International Journal of Mosquito Research 2020; 7(3): 09-18

International Journal of

Research

ISSN: 23485906
CODEN: IJMRK2

IIMR 2020; 7(3):09-18
www.dipterajournal.com
© 2020 IIMR
Received:04-03-2020
Accepted:06-04-2020

Mostafa M Mahgoub
Department of Medicine and
Surgery, University of Parma,
Parma, PY, 43125, Italy

Maria Eugenia Colucci
Department of Medicine and
Surgery, University of Parma,
Parma, PY, 43125, Italy

Anna Odone

School of Public Health, Faculty
of Medicine, University Vita
Salute San Raffaele,

Milan, 20132, Italy

Corresponding Author
Mostafa M Mahgoub
Department of Medicine and
Surgery, University of Parma,
Parma, PY, 43125]taly

An updated checklist ofmosquitoes (Diptera:
Culcidae) of Sudan:Taxonomy, vectorial
importance and pictorial keys

Mostafa M Mahgoub, Maria Eugenia Colucci and Anna Odone

Abstract

Among the two study sites, a total of 5847 mosquito larvae were sampled, of which 44.75% (n= 2617)
were Culex (Cx.), belonging to this species Cx. antennatug42%) Cx. quinquefasciatug25%) Cx.
simpsoni(14%) Cx. tritaeniorhynchug8%) Cx. theileri(5%) Cx. musarun{4%) and Cx. pipiens(2%))
and 44.46% (n= 2600) Anopheles(An.) belong to six species which were An. arabiensis(38%) An.
funestug27%), An. rufipes(24%), An. phronesi§9%), An. nili (0.5%), and An. dattali(0.5%). However,
all the AedegqAe) larvae 5.26% (n= 308) collected were found to be A. aegypti

This is my first-time reporting An. funestusin central Sudan. Its percentage observed among the
anophelinespecies reported showed a great successful in its adaptation to new environmental setting of
central Sudan; an observation showed new obstacle for malaria vector control in the country. Similarly,
Ae. aegyptis now an important mosquito vector in the country and its role in the recent outbreaks of
dengue fever and rivet valley fever call for an urgent investigation.
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1. Introduction

In Sudan, about 106 species identified belong to Culicidae These species represent about one
third of Ethiopian region and are belonging to the three subfamilies Toxorhynchitina
Anophelinaand Culicinael.

In Africa there are about 10 anophelinespecies responsible for malaria transmission [,
Mosquitoes within the An. gambiaeomplex, mainly An. gambiagsenso lato), addition to An.
funestusare the most important vectors of malaria in Sub-Saharan Africa 4 2. Further, An.
gambiae s. land An. melasare also the major vectors of lymphatic filariasis (LF) which is
caused by Wuchereria bancroftin West Africa B,

However, numerous studies confirm the An. arabiensisdominant anophelinespecies in Sudan
and consider is main malaria vector and second potential vector for malaria is An. funestus
which report in central Sudan. The great diversity of mosquitoes was observed in the southern
part of Sudan compared to the north due to climatic variation, where the northern part of the
country is arid desert, while the tropical in the southern parts 1. The cultivate is
microhabitats for malaria vectors and common in an irrigated channel with high vegetation
density. The obvious variation in the density of mosquitoes during different weathers seasons
and highest density in rainy followed by cool dry and then hot dry season. In the equatorial
setting, this species was usually found peaked at the end of the rains and beginning of the dry
season (Kelly-Hope etal, 2009). 2,

Gezira state is one of central Sudan States, located (14.8860° N, 33.4384° E) along Blue Nile
banks, and includes the Gezira irrigation scheme that forms the state just like a large
permanent mosquito breeding site of mosquitoes [). The recent outbreaks of rift valley fever
(2003, 2007, 2010 and 2019) 13 4 and yellow fever (2005) 131, which may correlate with
environmental factors, are probably emerging as the result of the present of competitive
mosquito vectors. The earlier survey for identifying mosquito species has been done by Lewis
etal, (1956) 161,

This survey showed Anopheles nil(Theobald), An. pharoensisnd only An. arabiensisform
An.gambiae complex members have been confirmed in northern, eastern and central Sudan
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(17, 18,12 - Other mosquito species confirmed by Lewis (1956)
included Aedes scatophagoidéheobald), Aedes metallicus
(Edwards),  Aedes unilineutus (Theobald), Aedes
argenteopunctatugTheobald), Aedes leesoni subsp verna

(Lewis), Aedes dalzieli(Theobald), Aedes lineutopennis

(Ludlow), and Aedes circumluteolu§ heobald).

This study aims to update and identify the mosquito fauna
Culex, Aedesand Anopheleggenera in center Sudan, Gezira
area.

2. Materials and Methods

Cross-sectional surveys for larval breeding habitats were done
weekly using standard dippers. The area covered each week
was approximately 3 km2 for each village. The surveys were
done during the year of 2011 to cover three seasons in the
year, cold dry (January — February), hot dry (May — June) and
rainy season (August — September). Density of immature
stages was expressed as the number of larvae per dip
accordingly to WHO protocol 2003. 1

2.1 Mosquitods
Some of sampled larvae were taken randomly from each
positive habitat and kept in a labeled container, transferred to
the laboratory and reared till adult emergence. All adult
mosquitoes, including those found resting outdoors and
sampled by respirator, were killed by chloroform, left to dry

Head Seta 5-c with tow branches (Fig.1a)

Head Seta 7-c branched (6-8) branches (Fig.1b)
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at room temperature and preserved in Eppendorf tube with
silica gel for identifications. Few 4th instars larvae were
dissected using compound microscopy and identified
morphologically to species according to the computerized key
system and pictorial key.

2.3 Data analysis

The data was analyzed using JMP version 5.0.1.2. software.
Mean of larvae densities were compared among the different
seasons and sites using ANOVA of Tukey-Kramer HSD test.

3. Results & Discussion

3.1 Species composition

Among the two sites, a total of 5847 mosquito larvae were
sampled, of which 44.75% (n= 2617) were Culex 44.46% (n=
2600) were Anophelesand 5.26% (n= 308) were Aedes
mosquito species. 2]

3.2Culicine spp.
3.2.1Culex Antennatudigure no (1)

Il denti fi cat i distribution: formerly occurred all along the Nile Sennar,

Gezira areas 2%, Khartoum White Nile Area [?]. and Talodi
1221 The among the Culicine species identified Cx. antennatus
(42%) is a dominant species and well-known potential vector
for RVF in many regions in the world and incriminated during
the outbreaks of the diseases in Egypt in 2002 [23-25],

The Abdomen combe scale number from (10-40) (Fig.1c )

Fig. 1: Cx.antennatusclassification features.

3.2.2Culex quenquifasciatusay 1823 figure no (2),
Distribution: Gezira areas [, El-Managil Town [28],
Khartoum 21 and White Nile Area 2. The second species in

the density by (25%), a potential vector of West Nile virus,
Saint Louis encephalitis virus, and lymphatic filariasis,
distributed throughout the Sudan [28-3],

*Head seta 5-c (Number of branch more than 5
branches) (Fig.10a)

A

*The Abdomen combe scale number (10-40) (Fig.10b )

*Abdomen siphon form straight at the end (Fig.10c)

Fig 2: Cx. quinquefasciatudassification features
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3.2.3Culex simpsonfigure no (3) Group Pipiens. according to the literature was recorded in
Distribution: Gezira areas [, Port-Sudan, Khartoum. Port-Sudan, Khartoum, and western Sudan. Incriminated
Represent about fourteen percent from Culex spp. collected vector to RVFV in Madagascar [3-34,

during the study courses. Belongs to the subgroup Simpsonbf

hochng

. Head seta 5-¢ not branched (Single ) (Fig. 3b)
Head. Median labral and dorsal optome (from) and separated.

(Fig.3a)
Fig 3: Cx. simpsonglassification features.
3.2.4Culex (Culex) tritaeniorhynchusGilts., figure no (4) primary vector of JE virus in Asia. *71, First recorded in South
Distribution: Gezira areas %, and Malkal and Panamtin [, Sudan Malkal and Panamtin in the last century by Lewis 1944

Represent about 8% of the total Culex sppidentified during 1221 and migrated to north, recently was recorded in the Gezira
the study course, incriminated as potential vectors of West area central Sudan.
Nile Virus (WN) by llkat et.al ¥ %1 And also consider is

Head. seta 1-C (form) dark spiniform or foliform (Fig.4a) Head seta 5-c¢ branched (3-5 ) (Fig.4b)

Head Seta 5-c branched (2-5) (Fig. 12¢) Abdomen comb scales more than 50 (Fig. 12d)

Fig 4: Cx. tritaeniorhynchuslassification features
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3.2.5Culex (Culex) Theileri Theobald figure no(5) spp. The species was recorded in my region in Sudan, and its
Distribution: Gezira areas [, El-Managil Town [28], potential vectors to West Nile virus (WNV) and dirofilaria
Khartoum B8, Jebel Marra and Wadi Halfa area ?4, and immitis (39421,

White Nile Area [?4. Represent about 5% of the total Culex

Abdomen comb scale form pointed only (Fig.5b).

Head seta 5-¢ branched into 3-5 branches (Fig.5a).

Fig 5: Cx. theilericlassification features

3.2.6CulexmusarumEdward figure no (6) Culexspp. No medical important is record, most common in
Distribution: Gezira areas 2’1, Represent about 4% of the total Nigeria and Uganda. 43441

Head seta 5-c branched more than 5 branches Head seta 7-c branched to 10 or more (Fig.6a). The abdomen comb scales form not pointed (Fig.6a).
(Fig.6a).

Fig 6: Cx. musaruntlassification features

3.2.7Culex (Culex) pipiensLinnaeus. figure no (7) is potential vector of RVFV in White Nile and Khartoum
Distribution: Gezira areas [, EI-Managil Town [ States [“°1. Moreover, it’s responsible of an outbreak of WNV
distribution of C. pipiensin the Nile valley is largely in Southern Greece during July-October 2017 &4 And
dependent on man-made breeding places 3. Only 2% of the RVFV outbreaks in Egypt in 1970 [49 501,

total culicine identified were C. pipiens.However, this species

J “
Head seta 5-c, Number of branch more than 5 branches. The Abdomen number of combe scale (10-40) (Fig.7b ) Abdomen siphon form curved at the end. (Fig.7C)
(Fig.7a)

Fig 7: Cx. pipienglassification features
12
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3.3 Anophelinespp. 3.3.1Anopheles arabiensigure no (8)

The 2600 anopheledarvae collected belonged to six species: Distribution: Gezira areas [, Khartoum 4, Northern State
An. arabiensis(38%), An. funestug27%), An. rufipes (24%), 152 El-Managil Town 28], eastern States I, White Nile Area
An. phronesig9%), An. nili (0.5%) and An. dattali (0.5%). [?Y. The An. arabiensisdominant Anophelinemosquitoes in

Sudan, and consider is potential malaria vectors in Sudan for
decades [5%7:9.541,

Taner clypeal hairs widely separate outer Abdominal Fig.segment “Not more than 2/3 Long mesopleural hairs simple Tnner shoulder hairs poorly developed basal
clypeal simple or>8 branches, inner clypeal distance between palmte teeth. (Fig.8b occasionally one split into 1-3 branches. tubercles or non-existent. ( Fig.8d)
Simple frayed.( Fig.8a) (Fig.8¢)
Fig 8: An. arabiensiglassification features
3.3.2Anophelesfunestusfigure no (9) vectors for Plasmodium falciparum in multiple countries in
Distribution: Gezira areas ®. Previous research indicates African with highly infection rate confirmed by Ndo et al,
species distribution in South Sudan and breed throughout the preference to breed in cultivate area conform in previous
year and vector for malaria transmission. Further, Potential study (55 20.56.12],
» Inner clypeal hairs widely separate outer clypeal simple or>8 branches, inner
clypeal Simple frayed.(Fig.8a)
* Abdominal Fig. on Segment ‘’ at least ¥ distance between palmate hair; twice as
large as deep”.(Fig.9b)
Fig 9: An. funestuslassification features
3.3.3Anopheles rufipedigure no (10) central and eastern Sudan, and previous research was
Distribution: Gezira areas ?1, EI-Managil Town 28, Eastern recording the species in El-Managil %, New Halfa 7, and

Sudan’ Rahad River basin’ 571, it’s widely spread throughout Doka Alhauata, Alfua.
13
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Inner clypeal hairs “strongly branched in apical half™ NN o o N . .
Fie. 10??. il P Long mesopleura hairs ** one feathered ** (Fig. 10b ) Palmate hairs with short blunt-tipped filaments (Fig. 10c )

Fig 10: An. rufipesclassification features

3.3.4Anopheles phronesifigure no (11)
Distribution: Gezira areas 2%, EI-Managil Town 8 and White Nile Area 2]

*Inner clypeal hairs ** widely separated (Fig.8a) +Palmate hairs < 12 leaflets <’ filaments of abdominal palmate hairs on segments 3-7
*Outer clypeal hairs *” with 8 or more branches (Fig.11a) short and blunt. (Fig.11b)

Fig 11: An.phronesi<lassification features

3.3.5Anopheles niliTheobald figure no (12) the indoors and outdoors malaria transmission 81 and Gezira
Distribution: Jebelein and Kosti M and Gezira areas [°1, An. areas is known with a highly malaria transmission rate.
nili group the human preference feeding and contributing in

Inner clypeal strongly branched in apical. (Fig. 12a). Palmate hairs with long filaments. (Fig. 12a).

Fig 12: An. nili classification features

14
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3.3.6Anopheles dattalfigure no (13)
Distribution: Gezira areas [5% 20,

eInner clypeal hairs widely separate outer clypeal simple or>8 branches, inner clypeal Simple frayed.
(Fig.8a).

*Abdominal Fig.es segment “Notmore than 2/3 distance between palmte tooth (Fig.8b).

*Long mesopleural hairs simple occasionally one split into 1-3 braches (Fig.8c).

«Inner shoulder hairs well developed, arising from well developing basal tubercles (Fig.13a) “distinct

feature”
Fig 13: An. dattaliclassification features
3.4 Aedinespp. (%, The micro habitats were observed in septic tanks and jars.
3.4.1Aedes aegypti figure no (14) Its known that local habitats profile of Ae. aegyptiwas
Distribution: Widely distributed in the southern and central associated with human socioeconomic context 611,

Sudan and recently observed in Gezira areas [*°!, Red Sea area

Head proboscrs without white band (Fig. 14a), The thorax. Scutum presence of lyre-shape white and Leg Hixdtrasomere S, all white (Fig.14¢)
have batch boarder crescent -shape white scales on
fossal area) (Fig. 14b).

Fig 14: An. aegypttlassification features
15
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4. Conclusion

The mosquito fauna of Sudan currently comprises 106
species, among which three taxa. However, if we consider
only species that have established reproductive populations,
the resident culicinae fauna is composed of 7 species
belonging to Culicinae subfamily, 6 species belonging to
anopheline subfamily and only one species belonging to
Aedinesubgenus stegomyia

Additional studies on the biogeography and ecology of Sudan
mosquitoes are highly desirable, in particular on the
relationships between historical and environmental factors,
species richness and abundance of Culicidae on the different
parts of the country. Furthermore, negative impacts of
mosquito vectors on public health and the country’s economy,
but also on wildlife conservation, are worthy of extra
investigation; this includes how to minimize the risks and
introductions of new mosquitoes’ species.
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