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Abstract

An experimental study was carried out in EI geneina town, west Darfur state, Sudan, during the period of
October - December 2018. This study aimed to determine the susceptibility status of Ae. aegypti, An.
gambiae complex and Culex sp against four insecticide groups (Carbamates, pyrethroids,
organophosphate and organochlorine). The immature stages were reared to the adult stage at the insectary
unit of integrated vector management and the first-generation progeny (F1) were exposed to WHO
insecticide-impregnated papers. The treatments used for the mosquitoes consist of carbamates (0.1%
bendiocarb), organophosphates (0.25% pirimiphos-methyl), pyrethroids (0.05% deltamethrin, permethrin
0.75 %) and organochlorines (4% DDT). Ae. aegypti is susceptible to deltamethrin, permethrin and
pirimiphos methyl (100%) mortality, whereas highly resistant to DDT 29 % and low resistant to
bendiocarb 82%. Moreover, An. gambiae complex is susceptible to organophosphate group 100%
mortality and resistant to pyrethroids (deltamethrin 42%, permethrin 83 %) and DDT 79%) table 1. Culex
sp resists all insecticide classes except pirimiphos methyl 98%.

Keywords: Insecticide resistant, Ae, aegypti, An. gambiae complex, Culex spand El geneina town, Sudan

1. Introduction

Integrated vector management is a core component and effective strategy recommended by
WHO global Malaria program to prevent vector-borne disease when implemented properly [,
The existence of vector resistance to insecticides is becoming a major threat to malaria and
vector-borne disease prevention measures >3 4. This is the common challenge facing vector-
borne disease control programs in Africa that can have a negative impact on fighting arboviral
illnesses Bl. Moreover, most of the mosquito population developed insecticide resistance to
organic insecticides that were used during the 20th century Bl Further, monitoring of
insecticide resistance is a core function of Malaria Control Programs and plays an important
role in identifying the resistance mechanism [& 71, The use of long-lasting insecticidal nets
(LLINs) and indoor residual spraying (IRS) are the main components of most malaria
prevention and control strategies. Four classes of insecticide groups are used in IRS but
pyrethroids are only used in LLIN [":8],

In Sudan resistance to DDT and pyrethroids was detected with strong seasonal variations
evident in Anopheles arabiensis . Therefore, the insecticide resistance monitoring was
implemented at a two-year interval, later was applied on a yearly basis. In west Darfur, the
application of space spray and LLIN has increased widely in two previous decades, using
pyrethroids to control malaria and viral hemorrhagic fever that required regular monitoring of
insecticide resistance of An. gambiae complex, Ae. aegypti and Culex sp. Furthermore, despite
these efforts, the data on susceptibility status are poorly documented. In the present study we
aim to identify the susceptibility status of An. gambiae complex, Ae. aegypti and Culex sp to
four insecticide classes. This was carried out as strong evidence for an insecticide resistance
management strategy as well as selecting appropriate, effective, and efficient insecticides in
west Darfur state to eradicate Malaria and viral hemorrhagic fever vectors.
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2. Methods

2.1 Study area

West Darfur State is in the western part of Sudan between 110
- 150 N and 220 - 250 E. It is located across two different
climatic zones, savannah with high rainfall on the southern
side and the semi desert in the north. The state is mainly flat
but interrupted in some areas by small hills and seasonal
valleys. The state is occupied by different soil types in
different parts; however, most areas are dominated by sandy
soil. The climate prevailing in the state is tropical continental;
temperatures range in the area between 10 - 400C. The
maximum temperature reaches 400 C and above in summer
(March to June), with a mean monthly temperature of around
35 0 C, and the minimum temperature is 10-250C in winter
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(December to February). The rainfall varied between 200 -
700 mm in the area according to the different climatic zones
prevailing in the state.

2.2 Study sites

El geneina town is in the savannah zone with high rainfall at
open border with Aderi town, Republic of Tchad (distance
less than 30 km) with continuous cross movement between
inhabitance for purposes of marketing and health care
services. The area is inhabited by 408,748 people where
125.431 (30.6%) are IDPs. Mosquito collection was carried
out from four areas around Kaga valley Beult and areas
named: Omdoin, Ardamata, Elgabel, Almadaris and EIl Shati
figure 1.
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Fig 1: shows study sites of Insecticides Susceptibility status, Elgeneina, Sudan.

2.3 Study population
3% 4™ Jarval instars and pupae of Ae. aegypti, An. gambiae
complex and Culex s, as well as female adult stage.

2.4 mosquito collection and rearing

The collection of Anopheles and culex immature stages was
conducted using white dishes, fine mesh sieves, dippers,
pasture pipettes, labeled vials, marker pain, forms as well as
GPS to record information on types of breeding sites and
geographical location. Moreover, the dips were transferred
into white dishes; the larvae and pupae were sorted from
predators and then transferred into labeled vials too. All
collected vials were saved in a box covered with a wet towel.
Nevertheless, Aedes aquatic stages were collected using
equipment mentioned by . The collection was carried out
through house inspection. All positive containers inside
houses were sorted from the larvae and pupae of Aedes
aegypti, transferred to labeled vials into a small box covered
with wet towels before being transferred to the laboratory.

37

Mosquito rearing was carried out in a state of insecurity under
conditions as mentioned in [9. Firstly, we transferred
collected aquatic stages from the field into specific white
dishes with separation to (Anopheles, Culex and Aedes), water
from the field was replaced by clean water and follows
feeding with rice powder with regular monitoring of relative
humidity, temperature, feeding status as well as
developmental progress. When 4th larval instars were
converted into pupae, we transferred them into labeled plastic
cups and put them in cages. An emerging adult feeding on 10
% sugar solution, 3 - 4 days of age, with good physiological
and morphological status was prepared for the test procedures.

2.5 Sample size

A total of 150 adult female mosquitoes derived from larvae
and adults were selected to conduct a single set of WHO
insecticide susceptibility tests. Of these, 100 were specified
for exposure and 50 for control, 25 mosquitos in each
replicate. We applied these numbers for each single test for
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deferent insecticide classes. When it is not possible to test this
number of mosquitoes on a single day, tests are conducted
over a few days until this number is reached, if those control
tests are run in parallel. Physiological and physical status
(feed on 10% sugar solution) of the target population were
considered during selection (female age 3-4 days) older than
this were excluded.

2.6 species identification

Morphological identification was carried out at species level
(Ae. aegypti, An. gambiae complex) and Culex at genus level
using 1t 12 After completing the test, all specimens were
saved over silica gel with separate classification to resist and
susceptible to advanced investigation.

2.7 test condition and protocols

Therefore, temperature and humidity need to be controlled
during the test and holding periods. Ideally, tests were carried
outat 25 °C + 5 °C and 75% + 10% relative humidity. During
the exposure and holding periods, both the temperature and
relative humidity were monitored using a hydrometer and
recorded in standard form, with the maximum and minimum
values recorded at the start of the exposure period and again at
the end of the holding period. The impregnated papers were
used less than 6 times for every single test. After the end of
the tests, they were re-charged into the plastic box specified
for them and saved under room temperature in a darkened
cupboard. The tests were conducted as the following 1],

2.9 Insecticide susceptibility test (WHO bioassay tests)

Mortality resulting from contact with insecticide-treated filter
papers was measured using WHO test kits [%, The tests were
carried out using malathion 5%, deltamethrin 0.05 %,
permethrin 0.75 %, pirimiphos methyl 0.25 %, bendiocarb
0.1 %, and DDT 4 %. Insecticide-impregnated papers were
obtained from the Malaysian WHO Collaborating Center at
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standard concentrations for determining resistance of adult
mosquitoes. Four batches of 25 unfed females were exposed
to impregnated papers for 1h. The number of knock-down
mosquitoes was recorded after 10, 15, 20, 30, 40, 50 and
60 minutes. Tests with untreated papers that served as control
were run in parallel. At the end of the exposure period,
mosquitoes were transferred into tubes with untreated white
filter papers (known as holding tubes) and allowed a 24-h
recovery period. All mosquitoes were provided with 10 %
glucose water during the 24-h recovery period. The
mmortality rate was recorded after 24 h.

2.9 Data collection and analysis

Data on ecology was collected using standard form and GPS,
analysis was carried out using an Excel program, and a
parametric test was calculated (mean + standard error as well
as P value). The mortality of the test sample is calculated by
summing the number of dead mosquitoes across all exposure
replicates and then expressing this as a percentage of the total
number of exposed mosquitoes: Total number of dead
mosquitoes Observed mortality = total number of dead
mosquitoes / Total sample size x 100. The control mortality
was re corrected using Abbott's formula in one test when the
percentage of mortality was less than 20% as follow:
corrected mortality =

(% observed mortality - % control mortality) / (100 - %
control mortality) x 100.

3. Results

Ae. aegypti is susceptible to deltamethrin, permethrin and
primiphos methyl (100%) mortality, whereas highly resistant
to DDT 29 % and lower resistant to at 82%. Moreover, An.
gambiae complex is susceptible to organophosphate group
100% mortality and resistant to pyrethroids (deltamethrin
42%, permethrin 83 %) and DDT 79%) table 1. Culex
resists all insecticide classes except primiphos methyl 98%
table2.

Table 3: mean and standard error mortality and percentage of Ae. aegypti and An. gambiae complex, El geneina, Sudan 2018

Ae. aegypti An. gambiae complex
Insecticides No. % No of % Mean £ No. % No of %
exposed [mortality] Mean + SE controljmortalityy SE exposed [mortality] Mean + SE controlmortality Mean + SE
DDT 100 29 11.6 +4.5 50 0 0(0) 100 79 31.6+11.9| 50 2 1.0+£10
Deltamethrin 100 100 40.0£15.0 50 0 0 (0) 100 42 16.8 + 6.8 50 1 05+0.5
Permethrin 100 100 40.0£15.0 50 0 0 (0) 100 83 33.2+125| 50 1 0.5+0.5
P"';;'FQSPOS 100 100 | 40.0+¢15.0 | 50 0 0(0) 100 100 | 40.0+15 | 50 0 0(0)
Bendiocarb 100 82 32.8+123| 50 0 0(0) 100 100 40.0+ 15 50 4 22
Table 4: mean and standard error mortality and percentage of Culex sp, EI geneina, Sudan 2018
Insecticides Culex s
No. exposed | % mortality Mean + SE No of control| % mortality Mean + SE
DDT 100 24 306+11.4 50 1 0.5+0.5
Deltamethrin 100 67 34.8+£13.0 50 6 3+28
Permethrin 100 74 29.6 +11.3 50 1 05+0.5
Pirimimphos methy!| 100 98 39.2+14.7 50 2 1.0+1.0
Bendiocarb 100 88 35.2+13.2 50 2 1.0+1.0
4. Discussion seasonal variations evident in Anopheles arabiensis . In

Monitoring of insecticide resistance is a core function of
Malaria Control Programs and plays an important role in
identifying the resistance mechanism [© 7. In Sudan,
resistance to DDT and pyrethroids was detected with strong
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west Darfur, the application of space spray and LLIN has
increased widely in two previous decades, using pyrethroids
to control malaria and viral hemorrhagic fever that required
regular monitoring of insecticide resistance of An. gambiae
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complex, Ae. aegypti and Culex sp. According to WHO
insecticide susceptibility bioassay, the results of this study
showed that Ae. aegypti developed resistance to DDT and
Bendiocarb by 29% and 82%, respectively. The possibility of
resistance to DDT may refer to the historical use of this class
in Malaria control as well as mis-use in the agricultural field.
These findings are consistent with similar study findings
conducted in Awka, Nigeria [ 3 14, The development of
resistance to Bendiocarb that occurred may be due to
agricultural uses, because this class was not applied this class
in the study area previously. Ae. aegypti susceptible to
Deltamethrin, Permethrin and pirimiphos methyl all recorded
100% mortality. This is agreed with results obtained from
Nigeria that revealed the susceptibility of Ae. aegypti to
Pirimiphos methyl 98.75% and deltamethrin 100% and is
consistent with findings obtained from Malaysia [, in
contrast with studies carried out by [ €1 The findings
showed the development of Ae. aegypti resistance to one
pyrethroids class, and the findings of [27- 18 19. 201 highlighted
that all field-collected Aedes aegypti strains were resistant to
the four pyrethroids tested, except one area. Anopheles
gambiae complexes susceptible to the organophosphate group
(Pirimiphos methyl and Bendiocarb) were both recorded at a
100% mortality rate. This, in consistent with findings
obtained from Khartoum, revealed that An. arabiensis was
susceptible to bendiocarb at 98.1% [, Also, in agreement
with findings from Madagascar 24, and other results obtained
from Mozambique 2 and %1 from Tanzania recorded 100%
mortality in bendiocarb and findings obtained by [ from
Gezira state. Whereas resist to permethrin, deltamethrin and
DDT, 83%, 42% and 79% respectively. These findings, in
agreement with recent studies carried out in central Sudan,
highlighted the presence of multiple insecticides' resistance to
permethrin, deltamethrin and DDT in deferent seasons [ 24
25, Similarly, An. arabiensis showed insecticide resistance to
deltamethrin  (64%), permethrin (77%) and lambda
cyhalothrin (42%) [2°1. Moreover, An. gambiae complex was
susceptible to deltamethrin, DDT and bendiocarb in
Mozambique, Madagascar, and Sudan [ 2% 22, The variation
in resistance of An. gambiae complex to different insecticide
classes may refer to long-term exposure to deferent
insecticide groups in deferent ways, such as exposure to
pyrethroids (permethrin) when mosquitoes rest at the surface
of long-lasting insecticidal nets as well as treated walls.
Moreover, wide uses of insecticides during contentment of
dengue and chikungunya outbreaks in previous decades may
have played an important role in developing resistance due to
abuse of insecticides and programs depend mainly on
chemical control besides water source reduction. Culex sp
resists all insecticide classes except pirimiphos methyl 98%.
Therefore, DDT recorded 24% mortality, permethrin 74%,
deltamethrin 67% and bendiocarb 88%. Similarly, study
findings from Sri Lanka showed that existence of genetic
resistance of Cx. quinquefasciatus against pyrethroids
1261 Moreover, Cx. quinquefasciatus was also observed to
resist all classes in deferent areas in Nigeria and Thailand 2"
28 Similar studies showed high levels of resistance were
recorded with a mortality rate after 24 hours for DDT ranging
from 20% to 32%, while permethrin ranges from 14% to 36%
in Cx. quinquefasciatus [ % 31, The present study represents
the first study in the area to monitor the susceptibility of
Culex sp to insecticides. The findings showed that resistance
of Culex species to all groups and classes of insecticides
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except pirimiphos methyl. The variation in susceptibility of
Ae. aegypti, An. gambiae complex and Culex may refer to
deferent methods, time of application, resting habitat (indoor
or outdoor) as well as feeding behavior (endo or exo -
phagic). However, highly resistant, less than 90%, are
recorded in deferent insecticide classes and vectors that do not
need more conformation by PCR [, There is therefore an
urgent need to implement a proper insecticide resistance
management strategy, in particular the use of pyrethroids in
the control of malaria vectors.

5. Conclusion

The findings showed the development of Ae. aegypti
resistance to one pyrethroids class, and the findings of [17:18. 19,
201 highlighted that all field-collected Aedes aegypti strains
were resistant to the four pyrethroids tested, except one area.
Anopheles gambiae complexes susceptible to the
organophosphate group (Pirimiphos methyl and Bendiocarb)
were both recorded at a 100% mortality rate.
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