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Abstract

Background: Asymptomatic malaria is a threat to malaria eradication program. Host-related factors (e.g., immunity,
oxidative stress, anti-oxidants activities) associated with asymptomatic malaria remain a gray area in research. This
study seeks to determine the serum level of oxidative stress and anti-oxidants in 130 symptomatic and
asymptomatic patients with different intensities of malaria parasite infection from a hospital in Ibadan, Nigeria.

Results: The prevalence of infection was 48.5% among the respondents. Most of the patients with parasitemia
were asymptomatic (64.7%). The mean titer value of malondialdehyde (MDA) was significantly higher (p < 0.05)
among those with malaria infection (6.05 + 0.60) compared with those who tested negative for malaria parasites
(238 + 0.28). Furthermore, the mean titer value of MDA was significantly higher (p < 0.05) among patients who
showed symptoms of malaria (5.49 + 0.77) compared with those without symptoms (2.93 + 0.47). A strong positive
relationship existed between MDA (r = 0.717, p < 0.05), glutathione peroxidase (GPx) (r = 0.695, p < 0.05), and
density of infection. On the other hand, a weak negative correlation existed between intensity and superoxide
dismutase (SOD) (r = —0.115, p > 0.05) and glutathione (GSH) (r = — 0.278, p > 0.05). The level of SOD and GSH also
decreased significantly (p < 0.05) with an increase in MDA level.

Conclusions: This study showed that lipid peroxidation did not only increase in positive patients, it also rises in
patients with clinical symptoms of malaria. Furthermore, a similar level of anti-oxidant responses was observed in
both symptomatic and asymptomatic malaria patients. There is a need to inform health policies that encourage
routine diagnosis and treatment of malaria in apparently healthy people if the malaria elimination goal is to be
achieved in Africa.
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Background

Malaria has been in existence for so long and is respon-
sible for worrisome health and economic impact in dif-
ferent parts of the world [1, 2]. The devastating impact
of malaria is more felt by the inhabitants of sub-Saharan
Africa. Despite all efforts put in place by governments,
donors, and researchers, malaria continues to persist,
resulting in the deaths of children under five, pregnant
women (who are the most vulnerable group), and even
adults residing in sub-Saharan Africa [1, 2]. Malaria is
caused by five species of parasites belonging to the genus
Plasmodium, with P. falciparium being the most virulent
and common in Africa including Nigeria.

The havoc caused by P. falciparium malaria in Africa
cannot be overemphasized. The most frequent clinical
manifestation of malaria infection is fever with other
symptoms such as headache, nausea, vomiting, or diarrhea
which appear 7-14 days following the bite of an infected
female Anopheles mosquito [3]. When this happens, most
people know that it is time to treat malaria either through
self-medication or by medical personnel [4].

It is noteworthy that some studies have shown that
some P. falciparium infections are without symptoms [5,
6]; however, the reason for this is not clear. While some
school of thoughts believed it is more of the parasite fac-
tors (such as parasite density, rosetting and sequestra-
tion, toxin production, and genetic diversity including
expression of virulence and variant antigen receptor),
some believed that it could be more of host-related fac-
tors such as genes of the immune system, anti-oxidants,
RBC polymorphisms or disorders, and circulating levels
of immunoglobulins and cytokines [6]. The role of host
factors in asymptomatic malaria largely remains a field
ripe for inquiry [6].

Although “asymptomatic” malaria infections have no
standard definition, it is generally referred to as malarial
parasitemia of varying intensity, without fever or other
acute symptoms, in individuals who have not received
recent antimalarial treatment [1]. At any point in time,
the vast majority of individuals with detectable malaria
parasitemia can be categorized as asymptomatic based
on this definition, regardless of the level of malaria dens-
ity. This definition includes early detection of rising
parasitemia that has yet to reach the pyrogenic threshold
(i.e., the density of parasitized erythrocytes that is suffi-
cient to trigger innate immune responses and fever) [1].
Asymptomatic malaria is prevalent in highly endemic
areas of Africa and is a new challenge for malaria pre-
vention and control strategies.

This research focused on oxidative stress and anti-
oxidant levels which is also an important host-related fac-
tor when it comes to malaria parasite infection. Malaria
parasitization is thought to increase oxidative stress,
through the release of reactive oxygen species (ROS) in
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patients [7]. As a result, phagocytic cells such as poly-
morphonuclear leukocytes and macrophages usually
engage in a respiratory burst as a host cell-mediated im-
mune response, promoting free radical productions that
react to yield ROS. The increase in lipid peroxidation (oxi-
dative stress) level in malaria patients and a decrease in as-
corbic acid and GSH (Anti-oxidants) have been observed
to be accountable for the development of oxidative stress
in malaria patients [8]. Hence, malaria parasite virulence
seems to depend largely on the patients’ antioxidant cap-
acities, which in turn is determined by the concentrations
of antioxidant micronutrients [10].

A study that examined the level of stress and antioxi-
dants in both symptomatic and asymptomatic pregnant
women [9] reported that no additional stress was ob-
served among pregnant women with asymptomatic mal-
aria. However, another study showed that physical and
clinical conditions of asymptomatic parasitemic patients
are not the same as those of symptomatic patients [10].
Despite these controversies, reports presenting the dif-
ferences in oxidative stress and antioxidant levels among
symptomatic and asymptomatic patients with malaria
parasitemia are lacking. The dearth of information on
this issue of great epidemiological importance formed
the background against which this study was conducted,
i.e., to determine the level of oxidative stress and anti-
oxidants in symptomatic and asymptomatic patients
with different intensities of malaria parasite infection in
Ibadan, Nigeria.

Methods

Description of the study location

This study was carried out at Oranyan Primary Health
Center, located at the Ibadan South East local govern-
ment area of Oyo State, South-Western Nigeria. It is
within longitude 7° 7’ 34.5"” North and 3°8" 99.8" East.

Criteria for selection and study population

This study is cross-sectional, involving patients present-
ing themselves at the hospital for different purposes.
Only patients with malaria symptoms such as fever
(temperature > 40.6 °C), headache, chills (recurring every
2 to 4days), loss of appetite, nausea, and vomiting
(WHO [1]) and those without symptoms of malaria (ap-
parently healthy patients) were approached for this
study. Patients with more serious health issues such as
diabetes and kidney problem were not selected for this
study. Also, patients currently treating malaria or in the
last 3 weeks as well as those with hematological disor-
ders were excluded (all participants were newly diag-
nosed for malaria). Thus, a total of 130 patients were
randomly selected (by ballot method, we selected those
who picked group A and excluded those who pick group
B) using a formula according to Yamane [11]. The
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formula used in calculating the sample size in this study
(presented below) is a simplified formula for measuring
a proportion within a specified margin of error sample
according to Yamane [11]:

N
n=——
1+ Ne?

where # is the required sample size, N is the total num-
ber of patients on the register for 3 months (193), and e
is the 5% margin of error.

Applying the above formula, the sample size was de-
termined as presented below:

. 193
 1+193(0.05%)

Therefore, n = 130.

Thus, a total of 130 patients were randomly chosen ir-
respective of age, gender, social class, marital status, and
cultural or religious affiliations.

Collection of blood samples and questionnaire
administration

Blood samples were collected from the participants be-
tween March and May 2019. Finger-pricked blood sam-
ples were collected for parasitemia level and PVC
determination, while venous was collected into labeled
plain bottles for evaluation of oxidative stress and anti-
oxidant levels as described by Cheesbrough [12]. Rele-
vant demographic characteristics, malaria history and
treatment, health-seeking behaviors, and symptoms
shown were recorded with the aid of a questionnaire.

Laboratory procedures

Thick and thin smears were prepared and stained with
10% Giemsa as described by Cheesbrough [12]. The
blood films were examined microscopically using x 100
objectives with oil immersion. Malaria diagnosis was
based on the identification of asexual stages of Plasmo-
dium spp. on the thick blood film, while the thin smears
were used for species identification. Slides were declared
negative after observing at least 100 high-power fields
without detecting any parasites. Parasite density was cal-
culated by estimating parasite numbers/pL of blood
from the thick film as described by Greenwood and
Armstrong [13].

Packed cell volume (PCV) was determined using blood
collected into heparinized capillary tubes and spun with
a Hawksley micro-hematocrit centrifuge for 5min. Pa-
tients were classified as anemic and non-anemic using
the WHO standard [14].
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Assay of oxidative stress marker

Fresh blood samples were collected into labeled plain
sample bottles and were centrifuged. The supernatant
(serum) was then frozen for the oxidative stress enzyme
analyses. The level of malondialdehyde (MDA) (a marker
of free radical activity and lipid peroxidation) was deter-
mined using a spectrophotometer by reaction with thio-
barbituric acid (TBA) in the plasma according to
Okhawa et al. [15].

To determine glutathione peroxidase’s (GPx) activity,
500 pL of supernatant, phosphate buffer (500 uL), NaN3
(100 uL), GSH (200 pL), H,O, (100 uL), and 600 pL of
distilled water were mixed. The whole reaction mixture
was incubated at 37 °C for 3 min after which 0.5ml of
TCA was added and thereafter centrifuged at 3000 rpm
for 5 min. One milliliter of each of the supernatants, 2
ml of K;HPO,, and 1 ml of DTNB were added, and the
absorbance was read at 412 nm against a blank following
the method of Rotruck et al. [16].

To determine the superoxide dismutase (SOD) activity,
100 pL of buffer was added into the test and 150 pL of
buffer into the blank; 830 uL of distilled water was pip-
ette into both test tubes (test and blank), and 50 pL of
serum sample was added into the test. These were incu-
bated at room temperature for 10 min. Twenty microli-
ters of pyrogallol was then added and immediately
mixed by inversion, and the increase in absorbance at
340 nm for 3 min was recorded. AA 340 nm/min was ob-
tained following the method of Zou [17].

Lastly, glutathione (GSH) activity was determined
following the method of Beutler et al. [18]. This
method is therefore based upon the development of a
relatively stable yellow color when 5,5-dithiobis-(2-
nitrobenzoic acid) (Ellman’s reagent) is added to sulf-
hydryl compounds (present in the serum). The
chromophoric product resulting from the reaction of
Ellman’s reagent with the reduced glutathione, 2-
nitro-5-thiobenzoic acid, possesses a molar absorption
at 412nm. Reduced GSH concentration is propor-
tional to the absorbance at 412 nm.

Statistical analysis

Differences in the mean parasite densities, MDA, and
anti-oxidant levels between symptomatic and asymptom-
atic malaria parasite-infected patients were tested using
the Student ¢ test. Values were presented as mean *
standard error of the mean. Relationships between para-
site density and MDA as well as anti-oxidants were
tested using correlation. Furthermore, variables that
showed a strong and significant relationship with para-
site density were further tested using a linear regression
model. A probability value of p < 0.05 was regarded as
statistically significant, using SPSS version 20.0.
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Results

Prevalence of malaria parasite infection among the study
participant

The prevalence of malaria parasite infection in the popu-
lation was 63 of 130 (48.5%). Furthermore, a significantly
higher prevalence (p = 0.001) was recorded among the
asymptomatic participants 33 (64.7%) compared with
those with malaria symptoms 30 (38.0%). The mean
parasite density was higher among symptomatic patients
(4708.61 + 951.63), compared to asymptomatic (3041.67
+ 473.24). However, this does not reach a statistically
significant level (p = 0.325).

Effect of malaria parasite infection on anemia among the
study participants

The mean packed cell volume (PCV) was significantly
higher (p = 0.001) among patients (36.90 + 1.78) who
tested positive for malaria parasites compared with those
who tested negative (27.80 + 1.45). However, there was
no significant difference (p = 0.263) in PCV between pa-
tients who showed malaria symptoms and those who did
not (Table 1).

The prevalence of anemia was significantly higher (p =
0.001) among those who tested positive for malaria para-
site infection (63.5%), compared to those that did not
(26.9%). Furthermore, the prevalence of anemia in-
creased significantly (p = 0.013) with parasite density.
Patients with low and high parasite densities recorded
the least (30%) and the highest (81.8%) prevalence of
anemia, respectively (Table 2).

Relationship between oxidative stress markers and
infection

Malondialdehyde (MDA) values were significantly ele-
vated (p = 0.000) in patients who tested positive for mal-
aria parasite compared with those who tested negative.
Furthermore, there was no significant difference in titer
values of superoxide dismutase (SOD) and glutathione
(GSH) among malaria-positive and malaria-negative pa-
tients in this study (Table 3), though SOD value was not
significantly (p = 0.488) elevated in patients who tested
positive for malaria parasite compared with those who
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tested negative. However, glutathione peroxidase values
were significantly elevated (p = 0.002) in patients who
tested positive for malaria parasite compared with those
who tested negative (Table 3).

Relationship between oxidative stress markers and
malaria symptoms in infected patients

Malondialdehyde (MDA) values were significantly ele-
vated (p = 0.011) in patients who showed symptoms of
malaria (5.49 £ 0.77 p/L x 10°) compared with those who
did not (2.93 + 047 p/L x 10°). Furthermore, there was
no significant difference in the titer values of superoxide
dismutase (SOD), glutathione peroxidase (GPx), and re-
duced glutathione (GSH) among those with symptomatic
and asymptomatic malaria in this study (Table 4).

Relationship between parasite density, lipid peroxidation,
and anti-oxidants in malaria parasite-infected patients A
strong, direct, and significant correlation existed between
parasite density and MDA (r = 0.717, p = 0.001) as well as
parasite density and GPx (r = 0.695, p = 0.001) (Table 5).
The regression equation showed that MDA = 0.0007
(density) + 3.3339 (R* = 0.61) accounting for 61% of the
variations observed in MDA with respect to parasite dens-
ity. The regression equation showed that GPx = 3E-05
(intensity) + 0.1865 (R* = 0.58) accounting for about 58%
of the variations observed in GPx values (Fig. 1).

Furthermore, a weak, inverse relationship existed be-
tween both SOD (r = -0.115) and GSH (r = - 0.278)
and parasite density.

Furthermore, a strong, inverse, and significant rela-
tionship (p = 0.002) existed between MDA and GSH (r
= - 0.641), while a very strong, direct, and significant re-
lationship (p = 0.0001) existed between MDA and GPx
(r = 0.903). An inverse relationship existed between
GSH and GPx (r = - 0.451) (Table 5).

Discussion

The close association between oxidative stress and dis-
eases has become well known. Oxidative stress is defined
as a “state in which oxidation exceeds the antioxidant

Table 1 Relationship between malaria parasite infection and mean PCV

Packed cell volume (mean % + SE) t values p values
Infection status
Negative 3690 £ 1.78 3.963 0.007*
Positive 2780 + 145
Symptom status
Symptomatic 30.60 £ 2.67 -1.154 0.263
Asymptomatic 3410+ 143

*Significant difference (p < 0.05)

Symptomatic patients were those with signs such as fever, headache, chills, loss of appetite, nausea, and vomiting according to WHO [1]
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Table 2 Effect of malaria parasite infection on the prevalence of anemia among the study participants

Variables No. of Anemia status
:ng)/r;;ined, Anemic, N (%) Non-anemic, N (%)
Malaria status p =0001*
Positive 63 (48.5) 40 (63.5) 23 (26.5)
Negative 67 (51.5) 18 (26.9) 49 (73.1)
Total 130 (100.0) 58 (44.6) 72 (53.4)
Malaria parasite density p =0013*
Low 10 (15.9) 3 (30.0) 7 (70.0)
Moderate 42 (66.7) 23 (54.8) 19 (44.2)
High 11(17.5) 9(81.8) 2(17.2)
Total 63 (100.0) 35 (55.6) 28 (44.4)

*Significant difference (p < 0.05)

systems in the body secondary to a loss of the balance
between them” [19].

The increase in lipid peroxides has been recognized as
an ultimate toxic effect of raised reactive oxygen species
production by the immune system of the body, as well
as a synchronized release of O,"” during hemoglobin
degradation by malarial parasites [8, 20]. This study
seeks to determine the level of lipid peroxidation and
antioxidants in symptomatic and asymptomatic patients
attending a primary health facility in Ibadan.

In this study, the prevalence of malaria parasite infec-
tion was 48.5%. This means that malaria is still a prob-
lem in the study area. The prevalence observed in this
study was higher than that of [21, 22] who reported a
prevalence of 17% and 8.4%, respectively, within the
same province. In this study, most of the clients with
parasitemia were asymptomatic. This is in line with the
findings of [5, 22]. This is attributable to the fact that
Falciparium malaria can be asymptomatic in infected
patients as part of adaptation to survival. Not feeling any
symptoms may ultimately result in infected patients not
seeking treatment against the deadly parasite.

Anemia was associated (p < 0.05) with malaria parasite
infection of the peripheral blood. Malaria can cause
anemia through the parasitic destruction of red blood

cells (RBCs) and autoimmune reaction in which non-
infected RBCs are also destroyed [23]. Furthermore,
there was an obvious increase in the prevalence and se-
verity of anemia with an increase in parasite density. It
has been previously documented that in P. falciparum
malaria, there is a direct correlation between an individ-
ual’s asexual erythrocytic-stage parasite density at the
time of presentation to a health care provider and the
severity of clinical disease [24]. Patients with high para-
site count have more severe and complicated course
[24]. Oxidative stress is known to induce anemia
through a chain of processes. The major target of oxida-
tive stress is the red blood cell due to their primary
function as O,-carrying cells [25]. Oxidative stress-
affected erythrocytes produce molecular signals that lead
to the activation of Ca**-permeable cation channel,
which facilitate Ca** entry into the cells. This eventually
activates Ca”*-sensitive K* channels hereby leading to
cell shrinkage and scrambling of the erythrocyte mem-
brane. Next is the exposure of phosphatidylserine at the
erythrocyte surface, typical signs of eryptosis (destruc-
tion of red blood cells) leading to severe anemia [25, 26].

Surprisingly, there was no significant difference in the
packed cell volume among symptomatic and asymptom-
atic malaria-infected patients. This further buttresses

Table 3 Relationship between oxidative stress markers and infection

Oxidative marker Infection status Mean values + SEM t values p values

MDA (u/L x 10°) Negative 238+ 028 ~ 5570 0.000*
Positive 6.05 + 0.60

SOD (w/L) Negative 0.0097 = 0.00 0.709 0.488
Positive 0.0096 + 0.00

GSH (/L) Negative 24461 + 317 — 1546 0.156
Positive 24953 £ 0.24

GPx (p/L) Negative 0.19 + 0.02 —-3611 0.002*
Positive 031 +£0.03

*Significant difference (p < 0.05)
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Table 4 Relationship between oxidative stress markers and malaria symptoms in infected patients

Oxidative marker Infection status Mean + SEM t values p values

MDA (p/L x 109) Symptomatic 549 + 0.77 2.827 0.011*
Asymptomatic 293 £ 047

SOD (/L) Symptomatic 0.0096 + 0.00 —1.649 0.116
Asymptomatic 0.0098 + 0.00

GSH (u/L) Symptomatic 24917 +0.14 1.295 0212
Asymptomatic 24497 + 323

GPx (p/L) Symptomatic 0.27 £ 004 0.843 0410
Asymptomatic 0.23 £ 0.02

*Significance difference (p < 0.05)
Symptomatic patients were those with signs such as fever, headache, chills, loss of appetite, nausea, and vomiting according to WHO [1]

how dangerous asymptomatic malaria could be; while
there are no visible signs of infection, a lot of damages
would have been done by the “hidden” parasite. There-
fore, it is important to understand the host-related fac-
tors that are responsible for this major setback.

As expected, the mean MDA and GPx titer values were
higher among malaria-infected patients compared to non-
infected patients. This is an implication that malaria patients
had a significantly lowered total antioxidant capacity (TAC) 10
than the uninfected control group. This might be due to the
increased usage of the host’s plasma antioxidants against the
ROS generated by the malaria parasites to counteract oxida-
tive stress. The oxidative stress marker estimated in this
study was significantly higher in malaria patients than in the
uninfected controls. This development will increase the oxi-
dative stress index (OSI) which is the ratio of TOS to TAC
and shows the exact degree of imbalance between oxidants
and antioxidants in infected patients [31]. A compromised
antioxidant defense mechanism, alongside increased oxidant
levels and OSI values in malaria patients, might play an im- Intensity
portant role in the pathogenesis and severity of malaria [31]. (No. of parasites / ul of blood)
Studies have shown that oxidative stress is common among
malaria patients [25-27] as a result of the activation of the
immune responses by the malaria parasite, thereby causing
the release of reactive oxygen species (ROS) [28, 29]. Oxida-
tive stress can occur when there is an imbalance of free radi- 0.5

cals and antioxidants in the body [32]. Malarial infection is B
0.4 (] o &

MDA = 0.0007 (density) + 3.3339
2 R?=0.6138
p<0.05

0 2000 4000 6000 8000

Malondialdehyde (U/L x 10°)

0.3 e

Table 5 Pearson correlation coefficient between parasite
density, lipid peroxidation, and anti-oxidants in malaria parasite-
infected patients

Density MDA SOD GSH GPx
Density 1 0
MDA 0.717* 1 0 2000 4000 6000 8000

SOD -0.115 —0011 1 Mean parasite density
GSH 0278 —0641% 0165 1 (No. of parasites / ul of blood)

0.2

GPx (U/L)

GPx = 3E-05(Intensity) + 0.1865
0.1 R? =0.5829
p<0.05

GPx 0.695* 0.903* 0262 —0451% 1 Fig. 1 Relationship between the mean parasite density and a MDA

and b GPx
*Significance (p < 0.05) J
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associated with an increased production of reactive oxygen
species by phagocytic cells. Changes due to toxic metabolites
of the host and parasite may render the erythrocytes more
vulnerable to damage [33].

Antioxidants are molecules which can safely interact
with free radicals to terminate the chain reaction before
vital molecules are damaged; if excess free radicals and
oxidant give rise to a phenomenon known as oxidative
stress, this is a harmful process that can negatively affect
several cellular structures such as membrane lipids, pro-
teins, lipoproteins, and deoxyribonucleic acid [33]. Anti-
oxidants such as GSH, GPx, SOD, and catalase are
known to play a major role in keeping the level of ROS
in check during malaria infection [29]. Hence, this may
explain the variations in the level of the anti-oxidants in
infected and uninfected patients in this study.

In a similar Ethiopian study aimed to estimate the
total oxidative stress and non-enzymatic antioxidant
levels among 60 malaria patients and 40 healthy con-
trols, levels of total oxidative stress (TOS), oxidative
stress index (OSI), uric acid, albumin, and direct biliru-
bin levels were significantly increased in the serum of
malaria patients compared to healthy control subjects
[31]. On the other hand, the total antioxidant capacity
and serum albumin levels were significantly reduced in
malaria patients compared to the control groups. The
study showed that the total oxidative status in malaria
patients was significantly higher than that in control
subjects [31].

The fact that a strong and direct relationship existed
between parasite density and MDA as well as GPx but-
tresses the fact that malaria parasites are capable of in-
ducing oxidative stress, and anti-oxidant levels (GPx) are
equally being elevated to combat the effect of oxidative
stress [30]. The inverse relationship between parasite
density and SOD as well as GSH may be suggesting the
using up of both antioxidants in fighting malaria-related
oxidative stress [30].

MDA (a measure of oxidative stress) was elevated
among symptomatic patients with malaria parasitemia
compared with those who are not symptomatic. Oxida-
tive stress is believed to be a key factor in the pathogen-
esis of malaria and contributes to the severity of
malaria-related complications [34]. Malaria activates the
immune system of the body causing the release of react-
ive oxygen species (ROS) like superoxide, hydrogen per-
oxide, hydroxyl radicals, lipid peroxides, and other
related species. The parasite additionally fortifies certain
cells and creates ROS via hemoglobin degradation [34].
A potential source of free radicals in malaria infection is
the host’s hemoglobin since the parasite utilizes
hemoglobin for its own nutrition, liberating a lot of cir-
culating heme. These heme groups can prompt intravas-
cular oxidative stress, causing changes in erythrocytes
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and endothelial cells and encouraging the entry of the
parasite in tissues, like the liver and cerebrum [35].

These findings may partly explain why a patient will
show symptoms or not. The fact that there was no sig-
nificant difference in all the anti-oxidant levels between
symptomatic and asymptomatic patients is suggesting
that there is an equal amount of anti-oxidant responses
against the parasite in both symptomatic and asymptom-
atic infected host. This may suggest that the release of
ROS (stress) as a result of infection may explain whether
a patient will show symptoms of malaria or not. There is
a need for further studies on factors that are responsible
for malaria-related oxidative stress as well as asymptom-
atic malaria if the menace of malaria is to be curbed in
Africa and other affected regions.

Conclusion

The prevalence of malaria parasite infection was 48.5%,
with most of the patients having parasitemia being asymp-
tomatic. Anemia was associated (p < 0.05) with malaria
parasite infection of the peripheral blood, and it increased
with parasite density. Mean MDA and GPx titer values
were higher among malaria-infected patients compared to
non-infected. A strong and direct relationship existed be-
tween parasite density and MDA as well as GPx. While
the antioxidant level has nothing to do with whether a
host will show symptoms or not, the stress level of the
host showed a significant relationship with malaria symp-
toms. Asymptomatic malaria is a threat to malaria eradi-
cation program; there is a need to inform health policies
that encourage routine diagnosis and treatment of malaria
in apparently healthy people if the malaria elimination
goal is to be achieved in Africa
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