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Abstract

Background The Republic of Guinea, where malaria represents the leading cause of morbidity and mortality

among children, the seasonal malaria chemoprevention (SMC) is deployed only in areas with very seasonal modes

of transmission. It should target children at the highest risk of serious illness. The objective of the study was to prevent
uncomplicated and serious cases of malaria in the target population. This study aimed to analyse the monthly trends
in malaria-related morbidity among children under the age of 5 in Guinea.

Methods This was a quasi-experimental study with routine data from the National Health Information System
(SNIS). The two districts Mamou (the SMC intervention site) and Kindia (the control site) were selected to compare
the monthly trends in malaria cases among children under the age of 5, from July to October, covering the years
from 2015 to 2020. The statistical analysis used interrupted time series to estimate the effects of the SMC.

Results The SMC programme contributed to a significant average reduction in the number of malaria cases of 225
cases per month in the intervention district (95% Cl — 362 to — 88; p=0.002), compared to the control district. How-
ever, the study also revealed that the effect of SMC varied between cycles, presenting different monthly malaria cases.

Conclusion The SMC contributed to a significant reduction in malaria cases among children under the age of 5

in the health district of Mamou from 2018 to 2020. However, this reduction varied by monthly SMC cycle. This study
suggests extending the SMC in other areas with high perennial seasonal transmission respecting the World Health
Organization SMC eligibility criteria, as a strategy in the dynamic of reducing malaria cases in children under the age
of 5in Guinea.
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Background

The number of malaria cases was estimated at 249 million
in 2022 in 85 malaria-endemic countries and territories.
In 2022, the World Health Organization (WHO) African
region represented ~ 94% of estimated cases in the world
[1]. In the African region, the number of deaths due to
malaria has declined from 808,000 in 2000 to 548,000 in
2017, before increasing to 604,000 in 2020 (due to a dis-
ruption caused by the COVID pandemic) [1, 2].

To reduce the mortality rate in areas with high ende-
micity, since 2012 the WHO has recommended Seasonal
Malaria Chemoprevention (SMC) as a tool for prevent-
ing malaria in children in areas where malaria transmis-
sion is highly seasonal and where the majority (>60%) of
clinical malaria cases occur within 4 consecutive months.
[3]. The SMC strategy consists of administering three or
four cycles of sulfadoxine-pyrimethamine (SP) and amo-
diaquine (AQ) at monthly intervals to children aged from
3 to 59 months in areas of high seasonal malaria trans-
mission (at least 60% of cases occurring over a 4-month
period). [4, 5]. The effectiveness of the SMC was proven
in research conducted in Ghana on the evaluation of the
implementation of the seasonal malaria chemopreven-
tion on the morbidity among children, that the propor-
tion of children with malaria increased significantly, from
9 to 21% in the district without intervention. However, in
the area where the SMC was implemented, the propor-
tion of children carrying malaria decreased significantly,
from 31 to 12% [2]. A ratio of intervention to non-inter-
vention district of 0.52 giving protective effectiveness
of 48% (p=0.62). A study carried out in Mali reported
a 61% reduction in malaria cases in localities benefiting
from the SMC, while in the control district an increase
of 23% was recorded. In sites considered suitable for the
SMC, the median fraction of the incidence occurring in
the 4 consecutive months of peak transmission was 77%
and the average of 75.7%, so 75% of the annual burden
occurred in the SMC period [6]. Case—control studies
carried out in 2015 in Mali and The Gambia, as well as
in 2016 in Burkina Faso, Chad, Mali, Nigeria and The
Gambia, revealed a protective effectiveness of SMC of
88% against malaria [7]. Several studies carried out in dif-
ferent countries confirm the remarkable effectiveness of
the SMC in the fight against malaria and recommend its
extension to other regions having recorded a high inci-
dence of malaria [6, 8].

A study carried out in Guinea used a malaria indica-
tor analysis approach based on the annual trends (Janu-
ary—November), including the SMC and the non-SMC
months. This study demonstrated that the incidence
of simple and severe malaria was significantly lower
in the SMC district than in the control district [9]. In
Guinea, malaria remains the main cause of morbidity
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and mortality among children under the age of 5, with
2,422,445 confirmed cases and 1.029 deaths reported
in 2021 [9]. The SMC was introduced in the country in
2015, then it was extended to 17 districts in 2021. Nev-
ertheless, the effect of this intervention remains under-
documented in the Guinean context. The only published
study on the effect of the SMC did not examine the
monthly trends before and during its implementation,
nor did it consider the comparison of these monthly
trends before and during the intervention. To fill this gap
in knowledge, this study will answer the following ques-
tion in order to better evaluate the effect of the SMC.

This study aimed to overcome this knowledge gap by
carrying out a comparative analysis between a health dis-
trict covered by the SMC and another district which is
not covered by the SMC. The objective of this study was
to analyse the monthly trends in malaria-related morbid-
ity among children under the age of 5 in Guinea. Spe-
cifically, the aim was to describe the monthly trends in
malaria cases in children under the age of 5 in a SMC-
covered area compared with a SMC-not-covered area
during the SMC cycles (July—October), in order to isolate
the net effect of each cycle.

Methods
Priority target regions for the implementation of the
SMC:

o The malaria transmission is highly seasonal and
the majority (>60%) of clinical malaria cases occur
within 4 consecutive months. When malaria data
from the health management information system are
unreliable, rainfall data can be used as an indicator of
seasonality of incidence (at least 60% of annual rain-
fall in 4 consecutive months)

» The clinical attack rate of malaria (without the SMC)
is at least 0.1 episodes per child during the transmis-
sion season in the target group.

Type of study

This was a quasi-experimental comparative study before
and after non-equivalent using data from the National
Health Information System.

Study framework

General framework

The Republic of Guinea, in West Africa, extends over a
total area of 245,857 km? with an estimated popula-
tion of 13.5 million inhabitants in 2022. The rainy sea-
son is associated with maximum malaria transmission,
with the peak of cases generally observed between July
and November. Approximately 95% of malaria cases
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in Guinea are attributable to Plasmodium falciparum
[10-12].

Specific framework
This study was carried out in the health districts of
Mamou and Kindia. The intervention zone was the dis-
trict of Mamou, located at 268 km east of Conakry (the
capital city of the Republic of Guinea). The SMC was
implemented in Mamou in 2017. The duration of the
peak rainy season in each district is 6 months from June
to November. Since its start in the country in six (6)
health districts, the extension to other districts has been
done gradually depending on the availability of funding.
The district of Kindia was chosen as a control area,
being a neighbouring district with high seasonal rainfall
and a malaria transmission pattern similar to Mamou.
Kindia is located at 138 km east of Conakry. The peak
season rainfall was about 1 954 mm both in Mamou
and in the district of Kindia [13]. The level of malaria
incidence in children under the age of 5 is strongly cor-
related with the season. More than 60% of malaria cases
occur during the 4 months (July, August, September and
October) in the intervention zone and in the control zone
(Bulletin Annual Malaria Epidemiology).

Source of data

Data were extracted into the district health informa-
tion software (DHIS-2), which collects data from the
National Health Information System (SNIS). These data
come from consultation registers, are entered, aggregated
monthly, and then validated. Data were collected from
malaria in the two districts for the period from 2015 to.
The malaria indicators included the number of suspected
cases, the number of cases tested, the number of malaria
cases and the number of malaria-related deaths.

Data were collected from malaria in the two districts
for the period from 2015 to 2020. Malaria indicators
included the number of suspected cases, the number of
cases tested, the number of malaria cases and the num-
ber of malaria-related deaths.

Study population and data analysis

Study variables

Dependent variable

The study is a controlled interrupted time-series design
[14]. The dependent variable was the number of parasi-
tologically and rapid diagnostic test (RDT) confirmed
malaria cases per month. A separate variable was created
to represent the application of the SMC in Mamou. The
monthly mean of malaria cases was compared before the
intervention with the one observed during the interven-
tion. In the contexts where populations are relatively sta-
ble, the raw cases of malaria may be sufficient to detect
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temporal trends. For example, an increase or decrease in
the number of cases over time may indicate changes in
disease transmission. The malaria cases are a more reli-
able and relevant measure for assessing the progress of
national programmes, especially in the contexts of high
transmission where data are more limited. This facilitates
the monitoring of the disease trends and the evaluation
of the effectiveness of malaria control interventions. The
malaria cases provide a direct and easily understood
measure of the disease burden. The policy-makers, the
general public and even some healthcare professionals
may find it more intuitive to understand and respond
to a total number of the cases rather than the incidence,
which is a rate and requires an understanding of epide-
miological concepts to be correctly interpreted [15, 16].

Independent variables

The usual variables necessary for time trend analysis
were included [17]. For each district, a group variable was
established to identify malaria cases. The time variable
was coded sequentially to indicate the months since the
start of the observation periods in each district. Any tem-
poral change in this variable should logically influence
the malaria cases.

T: Time from start of study to end (2015-2020).

X: Is the SMC intervention, coded 0 if absent and 1
if present.

XT: Is the interaction between T and X.

They are explanatory variables which are applied using
the ITSA (Interrupted time-series analysis) method in
Stata software.

The study population consisted of children under
the age of 5 diagnosed with malaria in health posts and
centers in the health districts of Mamou and Kindia.
The monthly malaria case data from each district were
entered centrally by the study team into Excel soft-
ware and then imported into Stata versionl6 for the
analysis. First, a descriptive analysis was carried out
to determine the mean of the malaria cases by district.
Next, linear regression analyses with mixed effects
were used to estimate the effects of the interven-
tion on the malaria cases. Segmented ordinary least
squares regression applying Newey-West standard
errors was used to account for serial autocorrelation.
The change in malaria case levels and the trends would
be identical between the intervention district and the
control district if the former had not been exposed
to the intervention. The introduction of the interven-
tion would result in a variation in the intercept, as well
as a monthly variation in trends. Also, suppose that
pre-intervention (2015-2017) and post-intervention
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(2018-2020) trends did not follow a linear trajectory.
Additionally, considering that the intersections and
trends varied across districts. These assumptions led
to the equation below:

Y: = Bo + B1Te + BoXit + B3 TXqe + BaXot
+ B5TXot + Be X3t + B7TX3¢ + et

In this model, Y, represents the monthly number of
the malaria cases at time t. 3 is the number of malaria
cases at the start of the pre-intervention period. B,
estimates the average monthly change in the num-
ber of the malaria cases during the period preceding
the SMC, T, is the time elapsed since the start of the
study, B, represents the change in the level of the num-
ber of the malaria cases occurring during the period
immediately after the administration of the first dose
of the SMC (the SMC period designated by the indi-
cator variable X,) B represents the difference between
the trend of the malaria cases during the SMC com-
pared to the period before the SMC, B, represents the
change in the number of the malaria cases during the
period immediately after the SMC, p; represents the
difference between the trend in the malaria cases dur-
ing the period following the start of each SMC cycle
and the period during the SMC cycles, B4 represents
the difference in the average monthly variation of the
malaria cases after the SMC in the SMC district versus
the control district, B, represents the difference in the
average monthly variation of the malaria cases before
the SMC and after the SMC in the district of the SMC
versus the control district and ¢, the random error
term. The autocorrelation up to four lags was taken
into account in the model. The effects of the interven-
tion over time were estimated by assuming that the
malaria cases among children under the age of 5 would
have increased in the absence of the intervention. All
analyses were carried out with Stata software version
16 and the significance level of statistical tests was set
at 0.05.
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Ethical considerations

The study obtained the authorization from the National
Malaria Control Programme in Guinea with the approval
number 025/PNLP/2024 of March 12, 2024. The author-
ization to use these data was obtained after clearly
explaining the objectives of the study.

Results

Table 1 presents the malaria case data in the SMC district
(Mamou) and the control district (Kindia). During the
period from 2015 to 2017, the Health District of Mamou
recorded 25 696 cases of malaria, while the Health Dis-
trict of Kindia recorded 18,294 cases of malaria. How-
ever, during the period from 2018 to 2020, cumulative
cases of malaria were 34,542 cases in Mamou and 32,616
cases in Kindia.

Figure 1 illustrates the estimated monthly trends in the
malaria cases before and during the SMC. The curves
show that there were non-similar fluctuations per SMC
cycle between the intervention district and the control
district.

Figure 2 presents comparisons of the evolution of the
number of the malaria cases before and during the SMC
in the district of Mamou and Kindia. Before the imple-
mentation of the seasonal malaria chemoprevention,
an increasing trend was observed in the SMC district
(Mamou) compared to the control district (Kindia). Dur-
ing the administration of the SMC, a downward trend
was observed in the district, which benefited from the
intervention. The effects of the intervention on the num-
ber of the malaria cases decreased over time in Mamou.
During the same period of time the number of the
malaria cases increased in Kindia as illustrated in the
Fig. 2.

Table 2 presents the evolution of the monthly trend of
malaria cases in the intervention district (Mamou) and
in the control district (Kindia). Before the implemen-
tation of the SMC, the average number of the malaria
cases in the control district was 1008 cases, with an

Table 1 Description of the sample in the two districts before and after the introduction of the chemoprevention of seasonal malaria

2015-2020

Health district Health district

SMC (Mamou) No SMC (Kindia)
Number of malaria cases during the pre-intervention period (2015-2017) 25,696 18,294
Number of malaria cases during the post-intervention period (2018-2020) 34,542 32,616
Malaria incidence during the pre-intervention period (2015-2017) 378 for 1000 195 for 1000
Malaria incidence during the post-intervention period (2018-2020) 465 for 1000 319 for 1000
Number of the average monthly malaria cases during the pre-intervention period (SD) (2015-2017) 2141 (948) 1525 (374)
Number of the average monthly malaria cases during the post-intervention period (SD) (2018-2020) 2878 (557) 2718 (730)

SD standard deviation
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Fig. 2 Comparison of the evolution of the number of the malaria cases in the SMC districts

average monthly variation of approximately 80 cases
per month, which was statistically significant (95% CI
42-117; p<0.001). Immediately after the implementa-
tion of the SMC, a significant decrease in the average
number of malaria cases of ~ 1013 cases per month was
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observed (95% CI 22-2005; p=0.045). However, after
the intervention, the monthly mean difference between
post-intervention and pre-intervention malaria cases
was 60 cases per month, but this variation was not sta-
tistically significant (95% CI — 157 to 36; p=0.210). The
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Table 2 Comparisons of the monthly trends in the malaria cases among children under the age of 5 in the intervention district

(Mamou) and in the control district (Kindia)

Variables Monthly cases of malaria

Coefficients (B) 95% Cl P.value
Number of malaria cases at the start of the pre-intervention period in the control group (3,) 1008*** 826to 1190 <0.001
The average monthly variation of malaria cases during the pre-intervention period in the control group 80*** 4210117 <0.001
(B})
The average monthly change in malaria cases during the intervention in the control group (3,) 1013* 22 to 2005 0.045
Difference in the malaria case trends during the intervention and the period before the intervention —-61 —157to0 36 0.210
in the control group ((35)
Average monthly difference in the malaria cases between the intervention and control groups - 100 — 863 t0 662 0.792
before the intervention (3,)
Average monthly difference in the malaria case trends between intervention and control groups 61 -541t0178 0.288
before intervention (3s)
Average monthly difference in the malaria cases between intervention and control groups immediately 1177% 180to 2175 0.022
after introduction of the intervention (B,)
Average monthly difference in the malaria case trends between the intervention group and the control —164* —3281t004 0.049
group after intervention (3,)
Net effect of the CPS (B;+3,) — 225%% —362to—89 0.002

*p<0.05, **p<0.01, ***p <0.001

difference in average monthly change in the malaria
cases before the SMC between the intervention district
and the control district was less than 61 cases, without
statistical significance (95% CI — 54 to 178; p=0.288).
In contrast, the difference in average monthly change in
the malaria cases after the SMC between the interven-
tion district and the control district was 1,177 cases, with
statistical significance (95% CI 180-2175; p=0.022). The
gap in the difference in the average monthly variation
of post-intervention malaria cases compared to the pre-
intervention variation was less than 164 cases. This dif-
ference was statistically significant (95% CI — 328 to 0.4;
p=0.049). Overall, the intervention resulted in an aver-
age significant reduction in the number of malaria cases
of 225 cases per month in the intervention district (95%
CI - 362 to — 88; p=0.002).

Discussion

The results of this study show that the SMC contrib-
uted to a significant drop the in malaria cases in the
health district of Mamou compared to that of Kindia
where the SMC was not implemented. This drop was
estimated at an average of 225 cases per month. How-
ever, the trend of reduction in the malaria cases dur-
ing the SMC was not linear over the months. These
results have important implications for the fight against
malaria in Guinea. A study carried out in Guinea on
the malaria trends in the districts which were targeted
and not-targeted for seasonal malaria chemopreven-
tion reported that malaria incidence was significantly
lower in the SMC (median=1.8%) compared with the

non-SMC (median=11.5%) districts. The implementa-
tion of the SMC has made it possible to reduce the cases
of malaria in the Guinean context. Several previous stud-
ies have also proven a reduction in the malaria cases in
areas where the SMC has been implemented [18-23].
Similarly, an evaluation of the ACCESS-SMC program
using DHIS2 data observed a 45.0% and 55.2% reduction
in the number of the malaria cases in Burkina Faso and
The Gambia [24]. Controlled clinical trials and quasi-
experimental study have demonstrated the effectiveness
of SMC [25-28]. The results found in the study could be
explained by the fact that the implementation strategy
used for the SMC in Guinea is effective. This indicates
that the SMC is a key strategy in the fight against malaria
in Guinea.

The results are a new information which adds to the
existing literature. To our knowledge, this is the first
study to use non-linear monthly trends in the malaria
cases during the SMC in a SMC area. This study
also reveals that the decrease was not linear over the
months of the implementation of the SMC. This dem-
onstrates that the effects of the SMC vary from one
cycle to another. The difference between the SMC
cycles in terms of effects on the malaria prevalence
would be linked to different organizational reasons.
Firstly, certain cycles could be marked by low cover-
age of the target children compared to other cycles.
The distributing agents did not go to all households,
either due to the lack of logistics, availability of dis-
tributing agents, parents’ refusal due to fear of the side
effects or distrust of the public health services. These
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reasons could lead to an increase in the malaria cases
and deaths despite the SMC campaigns. This under-
lines the importance of supportive supervision of the
motivation and logistical support of the field agents for
effective coverage of all children eligible for the SMC.
In addition, it would also be necessary to improve
awareness among parents of children by emphasiz-
ing what to do in the event of the side effects and the
effectiveness of the SMC. Information and reminders
from parents of children on the dates of the next SMC
cycles by the distributing agents and other informa-
tion channels. Another reason for the non-coverage
of households would be linked to the fact that some
parents are not aware of the arrival of the distributing
agents and probably leave the households.

Limitations and strengths

There are a number of limitations to this study. Firstly,
the data used being secondary and aggregated, the risk
of missing data could not be controlled at the level of
the primary sources of health posts and centers. Some
factors such as the increasing annual trends in the
malaria cases in the control district, testing and report-
ing practices, significant population growth or a change
in health service utilization have not been studied. Sec-
ondly, the eligible age to benefit from the SMC is from
3 to 59 months in Guinea. In this study, the data used
were routine data of children under the age of 5. Chil-
dren aged less than 3 months, although not considered
a vulnerable group, may present a low proportion of
malaria cases during periods of the high transmission.
This could have led to bias in the estimates of the SMC
effects. The third limitation concerns the potential con-
tribution of other ongoing interventions that could
have an effect on the malaria cases, such as the use of
long-acting insecticide-treated nets and the adequate
management of the malaria cases. Therefore, these
results cannot be attributed solely to the SMC, as it is
a complementary intervention to other measures. How-
ever, despite its limitations, this study has strengths.
Especially, the evaluation was carried out by a research
team external to the implementation of the SMC. The
study used a population of children under the age of
5 of the SMC district and the control district, from
similar geographic areas, allowing for potential con-
founding factors to be taken into account. The use of a
control district before and during the implementation
of the SMC allowed a clear estimation of the effect of
this intervention.
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Implications for the research and practice

The results reveal that chemoprevention of seasonal
malaria leads to a reduction in the malaria cases among
children under the age of 5 in Guinea. However, the
effects were not linear between the SMC cycles. This
observation is an argument in favour of the policy of
extending the SMC in areas with high perennial sea-
sonal transmission, as a strategy in the dynamic of
reducing malaria cases in the country.

Conclusion

This study demonstrates that in Guinea, the SMC con-
tributed to a significant reduction in malaria cases
among children under the age of 5 in the health district
of Mamou from 2018 to 2020. However, this reduction
varied by monthly SMC cycle. This study suggests the
extension of chemoprevention of seasonal malaria in
other areas with high perennial seasonal transmission
with respect to the WHO SMC eligibility criteria, as a
strategy in the dynamic of reducing the malaria cases
in children under the age of 5 in Guinea. In addition,
it would also be necessary to continue the efforts (the
involvement of the Prefectural Health Directorate and
partners, the involvement of the administrative and
the community authorities, the training of distribut-
ing agents before deployment), aiming at improving the
effects of all cycles.
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