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Abstract
Background: Malaria remains one of the main causes of morbidity and death among children less than 5.
In Togo, despite intensi�cation of malaria control interventions, persistence in malaria prevalence was
observed and appears to vary from one region to another within the country. The aim of this study is to
explore further regional heterogeneities in malaria prevalence and to determine associated risk factors.

Methods: Data from the cross-sectional survey of the nationally representative 2017 Togo malaria
indicator survey was used. Children aged 6–59 months in the selected households were tested for
malaria using the rapid diagnostic test (RDT) and the microscopy. Univariate and multivariate logistic
regression analysis were preformed using Generalized Linear Models.

Results: A total of 3271 children under �ve (2441 in rural areas and 830 in urban areas was enrolled.
Overall 26% of children tested positive for malaria, as con�rmed by microscopy, ranging from 5.3% in the
Lomé Commune region to 43.6% in the Plateaux region. In multivariate analysis, factors associated with
malaria prevalence were living in the Plateaux region (aOR=4.24, 95%CI [2.38-7.65]), and the Maritime
region (aOR=2.02, 95%CI [1.13-3.66], compared to Lomé Commune region); age 24 to 35 months
(aOR=1.46, 95%CI [1.13-1.88) and age 36 to 59 months (aOR=2.5, 95%CI [2.04-3.09]) ], Compared to those
age 6-23 months;  households within the richest wealth quintile (a.OR=0.22, 95%CI [0.11-0.41], compared
to poorest) and residence in rural areas (aOR=2.02, 95%CI [1.32-3.13], compared to resident in urban).

Conclusion: Interventions that targeted use of combined prevention measures, adapted to older children
living in rural areas and particularly in the regions of high malaria prevalence, could result in better
malaria control in Togo.

Background
Malaria continues to be major public health problem. In 2020, a total of 229 million cases of malaria and
409,000 deaths were reported, with the vast majority occurring in sub-Saharan African (94% of malaria
cases and 99% of deaths)(1). The under �ve year old continue to be at greatest risk of severe malaria,
accounting for 67% of all malaria deaths. The magnitude of the problem in this region of the world is
in�uenced by a number of environment-related factors, vector-related factors, and human-related factors
(2).

In Togo, malaria is endemic with a high prevalence of infection. In 2018, 2,002,877 cases and 905 deaths
were recorded on the general population of 7 265 286 inhabitants (3). During the same period, children
under �ve years of age represented 31.6% of cases. This prevalence shows the extent of this disease in
this age group but hides a strong heterogeneity within the regions ranging from 2.6% in the common
Lomé Commune region to 43.0% in the Savannah region (3). The socio-economic burden on the
population is signi�cant. In one study the average expenditure per household on malaria prevention
measures was $8, which represents 5-15% of monthly household income(4). Through the Global
Technical Strategy for Malaria Control (2016-2030), Togo is one of the 35 countries committed to
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eliminate malaria by 2030 (5). Based on this recommendation, the Togolese government through the
National Malaria Control Program (PNPL) has developed �ve-year plans, the �rst of which (National
Health Development Plan 2017-2022) builds on known high-impact interventions to control malaria in the
country with the goal to move towards malaria elimination by 2030 (6). The major strategies adopted in
this plan are universal coverage of long-lasting insecticidal nets (LLINs), seasonal malaria chemo-
prevention (SMC), mass treatment, community case management by community health workers (CHW)
and indoor residual spraying (IRS)(6).

Despite these initiatives, malaria remains a challenge in the country. A retrospective longitudinal study
using PNLP routine data from 2008 – 2017, showed an average annual increase in malaria cases in
children under �ve of +13.1%, also with strong heterogeneity ranging from +6.3% in the Lomé Commune
region to +16.7% in the Centrale region(7). However, this study could not examine risk factors that could
explain this heterogeneity of malaria prevalence in children under �ve in Togo. Several studies on malaria
in Togo have focused on the clinical management of cases (8, 9), the evolution of malaria incidence (7),
the evaluation of the implementation of malaria control interventions (10, 11), clinical trials on malaria
vector resistance to insecticides (29, 30) and socio-cultural factors (12). So far, there are very few studies
examining the risk factors associated with regional heterogeneity in malaria prevalence among children
under �ve in Togo using national population-based survey data (7). The aim of this study is to explore
further regional heterogeneities in malaria prevalence and to determine the associated risk factors.

Methods

Study context
Togo is a country in West Africa, with an population of 7,886 million inhabitants for a density of 152
inhabitants/km2 in 2021 (13). It is bordered to the north by Burkina Faso, to the south by the Gulf of
Guinea, to the east by Benin and to the west by Ghana. It has six health regions and forty-three health
districts in total (Figure 1).

The health system in Togo is organized as a three-level pyramidal structure (3) (�gure 2). The �rst level is
composed of the central administration and the different departments and programs where the
guidelines and national policies are developed. The regional (or intermediate) level includes six health
regions which provide coordination and technical support to the third level health districts. The peripheral
level is represented by the health district which is the most decentralized operational entity comprising of
43 health districts and 944 peripheral health units.

Study Type And Sample Design
This was a secondary data analysis project using cross-sectional data from the Togo Malaria Indicator
Survey (TMIS) 2017. These data provide information on malaria prevalence among children under �ve
and pregnancy women in the country(14). The TMIS carried out a two-stage sampling method to select
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the sample. Using information from the last general population census in Togo in 2010 (15), each region
was subdivided into Enumeration Areas (EAs). Each area of study was separated into urban and rural
parts to form the sampling strata. At the �rst level, 171 EAs were drawn with a probability proportional to
the size of which 60 were urban and 111 rural. To have an update in the selected enumeration areas, a
household enumeration was carried out, which provided a complete list of occupied households in each
EA selected. At the second level, 30 households were drawn systematically in each EAs. All women aged
15-49 usually living in the selected households or present the night before the interview with or without
children under �ve were eligible to be interviewed. Selected households with neither a woman aged 15-49
nor a child under �ve were only included for the household questionnaires. In total, the sample consisted
of 171 EAs, 5,130 households (1,800 in urban areas and 3,330 in rural areas), 4,895 women from 15 to 49
years old (1,684 in urban areas and 3,211 in rural areas), and 3,271 children under �ve (2,441 in rural
areas and 830 in urban areas)(16).

Tools and data collection
Three questionnaires were used in the context of the 2017 TMIS: a household questionnaire, a women
questionnaire, and a biomarker questionnaire. The household questionnaire recorded all household
members and visitors who slept there the night before the interviewer visited the household, water source,
types of toilets, habitat characteristics, possession of durable goods, and use of mosquito nets were
collected. The women questionnaire was used to collect information on socio-demographic
characteristics, knowledge of malaria and prevention measures, births over the last 5 years, prevalence
and treatment of fever in children under �ve. Finger prick blood samples for malaria testing were taken
from all children aged 6-59 months in the selected households, for whom the parents or responsible
adults had previously given their informed consent. Screening for malaria was done with a rapid
diagnostic test (RDT), namely the SD Bioline Malaria Ag Pf/Pan with a sensitivity of 94.0% and speci�city
of 91.4%. Children who tested positive for malaria, or who had other signs of severe malaria or other
serious illnesses, were referred to the nearest health facility for "advice and action" following the national
health policy in Togo. Blood collection on slides was carried out to con�rm the infection status of all
children using a microscope. After drying and �xing the blood smears, the prepared slides were stored in
special boxes containing cold accumulators and humidity controllers. Blood samples on slides,
accompanied by the transmission sheets, were regularly collected in the �eld and transported to the
parasitology laboratory of the “Institut National d’Hygiene (INH)” to be registered, checked, and analysed.
After being stained with Giemsa, the slides were examined for the presence of the parasite. Each slide
was analysed independently and blindly by two different biologist technicians. In case of discrepancies
between the results of the two technicians, the slide was re-examined by a senior biologist technician
(16).

Study Variables
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The dependent variable in this study is the infection status of the child (positive/negative) on the
microscopic examination of the malaria parasitaemia. The main independent variable was the region.
Other independent variables included environment related factors such as altitude, household density,
main water source, type of toilet facility, main material of �oors, main material of walls and main
material of roof. Human related factors included household wealth quintiles, age, gender, possession and
use of a mosquito bed net, mother's education level, knowing mosquitoes as vectors of malaria, being
exposed to malaria prevention messages, as well as ethnicity and religion. We also took into account if
the child had fever in last two weeks before the study. The household wealth quintile variable was
constructed using principal component analysis on household’s assets and amenities(17).

Data analysis
For each of the factors recorded, we assessed associations with malaria infection in univariate logistic
regression using Generalized Linear Models (GLM), calculating odds ratios. Any association that was
found to be statistically signi�cant at a level of p≤0.10 in univariate analysis was assessed as a
potential confounder in the association between region of residence and malaria infection. We then
included in a multivariable model, region of residence and all the potential confounders as well as any
other factors that were signi�cantly associated in univariate analysis (p ≤ 0.10). We then removed one at
a time, starting from the one with the highest p-value, each of the secondary exposures. If this resulted in
a change of more than 10% in the odds ratio of region or if the likelihood ratio test comparing the
complex model with the simple model was signi�cant, the secondary exposure was retained. We then
tried to remove the next secondary exposure, using the same criteria. This process was continued until all
remaining secondary exposures were either important as confounders or their removal would result in a
signi�cantly less precise model(18). With the variables retained (p≤0.05 or confounders), we checked for
interactions between our main variable of interest (region of residence) and each of the secondary
exposures. For this purpose, categorical variables with more than two levels were recoded to binary. Dose
response curves were generated using the predictor effect plots (19) to show the trend between the
malaria prevalence and certain associated risk factors. Data were analysed using the software R version
4.0.4.

[1] Sources of drinking water were recoded as improved (protected well, tube well or borehole, public
tap/standpipe, protected spring) and unimproved (unprotected spring, unprotected well, rainwater, surface
water, river/dam/stream/irrigation channel)

[2] Type of toilet facility were recoded as improved (pit toilet latrine, ventilated improved pit latrine, pit
latrine with slab, �ush toilet, �ush to piped sewer system) and unimproved (no facility/bush/�eld, pit
latrine without slab/open pit, bucket toilet) 

[3] Main materials of �oors were recoded as 'improved materials' (ceramic tiles, cement, vinyl asphalt
strips, parquet and polished wood) and 'unimproved materials' (rudiments, wooden planks, earth, sand,
palms, bamboo and others)
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[4] Main materials of wall were recoded as 'improved materials' (cement, stone with lime, cement blocks
and bricks) or 'unimproved materials' (cane/palm/trunks, earth, bamboo or stone with mud, uncovered
adobe, and others rudimentary materials)

[5] Main materials of roofs were categorised into "improved materials" (roo�ng shingles and cement) and
"unimproved materials" (thatch, rudimentary, rustic matting, palm/bamboo, wooden planks, cardboard,
and no roof)

Results
Characteristics of the study population

A total of 3,271 children aged between 0 and 59 months from 5,130 households were enrolled in the
survey, of whom 2,867 aged 6-59 months were tested for the presence of malaria parasites. There were
almost equal numbers of female and male children, with a median age of 27 months (IQR 13-43). Most
children (74.6%) were from rural areas, except for the Lomé Commune region, which is an urban
agglomeration that includes the country's capital. The largest group of children in our sample (28.7%)
were from the poorest quintile of households, while only 12.4% were from the richest quintile (Table
1). Children living in the Plateaux region had the highest prevalence of malaria (43.6%) followed by
children living in the Savanes (31.9%) and Maritime (29.5%) regions. Intermediate prevalence levels of
malaria were recorded in Kara (16.7%) and Centrale (17.1%), and the lowest prevalence level (5.3%) in
Lomé region (�gure 1 and table 1).  In addition, most of the children were living in houses where the main
materials of the �oor, wall and roof were not upgraded (table1)

Regional heterogeneity of malaria in Togo

The region of residence was signi�cantly associated with the child's malaria status (Table 2). Part of the
variability in malaria prevalence between regions was explained by the exposure variables explored, in
particular: altitude, household density, main water source, type of toilet facility, main material of �oors,
main material of walls, main material of roof, household wealth quintiles, age, gender, possession and
use of a mosquito bed net, mother's education level, knowing mosquitoes as vectors of malaria, being
exposed to malaria prevention messages, ethnicity, religion, as well as child had fever in last two weeks
before the study. The Plateaux and Maritime regions remained at increased risk compared to Lomé, while
the other regions no longer had an increased risk. The probability of a positive malaria test with
microscopy for children living in the Plateaux decreased from 13.7 times higher risk to 4.2 times higher
risk compared to those living in the Lomé Commune region. In addition, the heterogeneity was no longer
signi�cant for three of the regions after adjusting for other risk factors (see table 2). The interaction tests
performed during these analyses were not signi�cant. 

Other associated risk factors with regional heterogeneity of malaria prevalence among children
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 The table 2 summarised variables that had an independent statistically signi�cant impact on the malaria
prevalence. Children living in rural areas were at twice as high risk (adj. OR=2.02, 95% CI [1.32-3.13]) to
test positive for malaria compared to those living in urban areas.  Malaria prevalence was highest among
children whose mother had no education (37.7%), followed by those whose mother had primary
education (27.2%), and �nally those whose mother had secondary education and above (14.3%), showing
a clear dose-response association as for each increase in the mother's education level, the probability of
her child testing positive for malaria decreased. Regional heterogeneity of malaria prevalence in children
under �ve was also in a dose-response manner associated with  poorer wealth quintiles and older age of
child proportion of children aged 36-59 months (Table 2). The statistical tests for child age, household
wealth quintile, altitude and mother's educational level showed an dose-response trend. The probability of
malaria in children decreased with the altitude, maternal educational level, and household wealth quintile.
Also, this probability increased with child’s age in months (�gure 4). 

Discussion
The prevalence of malaria in Togo in children under 5 years of age was high and varied by region, with
the highest prevalence in the Plateaux region. After adjusting for several risk factors, the effect of region
of residence decreased but remained signi�cant. This suggests that the heterogeneity by region of
residence may still re�ect other important variables not considered in the study. Examples include
temperature, humidity, the presence of standing water in the household, the proximity of the household to
a body of water, availability and quality of health care. Children living in two of the six regions, Plateaux
and Maritime, had a higher risk of contracting malaria. This �nding could be partly explained by
favourable climatic conditions in this region, especially high rainfall, which provides a breeding ground
for the Anopheles mosquito, responsible for malaria transmission in these regions (20). Entomological
studies in Nigeria (21) and Eritrea)(22), showed higher number of mosquitoes in the irrigated community
compared to those in the non-irrigated community.

A higher risk of malaria in children living in rural areas may also be associated with more favourable
conditions for mosquito development. Studies in Nigeria (23) and Burkina Faso (24) have shown that
proximity of dwellings to agricultural areas and rural water reservoirs increases the risk of malaria
morbidity due to greater exposure to malaria vectors. The difference in risk between rural and urban
children was greater in the Lomé Commune region, the most urbanized region in Togo. Urbanization
reduces the risk of malaria because it creates an environment which is suboptimal for mosquito
persistence as it reduces the number of breeding sites (25, 26). Urbanization also changes health
practices, which can result in more effective prevention (use of insecticides, mosquito nets, preventive
treatments), information dissemination (concentration of public and private media), and better access to
health facilities (26, 27). The difference in risk by region related to household wealth quintile may suggest
that malaria prevalence in children has a strong association with household wealth quantile (28, 29). In
contrast to this result, similar studies in Uganda (30) and Kenya (25), did not �nd an association between
household wealth index and malaria prevalence. However, the difference with these results could be
explained by the fact that these two studies were conducted in single rural communities. Therefore, these
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may not be generalisable nor comparable to national survey data that includes both urban and rural
populations and a mix of different communities.

The higher malaria prevalence in older age groups observed in our study is consistent with observations
in Kenya (31) and Tanzania (32). An explanation could be that younger children have anti-malaria
antibodies that have been transmitted to them by their mothers (32, 33). Or that they spent less time
outdoors in the evenings compared to older children, resulting in less exposure and are likely to be put
under bed nets regularly (23). Other explanations may include the fact that they have received Seasonal
Malaria Chemo-prevention (SMC). This could guide considerations of more targeted malaria control
strategies for older children, such as extending the age group covered by SMC.

Children living in areas with high malaria transmission intensity develop immunity with age because of
continuous exposure to infected mosquito bites (34). This immunity develops �rst against severe forms
of malaria and then against non-severe malaria. This could explain that older children are more likely to
have malaria parasites without developing clinical disease, in contrast to their younger counterparts who
still have immature immunity and therefore still struggling with malaria infections (33).

The mother's educational level showed a protective effect against malaria infection for her child. The
same results were found using cross-sectional survey data from three African countries (Angola,
Tanzania, Uganda) (35) and also in Democratic Republic of Congo (36). An educated mother has a higher
capacity for self-reliance and can break with certain traditions and beliefs that are not favourable to
health. She can also make arrangements to keep the household healthy and improve hygiene (37). This
effect of a mother's education on child survival is true even in poor households (38, 39). Indeed, educated
mothers are more receptive to awareness campaigns to prevent their children from getting sick, and are
quick to consult and use health services (39).

The dataset used for the analyses was derived from a cross-sectional survey and therefore has some
limitations. For example, a causal relationship between the explanatory variables and the prevalence of
malaria in children under �ve cannot be established. Data were also collected on adherence to the �rst
dose of seasonal malaria chemoprevention (SMC) drug in 2017. SMC was only available in three regions
and 1,061 children were exposed to the treatment as reported by caregivers with 99.9% adherence during
the survey. Because of this low number of children exposed to SMC in the study sample, we were unable
to control for this variable in the analyses.

The large and nationally representative study population is an important strength of the study. Another
strength of the study is that the malaria infection was diagnosed by microscopy, which is the gold
standard. In addition, the use of Generalized Linear Models allowed explaining part of the regional
heterogeneity of malaria prevalence in under-�ve in Togo and the associated risk factors. This
information can thus be essential in the design of appropriate interventions.

Conclusion
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The results obtained in this study show a strong regional heterogeneity of malaria prevalence in children
under �ve years of age in Togo. Part of this heterogeneity could be related to factors such as place of
residence, child’s age, mother's education level, household wealth quintile, exposure to malaria prevention
messages and altitude, but after adjusting for these, signi�cant heterogeneity persisted. These �ndings
support designing targeted interventions and strategies tailored to older children living in rural areas and
from households with a poor wealth index. Particular emphasis could be placed on designing key malaria
prevention messages for the high malaria prevalence regions. Prioritising high prevalence regions for
SMC and the combined use of preventive measures is recommended for better control of malaria in Togo.
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Tables
Table 1: Characteristics of the study population



Page 14/22

Factor Number (%)

Health Region 

Lomé Commune             462 (14.1)        

Maritime             545 (16.7)        

Plateaux              582 (17.8)        

Centrale                 468 (14.3)        

Kara         510 (15.6)        

Savanes        704 (21.5)                                      

Place of residence     

Rural     2441(74.6)

Urban      830 (25.4)

Gender    

Male     1635 (49.9)

Female     1636 (50.1)

Age in months

06-23    1075 (32.8) 

24-35      615 (18.9) 

36-59    1581 (48.3)

Had fever in last two weeks

No      2442 (74.7)

Yes      829 (25.3)

Child slept under bednet

No one       748 (22.9)  

Some       279 (8.5)

All      2244 (68.6)

Mother's ethnicity

Kabye_tem             965 (29.5)       

Mina          1096 (33.5)       

Para-gourma         896 (27.4)        
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Stranger     119 (03.7)

Other     195 (05.9)       

Mother’s religion

Animist    1036 (31.6)     

Christian       1664 (50.9)     

Muslim          566 (17.3)      

Other       05 (00.2)

Mother’s educational level

No education                1432 (43.8)               

Primary    1051 (32.1)               

Secondary or higher     788 (24.1)                             

Mother's age in years

        15-24     753 (23.0) 

25-34   1744 (53.3) 

35-49     774 (23.7)
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Exposed to malaria messages     

 No    2492 (76.2)

 Yes      779 (23.8)

Knowing mosquitoes as vectors of malaria  

No      585 (17.9)

Yes    2686 (82.1)

Have mosquito bed net for sleeping  

No      174 (05.3)

Yes    3097 (94.7)

Socio economic status  

Poorest        940 (28.7)   

Poorer        794 (24.3)   

Middle        617 (18.9)   

Richer       513 (15.7)   

Richest      407 (12.4)                  

Main �oor material      

Improved       2665 (81.5)

Unimproved        606 (18.5)

Main wall material  

Improved       1958 (59.8)

Unimproved      1313 (40.2)

Main roof material  

Improved       2734 (83.6)

Unimproved        537 (16.4)

Main water source                           

Improved       2026 (61.9)    

Unimproved      1245 (38.1)          

Type of toilets facility  

Improved       1166 (35.6)
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Unimproved      2105 (64.4)

Density in the household  

1-2 persons        33 (01.0) 

3-4 persons      758 (23.2) 

5+ persons    2480 (75.8)

Altitude in metres  

0-300      2479 (75.8) 

301-600        749 (22.9)

601 and more          43 (01.3)

Table2: Regional heterogeneity of malaria and associated risk factors among children in Togo in 2017
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Factors Positive  malaria*                
         (n=829)

Negative  malaria*            
         (2442)

OR (95%
CI)

aOR (95%
CI)

  Number (%) Number (%)

Health region

Lomé
Commune     

       25 (5.3)      443 (94.7)    Ref. Ref.

Maritime           161 (29.5)      384 (70.5)   6.9 (4.5-
11.1)

2.0 (1.1-
3.6)

Plateaux            254 (43.6)      328 (56.4) 13.7 (8.9-
21.8)

4.2 (2.4-
7.6)

Centrale                 87 (17.1)      423 (82.9)     3.7 (2.4-
6.2)

1.9 (0.9-
3.6)

Kara   77 (16.7)      385 (83.3)   3.1 (1.9-
5.0)

1.1 (0.5-
1.9)

Savanes      225 (31.9)      479 (68.1)   7.7 (5.0-
12.2)

1.5 (0.8-
2.8)

Place of
residence 

Urban      66 (8.0)               764 (92.0) Ref. Ref.

Rural      763 (31.2)       1678(68.8)   5.19
(4.00-6.85)

2.02
(1.32-
3.13)

Age in
months

          

06-23      218 (20.2)       857 (79.8) Ref. Ref.

24-35      167 (21.8)         599 (78.2) 1.42 (1.02-
1.99)

1.46
(1.13-
1.88)

36-59      444 (28.1)       986 (71.9) 1.90 (1.37-
2.66)

2.51
(2.04-
3.09)

Mother’s educational level

No education
            

482 (33.6)      950 (66.4)    Ref. Ref.

Primary  252 (24.0) 799 (76.0)    0.62
(0.51-0.74)

0.79
(0.63-
0.98)

Secondary or
higher

  95 (12.1)  693 (87.9)    0.27
(0.21-0.35)

0.64
(0.47-
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0.85)

Exposed to malaria messages 

No      694 (27.8)      1798 (72.2)    Ref. Ref.

Yes      135 (17.3)      644 (82.7)    0.56
(0.45-0.69)

0.67
(0.53-
0.85)

Household wealth quintile

Poorest   351 (37.3) 589 (62.7) Ref. Ref.

Poorer   241 (30.3) 645 (69.7) 0.52 (0.41-
0.66)

0.85
(0.67-
1.07)

Middle   149 (24.1) 376 (75.9) 0.42 (0.38-
0.58)

0.61
(0.45-
0.80)

Richer    72 (14.0) 441 (86.0) 0.28 (0.21-
0.37)

0.64
(0.42-
1.01)

Richest   16 (4.0) 391 (96.0) 0.07 (0.04-
0.11)

0.22
(0.11-
0.41)

Altitude in
metres

0-300 715 (29.0) 1764 (71.0) Ref. Ref.

301-600 108 (14.4)   641 (85.6) 0.41 (0.32-
0.51)

0.45
(0.33-
0.60)

601 and
more

  6 (14.0)     37 (86.0) 0.37 (0.14-
0.83)

0.23
(0.08-
0.55)

OR: Crude OR, aOR : Adjusted odds ratio for all other factors considered in the multivariate analysis., Ref:
reference modality, * Results of the malaria test performed under the microscopy

Figures
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Figure 1

Togo administrative map (Ministry of Health 2017)
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Figure 2

Togo's health system pyramid (Ministry of health, 2017)

Figure 3

Malaria prevalence in children by region in Togo in 2017
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Figure 4

Predicted probabilities of malaria on altitude, child age, mother educational level and household wealth
quintile.


