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Background: MyD88-adapter-like (MAL), as an essential adapter protein for a variety of TLRs (Toll-like receptors), modulates the 
inflammatory response. Many infectious illnesses are influenced by single nucleotide polymorphisms (SNPs) that modify MAL 
function. We aimed to examine the influence of the MAL rs8177374 polymorphism on Plasmodium falciparum malaria susceptibility 
and severity.
Patients and Methods: Samples from 141 Plasmodium falciparum malaria patients and 147 healthy controls were used in the study. 
Patients were subdivided into mild and severe groups based on their clinical results, as defined by the World Health Organization 
(WHO). Genotypes for MAL rs8177374 were identified by allele-specific PCR technique, and TNF-alpha and IL-12 levels were 
measured using ELISA.
Results: The MAL rs8177374 (CT) genotype is associated with an increased risk of malaria (OR: 2.52; 95% CI: 1.44–4.41). 
Furthermore, the CT and TT genotypes gave considerable protection against severe malaria (OR: 0.07; 95% CI: 0.03–0.19 and OR: 
0.03; 95% CI: 0.007–0.1 respectively). And the T allele was linked to a higher risk of malaria (OR: 1.7; 95% CI: 1.18–2.5), while 
protecting patients from severe malaria (OR: 0.135; 95% CI: 0.07–0.3). Mutants (CT and TT) have greater TNF-alpha and IL-12 levels 
compared to wild-type (CC).
Conclusion: Malaria risk is linked to single nucleotide polymorphism in the MyD88-adaptor-like gene. People with the MAL 
rs8177374 mutant variant may be less likely to get severe malaria.
Keywords: MAL, malaria, P. falciparum, TNF-alpha, IL-12

Introduction
Malaria is a grave parasite disease spread by mosquitoes that is one of the most widespread and dangerous infectious 
diseases in the tropics and subtropics.1 Clinical symptoms of P. falciparum malaria differ from patient to patient, ranging 
from asymptomatic infections to life-threatening situations.2 Malaria episodes begin as a result of the interplay between 
malarial toxins released during red blood cell rupture and the innate immune system’s phagocytic cells.3 Toxins produced 
by malaria are referred to as pathogen-associated molecular patterns (PAMPs). They are identified primarily by toll-like 
receptors (TLRs).4

TLRs are a transmembrane protein family found in a variety of cells, including monocytes, macrophages, and dendritic cells. 
These receptors are critical components of the innate immune response to Plasmodium infection.5 They are classified as pattern 
recognition receptors tasked with the task of recognizing PAMPs.6 P. falciparum glycosylphosphatidylinositol (GPI) is 
recognized by TLR2 and TLR4.7 And once TLR4 detects the PAMPs of malaria, TLR4 promotes downstream signalling, 
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which activates nuclear factor kappa-B (NF- kB). TNF-alpha, IL-1, IL-6, IL-8, and IL-12 are among the inflammatory cytokines 
produced as a result of this.8 The inflammatory cytokine response is critical for parasite control and clearance since it facilitates 
host immunity against the Plasmodium parasite. Excessive cytokine response, on the other hand, can have disastrous host effects, 
including tissue injury, which is frequently associated with severe complicated malaria.9 TLRs’ signalling, particularly TLR2 and 
TLR4, is mediated by a protein called MyD88 adaptor-like (MAL) encoded by the myeloid differentiation gene 88 (MyD88).10 

When a TLR is activated, MyD88 facilitates the recruitment of various additional proteins, which leads to a downstream 
signaling cascade that results in the synthesis of pro-inflammatory proteins through MAPK and the NF-B pathway.11 MyD88 is 
thought to play a crucial role in the signalling cascades that are mediated by all TLRs, IL-1R, IL-18R, IFN, and IL-33.12–16

Single nucleotide polymorphisms (SNPs) in MAL-encoding genes impact their function, affecting the inflammatory 
process, cytokine generation, parasitaemia severity, clinical manifestations of the disease and Plasmodium clearance.17 

The altered function of MAL has been linked to disease susceptibility or resistance, according to Belhaouane et al. These 
opposite effects demonstrate the paradoxical functions of MAL and its role in infectious diseases.18

The SNP (rs8177374) causes nucleotide substitution (C to T) at the position of 991bp, resulting in the production of 
leucine instead of serine in MAL protein. This is supposed to affect MAL function with reduced cytokine production that 
determines the severity of infection.19

Generally, genetic alterations and their effects remain controversial, with no conclusive evidence of their influence on 
disease outcome.5 This study aimed to explore the role of the rs8177374 polymorphism of the MyD88-adapter-like 
(MAL) gene in controlling the severity of P. falciparum infection. The link between the rs8177374 polymorphism in the 
MAL gene and blood levels of IL-12 and TNF-alpha was also examined.

Subjects and Methods
Study Design
The current case-control study was conducted between June 2017 and August 2021. Patients were recruited from 
Abbassia Fever Hospital, Cairo, Egypt.

Subjects included in this work were divided into two main groups:

Malaria Group
It included 141 Egyptian patients with P. falciparum infection. The diagnosis of P. falciparum malaria in this group was 
based on positive rapid diagnostic tests and positive blood films with more than 2 asexual stages of the parasite.

Patients in this group were further divided into two subgroups:
Severe Malaria (SM): It includes 57 patients with severe or complicated P. falciparum malaria. Severe P. falciparum 

malaria patients were selected according to WHO criteria for severe malaria. They had at least one or more of the following: 
impaired consciousness (Glasgow score <11), generalized weakness (unable to sit, stand or walk without an aid), convulsions 
(> two episodes within 24 h), acidosis (plasma base excess < −3.3 mmol/L), hypoglycemia (blood glucose <2.2 mmol/L), 
severe malarial anaemia (haemoglobin concentration ≤7.0 g/dL in adults with parasite count >10,000/µL), renal impairment 
(serum creatinine >265 µmol/L), jaundice (serum bilirubin >50µmol/L), pulmonary oedema (confirmed by radiology or 
oxygen saturation <92% with a respiratory rate >30/min), significant bleeding (recurrent nose and gums bleeding, hematem
esis or melena), shock (compensated without hypotension or decompensated with blood pressure <80 Hg) and hyperpar
asitemia (parasitemia >10% of RBCs or >250,000 parasites/µL in non-immune subjects).20

Mild Malaria (MM): It includes 84 patients with mild or uncomplicated P. falciparum malaria. They have symptoms 
of malaria with the absence of criteria for severe malaria.20

The Healthy Control Group (HC)
It included 147 blood donors. They have the following characteristics: Their birthplace was in the study area, they had no history 
of malaria infection, had no symptoms of the disease, and had negative results from thick blood film and rapid diagnostic test.
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Patients with other Plasmodium species co-infection, patients with chronic diseases (liver cirrhosis, chronic renal 
failure, and tuberculosis), and those who have autoimmune diseases such as systemic lupus erythematosus or rheumatoid 
arthritis were excluded from the study.

Every patient in the study was assessed for the criteria of the severity of P. falciparum malaria through detailed 
history taking, full clinical examination, radiological and laboratory investigations.

Ethical Considerations
Written informed consent was taken from every subject who participated in this study. The study was approved by the 
local ethics committee of the Faculty of Medicine, Menoufia University. The personal information and human biological 
samples of study participants were de-identified and secured to protect their privacy, and the ethical guidelines set by the 
1975 Helsinki Declaration were followed during this study.

Sampling
Venous blood samples were taken from each patient for rapid diagnostic tests and thin and thick blood films. The 
remaining blood samples were transferred to clean, sterile, dry tubes containing EDTA. Blood specimens were stored at 
−20°C for genotyping of the MAL gene.

Rapid Diagnostic Testing for Malaria
The RDT kit, SD BIOLINE Malaria Antigen P.F HRP2/PLDH (Cat no. 05FK9, Abbott Diagnostics, Korea Inc.) was used 
according to the manufacturer’s instructions. It is an immunochromatographic test that is used for the detection of histidine- 
rich protein II (HRP-II) and Plasmodium lactate dehydrogenase (pLDH) of P. falciparum in human whole blood.

Blood Films: Thin and Thick
Thin and thick blood films were prepared, stained with 10% Giemsa, and microscopically examined using a light 
microscope (100× oil immersion objective lens) to determine malaria species as shown in Figure 1. The examination was 

Figure 1 Photographs of P. falciparum (X 100) (A) Thick blood film showing ring stages of the parasite. (B) Thin blood film showing red blood cells containing ring stages. 
(C) Thin blood film showing gametocyte stage.
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done by two independent examiners who were blinded to the results of each other.21 The negativity of the thick blood 
film was considered after examination of at least 100 fields, each containing around 20 WBCs.

Determination of Serum Levels of IL-12 and TNF-Alpha
Sandwich ELISA was performed to measure the serum levels of TNF-alpha and IL-12. The anti-cytokine antibodies were 
used by BD Pharmingen (Cat. No. 551220 and 551227, respectively, San Diego, USA). Recombinant cytokines were 
used as the standards. Briefly, ELISA Wells were coated with the capture antibodies (100μL). A blocking buffer to block 
the non-specific binding sites was used. Serum and standard samples were added. Then the biotinylated detection 
antibody was added. Then the conjugate (streptavidin-alkaline phosphatase) was added, followed by para-nitrophenyl 
phosphate (Sigma). Absorbance was then measured at 405 nm. Cytokine concentrations were calculated using standard 
curves (Microplate Manager Software, Bio-Rad).

Genotyping of MAL SNP (rs8177374)
First, DNA was extracted from whole blood by the GeneJET Whole Blood Genomic DNA Purification Mini Extraction 
Kit (Cat no. K0702, Thermo Fisher Scientific, USA) according to the manufacturer’s instructions. Then, Taqman® SNP 
Genotyping assays (Applied Biosystems by Life Technologies, Monza, Italy) were used to do SNP genotyping on 
genomic DNA. Genotyping of MAL gene rs8177374 variants was performed on genomic DNA by an allelic discrimina
tion assay using readymade TaqMan probes, Applied Biosystems, USA.

The allelic discrimination test uses two primer and probe pairs to identify variations of a single nucleic acid sequence 
in each reaction, allowing genotyping of the two variants at the SNP in a target template sequence using TaqMan 
Genotyping Master Mix (40×). Using the maxima probe qPCR Master Mix, the probe sequence (Thermo Fisher 
Scientific) was as follows:

(VIC/FAM)GAGGGCTGCACCATCCCCCTGCTGT[C/T]GGGCCTCAGCAGAGCTGCCTACCCA
The reaction was performed in a total volume of 20 μL by adding 10 μL of Master Mix, 1.25 μL of primer/probe mix, 

and 3.75 μL of DNAase-free water. For the negative control reaction, 5 μL of genomic DNA template and 5 μL of 
DNAase-free water were used for each sample.

The following were the cycling conditions: Denaturation was first performed at 95°C for 10 minutes, followed by 45 
cycles at 92°C for 15s, primer annealing at 60°C for 1 minute, primer extension at 72°C for 2 minutes, and the last 
extension step at 72°C for 1 minute.

Fluorescence was detected. Analysis of the data was performed using the 7500 Real-Time PCR instrument, Applied 
Biosystems, version 2.0.1. Figures 2 and 3 show allelic discrimination and amplification plots.

Statistical Analysis
The t-test was used to compare quantitative parametric variables. Analysis of differences in quantitative and non- 
parametric variables (cytokine levels) between the clinical groups was conducted using the Mann–Whitney test, while the 
Chi-square test was used for categorical variables. To determine the Hardy-Weinberg equilibrium (HWE), the observed 
and expected genotype frequencies were compared, while to assess the association between various genotypes and risk, 
we calculated the odds ratio and 95% confidence interval using multiple logistic regression models. A P-value of less 
than 0.05 was considered significant.

Results
Study Population Characteristics
The characteristics of the studied groups and subgroups are shown in Table 1.

Genotype and Allele Frequencies and HWE Estimation
There was a significant difference between patients with malaria and healthy controls regarding MAL genotype 
frequencies, where the CC genotype had a lower frequency in malaria patients compared to healthy controls. Also, 
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Figure 2 Allelic discrimination plot showing different sample genotypes.

Figure 3 Amplification plot showing normalized reporter (Rn) dye fluorescence as a function of the cycle.
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there was a significant difference between both groups regarding allele frequencies, where the C allele had a significantly 
lower frequency in the malaria group compared to healthy controls (Table 2).

There was also a significant difference between mild and severe malaria patients regarding MAL genotypes where the 
CC genotype had a higher frequency in severe malaria compared to mild malaria patients. Similarly, there was 
a significant difference between both groups regarding allele frequencies. The C allele was more frequent in patients 
who had severe malaria than in those who had mild malaria (Table 3).

HWE estimation showed that allele frequencies in the malaria group, as well as in patients with severe malaria, were 
deviant from HWE (Supplementary Table 1).

Association of MAL Gene (rs8177374) Polymorphism with Risk of Malaria
The CT genotype increases the risk of developing malaria. While the CT and TT genotypes protect patients from 
developing severe malaria.

In addition, the T allele was linked to a higher risk of malaria whereas it protects patients from severe malaria as 
shown in Table 4

The Association of TNF-Alpha and IL-12 Levels with the MAL Gene (rs8177374) 
Polymorphism in Malaria Patients
Serum TNF-alpha levels were significantly higher in patients with malaria infection (538.15±284.37) than in healthy 
controls (40.9±14.9) (p < 0.001), and their levels were significantly higher in severe malaria (600.73±378.33) than in 
mild malaria (495.68±282.17) (p=0.032). The CC genotype was associated with significantly lower levels of TNF-alpha 
(414.79±221.37) when compared to the CT genotype (592.54± 258.95) and TT genotype (836.75±281.06) (p < 0.001 and 
<0.001 respectively) in patients with malaria infection as shown in Figure 4.

Table 1 Demographic Data of the Studied Groups and Subgroups

Malaria Group  
(No.=141)

Control 
Group (HC)  
(No.=147)

Test of 
Significance

p-value Mild Malaria 
(MM)  

(No.= 84)

Severe 
Malaria (SM)  

(No.=57)

Test of 
Significance

p-value

Age (years)
(Mean±SD) 37.06 ±9.66 36.65±9.29 10,023a 0.42 37±9.75 37.23±9.62 2383.5a 0.96

Gender: No. (%)

Males 81 (57.4%) 81 (55.1%) 0.161b 0.69 50 (59.5%) 31 (54.3%) 0.3667b 0.548

Females 60 (42.6%) 66 (44.9%) 34 (40.5%) 26 (45.7%)

Notes: at- test, bChi-square test.

Table 2 Genotype and Allele Frequencies of the MAL Gene (rs8177374) Polymorphism in the 
P. falciparum Group and Healthy Controls

Malaria Group  
(No.=141)

Healthy Controls (HC)  
(No.= 147)

χ2 p-value

(No.) (%) (No.) (%)

Genotype
CC 72 (51.06%) 102 (69.4%) 11.16 0.0038*
CT 48 (34.04%) 27 (18.4%)

TT 21 (14.9%) 18 (12.2%)

Allele
C 192 (68.08%) 231 (78.57%) 8.11 0.004*

T 90 (31.92%) 63 (21.43%)

Notes: χ2; Chi-square test, *Statistically significant at p-value ≤0.05.
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As regards IL-12 levels, there was a significant elevation in the malaria group (208.91±116.08) compared to healthy 
controls (42.8±12.1) (p < 0.001) and its levels were significantly lower in severe malaria (159.05±99.02) than in mild 
malaria (242.76±115.09) (p < 0.001). Moreover, patients with the CC genotype have significantly lower levels of IL-12 
(165.67±93.8) compared to patients with the CT genotype (215.01±97.02) and the TT genotype (343.26 ± 123.25) (p = 
0.003 and p < 0.001 respectively) as shown in Figure 5.

While controlling for the malaria phenotype, we observed that the CC genotype was associated with significantly 
lower levels of TNF-alpha when compared to the CT and TT genotypes in both malaria subgroups. The TT genotype has 
the highest level of IL-12 in the severe malaria group, while the CT genotype has the highest level in the mild malaria 
group, as shown in Figure 6.

Discussion
Many countries still have a lot of malaria deaths, even though the disease is now under control. In 2020, there were an 
estimated 627,000 malaria deaths around the world, with more than 90% of these deaths occurring in sub-Saharan Africa.22 In 
Egypt, malaria is a well-known endemic infection that has been documented since ancient times.23 According to the WHO, 
Egypt is one of the countries that has successfully prevented malaria transmission and is currently in the stage of preventing the 
reappearance of the disease.22

Table 3 Genotype and Allele Frequencies of the MAL Gene (rs8177374) Polymorphism in Malaria 
Subgroups

Mild Malaria (MM)  
(No.= 84)

Severe Malaria (SM)  
(No.= 57)

χ2 p-value

No. (%) No. (%)

Genotype
CC 24 (28.6%) 48 (84.2%) 42.087 < 0.001***
CT 42 (50%) 6 (10.5%)

TT 18 (21.4%) 3 (5.3%)

Allele
C 90 (53.57%) 102 (89.47%) 40.28 < 0.001***

T 78 (46.43%) 12 (10.53%)

Notes: χ2; Chi-square test, ***Statistically significant at p-value ≤0.001.

Table 4 The Association of the Mal rs8177374 Polymorphism with Malaria Based 
on Symptoms

rs8177374 Malaria Vs HC MM Vs SM

OR (CI. 95%) P-value OR (CI. 95%) P-value

Genotype
CC - -

CT 2.52 (1.44–4.41) 0.0012*** 0.07 (0.03–0.19) < 0.001***

TT 1.65 (0.82–3.32) 0.158 0.03 (0.007–0.1) <0.001***
CT+TT 2.17 (1.34–3.51) 0.0016** 0.08 (0.032–0.18) < 0.001***

Allele
C - -

T 1.7 (1.18–2.5) 0.0046** 0.135 (0.07–0.3) < 0.001***

Notes: **Statistically significant at p-value ≤ 0.01, ***Statistically significant at p-value ≤0.001. 
Abbreviations: HC, healthy controls; MM, mild malaria; SM, severe malaria, 95% CI, 95% confidence 
interval.
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Host genetic influences have been shown to explain approximately one-third of the diversity in the risk of severe or 
complicated malaria, and there are numerous genetic variations that have been linked to malaria protection.24 Mal 
(MyD88-adapter-like), alternatively referred to as TIRAP, has been identified as a key adaptor protein in the MYD88- 
dependent signalling pathway shared by TLR2 and TLR4.25 The genetic diversity in the TLRs signalling system has 

Figure 4 Serum levels of TNF-alpha in the studied groups and subgroups and in relation to Mal rs8177374 polymorphism in patients with malaria. 
Notes: *Statistically significant at p-value ≤ 0.05; **statistically significant at p-value ≤ 0.01; ***statistically significant at p-value ≤ 0.001. 
Abbreviations: HC; healthy controls, MM; mild malaria, SM; severe malaria.

Figure 5 Serum levels of IL-12 in the studied groups and subgroups and in relation to Mal rs8177374 polymorphism in patients with malaria. 
Notes: **Statistically significant at p-value ≤ 0.01; ***statistically significant at p-value ≤ 0.001. 
Abbreviations: HC; healthy controls, MM; mild malaria, SM; severe malaria.
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a significant effect on the disease susceptibility and prognosis.26 Polymorphisms in the MAL gene influence the function 
of this adaptor protein.1 This polymorphism has been linked to resistance to a variety of infectious illnesses, including 
tuberculosis (TB), bacterial septicaemia, invasive pneumococcal infection,27 and autoimmune disorders such as systemic 
lupus erythematosus (SLE) and Behcet’s disease.28

The main objective of this paper was to investigate the effect of the rs8177374 (C/T) polymorphism of the MyD88- 
adapter-like (MAL) gene on the severity of P. falciparum infection in Egyptian adults. Additionally, the effect of this 
polymorphism on serum TNF-alpha and IL-12 levels was examined.

The SNP rs8177374 encodes thymine (T) rather than cytosine (C). Inflammatory cytokines are overproduced in the 
presence of the CC genotype, while the TT genotype is associated with a weakened immunological response, and 
a balanced immunological response is produced by CT genotype carriers.26,29 Individuals with a balanced immune 
response are less likely to develop severe kinds of infectious diseases. The CT genotype has been shown to protect 
against a variety of illnesses, and this protective role of the heterozygous variant could be due to diminished TLR 
signalling or NF-kB activation.19,26,30 It has also been found that the Mal rs8177374 CT genotype is protective against 
chronic Chagas cardiomyopathy, as described by Ramasawmy et al.31

The results show that the frequency of Mal rs8177374 CC genotype was higher in patients with severe malaria 
compared to mild malaria, and the Mal rs8177374 CT genotype and T allele increase the risk of developing malaria. 
The Mal rs8177374 heterozygous (CT) mutation, homozygous (TT) mutation, and the T allele confer a protective effect 
against severe malaria. So, according to our findings, subjects with the CT and TT genotypes are unlikely to develop 
severe disease after being exposed to malaria, probably due to the balanced immunological response caused by 
this SNP.

In the Iranian Balochi population, the CT genotype has been linked to mild P. falciparum infection.6 Similarly, a study 
conducted in the Pakistani community indicated that the heterozygous genotype of Mal rs8177374 confers protection 
against severe malaria illness.1 Khor et al investigated the link between the Mal rs8177374 (S/L) gene polymorphism and 
pneumococcal illness, bacteraemia, malaria, and tuberculosis in the United Kingdom, Vietnam, and Africa. They 
demonstrated that Mal rs8177374 heterozygosity is protective against these infections.19 The association of MAL 
rs8177374 (S/L) heterozygosity with protection against severe malaria was later corroborated in the Indian population.32

In contrast, Esposito et al found no link between the rs8177374 (S/L) mutation in the MAL gene with malaria risk or 
severity in the Burundian population.33 And a study conducted by Nejentsev et al found that TIRAP (MAL) rs8177374 
(S/L) heterozygosity did not have an effect on tuberculosis in the people of Ghana, Russia, and Indonesia.34 These 
contradictory findings could be explained by differences in ethnic populations with varying genetic backgrounds.

The link between the C allele and disease onset might be explained by enhanced MAL (TIRAP) signalling and 
activation of the NF-kB pathway.19 So, it could be concluded that the T allele is linked to mild malaria and protects 

Figure 6 The levels of the circulating TNF-alpha and IL-12-malaria among both malaria subgroups in relation to Mal rs8177374 polymorphism. 
Notes: ns; non-significant; ***statistically significant at p-value ≤ 0.001.
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against severe malaria because of a decreased activation of NF-kB. Ramasawmy et al also discovered a link between the 
C allele and chronic Chagas disease.31 It has been observed that the T allele protects against TB and SLE.30 On the 
contrary, Naderi et al showed that an increased risk of pulmonary TB is linked to the rs8177374 T allele.35

Several studies have shown that cytokines play a role in determining the severity and outcome of malaria.36–38 The 
optimal immune response to malaria infection is distinguished by early intensive proinflammatory cytokine-mediated 
mechanisms that clear the parasite-infected cells, which are then rapidly repressed by anti-inflammatory effectors after 
parasite replication is under control.39 Toll-like receptor (TLR) polymorphisms have been linked to altered cytokine 
responses in parasite infection, and a link between TLR9 SNPs and serum levels of the pro-inflammatory cytokine 
Interferon-gamma (IFN-γ) in children with cerebral malaria has been documented.40

We investigated the effect of MAL rs8177374 (C/T) gene polymorphism on TNF-alpha and IL-12 levels, and this is, 
to the best of our knowledge, the first study to look at cytokine levels in relation to MAL rs8177374 (C/T) gene variants. 
Our results revealed that there was a significant elevation of serum levels of TNF-alpha and IL-12 in the malaria group 
compared to healthy controls. TNF-alpha levels were significantly higher in severe malaria than in mild malaria. In the 
malaria group, patients with the CT and TT genotypes had significantly higher levels of TNF-alpha compared to patients 
with the CC genotype. IL-12 levels were significantly lower in severe malaria compared to mild malaria, and patients 
with the CT and TT genotypes had significantly higher levels of IL-12 compared to patients with the CC genotype.

Moreover, to attribute the causality of whether the MyD88 SNP is linked to the malaria phenotype or the cytokine 
phenotype, we looked at the association of the MyD88 SNP with the cytokine levels while controlling for the malaria 
phenotype. Interestingly, we found that the CC genotype was associated with significantly lower levels of TNF-alpha 
compared to the CT and TT genotypes in both severe and mild malaria subgroups. The TT genotype has the highest level 
of IL-12 in the severe malaria group, while the CT genotype has the highest level in the mild malaria group.

TNF-alpha was the first parasite-induced cytokine to be identified, and it was induced by the Plasmodium-infected 
erythrocytes, malarial pigment, and specific glycolipids such as the GPI moiety. TNF-alpha has a dual function in malaria 
pathogenesis: when present in sufficient quantities, it aids in parasite clearance, yet when present in excessive amounts, it 
may be detrimental to the outcome of the infection.39,41 Many studies have shown that high plasma TNF-alpha is linked 
to more severe malaria cases than less severe cases.42,43

Our results provide evidence that in MAL heterozygotes (C/T), the immunological response might be balanced, 
resulting in optimum TNF-alpha release that protects against severe illness. In agreement with our results, Ferwerda et al 
found that in vivo administering lipopolysaccharide of gram-negative bacteria in tiny quantities increased inflammatory 
molecule production in volunteers with Mal/TIRAP 180L (S/L) heterozygous compared to homozygous (S/S).44 Panda 
et al also found that plasma TNF-alpha levels were greater in malaria patients with heterozygous (S/L) mutants than in 
wild type (S/S) individuals.32

In the experimental research, IL-12 has been demonstrated to have a role in malaria protection via modulating IFN-γ, 
TNF-alpha, and nitric oxide responses.45 Additionally, it has been shown that in vivo administration of IL-12 protects 
monkeys against malaria.46 IL-12 plays a significant role in the adaptive immune response to malaria, increasing T helper 
1 (Th1) cell formation, proliferation, and activity.47 The outcome of the infection, such as profound anaemia and other 
features of malarial pathophysiology, may be affected by host macrophages’ reaction to parasite products, which in turn 
may affect their ability to produce IL-12. Several studies48–50 found that low levels of IL-12 play a role in the worsening 
of anaemia and other clinical sequelae and are associated with severe disease, which is consistent with our findings.

In an in vivo study of IL-12-dependent liver damage caused by Plasmodium berghei (NK65) blood-stage, infected 
wild mice produced high levels of IL-12 and suffered significant liver damage, whereas MyD88-deficient animals 
produced much lower levels of IL-12 and were immune to liver damage.51 However, studies on IL-12 levels in relation 
to Mal gene polymorphism are still lacking.

There have been a large number of studies, including Genome-wide association studies (GWAS), searching for 
variants associated with decreased or increased incidence of malaria or severe malaria, and recent high-profile studies on 
variants in genes such as ATP2B4 and Piezo1.52–55 But none of these studies identify this or other variants in MyD88 
associated with malaria. The likely explanation is that the SNP only has an effect in this specific population (Egyptians), 
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which may have been omitted from previous global studies, or that the allele frequency of the MyD88 SNP may be 
different in the Egyptian population, which might explain such an observation.

The present study has some limitations like the relatively small sample size with one ethnicity (Egyptians), the G6PD 
status, blood types, and the levels of parasitaemia which are linked to the outcome in P. falciparum malaria, were not 
evaluated in the analysis, and finally, the focus of the present study was on MAL rs8177374 (C/T) polymorphism. 
Perhaps, polymorphisms in MAL upstream components may play a role in infection protection or susceptibility.

Conclusions
There is a link between the Mal rs8177374 (C/T) polymorphism and protection against severe P. falciparum malaria. 
Additionally, the Mal rs8177374 polymorphism is linked to increased TNF-alpha levels and IL-12 in the blood. Further 
research with a larger sample size of patients in malaria-endemic parts of the globe with different ethnicities might offer 
a clearer understanding of the involvement of Mal rs8177374 polymorphism in the outcome of Plasmodium falciparum 
infection.
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