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Abstract
The mosquito and Sandfly fauna of Jazan region-Southwest Saudi Arabia were investigated to identify
the density and the geographic distribution of potential vectors of Rift Valley Fever Virus (RVFV), as
part of ongoing control program against RVF during inter-epizootic period. Overall, 128190 mosquito
females, 3229 Phlebotomine sandflyies and 2018 Culicoides were collected from 18 October 2015
through 4 Sep 2016, by using a carbon-dioxide (dry ice) - baited light traps. All samples were
morphologically identified at genus level and frozen at -80 before submitted to the reverse transcription
polymerase chain reaction (RT-PCR) assay to investigate the likely circulation of RVFV in mosquitoes.
Among the collected mosquitoes, Culex species was consistently the predominant mosquito, ranged from
98.13% to 99.26% in Sabia and Abuareesh respectively. While, phlebotomus sandflies, were found
sporadically distributed in all districts with high relative abundance in Bulgazi (5.6%). Interestingly, all
samples tested by RT-PCR were reported as negative for RVFV. In light of the reported results,
conducting more spatio-temporal distribution of mosquitoes based on species identification should be
considered in future studies towards implementing more effective control measures against mosquitoborne diseases.
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Introduction
Rift Valley Fever (RVF) is a serious infectious disease with severe clinical manifestations and
health consequences for humans and a wide range of domestic ruminants, RVF is caused by
mosquito-borne virus that belongs to the family Bunyavirridae, genus phlebovirus [1]. Virus
transmission usually occurs either through the bite by an infected mosquito or by direct contact
with infected animal tissues, body fluids or aborted fetal materials [2]. It was first reported
among livestock in Kenya in 1931, since then it has been reported as occurring not only in
most African countries, but also in the Arabian Peninsula, particularly in Saudi Arabia and
Yemen [3, 4]. Outbreaks of RVF have always been associated with periods of heavy rainfall that
raises the level of water in dry wooded grasslands and floods the grassland depressions,
resulting in increasing of mosquito populations which are thought to play a pivotal role in the
life cycle and amplification of the virus during epidemics [5].
Species of mosquitoes that are incriminated as principal vectors and have the potential to
transmit RVFV via bites vary from region to region [6]. Several mosquito species serve as
principal vectors and able to transmit the virus by bites, most notably those belonging to the
genus Aedes which is thought to play a significant role in maintaining the endemic city of the
disease in the environment through transovarial transmission [7]. In Saudi Arabia, of seven
mosquito species detected in Jazan region during the 2000 epidemic, only two species
including Culex tritaeniorhynchus and Aedes vexans arabiensis were confirmed as the
principal vectors responsible for the transmission and spreading of RVF virus through animals
and humans [8]. The most abundant culicinae mosquitoes collected in Asir region in the same
outbreak were Ae. vexans arabiensis, Cx. pipiens complex, and Cx. tritaeniorhynchus. All the
previously mentioned mosquito species were considered as an important epidemic and
epizootic vectors of RVFV in Saudi Arabia [9].
Since the early recognition of RVF in Saudi Arabia, a comprehensive control program has.
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been launched to minimize the spread of the disease in Jazan
region. These control measures including but not limited to
animal vaccination, vector control, entomological surveillance
and virus detection in mosquitoes by molecular techniques.
Although these measures contribute significantly to RVF
control, the geographical distribution of mosquitoes especially
of the genus Aedes, based on the geographical coordinates,
has not yet been adequately addressed. Moreover, human
populations that are more likely to be at risk of biting
mosquitoes are not previously identified. Hence, there is a
justification for a prospective vector survey covering the
whole region to examine the abundance and the distribution of
RVF competent vectors, based on geographical locations.
This research specifically aim to: (1) study the abundance and
the geographical distribution of the potential vectors of RVF
in Jazan region and map the locations. (2) to investigate the
existence of RVFV in mosquitoes by molecular techniques.
(3) to establish mosquito database, that can be used as a
platform for controlling emerging mosquito-borne diseases.
The results of this study will be useful in identifying high-risk
zones, controlling emerging mosquito-borne diseases and
enhancing both of control program and surveillance system
effectively over the long time.

Data Analysis
Relative Abundance (RA %)
The dominance of the mosquito species at each site was
estimated by the relative abundance (RA%). This was
expressed by the ratio between number of specimens of a
species and the total number of specimens of all mosquito
species caught in the site ×100 [13].
Pattern of occurrence (C%)
The distribution of mosquito species was estimated using the
pattern of occurrence (C%) the ratio between the number of
sites positive for the occurrence of mosquitoes and the total
number of sites studied [14].
Geospatial Analysis
Different GIS operations and geo-processing tools, including
buffer and intersection analysis, were considered to achieve a
better understanding of the arboviral incidence. 1.5 Km buffer
were processed based on vectors flight range to identify
human populations that are likely to be bitten by mosquitoes
[15]
.
Molecular detection of RVFV
RT-PCR test was conducted for the detection of the virus in
mosquitoes as described previously by Sall et al., (2001) [16].
A total number of 16300 adult female mosquitoes were
pooled in groups of 50 individual mosquitoes at collection
site. 326 specimens were processed to obtain a supernatant
fluid which was tested by RT-PCR to identify the presence of
RVF viral RNA. Viral RNA was extracted from mosquito
homogenates using Trizol-LS reagent according to the
manufacturer's instructions. The final RNA pellet was
resuspended in 12 µL of nuclease-free water and then stored
on ice or frozen at −80°C. The one-step RT-PCR was
performed using the light Cycler RNA Amplification Kit,
SYBR Green1, and the light Cycler instrument (ROCHE).
The
RNA
was
converted
into
complementary
deoxyribonucleic acid (cDNA). Master mixes were processes
based on a ready-to-use LightCycler-RNA Amplification
SYBR Green kit (Roche Diagnostics). The cDNA segment of
the RVFV, and the live attenuated RVF Smithburn strain
vaccine Registered NO. G 0124 were used as a positive
control.

Materials and Methods
Study Area
Jazan region is located on the farthest south-west Saudi
Arabia between longitudes 41ºE and 43º E and latitudes 16ºN
and 18ºN, near the Yemeni borders which represent the
southern and eastern borders. The Red Sea borders the region
from the west for a distance of (330) Km 2 along the sea
coast, while Asir region from the north. Jazan region covers
an area of 40.457 and KM2 and it is divided into 13
governorates and 31centres. The terrain of the region varies
and consists of mountain, coastal and fertile plains [10]. The
existence of both ecological diversity pattern and different
types of vegetation, listed the region among the richest areas
in Saudi Arabia with animal biodiversity [11]. The considerable
amounts of rainfall, besides the hot humid climate conditions
and fields that are irrigated from Wadies, support both of the
agricultural and animal production activity which are
eventually providing an ideal habitat for RVF vectors.
Mosquito Collection
21 light traps were placed at 375 different locations in six
districts with habitats constitute a favorable ecosystem for
RVFV, including AL-ardah, Ahed Al-msarha, Sabia, Baish,
Balgazi, and Abuareesh). The trap sites were selected based
on perceived risk of disease introduction, areas where
confirmed or suspected RVF cases were previously reported,
outdoor shelters and wild vegetation as well as in the vicinity
of Wadies, ponds, dams and sewerage stations. A CO2 (dry
ice)- baited light traps were placed outdoor in the evening
approximately one hour before sunset and collected the
following morning (from 6:pm to 6:am). Adult mosquito
samples were sent to Jazan veterinary laboratory where they
were identified morphologically at genus level with a digital
microscope by using mosquito keys [12]. All samples were
labeled based on genus, sex, GPS location and date.
Subsequently, they were stored at -80oC and subjected to
virus detection by PCR.

Results
A targeted vector surveillance in Jazan region was performed
from 18 October 2015 to 4 Sep 2016, to examine the
distribution and abundance of potential arthropods vectors, at
genus level. Out of 128190 adult mosquitoes, 3229
Phlebotomine sandflyies and 2018 Culicoides were collected
in 21 light traps at 375 sites belonging to six districts which
include Al-ardah, Abuareesh, Sabia, Almsarha, Bulgazi and
Baish. Of 375 sites, Aedes, Culex, Sandfly, Culicodies were
collected from (84, 344, 59, 24) sites respectively (table 1).
The study indicated that a significant variation in mosquito
density was found within districts. Among the collected
mosquitoes Culex was more abundant and present at all of the
sampled sites (91.73%), with RA% ranged from 98.48% in
Baish and 91.00% in Bulgazi. In contrast, Aedes was recorded
in 84 locations, and 29 of these sites (32.8%) had only Aedes.
In addition, it was found more distributed in Sabia (2.46%),
but less common in Baish (0.73%) (table 2). Furthermore, a
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total of 3229 Phlebotomus and 2018 Culicoides were
collected during the study period (table3). The highest
phlebotomus abundance was (5.6%) at Bulgazi, followed by
(4.36%) in Almsarha and (3.89%) in Abuareesh. Concerning
Culicoides, an important Blue Tongue (BT) vector in Jazan
region were distributed abundantly in Almsarha (3.13%) and
abuareesh (2.18%) but scarce in Sabia (0.02%) and Alardah
(.05%), while not reported in Baish (Table 1). The pattern of
occurrence was estimated as constant in Culex with value of
(91.73%) followed by infrequent in Aedes (22.13%) and
sporadic in both of phlebotmus (15.73%) and Culicoides
(6.4%) (table 2). Most importantly, all samples tested by RTPCR were reported as negative for RVFV (table 3).
The geospatial analysis estimated that Sandflies were widely
distributed in altitudes between 24-760 meter above sea level
(Figure 1). Additionally, it was suggested that around
(24.486) people in Alardah, Aljadiah, Alaedabi and Bulgazi
reside within mosquito flight range and more likely to be

affected by mosquito bites (Figure 2).
Table 1: abundance of mosquito in different districts.
Districts
Al-ardah
Abuareesh
Al-msarhah
Baish
Sabia
Bulgazi

Culex
97.27
93.27
91.16
98.48
95.18
91.00

Relative abundance (RA%)
Aedes Phlebotomus
Culicoidies
2.0
0.22
0.51
0.73
3.89
2.18
1.35
4.36
3.13
0.73
0.79
0
2.46
2.34
0.02
1.96
5.6
1.51

Table 2: Pattern of occurrence of mosquito genera in Jazan region.
Mosquito Genera
Culex
Aedes
Phlebotomus
Culicoides

(C%)
91.73
22.4
15.73
6.4

Distribution Pattern(C%)
constant
infrequent
sporadic
sporadic

Table 3: Mosquito Samples tested by RT-PCR.
Districts
Number of Samples
Positve Samples

Alardah
134
-

Abuareesh
84
-

Al-msarhah
61
-

Baish
3
-

Fig 1: Distribution of Sandflies in Jazan Region
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Sabia
11
-

Bulgazi
33
-
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Fig 2: intersection between Human population and Mosquito

were involved in vectoring many viruses of great medical and
veterinary importance including RVF [20]. Preliminary surveys
of sandflies revealed that they were the most likely vectors for
both cutaneous and visceral leshmaniasis [21]. Some previous
studies indicated that they were more common and abundant
in lowlands with respect to higher altitudes. (Al-Zahrani et al.,
1997) reported that the dominant species in Jazan were
(Phlebotomus sergenti Parrot) in the highlands and (P.
bergeroti Parrot) in the lowlands. In both habitats, there was
a marked seasonal variation in abundance, peak levels in the
lowlands preceding the highlands [22]. However, the present
study indicated that Sandflies were distributed sporadically in
altitudes between 24-760 meter above sea level (Figure 5.1).
It was found more abundant in Bulgazi, Almsarha and
Abuareesh with values (5.6%, 4.36%, 3.89) respectively. Such
findings were previously recorded in Asir region where
(5.12%) and (1.8% ) of flies were collected from Sarroat
mountains(1600-3100 meter) and Asir Plateo (1220 to 1750)
meter above sea level [23]. However, the introduction of these
flies in the region clearly explained the endimicity of
cutaneous and visceral leishmaniasis in many areas in Jazan
region [24].

Discussion
The present study is an entomological surveillance that was
conducted to accurately define the distribution and abundance
of RVF competent vectors in Jazan region as an important
step in assessing and mapping high risk area that could be
prone to RVF outbreaks. The results of the current study
revealed that Culex and Aedes were the most collected
mosquitoes in the study area. This finding is consistent with
that reported by Jupp et al., (2002) [17], in the 2000 outbreak
where Cx. tritaeniorhynchus and Ae.v.arabiensis were
incriminated as primary vectors for RVF. Furthermore, the
Culex abundance rate obtained from this study (94.39%) was
similar in rates to that previously reported in Sudan during the
2007 outbreak [18]. Historically, Aedes mosquitoes were
incriminated as principal vectors for RVF and believed to play
a significant role in maintaining the endemicity of the disease
in the environment through transovarial transmission [19].
Contorary to the Culex, Aedes which was found infrequently
distributed (22.4%) in our study, reported high abundance rate
in Sabia (2.46%), followed by Alardah (02.0%). However,
such results highlighted the two districts as high-risk areas for
RVF transmission particularly during inter-epizootic periods.
Several studies have shown that phlebotmomus Sandflies
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Culicoides are known as the major vectors of economically
important arboviruses and particularly arboviruses of
domestic livestock such as Blue Tongue, African horse
Sickness, Bovine ephemeral fever [25]. Studies conducted in
Jazan region to investigate the incidence of Blue Tongue
disease reported high prevalence in sheep, goats, cattle and
camels (65.8%),(68.2%), (49.3%) and (44%) respectively [26].
Therefore, the observed high incidence rate of BT in Jazan
could be justified by the distribution of Culicodies in most
districts particularly in Almsarha (3.13%) and Abuareesh
(2.18%). RT-PCR assay is considered as sensitive and
specific test for RVF diagnosis by detecting the genome of the
virus. Moreover, the results of this study showed that all
mosquito samples were found negative for PCR test.
Interestingly, molecular investigations demonstrated that,
RVFV was circulated in mosquitoes at very low rates even
during outbreaks. Likewise, in the 2000 outbreak in Jazan
region, only six of 15 428 Culex tritaenio-rhynchus Giles and
seven of 8091 Aedes vexans arabiensis were tested positive
for the presence of RVFV [27].
The geospatial analysis estimated that around (24.486) people
in Alardah, Aljadiah, Alaedabi and Bulgazi were located
within mosquito flight range and more likely to be affected by
mosquito bites and risk of arboviral infections (Figure 5.2).
Since little is known about the temporal abundance of
mosquito and midges species in the surveillance zones, future
researches should include monitoring the spatio-temporal
distribution of RVF vectors and seasonal variations in
abundance and peak level to enhance the current surveillance
efforts.
In conclusion, spatio-temporal distribution of mosquitos based
on species identification should be considered in future
researches towards more effective control measures against
mosquito-borne diseases. The study highlighted the cities of
Alardah, Aljadiah, Alaedabi and Bulgazi as hot spots of
mosquito borne diseases. Consequently, special attention
should be given to these areas regarding vector control
program, public awareness and self-protective measures.
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