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Residual malaria transmission assessment:
Quantification of the relative risk of malaria
transmission at different night-time and location
in Atacora region in Benin, West Africa
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Tokponon, Laurent Lyikirenga and Martin Akogbéto

Abstract

A significant reduction in malaria incidence has been observed in Africa, due to the extensive use of
indoor residual spraying and insecticide-treated net. Even so, residual malaria transmission continues to
occur. This study aims to quantify the potentiel risk of the different night-time and location in the context
of high coverage of ITNs and IRS in Benin. Adult mosquito collections were carried out through Human
Landing Catch. Vector species were identified using PCR. ELISA was used to determine sporozoite
infections. The majority of biting occurred late at night with more infective bites observed outdoor.
Considerable biting occurred early in the evening. The proportion of malaria transmission occurring
before sleeping hours and outdoors is compromising the efforts towards malara control. To curtail
residual malaria transmission, additional interventions able to target vectors escaping conventionnal
vector control interventions should be prioritized.
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Introduction

Malaria Is one of the Most serions vector-borne diseases, affection millions of people mainly
in the tropics. It contributes heavily to the burden of disease in Benin, with 1.5 million cases
reported annually among a national population of 11.1millions M. In the past decade, a
significant reduction in malaria incidence has been observed in Africa, due to the scale-up of
interventions. Vector control has contributed to a significant decrease of malaria worldwide -
4. Insecticide-treated nets (ITNs) and indoor residual spray (IRS), represent the two primary
vector control interventions used for large-scale malaria prevention, and are an integral
component of Benin’s national strategical plan for malaria control 11,

Despite the progress made in scaling-up of the interventions, malaria transmission continues to
occur. The entomological indicators of malaria transmission such as density, sporozoite rate
and entomological inoculation rate (EIR) are parameters used to assess the impact of the
interventions and the intensity of malaria transmission. Several factors might be responsible
for the persistence of malaria transmission, including vector behavioural change towards more
exophagic (outdoor-feeding), exophilic (outdoor-resting) tendencies following the widespread
use of ITNS and IRS 56,

Vector control measures tackle only indoor and night biting vectors. The proportion of malaria
transmission occurring before sleeping hours and outdoors can be an obstacle for malaria
transmission control and elimination. Otherwise, a recent anthropological study from Ghana
reported human night-time activities, including outdoor sleeping, that might increase exposure
to malaria infection risk [/l Malaria transmission that can persist in the context of high levels
of ITN or IRS coverage is known as residual transmission @ 9 and represents a major
challenge for malaria control. The main aim of this study was to assess the residual malaria
transmission through the quantification of the potential risk of the different night-time and
location in the con text of high coverage of INTs and IRS in Benin.

Methods
Study Area
The study was carried out in Atacora region located in the Northwest of Benin in the district of
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Kouandé (Fig. 1). This districts covered about 2,128 km? and
had an estimated population of 108,956 in 2015. Atacora
region has a sub-equatorial type climate with one dry season
(December-May) and only one rainy season (June to
November). The annual mean rainfall is 1,300 mm and the
mean monthly temperature rangent between 22° and 33°C.

The major Economic activity is agriculture and it is
characterized by the production of Cotton and millet Where
Various classes of pesticides are used for Pest control. Since
2011, the Department has conducted a large scale Indoor
Residual Spraying (IRS) and ITNs distribution.
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Fig 1: Map of study area

Mosquito Sampling

Adult mosquito collections were carried through Human
Landing Catch (HLC). Two villages were selected, and two
houses were chosen per village for mosquito collection to
monitor malaria transmission. Monthly, mosquito collections
were carried out from 6 p.m. to 6 a.m. inside and outside
houses using a mouth aspirator, by human volunteers who had
previously given consent. Two nights of mosquito collections
per month were carried out from January to December 2016.
A total of twenty four catches were performed. In each
village, two houses and four collectors were selected for the
mosquitoes collection. The recorded data were used to assess
the night-time aggressiveness (HBR), sporozoite index and
entomological inoculation rate vectors (EIR).

Identification of vector species complexes

Members of An. Gambiae s.I. and An. Funestus s.l. groups
were identified to species by polymerase chain reaction
(PCR), following the protocols developed by Scott et al. For

An. Gambiae s.I. [19 and Koekemoer et al. For An. Funestus
sl [,

Sporozoite ELISA

Dried head and thorax of the preserved Anopheles mosquito
specimens were carefully separated from the abdomen and
tested for P. falciparum circumsporozoite proteins (CSPs)
using sandwich ELISA method [*2 3],

Data analysis
The sporozoite rate was the proportion of P. falciparum CSP

positive mosquitoes divided by the total number of
mosquitoes caught. The human-biting rate (HBR) was
expressed as the number of bites per person per night (b/p/n)
determined by dividing the number of mosquitoes collected
by the number of volunteers per night. The entomological
inoculation rate (EIR) was estimated by multiplying the
sporozoite rate by the human-biting rate 4, Vector densities
by HLC were weighed according to the proportion of
individuals sleeping both indoors and outdoors. Chi-square
test was employed to test the difference in vector species
composition between indoor and outdoor.

Results

Composition and abundance of mosquito fauna

A total of 528 mosquitoes belonging to 14 different species
were caught in the lading catches during the study period.
Most (57.95%) of these were anopheline, and most the
anopheline mosquitoes collected were members of the An.
gambiae complex (75.89%) and An. funestus group (13.04%)
(Table 1).

Among the 231 female An. Gambiae s.| identified in species
level in PCR-based assay, An. Gambiae, An. Coluzzii and An.
Arabiensis were found in sympatry in the study area.
However, An. Gambiae was predominant, representing
66.23% (n=153) followed by An. Coluzzii (30.30%; n=70)
and An. Arbiensis (3.46%; n=8). Besides, all of the females of
the An. Funestus group investigated were identified as An.
Funestus s.s.
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Table 1: Numbers of adult female mosquitoes collected on human bait in study area from January to December 2016.

Species Number Percentage (%)
Anopheles gambiae s.| 231 43.75
Anopheles funestus s.| 40 7.58
Anopheles pharoensis 8 1.52
Anopheles ziemanni 27 5.11
Total Anopheles 306 57.95
Aedes aegypti 11 2.08
Aedes vittatus 17 3.22
Aedes longipalpis 4 0.76
Aedes gr. palpalis 3 0.57
Aedes gr. tarsalis 2 0.38
Culex quinquefasciatus 88 16.67
Culex gr. decens 9 1.70
Culex nebulosus 8 1.52
Culex fatigans 44 8.33
Mansonia africana 36 6.82
Total 528
Malaria vector species composition and abondance and period (Fig. 2). There was a significant difference in
indoor/outdoor density anopheline mosquito species co-occurrence between indoor
A total of 271 female of malaria vectors mosquitoes and outdoor locations (p<0.0001). The proportion of all
belonging to four species were collected during the study vector species was higher outdoors than indoors.
» 180 - m m Indoor
8 7
£ 160 - c Outdoor
o
E 140 W Total
£ 120
2
§- 100
3 80
£ 60 .
£ ~oC
® 40 . i
2 2 T I
: i
Z 0 : < - '
Anopheles gambiae Anopheles colluzzii Anophies arabiensis Anopheles funestus

Fig 2: Summary of malaria vector species collected from indoor and outdoor in Kouandé district from January to December 2016.

Hourly activity of malaria vectors However, a considerable biting occurred also early in the
The majority of biting occurred late at night between 2am and evening from 8pm to 10pm with a minor peak.
5am with similar trends both indoors and outdoors (fig. 3).
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Fig 3: Biting times of malaria vectors (An. gambiae s.l and An. funestus) in kouande district.
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Infectivity rate for malara vector species

Sporozoites rates for all malaria vector species are presented
in table 2. An. Gambiae, An. Colluzzii, An. Arabiensis and An.
Funestus are all involved in malaria transmission in the study

area. The mean sporozoite rate was 20.26% for An gambiae,
10% for An colluzzii, 12.5% for An arabiensis and An
funestus.

Table 2: Plamodium falciparum sporozoite rates for malaria vectors in Kouané district.

Vector species Number tested Number spororoite positive Sporozoite Index (%) Confidence Interval
An gambiae 153 31 20.26 14.2 - 27.51
An colluzzii 70 7 10 4.12 - 19.52

An arabiensis 8 1 125 0.32 -52.65
An funestus 40 5 12.5 4.19 — 26.80

Time of malaria-infective biting and peak infection by
malaria vectors

Table 3 shows the dynamic of hour-by-hour pooled samples
of the malaria vectors, sporozoite indice (SI), human biting
rate (HBR) and entomological inoculation rate (TIE), and
their overall estimated contribution to malaria transmission
indoor and outdoor from January to December 2016.

The estimated mean daily P. falciparum EIR or the mean
number of infective bites per man per night (ib/m/n) was
0.229 (Table 3). Thus within a month, inhabitants in this area
would have received an average of 6.88 infective bites at
Kouandé. Biting by malaria infective mosquitoes occurred
during the hours 7pm to 6 am. The majority of sporozoite-
positive bites as the EIR occurred in the periods between
11pm and 05am, with more sporozoite-positive mosquitoes
observed outdoor than indoor (Fig. 4). The proportion of
annual entomological malaria transmission occurring in
Kouandé district is estimated at 82.88 infected
bites/person/year (ib/p/year) and 13.66% (11.28 ib/p/year) of
this transmission happened during the early night time (6pm-
10pm) (Fig. 5)

Discussion

Broadly defined as all forms of transmission that can persist
after achieving full universal coverage with effective LLINS
(long-lasting insecticidal nets) and/or IRS (indoor residual
spraying), residual malaria transmission deserves to be
quantified in order to better understand the current challenges
for malaria controlling and eliminating.

Despite a large scale Indoor Residual Spraying (IRS) and
ITNs distribution, the transmission of malaria is high in
kouandé district. In this study, three members of An. Gambiae
complex were found in sympatry (An. gambiae, An. coluzzii
and An arabiensis) with the predominance of An. gambiae
and, concurs with previous findings in Benin that reported
both M and S forms with the predominance of S forms in
savannah areas [%1. Anopheles funestus s.s. was the only
specie among Anopheles funestus group in the study area.
Similar Findings were Reported in the Same area and in

Tanzania [ 171, Other anophelines recorded included An.
pharoensis and An. ziemanni. However, An. gambiae s.I and
An. funestus are identified as the two major malaria vectors
and are both involved in malaria transmission in the study
area.

The EIR data showed that the majority of malaria
transmission by An. gambiae s.l. and An. funestus occurred
outdoors. In the mean-time, the magnitude of the indoor EIRs
was also considerable despite high ITNs and IRS coverage.
This situation could be attributed to inconsistent ITN use [8],
increasing insecticide resistance among vectors [1* 200 and
shifts in malaria vector biting times from mid-night to early
evening and morning when people are still indoor but
unprotected by ITNs 2 22 Malaria transmission in Kouandé
district started soon after dusk and continued till daybreak.
The major peak observed in the second half of the night
suggests that correct use of ITNs in this area, and sleeping in
treated houses may be effective for vector control. However,
additional protective tools targeting outdoor and early biting
that can accessible by rural populations are required to avoid
pre-bedtime and outdoor exposure to the bites of infected
anophelines 2, The proportion of malaria transmission
occurring before sleeping hours and outdoors is compromises
the efforts towards malaria control. The high degree of
outdoor behavior contrasts with a greater endophilic tendency
displayed by this species in previous studies in different areas
of Ghana [?* %1, Increases in exophagy in malaria vectors have
been already observed following indoor interventions [26.27. 28],
This study highlights that in Kouandé district, shifts in biting
behavior can have detrimental impacts on the personal
protection provided by LLINs and IRS. More structured data
collections would make possible a larger sample area and thus
provide a stronger basis for generalization.

Finally, documenting human activity at night through
sociological and anthropological research would be useful in
this area to understanding human-vector interaction in order
to identify malaria prevention strategies compatible with
human behaviour.
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Table 3: Détails about the hour-by-hour pooled samples of the-all-night biting malaria vector mosquitoes, human bititing rate (HBR), sporozoite index (SI) and Entomological Inoculation rate (EIR)

Parameters Locationspm-7pm[7pm-8pmiBpm-9pm|9pm-10pm|{10pm-11pm[11pm-0000- 1am|01lam-2am2am-3am[3am-4amidam-5amj5am-6am(Total nightEarly night (6pm-10pm)
Number of . Outdoor 0 8 12 11 6 8 13 28 27 24 19 7 163 31
um ega%tmggq”'toes Indoor | 0 6 3 6 4 7 8 21 18 19 11 5 108 15
Total 0 14 15 17 10 15 21 49 45 43 30 12 271 46
Number of Outdoor 0 1 1 2 1 3 4 6 7 4 3 1 33 5
infected Indoor 0 0 0 0 1 1 2 3 2 1 1 0 11 1
mosquitoes Total 0 1 1 2 2 4 6 9 9 5 4 1 44 6
Outdoor 0 0.125 0,083 0.181 0.167 0.375 | 0.308 | 0.214 0.259 | 0.167 | 0.158 | 0.142 0.202 0.160
Sl (%) Indoor 0 0 0 0 0.25 0.143 | 0.25 0.143 0.111 | 0.053 | 0.090 0 0.102 0.07
Total 0 0.071 0.067 0.118 0.20 0.267 | 0.286 | 0.184 0.2 0.116 | 0.133 | 0.083 0.162 0.13
Outdoor| 96 96 96 96 96 96 96 96 96 96 96 96 96 96
Person night Indoor 96 96 96 96 96 96 96 96 96 96 96 96 96 96
Total 192 192 192 192 192 192 192 192 96 192 192 192 192 192
Outdoor 0 0.083 0.125 0.115 0.063 0.083 | 0.135 | 0.292 0.281 0.25 0.198 | 0.073 1.698 0.32
Mean HBR/night | Indoor 0 0.063 0.031 0.063 0.042 0.073 | 0.083 | 0.219 0.188 | 0.198 | 0.115 | 0.052 1.125 0.160
Total 0 0.078 0.078 0.089 0.052 0.078 | 0.109 | 0.255 0.469 | 0.224 | 0.156 | 0.063 1.411 0.240
Outdoor 0 0.010 0.010 0.020 0.010 0.031 | 0.041 | 0.063 0.073 | 0.042 | 0.031 | 0.010 0.344 0.05
EIR/night Indoor 0 0 0 0 0,010 0.010 | 0.020 | 0.031 0.020 | 0.010 |0.01042 0 0,115 0.010
Total 0 0.005 0.005 0.010 0.010 0.020 | 0.031 | 0.046 0.094 | 0.026 | 0.020 | 0.005 0.229 0.030
Outdoor 0 0.31 0.31 0.63 0.31 0.94 1.25 1.88 2.19 1.25 0.94 0.31 10.31 1.56
EIR/month Indoor 0 0.00 0.00 0,00 0.31 0.31 | 0.63 0.94 0.63 0.31 0.31 0,00 3.44 0.31
Total 0 0.16 0.16 0.31 0.31 0.63 | 0.94 141 2.81 0.78 0.63 0.16 6.88 0.94
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Conclusion

There is still significant residual transmission accross Atacora
region, particularly in Koundé district despite the
conventional vector control interventions implemented in this
area. The plasticity observed in biting patterns, especially the
combined outdoor and early biting behavior of the vector has
important threats for the success of the widely used
insecticide-based strategies using ITN and IRS. To curtail
residual malaria transmission, additional interventions able to
target wvectors escaping conventional vector control
interventions should be prioritized.

Competing interests: No competing interests.

Authors’ contributions

RA, RO, IA, FD, LL, FT and MA designed the study. RA and
RO carried out the experiments. RA drafted the manuscript.
FD, LL, MA critically revised the manuscript.

Acknowledgements

The research leading to these results was financially
supported by The President’s Malaria Initiative of the US
Government. We acknowledge The President’s Malaria
Initiative through USAID Cotonou, Benin

Availability of data and materials
The data used and/or analyzed in this study are available from
the corresponding author on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate

The protocol of this study was reviewed and approved by the
Institutional Ethics Committee of CREC (IECC). Before
mosquito collectors were involved in this study, they gave
their consent to participate. They were vaccinated against
yellow fever, regularly checked up by a medical doctor and
taken care in case of confirmed malaria case.

Funding

This study was financially supported by the US President’s
Malaria Initiative (PMI) through the United States Agency for
International Development (USAID).

Ethical approval

This study was approved by the Institutional Ethics
Committee of CREC (IECC)
(N°338/MS/DC/SGM/DRFMT/CREC/CEI-CREC/SA).
Mosquito collectors gave their consent before participating in
the study.

The risks of malaria were minimized by using local collectors
who already had some immunity due to their prolonged
exposure to mosquitoes. Mosquito collectors were also
regularly monitored. In case of confirmed malaria, they were
immediately taken care of by the medical doctor of the team
according to protocol. AIll mosquito collectors were
vaccinated against yellow fever.

References

1. Benin health statistical service: National Strategical plan
for malaria control 2015-2017, Benin, Ministry of Health,
National Malaria Control Program, 2015.

2. WHO. World Malaria Report 2015. Geneva: World

10.

11.

12.

13.

14.

15.

~1031~

Health Organization, 2015.

Shargie EB, Ngondi J, Graves PM, Getachew A, Hwang
J, Gebre T, et al. Rapid increase in ownership and use of
long-lasting insecticidal nets and decrease in prevalence
of malaria in three regional States of Ethiopia (2006-
2007). Journal of Tropical Medecine. 2010;
2010:e750978.

Otten M, Aregawi M, Were W, Karema C, Medin A,
Bekele W, et al. Initial evidence of reduction of malaria
cases and deaths in Rwanda and Ethiopia due to rapid
scale-up of malaria prevention and treat ment. Malaria
Journal. 2009; 8:14.

Russell TL, Govella NJ, Azizi S, Drakeley CJ, Kachur
SP, Killeen GF. Increased proportions of outdoor feeding
among residual malaria vector populations following
increased use of insecticide-treated nets in rural
Tanzania. Malaria Journal. 2011; 10:80.

Nguyen TN, Seidlein LV, Nguyen TV, Truong PN, Hung
SD, Pham HT, et al. The persistence and oscillations of
submicroscopic Plasmodium falciparum and Plasmodium
vivax infections over time in Vietnam: an open cohort
study. The Lancet Infectious Diseases. 2018; 18:565-72
Monroe A, Asamoah O, Lam Y, Koenker H, Psychas P,
Lynch M, et al. Outdoor-sleeping and other night-time
activities in northern Ghana: implications for residual
transmission and malaria prevention. Malaria Journal.
2015; 14:35.

Durnez L, Coosemans M. Residual transmission of
malaria: an Old issue for new approaches. In Anopheles
mosquitoes - New insights In to malaria Vectors. Edited
by Manguin S: In Tech. 2013 doi:10.5772/55925.

Killeen GF. Characterizing, controlling and eliminating
residual malaria transmission. Malaria Journal. 2014;
13:330.

Scott JA, Brogdon WG, Collins FH. Identification of
single specimens of the Anopheles gambiae complex by
the polymerase chain reaction. The American Journal of
Tropical Medecine and Hygiene. 1993; 49:520-9.
Koekemoer L, Kamau L, Hunt R, Coetzee M. A cocktail
polymerase chain reaction assay to identify members of
the Anopheles funestus (Diptera: Culicidae) group. The
American Journal of Tropical Medecine and Hygiene.
2002; 66:804-11.

Beier JC, Perkins PV, Wirtz RA, Whitmire RE, Mugambi
M. Field evaluation of an enzymelinked immunosorbent
assay (ELISA) for Plasmodium falciparum sporozoite
detection in anopheline mosquitoes from Kenya. DTIC
Doc. 1987; 36:459-68.

Wirtz R, Burkot T, Graves P, Andre R. Field evaluation
of enzyme-linked immunosorbent assays for Plasmodium
falciparum and Plasmodium vivax sporozoites in
mosquitoes (Diptera: Culicidae) from Papua New
Guinea. Journal of Medical Entomology. 1987; 24:433-7.
Gnanguenon V, Govoetchan R, Agossa FR, Ossé R, Oke-
Agbo F, Azondekon R, et al. Transmission patterns of
Plasmodium falciparum by Anopheles gambiae in Benin.
Malaria Journal. 2014; 13:444.

Aikpon R, Aizoun N, Sovi A, Ossé R, Oussou O,
Govoetchan R, et al: Increase of Ace-1 resistance allele
in the field population of Anopheles gambiae following a
large scale indoor residual spraying (IRS) implementation
using bendiocarb in Atacora region in Benin, West
Africa. Journal of cell Animal and Biology. 2014;
8(1):15-22.



Journal of Entomology and Zoology Studies

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

Aikpon R, Osse R, Padonou G, Anagonou R, Salako A,
Ahogni I, et al. Involvement of both Anopheles gambiae
and Anopheles funestus (Diptera: Culicidae) in the
perennial malaria transmission through a seasonal
abundance in savannah area in Benin. International
Journal of Mosquito Research. 2017; 4(3):107-112.
Derua YA, Alifrangis M, Magesa SM, Kisinza WN,
Simonsen PE. Sibling species of the Anopheles funestus
group, and their infection with malaria and lymphatic
filarial parasites, in archived and newly collected
specimens from northeastern Tanzania. Malaria Journal.
2015; 14:104.

Atieli HE, Zhou G, Afrane Y, Lee M-C, Mwanzo |,
Githeko AK, et al. Insecticide-treated net (ITN)
ownership, usage, and malaria transmission in the
highlands of western Kenya. Parasites and Vectors. 2011;
4:113.

Zhou G, Afrane YA, Vardo-Zalik AM, Atieli H, Zhong
D, Wamae P. Changing patterns of malaria epidemiology
between 2002 and 2010 in Western Kenya: the fall and
rise of malaria. PLoS ONE. 2011; 6:e20318.

Ochomo EO, Bayoh NM, Walker ED, Abongo BO,
Ombok MO, Ouma C, et al. The efficacy of long-lasting
nets with declining physical integrity may be
compromised in areas with high levels of pyrethroid
resistance. Malaria Journal. 2013; 12:368.

Cooke MK, Kahindi SC, Oriango RM, Owaga C, Ayoma
E, Mabuka D, et al. ‘A bite before bed’: exposure to
malaria vectors outside the times of net use in the
highlands of western Kenya. Malaria Journal. 2015;
14:259. 22.

Wamae P, Githeko A, Otieno G, Kabiru E, Duombia S.
Early biting of the Anopheles gambiae S.S and its
challenges to vector control using insecticide treated nets
in western Kenya highlands. Acta Tropica. 2015;
150:136-42.

Gu W, Novak RJ: Habitat-based modelling of impacts of
mosquito  larval interventions on entomological
inoculation rates, incidence, and prevalence of malaria.
The American Journal of Tropical Medecine and
Hygiene. 2005; 73:546-552.

Appawu MA, Baffoe-Wilmot A, Afari EA, Dunyo S,
Koram KA, Nkrumah FK. Malaria vectors in two
ecological zones in southern Ghana. African
Entomology. 2001; 9(1):59-65.

Degefa T, Yewhalaw D, Zhou G, Lee MC, Atieli H,
Githeko AK, et al. Indoor and outdoor malaria vector
surveillance in western Kenya: implications for better
understanding of residual transmission. Malaria Journal
2017; 16:443.

Taylor B. Changes in the feeding behaviour of a malaria
vector, Anopheles farauti Lav., following use of DDT as
a residual spray in houses in the British Solomon Islands
Protectorate. Transactions Royal Entomological, Society
London. 1975; 127:277-292.

Russell TL, Govella NJ, Azizi S, Drakeley CJ, Kachur
SP, Killeen GF. Increased proportions of outdoor feeding
among residual malaria vector populations following
increased wuse of insecticide-treated nets in rural
Tanzania. Malaria Journal. 2011; 10:80.

Aikpon R, Sezonlin M, Ossé R, Akoghbéto M. Evidence
of multiple mechanisms providing carbamate and

~1032~

organophosphate resistance in field An. gambiae
population from Atacora in Benin. Parasites & Vectors.
2014; 7:568.



