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Abstract

Introduction: Tumor necrosis factor alpha (TNF-a) levels overproduction and promoter polymorphisms at TNF-o 238 alleles may
play central role in reduced red cell production and malaria-related anemia through suppression of bone marrow erythropoiesis
and dyserythropoiesis. This study aimed to evaluate the TNF-a 238 allele’s polymorphism and its association with TNF-a levels in
the children with falciparum malaria.

Methods: A longitudinal hospital-based study was conducted among 100 children with severe falciparum malaria (mean age
8.63+£3.40 years) and 100 children with uncomplicated falciparum malaria (mean age 8.83 +4.20 years). TNF-a level was
measured using Human TNF-a ELISA MAX™ Deluxe Sets. PCR was used for detecting TNF-o 238 allele’s polymorphism. Obtained
data were analyzed by SPSS (Version 20.0) and StatDisk (Version 13.0).

Results: TNF-o 238A allele was a common allele (66.8%). Falciparum malaria-related anemia accounted for 32%, commonly in
severe malaria (SM) (55%) compared to uncomplicated malaria (UM) (9%) (P=0.000). Otherwise, the average of TNF-a levels
strongly positively correlated with the severity of anemia (r+0.309; P=0.000). The TNF-a 238 A allele accounts for 83.6% of
malaria anemia (P=0.000) and 100% severe anemia (P=0.000).

Conclusion: Overproduction of TNF-a is essential for the elimination and clearance of falciparum parasite but may be associated
with severity of malaria and malaria anemia. Overproduction of TNF-a in children with TNF-a. 238 A allele may result in falciparum
malaria-related anemia among children. These findings will assist clinicians in better managing severe malaria-related anemia cases.
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Introduction

Malaria is a human intracellular protozoan parasitic
disease caused by female anopheline mosquitoes
inoculated genus Plasmodium parasite (P falciparum, P,
vivax, P. malariae, P. ovale, and P. knowlesi) (1). Falciparum
malaria is still a major health problem in Sudan accounts
for up to 80% of malaria cases globally (2) and about 87.6%
of malaria cases in Sudan (3,4). The disease is becoming
more prevalent due to poor sanitation and a lack of strong
preventive factors. Children suffer more malaria episodes
and are more prone to severe malaria compared to adults
and accounted for 61% (266 000) of all malaria deaths. In
fact, about 28 500 children died before their fifth birthdays
in 2016 in Africa (2). Falciparum malaria may result
in variable clinical symptoms, ranging from very mild
symptoms to severe disease and even death (4). Falciparum

malaria can be categorized in two groups: uncomplicated
or complicated (severe) (5). The classical uncomplicated
malaria (UM) has three stages (cold stage, a hot stage, and
a sweating stage) (6). If falciparum malaria is not treated
properly may occur the following complications: cerebral
malaria, severe anemia, hemoglobinuria, pulmonary
edema, thrombocytopenia, cardiovascular collapse, shock,
kidney failure, hyperparasitemia, metabolic acidosis
and hypoglycemia (6). Falciparum malaria is linked to
a number of hematological abnormalities involving the
major blood cell types, including red blood cells, white
blood cells, and platelets (7,8), all of which play factors in
the disease’s severity. Malaria-related anemia can result
in death, especially among vulnerable populations such
as children. WHO defines mild anemia as a hemoglobin
(Hb) of between 10 g/dL and 10.9 g/dL, moderate anemia
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as between 7 g/dL and 9.9 g/dL, and severe anemia as
below 7 g/dL; A surveys conducted in 16 African countries
between 2015 and 2017 showed that the prevalence
among young children with positive for malaria showed
anemia was 79%, mild anemia 21%, moderate anemia
50% and severe anemia 8% (2). The first-line defense
against malaria is innate immune cells and their cytokines
(Tumor necrosis factor alpha [TNF-a], interleukin 12
[IL-12], interferon gamma [IFN-y], and nitric oxide
[NO]J), and second line is adaptive immune response
primarily depends on the actions of the o/f T cells
(CD+4, CD+38) and the B cells (9). TNF-a is a common
proinflammatory cytokine. TNF-a is plays a central role in
malaria pathogenicity either in the cure or complication
of malaria. Their high level and is associated with severe
falciparum malaria and is equivocal. Polymorphisms
in the TNF-a gene have been associated with increased
susceptibility to severe malaria (10-12). Many studies have
detected the TNF SNPs at TNF-a 238 exhibit differential
associations to malaria and TNF-a production in different
populations (13-17). TNF-a levels overproduction and
promoter polymorphisms at TNF-a 238 alleles may
play a central role in reduced red cell production and
malaria-related anemia through suppression of bone
marrow erythropoiesis and dyserythropoiesis (18).
The purpose of this study was to compare and correlate
TNF-a levels and TNF-a 238 alleles polymorphism (A
allele/ G allele) between falciparum malaria severity and
malaria anemia severity among Sudanese children with
falciparum malaria.

Material and Methods

Study Design, Area, and Population

A longitudinal hospital-based study was conducted
among 200 Sudanese children at Wad Medani Pediatric
Hospital, Gezira State, Sudan from November 2016 to

June 2019. 100 children were previously diagnosed with
severe falciparum malaria by blood film and WHO
criteria, and 100 children were previously diagnosed with
uncomplicated falciparum malaria by blood film or thin
blood-smear (19).

Inclusion Criteria

The study included sick children with falciparum malaria
aging 1 month to 18 years old, from both genders, and
residing in Gezira state who were admitted to Wad Medani
Pediatric Teaching Hospital (Figure 1).

Exclusion Criteria

Sick children with mixed malaria or vivax malaria were
excluded from this study. Those aging > 18 years old, those
residing outside Gezira State and those suffering from a
recent infection, malignancy, and thrombosis, and those
on anticoagulant and anti-inflammatory medication were
also excluded.

Define Uncomplicated and Severe Falciparum Malaria
Falciparum Malaria can be categorized in two groups:
uncomplicated or complicated (severe) (5).

The classical UM has three stages (cold stage, a hot
stage, and a sweating stage) diagnosed by blood film or
ICT and clinical findings (6,19).

Severe falciparum malaria diagnosed by blood film
and WHO criteria (presence of 2 or more the following
complications: ~ cerebral malaria, severe anemia,
hemoglobinuria, pulmonary edema, thrombocytopenia,
cardiovascular  collapse, shock, kidney failure,
hyperparasitemia, metabolic acidosis and hypoglycemia)
(6,19).

Sample Collection and Preparation
Four milliliters venous blood sample was collected by clean
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venipuncture for all patients. 2 mL in a plain container
and 2 mL in EDTA container. Thin and thick films were
prepared immediately. Serum was obtained immediately
after blood collection by blood centrifugation of plain
container at 1200 rpm for 10 minutes (20). Measurement
of red blood cell (RBC) parameters and DNA extraction
were performed using samples from the EDTA container.

Measurement of RBCs Parameters

RBCs parameters (RBCs count, Hb g/dL, PCV %, MCV f],
MCH pg, MCHC g/L) were determined using the Sysmex
XP-300 N automated hematology analyzer (Sysmex,
Kobe, Japan).

Define Anemia and the Severity of the Anemia

Anemia was defined as Hb of less than 12 g/dL (19). WHO
defines mild anemia as a Hb of between 10 g/dL and 10.9
g/dL, moderate anemia as between 7 g/dL and 9.9 g/dL,
and severe anemia as below 7 g/dL (2).

TNF-« Level Measurement

ELISA was further processed for TNF-a level from serum
sample using Human TNF-a ELISA MAX™ Deluxe Sets
(BioLegend, Inc).

DNA Extraction

DNA extraction was done using G-DEX™ IIb Genomic
DNA Extraction Kit. The extracted DNA concentration
was measured by reading the absorbance at 260 nm using
a nanosystem. An absorbance ratio of 260 nm and 280
nm gives an estimate of the purity of the solution (DNA
product concentration: 5 ug/L; DNA product purity: 1.68).
All samples were store at -20 °C till PCR amplification.

TNE-« 238 Alleles Polymorphism Analysis

PCR and gel running system were used for detecting
TNF-a 238 Alleles polymorphism (A allele/ G allele). PCR
was done to detect TNF-a 238 alleles polymorphism using
conserved primer pairs (Macrogen, Korea) (Common
TNF °“CCGGATCATGCTTTCAGTGC”; TNF 238A
allele "AGACCCCCCTCGGAATCG”; and TNF 238G
allele "AAGACCCCCCTCGGAATC”) to generate 459-
and 460-bp products (13). Common TNF-a primer was
prepared by adding 300 pL deionized sterile water, TNF-a
238A allele and 238G allele primers were prepared by
adding 320 pL D.W. Each of the primers was prepared as
follows: 10uL of each stock primer (100 M) were added to
90 uL PCR water (Deionized sterile water) and aliquoted
in 0.5 ml PCR polypropylene tube to yield a concentration
of 10uM, and the solution was mixed.

PCR reaction contains PCR master mix (APS LABS,
India), Common TNF-a primer, TNF-a 238A allele/238G
allele primers, DNA, then the volume was completed to 20
uL by Deionized sterile water.

PCR reaction was done using a PCR system (9700

thermocycler, Singapore). The mixture was incubated at
95 °C for 10 minutes, followed by 5 cycles of 95 °C for 1
minute, 60 °C for 1 minute, 72 °C for 1 minute, then 25
cycles of 95 °C for 1 minute, 56°C for 1 min, 72 °C for
1 minute, and then a final 10 minutes at 72°C (13). The
products were resolved in 1.5% agarose gel, stained with
ethidium bromide, and visualized under UV light.

Statistical analysis

Data were presented as means with their standard
deviations. The SPSS (version 20.0) and StatDisk (version
13.0) were used for data analysis. T-test, correlation test,
and One Way ANOVA were used to compare the results,
at a 95% confidence interval, P value < 0.05 was considered
as significant.

Results

The study was conducted on 100 children with severe
falciparum malaria (SM) (mean age 8.63 £ 3.40 years; 61%
boys; 49% girls), and 100 children with uncomplicated
falciparum malaria (UM) (mean age 8.83 +4.20 years; 45%
boys; 55% girls) from Gezira State, Sudan. Falciparum
malaria-related anemia accounted for 32%, commonly in
SM (55%) compared to UM (9%). Severe malaria anemia
is most common in SM (3%). Fever was the most clinical
finding account for 89% in SM and 81% in UM (Table 1).

TNF-a 238 alleles polymorphism represent (130 [65%]
for UM, 137 [68.5%] for SM) for (TNF-a 238A), (70
[35%] for UM, 63 [31.5%] for SM) for (TNF-a 238G)
(Figures 2 and 3).

TNF-a 238 GA, AA, and GG account for (58, 36, and 6%
respectively) in UM; while (51, 43, and 6% respectively) in
SM (Figure 4).

The average of TNF-a levels in severe malaria and
UM were (200.98+92.77 and 112.42+35.52 pg /mL
respectively) (P=0.000). The average TNF-a levels in
anemic patients (196.34+94.11 pg /mL) was higher
than in non-anemic patients (122.97+49.45 pg /mL)
(P=0.000). The average of TNF-a levels in mild anemia,
moderate anemia, and severe anemia was (190.75 +102.55,
189.70+80.35 and 299.75+82.27 pg /mL respectively)
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Figure. 2. Frequency of TNF-a 238 Alleles Polymorphism Among UM
and SM. UM, Uncomplicated malaria; SM, Severe malaria; TNF-a, Tumor
necrosis factor alpha

Int ] Med Parasitol Epidemiol Sc. 2025;6(1) \ 13



Mohamedahmed et al

Table 1. Demographic and clinical characteristics of study participants

Variables UM (n=100) SM (n=100) All Malaria Cases (N =200)
Age (y) (Mean+SD) 8.83+4.20 8.63+3.40 8.43+£3.80
Age group (y)

<5 24 (24%) 19 (19%) 43 (21.5%)

6-10 41 (41%) 47 (47%) 88 (44%)

11-15 29 (29%) 33 (33%) 62 (31%)

>15 6 (6%) 1(1%) 7 (3.5%)
Gender

Boys 45 (45%) 61 (61%) 106 (53%)

Girls 55 (55%) 39 (39%) 94 (47%)
Residence

Rural 70 (70%) 49 (49%) 119 (59.5)

Urban 30 (30%) 51 (51%) 81 (40.5%)
Clinical findings

Fever 89 (89%) 81 (81%) 170 (85%)

Chills 40 (40%) 27 (27%) 67 (33.5%)

Fatigue 43 (43%) 59 (59%) 102 (51%)
Anemia

Anemic 55 (55%) 9 (9%) 64 (32%)

Non-anemic 45 (45%) 91 (91%) 136 (68%)
Severity of the anemia

Mild 23 (23%) 8 (8%) 31 (15.5%)

Moderate 29 (29%) 1 (1%) 30 (15%)

Severe 3 (3%) - 3 (1.5%)

TNF-a (pg/mL), Mean+SD 112.42+£35.52

200.98+92.77 156.70+£64.15

UM, Uncomplicated malaria; SM, Severe malaria; TNF-a, Tumor necrosis factor alpha.

Lane 1 Lane 2 Lane 3

500 bp

459 bp

460 bp

Figure 3. PCR Amplification of TNF-o. 238 alleles DNA on 1.5% Agarose Gel Electrophoresis. Lane 1 DNA ladder: MW 500-1500bp. Lane 2 showing band size

of (460 bp) for G allele, Lane 3 showing band size of (459 bp) for A allele

TNF-a 238 GG

TNF-a 238 AA SM
=UM

TNF-a 238 GA

58%

0 10 20 30 40 50 60 70

Figure 4. Frequency of TNF-a 238 Genotypes Polymorphism Among UM
and SM. UM, Uncomplicated malaria; SM, Severe malaria; TNF-a, Tumor
necrosis factor alpha

giving highly significant differences between them
(P=0.000) and strong significant positive correlation
(r+0.309; P=0.000) (Table 2).

TNF-a 238 GA, AA and GG genotypes account for
(58, 36 and 6% respectively) in UM; while (51, 43 and 6%
respectively) in UM (P=0.586) (Table 3).

TNF-a 238 AA account for 47 (73.4%) in anemic
patients (70.9% in SM, 88.9% in UM), giving highly
significant association between TNF-a 238 AA and
malaria anemia (P=0.000); in both SM (P=0.000) and
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UM (P=0.015) (Table 4).

TNF-a 238 AA account for (21 [67.7%], 24 [80%] and
2 [66.7%] respectively) in mild, moderate and severe
anemia, giving a highly significant association between
TNF-a 238 AA and clinical types of malaria anemia
(P=0.000), and also in SM (P=0.000) (Table 5).

The risk difference (RD) of TNF-a 238 A allele for SM
and malaria anemia (7.5 and 24.8% respectively); while
The risk ratio (RR) of TNF-a 238 A allele for SM and
malaria anemia were (1.10 and 1.42 times respectively).
The RD of TNF-a 238 AA for SM and malaria anemia
were (7.5 and 53.3% respectively); while The RR of TNF-a
238 AA for SM and malaria anemia were (1.20 and 3.13
times respectively) (Table 6).

Discussion

Falciparum malaria is still a major health problem in
Sudan accounts for up to 80% of malaria cases globally
(2) and about 87.6% of malaria cases in Sudan (3,21,22).
Poor sanitation and the absence of major protection are

Table 2. Comparison of TNF-a Levels Between Severe and Uncomplicated
Falciparum Malaria

TNF-0 (pg /mL)

Factors Mean =SD P Value
Groups 0.000
SM 200.98+92.77
UM 112.42+35.52
Anemia 0.000
Anemic 196.34+94.11
Non-anemic 122.97 +49.45
Clinical anemia 0.000

Mild anemia 190.75+£102.55

Moderate anemia 189.70+80.35

Severe anemia 299.75+82.27

significantly leading to increased prevalence of the disease.
Children suffer more malaria episodes and are more prone
to severe malaria compared to adults and accounted for
61% (266 000) of all malaria deaths. In fact, about 285,000
children died before their fifth birthdays in 2016 in
Africa According to the World Health Organization (2,5).
Therefore malaria remains the largest cause of childhood
deaths in Africa (23).

TNF-a is a common proinflammatory cytokine. TNF-a
is playing a central role in malaria pathogenicity either
in the cure or complication of malaria. Their high level
and is associated with severe falciparum malaria and
is equivocal.

The current research aimed to light the association
between TNF-alevelsand TNF-a238 alleles polymorphism
with malaria severity and malaria anemia because thought
TNF-a levels and their promoter is one of children
predispose factor than others lead to malaria anemia.

Polymorphisms in the TNF-a gene have been associated
with increased susceptibility to severe malaria. The TNF-a
promoter polymorphism at TNF-a 238 alleles have been
associated with differential activity and production of
TNF-a in addition associated with severe clinical outcome
of malaria (11,16).

The present study was conducted on 200 Sudanese
children from Gezira State. Samples were collected
from 100 subjects (with mean age 8.63 +3.40 years; 61%
boys) previously diagnosed as severe falciparum malaria
(SM) by blood film and WHO criteria (19); 100 subjects

Table 3. Association Between TNF-o 238 Genotypes Polymorphism and
Malaria Severity

Polymorphism UM SM P Value
TNF-a 238 GA 58 51

TNF-0. 238 AA 36 43 0.586
TNF-0 238 GG 6 6

UM, Uncomplicated malaria; SM, Severe malaria; TNF-a, Tumor necrosis
factor alpha.

UM, Uncomplicated malaria; SM, Severe malaria; TNF-o, Tumor necrosis
factor alpha.

Table 4. Association Between TNF-a 238 Genotypes Polymorphism & Malaria Anemia

Malaria Patients=200 SM=100 UM=100
Polymorphism
Anemic Non-anemic P Value Anemic Non-anemic P Value Anemic Non-anemic P Value
238 GA 13 96 12 39 1 57
238 AA 47 32 0.000 39 4 0.000 8 28 0.015
238 GG 4 8 4 2 0 6
UM, Uncomplicated malaria; SM, Severe malaria; TNF-a, Tumor necrosis factor alpha.
* P value<0.05 .
Table 5. Association between TNF-a 238 genotypes polymorphism and clinical types of anemia
Malaria patients =200 SM=100
Polymorphism
Mild Anemia Moderate Anemia  Severe anemia P value *  Mild anemia Moderate anemia Severe anemia P value *
238 GA 7 5 1 6 5 1
238 AA 21 24 2 0.000 14 23 2 0.000
238 GG 3 1 0 3 1 0

* P value<0.05
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Table 6. Risk Difference (RD) and Risk Ratio (RR) for TNF-a 238 A Allele and
AA Genotype in Severe malariaand Malaria Anemia

Factors Severe malaria Malaria anemia
RD for TNF-a. 238 A allele 3.5% 24.8%

RR for TNF-a. 238 A allele 1.10 1.42

RD for TNF-a 238 AA genotype 7.5% 53.3%

RR for TNF-0. 238 AA genotype 1.20 3.13

(with mean age 8.83+4.20 years; 45% boys) previously
diagnosed as uncomplicated falciparum malaria (UM)
by blood film or ICT and 100 normal healthy controls.
Similar studies were reported from different countries like
Nigeria (24), Ethiopia (25), and Ghana (26). In the present
study boys more than girls. Similarly, a survey was done
in Sudan in 21,988 individuals to show the prevalence of
malaria and results showed the infection was higher in
males more than females (27).

The classical clinical finding was fever (81% for UM,
89% for SM). A study done by Rathod et al showed that
fever account for 97% of falciparum malaria (28).

TNF-a 238A allele was a common allele (66.8%) among
Sudanese children with falciparum malaria (35.5% for
boys and 31.3% for girls), and the G allele was rare (33.2%)
(17.5% for boys and 15.7% for girls) (P value 0.132).
While TNF-a 238 GA, AA, and GG account for (54.5,
39.5, and 6% respectively) among Sudanese children with
falciparum. TNFA-a 238G was the common allele (0.95),
and TNFA-a 238A was rare in Malian children (15), and
the allele frequencies were 97.8% and 2.2% for TNF-a
238G and TNF-a 238A in Burkina Faso children (29).

Falciparum malaria-related anemia accounted for 32%,
commonly in SM (55%) compared to UM (9%). Mild
malaria anemia, moderate malaria anemia and severe
malaria anemia were accounts for 31%, 30%, and 3%
respectively. A previous study reported malaria-related
anemia prevalent among children was 19.8% in Cameron
and prevalence of mild, moderate, and severe malaria
anemia were 88.1, 5.6, and 5.6% respectively (30). The
study done by Rathod et al showed the malaria anemia
account for 24.6% of falciparum malaria (28). A similar
study done in Sudan showed that malaria anemia account
for 21.8% of falciparum malaria (31).

The average of TNF-a levels in anemic (196.34+£94.11
pg /mL) was higher than the non-anemic patients
(122.97+49.45 pg /mL) giving highly significant
differences between them (P=0.000 and P=0.004
respectively). Elevated plasma TNF-a levels promote
the development of malaria-related in children (32-
34). In contrast, McGuire et al reported no association
between TNF levels and malaria anemia (13). The TNF-a
overproduction in malaria can contribute to reduced red
cell production and anemia through suppression of bone
marrow erythropoiesis and dyserythropoiesis. TNF-a
has been shown to suppress erythropoiesis through

inhibition of BFU-E and CFU-E through decreasing their
responsiveness to erythropoietin (12,13,18,35,36). Also,
the suppressive effect of macrophages from patients on
human BFU-E and CFU-E was shown to be mediated
by TNF-a (18). Furthermore, TNF-a synergizes with
hemozoin and NO in the inhibition of erythropoiesis (34,
37). On the other hand, Elevated TNF-a level and GM-
CSF synergistically increase FcyR and CR expression on
human neutrophils and monocytes thereby stimulated
opsonin-dependent phagocytosis and thereby enhanced
clearance of parasitized erythrocytes but the prolonged
response was seen to contribute to adverse disease and
thus was associated with severe disease syndromes (32,38).
Also, TNF-a overproduction in malaria may result from
the upregulation of the expression of endothelial adhesion
molecules such as ICAM-1 or other adhesion molecules,
leading to enhanced sequestration of parasitized red cells
and anemia through macrophage activation (18,39). More
ever reduced prostaglandin E2 production by hemozoin is
reported to lead to overproduction of TNF-a and anemia
(33,40). In addition, TNF-a contributes to the anemia of
chronic disease by the suppression of erythropoiesis and
reduced erythroblast iron incorporation (18,41).

The average of TNF-a levels in mild, moderate and
severe anemia were (190.75+102.55, 189.70+80.35
and 299.75+82.27 pg /mL respectively) giving highly
significant ~ differences between them (P=0.000)
and strong significant positive correlation (r+0.309;
P=0.000), and significant negative correlation with
Hb (r - 0.419; P=0.000). Similar study showed mild,
moderate and severe anemia were (108.9, 132.2 and 193.9
pg /mL respectively), giving highly significant differences
between them and strong significant positive correlation
with anemia severity and negative correlation with Hb
(42). Direct associations between severe malarial anemia
was found for higher TNF-a concentration in children in
Zambia (32), Kenya (43), Ghana (44) and Pakistani (42).
In contrast other study have found no association between
or high TNF-a and malarial anemia (45). In P. falciparum
infected children, the TNF level was negative correlated
with Hb levels (38,46). Continuous TNF-a overproduction
increase suppression of bone marrow erythropoiesis
and dyserythropoiesis and accelerated destruction of
infected red blood cells result in enhancing severity of
malaria anemia (18,32,35,36,38). In P. falciparum infected
children, the TNF-a level was negatively correlated with
Hb levels (38,46,47).

TNF-a 238 A account for 53.5 (83.6%) from 64
anemic patients, giving highly significant association
between TNF-a 238 A alleles (especially TNF-a 238 AA
genotype [73.4%]) with malaria anemia compared to G
alleles (P=0.000), in both SM (P value 0.000) and UM
(P=0.015) within TNF-a 238 A allele to be associated
with susceptibility to 3.13 fold risk for developing anemia.
Furthermore, TNF-a 238 AA represent (67.7%, 80% and
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66.7% respectively) in mild, moderate and severe anemia;
giving highly significant association between TNF-a 238
A alleles and clinical types of malaria anemia (P=0.000),
and also in SM (P=0.000). This finding consistence with
study done in Gambia that found TNF-a 238 A allele to be
associated with susceptibility to malarial anemia especially
severe malaria anemia with a 2.5 fold risk of developing
SMA (P<0.001) (13). May et al reported TNF-a 238
alleles were associated with severe malaria anemia (48). In
contrast, study done in Mali reported lack of association
between TNF-a 238 alleles and severe malaria anemia
(15). This suggest that the location of the TNF-a 238 A
allele in the TNF-a promoter region to be associated with
susceptibility to influence constitutive TNF-a production
directly compared to G allele in malaria anemia. SNPs at
many positions as 238 in the proximal enhancer of the
TNF gene exhibit differential associations to malaria and
TNF production in different populations (49-52).

The confounders of other baseline factors were not
addressed here; we suggest a more details on baseline
characteristics like socioeconomic status, nutritional
status and co-infection could help rule out potential
confounders.

Conclusion

The significance of TNF-a level and TNF-a 238 A allele
in children with severe falciparum anemia will assist
clinicians in diagnosing and better managing severe
malaria cases.
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