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Abstract

Introduction: Vitamin D’s action outside of bone, especially on immunity, is
widely reported in the international scientific literature over the last years.
Objective: Calculate the frequency of hypovitaminosis D in children aged 6 to
59 months suffering from severe malaria in the CHUD-P pediatric unit in
2016. Setting and Methods: This research work is a cross-sectional study
with descriptive and analytical purposes. Data gathering was prospective. The
study involved children aged 6 to 59 months hospitalized for severe malaria in
the CHUD-P pediatric unit. The said children were HIV-uninfected, eutroph-
ic and had not received vitamin D supplementation during the last 6 months.
Vitamin D dose was measured using the High Performance Liquid Chroma-
tography (HPLC) technique. Results: A total of 80 subjects were involved in
the survey. Mean age was 26.08 months, sex ratio was 0.8 and average weight
was 10.80 kg. Hypovitaminosis D frequency was 83.8% (67 cases out of 80
children investigated during the survey) with an average plasma concentration
of vitamin D estimated at 21.57 ng/ml * 7.34 with two extremes (11.24 -
42.32) ng/ml. The minimum parasitaemia was 202 P/pl and the maximum was
580,000 P/pl. Conclusion: Hypovitaminosis D is common in children suffer-
ing from severe malaria; this result suggests conducting a large-scale commu-
nity-based study to decide on vitamin D inclusion in national supplementa-
tion policies and severe malaria management.
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1. Introduction

As sunshine is significant in the Sub-Saharan Africa, hypovitaminosis should be
exceptional. However, some factors (dark skin color, poor nutritional intake) are
likely to predispose children to vitamin D deficiency which may, if appropriate,
contribute to morbidity and mortality due to malaria given the said vitamin’s
role in the immune system [1] [2] [3]. Malaria is the first killer of the under five
years children in Benin [4] and publications on the role of hypovitaminosis in
malaria exist [5]. This research work aimed to determine the frequency of hypo-
vitaminosis D in children aged 6 to 59 months hospitalized for severe malaria in
the CHUD-P pediatric unit in 2016.

2. Patients and Methods

It was a descriptive cross-sectional study carried out both in the pediatric unit of
the Regional University Teaching Hospital of Parakou (CHUD-P) and in the
Laboratory of Pharmacognosy and Essential Oils (LAPHE) of Porto-Novo. The
study population consisted of children hospitalized in the CHUD-P pediatric
unit for severe malaria. The study included children aged 6 to 59 months hospi-
talized for severe malaria, HIV-uninfected, eutrophic and who had not received
any vitamin D supplementation during the last 6 months. It excluded eligible
children whose parents refused to participate to the study. The major variable in
study was the serum vitamin D concentration and the others variables were the
sociodemographic and behavioral characteristics.

Vitamin D was measured using the technique of High Performance Liquid
Chromatography (HPLC) on a sample of 2.5 ml of serum stemming from blood
centrifugation. That serum had been stored at a +4°C temperature and carried
under the same storage conditions to LAPHE in Porto-Novo. Severe malaria di-
agnosis was established in accordance with the WHO criteria [6]. Severe anemia
has been defined as hemoglobin level of less than 5 g/dL. Hypoglycemia was de-
fined as a blood glucose lower than 40 mg/dL and hemolysis as the presence of
hemoglobin in the urine, detected by self-test strip.

The thresholds to define the different conditions related to vitamin D levels in
the human body are indicated in the Table 1 below.

The collected data were processed and analyzed using Epi Info software ver-
sion 7.

The administrative authorities approved the conduct of the study. The data
were collected on anonymity with due regard to privacy and confidentiality. The
fact that a parent refused to participate to the study had no incidence on the
quality of care provided to their child. Besides, vitamin D dosage and manage-

ment of hypovitaminosis cases diagnosed were free of charge for parents.

3. Results

From May to July 2016, eighty (80) hospitalized cases of severe malaria who met

inclusion criteria were registered for this study.
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Table 1. Technical definition of the different conditions related to plasma levels of vita-
min D in the human body [7].

ng/ml nmol/l

Normal 30 - 100 75 - 250
Hypovitaminosis <30 <75

Mild deficiency or insufficiency 20.8 - 30 52-75

Moderate deficiency 12-20.8 30-52
Severe deficiency <12 <30
Undetectable vitamin D <4 <10
Excess >100 >250
Intoxication >150 >375

3.1. Description of Population According to Its Sociodemographic
and Behavioral Characteristics

3.1.1. Sociodemographic Characteristics

Age, sex and rank among siblings

In our cohort, patients’ mean age was 26.08 + 13.16 months, from 7 to 59
months. Among the 80 children, 44 were females (55%) and 36 males (45%);
sex-ratio was 0.8.

Among siblings, children came first, second, third or ranked lower than third
in 13.8%, 26.2%, 22.5% and 37.5% of cases respectively.

Environment of residence and educational status

The 80 children involved in this study lived in rural areas in 73.8% of cases,
and 26.2% of them in town. In 72.5% of cases, mothers were uneducated. They
had primary school, secondary school and higher education level in respectively
6.3%, 2.5% and 2.5% of cases. Eventually, they were literate in local languages in
16.2% of cases.

3.1.2. Behavioral Characteristics

Duration of exclusive breastfeeding (AME), weaning age and type of
snack

Among the eighty (80) children included in the study, 53.8% were exclusively
breastfed for a period of less than six (6) months, 10% benefitted from a fruit
juice as snack.

Table 2 shows the distribution of children involved in the study according to
duration of breastfeeding, weaning age and type of snack.

Clinical and biological features

Almost two out of three children had severe anemia as a sign of severity. The
minimum parasitaemia was 202 P/ul and the maximum was 580,000 P/ul. Table
3 shows the distribution of children surveyed according to signs of malaria se-
verity and parasitaemia.

Plasma levels of vitamin D and hypovitaminosis D frequency
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Table 2. Distribution of 6 - 59 month children hospitalized for severe malaria in the
CHUD-P pediatric unit, according to duration of breastfeeding, weaning age and type of
snack, in 2016.

Population size Percentage (%)
Duration of exclusive breastfeeding (n = 80)

<6 months 43 53.8

>6 months 37 46.3

Definitive weaning age (n = 60)

<6 months 11 18.3

6 - 12 months 06 10.0

12 - 18 months 21 35.0

>18 months 22 36.7

Type of snack (n = 80)

Fruit juice 08 10.0

Other 72 90.0

Table 3. Distribution of 6 - 59 month children hospitalized for severe malaria in the
CHUD-P pediatric unit, according to signs of malaria severity and parasitaemia in 2016.

Population size Percentage (%)
Signs of malaria severity (n = 80)
Severe anemia 52 65.0
Seizure 23 28.8
Coma 01 01.3
Hemolysis 05 3.6
Hypoglycemia 01 1.3
Parasite density
<50000 P/uL 66 82.5
[50,000 - 100,000 P/pL] 04 05.0
[100,000 - 500,000 P/uL] 09 11.5
>500,000 P/uL 01 01.0

Average plasma concentration of vitamin D in all the involved children was
21.57 ng/ml * 7.34. Figure 1 shows the distribution of involved children ac-
cording to their plasma levels of vitamin D.

Among the eighty (80) children, sixty-seven (67) suffered from vitamin D de-
ficiency, Ze. an 83.8% frequency with CI [73.8 - 91.1]. Figure 2 shows the dis-

tribution of involved children according to their status as regards vitamin D.

4. Discussion
4.1. Validity of Findings

The prospective character of this study helped limit missing data during collec-

tion.
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Figure 1. Plasma levels of vitamin D of 6 - 59 month children hospitalized for severe ma-
laria in the CHUD-P pediatric unit in 2016.
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Figure 2. Distribution of 6 - 59 month children hospitalized for severe malaria in the
CHUD-P pediatric unit in 2016 according to their vitamin status.

Vitamin D dosage was performed using the technique of High Performance
Liquid Chromatography (HPLC). That method is currently recommended by
the French High Authority of Health (HAS) for vitamin D dosage because of its
innocuous nature for the person who performs it and its cost which are different
from those of radio-immunologic methods. The method using HPLC technique
enables to:

- separate the different isomers of vitamin D with or without biological activi-
ties,

- not modify the molecule structure, hence the possibility of additional control
at the end of the chromatographic column,

- have a low enough detection threshold (absorption measured in U.V. at 254
nm), which help measure vitamin D amounts of approximately 1 UI/100g of

sample [8].
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But it was not possible to perform some immunological and biochemical tests
such as dosage of TNF-a, IL-6, IL-10, CD4, regulatory T (Treg) cells, calcium,
phosphorus, parathormone (PTH), and Vitamin D binding protein (DBP) regu-
lated by vitamin D. Moreover, the genetic susceptibility associated with vitamin
D was not taken into account in the study. In spite of those shortcomings, the
study has the merit of addressing a topic that is not investigated in the context.
Better still, its performance in children suffering from severe malaria may open
up a range of treatment possibilities in the management of malaria and therefore

in the reduction of infant and child mortality.

4.2. Frequency of hypovitaminosis D

At the end of the study, hypovitaminosis D frequency was 83.8% among children

aged 6 to 59 months in the CHUD-P pediatric unit.

This frequency is similar to those reported (80%) in Uganda by Sarah et al in a
study conducted in 2014 among children aged 18 months with severe malaria
[9].

That high frequency (83.8%) identified in children in our research work in
spite of an adequate sun exposure, emphasized by average duration of sun ex-
posure estimated at 2.34 hours versus 10 to 15 minutes recommended and lack
of relationship between vitamin D deficiency and duration of sun exposure, may
be due to the combination of several factors such as:

- Darky pigmented skin which is a Ultra-Violet B ray protective screen re-
quired for endogenous synthesis of vitamin D. In addition to be a protective
factor against sunburn, skin pigmentation is a leading cause of vitamin D de-
ficiency in children, because of melanin which absorbs UVB rays [10].

- Inappropriate diet: according to the results of the Population and Health
Survey conducted in Benin in 2011, prevalences of acute malnutrition and
chronic malnutrition in the Borgou region were respectively 18.8% and 45.2%.
As the source of vitamin D was also exogenous, it may, through an inappro-
priate diet, contribute to that high prevalence of hypovitaminosis D [4].

- Recurrent infectious diseases, especially malaria, low respiratory tract infec-
tions and diarrhea are the leading causes of infant and child morbidity and
mortality in our context [4] [11] [12].

- Variation in individual behaviors such as particular characteristics of dress
habits [13] [14].

Other studies were conducted among children suspected of rickets. They were
respectively carried out by Anath et al (83.3%) among 6-month children in 2013
in Tanzania [15], by Henry ef al (80%) in 2015 among children aged 6 to 24
months in Uganda [16] and B. Timothy ef al (60%) in Malawi in 2013 among
24-month children [17]. The said studies highlighted frequencies less high than
those found out in our research work. As well, in Nigeria in 2000, Tom et al. [18]
identified a 37% frequency in children aged 5 to 35 months developing rickets.

As the frequency of hypovitaminosis D is higher than the one found in those

different studies carried out among children suspected of rickets, malaria can be
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considered as a larger source of hypovitaminosis D in children than rickets. We
can also think that children involved in the study were vitamin D deficient
without bone symptoms before developing severe malaria or that they had nor-
mal plasma concentration of vitamin D but depleted as severe malaria devel-
oped. In any cases, this result suggests that a community-based study should be

conducted on clinically healthy children.

5. Conclusion

During this research work we decided to assess the frequency of hypovitaminosis
D in children suffering from severe malaria in the CHUD-P pediatric unit in
2016. We can learn from its completion that hypovitaminosis D is common among
children suffering from severe malaria in spite of elevated sunshine. The study sug-
gests that a community-based survey should be conducted on plasma concentra-
tion of vitamin D in children apparently healthy in order to have a better understand-
ing of interaction between vitamin D and malaria. This may open up a range of

therapeutic possibilities in the preventive and curative management of malaria.
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