV-positive mosquitoes pools (Soba West). Locations on the map show altitude and longitude of each station.

Table 1
Arboviruses surveillance during the 1st season of the study (Post Rainy Season).

Number of pool Species Study Site Number of specimens/pool Positive pools

1 Aedesvexans Soba West 300 –
2 Culexunivittatus Soba West 300 –
3 Culexquinquefasciatus Soba West 300 –
4 Culexquinquefasciatus Shambat 300 Positive
5 Culexunivittatus Shambat 300 Positive
6 Culexquinquefasciatus Live Stock Market 300 Positive
7 Culexunivittatus Live Stock Market 286 –
8 Culexquinquefasciatus Hellat Kuku 300 –
9 Culexunivittatus Hellat Kuku 300 Positive
10 Aedesvexans Hellat Kuku 4 Positive

Table 2
Arboviruses surveillance during the 2nd season of the study (pre- rainy season).

No. pool Species Study site No. specimens/pool Positive pools

1 Culex quinquefasciatus Soba West 300 –
2 Culex univittatus Shambat 72 Positive
3 Culex univittatus Shambat 145 Positive
4 Culex quinquefasciatus Shambat 300 Positive
5 Culex quinquefasciatus Shambat 300 Positive
6 Culex quinquefasciatus Live Stock Market 245 Positive
7 Culex quinquefasciatus Hellat Kuku 300 –

Fig. 3a. Amplification curve for the positive pools samples.
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Fig. 3b. Standard curve for the positive pools samples.

Fig. 4. Conventional PCR for the detection of WNV virus inside three pools of
mosquitoes collected during the 1st phase of the study. Lane 1 Molecular Marker,
Lane 2 and 9 Positive Control, Lane 3 Negative Control (70 bp), Lane 5, 7, 8, 12, and
13 Negative Sample. Lane 4, 6, 10, 11 and 15 Positive samples (70 bp).

Fig. 5. Conventional PCR for the detection of WNV virus inside pools of mosquitoes
collected during the 2nd season of the study. Lance 1& 11 Molecular Marker, Lance
2 Positive Control (70 bp), Lance 3 Negative Control, Lance 5 and 6 Negative Sample,
Lance 4, 7, 8, 9 and 10 Positive samples (70 bp).
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3.5. Agarose gel electrophoresis for the DNA of the WNV inside three
pools of mosquitos during the pre-rainy season

PCR products were electrophoresed on 1.2% agarose gel in Tris-
borate buffer and ethidium bromide and DNA bands were seen on
a UV trans illuminator. Fig. 5 illustrates the results of the gel elec-
trophoresis whereas the first and the last lanes represents the
molecular marker (the ladder), lanes two and lane three represents
the positive and negative controls respectively. Negative samples
are represented in lanes five and six while the positive samples
are represented in lanes four, seven, eight, nine and ten.

4. Discussion

Vector transmitted viruses (arboviruses), like yellow fever and
Dengue fever viruses, chikungunya virus, and West Nile Virus
(WNV) cause persistent impendence to protrude and give rise
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serious epidemics (Grubaugh et al., 2017). It is well known that
WNV is embroiled in an enzootic cycle including birds and mosqui-
toes in the genus Culex (Hopkins, 1952, Watts et al., 1994). A pre-
vious study mentioned that WNV is an excellent example of an
introduced RNA virus that adapted to a new environment (i.e.,
new genotype linked to a shorter extrinsic incubation period in
local mosquitoes), promoting its spread throughout the world
(Strausbaugh et al., 2001). In Sudan some study investigated the
sero-prevalence of WNF among suspected patients. A recent study
investigated focused on WNV and Dengue. This study demon-
strated that IgG antibodies were found to be 64% for WNV and
14% for DFV (Mohamed et al., 2004). Limited data is available about
the circulation of the virus among mosquito vectors using PCR
technique for detection of the virus. This gave the rationale of
our research which endeavoured to explore the existence of
WNV inside four species of mosquitoes, namely: Cx. univittatus
(Theobald), Cx. quinquefasciatus, Ae. vexans (Meigen), and Ae. vit-
tatus (Bigot). Thestudy sites have been selected due to the detec-
tion of a Bunya virus inside wild collected from these in a
previous study (Mohamed et al., 2004). WNV has been detected
inside three species of mosquitoes: Ae. vexans, Cx. univittatus,
and Cx. quinquefasciatus collected before the rainy season. These
species were collected from Hellat Kuku, (Shambat and Hellat
Kuku), and (Shambat and KCLM) respectively. To insure the results,
we collected wild mosquitoes from the same locations after the
rainy season (phase 2 of the study). All samples collected during
the second phase have also been screened for the virus. Only two
species of mosquitoes were positive for the virus: Cx. quinquefas-
ciatus and Cx. Univittatus while Ae. vexans were absent from the
collection sites after the rainy season. They assumed to be dia-
paused waiting for the rainy season next year (Jupp et al., 2002).
The first positive mosquito species has been collected from Sham-
bat and KCLM while the second positive species has been collected
from Shambat. Since found positive for the virus during phase one
of the study; males of Cx. quinquefasciatus and Cx. univittatus col-
lected during the second phase of the study were also tested for the
existence of the virus and they were both affirmative. For our
knowledge this is the first record of WNV detection inside wild
mosquitoes in Sudan. These results coincide with finding of a study
demonstrated experimental transmission of WNV by Culexpipiens
from Lebanon (Depoortere et al., 2004). In Sudan; a study con-
ducted after WNV outbreak which happened in Ngorban County,
South Kordophan, Sudan during the year 2002 (Abdelhalim and
Kafi, 2014, RE, 2014). This study explored the outbreaks and per-
formed a case–control study in the hamlet of Limon. The results
showed laboratory analysis assured existence of WNV IgM anti-
bodies in eight out of thirteen cases. Another study determined
the propagation of IgG and IgM in many blood transfused patients
in Khartoum State, Sudan (Organization, 2017). Results of these
studies revealed that fifty patients out of ninety one (54%) were
affirmative for WNV IgG antibodies whilst 11 patients constituting
12.1% were positive forWNV IgM antibodies. In 2014, the Sudanese
Ministry of Health (SMOH) and the World Health Organization
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(WHO) notified an outbreak of viral hemorrhagic fever (VHF) in
Darfur, Sudan. According to the SMOH, 182 dubitable VHF cases,
involving 103 passed cases, were recorded in 12 regions in South,
East, Central, West and North Darfur. Around 36 specimens were
collected from dubitable cases and their co-patients. Eight samples
out of these 36 specimens (collected from Central, West and North
Darfur) were confirmed for West Nile Virus (RE, 2014,
Organization, 2017).
5. Conclusions

Results of this study achieved the objective of WNV detec-
tion inside three species of mosquitoes using PCR. No available
data was available regarding investigation of WNV inside mos-
quito vectors so our study is thought to open a door for further
investigation for the competence of these species of mosquitoes
in the transmission of the virus. Detection of the virus in these
mosquito species requires more studies to incriminate their
role in WNV. Subsequently; more studies are essential to define
the part of mosquitoes in human to human transition of the
virus.
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