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Abstract

Background: Malaria has severe effects on pregnancy, and it is a primary
cause of maternal and perinatal death in Sudan. This study aimed to investi-
gate the expression of macrophage migration inhibitory factor (MIF) and
CD163 in the placentas of malaria-positive and malaria-negative women and
explore their potential association with placental malaria pathogenesis. Meth-
odology: This case-control study involved 54 malaria-positive and 54 malaria-
negative pregnant women at Gadarif Hospital, Sudan. Mothers’ body mass in-
dex was calculated. Babies were weighed immediately following birth, and ma-
ternal hemoglobin concentrations were estimated. Malaria infection was de-
tected using Giemsa-stained blood smears and light microscopy. Maternal, pe-
ripheral, and cord blood films were investigated, and immunohistochemical
techniques for detecting MIF and CD163 were obtained. Result: No signifi-
cant difference was observed in MIF and CD163 expression between malaria-
positive and malaria-negative placentas (p > 0.05). Clinical parameters, includ-
ing age, parity, BMI, maternal hemoglobin levels, and neonatal birth weight,
showed no significant variation between the groups. Conclusion: The findings
suggest that MIF and CD163 expression are not significantly associated with
placental malaria in this population. Further research is needed to clarify the
immunopathological mechanisms of placental malaria.
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Placental Malaria, Immune Markers, MIF, CD163, Pregnancy Outcomes,
Infection, Malaria, Immune System

1. Introduction

Malaria remains a major public health issue in tropical and subtropical regions
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[1]. In Sudan, it has severe implications for pregnant women, acting as a leading
cause of maternal and perinatal death [2]. During pregnancy, malaria infection of-
ten leads to low birth weight in newborns [3]. One key mechanism involves the
sequestration of Plasmodium-infected red blood cells in the maternal vascular bed
of the placenta [4].

Placental malaria triggers local inflammation. The extent of immune cell infil-
tration varies among individuals and is inversely related to acquired immunity. Mon-
ocytes and macrophages are commonly found in affected placental tissues [5].
A higher number of these cells have been associated with worsened clinical outcomes,
including maternal anemia and low birth weight [5] [6]. This likely results from
inflammation-induced damage to placental villi, impairing the exchange of nutri-
ents and gases between mother and fetus [7].

One important immune factor in this process is macrophage migration inhibitory
factor (MIF), a pro-inflammatory cytokine found at elevated levels in malaria-in-
fected placentas [8]. MIF-related cytokines are also elevated in women infected at
higher altitudes. A study conducted at Medani Maternity Hospital in Central Su-
dan examined MIF’s role in malaria severity during pregnancy. However, it found
no significant association between MIF levels, birth weight, or maternal hemoglo-
bin [9].

Despite this, other studies suggest that increased activation of monocytes/mac-
rophages—along with their soluble receptors and immune mediators—may drive
placental malaria pathology, contributing to anemia and poor fetal outcomes [10]
[11]. The presence of Plasmodium-infected erythrocytes in the placental intervillous
spaces leads to an immune response dominated by monocyte and macrophage in-
filtration [12]. Elevated MIF levels are often found in the intervillous blood of ma-
laria-infected placentas and are linked with poor outcomes such as stillbirth and
low birth weight [13]. Another important marker is CD163, a receptor involved in
hemoglobin scavenging. CD163 is expressed on monocytes and macrophages and
serves as a marker of anti-inflammatory macrophages. Its soluble form, sCD163,
is produced during monocyte/macrophage activation and is elevated in inflam-
matory conditions. In placental malaria, increased sCD163 levels are inversely as-
sociated with maternal hemoglobin, suggesting a link between macrophage acti-

vation and malaria-related anemia [14].

2. Research Gap and Justification

While previous studies have explored the individual roles of MIF and CD163 in
placental malaria, their combined impact and potential interaction remain unclear.
Understanding how MIF expression relates to CD163-positive macrophages could
shed light on the mechanisms driving placental inflammation and adverse preg-
nancy outcomes. This study aims to investigate MIF and CD163 expression in pla-
cental tissues from both malaria-positive and malaria-negative women to clarify
their roles in placental malaria pathogenesis.

Key Factors in Malaria Infection
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1) Species identification.

2) Five Plasmodium species infect humans: P. falciparum, P. vivax, P. malariae, P.
ovale, and P. knowlesi. P. falciparum is the most lethal, while 2. vivaxhas dormant
liver stages [15].

3) Parasitemia levels.

4) Parasitemia—the concentration of parasites in the blood—is a critical indicator
of infection severity. It can be measured as a percentage of infected red blood cells
or as parasites per microliter [16].

5) Timing of infection.

6) The incubation period depends on the species, generally ranging from 1 to 4
weeks post-infection. P. falciparum gametocytes appear 7 - 10 days after symptom
onset, while P. vivax can produce gametocytes even before symptoms emerge [17].

7) Confounding factors.

8) Environmental and socioeconomic factors—such as bed net use, climate, and
access to healthcare—significantly influence malaria transmission and outcomes
[18].

3. Materials and Method
3.1. Study Design

A case-control study was conducted at the labor ward of the Gadarif Maternity Hos-
pital in eastern Sudan. This tertiary hospital is for women who receive antenatal care

there or are referred from other clinics and hospitals.

3.2. Sampling Method and Selection Criteria

To determine the minimum required sample size, we applied the formula
=2y p(1 = p)En = E2:p(1 - p)
Z = Z-value (based on the confidence level) = 1.96.

p = Estimated proportion of the population = 0.5.
E = Margin of Error: Approximately 0.1335 or 13.35%.

3.3. Calculation
(1.96)2-0.5-(1 — 0.5)E254 = E, (1.96)%-0.5:(1 — 0.5) = 54

With these parameters, you would calculate a sample size of approximately 54,
in each arm of study (mean case-control), indicating the minimum number of par-
ticipants needed for effective representation in our study. The cases represent a
woman with malaria infection. A consecutive woman who delivered next to the
case without malaria infection was taken as a control for each case. Women preg-
nant (case or controls) with twins and those with hypertension, diabetes mellitus,
or antepartum hemorrhage were excluded from the study. After obtaining signed
informed consent, women in the case and control groups were enlisted to participate
in the study. Body mass index was calculated by measuring maternal weight and

height, which was expressed as weight (kg)/height (m)> Babies were weighed im-
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mediately following birth to the nearest 10 g on a Salter scale. Scales were checked
for accuracy every week. Maternal hemoglobin concentrations were estimated using
a Hemo-Cue hemoglobinometer (HemoCue AB, Angelhom, Sweden).

Malaria infection was detected using Giemsa-stained blood smears and light mi-
croscopy. Maternal, peripheral, and cord blood films were prepared, and the result-
ant slides were stained with 10% Giemsa. If no parasites were detected in 100 oil
immersion fields of a thick blood film, blood films were considered negative. Films

were counted and double-checked blindly by an expert microscopist.

3.4. Sample Collection, Preservation, and Handling

1) Blood Sample Collection

e Maternal Venous Blood: Approximately 5 mL of venous blood was collected from
each participant using sterile syringes and transferred into EDTA tubes to pre-
vent coagulation.

e Peripheral and Cord Blood: Maternal peripheral blood was obtained via fin-
gertip prick. Cord blood was collected immediately after delivery through ven-
ipuncture of the umbilical vein using heparinized syringes.

e Placental Blood: Intervillous blood was aspirated from the maternal side of the
placenta post-delivery using a sterile syringe.

2) Placental Tissue Collection

o A full-thickness placental biopsy (~1 cm®) was taken from the central region of
the placenta, avoiding areas with visible infarcts or calcifications. Each sample
was rinsed thoroughly in phosphate-buffered saline (PBS) to eliminate excess

blood and tissue debris.

3.5. Sample Preservation and Handling

1) Blood Samples
e Blood smears were prepared immediately after collection and air-dried.
e Thick and thin smears were stained with Giemsa for microscopic detection of
Plasmodium spp.
e Aliquots of blood were stored at —20°C for subsequent molecular and biochem-
ical analyses.
2) Placental Tissue
e One section of each tissue sample was fixed in 10% neutral buffered formalin for
histopathological and immunohistochemical analysis.
e Additional portions were snap-frozen and stored at —80°C for future molecu-

lar studies.

3.6. Laboratory Processing

1) Microscopy for Malaria Detection
¢ Giemsa-stained smears were examined under light microscopy at 1000x mag-
nification.

e Parasite density was calculated by counting infected red blood cells per 500
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leukocytes.
2) Immunohistochemistry (IHC) for MIF and CD163

e Formalin-fixed tissues were embedded in paraffin, sectioned at 4 pm thickness,

and mounted on glass slides.
e Sections underwent deparaffinization, rehydration, and antigen retrieval.
¢ Tissue sections were then incubated with primary antibodies specific to macro-

phage migration inhibitory factor (MIF) and CD163 to assess protein expression.

Immediately after delivery of the placenta, samples were sent to the pathology

laboratory fixed in 10% neutral buffered formalin. After formalin fixation, samples
were cut into 3 - 5 mm slices and processed in a standard manner for the prep-
aration of paraffin wax blocks. Then, sections were treated using standard auto-
mated immunohistochemical techniques to detect MIF and CD163. Full automa-
tion Immunohistochemistry staining closed system cell Marque antibodies of
Ventanas Medical System (Ventanas Medical System, Inc, USA), the procedure
started with cut Sections (3 um) from the paraffin-embedded block of placental
tissues was cut by using Rotary microtome and was mounted on poly-L-lysine-coated
slides and dried overnight at 58°C, loaded slides, antibody (Anti-CD163 is mouse
monoclonal antibody from supernatant diluted in Tris-buffered saline, PH 7.3 -
7.7, with protein base, and preserved with Sodium azide) and UltraView detection
kit dispensers on to Bench Mark instrument, selected CC1 standard pretreatment,
started the run, when the staining run was completed, moved slides from device,
rinsed well with wash buffer and mounted in DPX. IHC assay and proof slides were
coupled with negative and positive controls provided by the manufacturer for each
marker, and reactions were observed appropriately. Immunohistochemically stained
sections were examined under a light microscope (Olympus CX41, Optical Co.,
Ltd., Japan). Objective pieces 4x and 10x were used to screen the slide, determine
the intensity, and localize the area suitable for counting. Macrophages showing a
cytoplasmic brownish color (exhibited by antigen, antibody, and chromogen com-
plex) were considered immune-positive for MIF and CD163. MIF and CD163 im-
mune-positive cells were counted using objective 40x and eyepiece 10x, giving a max-
imum magnification of 400. Counting was done in the area rich for positive cells
and ten consecutive high-power fields (10HPF) using a counter. A single pathologist
evaluated each marker’s intensity of immunohistochemical staining to reduce intra-
observer variability. It was scored based on subjective evaluation of the brownish
color as 0 for negative (no color), +1 for a week (light brown color), +2 for moderate
(dark brown color), and +3 for strong (very dark brown color). Visualization was
achieved using an appropriate secondary antibody and chromogenic substrate. By
implementing stringent sample collection and preservation procedures, this study
ensured the reliability and reproducibility of malaria detection and immunohisto-

chemical analysis.

3.7. Statistical Analysis

Data was entered into the computer using SPSS for data analysis. T-test and Chi-
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square test were used to compare continuous and categorized data between the two

groups.

3.8. Ethics Approval

Ethical approval for this study was obtained from the research ethical committee
of the Faculty of Medicine, University of Gadarif, Gadarif, Sudan (#08/2021). All par-
ticipants provided informed consent after receiving information about the study’s
objectives, methods, and ethics, including confidentiality and the right to withdraw

from the study at any time.

4. Results

Fifty-four women were enrolled in each arm of this study. There were no signifi-
cant differences in the means (SD) in terms of age, parity, BMI, hemoglobin levels,
and birth weight, MIF and CD163 expression in the placentas in women with pla-
cental malaria and women without placental malaria.

MIF was expressed in 44.5% and 50.0%, of the placentas of women with malaria
positive compared with placentas of women with malaria negative, respectively (p =
0.563).

The intensity of MIF expression was mild (16.7% and 14.8%, p=0.791), moderate
(20.4%, and (24.1%, p=0.643), and intense (7.4% and 11.1%, p =0.506) in placentas
of women with malaria positive compared with placentas of women with malaria
negative, respectively (Table 1, Figure 1).

CD163 was expressed in 37.0% and 55.7% of the placentas of women with ma-
laria positive compared with the placentas of women with malaria negative, respec-
tively (p=0.081). The intensity of CD163 expression was mild (9.3% and 20.4%,
p=0.104), moderate (22.2%, and 27.8%, p = 0.505), and intense in 5.6 % (in each)
in placentas of women with malaria positive compared with placentas of women with
malaria negative, respectively (Table 2, Figure 2).

Based on Table 1 and Figure 1, none of the clinical and obstetric characteristics
show a statistically significant difference between women with and without placen-

tal malaria.

Table 1. Mean (£SD) of the clinical and obstetric characteristics of women with placental
malaria and women without placental malaria.

Malaria Positive Malaria Negative

Variable (n = 54) (n = 54) p-value
Age (years) 27.7+54 28.0 +4.7 0.315
Parity 25+1.8 28+1.7 0.678
Gestational Age (weeks) 394+1.3 389+1.2 0.562
Body Mass Index (kg/m?) 249+24 247 2.1 0.334
Hemoglobin (g/dL) 105+ 1.2 10.7 + 1.4 0.265
Birth Weight (g) 3136.9 + 443.0 3137.8 +420.0 0.699
DOI: 10.4236/jbm.2025.134028 352 Journal of Biosciences and Medicines
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Clinical and Obstetric Characteristics by Placental Malaria Status
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Figure 1. Bar graph displaying the mean + SD for each clinical and obstetric variable, comparing women with
and without placental malaria.

Table 2. Scoring as nand (%) of the intensity of MIF and HIF-1a immunostaining in placental malaria positive
and placental malaria negative.

Marker Expression Level Malaria Positive (%) Malaria Negative (%) p-value
Any Expression 44.5 50.0 0.563
Mild 16.7 14.8 0.791
MIF
Moderate 20.4 24.1 0.643
Intense 7.4 11.1 0.506
Any Expression 37.0 55.7 0.081
Mild 9.3 204 0.104
CD163
Moderate 22.2 27.8 0.505
Intense 5.6 5.6 -

MIF and CD163 Expression in Placentas by Malaria Status
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Figure 2. Bar graph comparing MIF and CD163 expression levels in placentas of women with and without ma-
laria. Each expression level is shown by percentage.
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The conventional threshold for statistical significance is p < 0.05.

All reported p-values are greater than 0.05, indicating no significant differences
between the two groups for: Age, parity, gestational age, BMI, hemoglobin levels,
birth weight.

There are no statistically significant differences observed in the clinical and ob-
stetric characteristics between women with placental malaria and those without.

Based on the data in Table 2, which is reflected in Figure 2, there are no statis-
tically significant differences between the malaria-positive and malaria-negative
groups for any of the MIF or CD163 expression levels.

p-value < 0.05 is typically considered statistically significant. All p-values in the
table are greater than 0.05, meaning none of the comparisons reached statistical
significance.

Even the closest value, CD163 “Any Expression” (p = 0.081), is not statistically
significant, though it suggests a possible trend toward higher CD163 expression in
malaria-negative placentas.

No statistically significant differences were found in MIF or CD163 expression

between placentas of women with and without malaria in this study.

5. Discussion

This study found no significant difference in the expression of macrophage migra-
tion inhibitory factor (MIF) and CD163 in placental tissues between malaria-pos-
itive and malaria-negative women. Similarly, there were no significant differences
in age, parity, BMI, hemoglobin levels, or birth weight between the two groups. These
results contrast with several earlier studies suggesting an immunological response
in the placenta due to Plasmodium falciparum infection.

For instance, this aligns with Salih et al [5], who proposed that inflammatory
infiltrates in the placenta vary among women and are inversely related to acquired
immunity, suggesting MIF levels may decline in the later stages of pregnancy as adap-
tive immunity modulates the response.

However, our findings are consistent with Eltayeb et al [9], who observed no
association between MIF levels in maternal or cord blood and placental malaria,
maternal anemia, or low birth weight.

A study from Thailand [8] found significantly higher MIF levels in infected pla-
cental plasma compared to peripheral plasma (p < 0.05), indicating a localized
immune response. Our results, however, did not show such differences, reinforc-
ing the idea that placental immune responses are heterogeneous and influenced
by multiple factors, including host immunity, timing of infection, and study meth-
odology.

The literature distinguishes between M1 (inflammatory) and M2 (regulatory)
macrophages, with CD163 typically associated with the M2 phenotype. The solu-
ble form, sCD163, is released during monocyte/macrophage activation and is a
known marker in inflammatory conditions, including pregnancy complications

such as preeclampsia [11] [12]. Chua et al. reflect this by finding elevated levels of
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soluble CD163 (sCD163) in women with placental malaria, particularly in early

pregnancy [19]. Elevated sCD163 levels are considered indicators of immune ac-

tivation rather than protection. MIF, especially in early pregnancy, may serve as a

pro-inflammatory mediator during immune responses to malaria infection [20]-

[24]. Moller et al [25] reported elevated MIF levels in first-trimester placentas from

P. falciparum-infected women using immunocytochemical methods. The discrep-

ancy with our findings could be explained by differences in immune status and ges-

tational stage.

Opverall, while prior studies suggest that MIF and CD163 are implicated in pla-
cental immune responses, our findings did not detect significant differences in their
expression, highlighting possible variation in immune profiles, timing of infection,
or methodological differences.

Implications
¢ Reevaluation of Inflammatory Markers: The lack of significant differences in MIF

and CD163 expression challenges assumptions about the uniformity of placen-
tal inflammatory responses to malaria. This may suggest a more nuanced or con-
text-dependent immune mechanism.

o Clinical Utility: These findings suggest that routine monitoring of MIF and
CD163 may have limited diagnostic value in assessing placental health in ma-
laria-exposed pregnancies.

e Public Health Perspective: With no notable differences in key clinical variables
(e.g. hemoglobin levels, birth weight), other environmental or health-related
factors may play a more significant role in outcomes and warrant further at-
tention.

Future Research Directions
o Alternative Biomarkers: Investigate other immune or inflammatory markers that

may better reflect placental responses to malaria.

e Mechanistic Studies: Explore the molecular pathways through which malaria
affects placental function, including placental barrier integrity, angiogenesis,
and cytokine signaling.

¢ Longitudinal Research: Study long-term maternal and neonatal outcomes to
assess delayed effects of placental malaria.

e Multifactorial Models: Consider co-infections (e.g. HIV, helminths) and other
pregnancy-related conditions to understand compound effects.

¢ Environmental & Socioeconomic Factors: Examine how factors such as nutri-
tion, healthcare access, and malaria prevention strategies influence outcomes.

Study Limitations

This study has several limitations. First, the sample size may not adequately rep-
resent the wider population, potentially limiting generalizability. Second, selection
and reporting bias could influence the accuracy of the results. Third, as an obser-
vational study, causality between macrophage activity and clinical outcomes can-
not be inferred. Additionally, not all environmental or comorbid factors were con-

trolled, which may have confounded the findings. Finally, variable follow-up du-
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rations could introduce inconsistencies in outcome measurement.
Addressing these limitations in future studies would improve the robustness and

applicability of findings.

6. Conclusion

This study found no significant differences in MIF or CD163 expression between
malaria-infected and uninfected placentas in pregnant women from eastern Su-
dan. These findings highlight the complexity of the immune response in placental
malaria and suggest a need for further research to identify reliable biomarkers for

diagnosis and prognosis.
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