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Mathieu Lamy,4* John Lusingu,5,6 Anangisye Malabeja,5 Petra Mens,7 Mattéa Orsini,8 Lucas Otieno,9 Walter Otieno,9 Seth OwusuAgyei,1 Janet Oyieko,9 Jean-Yves Pirçon,10 Nicolas Praet,10 François Roman,10 Ali Sie,2 Valentine Sing’oei,9 Sodiomon B. Sirima,3
Khadime Sylla,11 Roger Tine,11 Alfred B. Tiono,3 Mathilda Tivura,1 Effua Usuf,12 and Stéphanie Wéry10†
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Abstract. RTS,S/AS01E malaria vaccine safety, effectiveness, and impact will be assessed in pre- and post-vaccine
introduction studies, comparing the occurrence of malaria cases and adverse events in vaccinated versus unvaccinated
children. Because those comparisons may be confounded by potential year-to-year ﬂuctuations in malaria transmission
intensity and malaria control intervention usage, the latter should be carefully monitored to adequately adjust the analyses.
This observational cross-sectional study is assessing Plasmodium falciparum parasite prevalence (PfPR) and malaria control
intervention usage over nine annual surveys performed at peak parasite transmission. Plasmodium falciparum parasite
prevalence was measured by microscopy and nucleic acid ampliﬁcation test (quantitative PCR) in parallel in all participants,
and deﬁned as the proportion of infected participants among participants tested. Results of surveys 1 (S1) and 2 (S2),
conducted in ﬁve sub-Saharan African countries, including some participating in the Malaria Vaccine Implementation Programme (MVIP), are reported herein; 4,208 and 4,199 children were, respectively, included in the analyses. Plasmodium
falciparum parasite prevalence estimated using microscopy varied between study sites in both surveys, with the lowest
prevalence in Senegalese sites and the highest in Burkina Faso. In sites located in the MVIP areas (Kintampo and Kombewa),
PfPR in children aged 6 months to 4 years ranged from 24.8% to 27.3%, depending on the study site and the survey. Overall,
89.5% and 86.4% of children used a bednet in S1 and S2, of whom 68.7% and 77.9% used impregnated bednets. No major
difference was observed between the two surveys in terms of PfPR or use of malaria control interventions.

INTRODUCTION

WHO recommended a pilot implementation of RTS,S/AS01E
in children as of 5 months of age in three to ﬁve epidemiological SSA settings with moderate to high malaria transmission.5 In April 2017, the WHO announced the vaccine
introduction based on a cluster-randomized design in pilot
areas of Ghana, Kenya, and Malawi through the national expanded programs on immunization, in the framework of the
Malaria Vaccine Implementation Programme (MVIP).6 Today,
RTS,S/AS01E is the ﬁrst vaccine implemented for the prevention of malaria.
To assess vaccine safety, effectiveness, and impact, GSK
designed a pre- and a post-vaccine introduction observational study (Clinical Trials.gov identiﬁers: NCT02374450 and
NCT03855995, respectively), allowing comparison of the occurrence of malaria cases and adverse events in vaccinated
versus unvaccinated children. In parallel with those studies,
the present observational cross-sectional annual study
(NCT02251704) is estimating P. falciparum parasite prevalence (PfPR) and the use of malaria control interventions
during up to nine consecutive years, applying standardized
methodologies and multiple diagnostic testing. More speciﬁcally, considering the WHO recommendation to operate the
MVIP in moderate to high transmission areas of SSA, this
study will allow 1) characterizing the malaria transmission intensity (MTI) before RTS,S/AS01E vaccine introduction in different countries/areas, including the ones participating in the
MVIP; 2) monitoring overtime ﬂuctuations of MTI and of the
use of malaria control interventions before and after vaccine

Substantial investment to expand existing malaria interventions has resulted in a reduction in the global incidence rate
of malaria between 2010 and 2017.1 However, between 2015
and 2017, after stagnation, a slight upward trend in malaria
incidence was observed. Malaria remains a major cause of
death worldwide, with approximately 93% of all malaria
deaths in 2017 occurring in Africa.1 To reach the Global
Technical Strategy for Malaria 2016–2030 target of reducing
global malaria incidence and mortality rates by at least 90% by
2030,2 the need for safe and effective malaria vaccines that
prevent disease and death and decrease transmission to enable malaria eradication was endorsed and documented in the
WHO Malaria Vaccine Technology Roadmap.3
GlaxoSmithKline (GSK) has developed, in partnership with
the PATH Malaria Vaccine Initiative, a pre-erythrocytic Plasmodium falciparum malaria vaccine, RTS,S/AS01E (GSK™,
Wavre, Belgium), for routine immunization of infants and
children living in sub-Saharan African (SSA) malaria-endemic
countries. In 2015, the European Medicines Agency adopted a
positive opinion for the use of the vaccine in children aged
6 weeks to 17 months at the ﬁrst dose.4 In January 2016, the
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introduction in those areas to adjust the pre- and post-vaccine
introduction comparison analyses for potential year-to-year
and/or geographical variations.
We present here the results of the ﬁrst two annual surveys
that were conducted before vaccine introduction. On completion of all surveys, the data collected in this study involving
approximately 50,000 participants representing multiple sites
in various SSA countries will provide a unique perspective on
malaria prevalence variations across Africa.
MATERIALS AND METHODS
Ethics. The study was approved by national independent
Ethics Committees and local institutional review boards in
Burkina Faso (BF), Ghana (GH), Kenya (KE), Senegal (SN), and
Tanzania (TZ), and conducted in accordance with the provisions of the International Conference on Harmonisation and
Good Clinical Practice guidelines.
Study population. Individuals aged 6 months to < 10 years,
whose parents or legally acceptable representative had provided informed consent for study participation, were randomly
selected each year in each of the study sites (see Study design
section) using population listings generated from local Health
and Demographic Surveillance Systems (HDSS) and following
a stratiﬁcation by age-group (see the Supplemental Appendix
Section 1). Children in care, or actively participating in any trial
involving the administration of an investigational malaria
vaccine and/or drug, were excluded.
Study design. Malaria transmission intensity levels are
consensus indicators developed by the Global Malaria Eradication Programme to measure malaria endemicity7 using a
standardized methodology. There are several methods for estimating MTI, including entomological inoculation rates (EIRs),
serological conversion rates (SCRs), and blood parasite prevalence. Although EIR is a standard method, the measure is
challenging, and the interpretation and comparability of the
setting may be difﬁcult because of vector heterogeneity.8 The
methodology and interpretation of SCRs to classify the intensity
of malaria is still not commonly used. Plasmodium falciparum
prevalence, despite requiring trained staff for slide reading,
provides a standardized and relatively easy to implement
method to assess MTI in study sites of varied transmission
intensity, and has often been used in previous epidemiological
studies.7,9,10 Therefore, PfPR was the selected method to assess potential variations in MTI in the present study.
The study is multicentric with study sites corresponding
to geographically limited catchment areas located in low,
moderate, or high MTI regions of SSA, and having an HDSS
in place.
Up to nine annual cross-sectional surveys will be conducted
during the malaria peak transmission period in each study site
(from mid-September to mid-December in Western African
sites and from mid-April to mid-August in Eastern African
sites). To optimize the detection of the peak transmission,
each study site has been equipped with a weather station to
record meteorological data such as rainfall, temperature, and
humidity. Surveys were conducted during the course of the
rainy season preferably when rains decrease, which should
correspond to the period of highest malaria transmission. In
this article, results of the ﬁrst two annual surveys are presented. Survey 1 (S1) and survey 2 (S2) were conducted in
seven study sites in ﬁve SSA countries: BF (Nouna, Saponé),

GH (Kintampo), KE (Kombewa), SN (Keur Socé, Niakhar), and
TZ (Korogwe). Sites in GH (Kintampo) and KE (Kombewa) are
part of the areas where the RTS,S/AS01E vaccination will be
implemented through the national Expanded Programs on
Immunization in the framework of the MVIP. It is important to
note that this study is also conducted in SSA areas where the
RTS,S/AS01E vaccine will not be introduced in the framework
of the MVIP because GSK initiated the study before the WHO
recommendation.5,11
Data collection. Demographic details (age and gender),
medical history, and information on care-seeking behaviors
(hospitalization for malaria within the last 3 months, visits to
healthcare provider for fever or malaria treatment in the previous 14 days, anti-malaria therapy received within the last
14 days); malaria control intervention usage (bednets [new
{not older than a year}, pierced/torn, impregnated], indoor
residual spraying [IRS]); the usage of coils, repellents, and
local herbs; and malaria potential risk factors (rural/urban area,
house construction materials, use of electricity, and open/
closed water source) were recorded for all participants at the
time of the survey. Axillary body temperature was measured
and recorded during the survey visit.
To assess within-site heterogeneity of PfPR, study areas
were mapped by villages using grid referencing and divided
into 3–14 segments with a minimum of 10 enrolled individuals
per segment. Segments will remain unchanged for the duration of the study.
Assessment of parasitemia. Both microscopy and Nucleic
Acid Ampliﬁcation Tests (NAATs) were used in parallel on all
participants to assess parasitemia. The latter are expected to
be more sensitive and speciﬁc, particularly in cases of low
parasite density.12,13 In brief, a blood sample was collected
by ﬁnger prick for thin and thick blood ﬁlms for the microscopy assessment and ﬁlter paper blood spots for NAATs.
Blood smears were examined by two local independent microscopists, and any discrepancies were settled by a third
reader. Parasitemia was measured by the examination of 100
high-powered ﬁelds on thick smear to determine the presence of parasites; in the case of a positive result, additional
100 ﬁelds were examined to assess the presence of multiple
species. Plasmodium species and sexual forms were identiﬁed on thin blood ﬁlm. Parasite density was computed as
the geometric mean of two readings, counting parasites
against 200 white blood cells on thin blood ﬁlm, assuming
8,000 white blood cells/μL. Parasite density was categorized
as low (< 2,500 parasites/μL), medium (2,500–9,999), high
(10,000–19,999), or very high (> 20,000). In the case of low
density (< 10 parasites against 200 leukocytes), parasite
count was conducted against 500 white blood cells. The
parasite count technique was replicated to count gametocytes. In parallel with microscopy, asexual and sexual parasitemia was assessed by NAATs using both real-time
quantitative PCR (QT-PCR) assay and real-time nucleic acid
sequence-based ampliﬁcation (QT-NASBA) assay. Quantitative PCR allowed detection of asexual and sexual parasites combined, the ﬁnal output being qualitative (positive
or negative) and semi-quantitative (high, medium, low, and
negative). QT-NASBA allowed detection of gametocytes,
the ﬁnal output being qualitative (positive or negative). Details for blood slide and NAAT assessment of parasitemia are
available in the Supplemental Appendix (Sections 2 and 3,
respectively).
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If fever (i.e., axillary temperature ³ 37.5°C) was recorded at
the time of the visit or reported to have occurred within 24
hours before the visit, a malaria rapid diagnostic test (RDT)
was conducted using blood from the ﬁnger prick sampling. If
the RDT was positive, then treatment was given according to
national guidelines. Moreover, any participant identiﬁed as
being parasite positive following microscopy was traced to
receive treatment according to national guidelines.
Statistical methods. The planned sample size was 600
participants per study site and per survey distributed as 400
participants between the ages of 6 months to 4 years and
200 participants between the ages of 5 and 9 years. The
sample size was calculated to ensure sufﬁciently narrow CIs
around study site–speciﬁc PfPR estimates (with a maximum
residual standard error of 0.25).
Plasmodium falciparum parasite prevalence and prevalence
of gametocytes were estimated as the proportion of participants infected, or carrying gametocytes, respectively, among
participants tested. Prevalences were estimated by age and
by site. The agreement between the two diagnostic methods
used in the framework of this study (parasitemia measured by
microscopy versus NAATs) was described using the Cohen’s
kappa coefﬁcient and assessed using the Landis and Koch
scale.14 The prevalence of Plasmodium species other than
P. falciparum was estimated as the proportion of infected
participants among participants tested. The within-site heterogeneity between segments was tested using Cochran’s Qtest based on inverse variance weights.
Malaria control intervention coverage was estimated as the
proportion of users among participants for which this information was available. The care-seeking behaviors (treatment sought for malaria or fever in the 14 days before the visit
and hospitalization for malaria in the last 3 months before the

visit) were described as the proportion of participants having
sought for health care among all participants. In addition, a risk
factor analysis for malaria infection (dependent variable:
P. falciparum parasitemia as measured by microscopy) was
conducted using a multivariable logistic regression with study
site as cluster and using a backward strategy for the selection
of signiﬁcant explanatory variables, that is, predeﬁned potential risk factors and/or the use of malaria control interventions (Supplemental Appendix Section 4). Age was computed
as a continuous variable.
RESULTS
Survey 1 and S2 data were collected between October 2014
and August 2015, and between September 2015 and July
2016, respectively. During S1 and S2, 4,215 and 4,204 children were enrolled and 4,208 and 4,199 were included in the
analyses (Figure 1), with a balanced distribution across the
seven study sites (Supplemental Table 1). Across all sites,
51.3% of participants in S1 and 50.3% in S2 were males
(Supplemental Table 2).
Year-to-year variation in P. falciparum prevalence.
Plasmodium falciparum parasite prevalence estimated using
microscopy varied between study sites in both surveys, with
the lowest prevalence ﬁgures in Senegalese sites and the
highest in BF (Table 1, Figure 2). In Kintampo and Kombewa
sites that are located in the MVIP areas, PfPR in children aged
6 months to 4 years ranged from 24.8% to 27.3% depending
on the study site and the survey. In both surveys and across all
sites except in SN, PfPR was lower in the 6-month to < 5-year
than in the 5-year to < 10-year age-group. Plasmodium falciparum parasite prevalence was similar in S1 and S2, except
for a higher prevalence in S2 in participants from the 6-month

FIGURE 1. Study design overview and study population included in the analysis. ICF = inform consent form; N = number of participants in each
group; 6 M to < 5 Y = 6 months to younger than 5 years; 5 Y to < 10 Y = 5 years to younger than 10 years.
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TABLE 1
Plasmodium falciparum parasitemia prevalence measured by microscopy by study site and survey according to age-group
P. falciparum parasitemia prevalence measured by microscopy slide reading
Survey 1

Survey 2

Age-group

Study site

n

N

Proportion (%)

95% CI

n

N

Proportion (%)

95% CI

6 M to < 5 Y

Nouna, BF
Saponé, BF
Kintampo, GH
Kombewa, KE
Keur Socé, SN
Niakhar, SN
Korogwe, TZ
Nouna, BF
Saponé, BF
Kintampo, GH
Kombewa, KE
Keur Socé, SN
Niakhar, SN
Korogwe, TZ

249
162
99
100
2
6
29
154
137
115
96
1
3
34

404
403
400
402
400
398
401
202
201
200
197
200
200
200

61.6
40.2
24.8
24.9
0.5
1.5
7.2
76.2
68.2
57.5
48.7
0.5
1.5
17.0

56.7; 66.4
35.4; 45.2
20.6; 29.3
20.7; 29.4
0.1; 1.8
0.6; 3.3
4.9; 10.2
69.8; 81.9
61.2; 74.5
50.3; 64.4
41.6; 55.9
0.01; 2.8
0.3; 4.3
12.1; 22.9

321
182
109
108
4
1
6
167
134
103
81
2
2
12

400
399
400
401
397
397
400
200
200
200
198
203
204
200

80.3
45.6
27.3
26.9
1.0
0.3
1.5
83.5
67.0
51.5
40.9
1.0
1.0
6.0

76.0; 84.0
40.7; 50.6
22.9; 31.9
22.7; 31.6
0.3; 2.6
0.01; 1.4
0.6; 3.2
77.6; 88.4
60.0; 73.5
44.4; 58.6
34.0; 48.1
0.1; 3.5
0.1; 3.5
3.1; 10.3

5 to < 10 Y

BF = Burkina Faso; GH = Ghana; KE = Kenya; SN = Senegal; TZ = Tanzania; n = number of participants positive for P. falciparum parasitemia measured by microscopy; N = number
of participants with known result for P. falciparum microscopy; P. falciparum = Plasmodium falciparum; 6 M to < 5 Y = 6 months to younger than 5 years; 5 Y to < 10 Y = 5 years to younger than
10 years; 95% CI = exact 95% CI.

to < 5-year age-group in BF Nouna and lower prevalence in
S2 in both the 6-month to < 5-year and 5-year to < 10-year
age-groups in participants from TZ Korogwe. Signiﬁcant
within-site heterogeneity was detected in all sites, except in
SN: BF Nouna (S1 P < 0.0001, S2 P = 0.0184), BF Saponé (S1
P = 0.0321, S2 P < 0.0001), TZ Korogwe (S1 P = 0.0037, S2 P =
0.0275), KE Kombewa (S1 P = 0.0220, S2 P < 0.0001), and GH
Kintampo (S2 only P = 0.0065).
Similar trends were observed when measured by QT-PCR,
with PfPR varying from 2.7% in SN Niakhar to 69.9% in BF
Nouna (not measured in SN Keur Socé) in S1 and from 1.3% in
SN Keur Socé to 76.3% in BF Nouna in S2 (Supplemental
Table 3).
The prevalence of gametocytes measured by microscopy
ranged from 0.5% to 4.0% in S1 and from 0.0% to 5.3% in S2
in all sites, except in BF (15.8% and 22.7% in S1 and 12.8%
and 18.2% in S2 in Nouna and Sapone, respectively). Among

participants tested positive for asexual parasites, 7.5–66.7%
carried gametocytes in S1 (Kintampo and Keur Socé, respectively)
and 0.0–83.3% in S2 (Niakhar and Keur Socé, respectively)
(Table 2). The proportion of infected participants carrying gametocytes as estimated by QT-NASBA ranged from 13.3% in SN
Niakhar to 59.2% in BF Sapone in S1 (not measured in Keur
Socé) and from 7.1% in SN Niakhar to 66.7% in SN Keur Socé in
S2 (Supplemental Table 3).
Agreement between diagnostic tests. Across surveys,
approximately 21.6% of participants with a positive QT-PCR
result had a negative microscopy reading (285 of 1,268 positive participants per QT-PCR in S1 and 296 of 1,417 in S2) and
around 8.8% of participants positive for microscopy had a
negative result with QT-PCR (92 of 1,075 positive participants
per microscopy in S1 and 110 of 1,231 in S2) (Table 3). The
proportion of participants with a negative result by microscopy among participants with a positive QT-PCR ranged

FIGURE 2. Plasmodium falciparum parasitemia prevalence measured by microscopy, by age category, and by site. 6 M to < 5 Y = 6 months to
younger than 5 years; 5 Y to < 10 Y = 5 years to younger than 10 years. Error bars depict 95% CI.
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TABLE 2
Gametocyte results measured by microscopy according to P. falciparum infection status per study site and survey
Gametocytes measured by microscopy
Participants positive for
P. falciparum by microscopy
Study site, n (%)

Survey 1

Nouna, BF
Positive
Saponé, BF
Positive
Kintampo, GH
Positive
Kombewa, KE
Positive
Keur Socé, SN
Positive
Niakhar, SN
Positive
Korogwe, TZ
Positive

N = 403
89 (22.1)
N = 299
111 (37.1)
N = 214
16 (7.5)
N = 196
19 (9.7)
N=3
2 (66.7)
N=9
1 (11.1)
N = 63
7 (11.1)

Survey 2

N = 488
76 (15.6)
N = 316
84 (26.6)
N = 212
23 (10.9)
N = 189
8 (4.2)
N=6
5 (83.3)
N=3
0.0 (0)
N = 18
1 (5.6)

Participants tested for
P. falciparum by microscopy
Survey 1

Survey 2

N = 606
96 (15.8)
N = 604
137 (22.7)
N = 600
18 (3.0)
N = 599
24 (4.0)
N = 600
5 (0.8)
N = 598
3 (0.5)
N = 601
8 (1.3)

N = 600
77 (12.8)
N = 599
109 (18.2)
N = 600
32 (5.3)
N = 599
9 (1.5)
N = 600
5 (0.8)
N = 601
0.0 (0)
N = 600
1 (0.2)

BF = Burkina Faso; GH = Ghana; KE = Kenya; SN = Senegal; TZ = Tanzania; n (%) =
number (percentage) of participants in a given category; N = total number of participants;
P. falciparum = Plasmodium falciparum.

between 42.9% and 78.6% in sites with low MTI (Niakhar,
Keur Socé, and Korogwe).
Across all sites, Cohen’s kappa coefﬁcient between qualitative results of the two methods of measurement of parasitemia (microscopy versus QT-PCR) using the Landis and
Koch scale showed a substantial agreement in both surveys
(S1: kappa = 0.75 [95% CI: 0.73; 0.78]; S2: kappa = 0.78 [95%
CI: 0.75; 0.80]). Cohen’s kappa coefﬁcient between semiquantitative results for parasitemia measured by microscopy
versus QT-PCR also showed a substantial agreement in both
S1 (kappa = 0.65 [95% CI: 0.63; 0.68]) and S2 (kappa = 0.66
[95% CI: 0.64; 0.68]).
Between 25.0% (192 of 767 in S2) and 33.8% (185 of 548
in S1) of participants tested positive for gametocytes by
QT-NASBA were also detected positive by microscopy
(Supplemental Table 4).
Prevalence of Plasmodium species other than
P. falciparum. Infection with Plasmodium malariae was observed in 1.5% of participants in S1 and 3.0% of participants in
S2 (Supplemental Table 5). Coinfection with both P. malariae and
P. falciparum was more frequent than single infection with P.
malariae alone in both surveys (S1: 4.6% versus 0.2%; S2: 7.4%
versus 1.2%). Of the 62 participants in S1 and 128 participants in
S2 infected with P. malariae, 55 (88.7%) and 91 (71.1%) were also
infected with P. falciparum, respectively. Infection with Plasmodium ovale was low in both S1 and S2 (0.5% and 0.2% of participants). Plasmodium vivax was not observed in S1 and in only
one participant in S2. Infections with species other than
P. falciparum were mostly observed in sites of medium-to-high
P. falciparum prevalence.
Year-to-year variation in the use of malaria control
interventions. Overall, 89.5% and 86.4% of children used a
bednet the night before the survey in S1 and S2, respectively
(Table 4, Supplemental Table 6). The highest use of bednets was
in KE Kombewa (97.5%) in S1 and TZ Korogwe (99.2%) in S2,
and the lowest in GH Kintampo (70.2%) in S1 and SN Niakhar
(69.6%) in S2 (Table 4). A decrease in usage between the two
surveys was observed in Kombewa, Keur Socé, and Niakhar,
whereas an increase was observed in Kintampo and Korogwe.

Overall, 70–80% of the bednets were impregnated, 60–70%
were new, and approximately 25% were torn (Supplemental
Table 6). Details for the characterization of bednet usage (new,
impregnated, and pierced/torn) by study site are shown in
Figure 3.
Participant’s recall of IRS in the past 12 months was
recorded for a very low number of participants (across surveys, 4.1% overall), mainly in SN (Supplemental Table 7).
Overall, usage of coils and repellents was limited, around
10% of the population in both surveys with variations per site
between 1% and 40% according to the survey (Supplemental
Table 7).
Year-to-year variation in reported fever and care-seeking
behaviors. Fever in the last 24 hours was reported for approximately a quarter of the participants in both surveys,
with differences across study sites ranging from 3.6% in BF
Saponé to 63.8% in KE Kombewa in S1 and from 3.0% in SN
Keur Socé to 71.6% in KE Kombewa in S2 (Supplemental
Table 8). Across all sites, occurrence of fever was higher
in P. falciparum–infected versus non-infected participants
(35.6% versus 21.1% in S1 and 33.5% versus 22.5% in S2,
respectively). In both surveys, fever was more frequently
reported by participants with higher parasite densities
(Supplemental Table 9).
In S1, 15.7% of participants had sought treatment against
malaria or fever in the 14 days before the survey compared
with 12.8% in S2, ranging from 0.0% to up to 33.3% depending
on the study site and on the survey (Table 5, Supplemental
Table 10). Plasmodium falciparum–infected children sought
treatment against malaria or fever more often than non-infected
children (20.1% versus 14.0% in S1 and 20.0% versus 9.8% in
S2, respectively).
The proportion of participants hospitalized for malaria was
2.6% in S1 and 2.8% in S2, with no marked difference between P. falciparum–infected and non-infected participants
2.8% versus 2.5% in S1 and 3.4% versus 2.6% in S2, respectively; (Table 5, Supplemental Table 10).
Association between potential risk factors and P.
falciparum infection. An exploratory multivariable model
was used to assess the association between potential risk
factors or malaria control interventions and P. falciparum
infection. Across both surveys, houses equipped with electricity (odds ratio [OR]: S1 0.75 [95% CI: 0.61; 0.93]; S2 0.89
[95% CI: 0.80; 0.98]), cement/plaster walls versus mud (OR:
S1 0.81 [95% CI: 0.69; 0.96]; S2 0.87 [95% CI: 0.76; 0.99]),
and nets on all windows (OR: S1 0.73 [95% CI: 0.63; 0.84]; S2
0.79 [95% CI: 0.66; 0.94]) were associated with a lower risk of
infection with P. falciparum. In addition, older age was associated with a higher risk of infection (OR: 1.14 [95% CI: 1.05;
1.24] in S1 and 1.09 [95% CI: 1.02; 1.16] in S2; Supplemental
Tables 11 and 12).
Figure 4 represents a plain language summary, which
elaborates on the epidemiologic study relevance that could be
shared with patients by healthcare professionals.
DISCUSSION
Characterizing MTI in different SSA settings. Using PfPR
as a proxy, this study aims at characterizing MTI15 in different
SSA settings, including areas in GH and KE where the RTS,S/
AS01E malaria vaccine is currently introduced in the framework of the MVIP. More speciﬁcally, considering the WHO
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TABLE 3
Agreement between microscopy and QT-PCR test results by survey
Survey 1

Survey 2

QT-PCR

Study site

Nouna, BF

P. falciparum
measured by
microscopy

Positive
Negative

Saponé, BF

Total
Positive
Negative

Kintampo, GH

Total
Positive
Negative

Kombewa, KE

Total
Positive
Negative

Keur Socé, SN

Total
Positive
Negative

Niakhar, SN

Total
Positive
Negative

Korogwe, TZ

Total
Positive
Negative

Overall total

Positive (N = 1,268)

Total
Positive
Negative
Total

n
%
n
%
n
n
%
n
%
n
n
%
n
%
n
n
%
n
%
n
n
%
n
%
n
n
%
n
%
n
n
%
n
%
n
n
%
n
%
n

QT-PCR

Negative (N = 2,069)

n

%

n

%

347
85.5
59
14.5
406
212
86.2
34
13.8
246
188
81.4
43
18.6
231
174
66.4
88
33.6
262
–
–
–
–
–
7
46.7
8
53.3
15
55
50.9
53
49.1
108
983
77.5
285
22.5
1,268

90.1
–
30.1
–
–
99.1
–
16.0
–
–
90.0
–
12.1
–
–
88.8
–
21.8
–
–
–
–
–
–

38
21.7
137
78.3
175
2
1.1
178
98.9
180
21
6.3
313
93.7
334
22
6.5
315
93.5
337
–
–
–
–
–
1
0.2
549
99.8
550
8
1.6
485
98.4
493
92
4.4
1,977
95.6
2,069

9.9
–
69.9
–
–
0.9
–
84.0
–
–
10
–
87.9
–
–
11.2
–
78.2
–
–
–
–
–
–
–
12.5

87.5
–
1.4
–
–
87.3
–
9.9
–
–
91.4
12.6
–
–

98.6
–
–
12.7
–
90.1
–
–
8.6
–
87.4
–
–

Positive (N = 1,417)
Total
N = 3,337

385
196
214
212
–
209
356
–
196
403
–
–
–
–
8
557
–
63
538
–
1,075
2,262
–

n

400
87.5
57
12.5
457
312
80.0
78
20.0
390
201
71.5
80
28.5
281
185
78.4
51
21.6
236
4
57.1
3
42.9
7
3
21.4
11
78.6
14
16
50.0
16
50.0
32
1,121
79.1
296
20.9
1,417

%

82.1
–
50.9
–
–
98.7
–
27.6
–
–
94.8
20.6
–
97.9
–
12.4
66.7
0.5
–
–
100.0
–
1.8
–
–
88.9
–
2.7
–
–
91.1
10.1
–
–

Negative (N = 2,737)
n

%

87
61.3
55
38.7
142
4
1.9
205
98.1
209
11
3.4
308
96.6
319
4
1.1
359
98.9
363
2
0.4
547
99.6
549
0
0.0
587
100.0
587
2
0.4
566
99.6
568
110
4.0
2,627
96.0
2,737

17.9
–
49.1
–
–
1.3
–
72.4
–
–
5.2
–
79.4
–
–
2.1
–
87.6
–
–
33.3
–
99.5
–
–
0.0
–
98.2
–
–
11.1
–
97.3
–
–
8.9
–
89.9
–
–

Total
(N = 4,154)

487
112
–
316
283
–
–
212
388
–
189
410
–
6
550
–
3
–
598
–
–
18
–
582
–
–
1,231
2,923
–

BF = Burkina Faso; GH = Ghana; KE = Kenya; SN = Senegal; TZ = Tanzania; n = number of participants in a given category; P. falciparum = Plasmodium falciparum; QT-PCR = quantitative
PCR; % = percentage of participants with available results.

recommendation to operate the MVIP in moderate to high
transmission areas of SSA, PfPR in children aged 6 months to
4 years in Kintampo and Kombewa sites was high, ranging
TABLE 4
Bednet usage the night before the survey by study site and survey
Bednet usage the night before the survey
Survey 1 (N = 4,208)
Site, country

N

Nouna, BF
Saponé, BF
Kintampo, GH
Kombewa, KE
Keur Socé, SN
Niakhar, SN
Korogwe, TZ
Overall

547
557
421
584
568
547
544
3,768

% (95% CI)

Survey 2 (N = 4,199)
n

90.3 (87.6; 92.5) 530
92.2 (89.8; 94.2) 534
70.2 (66.3; 73.8) 497
97.5 (95.9; 98.6) 534
94.7 (92.6; 96.3) 520
91.5 (88.9; 93.6) 418
90.5 (87.9; 92.7) 595
89.5 (88.6; 90.5) 3,628

% (95% CI)

88.3 (85.5; 90.8)
89.1 (86.4; 91.5)
82.8 (79.6; 85.8)
89.1 (86.4; 91.5)
86.7 (83.7; 89.3)
69.6 (65.7; 73.2)
99.2 (98.1; 99.7)
86.4 (85.3; 87.4)

BF = Burkina Faso; GH = Ghana; KE = Kenya; SN = Senegal; TZ = Tanzania; n (%) = number
(percentage) of children using a bednet the night before the visit in each site; N = total number
of participants; 95% CI = exact 95% CI.

from 24.8% to 27.3% depending on the study site and the
survey. Similar PfPR was estimated by Drakeley et al.,9 indicating a stable mesoendemic MTI level (PfPR = 10–50%) in
those areas.10,16 Plasmodium falciparum parasite prevalence
varied largely between sites as it was expected from various
preselected transmission intensity areas. In both surveys, the
two sites in BF had the highest PfPR and the two sites in SN,
the lowest. Plasmodium falciparum parasite prevalence rates
recorded in this study are in line with previous ﬁndings.9,16–18
Across most sites, the PfPR was lower in the 6-month to
< 5-year than in the 5-year to < 10-year age-group. In addition,
a risk factor analysis highlighted an association between older
age and higher risk of infection. Those results corroborate the
ﬁndings of other studies, identifying increasing age as a risk
factor for carrying malaria blood stage parasites.9,16,19 This
may potentially be explained by the fact that younger children
beneﬁt from a more focused usage of control interventions
(bednets).20 Another explanation would be increased immunity in older children due to repeated exposure to the parasite,

1889

MTI AND CONTROL INTERVENTION STUDY

FIGURE 3. Bednet characterization according to obsolescence, impregnation, and condition, by survey and by site. impregnated bednet = bednet
dipped in an insecticide liquid before or after purchase; new bednet = bednet not older than 1 year; S1 = survey 1; S2 = survey 2. Error bars depict
95% CI.

leading to asymptomatic carriage and a lower probability to be
treated than in symptomatic children.21,22
Infection with P. malariae was observed in a few participants, and infection with P. ovale was rare, which supports
observations from other studies conducted across SSA.23–26
Across all sites and surveys, only one Plasmodium vivax infection
was identiﬁed by microscopy in TZ, which differs from Twohig
et al.’s27 recent ﬁndings of growing evidence of this species in SSA.
A high proportion of coinfections with P. falciparum was observed
in P. malariae–infected participants (between 70% and 90%)
and P. ovale–infected participants (around 60%). Similarly, high
percentages of P. falciparum coinfection in P. malariae–infected
participants was previously reported in Guinea (97%),23 Uganda
(91%),24 and in the Democratic Republic of the Congo (90%),25 with
lower percentages reported in rural BF (67%)26 and Benin (34%).23
Approximately 20% of participants positive for P. falciparum
by QT-PCR were undetected by microscopy. Classifying the
study sites by MTI, this proportion was higher in low MTI sites.
This might be explained by a relatively lower sensitivity of
microscopy readings than nucleic acid related techniques,
particularly in low parasite density infections, which are more
frequently observed in low MTI areas.12,13 Nevertheless, the
kappa statistic estimated a substantial agreement between
microscopy and NAAT techniques using either qualitative or
semi-quantitative real-time PCR.
Monitoring year-to-year variations in MTI and in the use
of malaria control interventions. In addition, the present

results are establishing a standardized baseline for further
estimation of the year-to-year variations in PfPR and in the use
of malaria control interventions, which are key variables to be
monitored before and after vaccine introduction in the MVIP
areas. Little variation in P. falciparum prevalence between the
ﬁrst two annual surveys was observed among most sites.
Usage of bednets as a malaria control intervention was high in
all sites and in both surveys (ranging 70–99%). Some variation
in the usage of bednets was observed in all sites, except in BF.
In S2, participants not using mosquito coils, insecticide
sprays, or repellents against malaria vectors were signiﬁcantly
less likely to be infected with P. falciparum (OR: S2 0.88 [95% CI:
0.782; 0.988]); however, no such association was observed in
S1. Various entomological studies have questioned the efﬁcacy
of repellents and coils as effective malaria prevention measures
and highlighted the false sense of protection perceived by the
user.28–30 Our data do not allow to draw robust conclusions at
this stage, and the trend observed in S2 should be closely
monitored in the subsequent cross-sectional surveys.
Study limitations. As with all interview–questionnairebased studies, this study could have been subject to information or recall bias as data related to bednet usage, control
interventions usage, and care-seeking behaviors were collected from parents’ recollection as opposed to objective
observation. The impact of these potential information biases
on the study results is estimated to be limited because of the
proximity in time between the occurrence of the event for

TABLE 5
Care-seeking behaviors (treatment sought for fever and hospitalization for malaria) according to P. falciparum infection status by microscopy and
survey
P. falciparum infected

P. falciparum not infected

Total

Care-seeking behavior

Survey

N

N

% (95% CI)

n

N

% (95% CI)

n

N

% (95% CI)

Treatment sought for malaria or
fever in the previous 14 days
Hospitalization for malaria in the
past 3 months

S1
S2
S1
S2

238
247
33
42

1,187
1,232
1,187
1,232

20.1 (17.8; 22.4)
20.0 (17.8; 22.4)
2.8 (1.9; 3.9)
3.4 (2.5; 4.6)

424
290
76
77

3,021
2,967
3,021
2,967

14.0 (12.8; 15.3)
9.8 (8.7; 10.9)
2.5 (2.0; 3.1)
2.6 (2.1; 3.2)

662
537
109
119

4,208
4,199
4,208
4,199

15.7 (14.6; 16.9)
12.8 (11.8; 13.8)
2.6 (2.1; 3.1)
2.8 (2.4; 3.4)

n (%) = number (percentage) of children in each group; N = total number of participants; P. falciparum = Plasmodium falciparum; S1 = survey 1; S2 = survey 2; 95% CI = exact 95% CI.
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FIGURE 4. Plain language summary. This ﬁgure appears in color at www.ajtmh.org.

which information is collected and the interview itself. Another
study limitation may be related to both sensitivity and speciﬁcity of microscopy slide readings. Slide reading performances may indeed vary depending on the parasite density
and species identiﬁcation. However, the kappa statistic estimated a substantial agreement between microscopy and QTPCR, the latter being able to detect a higher number of low
density infections than microscopy and RDT.12,31 Moreover,
this should mainly impact low transmission settings due to the
high proportion of low-density infections.

CONCLUSION
The present article summarizes the results of the ﬁrst two
annual surveys of a larger malaria prevalence study aiming at
characterizing MTI in light of the use of malaria control interventions and other environmental factors. Our results conﬁrm
that the high PfPR observed in study sites that are part of the
MVIP is in line with the WHO recommendation to operate the
program in moderate to high transmission areas. In addition,
our results are key to inform on the potential occurrence of
annual ﬂuctuations in MTI that may inﬂuence the assessment
of the RTS,S/AS01E vaccine safety, effectiveness, and impact. The observations based on the ﬁrst two surveys of this
study do not indicate major temporal changes in terms of
Plasmodium prevalence or use of malaria control interventions, but more surveys are needed to conﬁrm this trend. The
data generated in this study will be used to create variables to
adjust the temporal and concurrent comparison analyses of

the RTS,S/AS01E vaccine safety, impact, and effectiveness
study. More speciﬁcally, the year- and site-speciﬁc PfPR
computed on unvaccinated study participants will be included
as covariates in the regression models of the safety, impact,
and effectiveness study to assess annual ﬂuctuations and/or
changes due to other malaria control interventions.
To a broader extent, the large sample size of this study (approximately 50,000 participants during the course of 9 years) and
the use of a standardized methodology across multiple sites in
various countries in SSA using multiple testing will provide a
unique perspective on malaria prevalence variations across Africa.
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