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Abstract 

Background: In 2012, the World Health Organization (WHO) recommended seasonal malaria chemoprevention 
(SMC) in areas of high seasonal transmission. Though implemented since 2013, the effectiveness of SMC in Togo was 
never evaluated.

Methods: This study concerned routine data from 2013 to 2020 mass SMC campaigns for children under five in 
all health facilities of three Regions of Togo. Treatment coverage, reasons for non‑treatment, and SMC‑attributable 
adverse reactions were analysed per year and treatment round. Random effect logistic models estimated SMC effec‑
tiveness per health district, year, and treatment round.

Results: The overall coverage was 98% (7,971,877 doses for 8,129,668 children). Contraindication was the main rea‑
son for non‑administration. Over the study period, confirmed malaria cases decreased from 11,269 (1st round of 2016) 
to 1395 (4th round of 2020). Only 2,398 adverse reactions were reported (prevalence: 3/10,000), but no severe Lyell 
syndrome or Stevens‑Johnson‑type skin reaction. Compared to 2016, malaria prevalence decrease was estimated at 
22.6% in 2017 (p < 0.001) and 75% in 2020 (p < 0.001). SMC effectiveness ranged from 76.6% (2nd round) to 96.2% (4th 
round) comparison with the 1st round.

Conclusions: SMC reduced significantly malaria cases among children under five. The results reassure all actors and 
call for effort intensification to reach the WHO goals for 2030.

Keywords: Seasonal malaria chemoprevention, Effectiveness, Children, Togo

Background
In 2019, the World Health Organization (WHO) esti-
mated at nearly 229 million the number of malaria cases 
in 87 endemic countries [1]. In sub-Saharan Africa, nearly 
70% of the deaths due to malaria occur in children under 

five [2] and, whereas the global incidence of malaria 
decreased by 27% between 2000 and 2015, it decreased 
by only 2% between 2015 and 2019, indicating a declining 
progress since 2015 [1].

The progress in the fight against malaria is probably 
due to robust strategies for prevention, diagnosis, treat-
ment, and surveillance in endemic areas. Among these 
strategies, seasonal malaria chemoprevention (SMC), 
carried out since 2012 seems to have considerably 
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reduced malaria morbidity and mortality, especially in 
children under five [3].

The effectiveness of SMC has been proven by the results 
of several clinical trials conducted between 2002 and 
2011 in areas of high seasonal transmission of malaria 
in sub-Saharan Africa [4–10]. One conclusion of these 
studies was that “monthly administration of SMC with 
sulfadoxine-pyrimethamine and amodiaquine (SP + AQ) 
for up to three or four months during the season of high 
malaria transmission in children aged 3–59  months: (i) 
prevents about 75% of all malaria attacks; (ii) prevents 
about 75% of severe malaria episodes; (iii) reduces the 
incidence of anaemia; (iv) curbs the increase in clinical 
malaria during the following season; and (v) would not 
lead to serious adverse events” [3, 10, 11].

In Togo, malaria is still endemic in all health districts. 
The entire population is at risk but children under five are 
the most vulnerable. Currently, Togo is among the coun-
tries with stable transmission but with seasonal increases 
from June to October in the northern half of the country 
and from April to July and then from August to October 
in the southern half [12]. In agreement with the recom-
mendations of the WHO, Togo has adopted the SMC as a 
high impact intervention to help reduce malaria morbid-
ity and mortality in children under five. This intervention 
has been included in the National Malaria Control Pro-
gramme (NMCP) and in the 2017–2023 National Strate-
gic Plan.

Because of their epidemiological and pluviometry data, 
the northern regions of Togo (Savanes, Kara, and Cen-
trale; 16 health districts > 60% of that area malaria cases 
from July to October) were the first to implement SMC. 
To ensure the follow-up of that strategy, the Ministry 
of Health and Public Hygiene (through the NMCP) has 
set up, since 2013, a system to collect SMC data in those 
regions. However, despite their availability, these data 
have never been analysed to assess the effectiveness of 
SMC as in some other countries [13–16].

This longitudinal study analysed routine data from 
SMC mass campaigns. It aimed to measure the effec-
tiveness of SMC in children aged 3–59 months living in 
Savanes, Kara, and Centrale regions of Togo from 2013 
to 2020.

Methods
Study type and setting
The study examined data relative to children aged 
3–59  months in three regions of Togo (Savanes, Kara, 
and Centrale) who received SMC according to the WHO 
recommendation of March 2012 [3]. These data were 
prospectively collected by the NMCP during the seasons 
of heavy rainfall over a maximum of four consecutive 

months (or rounds) per year (July–October) between 
2013 and 2020.

The study area of 33,525  km2 (nearly 60% of Togo) is 
surrounded by Burkina Faso, Benin, Ghana, and Pla-
teaux Region of Togo (Fig.  1). It includes three out of 
the six Regions of Togo, which corresponds to 16 health 
districts out of 44 and 324 health centers out of 987 in 
the whole of Togo. In 2019, the study area was home to 
nearly 2,829,887 people; i.e., nearly 30% of the Togolese 
population.

From a climatic point of view, the study area is charac-
terized by two seasons: a dry season from November to 
May and a rainy season from June to October with heavy 
rainfall between July and September. It is during the lat-
ter period that upsurges in malaria cases are seen and 
that SMC is administered.

Administration of SMC
Usually, a SMC campaign includes a maximum of four 
treatment rounds over four consecutive months. Dur-
ing each round, SMC is administered by hired commu-
nity health workers (CHWs) who use two community 
approaches: (i) a ‘door-to-door’ approach by pairs of 
CHWs who visit households to identify children under 
five and administer the drugs; and (ii) a ‘fixed-post’ 
approach in health facilities to treat target children 
absent from home at the time of the CHWs’ visit.

A treatment round consists in administering one dose 
of sulfadoxine-pyrimethamine (SP) and three doses of 
amodiaquine (AQ) over three days. SP and the first dose 
of AQ are given under the supervision of a CHW; the 
other doses of AQ are given on the next two days by a 
parent or a guardian.

Before their visits to the households, the CHWs receive 
specific training. Besides, the NMCP ensures that SMC 
beneficiaries understand the objectives of the treatment. 
This is usually done through awareness meetings with 
local leaders and dissemination of messages through var-
ious public media. During an SMC campaign, the super-
vision is generally provided by the managers of the health 
facilities, the districts, the Regions, and the NMPC.

Data collection
Sociodemographic data, administrative follow-up data, 
and information on adverse events were collected by 
5787 CHWs from tools such as SMC cards, tally sheets, 
SMC treatment records, supervision forms, and adverse 
event count sheets. The CHWs had to report on spe-
cific sheets all adverse events occurring after treatment 
administration. These data were then compiled and vali-
dated by 324 health facility managers and sent to the 16 
district managers. At the district level, these data were 
validated and transmitted to the three directors of the 
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Fig. 1 Seasonal malaria chemoprevention coverage area in Togo from 2013 to 2020 (source: National Malaria Control Programme)
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target Regions then to the NMCP. To improve the qual-
ity of those data and estimate the treatment coverage, the 
NMCP carried out community surveys at the end of each 
round.

Operational definitions
Malaria prevalence is the number of children with 
malaria (children with positive ‘rapid diagnostic test’ 
(RDT) plus children already treated for malaria) divided 
by the number of children identified in the eligible age 
range.

SMC coverage is the ratio of the number of children 
aged 3–59  months who received all SMC doses per 
round, district, or region to the number of eligible chil-
dren identified per round, district, or region, respec-
tively. Previously, expected numbers of children aged 
3–59  months and eligible for a SMC campaign within 
a given region were provided by a statistics department 
supervised by the Togolese Ministry of Health and actual 
numbers of eligible children at implementation of each 
SMC round (thus, year) was obtained by the CHWs.

The effectiveness of a SMC campaign was defined as 
the percent reduction in malaria cases in each of the two 
or three last months of a campaign in comparison with 
the first month. Precisely, over the first year of SMC, a 
random sample of children who had received a first 
round underwent parasitemia (RDT) tests at the times of 
administration of the second, third, and fourth round to 
determine the proportion of infected children one month 
after the end of a year’s SMC. This survey included only 
children whose caregivers confirmed the absence of con-
sumption of other antimalarial drugs over each month 
following each round. The same survey was repeated in 
each of the following years. The yearly effectiveness was 
defined as the percent reduction in malaria cases for 
each year between 2017 and 2020, in comparison with 
year 2016. The numbers of malaria cases were obtained 
via health facilities and CHWs only (no external sources 
including pharmacies, NGOs), the proof being a positive 
RDT or a thick-blood-film test.

A SMC-related adverse event is any unexpected reac-
tion in a child who received SMC treatment: vomiting, 
skin reactions (itching, hives), abdominal pain, somno-
lence, or jaundice. In Togo, cases of adverse events in 
children less than five are usually reported by the CHWs 
when administering the next round. In case an adverse 
event occurred soon after drug administration, the car-
egiver was asked either to inform the CHW (who gen-
erally lives in the same area) or visit the nearest health 
facility where the event is then reported on a specific 
sheet. Later, all adverse events are collected centrally for 
statistical purposes.

Statistical analysis
The prevalence of observed malaria cases in children 
was modeled using a logistic mixed regression model. 
Separate fixed effects for ‘year’ (reference year: 2016) 
and ‘round’ (reference round: first round of a cam-
paign) were estimated using indicator variables and 
expressed as Odds Ratios (ORs). ‘Year’ and ‘round’ 
effects were entered as random effects and assumed 
to vary randomly according to the Region, the district, 
and the health facility. Effectiveness was calculated as 
1 −  (ORyear i, round j) with year 2016 and 1st round as ref-
erences. This can be interpreted as the percent reduc-
tion of malaria prevalence. A second model was built 
including years 2013 to 2020.

The analyses used package lme4 and function glmer in 
R software (R Core Team, 2017; R: A language and envi-
ronment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria. URL https:// 
www.R- proje ct. org/).

Ethics and regulations
This study was approved in 2017 by the Ministry of 
Health and Public Hygiene of Togo (Memorandum 
No. 280/17/SPS/CAB/SG/DGPIS/DPP/DER). The data 
collected, compiled, and stored by the NMCP did not 
require obtaining informed consents.

Results
Participant health facilities
At the launch of SMC in Togo (Savanes Region, 2013), 
only 55 health facilities participated. Three years later, 
SMC was extended to Kara and Centrale Regions; the 
number of participant health facilities increased then 
from 301 in 2016 to 324 in 2020. Kara was the Region 
that participated the most (128 health facilities in 2020) 
and Tchaoudjo district in Centrale was the most rep-
resented district (36 health facilities yearly since 2016) 
(Additional file 2: Table S1).

Target children identification
Between 2013 and 2020, the number of registered chil-
dren in all three Regions increased by 4.6 times (110,354 
to 510,242). Overall, Savanes had the highest number 
of children. In 2016, Centrale, Kara, and Savanes Cen-
trale identified 110,067; 130,936; and 155,039; children; 
respectively. In 2020, those regions identified 138,743; 
171,348; and 200,151; children; respectively (Additional 
file 3: Table S2).

Treatment administration
Since the implementation of SMC in Togo, 7,971,877 
treatments have been administered to eligible children 
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in the three Regions. Between 2013 and 2020, the num-
ber of children treated increased by 5.7 times (from 
87,918 to 502,275). In 2016, 106,273 children were 
treated in Centrale; 125,140 in Kara; and 150,815 in 
Savanes. In 2020, the same Regions treated 135,861; 
168,017; and 198,397; children; respectively (Table 1).

SMC coverage
From 2013 to 2020, the SMC coverage rate exceeded the 
objective of the WHO (at least 95%); it was higher than 
98% in all regions. However, there were some differ-
ences between districts; e.g., 99% in Blitta, Kéran, and 
Oti vs. 96% in Kpendjal. The lowest coverage of 80% was 
observed in Savanes in 2013 (the year SMC was launched 
in Togo) because several health facilities experienced 
shortage of drugs (Table 2).

Reasons for not administering SMC
Children who did not receive SMC represented 1.9% of 
all children identified in the study area. The main rea-
sons were febrile state and positive RDT or intake of 
artemether-lumefantrine tablets  (Coartem® or  Riamet®) 
(35%), absence from home at the time of the CHW’s visit 
(28.9%), current malaria treatment (10.7%), and current 
cotrimoxazole intake (6.7%). The reason could not be 
found in 15 2% of cases (Additional file 4: Table S3).

Side effects
On 7,971,877 target children treated from 2013 to 2020, 
the safety reports indicated 2,398 adverse reactions, 
which is an overall prevalence of 3 per 10,000 children 
treated. The most frequent adverse events were: vomiting 
(66.1%), drowsiness (11.2%), rash (10.2%), and abdominal 
pain (5.2%). No severe skin reaction (such as Stevens-
Johnson or Lyell syndrome) was reported (Additional 
file 5: Table S4).

SMC effectiveness
The study showed significant reductions in malaria cases 
both at round and year levels.

The number of confirmed malaria cases among iden-
tified target children dropped from 11,267 cases (2.8% 
prevalence) in the 1st round of 2016 to 1395 cases (0.3% 
prevalence) in the 4th round of 2020 (Additional file  6: 
Table S5). With 2016 as reference, the percent reduction 
of malaria prevalence was estimated at 22.6% in 2017 
(p < 0.001) and reached 75% in 2020 (p < 0.001) (Table 3). 
The effectiveness of SMC ranged from 76.6% for the sec-
ond round to 96.2% for the fourth round in comparison 
with the first round.

According to the years of use, the effectiveness of SMC 
ranged from 1.5% in 2014 to 69.7% in 2020 in comparison 
with year 2013 (Table  4). According to the rounds, that 

effectiveness ranged from 68.2% for the second round to 
96% for the 4th round in comparison with first round. 
There was also a heterogeneity in effectiveness between 
districts (e.g., Cinkassé, Kpendjal, Tandjoaré, Oti, Tone), 
or regions (Fig. 2, Additional file 6: Table S5, Additional 
file  1: Fig. S1). One interesting result is that rebounds 
were observed each year at the 1st round of SMC (Fig. 3).

Discussion
Evaluating the effectiveness of strategies of fight against 
malaria allow health authorities to know the real impact 
of each strategy and make decisions relative to its sus-
tainability and generalizability. The present results from 
Togo report reductions in malaria cases in children less 
than five wherever (all districts and all health regions) 
and whenever (all rounds and all years) SMC strategy was 
used.

Before 2013, the year of implementation of SMC in 
Togo (2013), there were frequent upsurges in malaria 
cases during the rainy seasons, especially among chil-
dren under five. Indeed, in a recent study on malaria-
related morbidity and mortality trends in Togo from 2008 
to 2017 [12], morbidity tended to rise throughout Togo 
despite intensifications of various strategies and inter-
ventions. The present study shows that, since the start of 
SMC, there were only occasional fluctuations in malaria 
cases suggesting a decrease in the prevalence of malaria 
and a success of SMC. This is in agreement with: (i) fewer 
admissions of children under five to hospital for malaria 
during the rainy seasons (NMCP internal reports); and 
(ii) a rebound in malaria cases before each SMC yearly 
campaign.

Currently, there is no well-established way to estimate 
SMC effectiveness. The decrease in the prevalence of 
malaria cases as a function of time may be interpreted as 
an indication of SMC effectiveness, especially that, in the 
present study: (i) the coverage rate over time remained 
rather stable; (ii) SMC drug quality was ascertained by 
the PNLP; (iii) children identification system did not 
change; and, (iv) several major determinants of malaria 
transmission (incl. rainfall patterns, antivector fight) 
remained practically the same in SMC-targeted areas. 
Nevertheless, another way of estimating SMC effec-
tiveness would consist in examining malaria incidence 
among non-targeted children (aged 6–10  years) per 
round and year. This is worth being implemented and its 
results compared with those of the current approach.

The specialized literature does not mention yet stud-
ies of SMC effectiveness outside Africa. In Africa, most 
studies on SMC were carried out in sub-Saharan West 
and Central Africa [11, 17–21] and concerned mostly 
limited areas (few villages or few districts) [11, 14, 15, 
22–26]. The present study is most probably the first in 
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Togo to evaluate the effectiveness of SMC strategy in 
children since its inception in that country, with one 
major asset that it was exhaustive over all health facili-
ties of all districts where SMC was used. Apparently, a 
comparable exhaustiveness was seen only in Nigeria and 
Ghana [27, 28]. Here, it is worth mentioning that, among 
the strategies the Togolese NMCP has already applied to 
fight against malaria (insecticide nets and access to infor-
mation, diagnostic, and treatment), SMC was the lat-
est and had to be implemented according to the WHO’s 
conditions regarding the sites (regions of high seasonal 
malaria transmission), the incidence (> 60% annual inci-
dence), the morbidity (most morbidity in children), and 
anti-malarial drug efficacy (SP and AQ). Thus, at the time 
of the study, only Togolese Savanes, Kara, and Centrale 
regions met those criteria and were the sites of the pre-
sent study. In the future, other sites will be eligible and 
the object of similar exhaustive investigations.

The results on SMC reported here are close to results 
of other studies found in the literature. Regarding mor-
bidity and mortality, in December 2020, a large-scale 
observational study conducted in seven African coun-
tries (Burkina Faso, Gambia, Guinea, Mali, Niger, Nige-
ria, and Chad) [21] demonstrated that SMC was efficient 
in preventing morbidity and mortality from malaria in all 
seven countries. Precisely, in 2015 and 2016, nearly 12.5 
and 25 million monthly SMC treatments were adminis-
tered to nearly 3.6 and 7.6 million target children, respec-
tively. The average monthly coverages were 76.4% in 2015 
and 74.8% in 2016. The safety reports mentioned only 
36 serious adverse reactions but no severe skin reaction. 
The efficacy of SMC was estimated at 88.2% over 28 days 
and the reduction of the number of malaria confirmed 
cases ranged from 25.5% (in Nigeria) to 55.2% (in Gam-
bia). In Burkina Faso and Gambia, during the period of 
high transmission, SMC was respectively associated with 
42.4% and 56.6% reductions in the number of deaths 
from malaria in hospital. Several other studies carried 
out in Africa have also demonstrated that SMC was well 
tolerated and helped reducing malaria transmission [13, 
14].

In Togo, the interesting results obtained in the present 
study regarding malaria morbidity cannot be exclusively 
attributed to SMC; they result most probably from a 
combination of several concurrent preventive and cura-
tive interventions. Showing a SMC-specific efficiency 
requires conducting a clinical trial or a case–control 
study. Nevertheless, one asset of the present study is that 
7,971,877 treatments (SP + AQ) could be administered 
to a target population of 8,129,668 children identified 
between 2013 and 2020. This 98% average coverage rate 
(WHO’s minimum: 95%) is the result of a combination 
of several organizational factors: (i) a thorough planning; 
(ii) a specific training of the CHWs and other actors of 
the campaigns; (iii) a social mobilization to maximize the 
contributions of the families; (iv) a door-to-door drug 
administration strategy implemented by CHWs with 
good knowledge of their areas (and even of the families) 
and eager to ensure SMC of nearly all identified chil-
dren; (v) the use a specific card per child to mention the 
administration of the doses needed and a specific reg-
ister per CHW to keep all needed information on drug 
administration; (vi) systematic surveys after each round 
to check whether all identified children were actually and 
adequately treated; (vii) surveys to check whether imple-
mentation improvements were needed in areas where the 
objectives were not met; and, (viii) appropriate monitor-
ing, supervision, and coordination of all actors. Another 
asset is the existence of registries for malaria cases and 
deaths that make it possible to assess the impact of a set 
of interventions (including SMC).

Table 3 Effectiveness of seasonal malaria chemoprevention 
relative to reference year 2016 and round 1 in 324 health facilities 
of 16 districts of Togo, 2016–2020

CI confidence interval

Odds Ratio Effectiveness % (95% CI) p-value

Year

2017 0.77 22.6 (17.5–27.3)  < 0.001

2018 0.53 46.6 (39.8–52.7)  < 0.001

2019 0.44 55.9 (47.3–63.1)  < 0.001

2020 0.25 75.0 (68.3–80.3)  < 0.001

Round

2 0.23 76.6 (72.4–80.2)  < 0.001

3 0.12 88.0 (86.1–89.6)  < 0.001

4 0.04 96.2 (95.3–97.0)  < 0.001

Table 4 Effectiveness of seasonal malaria chemoprevention 
relative to reference year 2013 and round 1 in 324 health facilities 
of 16 districts of Togo, 2013–2020

CI confidence interval

Odds Ratios Effectiveness % (95% CI) p-value

Year

2014 0.98 1.49 (− 6.1 to + 8.6) 0.693

2016 0.74 26.20 (10.3–39.3) 0.002

2017 0.66 34.56 (15.3–49.4) 0.001

2018 0.47 52.96 (35.2–65.9)  < 0.001

2019 0.35 65.01 (48.6–76.2)  < 0.001

2020 0.30 69.73 (52.7–80.6)  < 0.001

Round

2 0.32 68.21 (56.3–76.9)  < 0.001

3 0.14 86.07 (83.0–88.6)  < 0.001

4 0.04 96.04 (93.6–97.5)  < 0.001
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The interest and reliability of the present results are 
most probably linked with the tireless and success-
ful efforts of several actors on the field; mainly, com-
mitted CHWs and active social partners (incl. media 
representatives, community leaders, religious leaders, 
town criers). These efforts are important to make Togo 
join the States committed to fighting against malaria 
through SMC—among other strategies. The visibility 
of the efforts of all people engaged in that fight (from 

city criers to NMCP researchers and executives) is 
important to continue and overcome a number of still 
recurrent difficulties (at least in Togo): (i) shortage of 
significant financial resources to cover material and 
personnel costs; (ii) irregular coverage of target popu-
lations over time; (iii) ensuring less SMC rounds than 
recommended over certain years (2013, 2014); and (iv) 
lack of surveillance of parasite resistance against SP 
or AQ [29]. Incidentally, these difficulties might have 

Fig. 2 Changes in malaria prevalence from 2013 to 2020 by year and round in whole Togo. Prevalence is defined as the number of children with 
malaria (children with positive ‘rapid diagnostic test’ (RDT) plus children already treated for malaria) divided by the number of children identified in 
the eligible age range

Fig. 3 Changes in malaria prevalence (%) by region, year and round in Togo from 2013 to 2020 in Savanes region and from 2016 to 2020 in Central 
and Kara regions. Prevalence is defined as the number of children with malaria (children with positive ‘rapid diagnostic test’ (RDT) plus children 
already treated for malaria) divided by the number of children identified in the eligible age range
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underestimated the effectiveness of SMC on some 
occasions and in some circumstances.

Maximizing SMC efficiency requires mobilizing all 
local resources, looking for additional partners, and over-
coming difficulties of access to either the territories or 
the populations during the rainy seasons (incl. muddy 
roads, busy farmers). One solution is to decentralize 
SMC and implement it in the community by the com-
munity. An additional solution is to increase the level of 
adherence of the population to SMC and support the sur-
veillance systems.

Finally, SMC could have broader benefits if it could 
be: (i) widened to children over five because they are an 
important parasite reservoir [21]; and (ii) extended to 
areas less subject to malaria seasonal transmission.

Conclusion
The implementation of SMC in part of Togo between 
2013 and 2020 has contributed to a reduction of malaria 
morbidity through a very high coverage rate that should 
be carefully monitored, sustained, and even increased 
and extended. This requires finding additional economic 
international partners of the NMCP and involving more 
national actors from the government, the private sector, 
and the civil society.
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prevention than the average and districts above line 0 (Binah, Cinkasse, 
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