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Did the prolonged residual efficacy i

of clothianidin products lead to a greater
reduction in vector populations and subsequent
malaria transmission compared to the shorter
residual efficacy of pirimiphos-methyl?
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Abstract

Background The residual activity of a clothianidin 4+ deltamethrin mixture and clothianidin alone in IRS covered more
than the period of malaria transmission in northern Benin. The aim of this study was to show whether the prolonged
residual efficacy of clothianidin-based products resulted in a greater reduction in vector populations and subsequent
malaria transmission compared with the shorter residual efficacy of pirimiphos-methyl.

Methods Human bait mosquito collections by local volunteers and pyrethrum spray collections were used in 6
communes under IRS monitoring and evaluation from 2019 to 2021. ELISA/CSP and species PCR tests were performed
on Anopheles gambiae sensu lato (s.1) to determine the infectivity rate and subspecies by commune and year. The
decrease in biting rate, entomological inoculation rate, incidence, inhibition of blood feeding, resting density of An.
gambiae s.I. were studied and compared between insecticides per commune.

Results The An. gambiae complex was the major vector throughout the study area, acounting for 98.71%
(19,660/19,917) of all Anopheles mosquitoes collected. Anopheles gambiae s.I. collected was lower inside treated
houses (45.19%: 4,630/10,245) than outside (54.73%: 5,607/10,245) after IRS (p <0.001). A significant decrease
(p<0.001) in the biting rate was observed after IRS in all departments except Donga in 2021 after IRS with clothiani-
din 50 WG. The impact of insecticides on EIR reduction was most noticeable with pirimiphos-methyl 300 CS, fol-
lowed by the clothianidin + deltamethrin mixture and finally clothianidin 50 WG. A reduction in new cases of malaria
was observed in 2020, the year of mass distribution of LLINs and IRS, as well as individual and collective protection
measures linked to COVID-19. Anopheles gambiae s.I. blood-feeding rates and parous were high and similar for all
insecticides in treated houses.
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Conclusion To achieve the goal of zero malaria, the optimal choice of vector control tools plays an important role.
Compared with pirimiphos-methyl, clothianidin-based insecticides induced a lower reductions in entomological

indicators of malaria transmission.

Keywords Malaria, IRS, Vector control, Pirimiphos-methyl, Clothianidin alone, Clothianidin and deltamethrin,

Entomological indicators

Background

The reduction in malaria incidence by 18% worldwide
between 2010 and 2016, and by 20% in the WHO Afri-
can Region [1], was the result of the intensive use of
long-lasting insecticidal nets (LLINs) and indoor residual
spraying (IRS) [2]. IRS is an important intervention that
can rapidly reduce the density and longevity of disease-
carrying mosquitoes when carried out properly [3]. It
has had a positive impact on entomological transmission
indicators (ETI) of malaria in Benin since 2008 in sprayed
communes [4]. Similarly, in several other African coun-
tries, IRS has reduced malaria transmission and burden
in children [5-9]. However, despite the progress made
in implementing vector control and treatment access
strategies, challenges remain, and the decline in malaria
morbidity and mortality has slowed in recent years [10].
Several hypotheses have attempted to explain the slow-
down in progress after 2016. The lack of predictable, sus-
tainable and solid funding at national and international
level to ensure continuous surveillance, and the resist-
ance of mosquitoes to insecticides, could be major causes
of the stagnation of progress [11, 12].

To advance progress and achieve the goals of reduc-
ing global malaria mortality rates to minus 75% by 2025,
reducing global malaria incidence to minus 75% by 2025,
eliminating malaria from 20 countries with transmis-
sion in 2015 by 2025, and preventing the re-emergence of
malaria in malaria-free countries, it is important to over-
come the difficulties associated with poorly functioning
health systems, in particular the use of ineffective vec-
tor control tools [12]. Indeed, the selection of an insec-
ticide product for IRS should always be a decision made
on the basis of recent local data on the susceptibility of
target vectors to insecticides [13]. However, to optimize
the impact of IRS and to manage potential resistance of
malaria vectors to pirimiphos-methyl (after three years
of IRS use), Benin’s National Malaria Control Programme
(NMCP) opted for the use of clothianidin 500 g/kg+ del-
tamethrin 62.5 g/kg and clothianidin 50 WG alone in
2020 and 2021, respectively. Clothianidin 50 WG and the
mixture clothianidin 500 g/kg and deltamethrin 62.5 g/kg
are two new IRS formulations prequalified by the WHO
in 2017 and 2018 [14]. Clothianidin is a neonicotinoid
that targets nicotinic acetylcholine receptors, a repre-
senting a novel target for public health vector control

interventions. In Benin, clothianidin-based insecticides
have a long residual efficacy of 8 to 10 months in large-
scale in community trials on mud and cement walls, in
contrast to pirimiphos-methyl 300 CS, which has a resid-
ual efficacy of 4 to 5 months [15].

The aim of the present study was to show whether the
prolonged residual efficacy of clothianidin-based prod-
ucts resulted in a greater reduction in vector popula-
tions and subsequent malaria transmission compared
with the shorter residual efficacy of pirimiphos-methyl.
The findings at the end of the evaluation will enable deci-
sion-makers to make a judicious choice of insecticide for
indoor residual spraying, taking into account not only the
cost-effectiveness of the insecticide with the best residual
activity, but also the residual activity of the insecticide on
walls and its impact in reducing malaria ETTs.

Methods

Study area

Djougou, Ouaké, Copargo (DOC) health zone (ZS) in
Donga department and Kandi, Gogounou, Segbana
(DGS) in Alibori department were covered by IRS dur-
ing the study period (Fig. 1). A total of 6 communes,
including 4 (Djougou, Copargo, Kandi and Gogounou)
under IRS coverage and 2 control communes not treated
with insecticide (Bassila in Donga department and Bem-
béreke in Alibori department) were selected for entomo-
logical monitoring and evaluation (M&E). The control
communes were chosen on the basis of their proximity
to, and similar climatic conditions to, the communes
sprayed under the M&E programme.

The NMCP of Benin has adopted a policy of mass dis-
tribution ITNs since 2011, on a triennial basis as rec-
ommended by the WHO. The 4th mass distribution
campaign took place in 2020 and has been digitized.
699,957 (95.94%) and 407,922 (89.19%) ITNs were dis-
tributed in Alibori and Donga, respectively [16].

Each commune is characterized by 2 seasons. A rainy
season corresponding to the period after IRS when
malaria transmission increases, and a dry season. Dur-
ing the dry season, mosquito density drops considerably,
with little or no contact between man and vector, and
consequently low malaria transmission. Indoor residual
spraying campaigns are carried out at the end of the dry
season [15] with the aim of reducing peak transmission
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following the increase in rains. Annual rainfall from 2019
to 2021 ranged from 970 to 1007 mm in Alibori and from
1147 to 1150 mm in Donga [17].

Mosquito sampling methods

Mosquitoes were sampled in the 6 communes selected
for IRS monitoring and evaluation in 2019, 2020 and
2021, using human landing catches (HLCs) by local vol-
unteers and collection of mosquitoes by pyrethrum spray
catch (PSC) with non-residual insecticide, every month
for 10 months.

For each sampling method, mosquitoes were collected
in two villages per commune, one in the center and one
on the outskirts of the commune. Within each village,
mosquitoes were collected by HLC in 4 houses from 7 pm
to 7am. Two teams of eight mosquito collectors were set
up in each village. The first team worked inside and out-
side the selected dwellings from 19:00 to 01:00, and the
second team from 01:00 to 07:00. In order to avoid biases
linked to the trapping capability of the catchers or their
individual attractiveness, they were rotated between the
collection locations. Collections were carried out using
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Fig. 1 Map of the study area

haemolysis tubes and cotton. Mosquitoes collected were
sorted by site, capture location and time of day.

In addition, 10 dwellings were selected per village on
the eve of each collection by PSC to calculate the average
indoor resting density of mosquitoes. Early in the morn-
ing, after the household members had exited, the dwell-
ings were sprayed with pyrethrum and kept closed for
10 to 15 min. A white cloth was laid out on the floor to
collect any mosquitoes that fell. At the end of the allot-
ted time, all the mosquitoes that had fallen to the ground
were collected and placed in Petri dishes. The number
of mosquitoes per room and their blood-feeding stage
(blood fed, half-gravid, gravid and unfed) were assessed.

Morphological and molecular identification of vector
species

Mosquitoes collected by HLC and PSC were morphologi-
cally identified using Gillies & De Meillon’s taxonomic
key [18] and recorded by village (central, peripheral), site
(house 1 to house 10), location of capture (indoor, out-
door) and time. Malaria vector specimens were stored
individually in cryoboxes.
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The abdomen, legs and wings of Anopheles gambiae
sensu lato (s.l.) captured by HLC were analysed by PCR
according to the protocol of Santolamazza et al. [19] for
molecular characterization of the species of the complex.

Parous and Plasmodium falciparum infection

A sample of An. gambiae s.l. captured by local volunteers
was dissected and tracheoles examined [20] to determine
the physiological age of malaria vectors in the various
departments.

The heads-thoraxes of all females of the vector species
were analysed by ELISA for circumsporozoite antigen
(CSP) according to the protocol described by Wirtz et al.
[21].

Epidemiological data collection

During the three years of the study, new cases of uncom-
plicated and severe malaria tested positive by thick blood
smears (TBS) and rapid diagnostic test (RDT) were
counted in the health zones (ZS) by communes under
IRS coverage. Data from control communes not targeted
for IRS were also collected. These data were used to
assess the incidence of malaria in the study areas.

Entomological transmission parameters
Entomological parameters were compared for data col-
lected from spray campaigns with pirimiphos-methyl 300
CS (2019) and clothianidin insecticides (2020 and 2021).
Biting rate per man per night (HBR), sporozoite rate
(SR), entomological inoculation rate (EIR) per man per
night, resting density of vectors, parous rate, blood-feed-
ing rate were calculated for An. gambiae s.l. following
World Health Organization (WHO) guidance [22].

Data analysis

Field and laboratory data were entered into Excel 2013
and analysed using R statistical software, version 4.1.3.
Comparisons were made within each department, over-
all between treated communes and between treated and
control communes. The Chi-square test for comparison
of proportions was used to define relationships between
areas under IRS coverage by year and the following indi-
cators: proportion of An. gambiae s.l. indoors and out-
doors, blood feeding rate, An. gambiae s.l. parous rate,
sporozoite rate. The Poisson test was used to estimate
the rate ratio (RR) and the confidence intervals of indoor
vector density and the EIR of An. gambiae s.1..

Results

Composition of mosquitoes collected

Overall, 50,645 mosquitoes of 4 genera and 19 species
were collected in 4 IRS communes and 2 control com-
munes under IRS monitoring from 2019 to 2021. Culex
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quinquefasciatus was the most commonly captured
species (58.5%), followed by An. gambiae s.l. (38.8%)
and Mansonia africana (0.9%). Anopheles mosquitoes
accounted for 39.3% of mosquitoes obtained by HLC.
The An. gambiae complex and the Anopheles funestus
group accounted for 98.7% and 1%, respectively. The
other Anopheles, namely: Anopheles broheri; Anopheles
coustani; Anopheles nili; Anopheles paludis; Anopheles
Ppharoensis and Anopheles ziemanni accounted for 0.36%.
(Table 1).

Over the three years, a total of 3,456 An. gambiae s.1.
were analysed by PCR for molecular species identifica-
tion: 1,602 (46.4%) Anopheles coluzzii, 1,827 (52.86%)
were An. gambiae sensu stricto (s.s.), and 27 Anopheles
arabiensis (0.78%) (Fig. 2). Anopheles gambiae and An.
coluzzii were detected in similar proportions in 2020 and
2021 while in 2019, An. gambiae predominated (74.4%).

Biting rate of An. gambiae inside and outside houses
Alibori (IRS communes: Kandi + Gogounou; commune
control: Bembeéreke)

The rate ratio of human bites per night before and after
implementation of IRS inside and outside dwellings
in the control commune (RR1: 12.55-30.41) is higher
than in the communes subject to IRS (RR2: 2.75-7.09)
(Table 2). The mean human biting rates (HBR) of An.

Table 1 Species composition of mosquitoes collected in 2019,
2020 and 2021

Species 2019 2020 2021 Total Proportion (%)
An. gambiae 4572 5372 9716 19660 38.8
An. funestus 29 84 77 190 04
An. broheri 0 0 9 9 00
An. coustani 0 3 1 4 00
An. nili 0 4 1 5 00
An. paludis 2 0 0 2 00
An. pharoensis 10 15 7 32 01
An. ziemanni 3 2 10 15 00
Cx. quinquefasciatus 11272 12246 6106 29624 58.5
Cx. tigripes 9 4 4 17 00
Cx. descens 25 6 10 41 0.
Cx. nebulosus 45 81 158 284 06
Aedes aegypti 89 105 60 254 05
Aedes albopictus 0 0 1 1 00
Aedes longipalpis 0 0 7 7 00
Aedes luteocephalus 5 3 7 15 00
Aedes vittatus 23 1 20 44 0.1
Mansonia africana 114 218 101 433 09
Mansonia uniformis 1 2 5 8 00
Total 16199 18146 16300 50645 100

%: percentage; Cx.: Culex; An.: Anopheles
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Fig. 2 Composition of An. gambiae s.l. subspecies in IRS communes and control communes from 2019 to 2021

gambiae estimated was lower inside treated houses than
outside after IRS (P2<0.05), except in 2020 with the
mixture clothianidin 500 g/kg+ deltamethrin 62.5 g/kg
(Table 2). In homes not treated with insecticides (Con-
trols), biting rates were higher indoors before and after
IRS. However, in 2021 after IRS with clothianidin 50 WG,
bite rates were similar inside and outside the untreated
houses (1001/32 and 1063/32, p-value=0.18).

Overall, a significant reduction (P3<0.001) in the bit-
ing rate was observed after IRS indoors and outdoors
between the treated and control communes (Table 2).
This reduction was greater in 2019 with pirimiphos-
methyl 300 CS (RR3=0.16 indoors and 0.33 outdoors).
For clothianidin-based insecticides, the reduction rate of
clothianidin 50 WG was slightly higher than that of clo-
thianidin 500 g/kg+ deltamethrin 62.5 g/kg. Reduction
rates were 86.1%; 72.8%; 82.8% indoors and 87.1%; 71.7%;
83.1% outdoors for pirimiphos-methyl 300 CS, mixture
clothianidin 500 g/kg+ deltamethrin 62.5 g/kg and clo-
thianidin 50 WG alone, respectively.

Donga (IRS communes: Djougou + Copargo; commune
control: Bassila)

The mean HBR of An. gambiae estimated was lower
inside (5.5; 20.8; 21.9) treated houses than outside (7.4;

26.1; 27.7) after IRS with pirimiphos-methyl 300 CS,
mixture clothianidin 500 g/kg+ deltamethrin 62.5 g/kg
and clothianidin 50 WG alone (Table 2). Also, a reduc-
tion in the biting rate was observed inside houses treated
with pirimiphos-methyl 300 CS and mixture clothianidin
500 g/kg+ deltamethrin 62.5 g/kg. The ratio [(C1 x T2) /
(C2 x T1)] > 1 [23] for clothianidin 50 WG alone indoors
and outdoors suggests that no reduction occurred in the
population from the treatment. The same observation
was made with pirimiphos-methyl 300 CS and the mix-
ture clothianidin 500 g/kg+ deltamethrin 62.5 g/kg out-
side treated houses (Table 2). For the ratio [(C1 x T2) /
(C2x T1)]:

C1 =Before IRS for control commune;

T1=Before IRS for treated communes;

C2 = After IRS for control commune;

T2 = After IRS for treated communes.

Sporozoite rate (SR)

Table 3 summarizes the sporozoite rate (SR) recorded
before and after IRS in 2019, 2020 and 2021 in treated
and control communes. A total of 19,308 head-thoraxes
of An. gambiae collected by HLC and PSC were analysed
by ELISA-CSP. 10,251 head-thoraxes of An. gambiae
(4879 in the control commune and 5372 in the treated
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Table 3 Sporozoite rate (SR) of An. gambiae s.l. in treated and control communes in Alibori and Donga departments in 2019, 2020 and

2021
Location Insecticide (Years) Period Department of Alibori Department of Donga
Control Communes under IRS P Control Communes underIRS P
Commune (Kandi+ Gogounou) Commune (Djougou + Copargo)
(Bembeéreke) (Bassila)
SR % (A/B) SR % (A/B) SR % (A/B) SR % (A/B)
Indoors PM 300 CS (2019) Before IRS 5.9 (3/51) .0 (0/120) 0.041 14.3(5/35) 2(1/45) 0.109
After IRS 1.7 (17/1002) .0 (0/330) 0.036 7.0 (24/342) 6 (2/349) <0.0001
Clo+Del (2020) Before IRS 0.0 (0/16) .0 (0/97) NA .0(0/13) 3(1/44) 1
After IRS 1.2 (6/521) 4 (2/573) 0230 3.0(15/493) .0(8/831) 0.010
Clo 50 WG (2021) Before IRS 0.0 (0/39) 0.6 (2/318) 1 1(1/47) .0(1/100) 1
After IRS 1.7 (17/989) 5(18/1177) 0.860 5.0 (27/542) 5(61/1365) 0.7186
Outdoors  PM 300 CS (2019) Before IRS 7.4 (2/27) 0.7 (1/136) 0116 53(1/19) 9(2/34) 1
After IRS 0.9 (7/821) 0.9 (5/538) 1 4 (16/249) 4 (2/474) <0.0001
Clo+Del (2020) Before IRS 0.0 (0/13) 0.0 (0/101) NA 0(0/24) 7 (1/37) 1
After RS 1.5(5/332) 0.6 (3/487) 0363 0.8 (6/748) 6 (6/1042) 0.776
Clo 50 WG (2021) Before IRS 0.0 (0/30) 5(1/215) 1 8(2/42) 9(2/52) 1
After IRS 1(11/1038) .0(13/1280) 1 .0 (29/586) 4 (68/1544) 0673

SR: sporozoite rate; %: percentage; A: number of positive head-thoraxes tests; B: total number of heads-thoraxes tested; PM: pirimiphos-methyl; CS: capsule
suspensions; WG: Water dispersible granules; Clot + Del: mixture clothianidin 500 g/kg + deltamethrin 62.5 g/kg; Clo 50 WG: clothianidin 50 WG alone

P: p-value of comparisons between control commune and commune under IRS in each department

communes) were analysed in Alibori department and
9057 (3140 in the control commune and 5917 in the
treated communes) in Donga department.

Overall, there was a reduction in the sporozoite rate
after IRS in treated communes compared with control
communes. The reduction was statistically significant
after IRS inside houses treated in Alibori (P=0.036) and
Donga (P<0.0001) in 2019 with pirimiphos-methyl 300
CS. Similarly, in the Donga department in 2020, the dif-
ference was significant indoors (P=0.010) with the clo-
thianidin 500 g/kg and deltamethrin 62.5 g/kg mixture
(Table 3).

Outside insecticide-treated houses, the sporozoite
rate was significantly reduced by pirimiphos-methyl 300
CS in the Donga department. No other differences were
observed with other insecticides outside houses sprayed
with residual insecticides (Table 3).

Entomological inoculation rate (EIR) of An. gambiae

after the 2019, 2020 and 2021 IRS

Data on the entomological inoculation rate (EIR) of An.
gambiae in the treated area and in the control before and
after the IRS (Table 4) reveal a variation in EIR as a func-
tion of insecticides in the treated areas before and after
the IRS. In the control areas, there was an increase in EIR
after IRS despite the change of insecticide. This increase
was observed both inside and outside houses (Table 4) in
both departments.

In Alibori, a significant decrease in EIR was recorded
both inside and outside houses treated after IRS for all
three formulations. However, the impact of the insec-
ticide on EIR reduction was most noticeable with
pirimiphos-methyl 300 CS, followed by the clothia-
nidin 4+ deltamethrin mixture and finally clothianidin 50
WG alone. Also, the reduction in EIR was higher inside
treated houses than outside (Table 4).

In Donga, the findings were similar but of lower mag-
nitude. Furthermore, clothianidin 50 WG induced no
reduction in entomological inoculation rates either inside
or outside treated houses. Inside treated dwellings, each
person could receive 29 infective bites per month, com-
pared with 27 infective bites per month in controls. Out-
side treated houses, 37 infectious bites per month per
person were recorded after IRS, compared with 33 infec-
tious bites per month per person in controls (Table 4).

Resting density and blood feeding rate of An. gambiae ..

Overall, the 2019 IRS campaigns with pirimiphos-
methyl 300 CS and the 2020 IRS campaigns with clo-
thianidin 500 g/kg + deltamethrin 62.5 g/kg resulted in
a significant reduction (p<0.0001) of An. gambiae in
treated rooms compared with control rooms (Table 5).
However, for the 2021 IRS with clothianidin 50 WG, the
resting density of An. gambiae was similar (p=0.1503)
in treated (1.1) and control (0.9) rooms in Alibori
department (Table 6). In the Donga department, the



Page 8 of 15

(2024) 23:119

Odjo et al. Malaria Journal

uostedwod spoyaw Yy Jo anjea-d :d

90U3J9ja4 3y} S aunwiwod |043U0d YIim chgu‘_maw_u Ydes UlyHM SY| Japun ssunuiwod pue saunwiwod |043U0d Usamiaq SY| JO Co_uwucwrcw_QF__ 9y} Joje pue ai0jeq ur_m_c 12d Y13 JO OljeJ ajey ‘HY

9|qedi|dde JON :NEeN 2uoje DA\ 0§ UIpIUBIYIO)D
DM 0S 0]D ‘63/6 G679 ulysweyap + 6%/6 00S uIpIiueIYIO) dInIXIw :[9Q + 30D ‘sa|nueltb a|qisiadsip Ja3ep) ;DM ‘suoisuadsns 3jnsded :5) [Ayraw-soydiwnid ;)\ d ‘Dbeiuadiad 9, ‘21e1 31e|Nd0Ul [ed160j0WOoIUR 1Y[F

(¢l'1) 10000> [eci-1Tl] al [LLI'1-80'L] 60'L (09°0) L0000> [Lzo-0c0] L0 [9¢'0-G¢0] GE0 Sdl 19l
(05°0) L0000 > [S0'0-€0°0] 00 [010-£070] 800 (NeN) L0000> [c00-co0] 00 [10'0-0070] 000 Syl =1049g (1202) DM 05 01D
(05°0) L0000 > [SL10-SL0] SL0 [LE0-6C0] 0€0 (¢€0) L0000 > [80°0-£070] 800 [9z 00l SC0 Sdl PYY
(NeN) 2000 [€00-¢0°0] 00 [100-000] 000 (NeN) L [000-000] 000  [c00-00 9 000  SYl=i04og (0202) I,A+01D>
(90°0) L0000 > [€00-€00] €00 [¢50-6170] 050 (9€°0) L0000 > [80°0-£070] 800 [czo-Lz0] o Sdl PPV
oL [F00-zo0l €00  [S00-200] €00  (€€0) L0000>  [¢00-L00] 00 [800-S0 9 900  SYl 210439 (6102) SD00E WA S100pINO
(60°1) L0000> [66°0-£60] 860 [¢6'0-680] 060 (¢5°0) L0000 > ﬁwNome.B 8C0 [S50-€50] 50 Syl oy
(€€°0) L0000>  [c00-L00] 100 [S0'0-¢00] €00  (NBeN) L0000>  [#0'0-€00] €00  [000-000] 000  SHl=J0jeg (1202) DM 05 0D
(£T°0) 10000> [Llzo-0z0] 00 [££0-€20] S0 (£1°0) L0000 > [S00-500] 500 [LE0-620] 0¢0 Ne[REA
(NEeN) LEO0 [c00-z00] 00 [c00-0070] 000 (NeN) L [00°0-000] 000 [L0'0-0070] 000  SHI=Jojeg (0200) I,a@+0pD
(¥0°0) LOOO0>  [€00-€0°0] €00  [££0-€£0] G20 (000) LOO0D0>  [000-0070] 000 [¥S0-¢S0l €S0 SHl 1PYY
(€1°0) L0000 > [co0-100] c00 [8L0-€1°0] 910 (000) L0000 > [00°0-0070] 000 [L10-8070] 600 Syl 210499 (6102) SO 00€ Wd SI00pu|
%S6-1>  Wb/YIa %S6-1>  Wbu/YIa %S6-1>  Wb/YIa %S6-1>  Wb/YIa
(obaedor + nobnolQq) (ejissegq) (nounobon +Ipueyy) (12qwiag)
(44) d SY| Japun ssunwwod aunwwo) [o13Uu0D) (44) d SY| J9pun saunwiwod auNwwo) [013U0D)
ebuo( jo Juswiiedag 1oq|y jo Juswiiedsq poudd  (si1ea)) apId1dAsu| uol}sod

Syl a1 puUe 210J2q |0JIUOD Y} Ul pue Bale pa1eall Yl Ul J's apiquipb Uy Jo (Y|3) 91l uolie[ndoul [edjbojowolu] ¢ ajqel



Page 9 of 15

(2024) 23:119

Odjo et al. Malaria Journal

DM 0 UIPIURIYIO :DAN0S 0] 63/6 5779 unyisweysp + 63
/6 00§ UIpIURIYIO|D 2INIXIW i[9 +10]D ‘s9|nueib 3|qisiadsip 1A\ 1D ‘suoisuadsns ajnsded :5) {Ayraw-soydiwnid :|\d ‘26e1uadiad 194 {|eAIR)IUI DIUBPYUOD %56 [|D %S6] 1593 PleA 9 JO anjea-d (pjem) d ‘o1jes a1l :yy

S16 [el-cLLlovL Sl Y1z vET 091 (SHI4epun) obiedod+nobnolg
290 888 €£000 L ol Vi 08 08 (jonuod) ejisseg ebuoQ
L'eL [99'1-€610) ¥T'L L'l szl L1 091 (Sl J9pun) nounobon +ipuey
600 609 €050 l 60 w 69 08 (jonuod) PH1equag Hoally  (OM0S O]D) LZOT Sl 1auY
€59 [££0-€70] 670 ol LL 8Ll 07l (SHI4epun) obiedo)+nobnolg
670 £69 10000> L v'e orl 10T 09 (jonuoD) eyisseg ebuoQ
Ses [S€0-120] £T0 60 S/ o1 0zl (SYl43pun) Nounoboo +ipuey
870 889 10000> | 143 o€l 681 09 (jonuod) Mf1equag Hoqily  (]2Q+0ID) 0T0T Sl JauY
80/ [21'0-90°0] 600 0 Ve 8y 0ZL  (SYldepun) obiedo)+nobnolg
€20 908 10000> | 9Y 41 6€l o€ (jonuod) ejisseg ebuoQ
008 [120-8010] €10 140) 0T 14 0CL  (SYIJapun) nounoboo +ipuey
00'L 86/ 10000> L 9l L 6 09 (jo1u02) PfRu2qWeg uogily (SO 00€ Wd) 610C SHl 19Uy
(Prem)
anjend (%) uoniodold  anjea-d [ID%S6lYY  anjep pa3} pa3139jj02
poojq *|'s abiquibb
9)el buipasy poojg wood Jad Aysuap 1say JoaN ‘UYJOQN  WoOOJ Jo N ssunwwo) jusawiiedsqg (ep1ndesu|) porad

Syl J2pUN SSUNWIWOD

pue SUNWILIOD [0JIUOD Ul UOIUSAIRIUI SH| 1Z0Z PUB 0Z0T ‘6107 4918 POUISW sISd AQ pa123||0d |'s apiquipb Uy Jo saiel Buipasy poolq pue Alsusp bunsai Joopu| § ajqer



Odjo et al. Malaria Journal (2024) 23:119

Page 10 of 15

Table 6 Indoor resting density and blood feeding rates of An. gambiae s.I. collected by PSCs method after 2019, 2020 and 2021 IRS

intervention in communes under IRS

Communes Period Nb of room Nb of An. Nb of Rest density per room Blood feeding rate
gambiaes.|. blood
collected feed Value RR[95% Cl] P-value Proportion (%) P-value
(Wald)
Kandi+Gogou- 2019 (PM 300CS) 120 25 20 0.2 1 - 80.0 -
%O:‘fggg)er RS 2020 (Clo+Del) 120 102 75 09  408[261-660] <00001 735 068
2021 (Clo 50WG) 160 171 125 1.1 513[336-8.15] <0.0001 731 0.62
Djou- 2019 (PM 300CS) 120 48 34 04 1 - 70.8 -
?uiudzﬁgga@o 2020 (Clo+Del) 120 118 77 10 246[1.74-351]  <0.0001 653 061
in Donga) 2021 (Clo 50WG) 160 234 214 1.5 366 [2.67-5.10] <0.0001 915 0.0002

RR: rate ratio; p (wald): p-value of the Wald test; [95% Cl]: 95% confidence interval; %: percentage; PM: pirimiphos-methyl; CS: capsule suspensions; WG: Water
dispersible granules; Clot + Del: mixture clothianidin 500 g/kg + deltamethrin 62.5 g/kg; Clo 50WG: clothianidin 50 WG

resting density of An. gambiae following IRS with clo-
thianidin 50 WG was significantly higher (p=0.0033)
in treated rooms (1.5) than in control rooms (1.0)
(Table 5). Pirimiphos-methyl 300 CS performed better
than clothianidin 500 g/kg+ deltamethrin 62.5 g/kg and
clothianidin 50 WG in reducing the resting density of
mosquitoes inside treated rooms (Table 6).

Overall, blood-feeding rates of An. gambiae were high
and similar (p > 0.05) in treated (65.3%-91.5%) and
control (60.9%—88.8%) rooms (Table 5). No significant
difference in blood-feeding rate was observed between
the three insecticides in Alibori (Table 6). However,
compared with pirimiphos-methyl 300 CS, the blood-
feeding rate of mosquitoes inside treated rooms was
significantly higher following IRS with clothianidin 50
WG in Donga department (Table 6).

Parous rate of An. gambiae after IRS

Tables 7 and 8 show the impact of IRS on the longev-
ity of An. gambiae with pirimiphos-methyl 300 CS,
clothianidin 500 g/kg + deltamethrin 62.5 g/kg mixture
and clothianidin 50 WG alone. After implementation,
the An. gambiae parous rate was significantly reduced
(p<0.001) in houses treated with pirimiphos-methyl
300 CS (41.0% to 41.7%) compared with control houses
(65.7% to 65.9%) (Table 7). For insecticides contain-
ing clothianidin, only the mixture clothianidin 500 g/
kg+ deltamethrin 62.5 g/kg significantly (p<0.001)
reduced the parous rate in treated houses (44.7% vs.
62.6% in control houses) in Alibori. The reduction
in parous rates observed with clothianidin 50 WG
between treated and control houses was not statisti-
cally significant (Alibori: p=0.49; Donga: p=0.17)
(Table 7). Comparison of insecticide mortality rates

Table 7 Parous rate of An. gambiae s.I. in IRS and control communes after the 2019, 2020 and 2021 IRS campaign

Period (Insecticides) department Communes Nb of An. gambiae Nb of parous Parous rate (%) p-value
s.l. dissected
2019, after IRS (P M 300CS) Alibori Bembereke (control) 551 362 65.7 <0.0001
Kandi+Gogounou 427 175 41.0
Donga Bassila (control) 314 207 65.9 <0.0001
Djougou +Copargo 470 196 4.7
2020, after IRS (clo+del) Alibori Bembeéreke (control) 179 112 62.6 0.0004
Kandi+Gogounou 237 106 447
Donga Bassila (control) 247 144 583 <0.0001
Djougou +Copargo 343 276 80.5
2021, after IRS (clo 50WG) Alibori Bembeéreke (control) 117 94 80.3 0.49
Kandi+Gogounou 317 243 76.7
Donga Bassila (control) 77 69 89.6 0.17
Djougou +Copargo 212 174 82.1

p-value: comparison of the parous rate of An. gambiae s.I. between the treated and control communes (Test used: Chi-square test); Nb: Number; PM: pirimiphos-
methyl; CS: capsule suspensions; WG: Water dispersible granules; Clot + Del: mixture clothianidin 500 g/kg + deltamethrin 62.5 g/kg; Clo 50WG: clothianidin 50 WG
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Table 8 Parous rate of An. gambiae s.l. in IRS and control communes after the 2019, 2020 and 2021 IRS campaign

Communes Period (Insecticides) Nb of An. gambiaes.I. Nb of parous Parous rate (%) p-value
dissected

Kandi+Gogounou 2019 (PM 300CS) 427 175 41.0

(under IRS in Alibori) 2020 (Clo+Del) 237 106 447 0.39
2021 (Clo 50WG) 317 243 76.7 <0.0001

Djougou +Copargo 2019 (PM 300CS) 470 196 417 -

(underIRSinDonga) 5020 (Clo+ Del) 343 276 805 <0.0001
2021 (Clo 50WG) 212 174 82.1 <0.0001

p-value: comparison of the parous rate of An. gambiae s.|. between the treated (Test used: Chi-square test); Nb: Number; PM: pirimiphos methyl; CS: capsule
suspensions; WG: Water dispersible granules; Clot + Del: mixture clothianidin 500 g/kg + deltamethrin 62.5 g/kg; Clo 50WG: clothianidin 50 WG

showed that pirimiphos-methyl 300 CS performed
very well in reducing the longevity (Table 8) of malaria
mosquitoes. It was followed by clothianidin 500 g/
kg + deltamethrin 62.5 g/kg mixture and clothianidin
50 WG alone.

Incidence of malaria

The incidence of malaria in Alibori department was
estimated at 17/1000 people per month in 2020 fol-
lowing IRS with the clothianidin 500 g/kg+ deltame-
thrin 62.5 g/kg mixture and at 19/1000 people per
month in 2021 following IRS with clothianidin 50
WG versus 21/1000 people per month in 2019 fol-
lowing IRS with pirimiphos-methyl 300 CS. Similar
observations were made in Donga with the clothiani-
din 500 g/kg+ deltamethrin 62.5 g/kg mixture, where
the incidence of Plasmodium was 28/1000 people per
month versus 30/1000 people per month following IRS
with pirimiphos-methyl 300 CS (Table 9). In the same
department, the increase in EIR in 2021 following IRS
with the clothianidin 500 g/kg+ deltamethrin 62.5 g/
kg mixture was associated with an increase in malaria
incidence (Fig. 3).

Discussion

This study was conducted to investigate the difference
in malaria transmission indicators (human bite rate,
sporozoite rate, entomological inoculation rate, malaria
incidence, indoor resting density, blood feeding rate and
parous) after IRS with pirimiphos-methyl and clothia-
nidin products. Fluctuations were observed in the abun-
dance of mosquitoes collected according to genus and
species per study vear. Culex quinquefasciatus (59.6%)
was the predominant mosquito species collected, fol-
lowed by An. gambiae s.I. (37.6%). Over the 3 years of
the study, Cx. quinquefasciatus was more abundant in
urban, while An. gambiae s.I. was generally predominant
in rural. The abundance of Cx. quinquefasciatus may be
linked to its ability to lay eggs and develop in a variety
of natural and artificial larval habitats [24]. Of the 8 spe-
cies of Anopheles collected, An. gambiae s.l., An. funestus
and An. nili were identified as malaria vectors. The An.
gambiae complex was omnipresent throughout the study
area, accounting for 98.6% (18,683/18,940) of all Anoph-
eles collected. The An. funestus group was the second
most abundant [1% (190/18,940)] followed by An. nili
[0.03% (5/18,940)]. This predominance of An. gambiae
s.l. was previously reported in northern Benin [25-27]
in Kandi, Atacora and Donga and Alibori, respectively.

Table 9 Average monthly incidence of malaria in communes under IRS monitoring and evaluation, by department and insecticide

IRS communes under Insecticide used per year Monthly average of new Population Incidence
M&E cases
Alibori Pirimiphos-methyl 300 CS (2019) 6926 329209 21,03831
Mixture clothianidin 500 g/kg +deltamethrin 5939 340798 1742675
62.5 g/kg (2020)
Clothianidin 50 WG (2021) 6806 352794 1929171
Donga Pirimiphos-methyl 300 CS (2019) 11122 375724 2960152
Mixture clothianidin 500 g/kg +deltamethrin 10902 388949 28,02938
62.5 g/kg (2020)
Clothianidin 50 WG (2021) 12217 402640 3034224
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Fig. 3 EIR and malaria incidence in communes under IRS monitoring and evaluation

Molecular characterization of An. gambiae s.I. showed
that An. gambiae s.s. (52.9%), An. coluzzii (46.4%) and
An. arabiensis (0.8%) are the members of this complex in
the two departments studied. These results are similar to
those of Salako et al. [27].

The reduction in the rate of bites inside treated houses
compared with control houses suggests the complemen-
tary prevention represented by IRS in endemic areas
where LLINs are used as a preventive intervention. Previ-
ously, Akogbéto et al. [28], have shown high rates of An.
gambiae bites on humans inside houses using only LLINs
as a means of prevention.

The results of study indicate a greater reduction in
human-vector contact, sporozoite rate (SR) and entomo-
logical inoculation rate (EIR) of An. gambiae both inside
and outside homes sprayed with pirimiphos-methyl 300
CS in the Alibori and Donga departments. There was also
a moderate reduction in all three indicators inside homes
sprayed with the clothianidin 500 g/kg+ deltamethrin
62.5 g/kg mixture. In the case of clothianidin 50 WG
alone, both indoor and outdoor biting rates and sporo-
zoite infections remained high after IRS. These results
confirm the efficacy of pirimiphos-methyl 300 CS used
in indoor residual spraying (IRS) for the elimination and
control of pyrethroid-resistant malaria vectors. In north-
ern Benin and Kenya, the findings of work by Akogbéto
et al. [22], Salako et al. [21] and Abong’o et al. [23] have
demonstrated the positive impact of pirimiphos-methyl

300 CS IRS in reducing entomological indicators of
malaria transmission. The 10-month residual efficacy of
pirimiphos-methyl 300 CS in Kenya in 2020 [29], led not
only to a drastic reduction in the density of An. funes-
tus, the main malaria vector, but also to a reduction in
the number of malaria cases recorded at health facilities.
The positive effect of IRS with pirimiphos-methyl 300
CS on the longevity of malaria vectors at rest and out-
side treated dwellings in Alibori and Donga departments
results from the rapid action [30] of the insecticide. The
reduction in malaria transmission with clothianidin 50
WG alone and the clothianidin 500 g/kg+ deltamethrin
62.5 g/kg PID mixture against pyrethroid-resistant mos-
quitoes was higher indoors but the effects were not sta-
tistically significant. Clothianidin-based insecticides used
in IRS have a slow lethal effect on mosquitoes.

When the Anopheles field strain comes into contact
with clothianidin, it can survive for up to 120 h [15, 31,
32]. The results of studies by Hoppé et al. [34] and Lees
et al. [35] diverge on the efficacy of clothianidin. Hoppé
et al. [34] reported low insecticidal activity of clothiani-
din against Aedes aegypti, a mosquito species responsi-
ble for the transmission of diseases, such as dengue and
Zika virus infection. Lees et al. [35] found clothianidin to
be sufficiently effective against mosquitoes, particularly
Anopheles, in tarsal contact tests. These contradictory
results may be due to several factors, such as research
methodologies, mosquito species studied, clothianidin
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application conditions, and possibly other unknown
factors.

The resting density of An. gambiae inside sprayed
houses is significantly lower than in unsprayed houses
in 2019 with the use of pirimiphos-methyl 300 CS in IRS
and in 2020 with the mixture clothianidin 500 g/kg+ del-
tamethrin 62.5 g/kg throughout the study area. However,
in 2021, the opposite situation was observed, with more
An. gambiae resting in houses sprayed with clothianidin
50 WG alone compared to control houses. This result is
similar to that of Agossa et al. [37] at Cove, where the
exophily induced by clothianidin 50 WG alone was rela-
tively low as clothianidin does not have excito-repulsive
and irritant properties.

The high feeding rates observed in treated dwellings
may be explained by the anthropophilic behaviour of An.
gambiae which seeks its blood meal first before resting.
These results are similar to those obtained in other stud-
ies [25, 28, 38—41]. During the first 2 h after sunset, An.
gambiae females feed on blood [33, 42] when household
residents are engaged in domestic activities or watching
television or radio. Also, An. gambiae may also take a
blood meal at dusk [33] when household members leave
their LLINs for prayer and other domestic activities such
as cooking. After feeding, the females of An. gambiae go
to rest on the various supports hung on the walls sprayed
with insecticide to avoid contact with the insecticide.

The low rate of parity observed in homes sprayed with
pirimiphos-methyl confirms the high insecticidal effect
of this compound and a reduction in adult longevity.
These results confirm those of Salako et al. [27]. However,
no significant difference was observed with clothianidin
50 WG alone. This may be due to its slow action [33] as
mosquitoes may be able to complete a full gonotrophic
cycle before succumbing to the insecticide. However, the
lack of difference in sporozoite rates suggests that this
insecticide had minimal impact on mosquito longevity in
Benin.

Despite the increasing EIR in 2020 and 2021 with the
use of clothianidin 500 g/kg+ deltamethrin 62.5 g/kg
mixture and clothianidin 50 WG alone in IRS, malaria
incidence was slightly reduced in Alibori in both
years, though only in 2020 in Donga. This reduction
in incidence through the decline in the number of new
malaria cases recorded is probably explained by IRS
and the national distribution and use of LLINs which
were distributed through a mass campaign in 2020
intended to cover all households counted throughout
the country [36]. This slight reduction in new malaria
cases could also be attributed to the confinement meas-
ures introduced in response to COVID-19. This meas-
ure engendered fear and a change in behaviour among
the population with regard to access to health services.
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For fear of being diagnosed positive for COVID-19
and being separated from their families, some patients
would prefer to stay at home to receive treatment. For
others, health centres no longer seemed to be appropri-
ate options during this period, as they were perceived
as places at risk of contamination by COVID-19.

However, it should be noted that clothianidin’s poor
performance in reducing entomological indicators of
malaria transmission could be linked to other factors
such as climate and intervention coverage [15].

Conclusion

Entomological monitoring and evaluation of clo-
thianidin alone and the clothianidin+ deltamethrin
mixture for indoor residual spraying in Alibori and
Donga showed no significant overall impact on indi-
cators such as SR, HBR, EIR, indoor resting density
and blood-feeding rate of An. gambiae in contrast to
pirimiphos-methyl.

Overall, indoor residual spraying with clothianidin-
based insecticides did not further reduce vector popu-
lations and malaria transmission indicators, despite
the longer residual efficacy compared with the shorter
residual efficacy of pirimiphos-methyl-based products.

Abbreviations

IRS Indoor residual spraying

WHO  World health organization

ETI Entomological transmission indicators
HBR Human biting rate

SR Sporozoite rate

EIR Entomological inoculation rate

HLC Human landing catch

PSC Pyrethrum spray catch

CREC  Centre de recherche entomologique de cotonou
NMCP  National malaria control program

cs Capsulated suspension

WP Wettable powders

WG Water-dispersible granules
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