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BACKGROUND
In Sub-Saharan Africa countries, malnutrition remains always a major public health problem and represents an additional burden in 

malaria endemic areas [1]. It is responsible for 45% of child mortality, especially in countries with a precarious health system [2]. In Mali, 
the prevalence of stunting, underweight and wasting are 24.1%, 18.6% and 10%, respectively and its distribution presents a large variability 
according residence areas [3].

Malnutrition result mainly of inadequate food intake and/or following repeated infectious disease. Malnutrition and infection are largely 
interrelated and are the major cause of child mortality in low income countries [4]. Malaria is largely invoked among infectious diseases 
incriminated in undernutrition occurrence in African [5]. Association between malaria and malnutrition has been reported in sub-Saharan 
Africa areas and malaria might increase the risk of undernutrition occurrence in children [6]. Their associations constitute a major concern 
due the impact on child’s learning, cognitive and physical development [5,7,8].

In Mali, undernutrition and malaria are common and may mutually worsen each other especially in children under 5 years old. Koila 
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ABSTRACT
Malaria and malnutrition are common in Mali and may mutually worsen each other especially in children under 5 years old. A cross 

sectional survey was done in Koila Bamanan in November 2019 involved 233 children aged 6-59 months to investigate association between 
the two diseases. The data were collected on malaria, malnutrition and mother’s sociodemographic characteristics. STATA14 was used for data 
analyze with a significant p value at 0.05. The prevalence of malnutrition was 14.6%, 40% and 10.7% respectively for underweight, stunting 
and wasting. The prevalence of malaria infection was 12.5%, 57.9% of children did at least one episode during transmission season and 52.8% 
for anemia prevalence. In multivariate analysis, anemia was associated with higher risk of underweight (OR = 6.91; 95% IC [2.41-19.73]) and 
stunting (OR=3.28, 95% IC [1.68-6.24]). However, the polygamy was associated with underweight (OR = 0.36; 95% IC [0.15-0.84]) and stunting 
(OR=0.45 95% IC [0.23-0.87]) reduction. A significant correlation was not found between parasitemia and child nutritional status. 

The prevalence of malnutrition is high in children, an association between malnutrition and malaria was not found. More studies are 
required to investigate another factor associated with malnutrition in the area.
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village, rice growing area irrigated by Markala hydraulic barrage, is 
an endemic malaria area [9] and also one of International Center 
for Excellence in Malaria Research (ICEMR) project site where we 
collected data on malaria indicators the beginning and the end of 
transmission season. During the June 2019 cross sectional survey, 
our findings show a high prevalence of anemia (31%) whose 71% in 
children under five years mostly that anemia is considered the main 
symptom of malaria  and malnutrition in endemic areas [10]. This 
study was conducted in Koila to determine the prevalence of malaria 
and malnutrition, and investigate their association in children under 
five years during the cross sectional survey in the end of 2019 
transmission season with a perspective to proposing an appropriate 
strategy for the two diseases. 

MATERIALS AND METHODS
Study site and participants

This study was conducted in Koila Village, one of the West 
African ICEMR field sites in Mali since 2012. It is located at 45 km 
from Markala health center and 385 km northeast of Bamako. The 
population of Koïla village estimated at 2,944 inhabitants including 
312 children under 5 years old (source: GIS/UCRC census, 2017). 
Malaria transmission is continuous whole year with seasonal 
variations.  Malaria control interventions ongoing are seasonal 
malaria chemoprevention, malaria cases management after rapid test 
diagnosis, use of insecticide treated nets and intermittent preventive 
treatment in pregnant women. It was a site of millennium challenge 
until 2012 and currently ICEMR project, UNICEF and Terre des 
Hommes doing research on malaria and malnutrition respectively. 

Study Design and Procedure
Data were collected on malaria and nutrition status during 

November cross sectional survey in children under five years to 
investigate association between malaria and undernutrition. This 
study as part of the ICEMR project whose the protocol has already 
been approved by Ethical Committee of Faculties of Medicine, 
Pharmacy and Odontostomatology of University of Sciences, 
Techniques and Technologies of Bamako (N°2019/04/FMPOS). 
After obtaining written inform consent from the parents/guardians, 
temperature, age, weight and height were measured in each child, 
also the blood sample were collected to perform blood smear ( and 
RDT for child with symptom) and hemoglobin level. Then data were 
collected in each child mother (age, professional activity, educational 
level and wedding regime). Each cases of malaria or undernutrition 
has been referred to physician for best management. 

Data Collection and Analysis
Sample size has been estimated from the prevalence of 

undernutrition in children under five years in Mali (18.6%) [3]. 
Assuming a confidence level of 95%, a sample size of 233 participants 
was selected. Electronic data capture was used for data collection in 
children’s and case report form for mothers. Data were export in 
Excel 2010 and analyzed with STATA 14. Anthropometric indices 
were calculated with ENA for SMART. Logistic regression was used 
to determine association between nutritional status of children, 
malaria and mother’s characteristics. Pearson correlation was used 
to determine the correlation between parasitemia and z-score of 
anthropometric indices with a significant p value at 0.05. 

Malaria infection was defined as having blood smear positive 
with Plasmodium, malaria episode as number of malaria cases 
(confirmed with RDT) during transmission season) and anemia 
as hemoglobin (Hb) <11 g/dl. The undernutrition was defined by 
z-score < -2 standard deviation for height/age (stunting), weight/age 
(underweight) and weight/height (wasting). 

RESULTS
A total of 233 children under five years were selected for this 

study. Age group 24-59 months represents 72.1% and 55.8% for 
mother from 25 to 34 years.  More than half of children’s mothers 
lived in polygamous regime (53.2%), the large majority was illiterate 
(90.6%) and mainly housewife (94%), and only 9.4% did at least 

primary school.  The prevalence of malaria infection was 12.5%, 
57.9% of children did at least one episode during transmission season 
and 52.8% for anemia prevalence. The prevalence of malnutrition 
was 14.6%, 40% and 10.7% respectively for underweight, stunting 
and wasting (Table 1).

In multivariate logistic regression analysis, anemia was associated 
with a high risk of underweight (OR = 6.91; 95% IC [2.41-19.73]) and 
stunting (OR=3.28, 95% IC [1.68-6.24]). Children age group from 
24 to 59 months was associated a high risk of wasting (OR=8.37 
CI 95% [1,06-25,68]). However, the polygamy was associated with 
underweight (OR = 0.36; 95% IC [0.15-0.84]) and stunting (OR=0.45 
95% IC [0.23-0.87]) reduction. Older mothers (OR=0.25 CI 95% [0,08-
0,73]) and children (OR=0.16 CI 95% [0,07-0,34]) were associated 
to wasting reduction. A significant association between malaria and 
undernutrition was not found (Table 2).

A significant correlation was not found between parasitemia and 
z-score of different anthropometric indices. But we trend to observe 
a small decrease in parasitemia in children having underweight 
(r=0.25 p=0.180 and stunting (r=0.27 p=0.15) (Figure 1).

DISCUSSION
Malaria and undernutrition are common in Mali mainly in 

children under five years and their association is responsible of a high 
mortality rate in Sub-Sahara Africa [11]. Investigate their association, 
especially in malaria endemic areas, might allow to discovering a new 
approach low-cost and effective combining a strategy at a same time 
against malaria and malnutrition. In 233 children under five years 
involved, age group from 24 to 59 months was the most represented. 
The mothers from 25 to 34 years were majority followed by age 
group 15-24 years and those from 35 to 44 years (Table 1). More than 
half of mothers lived in polygamous regime, the large majority was 
illiterate and mainly housewife (Table 1). The representativeness of 
age group of children and their mothers varies according the study 

Variables n (%)
6-23 months 65 (27)
24-59 months 168 (72)
Malaria infection
No 204 (87.6)
Yes 29 (12.4)
Malaria episode number
0 98 (42.1)
>= 1 135 (57.9)
Anemia
No 110 (47.2)
Yes 123 (52.8)
Educational level
No education 211 (90.6)
A last primary school 22(9.4)
Wedding regime
Monogamy 109 (46.8)
Polygamy 124 (53.2)
Activities of mothers
Housewife 219 (94)
Seller 14(6)
Age groups of mothers
15-24 years 64 (27.5)
25-34 years 130 (55.8)
35-44 years 39(16.7)
Nutritional status
Underweight 34 (14.6)
Stunting 95 (40.8)
Wasting 25 (10.7)

Table 1: Characteristics of Children and their Mothers
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design [11-13]. The predominance of young mothers and housewives 
without educational level were already reported in national survey 
on nutrition and can be explained by general composition of African 
population and particularly in Mali [3, 14]. The high proportion 
of polygamous regime reflects the general situation in Mali and 
particularly in rural areas where the most majority of men opt for 
this regime [14]. 

The prevalence of malaria infection was 12.5%, more than 
half of children did at least one episode of malaria and had anemia 
during transmission season as previously reported in Mali [15,16]. 
The prevalence of malnutrition according anthropometric indices 
was high and proves that the nutritional situation in Koila remains 
serious in children in terms of public health [3]. 

In multivariate analysis, anemia was associated with a higher 
risk of underweight (OR = 6.91; 95% IC [2.41-19.73]) and stunting 
(OR=3.28, 95% IC [1.68-6.24]). The children from 24 to 59 months 
was associated with a higher risk (OR=8.37 CI 95% [1006-25.68]) of 
wasting. However, the polygamy was associated to underweight (OR = 
0.36; 95% IC [0.15-0.84]) and stunting (OR=0.45 95% IC[0.23-0.87]) 
reduction. The older mothers (OR=0.25 CI 95% [0.08-0.73]) and 
children (OR=0.16 CI 95% [0.07-0.34]) were associated to wasting 
reduction. A significant association between the type of nutritional 
status according anthropometric indices and malaria infection and 

malaria episode number was not found (Table 2). Despite significant 
association not found between nutritional status of children and 
malaria, the role of parasite infection on undernutrition occurrence 
has been demonstrated in endemic areas previously [17, 18]. In areas 
where undernourishment remains a major public health problem, a 
repetitive infectious diseases quickly induce malnutrition in children 
[19] as mentioned in several studies in Africa [20-23]. Repeated 
infections contribute to decrease the nutrient absorption and 
increase basal metabolism, leading an imbalance between nutrients 
requirement and intakes, mechanisms advanced to explain infectious 
diseases role, especially malaria, in the occurrence of undernutrition 
in children living in endemic areas [6,11]. In our study, all children 
received four doses of sulfadoxine-pyrimethamine plus Amodiaquine 
during 2019 seasonal malaria chemoprevention campaign and could 
be explain the not association between malaria and undernutrition in 
children. Combined nutritional interventions with seasonal malaria 
chemoprevention in malaria endemic areas could be have benefits 
impact on nutritional status improvement in children [24]. Family 
income, mother’s education, good sanitary conditions, older mother 
have been reported by Caroline in Mali [25], Deribew [26] in Ethiopia 
and Tine in Senegal [27] as having an influence on the nutritional 
status of children.

A significant correlation was not found between parasitemia 
and nutritional status according anthropometric indices. But a small 

Independents 
Variables

Under Weight Stunting Wasting 
OR IC 95% P OR IC 95% P OR IC 95% P

24-59 months 0.83 [0.32-1.16] 0.7 0.16 [0.07-0.34] 0.001 8.37 [1.06-25.68] 0.04
Malaria infection 0.99 [0.33-3.01] 0.9 1.74 [0.67-4.54] 0.2 1.70 [0.47-6.13] 0.4
Malaria episode>=1 2.05 [0.84-5.02] 0.1 0.53 [0.27-1.04] 0.06 1.41 [0.53-3.69] 0.4
Anemia 6.91 [2.41-19.73] 0.001 3.28 [1.68-6.42] 0.001 0.51 [0.19-1.32] 0.1
Educational level   
No education Ref. Ref. Ref.
Education 0.83 [0.20-3.88] 0.8 1.12 [0.36-3.51] 0.8 0.95 [0.13-4.74] 0.9
Wedding regime
Monogamy Ref. Ref. Ref.
Polygamy 0.36 [0.15-0.84] 0.02 0.45 [0.23-0.87] 0.02 0.41 [0.16-1.01] 0.051
Activities of mothers
Housewife Ref. Ref. Ref.
Seller  0.46 [0.05-3.98] 0.4 0.34 [0.06-1.74] 0.2 0.49 [0.06-4.22] 0.5
Age group of mothers 
15-24 years  Ref. Ref. Ref.
25-34 years 0.84 [0.33-2.11] 0.7 0.53 [0.25-1.12] 0.1 2.32 [0.70-7.71] 0.1
35-44 years 0.37 0.09-1.58] 0.1 0.25 [0.08-0.73] 0.01 2.07 0.43-9.81] 0.3

Table 2: Association Between Malaria and Nutritional Status Using Logistic Regression

Figure 1: A significant correlation was not found between parasitemia and z-score of different anthropometric indices. But we trend to 
observe a small decrease in parasitemia in children having underweight (r=0.25 p=0.180 and stunting (r=0.27 p=0.15)
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trend of decrease in parasitemia in children having underweight 
and stunting was observed. In malaria endemic areas, children with 
stunting are frequently infected with Plasmodium but have a lower 
parasitemia [28,29]. 

CONCLUSION
The prevalence of malnutrition is high in children, an association 

between malnutrition and malaria was not found. More studies are 
required to investigate another factor associated with nutritional 
status in children in this area.

LIST OF ABBREVIATION
ENA	    :   Emergency Nutrition Assessment
GIS/UCRC : Geographic Information System/ University Clinical 
Research Center
ICEMR	    :   International Center for Excellence in Malaria Research 
NMCP	    :   National Malaria Control Program
SMART	   :    Standardized Monitoring and Assessment of Relief and 
Transitions
WHO	    :   World Health Organization 

Consent for publication: All authors read and approved the 
final version of the manuscript.

Availability of data and materials: Contact the corresponding 
author for any information about data availability. 

Funding: This study as part of ICEMR project, sponsored by the 
National Institute of Allergy and Infectious Diseases (NIAID). Grants 
1-U19 AI 129387-01 WEST AFRICA ICEMR AWARD. Protocol DMID 
Number: 17-0052.

Conflict of Interest: The authors declare any competing interests.

Acknowledgements: ICEMR project, community of Koila, all 
participants and investigators, team of Immunogenetics & Parasilogy 
Units

REFERENCES
1.	 Nubé, M. and B.G.J.S. Sonneveld, The geographical distribution 

of underweight children in Africa. Bulletin of the World Health 
Organization 2005. 83: p. 764-770.

2.	 WHO. Adolescent pregnancy. 2020; Available from: https://www.
who.int/news-room/fact-sheets/detail/adolescent-pregnancy 
(assess 07/10/2020).

3.	 DNS/DN/INSTAT. Enquête Nationale Nutritionnelle et de 
Mortalité Rétrospective suivant la méthodologie SMART, Mali, 
2018 2018; Available from: file:///C:/Users/lenovo/Desktop/
Fichiers%20these/fichiers%20malnutrition/rapport_final_
smart_septembre_2018_mali.pdf (cosulté 19/02/2020).

4.	 Calder, P.C. and A.A. Jackson, Undernutrition, infection and 
immune function. Nutr Res Rev, 2000. 13(1): p. 3-29.

5.	 Fillol, F., et al., Influence of wasting and stunting at the onset of 
the rainy season on subsequent malaria morbidity among rural 
preschool children in Senegal. Am J Trop Med Hyg, 2009. 80(2): 
p. 202-8.

6.	 Bernard, O., H. Pagezy, and D. Bley, État nutritionnel et 
environnement pathogène d’enfants d’une population forestière 
du Sud-Cameroun. 2001.

7.	 Christine, C., Enquête sur l’alimentation des personnes 
précarisées. 2008.

8.	 Dukhi, N., Global Prevalence of Malnutrition: Evidence from 
Literature. 2020.

9.	 Coulibaly, M., et al., Titration of anti-Plasmodium falciparum 
Immunoglobuline G in children with severe malaria at the 
teaching hospital of Yopougon. Revue Malienne d’Infectiologie et 
de Microbiologie 2016. Tome 8.

10.	 Müller, O., et al., Severe anaemia in west African children: malaria 
or malnutrition? Lancet, 2003. 361(9351): p. 86-7.

11.	 Gone, T., et al., The association between malaria and malnutrition 
among under-five children in Shashogo District, Southern 

Ethiopia: a case-control study. Infect Dis Poverty, 2017. 6(1): p. 9.
12.	 Diarra, I. Evaluation de la prise en charge de la malnutrition aigue 

sévère des enfants de 06 à 59 mois à l’URENI du centre de santé 
de référence de Koutiala en 2014. 2015; Available from: http://
www.keneya.net/fmpos/theses/2015/med/pdf/15M232.pdf 
(consulté le 06/04/2020).

13.	 Wilson, A.L., et al., Is chronic malnutrition associated with an 
increase in malaria incidence? A cohort study in children aged 
under 5 years in rural Gambia. Parasites & Vectors, 2018. 11(1): 
p. 451.

14.	 EDS. Enquête Démographique et de Santé 2018  [cited 61; 
Available from: https://dhsprogram.com/pubs/pdf/PR115/
PR115.pdf (consulté 20/08/2020).

15.	 Koné, K. Prévalence de la parasitémie palustre, de la malnutrition 
et de l’anémie à la fin de la saison de transmission du paludisme 
à Koumantou (Mali) en 2018. 2020; Available from: https://
www.bibliosante.ml/handle/123456789/3770 (consulté le 
07/04/2020).

16.	 NMCP. Enquête sur les Indicateurs du Paludisme au Mali (EIPM) 
2015. Rockville, Maryland, USA : INSTAT, INFO-STAT et ICF 
International. 2015; Available from: https://dhsprogram.com/
pubs/pdf/MIS24/MIS24.pdf (access 24 Sept 2019).

17.	 Tanner, M., et al., Longitudinal study on the health status of 
children in a rural Tanzanian community: parasitoses and 
nutrition following control measures against intestinal parasites. 
Acta Trop, 1987. 44(2): p. 137-74.

18.	 Wilson, W.M., et al., Gastrointestinal parasitic infection, 
anthropometrics, nutritional status, and physical work capacity 
in Colombian boys†. 1999.

19.	 Guerrant, R.L., et al., Malnutrition as an enteric infectious disease 
with long-term effects on child development. Nutr Rev, 2008. 
66(9): p. 487-505.

20.	 Akiyama, T., et al., Asymptomatic malaria, growth status, and 
anaemia among children in Lao People’s Democratic Republic: a 
cross-sectional study. Malar J, 2016. 15(1): p. 499.

21.	 Ehrhardt, S., et al., Malaria, anemia, and malnutrition in african 
children--defining intervention priorities. J Infect Dis, 2006. 
194(1): p. 108-14.

22.	 Musimwa, A.M., et al., Clinical signs of malnutrition in children 
living around a mining area: a case study in the city of Lubumbashi 
and its surrounding]. Pan Afr Med J, 2016. 24: p. 67.

23.	 Sumbele, I.U., et al., Nutritional status of children in a malaria 
meso endemic area: cross sectional study on prevalence, 
intensity, predictors, influence on malaria parasitaemia and 
anaemia severity. BMC Public Health, 2015. 15: p. 1099.

24.	 Ward, A., et al., Seasonal malaria chemoprevention packaged with 
malnutrition prevention in northern Nigeria: A pragmatic trial 
(SMAMP study) with nested case-control. PLoS One, 2019. 14(1): 
p. e0210692.

25.	 Caroline, M.S., et al., Predictors of poor nutritional status among 
children aged 6 and 24 months in agricultural regions of Mali: a 
cross-sectional study. BMC Nutrition, 2018. 4(1): p. 18.

26.	 Deribew, A., et al., Malaria and under-nutrition: a community 
based study among under-five children at risk of malaria, south-
west Ethiopia. PLoS One, 2010. 5(5): p. e10775.

27.	 Tine, R.C., et al., Parasitic Infections among Children under 
Five Years in Senegal: Prevalence and Effect on Anaemia and 
Nutritional Status. ISRN Parasitol, 2013. 2013: p. 272701.

28.	 Ahmad, S.H., et al., Effect of nutritional status on total parasite 
count in malaria. The Indian Journal of Pediatrics, 1985. 52(3): p. 
285-287.

29.	 Saka, A.O., et al., Malaria Parasitaemia in Children With Protein 
Energy Malnutrition In North Central Nigeria: A Case Control 
Study. IOSR Journal of Pharmacy and Biological Sciences, 2012. 
1(3): p. 49-53.


