International Journal of Mosquito Research 2021; 8(1): 123-129

International Journal of

Research

ISSN: 2348-5906
CODEN: IJMRK2

IJMR 2021; 8(1): 123-129
© 2021 IJMR
www.dipterajournal.com
Received: 14-11-2020
Accepted: 17-12-2020

Moutaz Altom Atia

2 Department of Entomology,
The National Centre for Malaria
and Vector Control, Ministry of
Health and Prevention, UAE
(United Arab Emirates)

» Department of Epidemiology,
Faculty of Public Health,
University of Sennar, Sudan

Nabil Hamid Hassan Bashir
Blue Nile National Institute for
Communicable Diseases,
University of Gezira, Sudan

Rasha Siddig Azrag

Department of Zoology, Faculty
of Science, University of
Khartoum, Sudan

Mo’awia Mukhtar Hassan

») Department of Biology,
Faculty of Science, University of
Tabuk, Kingdom of Saudi Arabia
» Department of Parasitology
and Medical Entomology,
Tropical Medicine Research
Institute, National Centre for
Research, Ministry of Higher
Education and Scientific
Research, Sudan

Corresponding Author:

Moutaz Altom Atia

*) Department of Entomology,
The National Centre for Malaria
and Vector Control, Ministry of
Health and Prevention, UAE
(United Arab Emirates)

» Department of Epidemiology,
Faculty of Public Health,

University of Sennar, Sudan

Fauna and spatial distribution of mosquitoes
(Diptera: Culicidae) in River Nile State, Sudan

Moutaz Altom Atia, Nabil Hamid Hassan Bashir, Rasha Siddig Azrag and
Mo’awia Mukhtar Hassan

Abstract

Mosquito-borne diseases (MBDs) are a serious public health problem worldwide. The study was carried
out from March 2015 to February 2016 to determine the fauna and distribution of mosquitoes (Diptera:
Culicidae) in ten sentinel sites in the River Nile State, Sudan. Mosquitoes were collected as adults from
resting places and larvae from aquatic habitats. The location of mosquito collection was marked using a
global positioning system (GPS). A total of 4,803 specimens were collected in the area. These comprised
9 mosquito species with Anopheles arabiensis (30.7%), and Culex univittatus (30.8%) formed the bulk of
the collection. Variation was detected in the numbers of mosquitoes collected in different sentinel sites
where the higher proportion was recorded in the Albawga site. The spatial distribution and the occurrence
of the different species might indicate a high risk of transmission of several parasitic and viral MBDs in
this state in the future. Serious planning, management, and decision-making towards vector control are
urgently needed.
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1. Introduction

Mosquitoes (Diptera: Culicidae) belong to the most important group of disease vectors, as
exemplified by the large number of species involved in the transmission of human and animal
parasites and pathogens M. Mosquitoes are at the center of worldwide entomological research,
because of their importance as vectors of a wide- range of diseases (4. Up to date, there are
some 3,530 species of mosquitoes, which are traditionally placed in 43 genera, all contained in
the family Culicidae. However, some mosquito experts recognize a different classification that
has 113 genera. For example, some mosquitoes previously in the genus Aedes have been
transferred to genera, such as Ochlerotatus and Stegomyia B,

Mosquito borne-diseases (MBDs) cause high morbidity and mortality during the few last years
worldwide. Globally, vector-borne diseases (VBDs) account for > 1 billion cases and >1
million people die worldwide every year [“l. However, the majority are due to MBD. Currently,
it is estimated that more than half the world’s population to be at risk of MBD . These are
mainly caused by various mosquito species, such as Anopheles species, Aedes aegypti, and
Culex species B,

According to the distribution maps of the Sudan, 156 species, 2 subspecies of mosquitoes, and
7 varieties of Culicidae have been recorded in Sudan. Of these mosquito species, the following
species were recorded in the River Nile state; An. arabiensis Patton, An. rufipes Gough, An.
pharoensis Theobald, Cx. univittatus Theobald, Cx. pipiens Sl, Cx. bitaeniorhynchus Giles
(formerly Cx. ethiopicus Edwards) and Ae. vittatus Bigot [% 1. Currently, several studies were
conducted to determine mosquito fauna and their spatial distribution in different regions in
Sudan B however, no such data is available from the River Nile State. Therefore, the
current study was carried out to determine the mosquito fauna and their spatial distribution in
River Nile State.

2. Materials and Methods

2.1 Study Areas

The River Nile State is located in northern Sudan (16 — 22" N and 30 — 32 E) (Figure 1). The
State covers 124,000 km? with an estimated arable land is about 3,289,600 acres.
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The State is bounded by the Arab Republic of Egypt from the
north, Kassala and the Red Sea States from the east,
Khartoum and the Kassala States from the south, and the
North Kordofan States from the west. The state is divided into
7 administrative localities. The population of the state is
estimated as 1,120,441.

The State is dominated by desert and semi-desert vegetation,
such as Vallechia flava (Forssk) (Salam) and Capparis
decidua (Tondob). The River Nile State represents the arid
semi-desert and desert biomes which are characterized by
sand and silt soils in many parts, with vertisol soil on the
riverine ecosystem. The average rainfall is ranged from 25
mm to 150 mm and the relative humidity (RH%) not
exceeding 59%. The temperatures ranging from 47 °C to 8 °C.
Water resources, including surface water, are represented by
the River Nile and the Atbara River, in addition to the valleys.

2.2 Study sites

Ten sentinel sites; 4 constant sites (Albawga, Alzidab, Soola,
and Gandato), and 6 cross-check (Almikharif, New Manaseer,
Abusleem, Alfadlab, Alsyalla, and Alsheriq) sites were
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selected to conduct the entomological surveillance in this
study (Figure 1). The sites were selected on the basis that they
are part of the national stations, have intensive agricultural
activities, environmental change is expected, due to the
establishment of Merowe Dam, other human activities (i.e.
gold mining activities), the availability of the breeding sites
for Anopheles, Culex, and Aedes Mosquitoes, and the high
mosquito density in some areas recorded in preliminary
entomological surveys conducted during 2014.

2.3 Sampling

2.3.1 Adult collection

Adult mosquitoes resting indoor were collected from each of
the constant and cross-check sentinel sites from March 2015
to February 2016. The constant sentinel sites were surveyed
monthly, and the cross-check sentinel sites were surveyed
twice during the study. In constant and cross-check, adults
were collected from possible outdoor resting places. Using
suction tubes between 7:00 — 11:00 am in outdoor sites. In
each survey, adults were collected for 5 consecutive days.
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Fig 1: A map of the River Nile State showing constant and cross-check sentinel sites surveyed in this study.

2.3.2 Larval collection

Larvae and pupae were collected from aquatic habitats in all
sentinel sites by using scoops, larval net, and Pasteur pipettes
on monthly basis from each of the constant, and twice a year
from each cross-checks sentinel. In each sentinel site, the
larvae and pupae were collected between 7:00 am — 9:00 am
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for 5 consecutive days in each larval survey. The collected
larvae and pupae were then maintained and reared using the
standard method for mosquito rearing [*21,

The surveyed habitats for larvae and resting places for adult
mosquitoes in all sentinel sites were marked using GPS 12 XL
(Garmin, U.S.A) with an accuracy of 1-5 m.
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2.4 ldentification

2.4.1 Morphological

The collected larvae and adults were identified based on
morphological features 13 14, Briefly, adults were pinned on
card points and examined under a dissecting microscope. The
morphological characteristics used to differentiate between
Anophline and Culicine species were wings, legs, thorax,
abdomen, head, and mouthparts.

24.2 Molecular

Genomic DNA was extracted individually from adults An.
gambiae s.. emerged from field-collected anopheline
mosquito larvae as described by Livak [%1, The extracted
genomic DNA solutions were kept at -20°C until being
analyzed by PCR. The genomic DNA samples from
individual females An. gambiae s.l. were analyzed by PCR
using An. arabiensis species-specific primers (A°: ATG CCT
GAA CGC CTC TAA GG and A%; CAA GAT GGT TAG
TTA CGC CAA). PCR reaction conditions were conducted as
described by Scott et al. M8 The reaction gave PCR
amplicons of 500 bp band sizes which is a characteristic for
An. arabiensis.

2.6 Statistical analysis

http://www.dipterajournal.com

analysis.

3. Results

3.1 Mosquito fauna in the River Nile State

The morphological identification of the field-collected adult
and the colony-reared mosquitoes from the larvae indicated
that the mosquito fauna in the study area comprised 5 genera,
viz Anopheles, Culex, Aedes, Lutzia, and Ochlerotatus. The
morphologically identified mosquitoes included 9 species; An.
gambiae s.I., An. pharoensis, Cx. quinquefasciatus, Cx.
univittatus, Cx. poicilipes, Cx. bitaeniorhynchus, Ae. vexans,
L. tigripes and Oc. Caspius. Furthermore, using PCR, the
morphologically determined specimens of An. gambiae s.l.
were identified as An. arabiensis.

3.2 Relative abundance of mosquitoes in the study area

A total of 4,803 specimens were collected and identified in
this study. Culex spp. was found more abundant than
members of other mosquito genera (Figure 2). Of the total
mosquito  collection, An. arabiensis (30.7%), Cx.
quinquefasciatus (31.5%), and Cx. univittatus (30.7%) were
the most dominant species in the area (Table 1). Moreover,
An. arabiensis formed 99.3% of the total collection of
anopheline mosquitoes. In contrast, Cx. quinquefasciatus and

The data obtained from different parts of this study were Cx. univittatus constituted > 90% of the total Culex
analyzed using the computer software SPSS ver. 22. Data mosquitoes recorded in the area.
from all parts of this study were analyzed using descriptive
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Fig 2: Percentages of the mosquitoes of different genera recorded in the River Nile State, Sudan.
Table 1: Numbers and percentages of mosquito species recorded in 3.3 Relative abundance and species diversity of

the River Nile State, Sudan.

Species Number %
Anopheles arabiensis 1473 30.7
An. pharoensis 9 0.2
Culex quinquefasciatus 1512 315
Cx. univittatus 1477 30.7
Cx. poicilipes 252 5.2
Cx. bitaeniorhynchus 1 0.02
Aedes vexans 38 0.8
Lutzia tigripes 17 0.3
Ochlerotatus Caspuis 24 0.5
Overall total 4803
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mosquitoes in the constant and cross-check sentinel sites
Table 2 shows the occurrence of different mosquito species in
the surveyed constant and cross-check sentinel sites in the
River Nile State during this study. A greater diversity of
mosquito species was observed in Soola and Alzidab than the
other sites, and the least in Alsheriq site. Soola and Alzidab
sites showed the presence of 7 out of the 9 species recorded in
the study area. However, Albawga site showed the presence
of 6 species; Gandato and Alfadlab sites had 5 species each.
Most of the cross-check sentinel sites showed the existence of
3 to 4 species of mosquitoes; except the Alsheriq site, which
had only 2 species (Table 2).
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The numbers and percentages of the species in different
constant and cross-check sentinel sites are depicted in table 3.
Out of 4,803 specimens collected, 89.7% (4,310 specimens)
were from the constant sentinels and 10.3% (493 specimens)
cross-chick. Out of 4,310 mosquitoes collected from the
constant sentinel sites, the highest proportion was from
Albawga site (45.2%; 1984) and the lowest was from Soola
site (Figure 3). As shown in the table, most species were
collected in higher numbers from the Albawga than other
surveyed sites. The exception was Cx. poicilipes and Oc.
Caspius, which were collected in higher numbers from
Alzidab and Abosleem, respectively. However, An.
pharoensis, Cx. bitaeniorhynchus, and L. tigripes were
collected in very few numbers in the area.

3.4 Spatial distribution of adult mosquitoes

The data obtained on species of mosquitoes from different
methods of collection in the constant and cross-check sentinel
sites during the study period, coupled with that of locations
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(GPS) were overlaid on maps of the River Nile State (Figure 4
- 6). The maps showed the distribution of mosquito species in
the 4 constant and 6 cross-check sentinel sites in the State. For
Anopheles species, An. arabiensis occurred in all the sites;
whereas, An. pharoensis was recorded only in 3 sites; viz.
Alzidab, Soola, and Gandato (Figure 4). In contrast, the
distribution map of Culex spp. showed that, Cx.
quinquefasciatus occurred in all surveyed sites, while Cx.
univittatus was absent only from New Manaseer, Abusleem,
and Alsheriq sites (Figure 5). Cukex poicilipes was recorded
in the 4 constants (Albawga, Alzidab, Soola, and Gandato
sites) and 2 cross-check sites (New Manaseer and Alsyalla)
whereas, Cx. bitaeniorhynchus was recorded in the Alzidab
site only (Figure 5). The distribution map of Aedes
mosquitoes showed that Ae. vexans occurred in 3 sites (viz.
Albawga, Alzidab, and Soola), L. tigripes in Soola, and
Almikharif sites, whereas Oc. caspuis in only 3 sites;
Albawga, Abusleem, and Alfadlab (Figure 6).

Table 2: Mosquito species recorded in different surveyed sentinel sites in the River Nile State, Sudan.

Species Constant sites . . Cross-check .
Albawga | Alzidab | Soola |Gandato| Almikharif |New Manaseer| Abusleem | Alfadlab | Alsyalla | Alsherig
Anopheles arabiensis + + + + + + + + + T
An. pharoensis - + + + - R N R N
Culex quinquefasciatus + + + + + + + T + T
Cx. univittatus + + + + + - - + + R
Cx. poicilipes + + + + - + R N T N
Cx. bitaeniorhynchus - + - - - - R - R
Aedes vexans + + + - - R R T N N
Lutzia tigripes - - + - + - - B _
Ochlerotatus caspuis + - - B - _ i n ; -

(+) = presence and (-) = absence, * New Manaseer.

Table 3: Numbers and percentages of mosquito species recorded in selected sentinel sites in the River Nile State, Sudan

Constant sites Cross-check sites
Species IAlbawgalAlzidab| Soola |GandatoNew MnasirAlfadlablAbosleem/AskeriklAlsyallalAlmikharifTotall
No | % |No| % |[No| % [No| % | No | % |No| % |[No| % [No| % |No|%| No | %

Anopheles arabiensis | 581 [29.839743.6[22339.3224(25.3| 1 25 |15]18.5| 5 [19.2| 4 |100| 8 |32| 15 | 4.2 1473
An. pharoensis 0[0|5(06/2(04]/2]02] O 0 [0|0O|O|] O |O|JO|JO]JO] O 0] 9
Culexquinquefasciatus| 619 [31.8153(16.815226.8200(22.6| 1 25 1481593 0| 0 (0] O |11|44]| 328 | 92 |1512
Cx. univittatus 708 [36.3235[25.8/15427.1|359(40.6| 0 0 |10{123{ 0| O |0| O | 5 |20] 6 |1.7|1477
Cx. poicilipes 19 | 1 |112(12.3/18|3.2|100{11.3| 2 50|10 0|0 0 (0]J]0O]1|4] O 0 |252
Cx. bitaeniorhynchus| 0 | 0 |1]01|0[ 0|0 | O 0 0 |0[0|0O] O ]|O|]OfJO]O] O 0|1
Aedes vexans 20| 1(7|08]5(09{0] 0 0 0 [6|74|0| O |0]J]O|JO]O] O 0 | 38
Lutzia tigripes 0|0]0|0]13]23]0]| 0 0 0 |0[]0O0|0O]O]|O|O]|O]|O]| 4 |11 17
Ochlerotatus caspuis| 1 |[0.1]0|{0]|0[ 0|0 | O 0 0 |2]25(21|808|{0|0|0|0] O 0 |24
Overall total 1948 910 567| 885 4 81 26 4 25 353 4803

Percentages of mosquitoes were calculated from the total in each sentinel site (i.e. from the overall total in the column).
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4. Discussion

Nine mosquito species were recorded in surveyed sentinel
sites. These species namely were; An. gambiae s.l., An.
pharoensis, Cx. quinquefasciatus, Cx. univittatus, Cx.
pocilipes, Cx. bitaeniorhynchus, Ae. vexans, L. tigripes and O.
caspius. The results of mosquito fauna of River Nile State are
consistent with general distribution maps of mosquitoes of
Sudan [6 13.17. 18] 'Besides, these species have been reported in
different regions of Sudan 7> 9 10.18,19],

The anopheline mosquitoes in the State have comprised 2
species; viz. An. gambiae s.I. and An. pharoensis. Based on
molecular analysis, An. gambiae complex was identified as
An. arabiensis. Anopheles arabiensis was recorded in all
studied sites; whereas; An. pharoensis was recorded in very
low densities in only 3 sites; viz. Alzidab, Soola, and Gandato.
An. arabiensis is a common and one of the major malaria
vectors throughout sub-Saharan Africa 2% 21, Besides, it is the
sole malaria vector in a different region in Sudan 2> 2,
Anopheles pharoensis is widely distributed in Ethiopia,
Somalia, and Sudan and also extends into Egypt 4. The
species is as a potential vector in Egypt 2],

Culex species recorded in this study were Cx.
quinquefasciatus, Cx. univittatus, Cx. poicilipes and Cx.
bitaeniorhynchus. These species were reported from different
areas in Sudan . Culex quinquefasciatus is known to be a
domestic annoying mosquito and it has been found to transmit
lymphatic filariasis (LF) in the Blue Nile area and former
southern Sudan 81, Culex quinquefasciatus was recorded in
all study sites. Culex univittatus is the commonest and the
most widely distributed Culicine in the Sudan [1% 181, Berge [?7]
found that Cx. univittatus has a major role in the transmission
of Werst Nile Virus (WNV) in Sudan and the Republic of
South Sudan [, Culex univittatus was recorded in all
constant sites and 3 cross-check sites. Culex poicilipes is
widely distributed worldwide and is considered as a potential
vector of many serious human and animal diseases, such as
the Rift Vally Fever (RVF) infection 2% 30, This species was
recorded in all the surveyed constant sites in the present study,
as well as in 2 of the cross-check sites. In a previous study in
the Sudan, adults, and larvae of Cx. poicilipes collected from
Khartoum and White Nile States were found infected with the
Rift Valley virus 4, Culex bitaeniorhynchus is an extremely
common and widespread mosquito species 2. However, this
species was not found to have a role in the transmission of the
disease in Sudan. The species was collected as a single
specimen from the Alzidab site, which agrees with the study
done by Lewis [,

Aedes vexans, are capable of transmitting WNV, St. Louis
encephalitis virus, Western and Eastern Equine Encephalitis
viruses, and RVF virus B3 341 Moreover, Ae. vexans was
found infected with RVF viruses in Khartoum State, the
Sudan B, This species was collected in 3 constant and 1
cross-check sentinel sites.

Lutzia tigripes occurs in Africa and Asia 6 371, Although it is
widely distributed in southern and central regions of Sudan ],
this was the first record for this species in River Nile State.
However, the larvae act as predators that eat other mosquito
species and immature stages of aquatic insects, and more
specifically, they prefer larvae of Ae. Aegypti [\, A similar
observation was recorded during the present study, where one
larva of L. tigripes fed on several mosquito larvae during
mosquito rearing and maintenance in the laboratory. This
species was only recorded in one constant and one cross-
check sentinel site.

Ochlerotatus caspius is widely distributed worldwide and
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mainly occurs in the coastal areas [ %1, This species has been
recorded in the Sudan; however, its role in the transmission of
human disease has been discussed 9. The species was
recorded in 1 constant and 2 cross-check sentinel sites.

The spatial distribution of the mosquito species recorded in all
surveyed sentinel sites was mapped. The distribution maps
showed that only An.arabiensis and Cx. quinquefasciatus
were recorded in all surveyed sentinel sites. The distribution
of mosquito vectors is influenced by climatic and
environmental conditions, such as availability of aquatic
habitats, hosts, and sugar meal sources, a shelter for resting,
as well as the ambient temperature, RH%, and rainfall [ %,
The findings on the distribution pattern of adult mosquitoes
surveyed in sentinel sites in the state might be ascribed to the
behavior and performance of mosquitoes. The distribution of
both An. arabiensis and Cx. quinquefasciatus in the] surveyed
area may be explained to a large extent by the availability of
preferable larval habitats and the presence of suitable hosts.
On the other hand, the wide distribution of these 2 species
might represent a risk of malaria transmission, LF, and related
arboviruses to the later species as well. In contrast, the
occurrence of other species in limited sites in the study area
might be due to the unavailability of suitable larval habitats
rather than hosts. Hence, these species could be of medical
importance in only these sites unless they can spread to other
areas in the future.

5. Conclusions

The study has revealed nine mosquito species belonging to
five genera which indicates the presence of diverse species.
This finding might suggest a risk of transmission of several
MBDs in River Nile State. Also, the findings are of
importance in the planning and implementation of malaria
vector control strategy in the State.

6. Acknowledgments

The authors would like to thanks the staff of the Malaria
Control Administration, Ministry of Health, River Nile State,
and the staff of Blue Nile National Institute for
Communicable Diseases, University of Gezira, for their help
and support during this study.

7. References

1. Takken W, Verhulst NO. Host preferences of Blood-
feeding mosquitoes. Annual Review of Entomology
2013;58:433-453.

2. Becker N, Petric D, Zgomba M, Boase C, Dahl C, Madon
M et al. Mosquitoes and their control. Springer
Heidelberg Dordrecht London, New York, 2010, 9-24.

3. Service MW. Medical Entomology for Students.
Liverpool School of Tropical Medicine, Liverpool, UK
2012.

4. WHO. A global brief on vector-borne diseases. World
Health Organization, Geneva, Switzerland 2014.

5. Ahmed AM, Shaalan EA, Aboul-Soud MM, Tripet F,
Abdulaziz A, Al-Khedhairy AA. Mosquito Vectors
Survey in the AL-Ahsaa District of Eastern Saudi Arabia.
Journal of Insect Science 2011;176;1-11.

6. Lewis DJ. The anopheline mosquitoes of the Sudan.
Bulletin of Entomological Research 1956;47:475-494.

7. El-Rayah E. Mosquitoes of Sudan. Sudan Notes and
Records 2007;6:153-187.

8. Ageep TB, Cox J, Hassan MM, Knols BGJ, Benedict
MQ, Malcolm CA, Babiker A et al. Spatial and temporal
distribution of the malaria mosquito Anopheles arabiensis


http://www.dipterajournal.com/

International Journal of Mosquito Research

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

in northern Sudan: influence of environmental factors and

implications for vector control. Malaria Journal
2009;2:123.
Mahgoub MM, Kweka EJ, Himeidan YE.

Characterisation of larval habitats, species composition
and factors associated with the seasonal abundance of
mosquito fauna in Gezira, Sudan. Infectious Diseases of
Poverty 2017;6:23.

Cobani MY, Bashir NHH, Abd Elrahman SH. Mapping
of Anopheles mosquitoes (Diptera: Culicidae) in Gedarif
State, Eastern Sudan. International Journal of Mosquito
Research 2017;4(1):28-32.

Elmalih EBI, Hassan SM. Mosquito species composition
in White Nile state, Sudan. European Academic Research
2018;V(12):6211-6223.

Imam H, Zarnigar Sofi G, Seikh A. The basic rules and
methods of mosquito rearing (Aedes aegypti). Tropical
Parasitology 2014;4(1):53-55.

Gillies MT, Coetzee M. A Supplement to the
Anophelinae of Africa South of the Sahara (Afrotropical
Region). Publications of the South African Institute for
Medical Research 1987, 55.

CDC. Mosquito Identification: Adults. Laboratory for
Environmental Biology 2004.

Livak KJ. Organization and mapping of a sequence on
the Drosophila melanogaster X and Y chromosomes that
is  transcribed during  spermatogenesis. Genetics
1984;107(4):611-634.

Scott JA, Brogdon WG, Collins FH. Identification of
single specimens of the complex by the polymerase chain
reaction. American Journal of Tropical Medicine and
Hygiene 1993;49(4):520-529.

Lewis DJ. Observation on the distribution and taxonomy
of Culicidae. (Diptera) in the Sudan. Transactions of the
Royal Entomological Society of London 1945;95:1-24.

El Amin YE, Elaagip AH, Frah EA, Hassan MM, El
Rayah IE, Mohammed YO. Fauna of mosquitoes in
endemic areas of malaria and lymphatic filariasis at Ed
Damazin Locality, Blue Nile State, Sudan. International
Journal of Current Research 2013;5(5):1151-1154.
Mohamed AH, Ali AM, Harbach RE, Reeves RG,
Ibrahim KM Ahmed Mohmed MA et al. Aedes
mosquitoes in the Republic of the Sudan, with
dichotomous keys for the adult and larval stages. Journal
of Natural History 2017;51(9-10):513-529.

Coetzee M, Craig M, le Sueur D. Distribution of African
malaria mosquitoes belonging to the Anopheles gambiae
complex. Parasitology Today 2000;16:74-77.

Okello PE, Van Bortel W, Byaruhanga AM, Correwyn A,
Roelants P, Talisuna A, et al. Variation in malaria
transmission intensity in seven sites throughout Uganda.
American Journal of Tropical Medicine and Hygiene
2006;75:219-225.

El Sayed BB, Arnot DE, Mukhtar MM, Baraka OZ,
Dafalla AA, Elnaiem DA, Nugud AD. A study of the
urban malariatrans mission problem in Khartoum. Acta
Tropica 2000;75:163-171.

Hamad AA, Nugud AD, Arnot DE, Elnaiem DA. A
marked seasonality of malaria transmission in two rural
sites in eastern Sudan. Acta Tropica 2002;83:71-82.
Zahar A. Review of the ecology of malaria vectors in the
WHO Eastern Mediterranean Region. Bulletin of the
World Health Organization 1974;50:427-440.

Kenawy MA. Review of Anopheles Mosquitoes and
Malaria in Ancient and Modern Egypt. Journal of

129

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

http://www.dipterajournal.com

Mosquito Research 2015;5(4):1-8.

Hassan E. Epidemiology and transmission of Lymphatic
filariasis in Southern Sudan. M. Sc. thesis, University of
Khartoum 2007.

Berge S. Infectious Diseases of Sudan and South Sudan.
2017 edition. GIDEON Informatics, Inc., Los Angeles,
California, USA, 2017, 337.

Faye O, Diallo M, Diop D, Bezeid OE, B& H, Niang M,
Dia | et al. Rift Valley Fever Outbreak with East-Central
African Virus Lineage in Mauritania, 2003. Emerging
Infectious Diseases 2007;13:7.

Tourre YM, Lacaux JP, Vignolles C, Ndione JA, Lafaye
M. Mapping of zones potentially occupied by Aedes
vexans and Culex poicilipes mosquitoes, the main vectors
of Rift Valley fever in Senegal. Geospatial Health
2008;3(1):69-79.

Seufi AM, Galal H. Role of Culex and Anopheles
mosquito species as potential vectors of rift valley fever
virus in Sudan outbreak, 2007. BMC Infectious Diseases
2010;10:65.

Tyagi BK, Munirathinam A, Venkatesh A. A catalogue
of Indian mosquitoes. International Journal of Mosquito
Research 2015;2(2):50-97.

Patel MC. An Updated checklist of mosquito fauna of
Andaman and Nicobar groups of islands with note on
endemic mosquito Fauna. International Journal of
Mosquito Research 2016;3(2):31-38.

Ndiaye E, Fall G, Gaye A, Bob NS, Talla C et al. Vector
competence of Aedes vexans (Meigen), Culex poicilipes
(Theobald) and Cx. quinquefasciatus Say from Senegal
for West and East African lineages of Rift Valley fever
virus. Parasites and Vectors 2016;9:94.

El Hadi RA, Konozy EH, El Rayah E. Rift Valley Fever
Virus (RVFV) Dissemination inside Mosquitoes and
Investigation of the Influence of Climate on Mosquitoes
Abundance. Journal of Entomology and Zoology Studies
2013;1(5):1-9.

Kamgang B, Ngoagouni C, Manirakiza A, Nakoune E,
Paupy C, Kazanji M. Temporal Patterns of Abundance of
Aedes aegypti and Aedes albopictus (Diptera: Culicidae)
and Mitochondrial DNA Analysis of Ae. albopictus in the
Central African Republic. PLoS Neglected Tropical
Diseases 2013;17(12):e2590.

Correia W, Varela |, Spencer H, Alves J, Duarte EH.
Characterization of mosquito breeding sites in the Cape
Verde islands with emphasis on major vectors.
International Journal of Mosquito Research 2015
2(3):192-199.

Roiz D, Ruiz S, Soriguer R, Figuerola J. Landscape
Effects on the Presence, Abundance and Diversity of
Mosquitoes in Mediterranean Wetlands. PLoS ONE
2015;10(6):e0128112.

Trari B, Dakki M, Harbach RE. An updated checklist of
the Culicidae (Diptera) of Morocco, with notes on species
of historical and current medical importance. Journal of
Vector Ecology 2017;42(1):94-104.

Fillinger U, Sonye G, Killeen G, Knols BGJ, Becker N.
The practical importance of permanent and
semipermanent habitats for controlling aquatic stages of
Anopheles gambiae sensu lato mosquitoes: operational
observations from a rural town in western Kenya.
Tropical Medicine & International Health 2004;9:1274-
1289.


http://www.dipterajournal.com/

