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Abstract 

Background:  The transmission of malaria is intense in the majority of the countries of sub-Saharan Africa, particularly 
in those that are located along the Equatorial strip. The present study aimed to describe the current distribution of 
malaria prevalence among children and its environment-related factors as well as to detect malaria spatial clusters in 
the district of Bata, in Equatorial Guinea.

Methods:  From June to August 2013 a representative cross-sectional survey using a multistage, stratified, cluster-
selected sample was carried out of children in urban and rural areas of Bata District. All children were tested for 
malaria using rapid diagnostic tests (RDTs). Results were linked to each household by global position system data. 
Two cluster analysis methods were used: hot spot analysis using the Getis-Ord Gi statistic, and the SaTScan™ spatial 
statistic estimates, based on the assumption of a Poisson distribution to detect spatial clusters. In addition, univari‑
ate associations and Poisson regression model were used to explore the association between malaria prevalence at 
household level with different environmental factors.

Results:  A total of 1416 children aged 2 months to 15 years living in 417 households were included in this study. 
Malaria prevalence by RDTs was 47.53%, being highest in the age group 6–15 years (63.24%, p < 0.001). Those children 
living in rural areas were there malaria risk is greater (65.81%) (p < 0.001). Malaria prevalence was higher in those 
houses located <1 km from a river and <3 km to a forest (IRR: 1.31; 95% CI 1.13–1.51 and IRR: 1.44; 95% CI 1.25–1.66, 
respectively). Poisson regression analysis also showed a decrease in malaria prevalence with altitude (IRR: 0.73; 95% CI 
0.62–0.86). A significant cluster inland of the district, in rural areas has been found.

Conclusions:  This study reveals a high prevalence of RDT-based malaria among children in Bata district. Those house‑
holds situated in inland rural areas, near to a river, a green area and/or at low altitude were a risk factor for malaria. 
Spatial tools can help policy makers to promote new recommendations for malaria control.
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Background
Nearly half of the world’s population live in areas in 
which they are at risk of one or more vector-borne 

diseases; approximately 3.3 billion people worldwide are 
at risk of malaria alone. With 212  million malaria cases 
in 2015 and 429,000 deaths, malaria is the most com-
mon vector-borne infectious disease, with sub-Saha-
ran Africa carrying most of the burden [1]. The causal 
protozoon Plasmodium is transmitted from person to 
person through the bite of adult female Anopheles mos-
quitoes. In regions of stable transmission, children are 
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at highest risk of becoming symptomatic after infection 
with malaria parasites [1, 2].

The transmission of malaria is intense in the major-
ity of the countries of sub-Saharan Africa, particularly 
in those that are located along the Equatorial strip [3]. 
Studies mapping potential mosquito habitats, transmis-
sion risk, or disease prevalence have been performed in 
Africa where malaria transmission not only varies from 
one country to another, but also local differences in time 
and space exist [3–5]. Moreover, internal geographical 
differences are common, together with transmission dif-
ferences associated with urban development. Actually, 
some studies have concluded that the burden of malaria 
is significantly lower in large cities than in rural areas of 
sub-Saharan Africa [6, 7].

The population of Equatorial Guinea (EG) is exposed to 
one of the highest levels of malaria infection in the world, 
especially in the mainland [8, 9]. Malaria transmission is 
stable throughout the year in EG [10]. The tropical, year-
round, humid climate and the many rivers and streams, 
both fast and slow flowing, provide ideal breeding con-
ditions for different malaria vectors [11]. The current 
malaria burden differs between the mainland and the 
island, being considerably higher in the continent, where 
less control activities have been implemented [12]. Fur-
thermore, no control initiatives exist in the continental 
area since the EG Malaria Control Initiative (EGMCI) 
was suspended in 2011 due to funding restrictions [8] 
Reliable information about malaria transmission risk is 
essential for understanding variations in local disease 
epidemiology and to stratify intervention programs. 
Thus, the present study aimed at describing the current 
prevalence of malaria among children, to study their 
environmental related factors and to detect spatial clus-
ters in Bata district, in EG.

Methods
Study area and population
The EG mainland continental region covers 26,017 sq km 
and is bordered by Cameroon in the north and Gabon in 
the south and east. EG consists of two parts, an insular 
and a mainland region. Bioko Island is the northernmost 
part of EG and is the site of the country’s capital, Malabo. 
The continental region has a population of 882,747, 
mainly ethnic Fang tribes [13]. It is composed of four 
provinces: Centro Sur, Kie-Ntem, Litoral, and Wele-Nzas. 
Each province is divided into several districts (Fig.  1). 
Bata district, situated in Litoral Province, is the largest 
district in the continental area (230,283 inhabitants) and 
has a tropical climate with two dry seasons (December to 
March and June to September) alternating with two rainy 
seasons (March to June and September to December). 

Mean daily maximum and minimum temperatures range 
between 29 and 32 °C and 19–22 °C, respectively.

The current study is part of a survey conducted by the 
Health Institute Carlos III and the Equatoguinean Min-
istry of Health and Social Welfare (MINSABS in Span-
ish) as part of the project called ‘Prevamal’. This project 
aimed at providing baseline data on malaria prevalence 
and practices and attitudes among the targeted popula-
tion. Other methodological aspects have been described 
elsewhere [14].

Sampling was carried out with the use of a multi-
stage, stratified cluster strategy. The strata were rural 
and urban settings and three age groups (2–12  months 
old, 13  months–5  years old and 6–15  years old), using 
an expected malaria prevalence of 50%. The initial sam-
ple size was increased in prevision of missing data but 
replacement was not carried out at any of the sampling 
stages [15].

Firstly, rural villages (n  =  21) and urban neighbour-
hoods (n = 23) were randomly selected with probability 
weights proportional to population size. Secondly, sam-
pling units were randomly selected households from an 
updated census from each cluster, which was previously 
provided by the head of the village or neighbourhood. 
All children with reported age between 2  months and 
15 years living in the selected household and not receiv-
ing malaria treatment at the moment of the survey were 
included in the study.

Data collection
Between mid-June and mid-August 2013, four teams 
of three trained medical personnel visited each village/
neighbourhood for 2 consecutive days to collect data. 
A closed-end, pre-piloted questionnaire was adminis-
tered to the household head/caretaker of participating 
children. The questionnaire comprised the following: 
demographic characteristics, health status, and history of 
previous episodes of malaria and malaria-related behav-
iours. The questionnaire was translated into the main 
local language, Fang, and the option was given to the care 
provider to be interviewed in Fang or in Spanish, which 
is one of the official languages in the country. Each indi-
vidual received a unique code number.

NADAL® rapid diagnostic test (Nal von Minden, 
Moers, Germany) for malaria infection was performed 
in situ. Malaria positive cases were treated according to 
the national treatment guidelines. Children’s household 
geographic coordinates (latitude and longitude) were 
marked using a hand-held GPS (Garmin Dakota 20®), 
and processed with Google Earth.

The data source was used to analyse the environmen-
tal conditions in the study area, mostly obtained in shape 



Page 3 of 9Gómez‑Barroso et al. Malar J  (2017) 16:146 

file format from the interactive Atlas of the Republic of 
Equatorial Guinea [16]: the hydrographic network, infor-
mation on protected areas, areas of community forests, 
national forests and forest areas, and the digital terrain 
model (DTM). Information on protected areas, forests 
and forest areas were aggregated in a single variable 
called green zone.

The collected data were double entered into a data 
entry file using EpiData software, V.3.1. All records were 
given a unique identification code. Epidemiologic infor-
mation and laboratory results were linked to each house-
hold’s GPS data.

Statistical analysis
Frequencies and percentages were used to summarize 
data and to explore the differences by children’s sex, age, 
setting and ethnic group.

Siblings from the same family shared the same loca-
tion. Data were aggregated by household to describe the 
characteristics of the distribution of malaria prevalence 
among the study subjects and selected households. For 

each corrected location, data were subsequently aggre-
gated, and the number of recorded malaria episodes and 
number of susceptible were calculated. After aggregating 
data at the house block level, the percentage of malaria 
infections per household was computed.

To assess environmental risk factors, 1-km buffer 
around each river and 3-km buffer around every defined 
green area were created to assess the distance to both 
from the sampled households. The elevation data were 
obtained from the DTM, defining 100  m as the cut-off 
value to assess environmental risk.

In order to study the associations between malaria 
prevalence at household level and potential explanatory 
variables, Poisson regression models were used. First uni-
variable models for each potential predictor were fitted. 
Second a multivariable model was constructed using a 
backward stepwise procedure. Variables with a p value 
less than 0.20 in the univariable analyses was selected to 
entry into the multivariable model.

Regression was performed using Stata version 11.0 
(College Station, TX, USA).

Fig. 1  Equatorial Guinea administrative division and Spatial distribution visited households in Bata district, Equatorial Guinea
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Clusters analysis
With the aim of checking clusters in the space of houses 
with higher prevalence rates two different cluster analy-
sis methods were used. Firstly, a hot spot analysis using 
the Getis-Ord Gi statistic has been carried out. This 
tool works by looking at each feature within the context 
of neighbouring features. A feature with a high value is 
interesting but may not be a statistically significant hot 
spot. To be a statistically significant hot spot, a feature 
will have a high value and be surrounded by other fea-
tures with high values as well. The local sum for a fea-
ture and its neighbours is compared proportionally to 
the sum of all features; when the local sum is very dif-
ferent from the expected local sum, and that difference 
is too large to be the result of random chance, statisti-
cally significant z-score results. The resultant z-scores 
and p values tell where features with either high or low 
values cluster spatially [17]. The method, SaTScan™ 
purely spatial statistic estimator developed by Kulldorff 
[18], based on the assumption of a Poisson distribution 
to detect spatial clusters, has been used. This method 
consists of creating a circular window, which scans the 
entire study area. In this study, the spatial window has 
been restricted to a maximum radius of the average dis-
tance between cases. The radius of the centroid varies 
continuously in size from 0 to the specified upper limit. 
An infinite number of overlapping windows of different 
sizes and shapes is thus generated, which together covers 
the entire study area. Each circle is a possible candidate 
cluster. The null hypothesis that risk is constant in space 
is tested against the alternative hypothesis: the risk is 
different in at least one circle (or window). For each cir-
cle, the number of observed cases inside and outside the 
window is counted along with the number of expected 
cases, estimated according to the model. On this basis, 
the likelihood within each circle is then calculated. The 
circle having the maximum likelihood and containing 
more cases than expected is denominated the most likely 
cluster.

where C is the total number of cases, c is the observed 
number of cases within the window, and E[c] is the 
covariate-adjusted expected number of cases within 
the window under the null-hypothesis. I() is an indica-
tor function, which is equal to 1 in cases where the win-
dow has more cases than those expected under the null 
hypothesis, and 0 otherwise.

The increase in observed cases above the number 
expected was assessed using Monte Carlo test simula-
tions (999 replications) with a 95% confidence interval.

(

c
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ArcGIS 10.1 and SaTScan 9 were used to do the spatial 
analysis and to produce the maps.

Ethical clearance
The study was approved by the ethical review board of 
the Health Institute Carlos III (ISCIII in Spanish) and 
the Minister of Health and Social Welfare of Equato-
rial Guinea (MINSABS). Support letters were obtained 
from MINSABS and the Hospital of Bata. The village 
and neighbourhoods representatives were informed by 
an official letter from MINSABS of the day of the visit 
and the scope of the study. Written informed consent 
was obtained from all patients prior to study inclusion. 
Anonymity was assured. A written statement was also 
included on the introductory part of the questionnaires 
in which further information concerning the purpose of 
the study and the confidentiality of the research informa-
tion was given. Data were analysed in anonymous form.

Results
Overall, 444 households were surveyed, out of which 27 
were excluded for not having the exact coordinates for its 
spatial location. All children aged 2 months–15 years old 
living in the randomly selected households were included 
in the study. Afterwards, 13 children were excluded from 
the analysis for not having the rapid test result recorded 
in the database. A total of 1416 children from 417 house-
holds were analysed (mean number of population per 
household: three ranged from 1 to 15) out of which 
50.64% were females and 49.36% males. The median age 
was 4 years old. The spatial distribution of the 417 visited 
households is shown in Fig. 1.

The malaria prevalence by rapid diagnostic test (RDTs) 
was 47.53% (95% CI 45.0–50.2). The overall prevalence 
varied between villages and neighbourhoods, especially 
in rural sites (ranges varied from 30.77 to 89.74% and 
from 20 to 48.57% in rural and urban areas, respectively).

Malaria prevalence was similar in girls (46.30%) than 
in boys (48.78%). The highest prevalence was found in 
the age group 6–15  years old (63.24%) while children 
aged 2–12 months were less affected (25.44%; p < 0.001). 
Those children living in rural areas were more at risk of 
malaria at the time of the survey than children living in 
urban neighbourhoods (65.81 vs 36.12%, respectively, 
p < 0.001). The study children belonging to the Fang eth-
nic group were more frequently infected by malaria than 
those from the Combe ethnic group (49.41 and 31.73%, 
respectively, p = 0.001).

Factors related to malaria prevalence at household level
The results of the multivariate analysis showed that 
households located in rural areas were more likely to 
report higher malaria prevalence than those located 
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in urban zones (IRR  =  2.18; 95% CI 1.86–2.57). If a 
house belonged to a Combe ethnic group, children 
were less likely to have malaria than those belonging to 
the predominant Fang ethnic group (IRR: 0.67; 95% CI 
0.52–0.87). Significant associations were also observed 
between malaria prevalence and proximity to a river and 
a forest: malaria prevalence at household level was higher 
in those houses located <1  km from a river and 3  km 
from the forest (IRR: 1.31; 95% CI 1.13–1.51 and IRR: 
1.44; 95% CI 1.25–1.66, respectively). Poisson regression 
analysis also showed a decrease in malaria prevalence 
with altitude (IRR: 0.73; 95% CI 0.62–0.86) (Table 1).

Cluster analysis
The Getis-Ord Gi statistic returned for each feature in 
the dataset is a z-score. For statistically significant posi-
tive z-scores, the larger the z-score is, the more intense 
the clustering of high values (hot spot). For statistically 
significant negative z-scores, the smaller the z-score is, 
the more intense the clustering of low values (cold spot). 
Figure 2 shows the spatial cluster distribution using the 
Getis-Ord Gi. The higher z score values, in red, corre-
spond to the houses aggregated with higher prevalence 
rates. These clusters, mainly located at rural villages, 
were placed in the inland and at higher elevations. The 
clusters with the lowest z score values (in blue), repre-
senting aggregations of houses with low rates prevalence, 
were detected close to the sea level. The map with p val-
ues shows the statistical significance of the clusters.

Different distances to detect clusters using Scan statis-
tic (1, 5 and 10 km) have been used. For 1 and 5 km, the 
clusters detected were not significant, but when it used 
the spatial window with 10  km, one significant cluster 
in the inland of the district (Fig.  3) was detected. This 
cluster included 42 houses and 110 positive cases. The 
expected cases were 71. The relative risk was 1.65 and the 
likelihood ratio 10.31 (p value <0.005). In addition, two 
not significant clusters were detected in the south of the 
district.

Discussion
Of the numerous studies investigating risk factors for 
malaria in sub-Saharan Africa, few have simultaneously 
examined individual, household and environmental risk 
factors. This is the first to do so in EG, where prevalence 
of malaria was 46.2% [15] the underlying individual, 
household and environmental factors that characterize 
both malaria risk per se and high-risk areas was inves-
tigated. Using spatial statistics and geographical infor-
mation system (GIS), the spatial distribution of malaria 
cases among schoolchildren from 21 rural villages and 23 
urban neighbourhoods was investigated. High prevalence 
of malaria, especially in those children living in rural 
zones has been found.

Significant spatial clusters where the risk of malaria 
was higher have been identified using both methods. 
Areas characterized by low altitude and major proxim-
ity to rivers and forests were strongly associated with risk 
of malaria. Several studies have linked the prevalence of 
malaria with similar environmental factors in other sub-
Saharan countries [19–26].

The prevalence of malaria in school-aged children 
determined by RDT was high (47.5%) in Bata district. 
This is consistent with results from the WHO Malaria 
Report 2015 [1]. Children aged under 1  year old were 
less affected. According to previous research, risk of 
infection is lower in this age group due to the passive 
immunity provided by the mother during pregnancy 
and breast feeding [27]. Moreover, the use of bed nets 
and other preventative activities are known to be more 
frequently applied for children under 1  year old in EG 
[28]. Malaria prevalence progressively increased with 
age in this study area. This result is consistent with pre-
vious research carried out in other African countries 
with similar prevalence [29]. Fang children had the 
highest prevalence compared to other ethnic groups. 
Immuno-epidemiological studies suggest that some 
African ethnicities are more susceptible to malaria 
[30–32].

Table 1  Factors associated with  malaria prevalence at  household level, June–August 2013, Bata district, Equatorial 
Guinea

Variable Univariable analysis Multivariable analysis

IRR (95% CI) p value IRR (95% CI) p value

River 1 km 1.51 (1.29–0.77) <0.001 1.31 (1.13–1.51) <0.001

Forest 1 km 1.78 (1.53–2.06) <0.001 1.44 (1.25–1.66) <0.001

Altitude 0.63 (0.55–0.72) <0.001 0.73 (0.62–0.86) <0.001

Zone 2.49 (2.11–2.92) <0.001 2.18 (1.86–2.57) <0.001

Ethnia combe 0.69 (0.47–0.99) 0.044 0.67 (0.52–0.87) 0.003

Ethnia others 0.87 (0.66–1.15) 0.341 0.93 (0.75–1.17) 0.540
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Regarding household risk factors, it was found that 
those houses at low altitude were at higher risk of 
malaria. It was known that one of the most important 
factors influenced by altitude is temperature, which 
affects both the development and survival of the vector 
and the development of Plasmodium within the vec-
tor [20]. Another factor which may be associated with 
altitude is suitability for mosquito breeding [33]. Living 
further away from a river and the forest were protec-
tive factors against malaria The relationship between 
malaria incidence and distance to a river and/or a forest 
(as potential breeding sites) has been observed before 
[34, 35]. Bata district is a tropical zone rich in vegetation, 
which provides few breeding sites associated with irri-
gated areas on the banks of a river. Although this study 
was carried out during the dry season a high prevalence 
of malaria and a strong association between malaria and 
several environmental factors was found. These data sup-
port that, despite of the seasonality, malaria follows a 
year-round transmission on EG mainland.

The most likely cluster detected including 42 houses 
with 110 positive cases. This area of Bata district has 
an extensive hydrographic network, forest areas and is 
between 0 and 200 m altitude. Additionally, two second-
ary clusters without statistical significance were detected 
in the south of the district. However, any significant clus-
ter by using 1- and 5-km windows in the scan method 
was not found. This might be due housing distribution 
in the area; households in urban areas were gathered 
together while houses in the rural areas tended to be dis-
tanced from each other.

Similar results were obtained by the Getis-Ord Gi sta-
tistic method, showing that those areas with higher prev-
alence were placed in the inland of the district. Cluster 
analysis has been used in other studies to detect malaria 
clusters in Africa, allowing detection of risk areas in dif-
ferent parts of the continent [2, 20, 36, 37].

This is the first study carried out in EG so far assess-
ing malaria spatial human prevalence taking into account 
environmental factors. Previous research was carried 

Fig. 2  Spatial cluster distribution using the Getis-Ord Gi and Gi p values in Bata district, Equatorial Guinea
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out by Cano et al. [38], to assess the spatial distribution 
of different species of Anopheles and its association with 
related factors in a small village in the mainland region of 
EG. This study was undertaken in the district of Bata. In 
this district, there were improvements in malaria control 
from 2007 to 2012 thanks to the EGMCI. This initiative 
followed the success of the Bioko Island Malaria Con-
trol Project in the insular area of EG [39]. Vector control 
formed the basis of this initiative and consisted of indoor 
residual spraying [12]. Unfortunately, the EGMCI was 
suspended in 2011 due to funding restrictions [8]. While 
the EGMCI is meeting most of the WHO global goals 
and targets in the insular area with success, the EGMCI 
activities were abruptly interrupted. Since then, no major 
efforts have been taken in malaria control in the conti-
nental area. Vector control activities together with better 
access to malaria first-line treatment will likely be neces-
sary to move forward in malaria prevention and control 
in this zone. Vector control activities together with better 
access to malaria first-line treatment will likely be neces-
sary to move forward in malaria prevention and control 
in this zone.

Limitations
The present study was conducted in Bata district, and the 
findings may not be generalizable to the whole country. 
Additionally, the cross-sectional nature of the data does 
not allow examining causality in the relationship between 
malaria prevalence and several risk factors. Climate 
variables, such as humidity and temperatures not were 
included in the analysis due to nature of the study. It was 
conducted during the dry season. Finally, entomological 
data would have also been desirable to better explain the 
relationship of malaria prevalence with environmental 
factors. RDTs were used to estimate malaria prevalence 
in the study. However, it should be taken into account 
that discrepancies in prevalence estimates generated 
from microscopy testing and from RDT testing exist, and 
that there are difficult to reconcile [12].

Conclusions
The findings reveal a high prevalence of RDT-based 
malaria prevalence among children in Bata district. 
Environmental factors related to high prevalence of dis-
ease were found. Malaria continues to be a significant 

Fig. 3  Spatial cluster distribution using Scan statistic in Bata district, Equatorial Guinea
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public health problem in the mainland. To effectively 
tackle malaria, the National Programme to Fight Malaria 
in Equatorial Guinea should orient interventions to local 
needs, taking into consideration these geographical risk 
factors, especially in rural places.

These results will assist national and regional stakehold-
ers in planning and undertaking contextual and evidence-
based policy initiatives. The spatial methods allow to know 
the areas with highest risks and can help policy makers to 
plan and to undertake new regional initiatives to stream-
line recommendations. Methods to detect clusters are par-
ticularly important to design preventive interventions.

Abbreviations
RDT: rapid diagnostic test; GPS: global position system; IRR: incidence rate 
ratio; CI: confidence interval; EG: Equatorial Guinea; EGMCI: Equatorial Guinea 
Malaria Control Initiative; MINSABS: Equatoguinean Ministry of Health and 
Social Welfare (in Spanish); DTM: digital terrain model; AIC: akaike information 
criterion; ITN: insecticide-treated nets.

Authors’ contributions
DGB and EGC wrote the manuscript, epidemiological data analysis and 
interpretation of the study. ZH participated in the analysis of epidemiological 
data, interpretation of the study and contributed to the revision of the draft 
manuscript. PN, MRB, ME, GN, MR, MAS, BV, and PA contributed to the revision 
of the draft manuscript. AB participated in interpretation of the study and con‑
tributed to the revision of the draft manuscript. All authors read and approved 
the final manuscript.

Author details
1 CIBERESP, National Centre of Epidemiology, Carlos III Institute of Health 
(ISCIII), Madrid, Spain. 2 RICET, National Center of Tropical Medicine, Carlos 
III Institute of Health (ISCIII), Madrid, Spain. 3 Reference Centre for Endemic 
Control of Equatorial Guinea (CRCE), Malabo, Equatorial Guinea. 4 Ministry 
of Health and Social Welfare, Malabo, Equatorial Guinea. 5 University Institute 
for Tropical Diseases and Public Health of Canarias, Tenerife, Spain. 

Acknowledgements
Special thanks to the Spanish Agency for International Development Coopera‑
tion (AECID) and the Network Biomedical Research on Tropical Diseases (RICET 
in Spanish RD12/0018/0001) for the financial support that enabled us to carry 
out this study. We thank the study participants for volunteering, the data 
collectors for the fieldwork effort, the Bata Nursing School, and the Ministry of 
Health and Social Welfare of Equatorial Guinea.

Competing interests
The authors declare that they have no competing interests.

Data availability statement
The data are the geographic coordinates of cases. The authors cannot provide 
individual coordinates because these are under protection by the Spanish law 
LOPD 15/1999.

Ethical approval
This study was approved by the Ministry of Health and Social Welfare of 
Equatorial Guinea and the Ethics Committee of the Spanish National Health 
Institute, Carlos III (CEI PI22_2013-v3).

Funding
Spanish Agency for International Development Cooperation (AECID) and 
the Network Biomedical Research on Tropical Diseases (RICET in Spanish 
RD12/0018/0001).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 22 December 2016   Accepted: 31 March 2017

References
	1.	 WHO. World Malaria Report 2016. Geneva: World Health Organiza‑

tion; 2016. http://www.who.int/malaria/publications/world-malaria-
report-2016/report/en/. Accessed 24 Mar 2017.

	2.	 Coulibaly D, Rebaudet S, Travassos M, Tolo Y, Laurens M, Kone AK, et al. 
Spatio-temporal analysis of malaria within a transmission season in 
Bandiagara, Mali. Malar J. 2013;12:82.

	3.	 Gething PW, Patil AP, Smith DL, Guerra CA, Elyazar IR, Johnston GL, et al. 
A new world malaria map: Plasmodium falciparum endemicity in 2010. 
Malar J. 2011;10:378.

	4.	 Deitz KC, Athrey GA, Jawara M, Overgaard HJ, Matias A, Slotman MA. 
Genome-wide divergence in the West-African malaria vector Anopheles 
melas. G3 (Bethesda). 2016;6:2867–79.

	5.	 Moiroux N, Djènontin A, Bio-Bangana AS, Chandre F, Corbel V, Guis H. 
Spatio-temporal analysis of abundances of three malaria vector species in 
southern Benin using zero-truncated models. Parasit Vectors. 2014;7:103.

	6.	 Thomas CJ, Cross DE, Bøgh C. Landscape movements of Anopheles gam-
biae malaria vector mosquitoes in rural Gambia. PLoS ONE. 2013;8:e68679.

	7.	 Tene Fossog B, Ayala D, Acevedo P, Kengne P, Ngomo Abeso Mebuy I, 
Makanga B, et al. Habitat segregation and ecological character displace‑
ment in cryptic African malaria mosquitoes. Evol Appl. 2015;8:326–45.

	8.	 Bradley J, Monti F, Rehman AM, Schwabe C, Vargas D, Garcia G, et al. Infec‑
tion importation: a key challenge to malaria elimination on Bioko Island, 
Equatorial Guinea. Malar J. 2015;14:46.

	9.	 WHO. World Health Statistics 2016: monitoring health for the SDGs. 
Geneva: World Health Organization; 2016. http://www.who.int/gho/pub‑
lications/world_health_statistics/2016/en/. Accessed 24 Mar 2017.

	10.	 Li J, Chen J, Xie D, Eyi UM, Matesa RA, Obono MMO, et al. Molecular muta‑
tion profile of Pfcrt and Pfmdr1 in Plasmodium falciparum isolates from 
Bioko Island, Equatorial Guinea. Infect Genet Evol. 2015;36:552–6.

	11.	 Sluydts V, Heng S, Coosemans M, Van RK, Gryseels C, Canier L, et al. Spatial 
clustering and risk factors of malaria infections in Ratanakiri Province, 
Cambodia. Malar J. 2014;13:387.

	12.	 Rehman AM, Mann AG, Schwabe C, Reddy MR, Roncon Gomes I, Slotman 
MA, et al. Five years of malaria control in the continental region, Equato‑
rial Guinea. Malar J. 2013;12:154.

	13.	 Censo de población 2015. República de Guinea Ecuatorial. Resul‑
tados preliminares. 2015. http://www.guineaecuatorialpress.com/
imgdb/2015/34n9_CensoPoblacion2015.pdf. Accessed 6 Apr 2017.

	14.	 Romay-Barja M, Jarrin I, Ncogo P, Nseng G, Sagrado MJ, Santana-Morales 
MA, et al. Rural-urban differences in household treatment-seeking behav‑
iour for suspected malaria in children at Bata District, Equatorial Guinea. 
PLoS One. 2015;10:e0135887.

	15.	 Ncogo P, Herrador Z, Romay-Barja M, García-Carrasco E, Nseng G, Berzosa 
P, et al. Malaria prevalence in Bata district, Equatorial Guinea: a cross-
sectional study. Malar J. 2015;14:456.

	16.	 Ministerio de Agricultura y Bosques. Atlas Forestal Interactivo de la 
República de Guinea Ecuatorial versión 1.0: Documento de Síntesis. 2013. 
http://www.wri.org/sites/default/files/interactive_forest_atlas_of_equa‑
torial_guinea.pdf. Accessed 6 Apr 2017.

	17.	 Summary of hotspot analysis parameters and results. [Internet]. 2013. 
https://erc.barnard.edu/sites/default/files/getis_ords_g-star_and_spatial_
autocorrelation_implementation_in_arcview.pdf. Accessed 6 Apr 2017.

	18.	 Kulldorff M. A spatial scan statistic. Commun Stat Theory Methods. 
1997;26:1481–96.

	19.	 Ageep TB, Cox J, Hassan MM, Knols BG, Benedict MQ, Malcolm CA, et al. 
Spatial and temporal distribution of the malaria mosquito Anopheles 
arabiensis in northern Sudan: influence of environmental factors and 
implications for vector control. Malar J. 2009;8:123.

	20.	 Brooker S, Clarke S, Njagi JK, Polack S, Mugo B, Estambale B, et al. Spatial 
clustering of malaria and associated risk factors during an epidemic in a 
highland area of western Kenya. Trop Med Int Health. 2004;9:757–66.

	21.	 Kelly-Hope LA, Hemingway J, McKenzie FE. Environmental factors associ‑
ated with the malaria vectors Anopheles gambiae and Anopheles funestus 
in Kenya. Malar J. 2009;8:268.

http://www.who.int/malaria/publications/world-malaria-report-2016/report/en/
http://www.who.int/malaria/publications/world-malaria-report-2016/report/en/
http://www.who.int/gho/publications/world_health_statistics/2016/en/
http://www.who.int/gho/publications/world_health_statistics/2016/en/
http://www.guineaecuatorialpress.com/imgdb/2015/34n9_CensoPoblacion2015.pdf
http://www.guineaecuatorialpress.com/imgdb/2015/34n9_CensoPoblacion2015.pdf
http://www.wri.org/sites/default/files/interactive_forest_atlas_of_equatorial_guinea.pdf
http://www.wri.org/sites/default/files/interactive_forest_atlas_of_equatorial_guinea.pdf
https://erc.barnard.edu/sites/default/files/getis_ords_g-star_and_spatial_autocorrelation_implementation_in_arcview.pdf
https://erc.barnard.edu/sites/default/files/getis_ords_g-star_and_spatial_autocorrelation_implementation_in_arcview.pdf


Page 9 of 9Gómez‑Barroso et al. Malar J  (2017) 16:146 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

	22.	 Krefis AC, Schwarz NG, Nkrumah B, Acquah S, Loag W, Oldeland J, et al. 
Spatial analysis of land cover determinants of malaria incidence in the 
Ashanti Region, Ghana. PLoS ONE. 2011;6:e17905.

	23.	 Lowe R, Chirombo J, Tompkins AM. Relative importance of climatic, geo‑
graphic and socio-economic determinants of malaria in Malawi. Malar J. 
2013;12:416.

	24.	 Machault V, Vignolles C, Pages F, Gadiaga L, Gaye A, Sokhna C, et al. Spa‑
tial heterogeneity and temporal evolution of malaria transmission risk in 
Dakar, Senegal, according to remotely sensed environmental data. Malar 
J. 2010;9:252.

	25.	 Moss WJ, Hamapumbu H, Kobayashi T, Shields T, Kamanga A, Clennon J, 
et al. Use of remote sensing to identify spatial risk factors for malaria in a 
region of declining transmission: a cross-sectional and longitudinal com‑
munity survey. Malar J. 2011;10:163.

	26.	 Weiss DJ, Mappin B, Dalrymple U, Bhatt S, Cameron E, Hay SI, et al. Re-
examining environmental correlates of Plasmodium falciparum malaria 
endemicity: a data-intensive variable selection approach. Malar J. 
2015;14:68.

	27.	 Custodio E, Descalzo MA, Villamor E, Molina L, Sanchez I, Lwanga M, et al. 
Nutritional and socio-economic factors associated with Plasmodium 
falciparum infection in children from Equatorial Guinea: results from a 
nationally representative survey. Malar J. 2009;8:225.

	28.	 Ministerio de Sanidad y Bienestar Social M de E. Encuesta Demográfica 
y de Salud (EDSGE-I). 2015. https://dhsprogram.com/pubs/pdf/FR271/
FR271.pdf.

	29.	 Mawili-Mboumba DP, Bouyou Akotet MK, Kendjo E, Nzamba J, Medang 
MO, Mbina JR, et al. Increase in malaria prevalence and age of at risk 
population in different areas of Gabon. Malar J. 2013;12:3.

	30.	 Arama C, Maiga B, Dolo A, Kouriba B, Traore B, Crompton PD, et al. 
Ethnic differences in susceptibility to malaria: what have we learned 
from immuno-epidemiological studies in West Africa? Acta Trop. 
2015;146:152–6.

	31.	 Maiga B, Dolo A, Campino S, Sepulveda N, Corran P, Rockett KA, et al. 
Glucose-6-phosphate dehydrogenase polymorphisms and susceptibility 
to mild malaria in Dogon and Fulani, Mali. Malar J. 2014;13:270.

	32.	 Achidi EA, Apinjoh TO, Anchang-Kimbi JK, Mugri RN, Ngwai AN, Yafi CN. 
Severe and uncomplicated falciparum malaria in children from three 
regions and three ethnic groups in Cameroon: prospective study. Malar J. 
2012;11:215.

	33.	 Minakawa N, Mutero CM, Githure JI, Beier JC, Yan G. Spatial distribution 
and habitat characterization of anopheline mosquito larvae in Western 
Kenya. Am J Trop Med Hyg. 1999;61:1010–6.

	34.	 Oesterholt MJ, Bousema JT, Mwerinde OK, Harris C, Lushino P, Masokoto 
A, et al. Spatial and temporal variation in malaria transmission in a low 
endemicity area in northern Tanzania. Malar J. 2006;5:98.

	35.	 Staedke SG, Nottingham EW, Cox J, Kamya MR, Rosenthal PJ, Dorsey G. 
Short report: proximity to mosquito breeding sites as a risk factor for clini‑
cal malaria episodes in an urban cohort of Ugandan children. Am J Trop 
Med Hyg. 2003;69:244–6.

	36.	 Alemu K, Worku A, Berhane Y, Kumie A. Spatiotemporal clusters of malaria 
cases at village level, northwest Ethiopia. Malar J. 2014;13:223.

	37.	 Rulisa S, Kateera F, Bizimana JP, Agaba S, Dukuzumuremyi J, Baas L, et al. 
Malaria prevalence, spatial clustering and risk factors in a low endemic 
area of Eastern Rwanda: a cross sectional study. PLoS ONE. 2013;8:e69443.

	38.	 Cano J, Descalzo MA, Moreno M, Chen Z, Nzambo S, Bobuakasi L, et al. 
Spatial variability in the density, distribution and vectorial capacity of 
anopheline species in a high transmission village (Equatorial Guinea). 
Malar J. 2006;5:21.

	39.	 Ridl FC, Bass C, Torrez M, Govender D, Ramdeen V, Yellot L, et al. A pre-
intervention study of malaria vector abundance in Rio Muni, Equatorial 
Guinea: their role in malaria transmission and the incidence of insecticide 
resistance alleles. Malar J. 2008;7:194.

https://dhsprogram.com/pubs/pdf/FR271/FR271.pdf
https://dhsprogram.com/pubs/pdf/FR271/FR271.pdf

	Spatial clustering and risk factors of malaria infections in Bata district, Equatorial Guinea
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study area and population
	Data collection
	Statistical analysis
	Clusters analysis
	Ethical clearance

	Results
	Factors related to malaria prevalence at household level
	Cluster analysis

	Discussion
	Limitations

	Conclusions
	Authors’ contributions
	References




