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Background. One major issue that has set back the gains of the numerous malaria control interventions that national malaria
control programs have implemented is asymptomatic malaria. Certain host genetic factors are known to influence symptomatic
malaria; however, not much is known about how host genetics influences the acquisition of asymptomatic malaria. Methods.
Genomic DNA was extracted from whole blood collected from 60 symptomatic and 149 nonfebrile (asymptomatic, N =109, and
uninfected, N=40) volunteers aged between 2 and 69 years from a high (Obom) and a low (Asutsuare) malaria transmission
setting in Southern Ghana. Restriction fragment length polymorphism (RFLP) was used to determine polymorphisms at the
MBL2 54, TNF-a 308, NOS2 954, and G6PD 202/376 gene loci. Results. Polymorphisms at the MBL2 54 and TNF-« 308 loci were
significantly different amongst the three categories of volunteers in both Asutsuare (p=0.006) and Obom (p = 0.05). In
Asutsuare, a low malaria transmission area, the allele G has significantly higher odds (3.15) of supporting asymptomatic malaria as
against symptomatic malaria. There were significantly higher odds of TNF-a genotype GA being associated with symptomatic
malaria as against asymptomatic malaria in both sites, Obom (p = 0.027) and Asutsuare (p = 0.027). The allele B of the G6PD
gene was more prevalent in symptomatic rather than asymptomatic parasite-infected individuals in both Obom (p = 0.001) and
Asutsuare (p = 0.003). Conclusion. Individuals in Southern Ghana carrying the TNF-a 308 GA genotype are more likely to exhibit
symptoms of malaria when infected with the malaria parasite as opposed to harboring an asymptomatic infection. Also, the B
allele of the G6PD gene is likely to prevent a P. falciparum-infected person from exhibiting symptoms and thereby promote
asymptomatic parasite carriage.

1. Background

Millions of individuals, particularly children and expectant
mothers, suffer from malaria in areas of Africa known for
Plasmodium falciparum endemicity. Ghana is one of the
countries hardest hit by malaria, accounting for about 2% of
global malaria cases. Despite successes in malaria control in
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Ghana over the past decade, there were 161 cases per 1000 of
the population at risk as of 2019 [1]. Infections of humans
with Plasmodium falciparum (P. falciparum) can result in
different manifestations of malaria: asymptomatic and
symptomatic. Symptomatic cases could be uncomplicated or
complicated, and complicated cases could be severe malaria
or cerebral malaria [2]. Asymptomatic malaria infections are
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highly frequent in malaria-endemic areas, specifically in
high and intermediate transmission settings [3], where they
remain undiagnosed and untreated [4]. The use of molecular
assays such as polymerase chain reaction (PCR) to detect
parasite DNA has enhanced the diagnosis of asymptomatic
infections [5], which often present at submicroscopic
densities.

Persistent exposure to Plasmodium parasites in high
transmission areas results in premunition (partial immu-
nity) and the subsequent ability to maintain asymptomatic
parasite carriage within a given population [4]. A very large
number of P. falciparum infections that are detected during
community surveys are asymptomatic [6]. These asymp-
tomatic infections have the potential to enhance malaria
transmission by constantly producing gametocytes, which
are not effectively cleared by the components of the arte-
misinin combination therapy (ACT) used as a first-line
treatment of malaria in sub-Saharan African countries,
including Ghana [7]. It is thus very important to identify all
possible causes and contributors including host genetics to
the asymptomatic carriage of P. falciparum parasites in order
to reduce the transmission and incidence of malaria.

In symptomatic malaria, the effects of polymorphisms in
some genes, including the beta globulin gene (HBB), glucose
6 phosphate dehydrogenase gene (G6PD), mannose-binding
lectin gene (MBL2), tumor necrotic factor-alpha (TNF-«)
gene, and inducible nitric oxide synthase 2 (NOS2), on
providing protection from or enhancing susceptibility to the
disease have been identified [8-15]. Not much, however, is
known about the contributions of host genetics to asymp-
tomatic malaria [16]. A large population-based study using
methods similar to those used to identify the genetic de-
terminants of severe malaria would be an ideal tool that
could identify the genetic determinant of asymptomatic
malaria [15]. However, in the absence of such large studies, a
probe into the possible influence of some selected genes that
have been suggested to alter susceptibility to severe malaria
can provide insight into the genetic determinants of
asymptomatic malaria. G6PD is an essential enzyme in the
pentose phosphate pathway. Polymorphisms in the G6PD
gene, including A376 G and G220 A, can result in reduced
enzyme activity that leads to a condition referred to as G6PD
deficiency [17, 18]. Deficiency in the G6PD gene is suggested
to be protective against malaria [19]; however, a recent
screen identified polymorphisms in the G6PD gene to be
associated with a significant risk of severe malaria [15]. One
large-scale multicentre genetic study identified increasing
levels of G6PD deficiency to be associated with decreasing
risk of cerebral malaria but increasing in risk of severe
malaria anaemia [20]. Polymorphisms in the G6PD gene are
in linkage disequilibrium with the 202 mutations, and all
were found to be associated with severe malaria [20].

Mannose-binding lectin gene (MBL2) is a soluble
pathogen-recognizing molecule that is involved in the ac-
tivation of the complement system of the innate defence
mechanisms. Point mutations in the promoter region and
exon 1 of the MBL2 result in mannose-binding lectin (MBL)
deficiency. Single nucleotide polymorphisms (SNPs) in
MBL2, including G54 A, are known to result in reduced
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levels of functional MBL2 protein in circulation [21], which
causes MBL deficiency. Fluctuations in the serum concen-
tration of MBL result from different genotypes of MBL2,
with heterozygotes having 10% functional activity and the
homozygote mutant exhibiting less than 1% functional
activity [22]. Mannose-binding lectin recognizes molecules
such as mannose and N-acetyl-glucosamine on different
microorganisms, including P. falciparum, and upon binding
activates the complement system through the interaction
with MBL-associated serine proteases (MASP-1, -2, and -3
and Map 19) and kills the potential pathogen by the
membrane attack complex and complement-mediated
phagocytosis [23] or assists in phagocytosis through the
release of proinflammatory cytokines [24, 25]. However,
contradictory reports have been observed between MBL2
deficiency and malaria [16, 21].

Tumor necrotic factor-alpha (TNF-a) is an inflam-
matory cytokine that results in apoptosis and necrosis and
is also a mediator of tumor regression, an effector of ca-
chexia amongst other functions [26]. SNPs in the regula-
tory region of the TNF gene are associated with TNF
production as well as the clinical outcomes of malaria in
diverse populations [27]. Polymorphism at position 308 in
the promoter region of the TNF-a gene is known to result
in increased production of TNF-« [18], with the 308A allele
(TNF2) known to activate the production of TNF more
than the 308G allele (TNF1) [28, 29]. Studies in Gabon
found out that TNF -308G > A polymorphism has less
space for recurrent malaria [30]. Other studies have also
shown an association of TNF-308 GA heterozygous (TNF1/
2) state with severe falciparum malaria [31]. TNF-a has
been related to antiparasitic activity, and persistently high
levels of this cytokine lead to a rapid reduction in para-
sitaemia [32].

Inducible nitric oxide synthase 2 (NOS2) gene produces
nitric oxide (NO), and polymorphisms in the promoter
region, including a point mutation at position 954, have been
suggested to exhibit enhanced NOS2 activity [12]. There are
conflicting reports of the influence of NOS2 gene poly-
morphisms on malaria severity, where some studies reported
the absence of an influence [31, 33] and another identified a
decreased risk of severe malaria [34]. The NOS2 promoter
varjants are suggested to be candidates for the clinical
malaria outcome [35, 36]. Differences observed in the role
polymorphisms of selected genes play in resistance or
susceptibility to malaria could be influenced by immunity
and ethnicity [37]. This study sought to determine whether
polymorphisms in selected regions of the G6PD, MBL2,
TNF-a, and NOS2 genes influence the manifestation of
P. falciparum parasite carriage in adults and children living
in Southern Ghana. These polymorphisms were selected
because they were found to be associated with the severity of
malaria, and perhaps, they might play a role in asymp-
tomatic parasite carriage. This study will serve as a basis for
larger studies that probe into identifying the role host ge-
netics plays, especially in the manifestation of asymptomatic
malaria, and contribute to revising policies on the man-
agement of asymptomatic infection in endemic countries,
including Ghana.


https://doi.org/10.1155/2022/6686406

Genetics Research

2. Methods

2.1. Study Site. The study was conducted in two commu-
nities in the Greater Accra Region of Southern Ghana,
Asutsuare and Obom [38]. Obom is located in the Ga South
District, where malaria transmission is perennial but peaks
during the major rainy season between June to August [39].
Asutsuare is located in the Shai-Osudoku District (125 km
from Obom), with low but seasonal malaria transmission,
which increases slightly after the rainy season between April
to July [40, 41].

2.2. Study Design and Sampling. The samples for this study
included 150 archived samples collected from afebrile (who
did not exhibit any signs and symptoms of malaria) indi-
viduals as part of a cross-sectional community survey
conducted in January/February 2016 (during the off-peak
season) in both Obom (N=84) and Asutsuare (N=66).
Another 60 study participants with microscopy-confirmed
P. falciparum parasites and malaria-related symptoms, in-
cluding a fever of >37.5C at the time of sample collection,
were recruited between March and September 2016 from the
Obom Health Center (N =40) and the Osodoku Community
Health Center (N=20) in Asutsuare.

Venous blood (1 ml) was collected from each participant
into EDTA tubes. A drop (5 yl) of blood was used to spot the
Urit 12 (Accurex Biomedical Private Limited, India) he-
moglobin meter according to the manufacturer’s
instructions.

2.3. Extraction and Quantification of DNA from Whole Blood.
Extraction of DNA was carried out on whole blood using the
Quick-gDNA Mini Prep extraction kit (Zymo Research,
USA) using the recommended manufacturer’s protocol.
Briefly, 400 ul of genomic lysis buffer was added to 100 ul of
blood, vortexed, and allowed to settle at room temperature
for 5-10 minutes. The solution was then transferred into a
Zymo-Spin Column in a collection tube and centrifuged for
a minute. The columns were then washed with DNA pre-
wash buffer (2004l) followed by a wash buffer (500 ul).
Afterwards, 90 ul of elution buffer was added to the column
to elute the DNA. The eluted genomic DNA (gDNA) was
subsequently quantified using a nanodrop 2000C and either
used immediately or stored at —20°C.

2.4. Plasmodium  falciparum  Species  Identification.
Plasmodium falciparum species identification was done
using nested PCR [42] as previously described by Amoah
et al. [43, 44] with minor modifications. The primary am-
plification reaction contained the genus-specific primers,
rPlus 5 and rPlus 6 (Additional File Table S1) at a final
concentration of 10 yuM with 30-50ng of gDNA. The sec-
ondary nested amplification utilized P. falciparum species-
specific primers (Fall and Fal2, Additional File Table S1) also
at 10 uM per reaction, each with 0.5ul of the primary re-
action product. The total volume for both reactions was 15 ul
supplemented with 0.5 U of Taq Polymerase (NEB, UK).
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MRA102 g, gDNA extracted from the 3D7 P. falciparum
strain was used as a positive control and distilled water
(dH,O0) as the negative control. The secondary PCR products
were electrophoresed on 1.5% agarose gel containing 0.5 ug/
ml ethidium bromide and subsequently visualized under
UV, using a gel imager (Vilber, Germany).

2.5. Gene Polymorphism Analysis. Restriction fragment
length polymorphism (RFLP) was used to determine all the
gene polymorphisms, using previously published procedures
[16, 44] with minor modifications. Briefly, the regions of
interest in the MBL2, TNF-a, G6PD, and NOS2 genes were
amplified in a 25ul PCR reaction mixture containing
15-30 ng of genomic DNA, 200 nM of each primer (MBL21
and MBL22, TNF1 and TNF2, and 376F and 376R; 202F and
202R and NOS21 and NOS22) (Additional File Table S1),
and 0.5 U of OneTaq Polymerase (NEB, UK). The ampli-
fication was performed using the Mastercycler nexus
(Eppendorf, USA) and annealing temperatures set at 61.6°C,
58°C, 60°C, 65°C, and 60°C, respectively. A list of all primers
and restriction enzymes used is in Additional File Table S1.

All PCR amplicons were digested for 1 hr using 5 U of
the appropriate restriction enzyme at the recommended
temperature. The digested products were electrophoresed as
described above, with the exception that the agarose gel was
set at 2% (Additional File S2 Figure 1).

2.6. Statistical Analysis. Data analysis was carried out using
SPSS version 22.0. Percentage and frequency distribution
were calculated for gender, age, and parasite prevalence
estimated by both microscopy and PCR. The Chi-square test
or Fisher’s exact test was used to determine significant
differences amongst the different categories for each of the
genes. Statistical significance was defined as p < 0.05.

3. Results

3.1. Demographic Data of the Study Population. The 209
study participants were aged between 2 and 69years in
Asutsuare and 6 to 60 years in Obom, and there was no
significant difference between the mean age of participants
from the two sites (p = 0.118). A total of 150 participants
comprising 69% (58/84) and 77% (51/66) of the afebrile
individuals from Obom and Asutsuare, respectively, tested
positive for malaria parasites by microscopy and/or PCR and
were classified as asymptomatic (AS). The remaining 31%
(26/84) and 23% (15/66) of the afebrile individuals from
Obom and Asutsuare, respectively, were free of malaria
parasites and classified as uninfected (UN). The mean (SEM)
age of the participants across the three malaria groups in
both sites ranged between 20.9 (1.9) and 25.8 (2.4) years,
with no statistical difference observed (p = 0.960 and 0.092
in Obom and Asutsuare, resp.; Table 1). The distribution of
female participants between the sites did not vary signifi-
cantly (p = 0.390). The male to female ratio was also similar
between the two sites (p = 0.889). The prevalence of female
participants ranged from 47% to 65% and was not signifi-
cantly different amongst the three groups (p =0.311)
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TaBLE 1: Demographic characteristics of the study population.

Site Asutsuare (n=_84) Obom (n=125) P value

Age (yrs) (mean (SEM)) 25.18 (2.1) 21.97 (1.19) 0.118

Gender (F) (n (%)) 40 (46.5) 65 (52.4) 0.390

M/F ratio 1.10 0.908 0.889

Malaria status Uninfected Asymptomatic Symptomatic P value

Overall (n (%)) 41 (19.5) 1 (51.9) 60 (28.6) <0.001

Gender (F) (n (%)) 26 (65.0) 51 (46.8) 35 (58.3) 0.311

M/F ratio 0.538 1.137 0.714 <0.05

Age (yrs)

Mean (SEM) 25.8 (2.4) 23.6 (1.4) 20.9 (1.9) 0.2550

Min-max 8 to 57 3 to 60 2 to 69

Hb (g/dl)

Mean (SEM) 12.5 (0.7) 122 (0.4) ND 0.602 a

Min-max 4.0 to 20.3 4.8 to 20.2

Temp/°C (mean (SEM)) 36.7 (0.1) 36.5 (0.1) >37.5 0.059a

Obom, 1 (%) 26 (20.0) 58 (46.8) 40 (32.2) 0.593

Age (years)

Mean (SEM) 22.0 (2.6) 22.2 (1.8) 215 (2.1) 0.960

Min-max 9 to 55 6 to 60 7 to 45

Hb (g/dl)

Mean (SEM) 12.0 (0.4) 12.3 (0.3) ND 0.533 a

Min-max 7.2 to 16.2 8.7 to 20.0

Temp/°C (mean (SEM)) 36.7 (0.1) 36.6 (0.1) >37.5 0.701 a

Asutsuare (n (%)) 15 (17.4) 51 (59.3) 20 (23.3) 0.357

Age (years)

Mean (SEM) 32.3 (4.2) 251 (2.1) 19.8 (3.9) 0.092

Min-max 9 to 57 3 to 59 2 to 69

Hb (g/dl)

Mean (SEM) 13.0 (1.0) 12.1 (0.4) ND 0.292 a

Min-max 4.0 to 20.3) 4.8 to 20.2

Temp/°C (mean (SEM)) 36.7 (0.1) 36.3(0.3) >37.5 0.152 a

M, male; F, female; SEM, standard error of the mean; n, the total number of samples; min, minimum value; max, maximum value; ND, not determined; a,

comparisons made between asymptomatic and the uninfected groups only.

(Table 1); however, the ratio of males to females (M/F) varied
significantly amongst the three groups (p <0.05), and this
was due to marked difference between the uninfected and
the asymptomatic groups. The distribution of the partici-
pants amongst the three groups in both sites did not vary
significantly (y*=1.06, p = 0.593, for Obom and y*=2.07,
p = 0.357, for Asutsuare). Hemoglobin data were available
only for the asymptomatic and the uninfected group; the
levels ranged between 12g/dl and 13 g/dl and were uni-
formly distributed between the groups (p = 0.533 and 0.292
in Obom and Asutsuare resp.; Table 1). The mean tem-
perature was similar between the asymptomatic and the
uninfected groups in both sites (p = 0.701 and 0.152 in
Obom and Asutsuare, resp.). All the participants with
symptomatic malaria had a fever of 37.5°C or higher
(Table 1).

3.2. Mannose-Binding Lectin (MBL2) 54 Genotype and
Malaria Status. In Obom, the wild-type MBL 54 AA allele
was the most prevalent variant in all the three (asymptomatic,
AS; symptomatic, S, and uninfected, UN) groups, and no
significant difference (p = 0.534) was observed in the dis-
tribution of allelic variants across the three groups (Table 2).
The wild-type allele was the most prevalent amongst the
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asymptomatic and uninfected groups in Asutsuare, whilst
significant differences in the distribution of the allelic variants
amongst the three groups were observed (p = 0.006). In
Asutsuare, the MBL2 54 GA genotype had significantly higher
odds of supporting asymptomatic infections compared to no
infection (p =0.021) (Table 3). The odds of developing
symptomatic malaria in Asutsuare were also found to be
lower in individuals with the G allele compared to asymp-
tomatic parasite carriage (p = 0.036). In other words, allele G
has significantly higher odds (3.15) of supporting asymp-
tomatic malaria compared to symptomatic malaria in indi-
viduals from Asutsuare. In Obom, however, there was no
significant difference in the odds of any of the MBL2 54
mutant genotypes or alleles supporting asymptomatic or
symptomatic malaria (Table 3).

4. Tumor Necrotic Factor-Alpha (TNF-a) 308
Genotype and Malaria Status

In Obom, marginal differences were observed in the dis-
tribution of the TNF-a 308 variants amongst the three
malaria groups (p = 0.05) (Table 2). In Asutsuare, there was
no significant difference in the distribution of the TNF-« 308
variants across the various malaria groups (p = 0.178).
There were significantly higher odds of TNF-« 308 genotype
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TaBLE 2: Distribution of genotypes.
Site Gene Genotype Uninfected Asymptomatic Symptomatic X2 P value

GG 6 11 8

MBL2 54 GA 3 9 10 3.17 0.534
AA 16 39 20
AA 19 7 4

TNF 308 GA 20 14 15 9.48 0.05
GG 18 18 5
CC 7 8 5

NOS 954 GC 24 12 12 34 0.491
GG 25 14 7
A 7 11 8
Obom A 0 3 3
A-A- 0 0 0
AA 2 6 8

AA- 1 3 1 11.03 0.683
G6PD B 6 15 6
BA 6 9 4
BA- 0 1 0
BB 3 11 10
d 7 4 1

N 52 36 24 1.25 0.541
GG 3 12 3

MBL2 54 GA 0 11 10 14.55 0.006
AA 13 27 6
AA 13 3 3

TNF 308 GA 14 3 9 6.3 0.178
GG 21 9 4
CC 14 5 3

NOS 954 GC 8 5 7 4.31 0.342
GG 21 8 5
A 4 13 5
Asutsuare A 0 1 0
A-A- 0 0 1
AA 1 4 6

AA- 0 0 2 20.32 0.124
G6PD B 5 15 3
BA 3 8 2
BA- 0 0 0
BB 3 9 1
d 0 1 3

n 16 49 17 6.4 0.042

AS, asymptomatic; S, symptomatic; UN, uninfected. Variants for the genes: AA=wild type, GA =heterozygous, and GG =homozygous for MBL2 54;
GG = wild type, GA = heterozygous, and AA =homozygous for TNF 308; GG = wild type, GC = heterozygous mutant, and CC = homozygous for NOS 954; d,
G6PD deficient genotype group; n, G6PD normal genotype group; G6PD genotypes: A-, deficient (d) male; A or B, normal (n) male; A-/A-, homozygous
deficient (d) female; A/A- or B/A-, heterozygous deficient (d) female; A/A, B/B, or B/A, normal (n) female.

GA supporting symptomatic malaria compared to asymp-
tomatic malaria in both sites, Obom (p =0.027) and
Asutsuare (p =0.027) (Table 3). Additionally, in Obom,
allele A had significantly lower odds of supporting
asymptomatic malaria relative to no infection (p = 0.034)
(Table 3).

4.1. Nitrogen Oxide Synthase 2 (NOS2) 954 Genotype and
Malaria Status. In Obom, there was, however, no significant
difference in the distribution of the NOS 954 variants
amongst the three malaria groups (Table 2). Similarly, in
Asutsuare, no significant difference was observed in the
distribution of the variants amongst the three malaria groups
(p = 0.342). Also, in both Asutsuare and Obom, there were
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no significant differences in the odds of the three NOS2 954
genotypes supporting asymptomatic or symptomatic
malaria compared to no infection (Table 3).

4.2. Glucose 6 Phosphate Dehydrogenase (G6PD) 202 and 376
Genotypes and Malaria Status. The G6PD genotypes iden-
tified in this study were grouped into two: the deficient “d”
group, with the presence of one or more A- genotypes and
included A-A-, AA-, BA-, and A-, and the normal “n” group,
with no A- genotype and included A, AA, B, BB, and AB.
This resulted in the AS group comprising 8d and 101n
participants, the S group comprising 7d and 53n partici-
pants, and the UN group comprising 1d and 40n (1d and 24n
from Obom and 16n from Asutsuare) participants as
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distributed in Table 2. No significant difference was observed
in the distribution of the variants in Obom (p = 0.541);
however, a significant difference was observed in Asutsuare
(p = 0.042), most likely due to the very low prevalence of
G6PD deficiency amongst the people in Asutsuare. In both
Asutsuare and Obom, there was no significant difference in
the odds of the G6PD “d” group supporting asymptomatic
or symptomatic infections relative to no infection (Table 4).
However, there were significantly higher odds of the allele B
supporting asymptomatic infection compared to symp-
tomatic malaria in both sites, 2.89 times in Obom and 4.17
times in Asutsuare.

5. Discussion

Asymptomatic carriage of P. falciparum is a major obstacle
to malaria control [45], and the identification of individuals
who are highly prone to carry parasites in asymptomatic
infections is of utmost importance. In countries with limited
resources available for malaria control, identifying host
genotypes that are associated with asymptomatic parasite
carriage within the population can help in selecting the
target population for certain control interventions. The
influence of host genetics on malaria has been well studied
over the past years; however, these studies mainly determine
the influence on symptomatic malaria [46], with very few
studies identifying how host genetics, particularly certain
host gene polymorphisms, can influence asymptomatic
P. falciparum parasite carriage [47]. This study was set out to
determine whether some host factors that are known to
protect people living in malaria-endemic settings from
symptomatic malaria predispose them to harbor
P. falciparum in asymptomatic infections. As such, poly-
morphisms in G6PD, MBL2, TNF-a, and NOS2 genes in a
group of P. falciparum-infected and P. falciparum-unin-
fected adults and children living in a low and a high malaria
transmission setting in Ghana were characterized.
Significant variations in the distribution of MBL2 54 and
G6PD variants were observed amongst the volunteers
sampled from only the low transmission setting, Asutsuare.
The variations observed in the distribution of G6PD variants
are most likely due to the very low prevalence of G6PD
deficiency amongst the people in Asutsuare, which could
suggest that the prevalence of G6PD deficient (G6PDd)
variants decreased with decreasing transmission intensity.
Studies have shown a higher frequency of G6PDd variants in
high endemic areas explaining the fact that G6PDd variants
increased with increasing transmission intensity, whereas
the prevalence of G6PD deficiency in the high transmission
setting, Obom, was higher and did not vary significantly
amongst the different groups of people sampled in this study.
The data show that MBL2 54 GA genotype and allele G
support asymptomatic parasite carriage in Asutsuare, which
is a low malaria transmission area, where the MBL 54 GA
genotype was associated with a 4-fold increase in the like-
lihood of a person harboring malaria parasites in an
asymptomatic infection compared to the individual not
having an infection. The mutant G allele also increased the
likelihood of individuals having an asymptomatic infection
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by 3-fold relative to exhibiting symptoms of malaria when
infected with the malaria parasite. The association of the
mutant allele with asymptomatic infection is not surprising
because the mutant exhibits much lower functional activity
compared to the wild type, and considering the role played
by MBL2 in complement activation and innate defence
mechanisms [20], it is expected that parasite clearance would
be defective as a result. None of these associations were
observed in the high transmission setting, suggesting that
transmission intensity has a significant role to play in the
acquisition and maintenance of the asymptomatic infection.
However, reports from studies conducted on children from a
high transmission setting in Gabon [11] and in India [48]
show associations of polymorphisms at MBL2 54 with
exhibiting symptoms of severe malaria. This suggests that the
outcome of MBL2 54 mutations and MBL deficiency is
influenced by the intensity of P. falciparum transmission.
Some studies have identified the TNF-aw 308AA to be as-
sociated with severe malaria [49], whilst others found no
association of TNF-«a 308 mutations with malaria parasite
carriage [50]. In a study from Gabon, no association was
identified between TNF-a 308 GA and asymptomatic
malaria amongst nonfebrile children [16], and another re-
port from Nigeria also indicated that the TNF-« 308 GA was
not able to differentiate between asymptomatic and symp-
tomatic malaria [30]. In this study, a significant association
was identified between symptomatic malaria and the TNF-a
308 GA mutation. TNF-a 308 GA resulted in a significant
increase in the odds of a person infected with malaria
parasites exhibiting symptoms (being symptomatic) in both
low and high malaria transmission settings. This suggests
that the TNF-a 308 GA mutation makes a person susceptible
to symptomatic malaria episodes irrespective of the level of
malaria transmission in the community. TNF-a 308 GA
mutation increases the production of TNF [21, 22], and
reports indicate that overproduction of TNF leads to severe
malaria [51-53], hence the manifestation of symptoms. The
advantage of this is that individuals with TNF-a 308 GA
would immediately seek treatment for malaria as they would
exhibit symptoms and not add to the transmission reservoir
of asymptomatic carriers. This will subsequently result in a
reduction of the infectious reservoirs associated with
asymptomatic parasite carriage. Additionally, in the high
malaria transmission area (Obom), the mutant allele A of
TNF-a 308 was found to significantly reduce the risk of
asymptomatic infection compared to no infection in afebrile
individuals. This also supports a reduction in the prevalence
of transmission reservoirs.

The G6PD deficiency status of the volunteers in this
study was not associated with malaria outcomes, symp-
tomatic, asymptomatic, or uninfected. One likely reason for
this outcome is that the G6PD genotype does not always
correlate with the phenotype (enzyme activity), such that
some people with a genetic deficiency possess normal en-
zyme activity [54, 55]. This phenomenon has led to a number
of studies conducted in malaria-endemic countries, in-
cluding Ghana [44] and Uganda [56], reporting results
similar to those found in this study. However, there were
significantly higher odds of the wild-type allele B supporting
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asymptomatic infection compared to symptomatic malaria
in both sites. The allele B produces normal enzyme activity.
Functional G6PD enzyme activity is known to protect cells
from oxidative damage through activities of antioxidants
such as glutathione [57], which might protect infected red
blood cells as well as the parasite, but it is not clear how this
might promote asymptomatic malaria.

Polymorphisms at the NOS2 954 loci were similarly dis-
tributed in the three categories of volunteers and were not
associated with disease outcomes. No reports exist on the
association of NOS2 954 genotype with asymptomatic or
symptomatic malaria; however, some findings point to its
association with disease severity, though they are inconsistent
[12, 58]. The dynamics of the acquisition of antidisease and
antiparasite immunity to malaria are important confounding
factors that influence malaria parasite carriage and exhibition
of malaria symptoms during the course of an infection. A larger
longitudinal study involving active and passive monitoring of
P. falciparum carriage, episodes of symptomatic malaria, and
the development of immunity in the study volunteers is re-
quired to validate the observations made in this study.

6. Conclusion

Plasmodium falciparum-infected individuals living in both
high and low malaria transmission settings who carry the
TNF-a 308 GA genotype are more likely to exhibit symp-
toms of malaria, whilst those with the B allele of the G6PD
gene are likely to remain asymptomatic. Significant differ-
ences in the distribution of MBL 54 variants were observed
amongst volunteers from the low transmission area, where
the MBL 54 GA genotype was found to be associated with a
4-fold increase in asymptomatic malaria parasite carriage
amongst afebrile volunteers.

Put together, our data suggest that host genetics may play a
role in asymptomatic malaria parasite carriage and, in effect,
the sustenance of malaria transmission. Thus, migration and
the general movement of individuals into and out of especially
low transmission settings can significantly influence the dy-
namics and patterns of malaria transmission.

6.1. Limitations. Due to logistical constraints, the moni-
toring of P. falciparum carriage by asymptomatic volunteers
was not done beyond five days. This means that we could not
rule out the possibility of some of the asymptomatic vol-
unteers developing symptoms thereafter. The uneven dis-
tribution of females in the groups could have caused a bias in
the distribution of G6PD genotypes identified in this study.
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