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Abstract

Malaria remains a major public health burden in Mali, requiring control strategies adapted to local epidemiological contexts.
This study compared the evolution of malaria prevalence and determinants in the health districts of Kati (peri-urban/agricultural
area) and Markala (agricultural/hydro-agricultural area). This was a cross-sectional, comparative study of malaria data from the
districts of Kati and Markala from January 2018 to December 2022. The data were extracted from the District Health Information
Software 2. The comparative statistical analysis used Chi-square tests and logistic regressions to identify the factors associated
(age, sex, seasonality) with the observed variations. A total of 422,020 Cases of malaria were recorded in both districts. The
Markala district had a higher average annual prevalence than Kati (6.038% vs 6.024%, p=0.001), although annual trends showed
significant variability, notably a more pronounced increase in Kati in 2021. Seasonal analysis confirmed the epidemic peak
during the high transmission period (July-October) in both districts, but the malaria burden in Markala appeared to be more
chronic and less strictly seasonal, potentially linked to agricultural irrigation. This study revealed an epidemiological shift in
Mali, with marked heterogeneity between peri-urban and hydro-agricultural areas. The increased prevalence in Kati in 2022 and
the shift in disease burden towards those over 5 years of age, particularly women, necessitate adapting national strategies.
Environmental management of rice cultivation, targeting of adults, and improved quality of routine data are crucial for precision
vector control.
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1. Introduction

Although the biological mechanism of malaria (caused by the
Plasmodium parasite and transmitted by the Anopheles mos-
quito) has been documented for over a century, this disease re-
mains one of the most devastating worldwide. Sub-Saharan Af-
rica continues to bear the brunt of the outbreak, a situation that
has become considerably more complex by 2025 [1, 2].

Indeed, the region now records approximately 263 million
cases annually. This resurgence is explained by a critical con-
vergence of factors: climate change which alters transmission
areas, the emergence of resistance to insecticides and treatments,
as well as chronic underfunding of control programs [1, 2].

Analysis of WHO data for 2024 reveals Mali's particular vul-
nerability to malaria [3]. With 8.15 million cases and over
14,000 deaths, the country contributes significantly to global
morbidity. Among the eight nations that experienced a major
resurgence (+1.4 million cases over four years), Mali exempli-
fies the health crisis affecting sub-Saharan Africa, the region
where 95% of mortality related to the parasite occurs [3, 4].

Despite the implementation of key strategies, including sea-
sonal malaria chemoprevention (SMC) and the mass distribu-
tion of long-lasting insecticidal nets (LLINS) [5, 6], the path
to elimination remains fraught with challenges [5, 6]. The per-
sistence of pockets of high transmission and the emergence of
resistance to insecticides and antimalarial drugs threaten the
progress made over the last decade. Its prevalence varies con-
siderably across areas, depending on epidemiological, ecolog-
ical, and socioeconomic factors. Malaria stratification in Mali
has classified areas based on incidence adjusted for population
size. Transmission zones range from hyperendemic (south,
prevalence >50%) to hypoendemic (urban areas such as Bam-
ako, prevalence < 10%) [5].

The effectiveness of national malaria control programs
(NMCPs) relies on the ability to adapt interventions to local
epidemiological realities, a concept known as epidemiological
stratification [7]. In Mali, geographical heterogeneity is exac-
erbated by anthropogenic and environmental factors. Districts
cannot be treated uniformly [7]. In particular, areas benefiting
from hydro-agricultural projects, such as irrigated perimeters,
are suspected of acting as permanent or prolonged transmis-
sion hotspots, providing long-term larval habitats for vectors
[7, 8]. In Mali, previous work has often focused on the effec-
tiveness of LLINs and SPC in children, leaving an analytical
gap regarding variations in incidence among adolescents and
adults in areas of altered transmission. This study seeks to fill
this gap by using a long-term comparative approach (2018-
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2022) based on routine data, thus providing an essential epi-
demiological and programmatic perspective. The overall ob-
jective was to conduct a comparative study of malaria preva-
lence in the health districts of Kati and Markala.

2. Materials and Methods

2.1. Type and Period of Study

This was a cross-sectional, comparative, analytical study of
malaria data covering the period from 2018 to 2022.

2.2. Places of Study

The study was conducted in the health districts of Kati and
Markala in the Koulikoro region, chosen for their contrasting
socio-ecological profiles: Kati: a strongly peri-urban area,
influenced by its proximity to the capital, Bamako. Agricul-
tural activity is present but less intense, with transmission
expected to follow a more strictly seasonal pattern. Markala:
a district dominated by the Markala Dam and its vast irri-
gated rice paddies. This hydro-agricultural environment is
known to maintain humidity conditions favorable to Anoph-
eles mosquitoes over long periods, potentially beyond the
typical rainy season.

2.3. Study Population and Sampling

The study included all suspected and confirmed cases of
malaria seen in consultation and reported in the District Health
Information Software 2 (DHIS2) database from 2018 to 2022.
An exhaustive sampling was conducted using all available
data in the database. Inclusion criteria included all suspected
and confirmed cases of malaria reported in the two health dis-
tricts during the study period.

2.4. Operational Definitions and Variables

Prevalence: the ratio of the total annual number of con-
firmed malaria cases to the total annual population during the
period. Prevalence, RDTs (rapid diagnostic tests), smear tests,
periods (trimes (T): T1, T2, T3, T4), sex, and age were studied.
Age was categorized into two age groups: under 5 years and 5
years and over.
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2.5. Data Collection and Analysis

Data were extracted from DHIS2 and then processed using
Microsoft Excel® 2016. Analysis was performed with R Stu-
dio and StatsTester. Descriptive analysis involved using fre-
quency and proportion tables for categorical variables, ex-
pressed as percentages. Etiological analysis focused on the Z-
test, which was applied using StatsTester to compare propor-
tions at a significance level of p-value 0.05.

2.6. Ethical and Professional Considerations

The research protocol was validated by the health authori-
ties of the relevant health districts before the use of DHIS2.
The data used did not contain any personally identifiable in-
formation. The analysis and dissemination of the results com-
plied with medical ethics and professional standards.

2.6.1. Ethical Approval

The study was approved by the Technical Committee of the
Faculty of Medicine and Odonto -Stomatology of Bamako at
the University of Sciences, Techniques and Bamako Technol-
ogies (FMOS/USTTB). Authorization was obtained from the
health authorities of the health district of commune | and the
CSCOM-U of Banconi before the start of the study.

2.6.2. Consent to Participate

Not applicable. Verbal informed consent was obtained from
individual participants included in the study after they had

read the study information sheet, which specified the objec-
tives and procedures of the study, the subsequent use of the
data, and the entirely voluntary nature of participation. The
data were collected anonymously, so that the identity of the
study participants could not be identified or identified within
the meaning of the applicable law relating to the protection of
natural persons with regard to the processing of personal data.

3. Results

3.1. Overall Malaria Burden and
Sociodemographic Data

Between 2018 and 2022, a total of 256,969 suspected cases
of malaria were reported in the Kati district and 165,051 sus-
pected cases in the Markala district. Of a total of 358,253 con-
firmed cases of malaria, 237,224 cases (66.2%) were recorded
in Kati and 121,029 (33.7%) in Markala. Patients aged 5 years
and older constituted the majority of confirmed cases in both
districts, representing 70.2% of those affected by malaria.
This proportion varied annually between 68% and 74% in the
Kati health district and between 69% and 72% in the Markala
district. Females were predominant among confirmed cases,
representing 54.6% of all confirmed cases in the 5-year-old
age group. Among children under 5, males were more affected,
accounting for 53.8% of cases (53.2% in Kati and 55.0% in
Markala). Among children 5 and over, females were more af-
fected, accounting for 54.6% of cases (54.9% in Kati and 54.1%
in Markala).

Table 1. Distribution of confirmed malaria cases by age group, year, sex, and health district.

Districts
Age range (in years)
Kati (%6)
<5 72,928 (28.4)
>5 184,041 (71.6)
Total 256,969 (60.9)
Year Sex Kati (%)
2018 Male 20,434 (43.5)
Female 19,639 (56.5)
2019 Male 17,642 (38.1)
Female 19,069 (61.9)
2020 Male 19,973 (38.4)
Female 22,126 (61.6)
2021 Male 24,122 (28.5)
Female 28,426 (71.5)
2022 Male 30,033 (22.0)
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Total (%0)
Markala (%)
52,898 (32.0) 125,826 (29.8)
112,153 (68.0) 296,194 (70.2)
165,051 (39.1) 422,020 (100.0)
Markala (%) Total (%)
13,897 (40.5) 34,331 (8.1)
15,135 (59.5) 34,774 (11.2)
11,780 (40.0) 29,422 (6.6)
11,726 (60.0) 30,795 (10.2)
12,851 (39.2) 32,824 (7.4)
13,805 (60.8) 235,931 (11.8)
10,894 (31.1) 35,016 (6.2)
11,315 (68.9) 39,741 (14.7)
9535 (24.1) 39,568 (5.5)
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Districts
Age range (in years)
Kati (%)
Female 35,760 (78.0)
Total 237,224 (66.2)

3.2. Comparison of Annual Prevalence Rates

The annual prevalence of malaria was statistically higher in
the Markala health district than in the Kati health district in

Total (%0)
Markala (%)

10,091 (75.9)
121,029 (33.7)

45,851 (18.4)
358,253 (100.0)

2018 (8.72% vs 5.97%; p=0.001), in 2019 (6.87% vs 5.31%;
p=0.001) and in 2020 (6.06% vs 5.14%; p=0.001) while the
Kati health district was statistically higher than the Markala
health district in 2021 (5.90% vs 4.61%; p=0.001) and in 2022
(7.80% vs 3.93%; p=0.001).

Table 2. Comparison of the annual prevalence of malaria in the health districts of Kati and Markala from 2018 to 2022.

Districts
Year

Kati (%0)
2018 5.97
2019 5.31
2020 5.14
2021 5.90
2022 7.80

3.3. Comparison of Prevalence in Relation to
Diagnostic Methods for Malaria

A comparison of annual malaria prevalence rates using
rapid diagnostic tests (RDTs) and general epidemiology (GE)
in the Kati and Markala health districts revealed a significant

p -value
Markala (%)
8.72 0.001
6.87 0.001
6.06 0.001
4.61 0.001
3.93 0.001

difference between the two districts (p = 0.001). GE comple-
tion rates were higher in Kati (24.14% in 2018 and 30.03% in
2022) than in Markala (4.35% in 2018 and 6.8% in 2022), with
a significant difference (p = 0.001). There was also a signifi-
cant difference in RDT completion rates between the two
health districts between 2018 and 2021 (p = 0.001). However,
in 2022, the RDT completion rate in Markala was not signifi-
cantly different from that in Kati.

Table 3. Comparison of annual malaria prevalence through two diagnostic tests in the health districts of Kati and Markala.

GE
Year

Kati (%0) Markala (%) p -value
2018 24.14 4.35 0.001
2019 28.43 3.28 0.001
2020 28.29 9.58 0.001
2021 27.53 8.24 0.001
2022 30.03 6.80 0.001

TDR

Kati (%0) Markala (%6) p -value
51.71 60.28 0.001
56.22 54.05 0.001
58.35 43.23 0.001
62.95 53.44 0.001
58.88 58.93 0.90
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3.4. Comparison of Annual Confirmed Malaria
Cases per Quarter in the Kati Health
District

THE number of confirmed cases of malaria In the Kati dis-
trict, a sharp increase (epidemic peak) was observed during
the third and fourth quarters throughout the study period, ex-
cept for 2021 for the fourth quarter and 2018 for the third quar-
ter. Furthermore, malaria has become more chronic and less
strictly seasonal.
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Figure 1. Number of confirmed malaria cases per quarter and per
year in the Kati health district from 2018 to 2022.

3.5. Comparison of Annual Confirmed Malaria
Cases by Quarter in the Markala Health
District
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Figure 2. Number of confirmed malaria cases per quarter and per
year in the Markala health district.
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The number of confirmed malaria cases in the Markala dis-
trict showed an epidemic peak during the high transmission
period (3rd and 4th quarters) throughout the study period.
However, malaria also appeared to be more chronic and en-
demic.

4. Discussion

4.1. Predominance of Subjects Aged 5 and over

Our study reveals that the majority of suspected malaria
cases (70.2%) involved individuals aged 5 years and older.
This finding is consistent with data from Togola et al. (2022)
and Keita N, who reported an increasing proportion of cases
among older children and adults in areas of seasonal transmis-
sion [9, 10]. This result can be explained by immunity ac-
quired in endemic areas such as Kati and Markala; repeated
exposure to the parasite allows adults to develop some clinical
immunity. Individuals over 5 years of age (schoolchildren, ag-
ricultural workers) often engage in nighttime or twilight activ-
ities outdoors, increasing their risk of being bitten by Anoph-
eles mosquitoes, unlike infants who are more often protected
under mosquito nets after sunset [6, 11, 12].

4.2. Vulnerability of Children Under 5

Although numerically fewer in our table (29.8%), children
under 5 years of age constitute the most vulnerable group. Ac-
cording to Kabore (2019), the burden of disease is more criti-
cal in this age group due to the lack of protective immunity
[13]. The difference in proportion between Markala (32%)
and Kati (28.4%) for this age group could suggest earlier par-
asite pressure in Markala, a rice-growing area conducive to
permanent larval habitats.

4.3. Female Predominance

Our results highlight a higher vulnerability or notification
rate among women, reaching up to 78% in Kati in 2022. This
observation is consistent with data from the Mali Malaria In-
dicator Survey (MIIS, 2021), which underscores increased use
of health services by women [5]. Factors that may explain this
disparity include the fact that in Mali, pregnant women benefit
from free malaria diagnosis and treatment policies, as well as
the free distribution of insecticide-treated bed nets (ITNs) dur-
ing prenatal consultations. This targeted care promotes better
malaria case capture among women in the DHIS2 system
compared to adult men. Early morning and evening domestic
activities (water collection, preparing meals outdoors) expose
women more to Anopheles mosquito bites during peak vector
activity hours. Our figures are higher than those reported by
Tapily et al. (2020) in a study conducted in Bamako, which
found a female predominance of 54% [14]. The accentuation
of this trend in 2021 and 2022 in our study area (78% in Kati)
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could suggest an improvement in systematic screening among
women in community health centers (CSCOM) in the districts
of Kati and Markala.

Conversely, the proportion of men is gradually decreasing
in the statistics (only 22% in Kati in 2022). As indicated by
Mboni in 2023, men in rural or peri-urban areas often tend to
resort to self-medication or traditional medicine, only going to
health facilities in case of complications [15], which leads to
an underreporting of simple male cases in official reports.

The male predominance among those under 5 years old
(53.8%) and female predominance among those 5 years and
older (54.6%) could reflect dynamics of exposure or attend-
ance at health facilities specific to each district and age group.

4.4. Geographic and Seasonal Dynamics

The reversal in prevalence between Kati and Markala from
2021 onwards is a major finding. The initially high prevalence
in Markala can be explained by its epidemiological character-
istics: the proximity of the Niger River and the rice-growing
areas create permanent larval breeding sites. The decrease ob-
served in Markala at the end of the period (3.93% in 2022)
could reflect the effectiveness of prevention campaigns (dis-
tribution of long-lasting insecticidal nets). Meanwhile, the in-
crease in Kati (7.80%) could be linked to improved data com-
pleteness in the reporting system or to increased parasite pres-
sure in this densely populated district.

The results of our study revealed that during the study periods,
the Markala district recorded higher malaria prevalence rates than
Kati, from 2018 to 2020, reaching up to 8.72% of confirmed
cases, compared to 5.97% in Kati in 2018. These results were
consistent with those of Kouyate et al. (2021) [7], where the prev-
alence in the Kati district was 30%, while Markala showed
slightly higher rates, around 32%, highlighting a persistent trend
of higher transmission in rural areas. This finding is consistent
with those of Mugabo et al. (2024) [16], who also found an over-
all malaria prevalence in rural areas of Mali (such as Markala) of
around 35% to 40%, while in urban areas (such as Kati), the prev-
alence was lower, around 15% to 20%.

This trend is attributed to the rainy season, which is condu-
cive to mosquito breeding. Diallo et al. (2024) [17] reported
that the annual prevalence in Kati in 2019 showed transmis-
sion peaks during the third and fourth quarters, with rates
reaching 42.1% and 40.7%, respectively. Diarra et al. (2022)
[18] also reported results for the same period, although not
specifically detailed for each quarter, revealing high preva-
lences during the rainy season, a period during which malaria
transmission rates increase. The distribution of cases also fol-
lows this dynamic, with a peak in cases observed in the third
and fourth quarters in rural areas such as Markala.

4.5. The Influence of the Epidemiological
Profile

The initially higher prevalence in Markala (8.72% in 2018)
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is closely linked to its hydrographic environment. The prox-
imity of the Niger River and the presence of rice-growing ar-
eas create ideal ecological conditions (constant humidity,
stagnant water) for the continued existence of Anopheles lar-
val habitats. This observation aligns with the findings of Sis-
soko et al., who emphasize that dam and rice-growing areas in
Mali exhibit more sustained transmission [19].

4.6. Seasonality and Climate Change

The significantly higher prevalence in Markala during the
first three years of the study (8.72% in 2018) is explained by
its biophysical environment. Located in a rice-growing area
near the Niger River, Markala presents an epidemiological
profile of the "lagoon™ or "rice-growing" type, characterized
by a near-permanent presence of larval breeding sites. Ac-
cording to Dossou et al. (1989), irrigated agricultural areas in
Mali promote more intense and prolonged malaria transmis-
sion than dry savanna areas, due to the persistent humidity
which favors the survival of vectors (Anopheles). gambiae)
[20].

The shift observed in 2021, where Kati became more af-
fected (5.90% then 7.80% in 2022), is a significant finding.
This increase in Kati could be attributed to rapid urbanization.
As a crossroads city with strong population growth, Kati faces
sanitation challenges. Wastewater and construction sites cre-
ate new urban breeding grounds for malaria larvae, a phenom-
enon described by Dossou et al. (1998) and Ntonka et al. as
"urban malaria," where transmission is no longer solely de-
pendent on rainfall [21, 22]. Improved reporting completeness
in the DHIS2 system in Kati could also explain this apparent
increase in cases compared to previous years.

4.7. Effectiveness of Control Measures in
Markala

The continued decline in prevalence in Markala (from 8.72%
to 3.93%) suggests a positive impact of public health interven-
tions. As highlighted in the 2022 National Malaria Control
Program (NMCP) annual report, the scaling up of Long-Last-
ing Insecticide-Treated Net (LLIN) distribution and Seasonal
Malaria Chemoprevention (SMC) in high-risk areas like
Markala has significantly reduced the disease burden [23].
The favorable prevalence gap in Markala in 2022 demon-
strates the success of these local strategies.

4.8. The Predominance of the RDT

The widespread use of rapid diagnostic tests (RDTs) (ap-
proximately 60%) in both districts aligns with the WHO (2022)
and National Malaria Control Program (NMCP) guidelines,
which recommend systematic laboratory testing before any
treatment. The simplicity of RDTSs, requiring neither electric-
ity nor advanced microscopic expertise, explains their wide-
spread adoption, particularly in the community health centers
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(CSCOMs) of Markala.

4.9. The Specificity of the Thick Drop in Kati

The high rate of smear microscopy (SM) in Kati (up to
30.03%) compared to Markala (6.08%) reflects a difference in
technical capacity. Kati, being a more urban district with
denser hospital infrastructure, has a better capacity for micro-
scopic diagnosis. As Benaiou et al. (2024) point out, SM re-
mains the gold standard because it not only confirms the Plas-
modium species but also quantifies parasitemia, which is es-
sential for monitoring severe cases [24].

4.10. Convergence of Practices in 2022

The disappearance of the significant difference for RDTs in
2022 (p=0.90) suggests a standardization of care practices.
This result could reflect improved availability of supplies
(RDT kits) throughout the country thanks to the efforts of the
National Malaria Control Program. This "diagnostic equity" is
crucial for reducing presumptive treatment (treating without
evidence), which is a major cause of antimalarial drug re-
sistance according to the WHO. (2023) [25].

5. Conclusions

This comparative study made it possible to establish the ep-
idemiological burden of malaria and to highlight significant
differences in prevalence between the health districts of Kati
and Markala in the period from 2018 to 2022. It also under-
lines the importance of malaria cases according to age, the age
group of 5 years and over and the variability of prevalence
according to sex and age, offering avenues for adapting ma-
laria control strategies.
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