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Malaria caused by Plasmodium falciparum is one of the most frequently
diagnosed diseases in health facilities of sub-Saharan Africa. To investigate the
correlation between malaria cases occurrence and the age, sex, and location of
patients, a case study was conducted at the Mitzic Medical Center (MMC) in
north Gabon. Malaria cases prevalence in the center was determined between 1
January to 31 December 2021. Furthermore, an entomological study was
conducted in different sites of Mitzic to identify Anophelinae larval breeding
habits and relate them to the frequency of reported malaria cases. Of the 765
diagnoses, 187 were positive, resulting in an overall prevalence of 24.44%.
Patients from towns had a high prevalence compared to their village
counterparts. Patients between 0 to 10 years had a high prevalence rate than the
other age cohorts. Females had a high prevalence than males in both town and
village. In the study area, 44 Anophelinae positive larval breeding sites were
identified, with the majority of these sites being located in the town. Therefore,
the increasing anthropic activities in town and the proximity of larval habitats to
human dwellings were identified as potential infection risk factors in this area.

1. Introduction
Malaria caused by Plasmodium falciparum is a parasitic disease frequently detected in patients coming for
consultation in health facilities in sub-Saharan Africa. In the Central African sub-region, malaria is a public health issue
where many cases are yearly reported in health facilities [1] and even in schools [2]. In Gabon, some papers have been
published on malaria prevalence in health facilities [3]. However, the available information regarding the association
between the demographic distribution of cases and environmental diversity is limited.

It is known that the presence of favorable breeding grounds for female Anopheles mosquitoes represents a risk for the
spread of malaria. However, it is necessary to understand the correlation between infection prevalence and
demographic/environmental composition. Therefore, this study attempts to investigate the correlation between
affirmative malaria cases and the demographic variables of patients. Furthermore, an entomology study was carried
out to associate breeding sites and cases distribution in the area. This information is crucial for the effective
implementation of malaria control strategies in Mitzic.
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2. Materials and Methods
2.1. Study area
Mitzic is the capital city of the Okano department and is 111.47 km from Oyem, the capital of the Woleu-Ntem
province of Gabon. Geographically, it is located within latitude 0° 42′ 11″ north and longitude 11° 33′ 57″ East. Mitzic
is one of the towns of North Gabon that are closer to the borders of Cameroon and Equatorial Guinea. The population
of this town mainly depends on commerce, with most goods originating from neighboring countries and an
underdeveloped agricultural sector. The population in surrounding villages are forestry workers as logging by
forestry companies is common. The ongoing city development projects, deforestation, the opening of roads, and
construction work in some villages by forestry companies are some of the anthropic activities that could modify the
ecosystem by creating favorable breeding sites for malaria vectors.
The Mitzic Medical Center (MMC) is the only government primary health facility that receives patients from all parts
of the town and surrounding villages. However, some villages have dispensaries that provide basic health care for the
population.

2.2. Patients sample

A health-facility-based study regarding the patients' age, sex, and place of residence was conducted at the MMC. All
patients coming for consultation from January to December 2021 and were recommended to conduct a malaria test
were included in this study. Blood collection was carried out by a well-trained laboratory technician. The laboratory
test for malaria at the MMC was the rapid diagnostic test. Only the ONE STEP Malaria HRP-II (P.f) and PLDH (Pan)
antigen rapid test of the SD BIO LINE Malaria Ag Pf/Pan mark is used in this medical center.

2.3. Entomological study

This study was conducted daily from 8 a.m to 2 p.m. The search for larval habitats of Anophelinae was conducted
through a systematic verification of the potential mosquito larval breeding sites using the dipping method [4].

2.4. Morphological identification of Anophelinae larvae

Anopheles larvae were identified by their characteristic horizontal positioning on the surface of the water. The
morphological identification of the larvae was conducted following the morphological traits [5] and the key of Gillies
and Coetzee [6].

2.5. Data analysis

Statistical analysis was conducted using python 3.6. The Chi-square and the Mann-Whitney tests were used to
compare the malaria prevalence with the site, sex, and age. The level of significance was stated at p<0.05 at 95 %
confidence interval.

3. Results

3.1. Malaria prevalence
Of the 765 patients that conducted malaria tests from January to December 2021, 187 tested positive for the disease
(Fig. 1), with an overall prevalence rate of 24.44%.
3.1.1. Prevalence with site

Based on the prevalence with the site, a high prevalence was recorded in patients originating from town (25.99%)
than village (22.94%). However, this difference was insignificant (P=0.331) (Fig. 2 A).
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3.1.2. Prevalence with sex

The results showed that females had a higher infection prevalence than their male counterparts in the town and the
village. Interestingly, there was a statistically significant difference in prevalence rate with sex in the village but not in
the town (Fig. 2 B).
3.1.3. Prevalence with age

Based on prevalence with age cohort, in town as in the village, a high infection rate was found in patients aged 0 to 10
years (Fig. 3). This infection prevalence in kids (0-10 years) was significantly higher than in other age groups, while no
significant differences were observed between other groups.

Figure 1. Malaria cases during the study period from January to December 2021

Figure 2. Malaria cases prevalent with site (A) and sex (B)
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Figure 3. Malaria cases prevalent in the age group of patients in town (A) and village (B)

3.2. Larval habitats inspection
The entomological study led to the identification of 44
Anophelinae larval habitats in the town and village sites of
Mitzic. Although more sites were inspected in the village, almost
twice the number of Anophelinae larval habitats were identified
in town compared to the surrounding villages (Fig. 4). The
mapping of Anophelinae breeding sites reveals the clustering of
larval habitats in the center of the town (Fig. 5). These breeding
habits were found around homesteads of quarters where
patients originated.

3.3. Environmental risk factors for larval
development in village and town

The different anthropic activities in the city and villages of
Mitzic have led to the modification of its ecosystem and
consequently expanded mosquito breeding sites. The village of
Mitzic is characterized by logging activities conducted by
forestry companies. This activity has created jobs for villagers
and is a vital source of income. The population uses the village's Figure 4. Number of Anophelinae larval habitats in
river for bathing and laundry, and Anophelinae larvae were town and village
found at the edges of this water body. Most houses are poorly
made from wood and have open eaves and holes, enabling the entry of mosquitoes. (Fig. 6 A). However, the local
houses in some communities where forestry companies exploit local wood are modern wooden houses with close
eaves and walls that do not permit the entry of biting insects, especially mosquitoes (Fig. 6 B). Moreover, forestry
companies have opened roads to ease forest accessibility. The tracks created by wood transporting trucks retain
water during the rainy season and form a temporal larval habitat for Anophelinae (Fig. 6 C).
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Figure 5. Map showing the positive breeding sites (red dots) of Anophelinae and quarter where
patients originate (black triangle) in Mitzic. The quarters inside the black rectangular area belong to
the urban area or town, and those outside are quarters of the surrounding villages or rural areas

Figure 6. The environment of the village. (A) represents the traditional wooden house that is owned by
95% of villagers. (B) represents the modern wood house. (C) represents the tracks of wood
transporting trucks creating pools of water where >1000 anophelinae were found. The water pool is
<5m from the closest house.
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Figure 7. The environment of town. (A) represents the immediate environment of a garage found
at « Haoussa quarter » with several surface groundwater spots with Anophelinae larval density
between 100-500; (B) an abandoned truck filled with water and Anophelinae larval density of
approximately 750 ; (C) The back view of a wood house with different water collection materials
such as drums, bowls, and containers that harbored Culicinae larvae ; (D) abandoned pot behind a
house with >500 Culicinae larvae ; (E) Stagnant water created by car tire with 150 Anophelinae
larvae.

The city of Mitzic, where the MMC is located, is characterized by commercial activities, and some of the prominent
ones include bars and garages (Fig. 7 A). These activities modify the environment leading to the expansion of
Anophelinae breeding sites. Stagnant water spots, tires, and abandoned cars were identified to harbor Anophelinae
larvae around some garages (Fig. 7 A and B). After a thorough inspection of the immediate environment of human
dwellings, it was found that because of the scarcity of water in the city, the population used water storage materials
such as buckets, pots, drums, and containers. These open water surfaces harbor a high density of Culicinae larvae but
not Anophelinae larvae (Fig. 7 A, C, and D).

4. Discussion

Malaria remains the most diagnosed disease in health facilities in Africa, particularly in Gabon. In this study, the
overall malaria prevalence was 24.44% among the investigated potential cases, close to the 30% reported by authors
from neighboring Congo [7]. A high prevalence of malaria was observed in the town compared to the village setting,
which could be explained by the ongoing urbanization. The construction of roads, public buildings, and the developing
commercial activities in Mitzic town have contributed to creating and expanding Anophelinae larval breeding sites
compared to the underdeveloped village. On the other hand, the housing type in the village could be one of the reasons
for malaria cases, as 95 % of the houses were wooden houses with holes that could permit the entry of mosquitoes.
According to [8], children living in modern houses had low malaria prevalence than those living in primitive houses.
Furthermore, the report of [9] in Malawi showed that the high prevalence of urban malaria is due to people's travel
from urban to rural areas.
The high infection rate among the young cohort is mainly attributed to their vulnerable immune system. The children
usually play around rivers, streams, and other potential Anophelinae breeding grounds naked or partially dressed,
exposing them to mosquito bites and subsequent infection. This finding is not strange as most authors have reported
high cases of malaria in children in Gabon [10] [11] and elsewhere in Africa [12]. In both town and village settings, a
high malaria prevalence rate was recorded in females than males. This finding could be explained by the fact that
women frequently visit the hospital for anti-natal clinics. It is known that women in general and particularly pregnant
women have a weak immune system due to estrous cycles and pregnancy, hence their high vulnerability to infectious
diseases such as malaria. Similarly, an Ethiopian study reported higher malaria cases in women than men [12].
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The identification and characterization of Anophelinae breeding substrates is a prerequisite for an effective targeted
larval habitats control program [13]. In the present study, 44 positive Anophelinae larval breeding sites were
identified and frequently found by river edges, open soil surfaces, abandoned cars, and containers. High diversity of
these larval breeding habitats was found in the town compared to the village. The primary and permanent
Anophelinae breeding site identified in the village of Mitzic was river edges, while open soil water surfaces were
identified as temporal Anophelinae larval breeding sites. These breeding sites pose direct infection risks [12][14].
Most of the temporary breeding sites correlated with truck traffic activities (Fig. 6 C) and (Fig. 7 E); similarly,
breeding sites were linked with human land uses, rivers, and roads in Ecuador [15].
It can be concluded that human activities can indirectly support the spread of the disease by providing a suitable
temporary environment for vector breeding. However, mapping these breeding sites can give an overall idea for the
application of efficient control programs. On the other hand, considering the higher infection rates in children,
spreading awareness of protection measures among this age group is a must.

5. Ethical considerations
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