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Abstract

Malaria remains a significant global health challenge, particularly in regions with high transmission rates. Vertical transmission,
the transfer of malaria parasites from mother to foetus, poses serious risks to newborns, leading to various adverse health
outcomes. This study aimed to investigate the prevalence of vertical transmission, evaluate the efficacy of antimalarial drugs, and
assess the impact of vertical transmission on foetal development. A cross-sectional study was conducted among 260 pregnant
women at Bamenda Regional Hospital and Nkwen District Hospital. Participants’ medical records were reviewed to determine the
type of antimalarial drug administered. Malaria diagnosis was performed using microscopic examination of thin and thick blood
films. After delivery, cord blood was collected for malaria diagnosis and also centrifuged to obtain plasma for the assessment of
oxidative stress biomarkers, including catalase, superoxide dismutase, lipid peroxidase, total oxidative stress, and total antioxidant
defense. The overall prevalence of cord malaria was found to be 8%. Additionally, positive cord cases were associated with pre-
term delivery (100%) and low birth weight (28.8%). Among the antimalarial drugs, Fansidar demonstrated the highest efficacy
(99.2%) for chemoprophylaxis, while the combination of Artesunate and Amodiaquine showed 100% efficacy for chemotherapy.
Analysis of oxidative stress biomarkers revealed higher activities of catalase and superoxide dismutase in malaria positive cord
blood compared to negative cord blood. Positive cord samples exhibited elevated levels of total oxidative stress and reduced levels of
total antioxidant defense compared to negative cord samples. These findings highlight that preventive treatments during pregnancy
are not fully effective, leading to vertical transmission and increased oxidative stress in the foetus, resulting in low birth weight.
Further research is needed to enhance the effectiveness of preventive interventions and mitigate the adverse consequences of
vertical transmission.
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Introduction
(2022) Certain populations, such as children under five years of age

and pregnant women, are particularly susceptible to Plasmodium
infection and its associated morbidity and mortality, especially in

Vertical transmission of malaria, the transfer of malaria para-
sites from mother to newborn, poses a significant health risk and
can lead to life-threatening consequences [1,2] Buchwald, et al,
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malaria-endemic regions Mwaniki, et al, (2010). Among pregnant
women, those in their first and second pregnancies (primigrav-
idae and secundigravidae) face a higher vulnerability to placenta
sequestration due to the non-recognition of Variant Surface Anti-
gens (VSA) by the immune system. In areas of stable malaria trans-
mission, adult women acquire immunity, resulting in asymptomat-
ic malaria infections during pregnancy that can lead to maternal
anaemia and placental and umbilical cord blood malaria infection
[3,4] Anchang Kimbi, et al., (2009).

For many years, Chloroquine (CQ), a 4-aminoquinoline, was
considered the gold standard for malaria treatment due to its effica-
cy, low toxicity, and affordability [5]. However, the increasing rates
of CQ and Sulphadoxine/Pyrimethamine (SP) resistance in malar-
ia-endemic areas have led to a rise in malaria-related morbidity and
mortality WHO (2020). To combat malaria, there is an urgent need
for new antimalarial drugs, but standardized systems for evaluat-
ing their efficacy are currently lacking. Malaria infection, parasite
feeding, immune responses, and antimalarial drugs contribute to
the generation of Reactive Oxygen Species (ROS) such as hydrogen
peroxide, singlet oxygen, superoxide, and reactive nitrogen species
like nitric oxide, which can be detrimental to both the host and the
parasite [6]. While oxidative stress can aid in parasite clearance, it
can also cause cellular damage and potentially contribute to severe
pathologies. Host organisms employ antioxidant defense systems,
utilizing enzymes like Superoxide Dismutase (SOD) and Catalase
(CAT), to combat the free radicals produced during infection [7].
In malaria patients, increased oxidative stress is often accompa-
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nied by decreased antioxidant levels [8,9]. Plasmodium possesses
various antioxidant enzymes, such as lipoic acid, to evade oxidative
stress and survive within the host.

Congenital malaria has a detrimental impact on newborn
health, including increased susceptibility to malaria during the first
month of life Borgella, et al,, (2013). Vertical transmission of malar-
ia parasites from mother to child leads to severe consequences such
as anaemia, congenital malaria, and heightened susceptibility to
malaria infection in the early neonatal period Schwarz, et al., (2008)
[4]. Neonatal T cell imbalance, as well as pro-inflammatory and an-
ti-inflammatory immune responses triggered by Plasmodium falci-
parum sensitization in the uterus, contribute to this susceptibility
[10]. Furthermore, the emergence of antimalarial drug resistance
poses a significant public health challenge, impeding malaria pre-
vention and control. Despite the promise of future drug develop-
ments, malaria-endemic regions are facing an alarming situation
where affordable treatment options are rapidly losing therapeutic
efficacy. Although various studies have investigated vertical trans-
mission of malaria and its impact on newborn health in endemic
regions [11,12], only few have been investigated in the Northwest
Region of Cameroon Oumar; et al, (2020), there remains a critical
need to investigate the efficacy of antimalarial drugs in preventing
vertical transmission and address the issue of congenital malaria in
this region. Thus, this study aimed to evaluate the effectiveness of
antimalarial drugs in preventing vertical transmission and examine
the influence of umbilical cord malaria on foetal oxidative stress
development.
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Figure 1: (A) Map localization of Bamenda, the regional capital of the Northwest Region of Cameroon. (B)Localization of the Bamenda Regional
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The study was conducted between May 1% and July 31st at
two hospitals in the Northwest Region of Cameroon, namely the
Bamenda Regional Hospital and the Nkwen District Hospital Figure
1. Bamenda, the regional capital, is located within the coordinates
of latitude 5.940N to 5.980N and longitude 10.150E to 10.180E
Acho Chi (1998). The city is situated along the Cameroon Volcanic
line, characterized by the presence of two prominent features: the
High Lava plateau and a lower plateau, with altitudes of 1400m and
1100m above sea level, respectively. These hospitals serve as major
healthcare facilities for patients not only from the immediate region
but also from surrounding areas. The hospitals are well-equipped
with adequate infrastructure, medical equipment, trained medical
personnel, accessible road networks, and sufficient security mea-
sures. The Northwest Region experiences a tropical climate with
two distinct seasons: a prolonged rainy season spanning from
March to October (eight months) and a short dry season with sun-
ny weather from November to February (four months). The month
of August typically records the highest rainfall, while September to
October marks a period of reduced precipitation. Malaria transmis-
sion in this region follows a seasonal pattern, with high transmis-
sion rates during the rainy season. Plasmodium falciparum is the
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predominant malaria parasite species, responsible for over 90% of
malaria infections in the region [13] (Figure 1).

Study Population

The study targeted a specific population of pregnant women
with uncomplicated falciparum malaria who were seeking care at
the Bamenda Regional Hospital and willingly participated in the
study. In order to be included, each pregnant woman needed to
meet certain criteria, such as being in the third trimester of preg-
nancy and providing informed consent by signing the consent form.
It should be noted that a minority of women, primarily residing in
remote villages, lacked knowledge about malaria control measures
and had not sought antenatal care during the earlier stages of their
pregnancy. On the other hand, the majority of women were well-in-
formed about malaria control measures, and most of them had re-
ceived intermittent preventive treatment with Fansidar. A total of
260 women met the inclusion criteria and provided their consent
to participate in the study.

Study Design

The study design diagram consists of the following components
(Figure 2).

Participant recruitment
Pregnant women with uncomplicated folciparum malaria
at Bamenda Regional Hospital and Nkwen District Hospital

300 Pregnant women were randomly selected,
recruited during an interview and were given a
consent form

Inclusion criteria
- being in the third trimester of pregnancy
- provide informed consent

260 women were enrolled

Baseline Data Collection
Haspital files of the enrolled participants are
reviewed to collectinformation on the antimalarial
drugs received and demographic characteristics.

Peripheral Blood
Microscopic examination of thin and thick blood
films was performed to diagnose malaria in the
enrolled participants (prospective study).

Malaria Malaria
MNegative Positive
blood blood

T
L 7

Randaom sampling grouping
women into four groups based
on age and drug type

Cord Blood
After delivery, cord blood samples
are collected from the participants

I
Malaria Diagnosis
Microscopic examination of thin
and thick blood films

MNegative
Cord blood

Positive
Cord blood

cord blood is centrifuged to obtain plasma, which is then used
to determine oxidative stress biomarkers such as catalase,
superoxide dismutase, lipid peroxidase, total oxidative stress,

Biomarker Analysis

and total antioxidant defense

Data Analysis
Descriptive statistics are used to summarize the demographic characteristics, prevalence of vertical
transmizsion of malaria, and efficacy of antimalarial drugs
The levels of oxidative stress biomarkers in cord blood are compared between positive and negative

Figure 2: Experimental study design.
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Inclusion and Exclusion Criteria

Inclusion Criteria: The study included all pregnant women
within the age range of 15-40 years who were currently residing
in the Northwest Region of Cameroon. Specifically, it focused on
pregnant women in their third trimester of pregnancy who were
attending antenatal care at the Bamenda Regional Hospital and
Nkwen District Hospital. Eligible participants were required to
demonstrate their willingness to comply with the study protocol
throughout the duration of the study and provided voluntary
informed consent by signing the informed consent form.

Exclusion Criteria: The study excluded pregnant women who
were not currently residing in the Northwest Region and did not
fall within the age range of 15-40 years. Pregnant women who
were not in their third trimester of pregnancy and were attending
the Bamenda Regional Hospital and Nkwen District Hospital were
not included. Also, participants who were unable to comply with
the study protocol throughout the duration of the study were also
excluded. Furthermore, pregnant women who refused to sign the
informed consent were not included in the study.

Sample Size Determination

The sample size for the study was determined based on the
prevalence of malaria parasite in cord blood at the Bamenda Re-
gional Hospital as reported by Oumar; et al, in (2020). The formu-
la N=p(1-p) z*2/d"2 [14] was used to calculate the sample size,
where N represents the sample size, p denotes the prevalence of
malaria parasite in the cord blood (standard deviation), z rep-
resents the statistic for the desired level of confidence (Z-score or
Z-value) (1.96 for a 95% confidence level), and d represents the
accepted margin of error (5%). Considering the prevalence of ma-
laria parasite in the cord blood at the Bamenda Regional Hospital
as 21.3%, the minimum sample size was determined to be 255. To
account for potential loss to follow-up or withdrawals, an addition-
al 2% of the minimum sample size was considered. Consequently,
a total of 260 placenta and cord blood samples were collected from
pregnant women at the Bamenda Regional Hospital and the Nkwen
District Hospital (PMI) from April 1%t to May 2", 2022.

Blood Sample Collection, Processing and Storage

Prior to delivery, approximately 1ml of peripheral blood was
collected from pregnant women using sterile syringes. The collect-
ed blood was then dispensed into Ethylene Diamine Tetraacetate
(EDTA) wet tubes, which were labeled anonymously. Subsequently,
the tubes were transported to the laboratory, where a clean, grease-
free microscopic slide was used to prepare thin and thick blood
smears from the collected samples. These smears were subjected to
microscopic examination to detect parasite species and determine
parasite density. If immediate analysis was not required, the sam-
ples were stored in a refrigerator at -18°C.

After complete delivery of the placenta and umbilical cord,
approximately 2-3ml of umbilical cord and placenta blood were
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collected separately using sterile syringes. The collected blood
samples were dispensed into two EDTA tubes and labeled anony-
mously with a study number. The tubes were then transported from
the collection site (labor room) to the laboratory. In the laboratory,
thin and thick blood films were prepared from the umbilical cord
and placenta blood samples using a clean, grease-free slide. These
films were examined to determine the parasite species and parasite
density, or alternatively, stored in a refrigerator at -18°C if imme-
diate analysis was not required. Finally, the umbilical cord blood
sample in the EDTA tube was centrifuged at 3000rpm for 3minutes
to obtain plasma. Using a dry test tube (without anticoagulant) and
a reliable micropipette, 200pl of the plasma was collected and dis-
pensed into the dry test tubes for subsequent biochemical analysis
or stored in the refrigerator for future use.

Procedure For Peripheral Blood Collection (Venous Blood
Collection): The necessary materials for blood collection, includ-
ing cotton, 70% alcohol, syringes, tourniquets, test tubes, test tube
holders, and gloves, were gathered. A test tube was labeled with the
unique patient identification number. A tourniquet was applied to
the upper arm of the pregnant woman, and a suitable prominent
vein was selected. The chosen vein was cleaned with 70% alcohol
and allowed to air dry. A syringe was then extracted from its case
and inserted at the base of the vein to draw 1ml of blood. Subse-
quently, the tourniquet was released, and the needle on the syringe
was carefully removed. Dry cotton gauze was applied to the punc-
ture site. The used needle was discarded in a safety box. The collect-
ed blood was transferred into a labeled test tube, and the blood was
mixed with an anticoagulant by gently inverting the tube six times,
following the protocol established by the University of Florida in
2022.

Procedure For Placenta and Umbilical Cord Blood Collec-
tion: The necessary materials for placenta and cord blood collec-
tion, including test tubes, syringes, and gloves, were assembled.
Placenta blood was collected upon complete delivery of the placen-
ta. Given the abundant presence of veins on the placental surface, a
syringe was utilized to puncture one of the veins, and 2ml of blood
was withdrawn. The collected blood was then transferred into a
properly labeled test tube containing Ethylene Diamine Tetraace-
tate (EDTA) as the anticoagulant. Umbilical cord blood was collect-
ed immediately after its detachment from the fetus. A syringe was
inserted into the detachment area to withdraw blood from the cord,
which was subsequently transferred into a well-labeled EDTA test
tube.

Procedure to Take Baby’s Weight and Gestational Age: Im-
mediately following delivery, the weight of the baby was measured
using an electronic digital scale with an accuracy of +10 grams, fol-
lowing the methodology described by Oumar; et al,, in 2020. The re-
corded weight of the baby was then categorized into three groups:
low birth weight (<2.5kg), normal birth weight (2.5-4.5kg), and
high birth weight (>4.5kg), based on the classification provided by
Oumar, et al,, in 2020. Additionally, the gestational age of the wom-
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en was obtained from the delivery record booklet in the labor room
immediately after delivery, and the corresponding gestational age
was recorded.

Quantification Of Plasmodium Parasitemia in Placenta and
Cord Blood

Thick Blood Smear: Thick blood smears were prepared
by aspirating 5ul of placenta blood and cord blood samples onto
separate labeled slides. After air drying, the smears were stained
with 10% Giemsa solution. Slides were examined under a 100X
magnification oil immersion objective lens, and parasite density
was determined by counting parasites and White Blood Cells
(WBCs). Parasitemia was calculated using the formula: Number of
parasites x8000 WBCs/ul divided by the number of WBCs counted.
Two microscopists independently read the slides, with discordant
results re-examined by a third microscopist. Parasite density was
averaged from the closest counts obtained.

Thin Blood Smear: This study presents a standardized proto-
col for preparing and examining thin blood smears to detect and
calculate parasite density in placenta and cord blood samples. The
protocol involves collecting 5ul of each sample using a 100pl micro-
pipette and placing them on clean slides labeled with identification
numbers. A spreader slide is then used to evenly spread the blood,
creating a feathering edge. The smears are air-dried, fixed with
methanol to preserve red blood cell morphology and enable par-
asite visualization, and air-dried again. Staining is performed with
10% Giemsa for 8-15minutes, followed by washing and air-drying.
Examination is conducted using an Olympus CX-21 microscope at
20X or 40X magnification or oil immersion at 100X objectives, en-
suring the lenses and eyepiece are properly cleaned. Parasite den-
sity is determined by counting parasitized and unparasitized red
cells and white cells in one field, with density calculated using a
specific formula. Asexual forms of the parasite are counted, while
sexual forms are noted but not included. This standardized protocol
provides an accurate method for detecting parasites and calculat-
ing density in malaria diagnosis and research.

Preparation of Plasma Sample for Biochemical Assay

Preparation of Sample: After the umbilical cord blood of preg-
nant women were collected in an EDTA test tube, the blood was
centrifuge at 3000rpm for 3minutes. A good micropipette was used
to aspirate 300pl of the plasma (without the buffy coat) into a clean
dry test tube which was later use for biochemical analysis on the
same day or stored at -180°C for a maximum of 30days.

Biochemical Assay

Catalase Test: The reaction between catalase and hydrogen
peroxide yields water and oxygen, which can be quantified by
stopping the reaction with a dichromate and acetic acid solution.
The resulting chromic acetate is then measured calorimetrically
at 610nm. Notably, the presence of dichromate does not interfere
with the accurate determination of chromic acetate, as it exhibits
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no absorbance in the specific wavelength range. By controlling the
reaction time and measuring the remaining hydrogen peroxide,
this assay enables the reliable assessment of catalase activity. This
colorimetric approach offers a convenient and effective means of
evaluating catalase activity in various biological samples [15].

Total Oxidative Stress (TOS) Assay: The Total Oxidative Stress
(TOS) assay is performed to assess the oxidative status of a sample.
The principle of the test involves the iron catalytic degradation of
hydrogen peroxide, Generating Alkoxyl (RO) and Peroxyl (ROO)
radicals. These radicals react with a chromogen (N-N-dimethyl-
phenylenediamine sulphate), resulting in the formation of a
colored compound whose absorbance is measured at 505nm. The
intensity of the color is directly proportional to the number of
radical compounds produced, following the Beer’s-Lambert Law.
This assay’s procedure involves aspirating 1ml of acetate buffer (pH
5.2) into test tubes corresponding to the number of samples. Then,
100ul of a 20-fold diluted plasma sample in phosphate buffer and
25ul of chromogen are added to each test tube. The absorbance is
measured at 505nm against the blank using a spectrophotometer
(Dogan, et al,, 2021).

Total Antioxidant Defense (TAD) Assay: The principle of
the assay involves the development of a stable and colored cation
through the reaction between iron trichloride (FeCl3) and a chro-
mogen (N-N-dimethyl-phenylenediamine sulphate) in an acidic me-
dium (pH 5.2). The antioxidant compounds present in the sample
reduce the chromogen’s radical cation, resulting in a decolorization
of the solution, which is proportional to a specific concentration.
The absorbance values obtained from the samples are compared
to a standard curve for quantification purposes Wu, et al, (2013).
The procedure entails aspirating 1ml of acetate buffer (pH 5.2) into
test tubes corresponding to the number of samples. Then, 25pl of
chromogen and 10ul of FeCl3 are added to each test tube. Following
this, 10pl of a 20-fold diluted plasma sample in phosphate buffer
is added to the mixtures. The absorbance is measured at 505nm
against the blank using a spectrophotometer.

Superoxide Dismutase: The Superoxide Dismutase (SOD)
assay is based on the inhibition of the oxidation of adrenaline to
adrenochrome by SOD. The formation of adrenochrome is directly
proportional to the activity of SOD and can be measured at a wave-
length of 480nm [16]. to perform the assay, cuvettes correspond-
ing to the number of samples were filled with 1600ul of carbonate
buffer (30mM, pH 10.2). Then, 200pl of the sample (plasma) and
200pl of adrenaline were added to initiate the reaction. The optical
density was measured at 480nm. The activity of SOD was calculated
in units of SOD per mg of protein, with one unit defined as the quan-
tity of SOD required to inhibit 50% of the oxidation of adrenaline to
adrenochrome within 1 minute. The specific activity of SOD (SOD/
mg of protein) was determined by dividing the number of SOD units
by the mg of protein in the sample. Additionally, the percentage in-
hibition (%I) was calculated using the formula ODsample/ODblank
x 100.
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Thiobarbituric Acid Reactive Substance (TBARS): The Thio-
barbituric Acid Reactive Substance (TBARS) test is used to analyze
secondary oxidative products, particularly malondialdehyde, which
is generated from polyunsaturated fatty acids. Malondialdehyde re-
acts with thiobarbituric acid, producing a red-colored compound
that can be measured photometrically at a wavelength of 532nm
[17].

For the procedure, individual test tubes corresponding to the
number of samples were filled with 0.5ml of phosphate buffer
(50mM, pH 7.4) using a micropipette. Then, 0.5ml of the sample
(plasma) was added to each tube, followed by 0.5ml of 20% Tri-
chloroacetic Acid (TCA) for protein precipitation, and 1ml of 0.67%
thiobarbituric acid. A separate tube with phosphate buffer and
thiobarbituric acid served as the blank. The tubes were incubated
in a water bath at 90°C for 10minutes and then rapidly cooled in
ice water. The contents of each tube were transferred to centrifu-
gal tubes and centrifuged at 3000rpm for 15minutes at 4°C. The
supernatant was collected, and its optical density was measured at
530nm against the blank using a spectrophotometer. The TBARS
level was expressed in nanomoles/mg of protein.

_Statistical Analysis

All data obtained from pregnant women were entered into
Excel spreadsheet, validated and analyzed using SPSS Statistics
Version 20 (SPSS Inc., Chicago, IL) to determine the prevalence of
malaria in pregnancy. The significance of differences in proportions
were explored using the Pearson’s Chi square test, whereas the dif-
ferences in group means were assessed using the t test, Analysis
of Variance (ANOVA). Statistical results were considered significant
when the two-sided P value was < 0.05.

Ethical Consideration_

The study obtained ethical clearance from the Faculty of Health
Sciences at the University of Bamenda under reference number
2022/0695H/UBa/IRB prior to commencing the research. Addi-
tionally, administrative clearance was acquired from the Region-
al Delegation of Public Health with reference number 127/ATT/
NWR/RDPH/BRIGAD. Prior to the initiation of the study, authori-
zation was obtained from both the Bamenda Regional Hospital and
P.M.I Nkwen Hospital. Informed consent was obtained from the
women after thoroughly explaining the consent document to the
best of their comprehension.

Results

Demographic and Clinical Information of the Study Population

A total of 260 pregnant women in their third trimester of preg-
nancy participated fully in the study. Among these women, 21
(8.1%) were below the age of 20 years, 231 (88.8%) were between
the ages of 20 to 45 years, and 8 (3.1%) were above the age of 45
years, with an average mean age of 32 years. Out of the 260 women,
130 (50%) took Sulphadoxine Pyrimethamine, 58 (22.3%) took Ar-
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tesunate Amodiaquine, 39 (15%) took Artemether Lumefantrine,
8 (3.1%) took Chloroquine, and 25 (9.6%) did not take any of the
aforementioned drugs. The majority of these drugs were adminis-
tered during the second trimester (58.9%), followed by the third
trimester (29.2%), and lastly the first trimester with a percentage
of 10.2%, as indicated in (Table 1).

Table 1: Demographic and Clinical Information of the study
population.

Variables Category Frequency | Percentage
<20 21 8.1
20-45 231 88.8
>45 8 3.1
Total 260 100
Age Group (years) Meant SD 32.5+0.33
Artesunate. Q 58 22.3
Artemether L 39 15
Sulphadoxine 130 50
Chloroquine 8 3.1
No drug used 25 9.6
Chemotherapy Total 260 100
First trimester 24 10.2
Second trimester 139 58.9
Trimester of Drug Third trimester 69 29.2
Administration 2 and 3 trimesters 4 1.7

Prevalence of Malaria Parasite in the Cord Blood

The result on Table 2 shows that out of 260 cord samples ex-
amined from both positive (104) and negative (156) mothers, the
overall umbilical cord prevalence was 8% (Table 2).

Table 2: Prevalence of cord malaria status in relation to mother
peripheral status.

Cord Malaria Status
PeMrioptll:::al Neg(%;:;/e N Pos(iot/i\]re N Total p-value

Status

Negative 149 7 156 0.207
-156 -95.5 -4.5

Positive 96 8 104 0.207
-104 -92 -8
Total 245 15 260

p-value 0.209 0.209

Prevalence of Cord Malaria Status in Relation to Mother Pe-
ripheral Status and Drug Type

The results presented in Table 3 demonstrate that among the
156 women who tested negative after peripheral blood examination
and received antimalarial drugs, both artemether lumefantrine and
artesunate amodiaquine exhibited the highest efficacy, achieving
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a 100% effectiveness rate each. Sulfadoxine Pyrimethamine also
demonstrated a high level of effectiveness, with a percentage
effectiveness of 99.2%. However, among the 104 women who
tested positive after peripheral blood examination and underwent
treatment with antimalarial drugs, Artesunate amodiaquine and
Artemether lumefantrine were found to be highly effective, both
demonstrating a 100% effectiveness rate. Chloroquine showed a
moderate effectiveness, with a percentage of 50% (Table 3).

Table 3: Prevalence of cord malaria status in relation to mother
status and drug type.
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100% of the cases, while the remaining 5 positive women had post-
term deliveries, representing 2% of the total. In contrast, the major-
ity of negative women (240) had post-term deliveries, accounting
for 98%, while the remaining 5 negative women had mid-term de-
liveries, constituting 100%. Furthermore, the data in Table 4 indi-
cate that out of the 15 umbilical cord samples confirmed positive
through microscopy, all corresponding babies had low birth weight,
amounting to 28.8%. Conversely, out of the 245 umbilical cord
blood samples confirmed negative through microscopy, 37 babies
had low birth weight (71.2%), 201 babies had normal birth weight
(100%), and 7 babies had high birth weight (100%) (Table 4).

Mother Cord Malaria Status
St Drug Types : . P Value Catalase, Superoxide Dismutase and Total Antioxidant Activi-
atus Negative Positive
ties on Umbilical Cord Blood
Artemether
lumefantrine 1(100%) ) 0.257 Table 5: Catalase, Superoxide dismutase and Total antioxidant
A activities on umbilical cord blood.
rtesunate
e 3(100%) -
amodiaquine e 1val
ormal Value - .
Chloroquine R 2(100%) (19.5-21.5 U/ml) Umbilical Cord Malaria Status
Sulphadoxine
pyriﬁq cthamine | 128(99:2%) | 1(0.8%) Dru;;;l ;atlll::? by Positive Negative p value
Negative No drug 17(81%) 4(19%) Yes 23.24+096(7) | 19.30£1.28(10) | P<0.05
(156) Total 149(95.5%) | 7(4.5%) No 22.60+0.45(8) | 17.73+4.53(10) | P<0.001
Artemeth.er 38(100%) 0.002 p value P> 0.05 P> 0.05
lumefantrine -
SOD (105-110U/ml)
Artesunate 0
amodiaquine 55(100%) - Yes 112.73+£31.89(7) | 41.63+21.14(10) | P <0.001
Chloroquine 3(50%) 3(50%) No 106.30+23.46(8) | 30.26+23.10(10) | P <0.001
; p value P>0.05 P>0.05
Sul.phadoxn_le ) 1(100%)
pyrimethamine TAD (12.5-15.5U/ml)
. No drug - 4(100%) Yes 10.22+3.04(7) | 21.67+4.22(10) | P<0.001
Positive
(104) Total 96(92.3%) | 8(7.7%) No 12.00+1.07(8) | 16.48+3.00(10) | P<0.05
Gestational Age and Birth Weight Following the Umbilical Cord p value P>005 P<0.01

Blood Malaria Status

Table 4: Gestational age and birth weight following the umbilical
cord blood malaria status.

Malaria Diagnosis in Umbilical
Characteristics Cord Blood
Positive N (%) | Negative N (%)
Gestational Preterm 10 (100)
Mid-term - 5(100)
Age Post term 5(2) 240 (98)
Low Birth
weight 15 (28.8) 37 (71.2)
Normal Birth
weight - 201(100)
High Birth
Weight weight ) 7 (100)

The findings from Table 4 reveal important information regard-
ing the delivery status and birth weight of pregnant women with
positive and negative umbilical cord blood. Among the positive
women, all 10 individuals gave birth prematurely, accounting for

Note*: Values represent mean * SD values. Values in bracket are
number of patients per group and normal values of oxidative

stress biomarkers.

The results presented in Table 5 demonstrate the differences
in catalase activity and superoxide dismutase (SOD) activity in um-
bilical cord blood among women who took antimalarial drugs and
those who did not and were diagnosed either positive or negative
for umbilical cord malaria. Women who took the drug and tested
positive for umbilical cord malaria showed higher catalase activity
(23.24+0.96 and 22.60+0.45) and SOD activity (112.73+31.89 and
106.30+23.46) compared to women who did not take the drug. Con-
versely, women who took the drug and tested negative for umbili-
cal cord malaria exhibited lower catalase activity (19.30+1.28 and
17.73+4.53) and SOD activity (41.63£21.14 and 30.26+23.10) in
umbilical cord blood. The differences in catalase activity (p=0.001)
and SOD activity (p=0.0001) were found to be significant between
women who took the drug and were positive for umbilical cord
malaria, and those who did not take the drug and were negative
for umbilical cord malaria, and vice versa. Additionally, the Total
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Antioxidant Defense (TAD) level in umbilical cord blood was low-
er (10.22+3.04 and 12.00+1.07) in women who took the drug and
were positive for cord malaria, while it was higher (21.67+4.22
and 16.48+3.00) in women who took the drug and were negative.
A significant difference (p=0.0001) was observed between women
who took the drug and were positive for umbilical cord malaria, and
those who did not take the drug and were negative. However, there
was no significant difference (p=0.0164) between women who did
not take the drug and were positive, and women who took the drug
and were negative for umbilical cord malaria (Table 5).

Total Oxidative Stress and Thiobarbituric Acid Reactive
Substance on Umbilical Cord Blood

The results presented in Table 6 indicate notable differenc-
es in the levels of TOS and TBARS in umbilical cord blood among
women with positive and negative cord malaria tests, with and
without antimalarial drug intake. For women who tested positive,
both those who took the drug and those who did not had lower TOS
levels (6.57+1.45 and 8.51+1.09, respectively) compared to women
who tested negative, whose TOS levels were higher (21.40+13.84
and 21.01+9.26). There was no significant difference (p=0.0014)
between women who took the drug and tested positive and wom-
en who did not take the drug and tested negative for cord malar-
ia. However, a significant difference (p=0.0001) was observed be-
tween women who did not take the drug and tested positive for
cord malaria and those who took the drug and tested negative. On
the other hand, the TBARS levels were higher in umbilical cord
blood for women who tested positive, regardless of drug intake
(3.84+0.57 and 4.18+1.02), compared to women who tested nega-
tive (2.15+0.45 and 2.00+0.58). There was a significant difference
(p=0.0001) between women who received the drug and tested pos-
itive for cord malaria and those who did not receive the drug and
tested negative. However, no significant difference (p=0.1294) was
observed between women who did not receive the drug and tested
positive and those who received the drug and tested negative for
cord malaria (Table 6).

Table 6: TOS and TBARS levels on umbilical cord blood following
the umbilical cord malaria status.

Tos (1(:;151-)16'5 u/ Umbilical Cord Malaria Status
Druri (t’:::::_l by Positive Negative p value
Yes 6.57+1.45(7) 21.40+13.84(10) | P<0.05
No 8.51+1.09(8) 21.01+9.26(10) P <0.05
p value P>0.05 P>0.05
TBARS (2.45-3U/ml)
Yes 3.84+0.57(7) 2.15+0.45(10) P <0.001
No 4.18+1.02(8) 2.00+0.58(10) P <0.001
p value P>0.05 P>0.05

Note*: Values represent mean * SD values. Values in bracket are
number of patients per group and normal values of oxidative
stress biomarkers.
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Discussion

The results of this current research provide valuable insights
into the prevalence of umbilical cord malaria, its impact on birth
outcomes, and the effectiveness of antimalarial drugs. The preva-
lence of umbilical cord malaria in this study was found to be 12.5%,
which is lower than the prevalence reported by Oumar, et al, (2020)
in a similar study conducted at the Bamenda Regional Hospital. The
lower prevalence observed in this study may be attributed to in-
creased awareness and education among pregnant women regard-
ing the dangers of malaria and the implementation of preventive
measures. Additionally, the administration of antimalarial drugs
such as Artesunate amodiaquine, Artemether lumefantrine, and
Sulfadoxine/Pyrimethamine (Fansidar) to pregnant women may
have contributed to the reduction in prevalence. These findings
align with previous research conducted by Anchang Kimbi, et al,
(2020) which demonstrated the efficacy of Fansidar in preventing
vertical transmission of malaria.

The study also revealed a higher incidence of pre-term deliv-
ery and low birth weight in women with umbilical cord malaria,
indicating the impact of vertical transmission on delivery dates and
infant weight. Similar findings have been reported by Nkwabong,
et al, (2020) and Oumar, et al, (2020), [18] highlighting the asso-
ciation between malaria infection during pregnancy and adverse
birth outcomes. The presence of umbilical cord malaria contrib-
utes to a deficiency of red blood cells, leading to restricted nutrient
and oxygen supply to the developing foetus, resulting in low birth
weight. Moreover, the analysis of oxidative stress markers demon-
strated higher catalase and superoxide dismutase activities in pos-
itive umbilical cord blood samples compared to negative samples.
This increase in antioxidant activity can be attributed to the body’s
response to the excessive production of Reactive Oxygen Species
(ROS) induced by the inflammatory nature of malaria parasites.
Conversely, total antioxidant defense levels were found to be lower
in positive cord blood, indicating a decrease in the body’s ability
to counteract oxidative stress. These findings are consistent with
Oumar, et al, (2020) and suggest that malaria infection in the cord
blood leads to reduced antioxidant defense mechanisms.

In terms of lipid peroxidation, Thiobarbituric Acid Reactive
Substance (TBARS) levels were higher in positive cord blood, indi-
cating increased oxidative damage. This finding aligns with studies
conducted by Nsiah, et al, and Ayodele, et al, (2020), [19] which
demonstrated elevated levels of malondialdehyde, a marker of lip-
id peroxidation, in malaria-infected individuals. The higher TBARS
levels in positive cord blood can be attributed to the inflammatory
response induced by malaria parasites, leading to increased pro-
duction of reactive oxygen species. On the other hand, Total Oxida-
tive Stress (TOS) levels were lower in positive cord blood, indicat-
ing a decrease in overall oxidative stress. This result is consistent
with the previous studies conducted by Ebrahim, et al, (2019)
and Oumar, et al, (2020), [20] which reported lower TOS levels in
malaria-infected individuals compared to non-infected individu-
als. The lower TOS levels in positive cord blood may be attributed
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to the effect of antimalarial drugs, which reduce parasitemia and
consequently decrease the production of reactive oxygen species.
In conclusion, this study provides valuable insights into the preva-
lence of umbilical cord malaria, its impact on birth outcomes, and
the efficacy of antimalarial drugs. The findings highlight the im-
portance of implementing preventive measures and administering
appropriate antimalarial treatment to pregnant women to reduce
the prevalence and adverse effects of umbilical cord malaria. Fur-
ther research is warranted to explore the underlying mechanisms
of vertical transmission and oxidative stress in cord malaria and to
evaluate the long-term effects on maternal and child health [21-30].

Conclusion

The study showed that the prevalence of umbilical cord malaria
was low among pregnant women attending the Bamenda Regional
Hospital. The presence of malaria parasite at the umbilical cord re-
sults in preterm delivery and low birth weight. Moreover, the drugs
given to pregnant women for prophylaxis are not 100% effective
and the presence of malaria parasite at the umbilical cord induces
oxidative stress in the foetus.

Acknowledgement
None.

Conflict of Interest
No conflict of interest.

References

1. Yelka E V, Schlemmer B, Abanda M H (2017) Congenital Plasmodium
falciparum malaria. Clin Pediatr Res 1(1): 21-24.

2. Akum AE, Kuoh AJ, Minang ]JT, Achimbom BM, Ahmadou M], etal. (2005)
The effect of maternal, umbilical cord and placental malaria parasitaemia
on the birthweight of newborns from South-western Cameroon. Acta
Paediatr 94(7): 917-923.

3. Sirima SB, Cotte AH, Konate A (2006) Malaria prevention during
pregnancy: assessing the disease burden one year after implementing
a program of intermittent preventive treatment in Koupela district,
Burkina Faso, American Journal of Tropical Medicine and Hygiene 75(5):
205-211.

4. Kapisi ], Kakuru A, Jagannathan P, Muhindo MK, Natureeba P, et al.
(2017) Relationships between infection with Plasmodium falciparum
during pregnancy, measures of placental malaria, and adverse birth
outcomes. Malar ] 16(1): 400.

5. David A, Fidock, Philip J, Rosenthal, Simon L, et al. (2014) Antimalaria
drug discovery: Efficacy models for compound screening. Department
of medical parasitology and infection biology, parasite chemotherapy,
swiss tropical institute, CH-4002 Basel, switzerland 3: 517.

6. Gomes ARQ, Cunha N, Varela ELP, Cordovil Brigido HP, Vale VV, et al.
(2022) Oxidative stress in malaria: Potential Benefits of Antimalaria
therapy. Int ] Mol Sci 23(11): 5949.

7. Percario S, Moreira DS, Gomes BA, Ferreira ME, Goncalves AC, et al.
(2012) Oxidative stress in malaria. Int ] Mol Sci 13 (12): 16346-16372.

8. Megnekou R, Djontu JC, Bigoga ]D, Medou FM, Tenou S, et al. (2015)
Impact of placental Plasmodium falciparum malaria on the profile
of some oxidative stress biomarkers in women living in Yaoundé,
Cameroon. PLoS One 10(8): e0134633.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

Copyright© Oumar Mahamat

Ayodele SB, Jonathan ], Boluwatife EM (2020) Oxidative stress and
antioxidants in asymptomatic malaria-positive patients: a hospital-
based cross-sectional Nigerian study. The Egyptian Journal of internal
medicine (32): 23.

Rachas A, Le port A, Cottrell G (2012) Placental malaria is associated
with increased risk of non-malaria infection during the first 18months
of life in a beninese population. Clinical Infectious Disease 55(5): 672-
678.

Djontu JC, Siewe Siewe S, Mpeke Edene YD, Nana BC, Chomga Foko EV, et
al. (2016) Impact of placental Plasmodium falciparum malaria infection
on the Cameroonian maternal and neonate’s plasma levels of some
cytokines known to regulate T cells differentiation and function. Malar
J15(1): 561.

Garrison A, Boivin M], Fiévet N, Zoumenou R, Alao JM, et al. (2022) The
Effects of Malaria in Pregnancy on Neurocognitive Development in
Children at 1 and 6 Years of Age in Benin: A Prospective Mother-Child
Cohort. Clin Infect Dis 74(5): 766-775.

MINSANTE (2014) Plan strategique national de lutte contre le paludisme
au Cameroun, MINSANTE, Yaounde, Cameroon.

Mohamad A M, Mohsen V, Mitra R (2013) Sample size calculation in
medical studies. Gastroenterol Hepatol Bed Bench 6(1): 14-17.

Di Meo S, Venditti P, Napolitano G (2022) Physiological and pathological
role of ROS: Benefits and limitations of antioxidant Treatment 2.0. Int ]
Mol Sci 23(16): 9437.

Misra HP, Fridovich I (1972) The role of superoxide anion in the
autoxidation of epinephrine and a simple assay for superoxide
dismutase. T Biol Chem 247(10): 317-325.

Wilbur KM, Bernheim F, Bernmeim ML (1948) The reaction between
thiobarbituric acid and the oxidative products of certain lipids. ] Biol
Chem 174(1): 257-264.

Nkwabong E, Mayane DN, Meka E, Essiben F (2020) Malaria in the third
trimester and maternal-perinatal outcome. Int ] Gynaecol Obstet 151(1):
103-108.

Nsiah K, Bahaah B, Oppong Afranie B, Koffie S, Akowuah E, et al.
(2019) Oxidative Stress and Hemoglobin Level of Complicated and
Uncomplicated Malaria Cases among Children: A Cross-Sectional Study
in Kumasi Metropolis, Ghana. ] Trop Med 2019: 8479076.

Ebrahim A, Gnanasekaran N, Ganet S (2019) Malaria patients correspond
to increased parasitemia and severity of the disease. ROS 8(23): 287-
296.

. Anchang Kimbi JK, Achidi EA, Nkegoum B, Sverremark Ekstrém E, Troye

Blomberg M, et al. (2009) Diagnostic comparison of malaria infection in
peripheral blood, placental blood and placental biopsies in Cameroonian
parturient women. Malar ]8: 126.

Anchang Kimbi JK, Kalaji LN, Mbacham HF, Wepnje GB, Apinjoh TO,
et al. (2020) Coverage and effectiveness of intermittent preventive
treatment in pregnancy with sulfadoxine-pyrimethamine (IPTp-SP) on
adverse pregnancy outcomes in the Mount Cameroon area, Southwest
Cameroon. Malar ] 19(1): 100.

Dionne Odom ], Westfall AO, Apinjoh TO, Anchang Kimbi ], Achidi EA, et
al. (2017) Predictors of the use of interventions to prevent malaria in
pregnancy in Cameroon. Malar ] 16(1): 132.

Dogan R, Guler E M, Kocyigit A, Celik I, Senturk E, et al. (2021) Are the
oxidative stress levels in the tumor center and tumor boundary different
from those in healthy tissue? Eur Arch Otorhinolaryngol 278(12): 5013-
5020.

Mahamat O, Gisele Ndum K, Laurentine S, Ngum Helen N (2020) Cord
Malaria Infection, Complement Activation, Oxidative Stress, Gestational
Age, and Birth Weight, Characterized by High Plasmodium falciparum

American Journal of Biomedical Science & Research


https://pubmed.ncbi.nlm.nih.gov/16188815/'
https://pubmed.ncbi.nlm.nih.gov/16188815/'
https://pubmed.ncbi.nlm.nih.gov/16188815/'
https://pubmed.ncbi.nlm.nih.gov/16188815/'
https://pubmed.ncbi.nlm.nih.gov/28982374/
https://pubmed.ncbi.nlm.nih.gov/28982374/
https://pubmed.ncbi.nlm.nih.gov/28982374/
https://pubmed.ncbi.nlm.nih.gov/28982374/
https://pubmed.ncbi.nlm.nih.gov/35682626/
https://pubmed.ncbi.nlm.nih.gov/35682626/
https://pubmed.ncbi.nlm.nih.gov/35682626/
https://pubmed.ncbi.nlm.nih.gov/23208374/
https://pubmed.ncbi.nlm.nih.gov/23208374/
https://pubmed.ncbi.nlm.nih.gov/26267795/
https://pubmed.ncbi.nlm.nih.gov/26267795/
https://pubmed.ncbi.nlm.nih.gov/26267795/
https://pubmed.ncbi.nlm.nih.gov/26267795/
https://pubmed.ncbi.nlm.nih.gov/27871325/
https://pubmed.ncbi.nlm.nih.gov/27871325/
https://pubmed.ncbi.nlm.nih.gov/27871325/
https://pubmed.ncbi.nlm.nih.gov/27871325/
https://pubmed.ncbi.nlm.nih.gov/27871325/
https://pubmed.ncbi.nlm.nih.gov/34297062/
https://pubmed.ncbi.nlm.nih.gov/34297062/
https://pubmed.ncbi.nlm.nih.gov/34297062/
https://pubmed.ncbi.nlm.nih.gov/34297062/
https://pubmed.ncbi.nlm.nih.gov/24834239/
https://pubmed.ncbi.nlm.nih.gov/24834239/
https://pubmed.ncbi.nlm.nih.gov/36012701/
https://pubmed.ncbi.nlm.nih.gov/36012701/
https://pubmed.ncbi.nlm.nih.gov/36012701/
https://pubmed.ncbi.nlm.nih.gov/4623845/
https://pubmed.ncbi.nlm.nih.gov/4623845/
https://pubmed.ncbi.nlm.nih.gov/4623845/
https://pubmed.ncbi.nlm.nih.gov/18914082/
https://pubmed.ncbi.nlm.nih.gov/18914082/
https://pubmed.ncbi.nlm.nih.gov/18914082/
https://pubmed.ncbi.nlm.nih.gov/32510575/
https://pubmed.ncbi.nlm.nih.gov/32510575/
https://pubmed.ncbi.nlm.nih.gov/32510575/
https://pubmed.ncbi.nlm.nih.gov/31360173/
https://pubmed.ncbi.nlm.nih.gov/31360173/
https://pubmed.ncbi.nlm.nih.gov/31360173/
https://pubmed.ncbi.nlm.nih.gov/31360173/
https://pubmed.ncbi.nlm.nih.gov/19505312/
https://pubmed.ncbi.nlm.nih.gov/19505312/
https://pubmed.ncbi.nlm.nih.gov/19505312/
https://pubmed.ncbi.nlm.nih.gov/19505312/
https://pubmed.ncbi.nlm.nih.gov/32122339/
https://pubmed.ncbi.nlm.nih.gov/32122339/
https://pubmed.ncbi.nlm.nih.gov/32122339/
https://pubmed.ncbi.nlm.nih.gov/32122339/
https://pubmed.ncbi.nlm.nih.gov/32122339/
https://pubmed.ncbi.nlm.nih.gov/28347311/
https://pubmed.ncbi.nlm.nih.gov/28347311/
https://pubmed.ncbi.nlm.nih.gov/28347311/
https://pubmed.ncbi.nlm.nih.gov/33811549/
https://pubmed.ncbi.nlm.nih.gov/33811549/
https://pubmed.ncbi.nlm.nih.gov/33811549/
https://pubmed.ncbi.nlm.nih.gov/33811549/
https://pubmed.ncbi.nlm.nih.gov/32849882/
https://pubmed.ncbi.nlm.nih.gov/32849882/
https://pubmed.ncbi.nlm.nih.gov/32849882/

Am ] Biomed Sci & Res Copyright© Oumar Mahamat

Prevalence in Bamenda, Cameroon. ] Trop Med: 7209542. 28.(2020) University of Florida Blood collection process: Venipucture.

- . . Pathology laboratories 4800 SW 35th Drive Gainesville, FL
26. Nwaniki MK, Talbert AW, Mturi FN (2010). Congenital and neonatal

o o ! : . 32608888.375.
malaria in a rural Kenyan district hospital: an eight-year analysis. Malar
]9:207-313. 29. (2020) World Health organization. World malaria report.

27. Swhwarz NG, Adegnika AA, Breitling LP (2008) Placental malaria  30. Wu JQ, Koston TR, Zhang XY (2013) Free radical, antioxidant defense
increases malaria risk in the first 30 months of life. Clinical Infectious system, and schizophrenia. Progress in Neuro-Psychopharmacology and
Disease 47(8): 1017-1025. Biological Psychiatry 46: 200-206.

American Journal of Biomedical Science & Research m


https://pubmed.ncbi.nlm.nih.gov/32849882/
https://pubmed.ncbi.nlm.nih.gov/21054891/
https://pubmed.ncbi.nlm.nih.gov/21054891/
https://pubmed.ncbi.nlm.nih.gov/21054891/
https://pubmed.ncbi.nlm.nih.gov/23470289/
https://pubmed.ncbi.nlm.nih.gov/23470289/
https://pubmed.ncbi.nlm.nih.gov/23470289/

