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Abstract
Background

Malaria is a parasitic borne disease that affects red blood cells. The disease is preventable, detectable and treatable and more common in poor resource
settings. It causes socioeconomic impacts, representing a large burden on the revenue of countries where it is endemic. Malaria is undoubtedly one of the
main public health concerns impacting on families and the economy in Mozambique. Although the entire population of Mozambique is at risk of malaria,
children and pregnant women have higher risk owing to lower immunity. Age category plays a signi�cant important role in malaria occurrence and can affect
the course and progression of the disease and correct treatment. Very few studies in pediatric malaria exists in Mozambique and the existing uses a simplistic
and coarse grouping. Malaria risk is rarely uniform, whether considering households in a village, villages in a district or districts in a country. The knowledge of
malaria pediatric incidence and, the need to evaluate the local heterogeneity by generating malaria risk maps can improve the understanding of pediatric
malaria being the objective of this study.

Materials and Methods

A retrospective study was conducted using existing malaria positive data from 2018 to 2019 at Rural Sussundenga Hospital (RSH) in Sussundenga
municipality. Attributable factor of the disease and incidence were calculated. Proportion of gender, age category and location were tested using G test. For
malaria risk mapping, ten malaria factors (anthropic, sociodemographic, climatic and clinic) were used to produce two maps one using malaria incidence and
other without. Bioclimatic, Diva GIS 7.4.0 and, Landsat 8 image were used to produce the map.

Results and conclusion

The �ndings revealed that of the, 42,248 patients who visited the local hospital f, 51.2 % tested positive for malaria with an incidence of 45.7 per 100 persons.
There is a difference between residential areas in malaria incidence, with both maps showing malaria risk in Nhamazara, Nhamarenza and Unidade
communities. This implies that malaria high risk areas seem to be located in high populated areas and areas close to water bodies. Relevant information is
provided for effective planning in malaria intervention. 

1. Introduction
Malaria is a parasitic borne disease that affects red blood cells. World Health Organization recorded 229 million cases of malaria in 2019 and of these there
were 409,000 deaths in 87 endemic countries and 67 % in children under 5 years. Worldwide, 95 % of the malaria cases occurred in 29 countries [1].

Mozambique is among the six countries accounting for half of all malaria cases and deaths in the world and it is on the 5th place. Worldwide, malaria
prevalence and incidence decreased by 50 and 40 % respectively due, to the control programs. In Southern Africa the malaria decrease was between 50 to 91
%. In Mozambique the reduction is slow and, between 2015 and 2018, cases fall only by 14 % [2, 3].

The disease is preventable, detectable and treatable and, more common in poor regions. It causes socioeconomic impacts, representing a large burden on the
revenue of countries where it is endemic.

In Mozambique malaria is undoubtedly one of the main public health concerns impacting on families and the economy. In 2020 the country reported
8,921,081 cases and 1,114 deaths [1]. Although the entire population of Mozambique is at malaria risk, children and pregnant women are at higher risk owing
to lower immunity. in Chimoio region/province, in Mozambique children under �ve years old are three times more prone to malaria than adults [4].

Malaria transmission in Mozambique occur all year round, and the peak of malaria occurs between January to March. The malaria transmission has a strong
association with rainfall, temperature with relative humidity accounting for 72 to 80 % of the cases [5, 6, 7].

Despite those weather conditions, malaria occurrence is also in�uenced by socio-demographic determinants such as age, gender, level of education, residence
type (rural and urban) [8, 9, 10]. Age can affect the course and progression of the diseases and correct treatment [11]. Very few studies in pediatric malaria
exists in Mozambique and the existing ones use simplistic and coarse grouping of 0 to 4 and over 5 years, not re�ecting stages of development and the
existing standard age categories.

The malaria environmental dependency result in a complex pattern of geographical variation in transmission at almost every scale. Malaria risk is rarely
uniform whether considering between households in a village, villages in a district or districts in a country. The knowledge of spatial distribution of malaria
and, the evaluation of local heterogeneity by generating malaria risk maps can improve the understanding of pediatric malaria especially in children.

Hence, the intention of this study is to determine the malaria determinants and mapping the risk of malaria in children with and without clinical data. The
knowledge generated by the present study can help in the formulation of malaria control programs and policy strategies for malaria control in under 14 age
categories in Mozambique.

2. Material And Methods.
a. Study area and population

Sussundenga village is a rural municipality in Manica Province, Mozambique administratively dived in 17 residential areas within an area of 156.9 Km2.
(Figure 1).
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The population is 41,354 inhabitants, 52 % females and 48 % males with a 2.5 % annual growth rate. The pediatric population (0 to 14 years) comprises 45.6
% of the total population being 4.4 % less than 1 year, 11 % from 1 to 4 years and, 30.2 % from 5 to 14 years old [12]. The livelihood of the inhabitants is based
on subsistence agriculture.

The hydrographic network comprises of 6 main rivers with permanent �ow. In the municipality most of the population has de�cient access to health services
since there is only one public hospital.

The climate is warm temperate with dry winters from April to July, hot and dry summer from August to October and, hot humid summer from November to
March. The average rainfall is 1,067.6 mm, varying signi�cantly in the amount and, distribution within and between October and November are the hottest
month recording averages of (30oC), July is coldest month with averages of 12oC. The predominant vegetation, is associated with open, deciduous forests,
evergreen forests, prairie, shrubs and savanna [13].

b. Data Collection and Analysis

In public hospitals all patients are registered in a record book at a visit. Malaria test at Sussundenga District Hospital (SDH) is carried out using rapid
diagnostic test (RDT) and, few microscopic tests for con�rmation. Patient daily data were collected from the book records of the Pediatric Department of SDH
from November 2018 to October 2020 in 24 record books. For the positive malaria cases the following variable data were recorded: date, sex, origin and age
category. The age was grouped into �ve age pediatric categories: 0 to 5, 6 to 11, 12 to 23, 24 to 59 months and, 5 to 14 years old. Missing data were calculated
and, since they were very low, 1.2 %, data with missing data were removed from the study.

The weight of the disease was calculated dividing the malaria positive cases by the total patient visits. The malaria incidence per 100 persons in each
residential area was calculated by dividing the total number of cases occurring in each Bairro by the total population of the “Bairro” and then, multiplied by
100 [14]. Chi – Square and, G test test for proportion of gender and age category were used to test statistical signi�cance.

For malaria risk mapping. Bioclimatic (WorldClim) [15], Diva GIS 7.4.0 [16], Landsat 8 image [17], accessed on September 29, 2019 with a resolution of 30 m x
30 m and, Digital Elevation Model (DEM) [18] of 30 m x 30 m were used.

A three-step strategy was applied to develop the map namely: Step 1. Malaria risk factors identi�cation, Step 2. Determining risk factor weights (Analytical
Hierarchical Process and consistency check), Step 3, Mapping risk of malaria and accuracy assessment of the produced map

Step 1. Malaria risk factors identi�cation

Ten risk factors used the weights, classes and rank are in table 1.

i) Population density (Inhabitants/Km2)

Density lower than 2,000 inhabitants per Km2 was considered has having a low risk, from 2,001 to 4,000 has having moderate risk while, over 4001 having
high risk.

ii) Malaria Incidence per 100 persons per residential area

Incidence from 0 to 40 per 100 persons was considered low risk, 41 to 80 was considered moderate risk and, over 80 considered high risk.

iii) Altitude (meters)

Altitude lower than 200 meters was considered has having high malaria risk, from 201 to 1000 meters has having moderate malaria risk and, over 1000
meters has having a low malaria risk.

iv) average temperature (oC), v) rainfall (mm), vi) slope (degrees), vii NDVI (Index), viii) distance from the road (Km), ix) distance to waterbodies (Km) and, x)
land use and cover (LULC). For these variables, weights and classes were the same as descried by Ferrao et al [19].

Step 2. Determining risk factor weights (Analytical Hierarchical Process) and consistence check.

Analytical hierarchic process was determined as previous described [19]. To check for consistence, a true consistence ratio for the corresponding matrix was
calculated by dividing the consistence index for the set of judgments by the index for the corresponding random matrix. Saaty suggests that if that ratio
exceeds 0.1, the set of judgments may be too inconsistent to be reliable [20].

Step 3. Mapping risk of malaria risk and accuracy check

Two risk maps were produced using spatial, anthropic, and environmental variables; one risk map using ten risk factors: while, the other excluded the
incidence data. The mapping process was conducted as previously descried [19].

Tests were performed using SPSS IBM version 20 and for mapping ArcGIS 10.7.3 [21].

3. Results
a. Malaria incidence per age group in children 0 to 14 years old.
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From November 2018 to October 2020, 42,248 patients visited the pediatric department of SDH and 21,663 (51.2 %) were positive to malaria. From the malaria
positive patients 89.9 % were from the Sussundenga municipality.

The incidence per 45.7 per 100 persons for year 2019 patients. As per gender, the malaria positive patients were 48.4 % male and 51.6 % females.

The average age of pediatric malaria patients was 5.7 SD (Standard deviation) = 1.38 years. Figure 2 presents age group distribution and, age group 0 to 5
month presented the least percentage of cases 3.3 % while, the age group 5 to 14 years old presented the highest percentage of cases 45.6 %. No difference
was found between sex among the age categories.

b. Malaria incidence by residential areas

The incidence per residential area varied from 6.6 per 100 persons to 118 per 100 persons. There is a difference between residential areas in malaria incidence
G = 377.38, P = 0.0001, DF = 16 and, Nhamarenza present the highest incidence, 118 per 100 persons, and the least incidence was presented in residential
areas Chizizira and Tave with 6.6 and 6.7 per 100 persons respectively (Figure 3).

c. Malaria cases by month

Figure 4 presents the percentage malaria pediatric cases for 2019. January presented the highest percentage of cases 19.7 % followed by May 19.6 % and, the
least percentage of cases occurred in September, 0.1 %.

d. Malaria risk mapping

i. Analytical Hierarchical Process and consistency check

Table 2 and 3 presents the comparison matrix of 10 x 10 and, 9 x 9 risk factors that were used. A value of 1 means that the malaria risk factors that are being
compared have the same weight. A value of 4 for example a malaria risk factor in the column is four times more important in the malaria cases occurrence.
The consistence ratio was 0.081 and 0.096 for 10 x 10 and 9 x 9 matrix respectively considered good enough.

Mapping risk of malaria and accuracy check.

Figure 5 presents the risk factor maps before reclassi�cation. The average temperature in the area varies from 20.14 to 21.17 oC, the rainfall from 1028 to
1,082.24 mm, altitude from 459 to 791 meters, slope from 0 to 37.5 o, distance to water bodies from 0 to 15,134 meters, NDVI from -0.14 to 0.5, population
density from 41 to 59,091 persons per Km2, malaria incidence from 2.9 to 118 persons per 100 and distance to roads from 0 to 13,510.7 meters.

Figure 6 presents the maps for the reclassi�ed risk factors and the malaria risk in percentage. Rainfall (100 %) and slope (73 %) has the highest risk, altitude
(100 %) and NDVI (92 %) has the moderate risk in the municipality.

The spatial model derived to produce the two malaria risk maps from the risk factors are presented in formula 1 and 2.

(1).

(2).

Figure 7A and Figure 6B presents the �nal malaria risk maps for Sussundenga municipality after the consolidation and the weighting using the incidence data
and, excluding the incidence data. The entire Sussundenga municipality his at risk of malaria varying from moderate to high risk. Malaria high risk seems to
coincide with highly populated area and around waterbodies.

Table 4 presents the percentage of malaria risk in Sussundenga and there is now difference in the risk areas using and, excluding the clinical data (incidence
data).

Table 4A and B presents the area of the high and moderate malaria risks

A. Including Incidence B. Excluding Incidence.

In this study the pediatric malaria weight of malaria was 51.2 %. In 2015 malaria was responsible for 45 % of outpatient visits and 56 % of pediatric
admissions in Mozambique [2] consistency with these results. A study in Manhiça, a rural area in the south of Mozambique in 2008 [22] indicated 30.5 % had
malaria, lower than the results of the present study and, this can be related to environmental conditions since the south of Mozambique is more arid. In
Malawi a neighboring country the weight of de disease ranged from 26 % in Salima to 64 % in Mwanza [23].

The malaria incidence in pediatric malaria in this study was 45.7 per 100 persons. A 2018 study reported an incidence of 39 per 100 in children under 10 years
in the Central region of Mozambique [24]. A study in Malawi indicated 35 to 37 per 100-person incidence in children under 15 in 2017 [9]. In Zimbabwe
signi�cant progress was made in malaria cases reduction and the incidence is of 2.5 per 100 persons while, in Zambia is of 20 per 100 persons [25,26].

The mean age of malaria patients in this study was 5.6 SD 1.3 years. In Southern Africa a review of 29 studies in 2010 reported a median age of clinical
malaria of 32 month highly intense and not markedly seasonal transmission areas and 72 months in settings of low intensity and markedly seasonal

Map = (Temperaturex0.2259) + (Rainfallx0.2001) + (altitudex0.127)x (DTWBx0.0936) + (slopex0.0828) + (LULCx0.0646) + (pop

Map = (Temperaturex02183) + (Rainfallx0.2105) + (altitudex0.1377)x (DTWBx0.0936) + (slopex0.10) + (LULCx0.0935) + (popu
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transmission area consistent to this study [27]. In China the mean average of most childhood diseases was reported to range from 20 to 80 months and, for
high incidence pediatric disease approximately 3 years [28].

In this study, the age group 5 to 14 years old presented the highest percentage of cases 45.6 % while this category comprises 30.2 % of the municipality
inhabitants.  A community study in the same municipality in 2021 reported 50 % of positive cases of malaria in children aged 5 to 14 years [29] consistent
with these results. A study in Manhiça Mozambique [22] reported 36 % of cases among age group 5 to 14 in 2008 less than in this study and, while, a study in
Inhambane, Mozambique [30] in 2015, reported higher �gure of 67.7 %. In Malawi and Kenya results consistent with the present �ndings were reported [31,32].

A shift in the peak age of cases from 1 – 4 years old to 5 to 9 years old was reported in 2009 in a study in Inhambane, Mozambique [30]. In many malaria-
endemic areas, successful control programs have reduced the level of transmission substantially and consequently, in such communities, the peak age of
clinical attacks of malaria is shifting from very young to older children [33, 34, 35].

The least malaria cases in this study occurred in children aged 0 to 5 months. For approximately six months after birth, antibodies acquired from the mother
during pregnancy protect the child. This maternal immunity is gradually lost as the child begins to develop his or her own immunity to malaria. In areas where
malaria is endemic, children are believed to achieve a high level of immunity up to 5 years of age [36,37]. Higher usage of bed nets was also reported in
pregnant mothers and children less than one year than in children 5 to 14 years [30, 36].

In this study, there was a difference in malaria incidence between residential areas varying from 6.6 to 118 per 100 persons. The results are consistent with
studies in Chimoio, Sussundenga and, in Mozambique [4, 6, 29, 37, 38]. In Ethiopia and Kenya spatial variation of malaria incidence in a geographically
homogeneous area was also reported [39, 40} and, this can be a result of high endemicity. Heterogeneous rates from 2.5 to 10.5 episodes per 100 children
year was also reported in Senegal [41]. In Malawi, geographical groups of households where children experienced repeated malaria infections overlapped with
high mosquito’s density areas [42]. In Brazil, the high incidence of malaria at low scale was due to the heavily modi�ed landscape [43].

Most malaria cases occur from January to March in Mozambique [5, 6]. For 2019 the high malaria cases prolonged from January to May. This is a result of
the Cyclone IDAI that occurred in March 2019 that resulted in heavy rain and �oods in the region. The malaria temporality was also reported in other countries
in Africa [45].

5. Conclusion
Age of pediatric malaria is shifting from 0 to 4 to age category 5 to 14 years and, targeting this category in efforts to combat malaria should be addressed.
Mapping malaria risk at low scale is feasible without the use of clinical data and, can provide tools to improve the strategy of malaria combat in children. The
malaria eradication needs to involve not only medical disciplines but also other �elds such as economics, geography and ecology and, social sciences. The
use of GIS and mapping can, contribute for the design and implementation of control malaria strategies by de�ning precisely the pattern of malaria
occurrence.
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Tables
Table 1. Malaria risk factor, weights and classes of anthropic and environmental conditions.
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Risk Factor Weight % Class Rank

Average Temperature oC 22.4  22 – 32 3

    >32 2

     <22 1

Precipitation (mm) 20.8  >700 3

     450 – 700 2

     < 450 1

Altitude (mm) 10.4  < 200 3

     201 – 1000 2

     > 1001 1

Slope (degrees) 7.3  0 – 5 3

     5 – 15 2

     >15 1

LULC 8.2 Agric. crop area, grass and water body. 3

    Shrubland & mosaic cover vegetation 2

    Forest, bare and urban settlement  1

DTWB (Km)    < 500 3

     500 – 1500 2

     >1500 1

DTR (Km) 3.8  >5 3

     2.5 – 5 2

     < 2.5 1

Population Density 5.1  > 4001 3

    2001 – 4000 2

    < 2000 1

Incidence per 100 persons 5.1 0 to 40 3

     41 – 80 2

     < 81 1

NDVI 4.7  0.255 - 0.986 3

    0 - 0.25, 2

     -0.288 -     0 1

       

Source: Adapted from: Ferrao et al. Mapping and Modelling Malaria Risk Areas Using Climate, Socio-Demographic and Clinical Variables in Chimoio,
Mozambique.

Table 2. 10 x 10 risk factors comparison matrix



Page 9/16

Table 3. 9 x 9 risk factors comparison matrix

Table 4. Percentage of malaria risk area in Sussundenga Municipality

Figures
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Figure 1

Study area, Sussundenga Municipality
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Figure 2

Percentage of malaria cases by age category and sex in Sussundenga incidence.
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Figure 3

Malaria incidence per residential area in Sussundenga Municipality
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Figure 4

Pediatric malaria cases (%) per month in Sussundenga Municipality, 2019.
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Figure 5

Unclassi�ed malaria risk factors in Sussundenga Municipality. (A). Temperature. (B) Rainfall (C). Altitude. (D). LULC, (E) Slope (F). Distance to water bodies.
(G) NDVI for Sussundenga Village (H). Pop. Density. (I). Malaria incidence. (J) Distance to roads.
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Figure 6

Reclassi�ed malaria risk maps and malaria risk percentage. (A). Temperature. (B) Rainfall (C). Altitude. (D). LULC, (E) Slope, (F). Distance to water bodies. (G)
NDVI for Sussundenga Village (H). Pop. Density. (I). Malaria Incidence. (J) Distance to roads.

Figure 7
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Malaria Risk Map for Sussundenga Municipality. A. Including incidence. B. Excluding
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