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Abstract
	 Background: During pregnancy, the balanced dominance of the T helper17 response                    
shifts to a Th2 response that is characterised by the production of IL-10, following the completion of 
the implantation process. Transforming growth factor-β (TGF-β) expression is associated with the 
completion of trophoblast invasion and placental growth. This study assessed the effect of malaria 
infection on the levels of IL-17, IL-10, and TGF-β in the plasma of pregnant mice with malaria.
	 Methods: Seventeen pregnant BALB/C mice were divided into two groups: mice infected 
with Plasmodium berghei (treatment group) and uninfected mice (control group). The mice were 
sacrificed on day 18 post-mating. Parasitemia was measured by Giemsa staining. The levels of IL-17, 
IL-10, and TGF-β were measured by ELISA.
	 Results: Using independent t test, the IL-17 levels in the treatment group were higher than 
those in the control group (P = 0.040). The IL-10 levels in the treatment group were lower than those 
in the control group (P = 0.00). There was no significant difference in the TGF-β levels (P = 0.055) 
between two groups. However, using SEM analysis the degree of parasitemia decreased the plasma 
TGF-β levels (tcount = 5.148; ≥ ttable = 1.96). SEM analysis showed that a high degree of parasitemia 
increased the IL-17 levels and decreased the IL-10 and TGF-β levels.
	 Conclusion: Malaria infection during pregnancy interferes with the systemic balance by 
increasing the IL-17 levels and decreasing the IL-10 and TGF-β levels.
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Introduction

	 The specific and non-specific activation of 
the immune response during malaria infection 
is influenced by the presence of the parasite and 
its product glycosylphosphatidylinositol (GPI) 
(1). Non-specific immune responses involve the 
clearance of the parasite by phagocytes and can 
lead to intracellular destruction by inflammatory 
cell mobilization (2). The non-specific immune 
system works quickly and is often necessary 
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to stimulate the specific immune system (3). 
Erythrocytes that are infected with malaria tend 
to be more sequestered in the vital tissues rather 
than circulating in the peripheral blood, which 
results in a systemic parasitic existence that does 
not always correlate with the systemic immune 
response.
	 The Th1 cytokine response, which consists 
of TNF-α, IFN-γ, IL-1, and IL-6, is required for 
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the activation of immune cells against malaria 
infection (4,5). The presence of IL-17 in plasma 
as a result of the systemic inflammatory response 
occurs primarily during the early or acute phase 
of malaria infection (6). Higher Th1 and Th17 
cytokine responses stimulate lymphocytes to 
produce Th2 cytokines such as IL-10, which has 
an immuno-regulator effect and can suppress Th1 
dominance (7,8). The increased expression of Th2 
cytokines is commonly associated with increases 
in regulatory T cell cytokines, such as transforming 
growth factor β (TGF-β). This environment has 
been associated with the lack of efficient control 
of Plasmodium falciparum parasitemia (9). 
	 During normal pregnancy TGF-β, IL-6, and 
IL-1 induce Th17 to produce IL-17. This condition 
is necessary to initiate the angiogenesis process 
that is required for implantation (8). Once the 
process is completed, implantation dominance 
shifts the balance of Th1/Th17 responses to Th2 
responses that are characterised by the production 
of IL-4, IL-9, and IL-10 (10,11). This shift ensures 
the growth of trophoblast cells in the decidua and 
placenta, resulting in normal foetal life.
	 Primigravida women who live in endemic 
areas represent the population that is at the 
greatest risk for placental malaria. Their placental 
infections are more frequent and severe and are 
characterised by higher parasitemia and stronger 
inflammation compared with multigravida women 
(12). The aim of this study was to investigate the 
effect of malaria infection on the balance of the 
systemic response immune (including Th-1, Th-
2, and T regulator responses) in mice that were 
pregnant for the first time. We assessed the effect 
of malaria infection on the levels of IL-17, IL-10, 
and TGF-β in plasma from pregnant mice that 
were infected with malaria parasites.

Material and Methods

Research design 
	 This in vivo experimental laboratory study 
was conducted by comparing data obtained from 
two groups of pregnant BALB/c strain mice. 
The treatment group mice were infected with 
Plasmodium berghei on the ninth day post-
mating, and uninfected mice served as the control 
group. All mice on treatment and control groups 
were sacrificed on day 18 post-mating. This study 
was conducted at the Laboratory of Parasitology 
and Biomedical Laboratory, Faculty of Medicine, 
Universitas Brawijaya Malang, Indonesia.

Research samples
	 The pregnant mice used in this study 

weighed 20-30 g and were healthy 13- to 15-week-
old female BALB/c mice. All of the mice were 
single pair mated within one night after the 
synchronisation of oestrus using the principle of 
Leeboot, Pheromone, and Whitten effects (13). 
The mice were evaluated daily (specifically their 
body weights and pregnancy symptoms).

Plasmodium berghei ANKA strain inoculation 
and examination of the degree of parasitemia
	 The Plasmodium berghei ANKA strain was 
obtained from the Laboratory of Parasitology 
Faculty of Medicine at the Universitas Brawijaya.  
Inoculation was accomplished by an intra-
peritoneal injection of up to 1 × 106 Plasmodium 
berghei ANKA strain (first passage) per mL of 
blood on the ninth day post-mating. To observe 
the degree of parasitemia, 10 mL of blood was 
isolated from the end of the tail of the mice and 
dripped onto a glass slide. The droplets were 
smeared as a thin smear and dried. Then, the 
smear was fixed with absolute methanol until 
it was evenly distributed and dried. The slides 
were stained with Giemsa solution (a mixture of 
Giemsa stain (Merck, HX612241) and Giemsa 
buffer (Bioanalitika, Indonesia) at a ratio of 
1:9 for 30 min, rinsed with water and dried. 
The degree of parasitemia was determined by 
examining a blood smear under a microscope 
at a magnification of 1000×. The percentage of 
parasitemia was computed based on the number 
of erythrocytes infected with malaria parasites 
per 1000 erythrocytes. The assessment of blood 
smears to measure the degree of parasitemia 
was performed daily from day 10 to day 18 post-
mating when the mice were sacrificed. 

Isolation of plasma and determination of IL-17, 
IL-10, and TGF-β levels in plasma
	 Blood was collected, transferred to a 
Vacutainer tube and centrifuged at 1000× g for 
10 min at 4 °C to isolate the supernatant/plasma. 
The plasma levels of IL-17 were measured using 
the Quantikine ELISA kit (enzyme-linked 
immunosorbent assay; R&D Systems, catalog # 
M1700). The plasma levels of IL-10 were measured 
using the Mouse IL-10 ELISA Kit (abcam, catalog 
#ab108870). The plasma levels of TGF-β were 
measured using the Quantikine ELISA kit 
(Enzyme Immuno Assay) (R&D Systems, catalog 
#MB100B). 
	 For all experiments, fifty μL of the assay 
diluents was added to wells that were coated with 
the primary antibody. Fifty microlitres each of 
the standard, control, and samples were added 
per well. The samples were mixed by mixing 
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the plate frame for one minute, covered with an 
adhesive strip and incubated for two hours at 
room temperature. Each sample was aspirated, 
and the plate was then washed 4–5 times by filling 
each well with wash buffer (400 μL) and spraying 
it with a dispenser.  After the last wash, the 
remaining wash buffer was removed by tapping 
the plate on a clean paper towel. Then, 100 μL of 
secondary antibody conjugated with biotin was 
added to each well. The plate was covered with a 
new adhesive strip and incubated for two hours 
at room temperature. The washing process was 
repeated three times. Then, 100 µL of substrate 
solution was added to each well and incubated 
for 30 min at room temperature, protected from 
light.  Finally, 100 μL of stop solution was added 
to each well. The plate was read within 30 min 
using an ELISA reader at a wavelength of 450 nm.

Data analysis
	 Data analysis was performed using an 
independent t test to determine differences in the 
plasma IL-17, IL-10, and TGF-β levels between 
the treatment group and the control group.  The 
Structural Equation Modelling (SEM) method in 
the Smart Partial Least Square (PLS) software 
was used to test the cause-and-effect relationship 
of the degree of parasitemia and the variables. 
This study set the level of significance at p-value 
of < 0.050; thus, a significant SEM result was 
obtained with a count value of t ≥ 1.96. 
	 In this study, we used non-parametric 
SEM analysis because there were fewer than 
100 samples. To develop a theory-based model 
to analyse the causal relationship between 
the dependent and independent variables, 
we constructed diagram paths for a causal 
relationship and converted the path diagrams 
into a structural model and measurement model. 
Using an input matrix and estimation models, we 
could observe the following: the paths that had a 
dominant causal effect compared with other lines 
and the paths where the independent variables 
had a greater effect on the dependent variables 
compared with other variables.

Ethical considerations
	 Ethical clearance was provided by the 
committees of research of the Faculty of 
Medicine Universitas Brawijaya (No.104/EC/
KEPK-S2/03/2013). All animals were treated 
well during this study. The surgical process used 
the anaesthetic method and thus did not harm the 
animals. 

Results 

	 A total of 17 mice became pregnant and 
were thus, eligible for this study. Of those, 9 mice 
were placed in the infected/treatment group, and                     
8 mice were placed in the uninfected/control 
group. 

The degree of parasitemia
	 The degree of parasitemia in mice infected 
with Plasmodium berghei was followed every                                 
day until day 18 post-mating or day 9 post-
infection. The mean parasitemia on the day of 
surgery was 41.93% (SD 21.55). The degree of 
parasitemia in the treatment group from days 1 to 
9 post-infection was examined by two observers 
and is shown in Figure 1.
	 The morphology of Plasmodium berghei-
infected erythrocytes from pregnant mice on day 
18 post-mating or day 9 post-infection is shown     
in Figure 2.
 
Plasma IL-17 Levels
	 The levels of plasma IL-17 of the treatment 
and control groups were visualised using a box-
plot diagram shown in Figure 3.

Plasma IL-10 Levels 
	 The levels of plasma IL-10 from the treatment 
and control groups were visualised using the box-
plot diagram shown in Figure 4.

Plasma TGF-β Levels 
	 The levels of plasma TGF-β from the 
treatment and control groups were visualised 
using the box-plot diagram shown in Figure 5.
	 Data analysis and calculations were 
performed using Non-Parametric Structural 
Equation Modelling (SEM); the results are 
presented in Figure 6. 

Figure 1: The degree of parasitemia in the 
treatment group from day-1 to 9 
post- infection (mean (SD).
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Figure 2: The erythrocytes infected with 
Plasmodium berghei ANKA 
strain. Arrows indicate infected 
erythrocytes on day 18 post-
mating or day 9 post-infection 
of Plasmodium berghei infected 
pregnant mice.

Figure 3: Levels of Plasma IL-17 of control and 
treatment group on day 18. Plasma IL-
17 of treated group was significantly 
higher than in the control group                      
(P = 0.040, independent t test). Total 
samples were 17. The mean (SD) of 
control group was 30.45 (SD 1.43)                 
(n = 8) and treatment group was 52.13 
(SD 14.96) (n = 9).

Figure 4: Levels of Plasma IL-10 of control and 
treatment group on day 18. Plasma IL-
10 of treated group was significantly 
lower than  in the control group                                
(P = 0.000, independent t test). Total 
samples were 17. The mean (SD) of 
control group was 0.18 (SD 0.02)                 
(n = 8) and treatment group was 0.07 
(SD 0.03) (n = 9).

Figure 5: Levels of Plasma TGF-β of control 
and treatment group on day 18. 
Plasma TGF-β of treated group was 
significantly lower than in the control 
group (P = 0.05, independent t test).                      
A total samples were 17. The mean 
(SD) of control group  was 9.69 (SD 
4.43) (n = 8) and treatment group was 
5.99 (SD 1.85) (n = 9).

	 The hypothesis model of the relationship 
between the degrees of parasitemia and the IL-17, 
IL-10, and TGF-β levels in plasma was illustrated 

using Value Path Coefficients and R2, as shown in 
Figure 7. 
	 Statistical analysis showed that the degree 
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Figure 6: Structural Equation Modeling (SEM) 
for Determining Significance of 
Relationship between the Degree of 
Parasitemia, Plasma IL-17, IL-10, and 
TGF-β.

Figure 7: Model Hypothesis Double Paradigm 
with Three Dependent Variables. 
The Relationship between the Degree 
Parasitemia, Plasma IL-17, IL-10, 
and TGF-β, illustrated by Value Path 
Coefficients.

of parasitemia increased the plasma IL-17 levels 
(tcount = 4.558; ≥ ttable = 1.96; path coefficient = 
0.094; R2= 0.009). The degree of parasitemia 
decreased the plasma IL-10 levels (tcount = 2.147; 
≥ ttable = 1.96; path coefficients = –0.054; R2 = 
0.003). The degree of parasitemia decreased the 
plasma TGF-β levels (tcount = 5.148; ≥ ttable = 1.96; 
path coefficients = -0.257; R2 = 0.066). Thus. the 
increase in  plasma IL-17 levels,  the decrease in 
plasma IL-10 levels and the decrease in  plasma 
TGF-β levels caused by the increase in the degree 
of parasitemia. 

Discussion

	 An evolving model of pregnancy-associated 
immune changes suggests that the hormonal 
environment associated with pregnancy 
contributes to the local suppression of cell-
mediated immunity at the maternal-foetal 
interface by mediating a systemic change 
toward Th2 dominance. The local Th1-Th2 shift 
demonstrated in pregnant patients influences 
the systemic maternal immune response during 
pregnancy (14). Cytokines such as TNF-α and 
IL-1 are increased in a wide range of systemic 
inflammatory diseases, including malaria. These 
pro-inflammatory cytokines are most closely 
investigated in malaria patients and usually act                                                                                                                      
as homeostatic agents, but they can cause 
pathology if they are produced excessively (15). 

Moreover, TGF-β (9) and IL-6 (5) have been 
detected in humans who have been infected with 
malaria parasites. TGF-β, IL-6, and IL-1 are 
cytokines that can induce the differentiation of 
naive T cells into Th17 cells that produce IL-17 
(16).
	 In this study, we found a relationship 
between the high degree of parasitemia and high 
levels of IL-17 using SEM analysis, with a plasma 
tcount = 4.558, ≥ ttable = 1.96, and path coefficients 
= 0.094. IL-17 production is associated with a 
very high occurrence of chronic inflammation 
and immunopathological conditions (16). Anti-
inflammatory cytokines such as IL-10 are secreted 
to reduce the inflammatory response during 
placental malaria. Interleukin 10 (IL-10) is a key 
cytokine that is involved in both protection and 
immuno-pathology during malaria infection. 
High levels of IL-10 were observed to be 
beneficial during malaria episodes by reducing 
the inflammatory response, but they were also 
detrimental due to their reduction of the cellular 
anti-parasitic immune response (17). IL-10 is an 
anti-inflammatory cytokine that acts by blocking 
the production of the inflammatory cytokines 
secreted by monocytes or macrophages, such as 
IL-6, TNF-α and IL-l (18). Interleukin-10 has 
previously been found to be increased during 
malaria episodes in both pregnant and non-
pregnant individuals (7). 
	 In contrast, high IL-10 levels were reported to 
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be associated with a decreased ability to eliminate 
malaria parasitemia in children in Tanzania (19).  
In this study, there was a relationship between 
the high degree of parasitemia and the decreased 
plasma IL-10 levels (tcount = 2.147 ≥ ttable = 1.96; 
path coefficients = -0.054). High IL-10 levels have 
become the hallmark of African children with 
malaria anaemia and high levels of parasitemia 
(20). 
	 The research conducted by Kabyemela 
et al 2008 (21) showed that the levels of IL-
10 increased during placental malaria when 
the parasites bound to Chondroitin sulphate 
Acid (CSA) in the placenta and thus caused 
an inflammatory response. This response was 
associated with a high degree of parasitemia (22). 
Inflammatory cells play an important role in the 
clearance of the Plasmodium falciparum parasite 
through the phagocytosis of infected red blood 
cells. However, inflammatory cells can also lead 
to functional impairment of the placental villi, 
thereby disrupting the foeto-maternal exchange 
and causing low birth weight (23). Pregnancy loss 
can occur following the high systemic production 
of pro-inflammatory cytokines (i.e., IFN-gamma 
and IL-1 beta), splenic production of TNF, and 
high levels of soluble TNF receptor II (24). The 
high systemic production of IL-10, although it is 
protective against TNF-induced excessive weight 
loss and anaemia in mice (25), is apparently 
inadequate to block the deleterious, embryo-toxic 
effects of these pro-inflammatory cytokines.
	 In this study, there was a relationship 
between the high degree of parasitemia and 
decreased levels of TGF-β in plasma (tcount = 
5.148 ≥ ttable = 1.96; path coefficients = –0.257). 
Plasma TGF-β appeared to be induced at a lower 
level compared with the control group. This is 
consistent with the findings of Abrams et al (26), 
who compared the levels of TGF-β in the cord 
blood of pregnant women infected with malaria 
with those of pregnant women without malaria 
infection and found a decrease in TGF-β levels in 
pregnant women infected with malaria. 
	 TGF-β is one of the immunomodulator 
cytokines and plays an important role in limiting 
the effects of malaria pathology (27). Dodoo et al 
(28) showed that the production of TGF-β was 
associated with a reduction in the risk of fever. 
Furthermore, the regulation of pro-inflammatory 
cytokines by TGF-β may provide protection 
against the incidence of malaria pathology. In 
severe falciparum malaria (including cerebral 
malaria), increased production of TGF-β is 
associated with anti-inflammatory effects through 
the inhibition of or reduction of pro-inflammatory 

cytokines such as IL-8 and IL-12 during the initial 
phase of immune activation (27). 
	 A study conducted by Perkins et al (29), also 
reported that the decreased level of TGF-β in 
Gabonese children was significantly associated 
with the incidence of severe malaria. Based on 
the results described above, we propose that 
decreased levels of TGF-β might be associated 
with the severity of malaria.

Conclusion

	 Malaria infection in pregnancy with high 
parasitemia may have a negative impact(s) on 
pregnancy due to the increase in Th1 cytokine 
levels and the decrease in the Th2/T regulator 
cytokine levels that function to maintain and 
save the pregnancy. We concluded that malaria 
infection during pregnancy increased levels of IL-
17 and decrease levels of IL-10 and TGF-β. 
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