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Malaria, one of the most serious parasitic diseases, kills thousands of people every year,
especially in Africa. São Tomé and Prıńcipe are known to have stable transmission of
malaria. Indoor residual spraying (IRS) of insecticides and long-lasting insecticidal nets
(LLIN) are considered as an effective malaria control interventions in these places. The
resistance status of Anopheles gambiae s.s. from Agua Grande, Caue, and Lemba of São
Tomé and Prıńcipe to insecticides, such as dichlorodiphenyltrichloroethane (DDT) (4.0%),
deltamethrin (0.05%), permethrin (0.75%), fenitrothion (1.0%), and malathion (5.0%), were
tested according to theWHO standard protocol. DNA extraction, species identification, as
well as kdr and ace-1R genotyping were done with the surviving and dead mosquitoes
post testing. They showed resistance to cypermethrin with mortality rates ranging from
89.06% to 89.66%. Mosquitoes collected from Agua Grande, Caue, and Lemba
displayed resistance to DDT and fenitrothion with mortality rates higher than 90%. No
other species were detected in these study localities other than Anopheles gambiae s.s.
The frequency of L1014F was high in the three investigated sites, which was detected for
the first time in São Tomé and Prıńcipe. No ace-1R mutation was detected in all
investigated sites. The high frequency of L1014F showed that kdr L1014F mutation
might be related to insecticide resistance to Anopheles gambiae s.s. populations from São
Tomé and Prıńcipe. Insecticide resistance status is alarming and, therefore, future malaria
vector management should be seriously considered by the government of São Tomé
and Prıńcipe.
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INTRODUCTION

Malaria, one of the most deadly parasitic diseases, has claimed
thousands of people every year worldwide, especially in Africa. In
2019, nearly 229 million cases of malaria occurred worldwide
with the high mortality (409,000), of which 80% occurred in sub-
Saharan Africa. Malaria is thus a major limiting factor in the
socio-economic development of Africa (WHO, 2018c).
Anopheles gambiae s.s. was the only malaria vector found in
São Tomé and Prıńcipe (Pinto et al., 2000). The country has a
suitable climate and rich vegetation which is conducive for
mosquito breeding and survival.

In São Tomé and Prıńcipe, malaria control strategies, such as
long-lasting insecticidal nets (LLINs), indoor residual spraying (IRS)
of insecticides, are carried out. Furthermore, intermittent preventive
therapy treatment (IPT) during pregnancy, early diagnosis, and
treatment using artemisinin-based combination therapy (ACT)
have also been implemented (Lee et al., 2010b). Indoor residual
spraying of insecticides, including dichlorodiphenyltrichloroethane
(DDT), malathion, fenitrothion, deltamethrin, and cypermethrin,
has been the anti-malarial intervention used. Cypermethrin was the
most recommendedcompounds for IRSandLLINs in these late years
as it is a fast-acting and low-toxicity insecticide (Graham et al., 2005).
Malaria vector control dominated the anti-malaria measures in the
last decade. IRS of insecticides was carried out for the 16th time in
October 2019 in São Tomé and Prıńcipe. The evidence of malaria
reduction coupled with IRS was reported in São Tomé and Prıńcipe
(Hagmann et al., 2003; Lee et al., 2010b).

Since 2009, malaria incidence has decreased to less than 1%
and morality rate fell to zero with the application of IRS using
DDT and pyrethroid insecticides (Lee et al., 2010a). However, in
2018, 2978 malaria cases were reported by the National Malaria
Control Programme of São Tomé and Prıńcipe. These cases
increased in a larger extent from 2014 to 2017. Malaria positive
rates were: 2.18% in Agua Grande, 1.86% in Lemba, 1.52% in
Caue, 1.08% in Cantagalo, 1.01% in Me-Zochi, 0.54% in Lobata,
and 0.39% in Prıńcipe from the database of the National Malaria
Control Programme of São Tomé and Prıńcipe. However, no
local malaria cases were found in some villages for more than
three consecutive years compared with almost 30% of malaria
cases in other villages.

Unfortunately, it was found that many malaria vectors are
resistant to dichlorodiphenyltrichloroethane (DDT), deltamethrin,
and cypermethrin used in public malaria interventions in Africa
(WHO, 2018a).Out ofwhich, resistance to pyrethroids andDDThas
been reported in west and central Africa (Djogbenou et al., 2008;
Kerah-Hinzoumbe et al., 2008; Moreno et al., 2008; Djegbe et al.,
2011; Djogbenou et al., 2011; Namountougou et al., 2012; Aikpon
et al., 2013; Nwane et al., 2013; Dery et al., 2016). In São Tomé and
Prıńcipe, Anopheles gambiae s.s.mosquito mortality rates were 99%
to100% for carbamates fromseven tested sites in 2014 to2015,which
meant Anopheles gambiae s.s. were still fully susceptible to
carbamates. Target site of kdr L1014 had been detected with no
reporting of testing for the kdr L1014 S in any species, and no ace-1R

had been detected (WHO, 2018a).
The crucial mechanisms of insecticide resistance are enhanced

detoxification and the voltage-gated sodium channel gene, known as
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knockdown resistance (kdr) and insensitive acetylcholinesterase
(ace-1) gene (Vulule et al., 1999; Hemingway et al., 2004). The
sodium channel gene at codon 1014 (1014F, 1014S) with two
amino acid changes are related to kdr in Anopheles gambiae s.s.
(Martinez-Torres et al., 1998; Ranson et al., 2000). Consequently,
resistance to DDT and pyrethroids is caused by target site mutations
(1014F and 1014S), whereas resistance to organophosphates
and carbamates caused by ace-1 results in a single amino acid
substitution, changing the position 119, from glycine to serine
(Weill et al., 2004).

The increase in malaria cases in São Tomé and Prıńcipe
indicated that the long-term use of insecticides cannot eliminate
malaria. This may be because of the acquired resistance in
mosquitos to insecticides. Hence, it is necessary to carry out
studies on insecticide resistance and its mechanism, which may
help the government to control malaria. In this study, insecticide
resistance, distribution, and frequency of kdr (L1014F, L1014S)
mutation of Anopheles gambiae s.s. were performed in Agua
Grande, Lemba, and Caue counties of São Tomé and Prıńcipe.
METHODS

Study Sites
Three counties of SãoTomé andPrıńcipewithhighmalaria positive
rates were selected for this study (Figure 1 andTable 1). São Tomé
and Prıńcipe is an island country located near the equator, with a
population of 200 thousand inhabitants. It has a tropical rainy
climate of hot and humid condition all the year. It is characterized
by rainy seasons (January to May and October to December) and
one dry season (June to September) with a temperature ranging
from 19°C to 30°C. The average rainfall ranges from 1000 to
2500 mm, whereas an average relative humidity ranges from 77%
to 85%monthly. Moreover, the large planted surface area provided
a favorable breeding condition for mosquitoes.
Adult Mosquito Density Survey
Adult mosquitoes were captured using the human landing catch
(HLC) technique in the study counties from 9:00 PM to 2:00 AM by
trained agents. At each capture site, two agents took turns during
the night (each hour or between the first and the second part of
the night). Each agent was equipped with a flashlight, hemolysis
tubes, cotton, bags with notes on the capture point (indoor or
outdoor), and the time intervals of the capture. An agent must
capture the mosquito before the mosquito bites him after landing
on his bare legs. In the dark, the agent turned on his flashlight as
soon as he feels the mosquito landing on him and captured the
mosquito before it bites the hemolysis tube and covers the tube
with cotton. Once the tube clogged, the tube was introduced in
the bag corresponding to the location and hour of capture. The
capture was conducted at each site and at each passage in at least
two capture points. At each site, the capture was done two times
a week, inside the room/dwelling and outside (veranda). The
collectors must rotate from 1 day to the next, depending on the
location and the hours of capture. Anopheles gambiae s.s. were
July 2021 | Volume 11 | Article 633905
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then counted after identification, and the mosquito density was
calculated as “number of mosquitoes/collectors •40 h”.

Larva Mosquito Density Survey
Mosquito larva density surveillance was conducted using
the ladle method by specific people at specific time (from 8:00
AM to 2:00 PM) and at specific mosquito breeding sites in each
county. The surveying team was made up of two experienced
technicians. The prospecting of mosquito breeding sites consists
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
of, directly or when needed, taking water from the larval habitats
with a ladle in order to search for larvae or nymphs. Water was
taken by a ladle 15 times with 1 to 2 min between each take or 15
times with one time each 2-m distance. Take at least 1 L of water,
count the number of larvae/nymphs. If the volume of water of
the larval habitats is less than 1 L, calculate according to the
following formula: the total number of larvae or nymphs/the
volume of water (L). Larva density: number of collected larvae
and nymphs/total number of take (with ladle).
TABLE 1 | Characteristics of study sites.

Localities Geographic coordinates Periods of collection

Agua Grande N 0.33998 E 6.72446 September to December, 2018
Caue N 0.06685 E 6.53714 September to December, 2018
Lemba N 0.27986 E 6.50967 September to December, 2018
July 202
FIGURE 1 | The map of São Tomé and Prıńcipe.
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Mosquito Rearing
Instar larvae of Anopheles gambiae s.l. collected from larva
density survey was pooled together by locality. The instar
larvae of Anopheles gambiae s.l. were reared in the insectary of
Centre for Disease Control and Prevention of São Tomé and
Prıńcipe under standard conditions of 25 ± 2°C temperature and
80 ± 10% relative humidity (RH).

Insecticide Susceptibility Assays
Three-day-old F0 female mosquitoes were used for insecticide
susceptibility tests. Insecticide bioassays were carried out according
to the WHO standard protocol (WHO, 2018b). Insecticides,
including DDT (4%), deltamethrin (0.05%), permethrin (0.75%),
fenitrothion (1.0%), and malathion (5.0%), were tested at 25 ± 2°C
temperature and 70% to 80% relative humidity.

For this, insecticide papers were bought from the Centre for
Disease Control and Prevention, China. Approximately 20 to 30
female mosquitoes without blood feeding were selected randomly
for each batch, three batches were tested, and exposed to on
impregnated paper for 1 h, and mosquitoes knockdown were
counted every 10 min. Mosquitoes were then transferred into
observation tubes under standard condition and provided with a
pad of cotton wool soaked in 10% sugar water (WHO, 2018b).
Mosquitoesmortality rateswere estimated24-hpost-exposure.Test
tubes without insecticide-impregnated papers were taken as a
control. Later dead and surviving mosquitoes were transferred to
labeled separate Eppendorf tubes and kept at −20°C.

The DNAs from dead and surviving mosquitoes were
extracted according to the manufacturer’s protocol (TaKaRa,
Japan, brought from China) in the laboratory of Centre for
Disease Control and Prevention of São Tomé and Prıńcipe, and
then were transferred to the laboratory of Guangzhou University
of Chinese Medicine for species identification and resistance
mechanism characterization.

Species Identification, kdr L1014F, kdr
L1014S, and ace-1R Genotyping
The PCR was performed to distinguish the species of Anopheles
gambiae mosquitoes. The screening of kdr mutation, L1014F and
L1014SbyPCRwasperformedasdescribedbyBass etal. (2007). For
PCR, two common primers were used: kdr-F (5′-CATGAT
CTGCCAAGATGGAA-3′), kdr-R (5′-GTTGGTGCAGACA
AGGATGA-3′) S6 region. The PCR amplification was performed
for 35cycles. It included thefirst pre-denaturationat95°C for 3min,
then denaturation at 95°C for 30 s, annealing at 55°C for 30 s, and
extension at 72°C for 30 s.Heated for 7min at 72°C, the refrigerator
was set at 4°C. The expected band size of 172 bp distinguished the
resistant allele in the sibling species.

The presence of G119S-ace1 allele was screened as previously
described (Bass et al., 2010) with primers of ace-1 F (5′-
GATCGTGGACACCGTGTTCG-3′) and ace-1 R (5′-AGGATG
GCCCGCTGGAACAG-3′). The PCR amplification was
performed for 35 cycles. It included the first pre-denaturation at
95°C for 3min, thendenaturationat 95°C for 30 s, annealingat 55°C
for 30 s, and extension at 72°C for 30 s.Heated for 7min at 72°C, the
refrigerator was set at 4°C. The band size of 541 bp was expected to
distinguish between the resistant allele in the sibling species.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
Statistical Analysis
To check the resistance of mosquitoes according to the WHO
criteria (WHO, 2018b): susceptibility of the mosquitoes is
indicated for mortality rate in range of 98% to 100%.

Suspected resistance of the mosquitoes is indicated for
mortality rate between 90% and 97%.

Confirmation of resistant mosquitoes is indicated for
mortality rate less than 90%.

The mortality rates of the test samples were calculated by
adding the number of dead mosquitoes across all exposure
replicates and then expressing this as a percentage of the total
number of exposed mosquitoes. The SPSS software version 24.0
was used to calculate the 95% CI mortality rates.

The genotype frequencies of kdr and ace-1R were compared
between resistant and susceptible mosquitoes using Fisher exact test.
RESULTS

Adult Mosquito Density
Mosquitoes were less abundant in the dry season (June to
September), and the highest number of individuals was
collected from January to May, corresponding to the rainy
season, which provides suitable ecological environment for
mosquito breeding.

As shown in Table 2, the mosquito density in Agua Grande
was quite high, with a monthly value of 26.75 (outdoor) in May.
The mosquito density in the study counties showed that the
highest mosquito density from January to May and absolutely
falling down from June to September.

Larva Mosquito Density
The mosquito larva density was higher in the rainy season
(January to May), that could provide suitable ecological
environment for mosquito breeding. Few larvae were collected
in the dry season (June to September).

As shown inTable 3, themosquito larvadensity inAguaGrande
was higher than other counties, with a monthly value of 4.90 in
January and 6.96 in February. The mosquito larva density in the
study counties showed that thehighest larvadensity fromJanuary to
May and absolutely falling down from June to September.

Species Composition of Anopheles
gambiae s.l.
The species identification was performed by PCR for the F0
females in Anopheles gambiae complex (n=1009) (Table 5). It
was found that Anopheles gambiae s.s. (100%) was the only
species of these three study sites.

Insecticide Resistance Status
The insecticide resistance status of An. gambiae s.s. collected
from different study sites were represented in Table 4. It was
observed that the pyrethroid-resistant Anopheles gambiae s.s.
were found in the three study sites with the highest mortality rates
were 89.66% [CI (89.54 ± 1.34)] for 0.75% Cypermethrin and
88.57% [CI (89.17 ± 7.40)] for 0.05% Deltamethrin in Lemba.
The Anopheles gambiae s.s., resistant to 5% Malathion [89.71%,
July 2021 | Volume 11 | Article 633905
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CI (89.65 ± 2.54)] was also observed in Caue. The mosquitoes were
suspected resistant to 4% DDT and 1% Fenitrothion.

Detection of Resistance Genes
DNA was extracted from dead and surviving mosquitoes of
insecticide susceptibility assays in every study site for checking
kdr and ace-1R. The kdr mutation of Anopheles gambiae s.s. only
detected one heterozygous mutations type (TTA/TTT): leucine to
phenylalanine substitution (L1014F). The mutation frequency of
kdr (L1014F) and ace-1R (G119S) is shown inTable 5. The L1014F
kdr mutation was observed in Anopheles gambiae s.s. in all the
three study sites with frequencies ranging from 8.33% to 43.75%,
and it appeared for the first time in São Tomé and Prıńcipe.
However, no ace-1Rmutation was detected in Anopheles gambiae
s.s. in all the three study sites.

DISCUSSION

The study showed that the levels of insecticide resistance in
Anopheles gambiae s.s. were high in São Tomé and Prıńcipe with
high allelic frequencies.Anopheles gambiae s.s.was resistant toDDT
and pyrethroids with the allele targeting the voltage-gate sodium
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
channel.Only one species ofmalaria vector, i.e.,Anopheles gambiae
s.s., was identified in this study. In this species, kdr allele frequencies
were high at Agua Grande and Lemba, and for the first time, the
high frequency kdrmutation of L1014F was detected in São Tomé
and Prıńcipe.

Current status of pyrethroid resistance in Anopheles gambiae
s.s. can also be provided to the National Malaria Control
Programme of São Tomé and Prıńcipe from the study. The
insecticide susceptibility assay results demonstrated a high level
of DDT and pyrethroids resistance at study sites. It also
suggested that there are many selection pressures on choosing
these insecticides. Clément Kerah-Hinzoumbé et al. reported the
resistance to permethrin and deltamethrin with varying
concentration, and the kdr mutation of L1014F appeared as the S
form of Anopheles gambiae in Chad (Kerah-Hinzoumbe et al.,
2008). In Cameroon, the incidence of DDT resistance and the
heterogenous levels of susceptibility to deltamethrin and permethrin
were extensive in Anopheles gambiae s.s, it was demonstrated that,
the multiple resistance mechanisms segregate in Anopheles gambiae
which resulted in the heterogeneous resistance profiles (Nwane
et al., 2013). In Cameroon, the insecticide resistance due to DDT,
bendiocarb, permethrin, and deltamethrin spread widely in
TABLE 3 | Larva mosquito larva density survey in the study sites in 2018.

Month Mosquito larva density (number of collected larvae and nymphs/total number of take)

Agua Grande Lema Caue

January 4.90 1.20 0.42
February 6.96 0.44 0.20
March 0.96 1.97 0.28
April 1.55 1.25 0
May 2.23 2.03 0
June 0.83 1.70 0
July 0 1.73 0
August 0 1.58 0
September 0.33 0.70 0
October 0.88 0.73 1.60
November 0.63 0.74 0.04
December 1.06 1.26 0.72
July 2021 | Volume 11 | Article 6
TABLE 2 | Adult mosquito density survey in the study sites in 2018.

Month Adult mosquito density (number of mosquitoes/collectors 40 h)

Agua Grande Lema Caue

Indoor Outdoor Indoor Outdoor Indoor Outdoor

January 0.125 6.125 0 0.750 0 4.125
February 0 0.125 0 0 0.375 2.875
March 0 2.375 0 0.875 1.125 9.875
April 0 9.000 0.500 5.750 1.000 6.750
May 0 26.750 0.125 3.125 1.125 5.250
June 0 5.250 0 4.000 1.500 12.750
July 0 1.375 0 4.500 0.750 4.500
August 0 3.875 0 3.375 0.125 5.500
September 0.125 1.875 1.125 6.625 0.375 3.125
October 0 10.000 0 3.870 0.280 2.280
November 0.250 8.870 0 2.420 0.500 3.250
December 0 17.600 2.000 2.250 0 3.160
33905

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Zhang et al. L1014F Knockdown-Resistance Mutation in A.g s.s
Anopheles gambiae (s.l.). From 2000 to 2017, the prevalence of
kdr allele frequency increased steadily in all study sites in
Anopheles gambiae (s.l.), with the L1014F kdr allele frequency
was the most extensive (Antonio-Nkondjio et al., 2017).
Furthermore, it was reported that there was some resistance
to the insecticides such as pyrethroids and DDT in the
Kassena-Nankana district of Ghana in 2009 (Anto et al.,
2009). In this study, the results suggested that the increase of
pyrethroid resistance was greatly enhanced during last 3 years,
which may be due to the selection pressure, such as mass
implementation of IRS and mass distribution of LLINs. The
continuous application of IRS with the pyrethroid insecticides
resulted in the increase of the resistance. Therefore, we
observed high frequencies of kdr alleles in these study sites.
The kdr allele dominated in the mechanism of resistance to
DDT and pyrethroids in experimental mosquitos.

The resistance of pyrethroid is worrying, and as per our
knowledge, it can influence the current vector intervention
strategies, such as pyrethroid-only in IRS and LLINs. This target
site of kdr mutation could be the reason of high resistance to
deltamethrin and permethrin in Anopheles gambiae s.s. in São
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
Tomé and Prı ́ncipe. Further, the L1014S allele related to
Anopheles gambiae s.s. resistance appeared in Congo in 2013
(Basilua Kanza et al., 2013). Similarly, the pyrethroid resistance
related to kdr L1014F and ace-1R G119Smutationwas first reported
in Togo (Djegbe et al., 2018).

Here, we found that most of the malaria cases were in Agua
Grande with the lowest coverage rate 64.55% of IRS, which indicated
that Anopheles gambiae s.s. in Agua Grande may be resistant to
insecticides used in IRS. From the results of this study, it is necessary
to pay attention for the use of insecticides and urge the decision
makers (National Malaria Control Programme of São Tomé and
Prıńcipe) for an urgent change of resistance management program.

As we all know, study on the mechanism of Pyrethroids
resistance of mosquitoes include two categories: metabolic
detoxification and reduced sensitivity of the target.

Other metabolic resistance mechanisms (detoxification genes)
particularly P450 monooxygenase and GST, which are primarily
associated with DDT, pyrethroids, and bendiocarb resistance are
really important. As the lack of the special equipments and
reagents for metabolic resistance mechanisms, especially for Sao
Tome and Principe, a Low-Middle Income Country, we could not
TABLE 4 | Susceptibility status of Anopheles gambiae s.s. collected in the study sites and exposed to the five classes of insecticides.

Insecticides Study sites Species N Mortality (%) 95%CI Susceptibility status

4%DDT Agua Grande Anopheles gambiae s.s. 56 92.86 93.01 ± 2.20 Suspected resistant
Caue Anopheles gambiae s.s. 60 93.33 93.24 ± 3.26 Suspected resistant
Lemba Anopheles gambiae s.s. 69 92.75 92.89 ± 1.84 Suspected resistant

0.05% Deltamethrin Agua Grande Anopheles gambiae s.s. 82 91.46 91.23 ± 3.24 Suspected resistant
Caue Anopheles gambiae s.s. 78 84.62 85.11 ± 9.58 Resistant
Lemba Anopheles gambiae s.s. 70 88.57 89.17 ± 7.40 Resistant

0.75% Cypermethrin Agua Grande Anopheles gambiae s.s. 64 89.06 89.05 ± 2.18 Resistant
Caue Anopheles gambiae s.s. 57 89.47 89.63 ± 4.18 Resistant
Lemba Anopheles gambiae s.s. 58 89.66 89.54 ± 1.34 Resistant

1% Fenitrothion Agua Grande Anopheles gambiae s.s. 73 90.41 90.84 ± 5.01 Suspected resistant
Caue Anopheles gambiae s.s. 75 92.00 92.35 ± 2.37 Suspected resistant
Lemba Anopheles gambiae s.s. 66 90.91 91.21 ± 3.11 Suspected resistant

5% Malathion Agua Grande Anopheles gambiae s.s. 61 91.80 91.92 ± 2.28 Suspected resistant
Caue Anopheles gambiae s.s. 68 89.71 89.65 ± 2.54 Resistant
Lemba Anopheles gambiae s.s. 72 93.06 93.18 ± 1.79 Suspected resistant
July 2021 | Volum
N, number of mosquitoes; Cl, confidence interval.
TABLE 5 | Distribution and Resistant allele frequencies in Anopheles gambiae s.s. in study sites from São Tomé and Prıńcipe.

Insecticides Study sites Species Bioassay* N kdr Genotypes f(L1014F) p ace-1 Genotypes G119S%

TTA/TTA TTA/TTT GGC/GGC GGC/AGC

0.75% Cypermethrin Agua Grande Anopheles gambiae s.s. Resistant 24 3 21 0.4375 0.000△ – – –

Susceptible 24 24 0 0 – – –

Caue Anopheles gambiae s.s. Resistant 24 20 4 0.0833 0.109△ – – –

Susceptible 24 24 0 0 – – –

Lemba Anopheles gambiae s.s. Resistant 24 9 15 0.3125 0.000△ – – –

Susceptible 24 24 0 0 – – –

5% Malathion Agua Grande Anopheles gambiae s.s. Resistant 24 – – – 24 0 0
Susceptible 24 – – – 24 0 0

Caue Anopheles gambiae s.s. Resistant 24 – – – 24 0 0
Susceptible 24 – – – 24 0 0

Lemba Anopheles gambiae s.s. Resistant 24 – – – 24 0 0
Susceptible 24 – – – 24 0 0
e 11 | Artic
*”Resistant” refers to the mosquitoes that were alive 24 h after 1-h exposure to the insecticides in the standard WHO tube bioassay; and “susceptible” refers to the mosquitoes that were
knocked down within the 24-h recovery period. △Fisher Exact test.
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monitor the metabolic resistance mechanisms in the study.
However, special equipments and reagents for metabolic
resistance mechanisms will be considered to bring into São
Tomé and Prıńcipe for the future work. We found that more
research should be needed and designed more rigorously to study
the resistance mechanism of mosquitoes and serious intervention
malaria programs in São Tomé and Prıńcipe.

CONCLUSION

This study showed that Anopheles gambiae s.s. in São Tomé and
Prıńcipe was resistant to almost all the investigated insecticides. The
increase inmalaria cases in theseyearsmaybe related to the resistance
allele of L1014F(TTA/TTT) that was identified, representing a
serious threat. Therefore, it is necessary to devise a malaria vector
control strategy in Sao Tome and Principe urgently. The combined
role of themosquito resistancemechanism provides a scientific basis
for local mosquito vector interventions in São Tomé and Prıńcipe.
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