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Abstract
Background The sequestration of Plasmodium falciparum infected cells in the placenta results in placental
malaria (PM). It activates the mother's immune cells and induces secretion of in�ammatory cytokines,
which might in�uence pregnancy outcomes. This study aims to investigate the in�ammatory environment
in maternal peripheral, placental, and umbilical cord blood in response to PM and the extent to which this
may in�uence maternal haemoglobin levels and birth weight.

Methods A total of 185 consenting Sudanese women from Blue Nile state were enrolled in a cross sectional
conducted between Jan 2012-Dec 2005. Malaria infection in the collected samples was determined
microscopically, and ELISA was used to measure the plasma levels of the antibodies, IL-4, IL-6, IL-10, IL-17A,
and INF γ in the collected positive and negative malaria samples.

Results Elevated levels of antibodies, IL-4 and IL-10 and reduced levels of IL-6 were detected in the malaria
positive samples in comparison to the negative ones in the three types of samples investigated. Maternal
antibodies, IL-4 and IL-10 were signi�cantly higher in the samples collected from the PM infected group
compared to the non-infected control (P < 0.001). While the absence of PM was signi�cantly associated
with the IL-6 and maternal IFN-γ levels, maternal IL-17A, placental and umbilical cord IFN-γ levels showed no
signi�cant difference (P=0.214, P=0.065, P=0.536, respectively) due to infection. Haemoglobin level and
birth weight were increased in the group with high levels of IL-6 and IL-17A, but not in the group with IL-4
and IL-10 levels. While signi�cantly negative correlation was found between IFN-γ levels and birth weight for
all three types of samples, only maternal peripheral FN-γ level was signi�cantly positively correlated with
maternal haemoglobin (r= 0.171, P =0.020).

Conclusion These results suggest that PM cross-reacts with the mother’s immune response and impairs her
cytokine pro�le, which might alter maternal haemoglobin levels and the baby's birth weight.  

Background
Plasmodium falciparum infections during pregnancy result in pregnancy-associated malaria (PAM) and
placental malaria (PM). In PM, infected erythrocytes (IEs) bind to chondroitin sulphate A (CSA) in the
placenta [1], which can lead to maternal morbidity and severe fetal and neonatal complications [2]. IEs are
sequestered in the placental syncytio-trophoblast with the parasite ligand VAR2CSA [3]. While pregnancy is
characterized by an induced immunosuppression [4], an activated immune system during pregnancy might
have a role in protection against malaria and poor delivery outcomes [5], and it might decrease the risk of
both P. falciparum and Plasmodium vivax infections [6]. Acquired protection against a range of P.
falciparum antigens is present during pregnancy in a parity-dependent manner [7]. However, although a
signi�cant number of women have antibodies against placental parasites at delivery, their placentas remain
infected [8].

It is also known that P. falciparum IEs induce in�ammation by monocytic in�ltration of the malaria infected
placenta, which is associated with maternal anaemia and low birth weight (LBW) [9, 10]. This in�ammation
may in�uence cellular functions by altering the balance of cytokines and chemokines in the peripheral and
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placental blood of the women [11, 12]. Some cytokines have a protective role while others play a
pathological role [13-15]. Although the balance between pro- and anti-in�ammatory cytokines is a key factor
in the regulation of an effective immune response to PM [16], the roles of the produced cytokines are
controversial. Among the cytokines that are produced, IL-27 and IL-6 can elicit both pro-in�ammatory and
anti-in�ammatory effects, and high concentrations of IL-6 may protect against PM [17].

IFN- γ and IL-17A levels have been found to be negatively correlated with malaria infection and maternal
anaemia [15], and an association of IFN-γ with protection from malaria has been reported [18, 19]. Increased
Th1 response due to infection was found to be incompatible with a successful pregnancy in mice [20]. An
elevated level of IFN-γ may result in trophoblast damage, preterm delivery, and LBW associated with PM [21-
23]. IL-17A may facilitate local in�ammation by recruiting and activating immune cells, leading to the
upregulation of in�ammatory cytokine production [24], but little is known about its role in malaria infection
during pregnancy and PM.

Plasmodium falciparum infection during pregnancy increases the placental levels of IL-10 and IL-4 [13, 25].
Elevated levels of the placental plasma anti-in�ammatory cytokine, IL-10, were associated with PM, and
were implicated in the pathogenesis of severe anaemia [9, 12, 13]. Moreover, IL-10 has been identi�ed as an
immunosuppressive cytokine associated with poor pregnancy outcome in a mouse model of PM [26].
Furthermore, placental infection in�uences fetal immune responses by affecting the Th1/Th2 balance in
umbilical cord blood through IL-10 production by T regulatory cells as a result of infection [27].

An understanding of the in�ammatory responses in the mother and foetus and the cause of LBW during PM
could help optimize efforts to prevent the consequence of placental sequestration that results in poor birth
outcomes.

This study aims to investigate the in�ammatory environment in maternal peripheral, placental, and
umbilical cord blood in response to PM and the extent to which this may in�uence pregnancy outcomes.
The study was conducted with a cohort of Sudanese women from the Blue Nile State, which has a high rate
of seasonal malaria transmission.

Methods
Study area and population

This cross-sectional study consisted of a cohort of pregnant women in Blue Nile State, Sudan at their time
of delivery, who were recruited between January 2012 and December 2015. The study area, population, and
the sample collection method have been described elsewhere [28]. Brie�y, a total of 1149 consenting
pregnant women were recruited for assessment of the prevalence and risk factors of PM in the study area.
The study participants for the sub-study described in this paper included a group of 185 women, who
signed informed consent forms and for whom at least 2 ml of peripheral, placental and cord plasma were
available, ranging in age between 18 and 22. Information on the mother's socio-demographic
characteristics, such as age, parity, education, use of bed nets and anti-malarial drugs, was obtained via a
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questionnaire. The haemoglobin level was assessed, and maternal anaemia at delivery was de�ned as a
haemoglobin level <11 g/d.  The neonates were weighed immediately after birth.

Sample collection

Maternal peripheral, placental and umbilical cord blood samples were collected immediately after delivery in
heparinized vacutainer tubes. A portion of each sample was used to prepare smears for malaria microscopy
and to determine the haemoglobin levels in maternal blood. 

The rest of the blood was centrifuged at 3,000 g for 3 min, and the undiluted plasma was aliquoted into
several tubes (to avoid freeze and thaw) and stored at -80°C until thawed on the day that cytokine assays
were performed. The blood smears were routinely stained with Giemsa and microscopically examined by
two expert microscopists to determine the presence of malaria parasites.

ELISA malaria antibody test

The Abcam anti-Malaria Human enzyme-linked immunosorbent assay (ELISA) kit, based on binding of the
anti-Plasmodium antibodies present in the serum or plasma sample to antigens, immobilized on 96-well
plates and designed for qualitative measurement of immunoglobulin G (IgG) and immunoglobulin M (IgM)
class antibodies, was used. The cut-off control value was calculated by the mean absorbance value of the
cut-off control wells. Samples were considered to give a positive signal if the absorbance value was greater
than 10% over the cut-off value.

Measurement of the cytokines

The plasma of maternal peripheral, placental and neonate umbilical cord blood was simultaneously
subjected to cytokine screening of IL-4, IL-6, IL-10, IL-17A and INF γ using Human ELISA MAX™ Deluxe
commercial kits (BioLegend, USA) according to the manufacturer's instructions. The sensitivity of the assay
for each cytokine was 2 pg/ml, which was the minimum detectable concentration of each cytokine. 

Statistical analysis

Data were analysed using SPSS software for Windows. Continuous data were checked for normality using
the Shapiro-Wilk test; they were expressed as median (interquartile) if they were found to not be normally
distributed. The Mann-Whitney U test and the Kruskal-Wallis H test (non-parametric) were used to compare
the non-normally distributed continuous variables between two and three groups, respectively.  Spearman's
correlation test was used to assess the correlations between the non-normally distributed continuous
variables.

Results
A total of 185 samples were collected from maternal peripheral, placental, and umbilical cord blood. The
median (interquartile) of the age, parity, and haemoglobin level of the participants was 20 years (18−22), 2
(1−3), and 10.2 g/dl (9.3−11.3) respectively. A total of 127 (68.6%) women had anaemia (haemoglobin
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<11.0 g/dl). Ninety-two (49.7%), 97(52.4%) and 55 (29.7%) of the samples from the maternal peripheral
blood, placental, and umbilical cord respectively had blood �lm positive for P. falciparum malaria.  Forty-
three (23.2%) of the investigated blood �lms were positive in the three compartments of the same patient.

The median (interquartile) of the birth weight was 2.4 Kg (2.3−2.7). Ninety-eight (53.0%) of the new-borns
had LBW (birth weight <2.5 Kg).

 With the exception of IL-17A levels, the antibodies and cytokines levels were signi�cantly lower in the
umbilical cord samples than the maternal peripheral and placental samples.  IL-17A level was similar in the
maternal and umbilical cord, however the maternal and umbilical cord level was signi�cantly lower
compared with the placental level (Table 1).

While the levels (in three compartments) of antibodies, IL- 4 and IL-10 were signi�cantly higher, the levels of
IL-6 in all the compartments and maternal IFN-γ were signi�cantly lower in the malaria positive samples in
comparison to the malaria negative samples. Maternal peripheral IL-17A levels and the placental and
umbilical IFN-γ levels showed no signi�cant difference between the PM group and the non-infected group
(Table 1).



Page 6/18

Table 1
Comparing the median (interquartile) antibodies and cytokines level between the maternal, placental and

cord compartment and the malaria status
Variables Maternal Placental Umbilical cord P

Total number 185 185 185  

Number of malaria positive 92 97 55  

Number of Malaria negative 93 88 130  

Antibodies Total 2.6(1.8 − 3.0) 1.3(1.0 − 1.6) 0.7(0.5 − 0.8) < 
0.001

Malaria positive 3.1(2.7 − 3.4) 1.4(1.1 − 1.9) 0.8(0.6 − 1.0) < 
0.001

Malaria
negative

1.8(1.4 − 2.4) 1.1(0.9 − 1.5) 0.7(0.5 − 0.8) < 
0.001

P value < 0.001 < 0.001 0.005  

IL4 Total 4.2(2.3 − 7.3) 6.7(4.4 − 10.6) 1.9(1.2 − 2.9) < 
0.001

Malaria positive 6.5(3.9 − 8.5) 10.3(8.3 − 13.3) 2.5(1.8 − 3.6) < 
0.001

Malaria
negative

3.1(1.7 − 4.3) 4.7(3.4 − 6.0) 1.6(1.0 − 2.5) < 
0.001

P value < 0.001 < 0.001 < 0.001  

IL 6 Total 39.2(23.7 − 63.4) 19.8(12.3 − 30.6) 8.3(4.1 − 14.2) < 
0.001

Malaria positive 27.6(20.8 − 40.9) 16.1(9.4 − 20.1) 5.6(2.8 − 11.6) < 
0.001

Malaria
negative

58.3(38.1 − 73.2) 29.4(19.4 − 41.1) 9.5(5.5 − 14.5) < 
0.001

P value < 0.001 < 0.001 0.002  

IL10 Total 63.5(31.5 − 
102.0)

37.3(17.9 − 71.5) 12.6(7.5 − 25.3) < 
0.001

Malaria positive 89.4(49.5 − 
175.5)

65.4 (36.2 − 102.5) 15.6(9.4 − 37.8) < 
0.001

Malaria
negative

46.5(24.4 − 72.0) 19.4(12.7 − 37.0) 13.5(6.8 − 20.9)  

P value < 0.001 < 0.001 0.032  

IL17A Total 3.2(1.4 − 5.4) 8.6(6.4 − 14.2) 3.3(2.1 − 7.0) < 
0.001
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Variables Maternal Placental Umbilical cord P

Malaria positive 2.5(1.4 − 5.2) 7.5(5.6 − 8.6) 2.8(2.0 − 3.5) < 
0.001

Malaria
negative

3.6(1.4 − 5.6) 14.3(10.0 − 16.3) 3.6(2.3 − 8.0) < 
0.001

P value 0.214 < 0.001 0.002  

IFN-γ Total 68.1(39.1 − 
107.0)

86.7(45.9 − 192.7) 27.6(18.4 − 
67.8)

< 
0.001

Malaria positive 48.8(32.9 − 78.0) 129.9(36.8 − 
281.9)

32.1(17.2 − 
96.3)

< 
0.001

Malaria
negative

97.2(58.3 − 
121.9)

76.1(49.6 − 112.1) 27.5(18.6 − 
57.5)

< 
0.001

P value < 0.001 0.065 0.536  

 

While the level of maternal antibodies was signi�cantly higher in primipara, there was no signi�cant
difference in the placental and umbilical cord antibodies level between primipara and parous women. There
was no signi�cant difference in the maternal peripheral and placental IL-17A levels between the primipara
women and the parous women.  The level of IL-4 was signi�cantly higher in the primipara women in all
three types of samples (maternal peripheral, placental, and umbilical cord blood). The IL-6 levels in the
maternal peripheral, placental and umbilical cord blood, and the umbilical cord levels of IL-17A were
signi�cantly lower in the primipara women.  The maternal peripheral and placental IL-10 levels and the
placental and umbilical cord IFN-γ levels (no signi�cant difference in the maternal peripheral IFN-γ levels)
were signi�cantly higher in the primipara women in comparison to the parous women. (Table 2).
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Table 2
Comparing antibodies and cytokines level between primiparas and parous women

Variables Primiparas (n = 92 Parous (93) P

Antibodies Maternal 2.7(2.0 − 3.1) 2.4(1.7 − 3.0) 0.026

Placental 1.3(1.0 − 1.7 1.3(0.9 − 1.6) 0.066

Umbilical cord 0.7(0.5 − 0.8) 0.7(0.5 − 0.8) 0.528

IL4 Maternal 4.6(3.2 − 8.1) 3.7(1.8 − 5.7) 0.001

Placental 7.5 (5.2 − 12.5) 6.2(4.2 − 9.7) 0.014

Umbilical cord 2.0(1.2 − 3.0) 1.6(1.0 − 2.6) 0.03

IL 6 Maternal 33.2(31.6 − 57.5) 43.9(29.7 − 68.8) 0.007

Placental 16.5(10.2 − 27.7) 22.3(16.9 − 34.9) 0.005

Umbilical cord 7.0(3.7 − 12.3) 9.6(4.6 − 15.6) 0.050

IL10 Maternal 70.2(40.5 − 129.5) 51.3(27.6 − 89.7) 0.005

Placental 45.2(19.7 − 92.0) 32.2(16.4 − 58.1) 0.022

Umbilical cord 14.3(8.4 − 28.7) 11.0(7.3 − 18.9) 0.077

IL17A Maternal 3.3(1.3 − 5.9) 2.8(1.4 − 5.1) 0.724

Placental 8.7(5.9 − 14.3) 8.6(6.4 − 14.0) 0.743

Umbilical cord 3.1(1.5 − 6.9) 3.6(2.5 − 7.1) 0.027

IFN-γ Maternal 63.7(34.3 − 98.3) 73.3(44.5 − 111.5) 0.231

Placental 180.9(58.4 − 292.7) 59.3(37.7 − 87.8) < 0.001

Umbilical cord 37.3(19.7 − 96.3) 23.7(19.5 − 48.7) 0.005

 

The antibody levels in the plasma of the maternal peripheral, placental and umbilical cord blood samples
were signi�cantly positively correlated with the IL-4 levels as well as with the maternal and placental levels
of IL-10. There was no correlation between the umbilical cord antibody levels and the umbilical cord level of
IL-10 or the IL-17A levels in the maternal peripheral, placental and umbilical cord blood samples.  The
maternal and placental antibody levels were signi�cantly negatively correlated with maternal and placental
levels of IL-6.  The maternal peripheral of the antibodies levels was signi�cantly negatively correlated with
the maternal level of IFN-γ. There was no signi�cant correlation between the umbilical cord level of
antibodies and the umbilical cord level of IL 6. There was no correlation between the placental and
umbilical cord level of antibodies and placental and umbilical cord level IFN-γ (Table 3, Table 4, Table 5).
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Table 3
Correlations of the maternal plasma levels of antibodies, cytokines, maternal hemoglobin and birth weight
Variables Hemoglobin Birth

weight
Antibodies IL4 IL 6 IL10 IL17A IFN-γ

r r   r r r r r

P P   P P P P P

Hemoglobin   0.749 − 0.518 −
0.544

0.430 −
0.478

0.130 0.171

< 0.001 < 0.001 < 
0.001

< 
0.001

< 
0.001

0.078 0.020

Birth weight 0.749   − 0.584 −
0.525

0.455 −
0.484

0.129 −
0.233

< 0.001 < 0.001 < 
0.001

< 
0.001

< 
0.001

0.080 0.001

Antibodies − 0.518 − 0.584   0.438 −
0.342

0.361 −
0.072

−
0.228

< 0.001 < 0.001 < 
0.001

< 
0.001

< 
0.001

0.329 0.002

IL4 − 0.544 − 0.525 0.438   −
0.476

0.438 0.034 −
0.142

< 0.001 < 0.001 < 0.001 < 
0.001

< 
0.001

0.647 0.054

IL 6 0.430 0.455 − 0.342 −
0.476

  −0.449 0.151 0.204

< 0.001 < 0.001 < 0.001 < 
0.001

< 
0.001

0.040 0.005

IL10 − 0.478 − 0.484 0.361 0.438 −
0.449

  −
0.110

−
0.056

< 0.001 < 0.001 < 0.001 < 
0.001

< 
0.001

0.135 0.448

IL17A 0.130 0.129 − 0.072 0.034 0.151 −
0.110

  0.063

0.078 0.080 0.329 0.647 0.040 0.135 0.395

IFN-γ 0.171 -0.233 − 0.228 −
0.142

0.204 −
0.056

0.063  

0.020 0.001 0.002 0.054 0.005 0.448 0.395
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Table 4
Correlations of the placental plasma levels of antibodies, cytokines, maternal hemoglobin and birth weight
Variables Hemoglobin Birth

weight
Antibodies IL4 IL 6 IL10 IL17A IFN-γ

r r   r r r r r

P P   P P P P P

Hemoglobin 1.000

.

0.749 − 0.351 −
0.586

0.403 −
0.436

0.377 −
0.146

< 0.001 < 0.001 < 
0.001

< 
0.001

< 
0.001

< 
0.001

0.047

Birth weight 0.749 1.000

.

− 0.417 −
0.574

0.402 −
0.445

0.391 -0.146

< 0.001 < 0.001 < 
0.001

< 
0.001

< 
0.001

< 
0.001

0.048

Antibodies − 0.351 − 0.417 1.000

.

0.307 −
0.165

0.146 −
0.097

−
0.003

< 0.001 < 0.001 < 
0.001

0.025 0.047 0.189 0.966

IL4 − 0.586 − 0.574 0.307 1.000

.

−
0.406

0.462 −
0.357

0.185

< 0.001 < 0.001 < 0.001 < 
0.001

< 
0.001

< 
0.001

0.012

IL 6 0.403 0.402 −0.165 −
0.406

1.000

.

−
0.393

0.335 −
0.199

< 0.001 < 0.001 0.025 < 
0.001

< 
0.001

< 
0.001

0.007

IL10 − 0.436 − 0.445 0.146 0.462 −
0.393

1.000

.

−
0.446

0.299

< 0.001 < 0.001 0.047 < 
0.001

< 
0.001

< 
0.001

< 
0.001

IL17A 0.377 0.391 − 0.097 −
0.357

0.335 −
0.446

1.000

.

−
0.117

< 0.001 < 0.001 0.189 < 
0.001

< 
0.001

< 
0.001

0.114

IFN-γ − 0.146 -0.146 − 0.003 0.185 −
0.199

0.299 −
0.117

1.000

.
0.047 0.048 0.966 0.012 0.007 < 

0.001
0.114
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Table 5
Correlations of the umbilical cord plasma levels of antibodies, cytokines, maternal hemoglobin and birth

weight
Variables Hemoglobin Birth

weight
Antibodies IL4 IL 6 IL10 IL17A IFN-γ

r r   r r r r r

P P   P P P P P

Hemoglobin 1.000

.

0.749 −0.248 −0.512 0.334 −.0300 0.460 −0.073

< 
0.001

0.001 < 
0.001

< 
0.001

< 
0.001

< 
0.001

0.322

Birth weight 0.749 1.000

.

−0.304 −0.493 0.370 −0.329 0.500 -0.069

< 0.001 < 0.001 < 
0.001

< 
0.001

< 
0.001

< 
0.001

0.035

Antibodies −0.248 −0.304 1.000

.

0.196 −0.106 −0.010 −0.053 0.036

< 0.001 < 
0.001

0.007 0.152 0.889 0.472 0.623

IL4 −0.512 −0.493 0.196 1.000

.

−0.316 0.294 −0.304 0.140

< 0.001 < 
0.001

0.007 < 
0.001

< 
0.001

< 
0.001

0.058

IL 6 0.334 0.370 −0.106 −0.316 1.000

.

−0.248 0.333 −0.024

< 0.001 < 
0.001

0.152 < 
0.001

0.001 < 
0.001

0.741

IL10 −0.300 −0.329 −0.010 0.294 −0.248 1.000

.

−0.324 0.215

< 0.001 < 
0.001

0.889 < 
0.001

0.001 < 
0.001

0.003

IL17A 0.460 0.500 −0.053 −0.304 0.333 −0.324 1.000

.

−0.136

< 0.001 < 
0.001

0.472 < 
0.001

< 
0.001

< 
0.001

0.065

IFN-γ −0.073 -0.069 0.036 0.140 −0.024 0.215 −0.136 1.000

.0.322 0.035 0.623 0.058 0.741 0.003 0.065

 

The IL-4 levels in the plasma of the three types of blood samples were signi�cantly negatively correlated
with the IL-6 levels, and they were positively correlated with the IL-10 levels. There was a borderline negative
correlation between the maternal peripheral IL-4 levels and the maternal peripheral IFN-γ levels. A negative
correlation was found between the placental IL-4 levels and the placental IL-17A levels.  A positive
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correlation was found between placental IL-4 levels and the placental IFN-γ level. In the umbilical cord
samples, the level of IL-4 was negatively correlated with the level of IL-17A.

The IL-6 levels in all three types of the blood samples were signi�cantly negatively correlated with the levels
of IL-10 and positively correlated with the levels of IL-17A. The maternal and placenta IL-6 levels were
positively and negatively, respectively correlated with maternal and placenta IFN-γ.

While no correlation was found between the maternal peripheral level of IL-10 and the maternal peripheral
levels of IL-17A and IFN-γ, negative correlations were found between the placental and umbilical cord levels
of IL-10 and IL-17A, and a positive correlation was found between IL-10 levels and the level of placental and
umbilical cord of IFN-γ. No correlation was found between the level of IL-17A for the maternal peripheral,
placental and umbilical cord blood samples and the IFN-γ levels of the plasma in the three types of
samples.  

Maternal haemoglobin was signi�cantly negatively correlated with the levels of antibodies, IL-4 and IL-10 in
the maternal peripheral, placental and umbilical cord blood samples; however, no signi�cant correlation was
found between maternal haemoglobin and the level of the peripheral IL-17A. Signi�cantly positive and
negative correlations were found between the levels of IL-6 and IFN-γ, respectively, and birth weight for all
three types of samples, which was signi�cantly negatively correlated with the levels of antibodies, IL-4 and
IL-10. While no signi�cant correlation was found between birth weight and maternal levels of IL-17A, it was
signi�cantly positively correlated with the levels of IL-17A in the placental and umbilical cord samples
(Table 3, Table 4, Table 5).
 

Discussion
The present study found that malaria infection altered the investigated cytokines (IL-4, IL-6, IL-10, IL-17A
and INF-γ), with elevated levels of antibodies to recombinant antigens in Sudanese maternal, placental and
neonatal plasma. The high levels of the pregnancy non-speci�c antibodies detected in primipara peripheral
compared to parous can be explained by the high malaria transmission in the study area. The presence of
non-speci�c, non-protective Ig may delay or interfere with the acquisition of memory B cells [29].

In the current study, the levels of IL-4 and IL-10 were elevated but the levels of IL-6 and IL-17 were reduced in
the plasma of the maternal peripheral, placental and umbilical cord blood samples of the PM infected
mothers in comparison to the non-infected group. Moreover, the maternal peripheral level of IL-17A and the
placental and neonate IFN-γ levels were not signi�cantly different due to the infection.  Several previous
studies have shown elevated levels of type 2 anti-in�ammatory cytokines IL-10 and IL-4 in the malaria-
infected group [12, 13, 15, 23, 25, 30, 31].  Conversely, the present results were different from the previous
�ndings in an area with unusable malaria transmission in Sudan, where higher levels of IL-4 and IL-10 in the
non-infected group was reported [11]. The �ndings of the increased IL-6 levels in non-infected women is in
agreement with the results of other studies [11, 16, 32, 33].
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Interestingly, the level of cytokines in the maternal peripheral samples among the investigated groups was
signi�cantly correlated with the levels in the placental and umbilical cord samples. Nevertheless, plasma
from the umbilical cord (except for the maternal peripheral IL-17A levels) contained signi�cantly lower
concentrations of the investigated cytokines in comparison to the peripheral and placental plasma in both
study groups (PM infected and non-infected groups). Kabyemela et al. [25], in Tanzania, and Ibitokou [32], in
Benin, reported similar levels of IFN-γ between the investigated groups. The results of the present study
corroborate the �ndings of a previous study that reported higher levels of IFN-γ in infected placentas [9], and
a study from Cameron that found an increase in maternal IFN-γ and IL-17-A levels in non-infected controls
[15]. The elevated detection levels of IFN-γ in the investigated samples may be due to the ability of the
innate immune response to produce IFN-γ to clear the parasite, probably as the �rst line of defense against
both peripheral and placental infection [18]. It has been suggested that the differences in cytokine
responses associated with malaria infection have a gravidity-based pattern [22].

In�ltration of immune cells in the placental intervillous spaces, due to the sequestration of P falciparum IEs,
disrupting Th1 and Th2 cytokines balance in both placental and peripheral blood [22, 34]. Contradictory
�ndings about impairment of cellular immune responses against malaria in pregnancy and PM have been
described [12, 13, 15, 17, 21, 25, 35, 36]. However, the differences in the cytokine pro�les between these
studies may be attributed to variations in the cytokine measurement methods used and the malaria
endemicity in different study areas, as well as differences in the diagnostic techniques and the study
population.

In the present study, among the cytokines assessed, IL-4 and IL-10 were elevated and signi�cantly correlated
(P <0.001) in the plasma of the three types of blood samples that were investigated; no correlation was
found between the maternal peripheral levels of IL-10 and IFN-γ (P=0.448). IL-17A was positively correlated
with IL-6, but no correlation was found between the IFN-γ in the plasma of the three types of samples. IFN-γ
and IL-17-A are both effector helper T cells, and IL-17A can facilitate regulation of in�ammatory cytokine
production by accelerating speci�c in�ammation via the recruitment and activation of immune cells. IL-6 is
both a target of IL-17 and a differentiation factor for Th17 cells that led to an increase in IL-17 [37]. Agudelo
et al. [23] observed a signi�cant correlation between IL-4 and IL-10 in the placental samples, but not in the
peripheral blood, and levels of maternal IL-10 and IFN-γ were positively correlated. Moreover, [23] reported
high expression of IFN-γ, TNF and IL-10 in the placental tissues and peripheral blood samples, and placental
IL-4 in the infected women in comparison to the non-infected group.  Due to the high expression associated
with PM infection, it has been suggested that the IL-10 level in peripheral blood to be used as biomarker of
placental in�ammation related to PM [25] or as an immunosuppressive factor [26].

The antibody levels were negatively correlated with the IL-6 and IFN-γ levels in the present study.
Chandragiri et al. [30] also reported a negative correlation between the same cytokines and non-pregnancy-
speci�c variant surface antigens (VSA) in women with severe malaria in areas characterized by unstable
malaria transmission in Sudan. 

The present study found that IL-6 and IFN-γ had signi�cant effects on birth weight and the maternal
haemoglobin level, accompanied by the negative correlation of IL-4 and IL-10 in the plasma of the three
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types of samples investigated. It has been documented that there is a disturbance of cytokine equilibrium in
malaria during pregnancy, and PM may be involved in many pathological disorders; it may also have
negative consequences, such as LBW and reduced maternal haemoglobin level [38-40].

While the levels of IL-17A in the placental and umbilical cord samples were signi�cantly positively
correlated with birth weight and maternal haemoglobin, no signi�cant correlation was found with the IL-17A
levels in the maternal peripheral samples. The roles of IFN-γ and IL-10 in the malaria-infected women with
maternal anaemia and baby birth weight was controversially documented in a reviewed by Seitz et al. [40].
Although Djontu et al. [16] reported no signi�cant association between IL-6 level, maternal haemoglobin and
baby birth weight, an elevated level of IL-6 was associated with anaemia in another study [30].

Similar to the current study’s �ndings, an association was reported between maternal haemoglobin and IL-
17A levels and the peripheral plasma level of IFN-γ. It has been suggested that both cytokines provide
protection against infection [15]. Furthermore, elevated levels of IL-17 with high levels of IL-4, IL-12 and IFN-
γ were associated with haemoglobin loss in malaria recovered semi-immune mice [41]. Fitri et al. [42]
reported that an imbalance between IL-17 and IL- 10 caused low fetal weight in Plasmodium berghei
infection in mice.

Disturbance of proin�ammatory cytokines and the in�ammatory disorder of iron haemostasis led to the
development of malarial anaemia [43]. Elevated levels of circulating IL-6, which play a vital role in T cells
differentiation and immune response polarization, have been strongly related to reduced haemoglobin
concentration in reticulocytes. 

There are limitations to this study to be addressed. The study did not investigate the antibodies related to
the pregnancy-speci�c antigens, particularly VAR2CSA, to determine their correlation with the cytokine
response associated with infection.  The study was conducted in a setting of other common infections
during pregnancy which could in�uence variations in antibodies and / or cytokine levels, not checking for
the presence of other infections is another limitation.

Conclusion
In the present study, maternal peripheral infection and PM cross-react with the mother’s immune response to
stimulate an immune activation response accompanied by secretion of various cytokines in the maternal
peripheral, placental and umbilical cord blood in Sudanese women.  The present �ndings support the
evidence reported in previous studies, which found that PM affects cytokines levels in infected women.
However, longitudinal studies are needed to understand the maternal immune response throughout the
entire course of pregnancy.
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23.2%) of the investigated blood �lms were positive in the three compartments of the same patient.

References
1. Salanti A, Staalsoe T, Lavstsen T, Jensen AT, Sowa MP, Arnot DE, et al. Selective upregulation of a single

distinctly structured var gene in chondroitin sulphate A-adhering Plasmodium falciparum involved in
pregnancy-associated malaria. Mol Microbiol. 2003; doi:10.1046/j.1365-2958.2003.03570. x.

2. Beeson JG, Scoullar MJ, Boeuf P. Combating low birth weight due to malaria infection in pregnancy. Sci
Transl Med. 2018; doi:10.1126/scitranslmed. aat1506.

3. Salanti A, Dahlback M, Turner L, Nielsen MA, Barfod L, Magistrado P, et al. Evidence for the involvement
of VAR2CSA in pregnancy-associated malaria. J Exp Med. 2004; doi:10.1084/jem.20041579. 

4. Fievet N, Cot M, Chougnet C, Maubert B, Bickii J, Dubois B, et al. Malaria and pregnancy in
Cameroonian primigravidae: humoral and cellular immune responses to Plasmodium
falciparum blood-stage antigens. Am J Trop Med Hyg. 1995; doi:10.4269/ajtmh.1995.53.612.



Page 16/18

5. Requena P, Barrios D, Robinson L, Samol P, Umbers AJ, Wangnapi R, et al. Proin�ammatory responses
and higher IL-10 production by T cells correlate with protection against malaria during pregnancy and
delivery outcomes. J Immunol. 2015; doi:10.4049/jimmunol.1401038.

�. McLean AR, Ataide R, Simpson JA, Beeson JG, Fowkes FJ. Malaria and immunity during pregnancy and
postpartum: a tale of two species. Parasitology. 2015; doi:10.1017/S0031182015000074.

7. Mayor A, Doba&nti lde;o C, Nhabomba A, Guinovart C, Jiménez A, Manaca MN, et al. IgM and IgG
against Plasmodium falciparum lysate as surrogates of malaria exposure and protection during
pregnancy. Malar J. 2018; doi:10.1186/s12936-018-2331-4.

�. Ricke CH, Staalsoe T, Koram K, Akanmori BD, Riley EM, Theander TG, et al. Plasma antibodies from
malaria-exposed pregnant women recognize variant surface antigens on Plasmodium falciparum-
infected erythrocytes in a parity-dependent manner and block parasite adhesion to chondroitin sulfate
A. J Immunol. 2000; doi:10.4049/jimmunol.165.6.3309.

9. Rogerson SJ, Pollina E, Getachew A, Tadesse E, Lema VM, Molyneux ME. Placental monocyte in�ltrates
in response to Plasmodium falciparum malaria infection and their association with adverse pregnancy
outcomes. Am J Trop Med Hyg. 2003; doi:10.4269/ajtmh.2003.68.1.0680115.

10. Mackintosh CL, Beeson JG, Marsh K. Clinical features and pathogenesis of severe malaria. Trends
Parasitol. 2004; doi:10.1016/j.pt.2004.09.006.

11. Bayoumi NK, Bakhet KH, Mohmmed AA, Eltom AM, Elbashir MI, Mavoungou E, et al. Cytokine pro�les in
peripheral, placental and cord blood in an area of unstable malaria transmission in eastern Sudan. J
Trop Pediatr. 2009; doi:10.1093/tropej/fmn062.

12. Chêne A, Briand V, Ibitokou S, Dechavanne S, Massougbodji A, Deloron P, et al. Placental cytokine and
chemokine pro�les re�ect pregnancy outcomes in women exposed to Plasmodium falciparum
infection. Infect Immun. 2014; 2014; doi:10.1128/IAI.01922-14.

13. Suguitan Jr AL, Leke RG, Fouda G, Zhou A, Thuita L, Metenou S, et al. Changes in the levels of
chemokines and cytokines in the placentas of women with Plasmodium falciparum malaria. J Infect
Dis. 2003; doi:10.1086/378500.

14. Brabin B, Romagosa C, Abdelgalil S, Menendez C, Verhoeff FH, McGready R, et al. The sick placenta—
the role of malaria. Placenta. 2004; doi: 10.1016/j.placenta.2003.10.019.

15. Megnekou R, Lissom A, Bigoga JD, Djontu JC. Effects of Pregnancy-associated Malaria on T Cell
Cytokines in Cameroonian Women. Scand J Immunol. 2015; doi:10.1111/sji.12286.

1�. Djontu JC, Siewe SS, Edene YDM, Nana BC, Foko EVC, Bigoga JD, et al. 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 J. 2016;
doi:10.1186/s12936-016-1611-0.

17. Dobaño C, Berthoud T, Manaca MN, Nhabomba A, Guinovart C, Aguilar R, et al. High production of pro-
in�ammatory cytokines by maternal blood mononuclear cells is associated with reduced maternal
malaria but increased cord blood infection. Malar J. 2018; doi:10.1186/s12936-018-2317-2.

1�. Moore JM, Nahlen BL, Misore A, Lal AA, Udhayakumar V. Immunity to placental malaria. I. Elevated
production of interferon-γ by placental blood mononuclear cells is associated with protection in an area



Page 17/18

with high transmission of malaria. J Infect Dis. 1999; doi:10.1086/314737.

19. Othoro C, Moore JM, Wannemuehler KA, Moses S, Lal A, Otieno J, et al. Elevated gamma interferon-
producing NK cells, CD45RO memory-like T cells, and CD4 T cells are associated with protection
against malaria infection in pregnancy. Infect Immun. 2008; doi:10.1128/IAI.01420-07.

20. Raghupathy R. Th 1-type immunity is incompatible with successful pregnancy. Immunol Today.1997;
doi:10.1016/s0167-5699(97)01127-4.

21. Fried M, Muga RO, Misore AO, Duffy PE. Malaria elicits type 1 cytokines in the human placenta: IFN-
gamma and TNF-alpha associated with pregnancy outcomes. J Immunol. 1998; 160:2523-2530.

22. Rogerson SJ, Hviid L, Duffy PE, Leke RF, Taylor DW. Malaria in pregnancy: pathogenesis and immunity.
Lancet Infect Dis. 2007; doi:10.1016/S1473-3099(07)70022-1.

23. Agudelo OM, Aristizabal BH, Yanow SK, Arango E, Carmona-Fonseca J, Maestre A. Submicroscopic
infection of placenta by Plasmodium produces Th1/Th2 cytokine imbalance, in�ammation and
hypoxia in women from north-west Colombia. Malar J. 2014; doi:10.1186/1475-2875-13-122.

24. Weaver CT, Harrington LE, Mangan PR, Gavrieli M, Murphy KM. Th17: an effector CD4 T cell lineage
with regulatory T cell ties. Immunity. 2006; doi:10.1016/j.immuni.2006.06.002.

25. Kabyemela ER, Muehlenbachs A, Fried M, Kurtis JD, Mutabingwa TK, Duffy PE. Maternal peripheral
blood level of IL-10 as a marker for in�ammatory placental malaria. Malar J. 2008;doi:10.1186/1475-
2875-7-26.

2�. Megnekou R, Staalsoe T, Hviid L. Cytokine response to pregnancy-associated recrudescence of
Plasmodium berghei infection in mice with pre-existing immunity to malaria. Malar J.
2013;doi:10.1186/1475-2875-12-387.

27. Bisseye C, Van Der Sande M, Morgan W, Holder A, Pinder M, Ismaili J. infection of the placenta impacts
on the T helper type 1 (Th1)/Th2 balance of neonatal T cells through CD4+ CD25+ forkhead box P3+
regulatory T cells and interleukin‐10. Clin Exp Immunol. 2009; doi:10.1111/j.1365-2249.2009.04014. x.

2�. Omer SA, Idress HE, Adam I, Abdelrahim M, Noureldein AN, Abdelrazig AM, et al. Placental malaria and
its effect on pregnancy outcomes in Sudanese women from Blue Nile State. Malar J. 2017;
doi:10.1186/s12936-017-2028-0.

29. Achtman A, Bull P, Stephens R, Langhorne J. Longevity of the immune response and memory to blood-
stage malaria infection. Curr Top Microbiol Immunol. 2005; doi:10.1007/3-540-29967-x_3.

30. Chandrasiri UP, Randall LM, Saad AA, Bashir AM, Rogerson SJ, Adam I. Low antibody levels to
pregnancy-speci�c malaria antigens and heightened cytokine responses associated with severe
malaria in pregnancy. J Infect Dis. 2014; doi:10.1093/infdis/jit646.

31. Okamgba OC, Ifeanyichukwu MO, Ilesanmi AO, Chigbu LN. Variations in the leukocyte and cytokine
pro�les between placental and maternal circulation in pregnancy-associated malaria.Res Rep Trop
Med. 2018; doi:10.2147/RRTM.S137829.

32. Ibitokou SA, Boström S, Brutus L, Ndam NT, Vianou B, Agbowaï C, et al. Submicroscopic infections with
Plasmodium falciparum during pregnancy and their association with circulating cytokine, chemokine,
and cellular pro�les. Clin Vaccine Immunol. 2014; doi:10.1128/CVI.00009-14.



Page 18/18

33. Lima FA, Barateiro A, Dombrowski JG, de Souza RM, Costa DS, Murillo O, et al. Plasmodium falciparum
infection dysregulates placental autophagy. PLoS One. 2019; doi: 10.1371/journal.pone.0226117.

34. Fievet N, Moussa M, Tami G, Maubert B, Cot M, Deloron P, et al. Plasmodium falciparum induces a
Th1/Th2 disequilibrium, favoring the Th1-type pathway, in the human placenta. J Infect Dis. 2001;
doi:10.1086/320201.

35. Achidi EA, Apinjoh TO, Titanji VP. Malaria parasitemia and systemic cytokine bias in pregnancy. Int J
Gynaecol Obstet. 2007; doi: 10.1016/j.ijgo.2006.12.015.

3�. Kabyemela E, Goncalves BP, Prevots DR, Morrison R, Harrington W, Gwamaka M, et al. Cytokine pro�les
at birth predict malaria severity during infancy. PLoS One. 2013; doi: 10.1371/journal.pone.0077214.

37. Miossec P, Korn T, Kuchroo VK. Interleukin-17 and type 17 helper T cells. N Engl J Med. 2009;
doi:10.1056/NEJMra0707449.

3�. Shulman CE, Dorman EK, Bulmer JN. Malaria as a cause of severe anaemia in pregnancy. Lancet.
2002; doi:10.1016/s0140-6736(02)09662-9.

39. Ruizendaal E, van Leeuwen E, Mens PF. Peripheral and placental biomarkers in women with placental
malaria: a systematic review. Biomark Med. 2015; doi:10.2217/bmm.14.117.

40. Seitz J, Morales-Prieto DM, Favaro RR, Schneider H, Markert UR. Molecular Principles of Intrauterine
Growth Restriction in Plasmodium Falciparum Infection. Front Endocrinol (Lausanne). 2019;
doi:10.3389/fendo.2019.00098.

41. Helegbe GK, Huy NT, Yanagi T, Shuaibu MN, Kikuchi M, Cherif MS, et al. Elevated IL-17 levels in semi-
immune anaemic mice infected with Plasmodium berghei ANKA. Malar J. 2018; doi:10.1186/s12936-
018-2257-x.

42. Fitri LE, Sardjono TW, Rahmah Z, Siswanto B, Handono K, Dachlan YP. Low Fetal Weight is Directly
Caused by Sequestration of Parasites and Indirectly by IL-17 and IL-10 Imbalance in the Placenta of
Pregnant Mice with Malaria. Korean J Parasitol. 2015; doi:10.3347/kjp.2015.53.2.189.

43. Nweneka CV, Doherty CP, Cox S, Prentice A. Iron delocalisation in the pathogenesis of malarial anaemia.
Trans R Soc Trop Med Hyg. 2010; doi: 10.1016/j.trstmh.2009.08.007.


