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Abstract. Many African countries have reported declines in malaria incidence, attributed to the implementation of
control strategies. In Mali, artemisinin-based combination therapy (ACT) was introduced in 2004, and long-lasting
insecticide-treated nets (LLINs) have been partially distributed free of charge since 2007. In the Malian town of Bandia-
gara, a study conducted from 2009 to 2013 showed a stable incidence of malaria compared with 1999, despite the
implementation of ACTs and LLINs. Since 2016, seasonal malaria chemoprevention has been scaled up across the
country. In addition to these strategies, thepopulation ofBandiagara benefited from indoor residual spray implementation
in 2017 and 2018 and continued universal bed net coverage. This study aimed to measure the incidence of malaria in
Bandiagara, given this recent scaling up of control strategies. A cohort of 300 children aged 6 months to 15 years was
followed up from October 2017 to December 2018. We performed monthly cross-sectional surveys to measure anemia
and the prevalence of malaria infection by microscopy. The overall incidence of symptomatic malaria was 0.5 episodes/
person-year. Malaria incidence in children up to 5 years old significantly declined since 2012 and since 1999 (incidence
rate ratio estimates: 6.7 [95%CI: 4.2–11.4] and 13.5 [95%CI: 8.4–22.7]), respectively. The average prevalence of malaria
parasitemia was 6.7%. Malaria incidence was higher in children older than 5 years than in those younger than 5 years,
highlighting the need to extend malaria control efforts to these older children.

INTRODUCTION

Malaria remains one of the deadliest infections globally. In
2018, the WHO estimates that 219 million cases of malaria
occurred worldwide. Africa accounted for 93% of the cases.1

Over the last decade, remarkable achievements in malaria
control have been accomplished through large-scale imple-
mentation of high-impact interventions, including case man-
agement with the rapid diagnostic test (RDT) and treatment
with artemisinin-based combination therapy (ACT), pre-
vention and control of malaria among pregnant women using
intermittent preventive therapy, vector control strategies in-
cluding insecticide-treated bed nets (ITNs), and indoor re-
sidual spraying (IRS).2–5

In Mali, malaria is characterized by its endemicity in the
central and southern regions and epidemic potential in the
northern regions. Since 2007, children aged 0–5 years have
benefited from several malaria control interventions provided
free of charge. These include long-lasting insecticide-treated
nets (LLINs), RDTs, and ACTs. These strategies have had an
impact on morbidity and mortality related to malaria.6

A new strategy, seasonal malaria chemoprevention (SMC),
appears to have considerable benefits for young children.
Children aged 3–59 months receive a treatment dose of
amodiaquine plus sulfadoxine–pyrimethamine monthly for
4 months during malaria transmission season. A study mea-
suring the impact of the routine implementation of SMC
showed a substantial reduction of malaria and anemia.7 The
parasitemia prevalence decreased to 18% in the intervention

district and increased to 46% in the comparison district.7

Another study showed an association of the SMC with a
substantial reduction in hospital admissions and all-cause
mortality.8 In 2016, SMC was implemented nationwide for
children aged 3 months–5 years.
Bandiagara is a centralMali town that is a sentinel site of the

National Malaria Control Program (NMCP) and malaria vac-
cine testing site. A study carried out in Bandiagara from 2009
to 2013 following the implementation of LLINs, RDTs, and
ACTs showed a stable malaria incidence compared with
1999.9 Since that study, SMC has been implemented in
Bandiagara, as well as universal bed net coverage and IRS in
2017 and 2018. We hypothesized that the implementation of
SMC and IRSmay reduce the incidence of clinical malaria and
malaria infection in Bandiagara.

MATERIAL AND METHODS

Study design. A cohort study was carried out in children
aged between 6 months and 15 years. They were followed
from October 2017 to December 2018 by the Malaria Re-
search and Training Center (MRTC) within the Bandiagara
Malaria Project (BMP).
Study area. This study was conducted in Bandiagara, a

town of approximately 20,000 inhabitants located in central
region of Mali in West Africa, on a rocky plain. Bandiagara is a
sentinel site of the NMCP and a research site for the MRTC
since 1998, and it has been developed as a malaria vaccine
testing site. Mosquitoes in the Anopheles gambiae s.l. com-
plex are the main malaria vectors. Malaria transmission is
highly seasonal, with minimal transmission during the dry
season spanning from November/December to May/June
with essentially no detectable infective mosquito bites.
Transmission occurs mainly during the rainy season from
June/July to October/November, with a peak of up to 60
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infective mosquito bites per person per month in August or
September. Plasmodium falciparum represents 97% of malaria
infections, with the remaining 3% due mostly to Plasmodium
malariae and rare Plasmodium ovale infections. The peak of
symptomatic malaria occurs in September–October. A detailed
description of the study site can be found elsewhere.9

In 1999, we performed a cohort study of 401 participants
aged from 3 months–20 years, followed up from June to De-
cember, that has previously been described.10 In brief, sub-
jects were enrolled and followed up passively (which
consisted ofmaking available care any time a subject got sick)
and actively through weekly clinical evaluations and thick
blood smears every 4 weeks. Another cohort of 300 children
aged 0–6 years and 100 children aged 7–14 years were en-
rolled in June 2009 and June 2010, respectively, and followed
up until January 2015 through monthly active visits (with
clinical and laboratory assessment) and passively.9 For both
studies, malaria diagnosis was based on slide microscopy.
Subject recruitment and enrollment. Before starting the

study, community permission was obtained as described by
Diallo et al.11 Parents were invited to accompany children to
the BMP Research Clinic to be screened for eligibility. In Oc-
tober 2017, participants were enrolled on a first-come first-
served basis until the study target number was reached.
Inclusion and exclusion criteria. Children aged 6 months–15

years inclusiveat thetimeofscreeningresiding inBandiagara town
andmeeting the following inclusion criteria were enrolled: general
goodhealthbasedonclinical evaluation,written informedconsent
obtained from the parent/guardian, assent from children aged 13
years and older, and availability to participate in follow-up for the
duration of study.
Exclusion criteria were simultaneous participation in an inter-

ventional clinical trial and chronic use of a medication with known
antimalarial activity such as trimethoprim–sulfamethoxazole.
Malaria preventive measures implementation. The dis-

tribution campaign of LLINs was in September 2017. Long-
lasting insecticide-treated nets have been freely distributed to
all the population ofBandiagara in the ratio of oneLLINper two
persons. There was no LLIN distribution in 2018.
Four rounds of SMC focused on children aged 3–59months

were completed each year in 2017 and2018. In 2017, theSMC
campaignswere from2 to 6August, 12 to 16September, 19 to
23 October, and 28 November to 2 December. In 2018, the
SMC roundswere from20 to 24 July, 24 to 28August, 22 to 26
September, and 24 to 28 October.
Indoor residual spraying was performed in July 2017 and in

September 2018. The insecticide used was Actellic 300 CS
(Syngenta Crop Protection AG, Basel, Switzerland).
The Mali NMCP implemented all of these interventions.

According to the local NMCP worker responsible for malaria
control, the targeted population coverage rate for each in-
tervention exceeded 85%.
Ethical clearance. The study protocol and informed consent/

assent process were reviewed and approved by the institutional
reviewboardsof theFacultyofMedicine,Pharmacy, andDentistry
of the University of Science, Techniques, and Technologies of
Bamako.Permission towork in the communitywasobtained from
local official authorities. Individual written informed consent was
obtainedfromparentsorguardians,andassentwasobtained from
children aged 13 years and older.
Study procedures. Passive and active surveillance were

performed to capture malaria infection and disease.

Active surveillance consisted of scheduled monthly visits
(every 4 weeks) with the aim of detecting asymptomatic
malaria infection and anemia. At each visit, participants were
questioned for symptoms of malaria and examined. Finger
prick blood was collected for malaria thick smear and hemo-
globin level. Smearswere not read contemporaneously unless
symptoms or signs of malaria were present.
Passive surveillance consisted of continuous availability of

free, basic medical care at the BMP Research Clinic and
Bandiagara District Hospital. Parents/guardians were en-
couraged to visit the clinic at any timewhen their child got sick.
Children were examined by a physician. If symptoms or signs
compatible with malaria were present, finger prick blood was
collected for a blood film, which was read immediately. Un-
complicatedmalariawas treatedwith artemisinin combination
therapy (artemether/lumefantrine) according to the guidelines
of the Mali NMCP. Parents/guardians were instructed to ad-
minister only drugs given or prescribed by the research team
and to avoid as much as possible self-medication.
Clinical malaria was defined by the presence of symptoms

consistent with malaria: fever, chills, headaches, joint pain,
vomiting, diarrhea, or abdominal pain andpresence of asexual
malaria parasites at any density.
Malaria diagnosis was based on microscopy.
Anemia was defined as a hemoglobin level < 10 g/dL.
Sample size estimation. To adequately estimate malaria

incidence assuming an average of 0.75 clinical episodes per
subject per year, we determined that with 300 total subjects,
we could assess the malaria incidence in the cohort with 80%
power and a confidence level of 95%.
Laboratory assays. Malaria thick smears were Giemsa-

stained and parasites counted against 300 leukocytes to give
parasite counts/mm3, assuming a leukocyte count of 7,500/
mm3. Standard operating procedures were developed to en-
sure uniformandhigh-qualitymalaria smears, including training
and certified malaria microscopists. Hemoglobin level was
determined using Hemocue hemoglobin analyzers (Hemocue
Inc, Cypress, CA).
Statistical methods. Data were entered into a Microsoft

ACCESS 2013 database (Microsoft Corp., Redmond, WA).
TheanalysiswasperformedusingSTATAsoftware, version16
(Stata Corp, College Station, TX). Descriptive statistics were
used to summarize baseline values and demographic char-
acteristics (age, gender, and ethnicity). Pearson chi-square

TABLE 1
Sociodemographic and baseline characteristics

Gender N (%)
Male 146 (48.7)
Female 154 (51.3)

Gender-ratio
Age

6 months–5 years 83 27.7%
6–10 years 110 36.7%
> 10 years 107 35.7%

Ethnicity
Dogon 200 66.7
Sonrhaı̈ 28 9.3
Peulh 17 5.7
Bambara 13 4.4
Soninké 7 2.3
Minianka 6 2.0
Other 29 9.6
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tests or exact probabilities statistics were used to compare
categorical variables.
The incidence rate of clinical malaria was calculated as the

number of episodes per person per year. The incidence rate
ratio (IRR)with 95%CIwasused tocompare the incidencesby
age-groups. Data from 1999 to 2012 have been used for
previous studies. Fisher testwasused tocompare themonthly
prevalences between age-groups. X2 test was used to com-
pare the cumulative prevalences. All P-values < 0.05 were
considered statistically significant.

RESULTS

Sociodemographic and baseline characteristics. A total
of 326 participants were screened. Of these, 300 volunteers
who met the inclusion criteria were enrolled. The main reason
for noninclusion was likelihood of traveling out of the study
area. The gender ratio was 1.05 in favor of girls (154 females
versus 146 males; Table 1). The mean age was 7.9 years
(Standard Error 0.2 CI 95% [7.5–8.4]). Dogon was the main
ethnic group (74%).
Approximately 98% (298/300) of children reported sleeping

under ITNs during the enrollment visit.
Fourteenparticipants (4.6%)were lost to follow-upbecause

of travel. The follow-up rate was 95.4%.
Clinical malaria. Of the 300 participants, 107 experienced

at least one clinical malaria episode, with a total of 167 clinical
malaria episodes. Two participants had four episodes.
Most children who experienced one episode were older

than 10 years (54.8%; Table 2). By contrast, most participants
who experienced two clinical episodes were aged between 6

and 10 years (56.3%). Participants younger than 6 years did
not experience more than two episodes (Table 2). For partic-
ipants who experienced three episodes, those older than 10
years were the most represented (63.6%). Two participants
older than 10 years had four episodes.
The overall incidence rate after 16 months of follow-up was

0.5 (95% CI: 0.4–0.6) clinical malaria episodes (Table 3). The
age-specific incidencewas 0.3 (95%CI: 0.2–0.5), 0.5 (95%CI:
0.4–0.6), and 0.6 (95% CI: 0.5–0.7) episodes/person-year,
respectively, in children aged 6 months–5 years, 6–10 years,
and older than 10 years categories.
The younger age-group was less affected than the 6- to 10-

year age-group: the IRR estimate was 0.6 (95% CI: 0.3–1.0),
P = 0.016 (Table 3).
Malaria incidence in children aged up to 5 years was higher

in 2012 than in 2017–2018: the IRR estimate was 6.7 (95%CI:
4.2–11.4), P < 10−3 (Table 3).
Malaria incidence in children aged up to 5 years was much

higher in 1999 than in 2017–2018: the IRR estimate was 13. 5
(95% CI: 8.4–22.7); P < 10−3 (Table 3).
Participants sampled for parasitemia and the preva-

lence of infection. The highest cumulative prevalence of in-
fection was 13.5%, in May 2018. The lowest prevalence of
infection was 2.0%, recorded in June 2018 (Table 4, Figure 1).
The average prevalence of malaria infection for the study pe-
riod was 6.8%.
For children older than 10 years, monthly infection preva-

lence peaked in October 2017 at 18.1%. In the low malaria
transmission season spanning December to May, the highest
malaria prevalence for thesechildrenwas16.5%, inMay2018.
The lowest prevalence of infection in children aged 0–5 years
was 1.2%, in October 2017 (Table 4, Figure 1). For children
aged6–10years, noparasitesweredetected in this population
in June 2018. InOctober 2017, the prevalence of infectionwas
low in children aged from 6 months–5 years compared with
that in those aged 6–10 years (P = 0.026) and in those older
than 10 years (P < 10−3). Overall, there was a statistically sig-
nificant difference between age-group (X2 = 16.86; P < 10−3).
The cumulative prevalence in children aged up to 5 years and
children aged 6–10 years was comparable (X2 = 0.05; P =
0.833), whereas children older than 10 years had a higher

TABLE 2
Numberof participantswhoexperiencedclinicalmalariaby age-group
Clinical episode 6 months–5 years, n (%) 6–10 years, n (%) > 10 years, n (%) Total

0 43 (22.3) 76 (39.4) 74 (38.3) 193
1 9 (14.5) 19 (30.7) 34 (54.8) 62
2 5 (15.6) 18 (56.3) 9 (28.1) 32
3 0 (0) 4 (36.4) 7 (63.6) 11
4 0 (0) 0 (0) 2 (100) 2
Total 57 (19.0) 117 (39.0) 126 (42.0) 300

TABLE 3
Comparison of clinical malaria incidence rates by age-group and year

Incidence rate of clinical malaria by age-group in 2017–18

6 months–5 years 6–10 years > 10 years Overall IRR* (95% CI), P IRR† (95% CI), P

Number of episodes 19 67 81 167 0.6 (0.4–1.0), 0.016 0.51 (0.3–0.9), 0.005
Person-year 64.8 133.2 141.3 339.3
Incidence rate (95% CI) 0.3 (0.2–0.5) 0.5 (0.4–0.6) 0.6 (0.5–0.7) 0.5 (0.4–0.6)
Comparison of malaria incidence in children aged up to 5 years in 2012 and 2017–2018

2012 2017–2018 IRR‡ (95% CI), P
Number of episodes 185 19 6.7 (4.2–11.4), < 10−3

Person-year 94.2 64.8
Incidence rate (95% CI) 2.0 (1.7–2.3) 0.3 (0.2–0.5)
Comparison of malaria incidence in children aged up to 5 years in 1999 and 2017–2018

1999 2017–2018 IRR§ (95% CI), P
Number of episodes 245 19 13.5 (8.4–22.7), < 10−3

Person-year 62.1 64.8
Incidence rate (95% CI) 3.9 (3.5–4.5) 0.3 (0.2–0.5)
IRR = incidence rate ratio.
* IRR = comparison of malaria incidence in children aged up to 5 years and children older than 10 years in 2017–2018.
† IRR = comparison of malaria incidence in children aged up to 5 years and children aged from 6 to 10 years in 2017–2018.
‡ IRR = comparison of malaria incidence in children aged up to 5 years in 2012 and 2017–2018.
§ IRR = comparison of malaria incidence in children aged up to 5 years in 1999 and 2017–2018.
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prevalence than those aged 0–5 years (X2 = 10.37; P = 0.001;
Table 4).
Prevalence of anemia. The overall prevalence of anemia

was 2.3% (Figure 2). The highest prevalence of anemia was

7.1%, in November 2018. For children aged 0–5 years, the
highest prevalence of anemia was 18.2%, in November 2018.
For children older than 10 years, monthly anemia prevalence
did not exceed 5% during the entire study (Figure 2). There

TABLE 4
Monthly prevalence of malaria infection

Month

6 months–5 years 6–10 years

P-value*

> 10 years

P-value†Negative, n Positive, n (%) Negative, n Positive, n (%) Negative, n Positive, n (%)

October 2017 81 1 (0.2) 100 10 (9.1) 0.026 86 19 (18.1) < 10−3

November 2017 77 2 (2.5) 106 4 (3.6) 1.000 102 6 (5.5) 0.471
December 2017 76 3 (3.8) 100 6 (5.6) 0.735 105 6 (5.4) 0.738
January 2018 78 2 (2.5) 100 6 (5.6) 0.469 104 8 (7.1) 0.198
February 2018 76 3 (3.8) 102 5 (4.6) 1.000 100 13 (11.5) 0.067
March 2018 67 9 (11.8) 99 8 (7.4) 0.439 103 11 (9.6) 0.637
April 2018 70 3 (4.1) 108 3 (2.7) 0.683 109 3 (2.6) 0.682
Early May 2018 61 10 (14.0) 99 11 (9.9) 0.478 96 19 (16.5) 0.836
Late May 2018 69 3 (4.2) 106 3 (2.7) 0.683 110 6 (5.1) 1.000
June 2018 66 2 (2.9) 109 0 0.146 112 4 (3.4) 1.000
July 2018 60 6 (9.1) 99 8 (7.5) 0.777 98 11 (10.1) 1.000
August 2018 59 5 (7.8) 102 7 (6.4) 0.762 98 13 (11.7) 0.606
September 2018 58 4 (6.4) 98 8 (7.5) 1.000 99 13 (11.6) 0.424
October 2018 59 3 (4.8) 100 8 (7.4) 0.748 106 7 (6.2) 1.000
November 2018 52 3 (5.4) 103 5 (4.6) 1.000 112 7 (5.9) 1.000
December 2018 51 3 (5.5) 103 7 (6.4) 1.000 107 12 (10.1) 0.396
Total 1,060 62 (5.5) 1,634 99 (5.7) 0.868 1,647 158 (8.7) 0.001
*P-value = comparison of children aged 6 months–5 years with 6- to 10-year-old children.
†P-value = comparison of children aged 6 months–5 years with children older than 10 years.

FIGURE 1. Gray vertical bars cover the seasonal malaria chemoprevention implementation period in 2017 and 2018, blue vertical bar covers the
IRS implementation period in 2018, blue line represents the monthly prevalence of malaria infection in children aged 0–5 years, red line represents
themonthly prevalence ofmalaria infection in children aged6–10 years, green line represents themonthly prevalenceofmalaria infection in children
older than 10 years, and orange line represents the overall monthly prevalence of malaria infection. This figure appears in color at www.ajtmh.org.
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was a significant difference in anemia prevalence between
age-groups (X2 = 99.36; P < 10−3).

DISCUSSION

Tools and strategies for malaria control such as ACT, long-
lasting ITNs, intermittent preventive treatment in pregnancy,
intermittent preventive treatment in infancy, and SMC in chil-
dren have shownefficacy inmalaria control.1,12 InBandiagara,
following implementation of long-lasting ITNs, RDTs, and
ACT, a study showed a comparable incidence to what was
observed in 1999, before implementation of these control
strategies.9 Seasonal malaria chemoprevention was scaled
up in 2016 in Mali, and in 2017–2018, the health district of
Bandiagara benefited from a large distribution of long-lasting
ITNs and IRS. As new interventions need to be monitored for
proper implementation andpotential impact,wemeasured the
incidence of malaria in the pediatric population, predicting a
decline.
A cohort of 300 children was followed up using active and

passive surveillance to capture all clinical episodes of malaria
that occurred in the cohort during the study period. The cu-
mulative prevalence of malaria parasite carriage was 6.8%. A
survey carried out from August to October 2010 (before SMC
and IRS implementation), in children aged 6–59 months,
showed a prevalence of 47.4% of Plasmodium carriage in
the Mopti region, which includes Bandiagara.13 The low
prevalence of malaria infection that we observed attests
to a reduction in transmission intensity and may be due to
the combination of SMC, LLINs, and IRS in Bandiagara. In-
terestingly, the highest prevalence of infection was ob-
served in the dry season, when all parasite carriers were

asymptomatic. The highest prevalence of malaria infection
was noted then in children older than 10 years. There was a
statistically significant difference when comparing the cumu-
lative prevalence in children up to 5 years old and children
older than 10 years (P = 0.001). Similar findings have been
noted in Senegal. In a cluster-randomized trial evaluating the
effectiveness of SMC using sulfadoxine–pyrimethamine plus
amodiaquine given over 5months to children younger than 10
years in Saraya district, the prevalence of parasitemia was
18% in children younger than 5 years and 25% in children
aged 5–9 years in the control villages, and 5.7% and 5.8%,
respectively, in these twoage-groups in theSMCvillages,with
prevalence differences of 12.5% (95%CI: 6.8–18.2;P< 0.001)
in children younger than 5 years and19.3% (95%CI: 8.3–30.2;
P < 0.001) in children aged 5–9 years.14

We found an overall malaria incidence rate of 0.5 episodes/
person-year; the age-specific incidence was 0.3, 0.5, and 0.6
episodes per person-year observed, in children aged
6months–5years, 6–10years, andolder than10years groups,
respectively. Children aged 6 months–5 years had a lower
malaria incidence than those aged 6–10 years and than chil-
dren older than 10 years. This is unusual, given that in high-
transmission settings, the highest malaria incidence has
classically been seen in younger children.17 These findings
parallel the age shift in the susceptibility to malaria recently
reported by authors in regionswhere similar control strategies
were implemented.7,12,13

We found a significant decrease in malaria incidence com-
pared with older studies. Previous studies in Bandiagara de-
termined an incidence of malaria of 1.7 episodes per person/
24 weeks in 1999, and 1.4 episodes per person-years from
2009 to 2013. Malaria incidence in children aged up to 5 years

FIGURE 2. Gray vertical bars cover the seasonal malaria chemoprevention implementation period in 2017 and 2018, blue vertical bar covers the
IRS implementationperiod in 2018,blue line represents themonthlyprevalenceof anemia in childrenaged0–5years, red line represents themonthly
prevalence of anemia in children aged 6–10 years, green line represents the monthly prevalence of anemia in children older than 10 years, and
orange line represents the overall monthly prevalence of anemia. This figure appears in color at www.ajtmh.org.
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significantly declined since 2012 and since 1999. The de-
crease inmalaria incidence establishedby this current study is
likely due to the efficacy of control measures, particularly the
recent implementation of SMC and IRS, as well as long-
standing measures such as LLINs, suggesting that malaria
may be eliminated with the proper implementation of all of the
prevention tools available today.
The prevalence of anemia rose in October 2018, peaking at

18.2% the following month in the 0- to 5-year age-group. The
prevalence remained less than 5% in older age-groups irre-
spective of month. This rise paralleled a rise in malaria prev-
alence, but other contributors to anemia include malnutrition.
At our study site, a food shortage is generally observed from
August to December, which could contribute to the high
prevalence of anemia in that period in young children, who are
alsomore susceptible to other infections thanolder children. A
similar finding was observed in Nigeria, where a study con-
ducted in 226 children agedup to 10 years showed the highest
prevalence of anemia in children aged £ 1–2 years (P = 0.003).
Only 4.9%of childrenwere using ITN.15 In addition, a reviewof
malaria and anemia showed a decline of anemia in high
malaria transmission settings when children grow.16

Limitations of this study include the lack of entomological
parameters of transmission to support clinical findings, the
relative short study period, and the lack of information onSMC
receipt for participants younger than 5 years. However,
according to the person in charge of malaria in the district
health referral center, overall, the SMC coverage rate is more
than 85%.
We identified a decline in malaria incidence at a Malian site

with intense seasonal transmission following the combined
implementation of control strategies that included SMC and
IRS. Old children experienced more malaria cases. This find-
ing supports the extension of control efforts to older age-
groups.
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