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Abstract: Background: Anemia, malaria, and intestinal parasitic infection pose significant health
threats to children in developing countries, adversely affecting their cognitive development and
nutritional status and increasing their susceptibility to other infectious diseases. In Mauritania, the
high prevalence of anemia, particularly in rural areas, along the Senegal River is alarmingly high and
remains a critical public health concern. Methods: A descriptive cross-sectional study was conducted
between August and October 2022 in six health facilities along the Mauritanian side of the Senegal
River. Anemia was defined according to WHO criteria, and hemoglobin levels were measured using
a HemoCue® Hb 301 analyzer. Pinworm (Enterobius vermicularis) infection was diagnosed using
the adhesive tape (Scotch tape test) method. Malaria was diagnosed via thick blood smears stained
with 10% Giemsa and examined under a microscope. Although thin smears were not performed due
to resource limitations, Plasmodium falciparum was identified based on its distinctive morphological
features observed in thick smears. Results: Anemia was detected in 75.1% of the 361 children
enrolled, with a mean hemoglobin level of 7.3 g/dL. The highest prevalence (90%) was found among
children aged 6 to 24 months. Pinworm infection was observed in 20.3% of participants, while malaria
showed a low overall prevalence of 2.9%, with all cases confined to the upper valley and attributed
to P. falciparum. Conclusion: This study highlights a high burden of anemia among children aged
6 to 59 months on the Mauritanian side of the Senegal River basin. The co-occurrence of intestinal
parasitic infections and malaria, though limited, further emphasizes the need for integrated control
strategies, including nutritional support and preventive deworming.
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1. Introduction

According to the World Health Organization (WHO), anemia, malaria, and intestinal parasitic infections
remain major public health challenges in many developing countries [1]. The complex interplay
between these conditions has attracted increasing attention, particularly in children under five years of
age, who represent one of the most vulnerable population groups [2]. Anemia most often results from
deficiencies in essential micronutrients, such as iron, folic acid, and vitamin B12, either in isolation or
in combination [3,4]. In addition, chronic inflammation and infections, especially parasitic diseases,
can exacerbate anemia by impairing nutrient absorption, increasing nutrient losses, and affecting red
blood cell production [5]. These conditions can hinder physical growth, delay cognitive development,
and compromise both digestive and immune system functions in early childhood.

In Mauritania, the most recent Demographic and Health Survey (EDSM, 2021) reported a
prevalence of anemia of 77% among children aged 6 to 59 months, with rates exceeding 82% in
rural areas [6]. Malaria remains one of the leading causes of morbidity, accounting for more than 18%
of outpatient consultations nationwide [7], and its contribution to anemia is well documented through
mechanisms involving hemolysis and bone marrow suppression. Enterobius vermicularis (pinworm)
infection, although often perceived as benign, has been associated with diarrhea, anemia, growth
retardation, and weight loss in children [8—10]. Its true morbidity burden is likely underestimated due
to diagnostic limitations, as routine stool examinations have low sensitivity compared to that of the
Scotch tape test, which is more effective for detecting eggs [11].

Despite the recognized impact of these conditions, there is a paucity of integrated epidemiological
data examining their co-occurrence in Mauritania, particularly in the Senegal River basin. This
region is characterized by ecological heterogeneity, seasonal malaria transmission, variable access
to healthcare, and socio-economic conditions that may favor persistent parasitic infections and
nutritional deficiencies. Most previous studies have focused on single diseases in isolation, thereby
underestimating their combined effect on child health. Generating updated, location-specific data
on the prevalence and distribution of anemia, malaria, and E. vermicularis infection is essential for
designing cost-effective, multi-disease control strategies.

The aim of this study was therefore to assess the prevalence of anemia, malaria, and E.
vermicularis infection among children aged 6 to 59 months in the Senegal River basin of Mauritania, a
setting where environmental, socio-economic, and healthcare access factors may interact to amplify
disease burden.

2. Methods

2.1. Study Sites

This cross-sectional, descriptive study was carried out from August to October 2022 in six healthcare
facilities along the Senegal River basin in Mauritania. The selected sites spanned three biogeographic
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zones: Biret and Breun in the lower valley, Sarandougou and Djewol in the middle valley, and Gouraye
and Ghabou in the upper valley (Figure 1). These localizations were chosen for their ecological
relevance and the availability of functional health services.
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Figure 1: The location of the localities surveyed along the Senegal River basin in Mauritania, 2022.

2.2. Data Collection

Data were collected using a standardized medical form that included the child’s age, sex, reason for
consultation, clinical symptoms, body temperature, presumptive diagnostics, and laboratory results.

2.3. Inclusion and Exclusion Criteria

All children aged 6 to 59 months presenting to the health facilities who had undergone both blood
sampling and the Scotch tape test were eligible for inclusion, with informed consent provided by their
parents or guardians. To avoid potential bias in hemoglobin measurements, we excluded children who
had received a blood transfusion within 120 days prior to the data collection.

2.4. Laboratory Analysis

Hemoglobin levels were measured using the HemoCue® Hb 301 analyzer, with anemia defined as a
hemoglobin level below 11 g/dL, following WHO guidelines [2]. The adhesive tape test (also known as
the Scotch tape test) was used to detect Enterobius vermicularis eggs, applied around the anal area
in the early morning before defection. Malaria diagnosis was made using a thick blood smear (TBS).
The identification of Plasmodium falciparum in blood smears was based on specific morphological
characteristics such as multiple ring forms within the erythrocytes and crescent-shaped gametocytes.
Children exhibiting symptoms such as a cough, rapid breathing, rales, or signs of lung consolidation
were diagnosed with bronchopneumonia.

2.5. Statistical Analysis

Data were entered into Microsoft Excel and analyzed using Epilnfo™ 7.2.2. Categorical variables were
compared using the Chi-square test, while continuous variables were analyzed using an ANOVA.
A 95% confidence interval was used for all statistical tests, with p-values below 0.05 considered
statistically significant.
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2.6. Ethical Considerations

The study protocol was approved by the relevant ethical authority. Informed consent was obtained
from all parents or guardians prior to participation. Children diagnosed with anemia, malaria, or
parasitic infections received free treatment, including iron supplementation, antimalarial medication,
and anti-parasitic therapy.

3. Results

3.1. Study Population

Among the 539 children aged 6 to 59 months who presented at the six participating health facilities, 361
met the inclusion criteria and were enrolled in the study. Males accounted for 53.5% of the participants,
yielding a sex ratio of 1.15.

3.2. Prevalence and Severity of Anemia

Anemia (hemoglobin <11 g/dL) was observed in 271 children, corresponding to a prevalence of 75.1%.
The mean hemoglobin concentration among anemic children was 7.3 + 1.1 g/dL, with values ranging
from 5.3 to 10.9 g/dL. Moderate anemia was most common (46.8%), followed by mild anemia (25.5%)
and severe anemia (2.8%). The average age of anemic boys was 22.8 + 2.6 months, and that of girls
was 23.2 + 2.8 months (p = 0.23). Anemia was significantly more prevalent among children aged 6
to 24 months (p = 0.02) (Table 1).

Table 1: The prevalence and degree of severity of anemia in children aged 6-59 months, by age group, on the right bank of the Senegal River,
Mauritania, 2022.

Examined Age Groupe
Degree of
Severity N = 361 6-24 Months  25-36 Months  37-59 Months p-Value
N =131 N=127 N=103

moderate Anemia  169(46.8%) 64(37.9%) 59(34.9%) 46(27.2%) 0.044

mild Anemia 92(25.5%) 47(51.1%) * 23(25.0%) 22(23.9%) 0.019

severe Anemia 10(2.8%) 7(70.0%) * 2(20.0%) 1(10.0%) 0.0002
Total 271(75.1%)  118(90.1%) * 84(66.1%) 69(67.0%) 0.000013

Note: An asterisk (*) indicates statistically significant differences between age groups. N = number of participants; % =
percentage.

3.3. Prevalence by Biogeographic Zone

The upper valley exhibited the highest prevalence of anemia (93.2%) and pinworm infection (20.3%),
and it was the only region where malaria cases were reported (Table 2).
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Table 2: The prevalence (%) of anemia, pinworms, and malaria in children aged 6-59 months, by biogeographic zone, on the right bank of the
Senegal River, Mauritania, 2022.

Bi hi Prevalence
iogeographic
- 95% Cl
Zone Examined (N)  Anemia (%) Inz::‘t"i"::?,/) Malaria (%)
0

78 10 00

Lower valley 129 (60.5%) (7.8) (0.0%) (8.7-37.9)
Middle valley 115 (7;3% ) g 31.?% ) (0_%9, ) (5.2-17.2)
High valley 17 (931_330) . (20'233;/0) . (s.;%) \ (10.4-43.2)
Total 361 (75.711%) (1 ;g%) (2.1924,)

* Statistically significant differences observed at p < 0.05.

3.4. Clinical and Etiological Presentation

The primary presenting symptom among anemic children was fever, with common clinical signs
including pallor, asthenia, tachycardia, and dyspnea. Enterobius vermicularis infections presented
with anal pruritus, abdominal pain, diarrhea, and vomiting. Malaria infections were characterized by
fever and headache (Figure 2).
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Figure 2: Reasons for consultation among children aged 6-59 months, found in consultation, from the right bank of the Senegal River, Mauritania,
2022.
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4. Discussion

This study reveals an alarmingly high burden of anemia among children under five years of age in the
Senegal River Valley of Mauritania. With a prevalence of 75.1%, the magnitude of this problem far
exceeds the WHO threshold of 40%, which defines anemia as a severe public health problem [3,4].
The mean hemoglobin concentration (7.3 g/dL) is comparable to findings from Cameroon (7.4 g/dL)
among anemic children aged 6—14 months [12]. Although our study targeted sick children, who are
likely at a higher risk of anemia, our results are consistent with the 2021 EDSM survey, which reported
a 77% prevalence of anemia among non-hospitalized children in the same age group [6].

Children aged 6-24 months were disproportionately affected, with an anemia prevalence of
90.1% (p = 0.000013). This finding aligns with the existing literature highlighting the vulnerability
of this age group due to rapid physiological growth, elevated micronutrient requirements, and
increased susceptibility to infections [13]. Severe anemia was particularly common in this age range,
underscoring the urgent need for early iron supplementation and targeted nutritional interventions.

Marked disparities were observed across biogeographic zones. The upper valley, characterized
by limited healthcare access and environmental conditions favorable to parasitic transmission,
recorded the highest rates of anemia (93%) and pinworm infection (20.3%) and all malaria cases.
These observations are consistent with previous studies in the Sahel linking poor sanitation, poverty,
and inadequate health services to a higher anemia burden [14].

Enterobius vermicularis infection was diagnosed in 13.6% of all children, with the highest
prevalence in the upper valley (20.3%, p < 0.05). Pinworm infections can impair iron absorption
and contribute to malnutrition and anemia [15]. Malaria prevalence was low (2.9%), consistent with
historically low transmission in the Senegal River basin [16]. However, all confirmed malaria cases
were due to Plasmodium falciparum, identified morphologically in thick blood smears, and were
confined to the upper valley [17]. This species is known to exacerbate anemia through hemolysis
and the suppression of erythropoiesis [18].

Most consultations were for fever, respiratory infections, or gastrointestinal complaints, along
with asthenia, patterns that mirror national disease surveillance data [7]. Given the non-specific
nature of these symptoms, routine hemoglobin screening and regular deworming campaigns should
be prioritized in high-risk pediatric populations [19].

Study Limitations

This study is subject to certain limitations, including the data being collected in health facilities, while
selection bias may limit generalizability. Despite these limitations, the findings provide a strong
rationale for integrated interventions targeting nutrition, sanitation, and parasite control.

5. Conclusions

Anemia and parasitic infections remain major public health concerns among children under five living
on the right bank of the Senegal River in Mauritania. Although malaria prevalence was relatively
low (2.9%), Plasmodium falciparum was detected in the upper valley, where it likely exacerbates
the anemia burden through hemolysis and impaired erythropoiesis. These findings underscore the
urgent need for integrated, multisectoral interventions that combine routine iron supplementation,
large-scale deworming with Albendazole, improved nutritional support, and strengthened access to
primary healthcare. Such coordinated efforts are essential to reducing the high anemia prevalence
and its long-term consequences for child growth, development, and survival.
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