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ABSTRACT
This study was carried out to determine the effect of malaria infection in pregnancy on some inflammatory and
haematological indices. It was carried out at the ante natal clinic of Nnamdi Azikiwe University Teaching Hospital,
Nnewi. Two hundred and sixty two subjects were recruited comprising: Two hundred and six pregnant women
who tested positive to malaria infection and fifty-six who tested negative to malaria infection. C-reactive (CRP),
Complements 3 and 4 (C3 and C4), were determined using turbidimetric method, haematological parameters were
done using automation method and malaria infection was determined using Giemsa staining technique. Pearson
correlation was used to test for relations while Student t-Test and Analysis of Variance (ANOVA) were used to
analyze significance of differences in mean values between groups and among groups respectively. The C3 and
C4 were significantly reduced in pregnant women infected with malaria parasite when compared with control
(P<0.05 in each case). The C3 did not show any significant difference among the trimesters (P>0.05 in each case).
However, C4 was significantly reduced in pregnant women with malaria infection in their first and third trimesters
when compared with the second trimesters (P<0.05 in each case). The CRP was significantly higher in malaria
infected pregnant women than the control (P<0.05). Malaria infected pregnant women in their second and third
trimesters showed a significant higher CRP value when compared with the first trimester (P<0.05 in each case).
The haematocrite (HCT), and haemoglobin (Hb) levels of malaria infected pregnant women were significantly
lower when compared with the control (P<0.05 in each case). The other haematological parameters (red blood
cell (RBC), and mean cell haemoglobin concentration (MCHC)) showed no significant difference between
pregnant women infected with malaria and the control (p >0.05 in each cases). There was an observed significant
correlation between C3 and HCT, Hb, and RBC but C4 and CRP showed no significant correlation with any of the
haematological indices. In conclusion there was reduced CRP and C3 and C4 and also HCT and Hb in malaria
infected pregnant women in comparison with control subjects. The RBC and MCHC showed significant difference.

immune compromised persons and younger children under
Syears are at a higher risk of infection than others [2]. The risk of
malaria infection and clinical disease is usually higher in pregnant
than non-pregnant women [3]. Several factors contribute to the
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Introduction

Malaria is transmitted from an infected mosquito to a human host
when plasmodium sporozoites in the saliva of the mosquito are
transferred into the capillary bed of the host [1]. Pregnant women,

increased risk which could be immunologic, hormonal or physical.
Other contributing factors are gestational age, parity and maternal

age [4].
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Evidences have shown that younger women in their adolescent
stage are at a greater risk of malaria infection irrespective of their
parity. Malaria in pregnancy is often associated with high risks
of miscarriages, premature deliveries, maternal morbidity and
neonatal deaths [5].

Malaria pathogenesis often causes alterations in the haematological
parameters [6], which include reduction in haemoglobin
concentration [7], other red cell indices [8] changes in total
white blood cell count, and thrombocytopenia [9]. There is rapid
haemolysis and sequestration of infected red blood cells during
malaria in pregnancy which often lead to anaemia [10]. Severe
malaria in pregnancy can lead to death or be associated with other
conditions e.g. eclampsia to cause maternal morbidity [5].

The complement system, which consists of small proteins that are
synthesized mainly in the liver [11], is a part of the innate immune
system that enhances the ability of the phagocytic cells to clear
invading pathogens from the body. Complements can cause the
destruction of malaria infected erythrocytes through the phagocytic
process and induction of inflammation [12]. Inflammation is a
considered as a mechanism of the innate immunity because it is
non-specific to causative agent [13]. It responds to the infection,
eliminates the causative agent and repairs the damage caused by
the initiating factor [14]. C reactive protein is a serum acute phase
protein [15] produced by the liver and increases in the presence of
inflammation in the body. C reactive protein activates the classical
complement cascade, opsonises bacteria for phagocytosis,
stimulates phagocytic cells, and can also bind to the parasitized
red blood cells [16].

Haemoglobinopathies, level of malaria endemicity, malaria
immunity and nutritional status of an individual can lead to
varying alterations in the haematological indices during malaria
infection [17]. In malaria endemic regions, malaria in pregnancy
causes maternal anaemia by increasing red blood cell destruction
and decreasing erythropoiesis [18]. During pregnancy, there
is a decrease in PCV because the plasma volume increases and
predisposes to haemodilution, increased rate of infection especially
malaria, hormonal changes and other conditions that promote
inflammation [19].

Materials and Method

Study area and sample population

This study was conducted at the Nnamdi Azikiwe University
Teaching Hospital (NAUTH) Nnewi, Ananmbra state. Nnamdi
Azikiwe University Teaching Hospital is a tertiary health
institution that serves as a reference center for Nnewi metropolis
and beyond. Ethical approvals was obtained from the NAUTH
Ethics committee and informed consent administered to the
participants prior to recruitment. Two hundred and sixty-two
pregnant women aged between 18-45 years were selected for this
study and are grouped into two hundred and six who tested positive
for malaria infection and fifty six who tested negative for malaria
infection.The study population was selected from those that are
not on any non-steroidal anti-inflammatory drugs, no history of

rheumatoid arthritis, systemic lupus erythematosus (SLE) and
other inflammatory disorders.

Sample collection and laboratory analysis

Blood samples (four milimeters) were drawn asceptically from
each subject by venepuncture. From the collected sample, 2mls
was dispensed into a plain container, allowed to clot and serum
obtained for inflammatory markers estimation. The remaining
2mls was dispensed into a container with potassium ethylene-
diamine tetra acetic acid (K3-EDTA) at a concentration of 1.5mg/
ml, properly mixed and labelled for full blood count estimation
and thick smear preparation.

Estimation of Malaria Parasite

Properly prepared and air-dried thick smear slides were placed
face downwards in a shallow tray supported on two rods. Diluted
Giemsa stain (10%) was poured into the shallow tray and the slides
stained for 60minutes. Afterwards the stained slides were washed
using buffered water, the back side cleaned and placed in a draining
rack to air-dry. When the thick films were completely dried, a
drop of immersion oil was applied to an area of about 10mm in
diameter, examined for ringforms, trophozoites, pigments, etc
using 100X objective and reported appropriately using the plus
sign (+) grading system.

Complement Factor 3 (C3)

This was done using turbidimetric method and reagents supplied
by Cromatest Linear Chemicals, Barcelona, Spain. The reagent and
the spectrophotometer were pre-warmed to 370C. Then, distilled
water was used to zero the photometer. One mililiter (1ml) of C3
Reagent (R1) was dispensed into the cuvette and ten microliter
(10ul) of serum was also added. The whole mixture was mixed
properly and inserted into the spectrophotometer. The absorbance
(A) was recorded after 2minutes at 340nm. The concentration of
the C3 was extrapolated from the calibration curve.

Complement Factor 4 (C4)

This was done using turbidimetric method and reagents supplied
by Cromatest Linear Chemicals, Barcelona, Spain. The reagent and
the spectrophotometer were pre-warmed to 370C. Then, distilled
water was used to zero the photometer. One mililiter (1ml) of
C4 Reagent (R1) was dispensed into the cuvette and twenty-five
microliter (25ul) of serum was also added. The whole mixture
was mixed properly and inserted into the spectrophotometer.
The absorbance (A) was recorded after 2minutes at 340nm. The
concentration of the C4 was extrapolated from the calibration
curve.

C-Reactive Protein (CRP)

This was done using turbidimetric method and reagents supplied
by Cromatest Linear Chemicals, Barcelona, Spain. The reagent
and the spectrophotometer were pre-warmed to 370C. Then,
distilled water was used to zero the photometer. One mililiter
(1ml) of Working Reagent was dispensed into the cuvette and five
microliter (5ul) of serum was also added. The calibrator was also
treated the same way as the sample. The whole mixture was mixed
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properly and inserted into the spectrophotometer. The absorbance
(A1) was recorded immediately and Absorbance (A2) after 2
minutes at 540 nm. The concentration of the CRP was calculated
using the formula provided by the manufacturer.

Full Blood Count (FBC)

This was done using Abacus 380 haematology analyser
(manufactured by Budapest) based on aperture impedance
principle. The K3-EDTA anticoagulated whole blood sample was
homogenously mixed using a mechanical mixer and placed in the
sample adapter of the analyser and the ‘Start’ button pressed. The
sample rotor turns the container into the inside of the instrument
and in-built needle draws sample from the tube. After, a few
seconds, the rotor turns out and the sample removed from the
adapter. Inside the fluidic system, the different components were
automatically analysed and the result displayed and then printed
from the analyzer.

Data analysis

The data obtained was analysed using statistical package for
social sciences (SPSS) (version 20). Data were expressed as mean
+ SD. The significance of differences in mean values between
groups were analysed using Student’s (independent) t-test, while
significance of the differences in mean values among different
groups was evaluated using one-way ANOVA. The test for
relationship was done using Pearson correlation. Results were
considered statistically significant at P<0.05, unless otherwise
stated.

Results

Table 1 shows the comparison of inflammatory markers based on
malaria infection. It was observed that the Mean = SD C3 and
C4 values) of pregnant women with malaria infection (117.04 +
16.86 mg/dl and 26.19 + 2.60 mg/dl respectively) was lower than
that of non-infected pregnant women (128.89 + 20.09 mg/dl and
27.23 +£3.62 mg/dl respectively), p <0.05 in both cases. It was also
observed that the CRP Mean = SD values of the pregnant women
infected with malaria (8.35 + 6.41 mg/l) was higher than that of
the non-infected ones (5.14 + 2.98 mg/l), and this difference was
significant, p = 0.001.

difference in C3 value (p = 0.185) was observed among the various
trimesters but a significant difference was observed in the C4
values of malaria infected pregnant women (p = 0.001) among
the groups. Post-hoc analysis revealed that the C4 value was
significantly lower in first (25.94 +2.51 mg/dl, p=0.017) and third
(25.09 £ 1.85 mg/dl, p = 0.001) trimesters compared to the second
trimesters (27.64 + 2.80 mg/dl). But no significant difference was
observed between the first and third trimesters, p = 0.329.

Furthermore, there was a significant difference in the CRP value of
malaria infected pregnant women (p = 0.001) among the various
trimesters. The Tukey post-hoc analysis indicated that the CRP
value was significantly higher in second (10.70 + 4.75mg/l, p =
0.001) and third (10.25 = 5.87mg/1, p=0.001) trimesters compared
to the first (4.48 £ 6.50mg/l). But no significant difference was
observed between the second and third trimesters, p = 0.949.

Trimesters S | MeansSD | Mean s 8D

Ist (n=69) 120.94 £ 21.06 2594 +2.51 4.48 £ 6.50

2nd (n=69) 113.23 £11.07 27.64 +£2.80 10.70 £4.75

3rd (n=68) 116.47 + 1591 25.09 + 1.85 10.25 £ 5.87
F-value 1.719 8.897 11.785
P-value 0.185 0.001 0.001
P-Value (1st vs 2nd) 0.163 0.017 0.001
P-Value (1Ist vs 3rd) 0.526 0.329 0.001
P-Value (2nd vs 3rd) 0.728 0.001 0.949

Table 2: Inflammatory Markers of malaria infected pregnant women
based on trimesters.

C3 = Complement Factor 3 Concentration, C4 = Complement Factor 4
Concentration, CRP = C-Reactive Protein Concentration, n = Sample
Size, 1st = Pregnant women in First Trimester, 2nd = Pregnant women in
Second Trimester, 3rd = Pregnant women in Third Trimester.

Table 3 shows the comparison of the haematological indices
based on malaria infection. It was observed that malaria infected
pregnant women had significantly lower Mean +SD HCT and Hb
values (32.43 + 2.51% and 10.85 + 0.89g/dl respectively) than
those who are non-infected (35.01 = 1.66% and 11.91 £ 0.55g/dl
respectively), p = 0.001 in both cases. The other haematological
indices: RBC and MCHC showed no statistically significant

Mark Group 1 (n1=56) | Group2(@=206) | . | . difference, p = 0.737, p = 0.493 respectively.
arkers Mean + SD Mean + SD wtes “value

C3 (mg/dl) 128.89 +£20.09 117.04 + 13.86 3.891 0.001 Indices Gll*\(/)[up lj(:nS=D56) GrK/lllp 2 5:11212)06) ttest | P-value

C4 (mg/d1) 27.23+3.62 26.19 2,60 2055 | 0.042 ean can

CRP(mg/l) | 5144298 835£641 | 3521 | 0001 HCT (%) 3501£1.66 | 3243+251 | 6855 | 0001
Table 1: Comparison of C3, C4 & CRP of Malaria infected pregnant Hb (g/dl) 11.91£0.55 10.85+0.89 8112 | 0.001
women and pregnant women without malaria infection. RBC (x10%mm?) 4.43+0.88 4.39+0.73 0337 | 0.737
C3 = Complement Factor 3 Concentration, C4 = Complement Factor 4 MCHC (g/1) 33.29 +0.93 33.17 + 1.04 0.688 | 0.492

Concentration, CRP = C-Reactive Protein Concentration, n = Sample
Size, Group 1 = Pregnant women with no malaria infection, Group 2 =
Pregnant women with malaria infection, Values differ significantly from
Group 1 (p <0.05).

Table 2 shows the Mean values of C3, C4 & CRP at different
trimesters for malaria infected pregnant women. No significant

Table 3: Comparison of Haematological Indices of Malaria infected and
Non-infected Pregnant women.

HCT = Haematocrit, Hb = Haemoglobin concentration, RBC = Red Blood
Cell Count, MCHC = Mean Cell Haemoglobin Concentration, n = Sample
Size, Group 1 = Pregnant women with no malaria infection, Group 2 =
Pregnant women with malaria infection.
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Table 4 shows the comparison between the Mean (+ SD) values
of HCT, HB, RBC, and MCHC at different trimesters for malaria
infected pregnant women. The table shows a significant difference
between the HCT value (P = 0.041) in malaria infected pregnant
women among the various trimesters. Post-hoc test revealed a
significantly lower HCT value in third (31.54 + 2.46%, p = 0.045)
trimesters compared with second (33.05 + 2.18%) trimesters.
There were no significant differences between the first (32.72 +
2.66%) and second (33.05 + 2.18%) trimesters (p = 0.850). Again,
there were no observed significant differences between the HB,
RBC, and MCHC values in malaria infected pregnant women
among the various trimesters.

6
Trimester HCT (%) | Hb(gan | RBC Y vche @n)
esters Mean + SD | Mean = SD mm-) Mean = SD
Mean + SD
st (n=69) 32.724£2.66 | 10.83+0.88 | 4.44+0.68 | 33.43 +0.94
ond (n=69) | 33.05£2.18 | 11.07+.079 | 429+0.56 | 33.01 £ 1.18
3rd (n=68) | 31.54+£2.46 | 10.64+0.96 | 442+0.92 | 33.050.99
F-value 3.297 1.884 0.380 1.618
P-value 0.041 0.158 0.685 0.204
P-Value
(stve 2md) 0.851 0.523 0.696 0.251
P-Value
(5t v ) 0.131 0.646 0.993 0.303
P-Value
(nd vs 3 0.045 0.134 0.768 0.989

Table 4: HCT, Hb, RBC, and MCHC Mean + SD values of Malaria
infected pregnant women based on trimesters.

HCT = Haematocrit, Hb = Haemoglobin concentration, RBC = Red Blood
Cell Count, MCHC = Mean Cell Haemoglobin Concentration, n = Sample
Size, 1st = Pregnant women in First Trimester, 2nd = Pregnant women in
Second Trimester, 3rd = Pregnant women in Third Trimester,

Table 5 shows the relationship between C3 C4 and CRP values
and haematological indices of malaria infected pregnant women.
Significant positive correlations between C3 and HCT (r = 0.213,
p = 0.037), Hb (r = 0.224, p = 0.028), and negative significant
RBC (r =- 0. 282, p = 0.005) were observed in malaria infected
pregnant women while MCHC showed no significant correlation
with C3 in malaria infected pregnant women r =0.111, p = 0.280
The C4 and CRP values of pregnant women infected with malaria
showed no significant correlation with any of the haematological
indices, p>0.05.

Haematological Inflammatory
s e r —value P-value
indices Markers
HCT 0.213 0.037
Hb 0.224 0.028
C3
RBC -0.282 0.005
MCHC 0.111 0.280
HCT 0.082 0.430
Hb 0.107 0.299
C4
RBC 0.190 0.064
MCHC -0.069 0.501

HCT -0.075 0.497

Hb 0.029 0.777
CRP

RBC -0.062 0.547

MCHC -0.086 0.405

Table 5: Relationship between Inflammatory and Haematological indices
among malaria infected pregnant women.
Test is considered significant at P<0.05.

Discussion

Increased rate of infection during malaria causes reduction in HCT
and Hb leading to anaemia in pregnant women. This finding is in
consonance with previous studies of Adesina et al. [8], Erhabor
et al. [20], Akinboye et al. [21] and Jombo et al. [22]. Hormonal
changes, iron deficiency and conditions that promote fluid
retention can also lead to decrease in HCT. Although, the HCT
value of the malaria infected women among the various trimesters
showed a significant difference but the mean values were within
the WHO reference ranges for pregnancy. However, the Hb values
among the various trimesters did not show significant variation,
as the mean values were also within the WHO reference ranges
for pregnancy [23]. This agrees with the study by Osonuga et al.,
[24] but disagrees with previous studies done by Idowu et al.,
[25]; Ichipi-Ifukor et al., [26] and Ukibe et al., [27]. The lack of
significant difference may be due to implementation of focused
ante-natal care for the pregnant women, and adequate management
of their blood profiles with various dietary supplementations [28].

During invasion by plasmodium, complement is the one of the first
line of defense against invasion [29]. The complement system is
a part of the immune system that helps or improves the ability
of antibodies and phagocytic cells to clear pathogens from an
organism, hence its consumption when there is an infection. In
this study, mean value of the C3 was significantly reduced in
pregnant women with malaria infection than the control. There
was a significant reduction in the mean value of C4 of pregnant
women with malaria when compared with the control. Also, there
was a significant difference in C4 values of both malaria infected
and non-infected pregnant women among the various trimesters.
CRP is an acute phase protein that is involved in the activation
of complement, acceleration of phagocytosis and detoxification of
substances released from the damaged tissue. In this study, CRP
value was found to be significantly higher in pregnant women
with malaria infection compared to the control. This conforms to
the findings of Banik and Adhikary, [30]; Lima-Junior et al., [31];
Agrawal et al., [32]; and Utuk et al., [33]; although they findings
were based on malaria infection but not compared in pregnancy.
During an infection, CRP are mobilised to the site to aid activation
of complements. Hence, they are increased while the activated
complements factors are utilised in the process of phagocytosis.

The findings of this study showed reductions in the HCT, Hb, C3
and C4; and an increase in CRP values of pregnant women infected
with malaria. This shows that malaria infection causes variations
in certain inflammatory and haematological indices. Further
studies are needed to elucidate more on these findings especially
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in relation to malaria parasite density. It is also recommended
that laboratory tests on inflammatory markers be included in the
focused ante-natal care package for malaria infected pregnant
women in endemic regions.
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