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Abstract Original Research Article

In pregnancy and malaria, changes in haematological parameters could be due to normal physiological adaptation to
pregnancy-induced stress on the haematological system or it could be a result of response to pathological changes due
to malaria infection. The cross-sectional study aimed at using venous blood to assess the effect of malaria infection on
the levels of haematological parameters in malaria-infected pregnant women attending ante-natal clinics of two tertiary
hospitals in Port Harcourt and compared it with non-infected subjects to ascertain the extent of the influence of malaria
coexisting with pregnancy. Ethical clearance was obtained from the Ethical Board of the two tertiary Hospitals. About
3mls of venous blood was drawn from 240 subjects comprising 80 malaria-infected pregnant women, 80 non-infected
pregnant women and 80 apparently healthy non-pregnant women. Sysmex KX21 auto analyzer was used to analyze
haematological parameters. Malaria parasite was diagnosed by Microscopy, pregnancy test done with Rapid
Diagnostic Kit and data analyses with Statistical Analysis Software (SAS version 9.4). ANOVA was used for
comparison of mean differences and level of significance set at P<0.05. Results in this study showed that RBC
3.94+0.04x10%pL, Hb 10.96+0.10 g/dl, MCHC 33.18+0.17 g/dl, lymphocyte 1.94+0.05 x10%uL and platelet
202.43+5.31 x10%/uL, of the malaria-infected and RBC 3.80+0.04 x10%/uL, Hb 10.68+ 0.10 g/dl, MCHC 32.38+0.11
g/dl ,lymphocyte 1.99+0.07 x10%/uL and %, platelet 214.83+ 5.54 x10%pL of non-infected pregnant women were
significantly reduced (p=0.0001) compared to the values of RBC 4.35+0.04 x10%/uL, Hb 11.76+0.12 g/dl , MCHC
34.53+ 0.13 g/dl , lymphocyte 2.39+ 0.50 x10%/uL and platelet 247+ 6.19 x10*/uL of the non-pregnant women.
Packed cell volume 33.00+0.30% of infected pregnant women, 33.09+ 0.24% of the non-infected women were also
significantly reduced (p=010) compared to the non-pregnant values 34.17+0.30%. WBC and Neutrophil values of
infected-women 7.24 +0.20 x10*/uL and 4.72+0.17 x 10°/ul respectively, and 7.22+ 0.15 x10%/uL, and 4.41+0.14 x
10/l respectively of non-infected women were significantly increased (p=0.0001) compared to the values WBC
5.37+0.10 x10%/pL and neutrophil 2.36+0.09 x 10%pl of non-pregnant. White blood cells and neutrophil counts were
significantly increased in the Plasmodium falciparum infected-pregnant women compared to the non-infected
pregnant values in the study, Anaemia was present, however, some inadequacies in the alterations of haematological
parameters in the study could be due to combined impairment of the immune system hence pregnancy often causes
impaired immunity as do malaria. The use of venous blood in place of placental histology for examination of malaria
infection in pregnancy is still very reliable.
Keywords: Haematological parameters, Malaria Parasite. Pregnant, Non pregnant, infected and Non-infected,
Plasmodium falciparum, Tertiary and Hospital.
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changes in pregnant situation could be due to normal
INTRODUCTION physiological adaptation to pregnancy induced stress on
the haematological system; it could also be a result of
response to pathological change. Malaria however, has
been described to have pathological effect on
haematological parameters [1]. The alterations which

Changes in Haematological parameters
occasioned by the presence of malaria or Pregnancy are
normal occurrence observed in pregnant women or in
individuals suffering from malaria parasitaemia. These
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occur in haematologic system during pregnancy is a
vital tool for fetal homeostasis and because of these
significant changes with its associated risks, appropriate
measurement, observations, data gathering and
evaluation are essential. Thus, haematological
parameters are useful tools for the assessment of the
status of health condition of a person in situation of
environmental, nutritional and pathological stress. As a
result of malaria infection, pregnant women suffer
disproportionately from severe anaemia and maternal
mortality, and maternal anaemia is the commonest
consequence of Plasmodium falciparum malarial
infection [2]. It was reported [3] that haemodilution is a
common occurrence during pregnancy in which
hemoglobin level falls as a result of increased
production of blood plasma than red blood cell,
therefore it is expected that pregnant women with
underlying illness such as malaria which also causes
reduced haemoglobin should have a more severe
situation especially that malaria in pregnancy is named
as one of the poor health conditions that causes anemia
[3]. Haematological parameters were described by [4]
to be related to blood and blood forming organs; hence
many recent studies involving haematological changes
in malaria and in pregnancy were conducted using
placental histology due to the accumulation of infected
red blood cells in the maternal blood spaces of the
placenta. But there has been conflicting reports on the
variation in some haematological parameters in malaria
yet malaria continues to remain a complex challenge in
pregnant women and children [5]. Another report states
that when the parasite is transmitted into the blood
stream, the major blood cells like red blood cells,
leucocytes and the thrombocytes are affected while the
life cycle of the malaria progresses The change in
haematological parameters affects the haematopoietic
system causing complications of malaria such as fever,
reduced oxygen transport, still birth in pregnancy, pre
term delivery and miscarriages [5]. In another report,
they associated malaria with anaemia and non anaemia,
mild and severe thrombocytopenia, leucopenia and
leucocytosis. Since malaria is a key factor in maternal
anaemia and mortality, unraveling the damage caused
by the presence of malaria in pregnancy has not been
fully exhausted, especially in Port Harcourt which is
located in the temperate and humid region of Nigeria
favoring the breeding of mosquitoes. This study was
considered, using peripheral blood samples of the
subjects in place of placental histology to create room
for expanded understanding of how peripheral malaria
in pregnancy affects haematological parameters which
are very essential for the general health of mother and
child during the period of pregnancy.

MATERIALS AND METHODS
Study Area

The study was conducted at University of Port
Harcourt Teaching Hospital, Port Harcourt (UPTH) and
Rivers State University Teaching Hospital, (RSUTH),
the both are two different tertiary hospitals which serves

as reference centers for Port Harcourt metropolis Rivers
State, Nigeria.
Subjects

A total of two hundred and fourty subjects
comprising of eighty malaria infected-pregnant women,
eighty non-infected pregnant women and eighty non-
pregnant women aged between 18- 50 years of age were
recruited into the study. Pregnant subjects who tested
positive and negative for malaria parasite and non-
pregnant women who tested negative for malaria were
included. AIll non-pregnant subjects whose blood
samples  showed  positive  for  parasitaemia
microscopically and those subjects who refused to give
informed consent were excluded from the study.

Blood Sampling

Venous blood sample of 3 milliliters were
aseptically drawn from the forearm vein using
standard venepuncture technique according to the
method described by [6]. The samples were dispensed
into EDTA (ethylene diamine tetra acetic acid) bottles
that were provided for the estimation of the levels of the
haematological parameters and preparation of malaria
parasite films.

Laboratory Analysis

The analyses of haematological parameter
(Red Blood Cells, Haemoglobin, Packed Cell Volume,
MCV, MCH, MCHC, WBC, Neutrophils,
Lymphocytes, Monocytes and platelets)  were
performed using Sysmex KN21 auto analyzer. Both thin
and thick films for malaria parasite examination and
confirmation were stained with 3 % Giemsa and
pregnancy test was done using Rapid Diagnostic Kit.

Blood Films

Propetly Prepared Smeans
(foe e roscople anadysis)

Fig-1: Thick and thin blood films used for examination and
identification of malaria parasite.

Ethical Consideration

The Research Ethics Committees of the
University of Port Harcourt Teaching Hospital (UPTH)
and that of Rivers State Hospitals Management Board
administered the ethical approval. Before the
enrollment  of  participants, a  well-structured
questionnaire was given to them to capture relevant data
which included their demographic and clinical
information such as — age, on anti- malaria or malaria
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vaccine, anti-inflammatory drugs, HIV drugs, cancer
drugs or Hepatitis B surface antigen (HBsAg), Hepatitis
C virus (HCV) drugs.

STATISTICAL ANALYSIS

The results obtained were expressed as meant
standard error of mean. Box plot graphs were used to
show the trend of the level of the parameters in the

study groups. The data were analyzed using the
statistical analysis software (SAS version 9.4). One-way
analysis of variance (ANOVA) was used for
comparison of mean difference between the groups and
level of significance was set at P<0.05.

RESULTS

Table-1: Demographic Characteristics of the study subjects

Characteristic N (%0) Pregnant-Positive | Pregnant-Negative | Non-Pregnant (Control)
Overall 240 (100) 80 33.3 80 33.3 80 33.3
Age Group (Years)
<25
25-30 34 (14.2) 11 4.6 12 5.0 11 4.6
31-35 100 (41.7) 30 12.5 36 15.0 34 14.2
36+ 75 (31.3) 28 11.7 26 10.8 21 8.8

31 (12.9) 11 4.6 6 2.5 14 5.8
Age (Mean £SD) 30.2+5.4 30.645.1 29.4+4.9 30.5+6.1

SEM: Standard error of mean within each parameter, means + SEM with different superscripts are significantly different
at p<0.05. Significance Level: *=p<0.05; **=p<0.01; ***=p<0.001; ****=p<0.0001; ns=Not significant (p>0.05).

The assessment of haematological parameters
was studied on 80 malaria-infected pregnant women, 80

non-malaria infected pregnant women and 80 non-
pregnant malaria negative women as controls as shown
in Table 1: Majority of the study participants, 100
(41.7%) were within the age range of 25 — 30 years, this

was followed by those within the age range of 31 — 35
years 75 (31.3%). Those below the age of 25 years
were 34 (14.2%) and the list proportion of the study
participants were those from 36 and above years 31
(12.9%). The mean age of the study participants was
30.2+5.4 years

Table-2: Biometric Parameters of Malaria infected Pregnant Women, Malaria Negative Pregnant Women and

Non-Pregnant Women (Mean + SEM)

MP Positive MP Negative Non-Pregnant Test Statistics P-
Parameter Pregnant(n=80) Pregnant(n=80) Control (n=80) Value
BMI (kg/m?) 27.43+0.45 27.00+0.50 26.49+0.42 0.340"™
SBP (mmHg) 109.66+1.20° 108.55+1.30 ™ 105.38+1.05° 0.031*
DBP (mmHg) 66.48+1.06 66.23+1.13 66.23+0.82 0.980"

SEM: Standard error of mean; ™ Applies only to women were pregnant and positive for Malaria parasites. Within each
parameter, means + SEM with different superscripts are significantly different at p<0.05. Significance Level: *=p<0.05;
**=p<0.01; ***=p<0.001; ****=p<0.0001; ns=Not Significant (p>0.05).

The mean + SEM of systolic blood pressure
(SBP) of malaria infected pregnant women 109.66+
1.20mmHg was significantly higher than the control
value of 105.38 + 1.05mmHg (P=0.031). However, the
SBP, 108.55+ 1.30mmHg of the non-infected pregnant
women was not significantly higher than the non-
pregnant control value of 105.38+ 1.05 mmHg
(P>0.05). The DBP of the malaria positive pregnant
women, malaria negative pregnant women and non-

pregnant malaria negative women were 66.48+
1.06mmHg, 66.23+ 1.13mmHg and 66.23+ 0.82mmHg
respectively. No significant variation in the mean of
DBP was observed between the groups (P>0.05). The
Mean £ SEM BMI of all the pregnant women were seen
to be higher than that of the non-pregnant women
although it was not significantly increased between the
groups (P>0.05).
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Table-3: Comparison of WBC, RBC, HB, PCV, MCV, MCH, MCHC, PLT and MXD among the Study Groups

(Mean + SEM)
Pregnant-Positive | Pregnant-Negative | Non-Pregnant (Control) Test

Parameter (n=80) (n=80) Statistics

P-Value
WBC (X103/ul) 7.24+0.20° 7.22+0.15° 5.37+0.10° <0.0001****
RBC (x10° /uL) 3.94+0.04° 3.80+0.04° 4.35+0.04 ¢ <0.0001****
HB (gldl) 10.96+0.10° 10.68+0.10° 11.7620.12° <0.0001****
PVC (%) 33.00+0.30° 33.09+0.24° 34.17+0.30° 0.010**
MCV (fl) 81.75+1.28 82.29+1.68 78.74+0.70 0.111™
MCH (pg) 27.93+0.26 28.07+0.29 27.29+0.30 0.119™
MCHC (g/dI) 33.18+0.17° 32.38+0.11° 34.53+0.13° <0.0001****
PLT (X 103/ul) 202.43+5.31° 214.83+5.54° 247.11+6.19° <0.0001****
MXD (%) 9.01+0.36 8.92+0.34 9.83+0.36 0.130"™

SEM: Standard error of mean;” Women were pregnant and positive for Malaria parasites; "Women were pregnant but
negative for Malaria parasites. Within each parameter, means + SEM with different superscripts are significantly
different at p<0.05. Significance Level: *=p<0.05; **=p<0.01; ***=p<0.001; ****=p<0.0001; ns=Not Significant
(p>0.05).

The mean + SEM value of white blood cell
(WBC) count of 7.24+0.02 x 10°/ul of the malaria
infected pregnant women was significantly higher than
the non-pregnant control value of 5.37+0.10 x10°/ul
(P<0.0001). There was no statistically significant
difference in the WBC values between malaria infected
pregnant women and non-infected pregnant women
(P>0.05). Red Blood Cell (RBC) count of malaria
infected pregnant women was 3.94+0.04 x10%pl, while
the non-infected pregnant women had 3.80
+0.04x10%/pl, these values were significantly different
(P<0.0001) when compared with the non-pregnant
control value (4.35+0.04x10%pul). Haemoglobin (Hb)
values of 10.96+0.0 g/dl in the malaria infected
pregnant women and 10.68+0.10g/dl in the non-infected
pregnant women were both significantly lower than the
non-pregnant control value of 11.76+0.12g/dl
(p<0.0001). Packed Cell Volume (PCV) demonstrated a
similar trend as the Hb values, the values obtained in

the infected pregnant women 33.00+£0.30% and non-
infected pregnant women  33.09+0.24%  were
significantly lower when compared with the non-
pregnant control group 34.17+ 0.30% (p=0.01). The
mean value of MCHC of infected pregnant women was
33.18+0.17g/dl. This value was significantly lower
when compared with the non-pregnant control value of
34.53+0.13g/dl (p<0.0001). There was a similar
reduction in MCHC of 32.38+0.11g/dl value among
non-infected pregnant women (p<0.0001). The platelet
count of malaria infected pregnant women
202.48+5.31x10%ul was significantly lower than the
non-pregnant control value of 247.11+6.19 x 10%pl
(p<0.0001). The values of MCV and MCH were not
affected significantly by malaria parasites as there was
no statistically significant difference in the mean values
of these parameters among the study participants
(p>0.05).

Table-4: Comparison of Lymphocyte, Neutrophil, MXD and RDW-SD among the Study Groups (Mean + SEM)

Parameter Pregnant- Pregnant- Non-Pregnant Test Statistics
Positive'(n=80) Negative (n=80) (Control) (n=80) P-Value

Lymphocyte (%) 27.17+0.66° 27.68+0.58 ° 46.11+0.83° <0.0001****

Neutrophil (%) 63.79+0.72° 60.68+1.51"° 44.76+1.10° <0.0001****

Lymphocyte (X103/ul) 1.94+0.05° 1.99+0.07° 2.39+0.50°" <0.0001****

MXD (X 103/ul) 0.70+0.05° 0.67+0.03° 0.51+0.02° <0.0001****

Neutrophil (X 103/ul) 4.72+0.17° 4.41+0.14° 2.36+0.09° <0.0001****
RDW-SD (FL) 43.12+0.75% 44.64+0.66° 41.08+0.37° 0.001***

SEM: Standard error of mean;* Women were pregnant and positive for Malaria parasites; "Women were pregnant but
negative for Malaria parasites. Within each parameter, means + SEM with different superscripts are significantly
different at p<0.05. Significance Level: *=p<0.05; **=p<0.01; ***=p<0.001; ****=p<0.0001; ns=Not Significant
(p>0.05).

The mean + SEM value of the lymphocytes in
this study as presented on the table shows that the of
lymphocytes percentage of malaria infected pregnant
women (27.17+£0.66%) and non-infected pregnant
women (27.68+0.58%) were both significantly lower

than the non-pregnant control value of 46.11+0.83%
(p<0.0001). The absolute lymphocyte count
demonstrated similar trend in the reduction of the
values. The absolute lymphocyte count of infected
pregnant women (1.94+0.05 x 10%/ul) and non-infected
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pregnant women (1.99+0.07 x 10%/ul) were significantly
lower than the non-pregnant control value of 2.39+0.50
x 10%/ul (p<0.0001). There was a marked elevation of
neutrophil percentage of 63.79+0.72 x 10%ul in the
malaria infected pregnant women and 60.68+1.57
x10%ul among non-infected pregnant women when
compared with the non-pregnant control value of
44.76+1.10 x10%pl. Similarly, the absolute neutrophil
count of 4.7240.17 x 10%ul in the malaria infected
pregnant women and 4.41+0.14 x 10°/ul in the non-
infected pregnant women were markedly elevated when
compared with the non-pregnant control value of
2.36+0.09 x 10*/pl (p<0.0001).

Box
haematological

plot  representation  of  some
parameters showing the trend of

variation in the three study groups, malaria infected
pregnant women, malaria non infected pregnant women
and non-pregnant controls are graphically compared for
parameters of WBC, RBC, Hb, PCV, MCHC and
platelets. The box plots presented revealed high level of
agreement of the three groups with each other as shown
by the distribution and scores. In figure 1, the WBC
count increased significantly upward from control
values and maintained the same level in malaria
infected and malaria non pregnant women. RBC, Hb,
PCV and MCHC values decreased from control values
to a significant level in the other study groups. The
trends were all the same. Platelets showed a steady and
significant fall from control value as shown in figure 7.
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Fig-2: Boxplot of WBC (X103/ul) by Study Group

(The WBC values of pregnant negative and pregnant positive values are both higher than non-pregnant controls, malaria
could not have been a cause of increase).
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Fig-3: Boxplot of RBC (x10%/uL) by Study Group
(Significant reduction occurred more with the pregnant negative group)
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Fig-4: Box plot of HB (g/dl) by Study Group

(Pregnancy induced haemoglobin reduction .not much difference between malaria negative and malaria positive groups)
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Fig-5: Boxplot of PVC (%) by Study Group
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Fig-8: Overlay plots of Neutrophil (%), Lymphocyte (%), MXD (%) and PVC (%) graphically comparing the trend of
influence of malaria and pregnancy in the parameters to show the difference in the groups

DiscussION

There was significant elevation of leucocytes
count in malaria infected pregnant women in this study
which contradicts the finding of [7] and [8] where
malaria  parasitaemia especially in plasmodium
falciparum was explained to induce low white blood
cell count (leucopenia). Our finding correlates with the
finding of [9] which reported increase in mean values of
leucocytes in malaria parasitaemia in pregnancy. This
finding is also similar to previous studies done by [10],
and [11], the different reports stated that during
pregnancy, WBC value usually increases with lower
limit values and may remain elevated throughout the
period of puparum. The elevation in the mean value of
leucocytes in this study above the values from previous
studies on pregnant women with malaria, may be
related to the body system adjusting to the physiological
stress and pathological stress induced by pregnancy and
malaria infection at the same time. It could also be due
to the fact that white blood cells are known to be
responsible for the body’s defense, and the number of
WBC’s in the blood is often an indicator of the disecase
or health condition of the individual thus the WBC
count is seen as an important subset of the complete
blood. The observed increased leucocytes count could
also be due to marked increase in the value of
neutrophil count in this study (a subset of the WBCs
that are phagocytes). Phagocytosis is one of the ways
that neutrophils play a role in the clearance of malaria
parasites and the observed neutrophilia could also be
due to impaired neutrophilic apoptosis [12].

The marked elevation in the mean value of the
neutrophil count observed in this study in malaria
infected pregnant women above the count seen in non-
infected pregnant women and non-pregnant control
corroborates with a previous work done by [12].They
reported elevated neutrophil count in malaria parasite
infection, their report stated that the neutrophils are
effector cells in malaria pathogenesis, as they interact
with coagulation, proteins and plasma elastase increases
in patients suffering malaria infection due to P.
falciparum. The neutrophil elastase when they are
released by the activated neutrophils, cleave the
infected red blood cells (iRBC) antigens involved in
Plasmodium falciparum iRBC cytoadherence which
result in the phagocytosis of the iRBC in vivo [13]. In
this study, the increase in neutrophil count may be
related to activation of neutrophil production from the
marrow or suppressed peripheral removal otherwise
known as apoptosis which results to increased number
of neutrophils in the peripheral.

The observed reduction in lymphocyte count in
this study followed a reducing pattern in the study
groups. The absolute lymphocyte count of the infected
pregnant women was lower than that of the pregnant

women not infected with malaria and lower than the
non-pregnant control value. This finding was similar to
previous studies reported by [14] that in P. falciparum
malaria, low lymphocyte count is a well-established fact
but usually replaced by lymphocytosis after a few days
of treatment with appropriate drug and it normalizes in
couple of weeks. The level of lymphopenia seen in the
non-infected pregnant women compared to the non-
pregnant control value could be associated to normal
adaptation to preghancy probably the body is
responding to the altered immunity which often occur
during pregnancy. And pregnancy is a well-established
cause of altered immunity particularly cellular
immunity [15].

A common cause of altered immunity is under
nutrition, the body lacks protein and other nutrients that
are necessary for the production of lymphocytes and it
is a known fact that most pregnant women do not feed
well on balanced diet to get the required nutrient meant
to keep them healthy and develop their baby
adequately. This is the reason why pregnant women are
given vitamin supplements during the course of
pregnancy. Altered immunity may also occur as a
relatively nonspecific response to various forms of
stress such as acute infection. The lymphopenia
observed in malaria infected women, therefore could be
due to the malaria and pregnancy acting synergistically
to impair the cellular immunity thereby reducing the
lymphocyte count and potentially increasing
susceptibility to malaria infection.Red blood cell count,
Haemoglobin (Hb) concentration and percentage of
Packed Cell Volume (PCV) in this study were
significantly reduced in the malaria infected pregnant
women compared to the non-pregnant experimental
group. Also the non-infected pregnant women had
significantly lower values compared to the non-
pregnant control. This observation was similar to the
finding of [9] who reported low red blood cell count,
low haemoglobin concentration and low haematocrit in
pregnant women infected with malaria compared to
their non-infected counterpart. It also agrees with the
reports of [16] where Hb and haematocrit levels were
recorded to be low in the first and third trimesters of
pregnancy. The other previous reports which our
finding in this study agrees with are the findings of [17]
and [18], though their result did not show significance,
yet there was decrease in the levels of PCV, red blood
cell count and Hb concentration. The significant
reduction of red blood cell count, Hb concentration and
PCV observed in malaria infected pregnant women in
this study reveals the presence of anaemia in pregnancy
contributed by malaria parasite infection. This observed
anaemia is a known complication of pregnancy on these
haematological parameters. It has also been reported in
malaria parasite infections. The parasites as they
penetrate the red blood cells, stick to the linings of the
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small blood vessels and this leads to the parasites
providing obstruction to tissue perfusion. Therefore
patients with anaemia experience dehydration and
hypovolaemia.

Red cell destruction is also an inevitable part
of malaria infection, as anaemia further compromises
oxygen delivery. The pathogenesis of anaemia in
malaria infection following the destruction of red blood
cells is thought to arise from a combination of
haemolysis of parasitized red blood cells, onward
removal of both parasitized and unparasitized red blood
cells, depressed and infected erythropoiesis together
with dyserythropoietic changes. Red blood cells, in this
study, were seen to be significantly reduced in the non-
infected pregnant women compared to the mean value
observed in the infected pregnant women. While the
reduction in the mean value of red blood cell, PCV and
Hb in pregnancy compared to the non-pregnant values
could be associated to normal occurrence from
haemodilutional effect in pregnancy, the reason for the
slight increase in malaria infected women above that of
the non-infected women in this study cannot be
explained. But anaemia is known to be Multifactoral in
origin. Although malaria is an important contributor of
anaemia when it is present, we suggest that proper
nutritional and antenatal care must have played a role in
maintaining proper erythropoiesis giving good red cell
indices values in these subjects. This suggestion is
inference from the suggestion of [19], who reported that
impaired erythropoiesis is responsible for bone marrow
dysfunction and few of the different mechanism
through which malaria could cause anaemia. The
values of MCHC, MCH and MCV were also considered
in this study. The MCHC values among the infected and
non-infected pregnant women were lower than the
mean values of the non-pregnant control. This finding
was in consonance with the previous report by [20] who
reported that in severe malaria, there was marked
reduction in the deformability of uninfected red blood
cells leading to low MCHC. Our finding however was
at variance with the report of [9] and [1] who reported
high MCHC, MCV and MCH in malaria infection with
plasmodium. It was therefore suggested in this study
that the low MCHC could be as a result that when red
blood cells are attacked by the plasmodium parasites,
invasion by the parasite occur, which leads to alteration
of the host red cells. These alterations in the red blood
cells which includes loss of normal shape, increased
rigidity of the cell membrane, increased permeability to
a wide variety of ionic and other species, increased
adhesiveness, mostly to the endothelial surfaces bring
about enhanced parasite survival within the red cells
thereby increasing the manifestation of the disease
which anemia is one of them [21]. Also the low MCHC
could be associated to low Hb in the infected subjects
because MCHC is known as an index of Hb
concentration per red cell, indicating the oxygen
carrying capacity of each red cell and it is affected
therefore by haemodilution in pregnancy. MCV and

MCH values conversely were not significantly affected
by malaria in pregnancy. This observation contradicts
the findings by [1] and [9] the two different findings
reported high MCV and MCH in malarious women. But
our finding is similar to the findings of [22] who
reported slightly low values in MCH, MCV and
MCHC. These observations could be associated to poor
in-take of iron supplements during their pregnancy
period. It could also be the outcome of the presence of
few red blood cells and not just haemodilution or
deformability of the cell but also increase destruction of
infected and non-infected red blood cells and also
premature cells [3] and [22].

Reduction in platelet count observed in this
study occurred among the infected pregnant women and
non-infected pregnant women compared to the non-
pregnant control. This observed thrombocytopenia
correlates with the reports of [23] and [24], who in their
different studies stated that in pregnancy, platelet count
does decrease. Also it is similar to the repot of [25] who
reported that in patients with P.falciparum infection,
there was significantly lower platelet count. But our
finding however is at variance with the result of a study
by [26] which states that in normal pregnancy state,
platelet behavior if at all changes, the change is usually
very little compared to the non-pregnant state. From our
finding in this study, we suggested that the
thrombocytopenia observed in  malaria infected
pregnant women may be due to immune-mediated
destruction of circulating platelets which has been
postulated as a cause of thrombocytopenia seen in
malaria infection [1]. They summarized that malaria
infected Patients have elevated levels of specific IgG in
the blood which binds to platelets-bound malaria
antigens and this possibly lead to accelerated
destruction of the platelets. We also suggest that the
thrombocytopenia observed in this study may be an
influence by the presence of P.falciparum infection
resulting to reduced platelet survival from peripheral
destruction occasioned by factors such as splenic up-
take or sequestration and destruction of platelet
production. This suggestion was drawn from the reports
of [27] that thrombocytopenia is a common feature of
P.falciparum and plasmodium vivax infection.

CONCLUSION

The findings of this study showed significantly
increased levels of white blood cells and neutrophil
counts in the Plasmodium falciparum infected-
pregnant women compared to the non-infected pregnant
values. Hb, PCV, MCHC, platelets, red blood cells and
lymphocytes showed significantly reduced levels in the
malaria infected pregnant women, an indication of
presence of anaemia. This shows that actually malaria
parasite infection coexisting with pregnancy influences
alterations in the haematological parameters.
Furthermore, it is clear that the use of venous blood in
place of placental histology for examination of malaria
infection in pregnancy is still reliable. Some of the
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inadequacies observed as the haematological alteration
in this study could be associated to combined
impairment of the immune system since pregnancy
often causes impaired immunity as do malaria. MCV
and MCH were not significantly affected in malaria
infected pregnant women in spite the anaemia that was
noticed. It is thus recommended that further studies be
carried out to investigate the inverse relationship which
existed between the MCV and MCH in this study.
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