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AbstrAct

Aims: A lot of efforts have been made to minimize 
malaria transmission in the world, however, this 
infection still remains high among  humans. 
Plasmodium infection among children under 
five is characterized by marked changes in 
hematopoietic cells as a result of the ability of 
the parasite to attack and destroy erythrocytes. 
this study was aimed at elucidating the changes 
in hematological profile caused by plasmodium 
parasites among infected children under five 
years. Methods: A four month, cross sectional 
hospital-based study was conducted involving 
255 children under five years infected with or 
without malaria parasite. Hematological profiles 
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of the participants were assayed and comparison 
made with normal reference values. A total of 152 
children were infected with malaria parasites with 
the remaining 103 children unaffected. About 2.5 
milliliters of venous blood sample was collected 
from each participant into K3EDtA tubes. Full 
blood count and parasite species identification 
and quantification were done. results: the 
hemoglobin concentration and the platelet 
count were significantly lower among children 
with malaria infection than those without the 
parasites and the monocyte count was also 
significantly higher among children with malaria 
parasitemia than the control group. the red 
blood cells (rbc) numbers and the hemoglobin 
(Hb) level decreased significantly as severity 
of malaria increased while the monocyte count 
increased significantly as severity of malaria 
increased. conclusion: there are significant 
changes in the hematological profile of children 
under five infected with malaria parasites and 
these changes become profound as the severity 
of the infection increases
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iNtrODUctiON

Malaria infection is caused by the protozoa plasmodium 
species; of the genus: Plasmodium; P. falciparum, P. 
ovale, P. vivax, P. malariae and P. knowlesi, with P. 
falciparum being the most infectious [1]. It’s transmission 
from one person to another is carried out through the bite 
of an infected female anopheles’ mosquito, which acts as 
the vector. About half of the world’s population resides in 
malaria endemic areas [2]. 

Estimates from the world health organization revealed 
that about 3.2 billion people remain at risk of malaria 
with the year 2015 alone being responsible for about 214 
million new cases and 43800 deaths [3]. Approximately 
80% of malaria deaths occur in only 15 countries most 
of which are in Africa including Ghana [3]. Malaria 
is a major public health issue in Africa [4]. It is hyper-
endemic in Ghana with plasmodium falciparum being 
responsible for about 90–98% of morbidity and mortality 
linked to the infection [5]. Undeniably, in Ghana, malaria 
is the commonest cause of patient admission and death 
among children.

Hematological changes that characterize malaria 
parasitemia are probably due to the biochemical 
changes that ensue during the asexual life cycle stage 
of the plasmodium parasite [1]. The pathological effect 
of plasmodium infection in children is dependent on 
many factors including; parasite infectiveness, host 
susceptibility as well as geographical factors. During 
the raining season most children are infected with the 
malaria parasite, which destroys erythrocytes causing 
significant changes in hematological parameters. Various 
studies have reported that malaria episode causes many 
pathophysiological disturbances in its host hematological 
system including alterations in erythrocytes, leucocytes 
and thrombocytes subpopulations in the peripheral 
blood [6]. Hematological alterations may be inducted 
by several other factors including time after infection, 
intensity and pattern of transmission of the parasite in 
the area as well as the strength of host immunity [7]. 
Several clinical studies have also examined the changes 
in the peripheral blood counts in uncomplicated malaria 
infection; few however, have examined and compared 
these hematological alterations in children under five 
[8]. Changes in hematological parameters may be 
influenced by any pathological condition including 
malaria, which affects the formation, development and 
differentiation of all types of blood cells [9]. Malaria 
infection in human is usually accompanied by decrease in 
hemoglobin concentration leading to severe anemia with 
a substantial increase in mortality rate [10]. Other factors 

may also be responsible for this fatality in addition to 
direct destruction of parasitized red blood cells when 
merozoites are released [10]. Two national representative 
survey documents on anemia prevalence states that 84% 
of children under five, 71% of children of school going 
age, 65% of women who are pregnant and 59% of breast 
feeding women were anemic [10]. Anemia is a significant 
cause of mortality in malaria infection. This may be due 
to difficulty in diagnosis especially where parasitemia and 
the clinical picture may be confused with other causes of 
anemia [10]. 

The accepted worldwide “gold standard” used for 
the routine diagnosis of malaria involves microscopic 
examination of thick and thin blood smears which 
have been stained with Giemsa for parasite detection 
and species identification respectively [11]. The major 
problem with microscopy is that it requires highly trained 
staff, good quality equipment and reagents. The rest are, 
regular supply of clean water, electricity, and effective 
quality management system.  Furthermore, there is lack 
of qualified personnel to carry out microscopy in order 
to promptly and effectively diagnose malaria in some 
malaria endemic communities [12]. This has resulted in 
many efforts being made to replace the use of microscopy 
to diagnose malaria with other methods such as the 
rapid diagnostic tests (RDTs) and automated machines 
including the possibility of using changes in hematological 
parameters to support the presumptive malaria diagnosis 
[13]. 

Alterations in the hematological parameters have also 
shown the capacity to provide additional tool to increase 
the suspicion of malaria and thereby facilitate a more 
vigorous search for the parasites microscopically [14].  To 
this end, this study was aimed at evaluating the changes 
in hematological profile of children infected with malaria 
parasites and elucidates the usefulness of such changes in 
the diagnosis and management of the disease.

MAtEriALs AND MEtHODs

study site and design 
This cross sectional study was carried out between 

the months of December, 2016 to March, 2017 at the Ho 
Municipal Hospital and the Volta Regional Hospital in 
Ho and involved children under five years with fever and 
other symptoms leading to primary diagnosis of malaria. 
30 children were excluded from initial number of 285 
leaving 255 children who formed part of our inclusion 
criteria and were thus used for the study. Those who were 
malnourished and those with helminthes infestations 
were excluded from the study using the screening tool 
for risk on nutritional status and growth (STRONG Kids) 
by a qualified nutritionist and a registered dietitian and 
microscopic stool examination by a qualified Medical 
Laboratory Scientist respectively. Also excluded were 
those with sickle cell anemia. Those with malaria parasites 
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as determined by microscopy serve as cases and those 
without malaria infection as determined by microscopy, 
and rapid diagnostic tests served as control. Informed 
assent was obtained from each participant’s parent prior 
to sample taking. Ethical clearance was obtained from 
the management of Ho Municipal Hospital and the Volta 
Regional Hospital, the institutional review board of 
University of Health and Allied Sciences and School of 
Allied Health Sciences (UHAS-SAHS-ERSC: 010A/2017). 

sampling
Two and half milliliters (2.5ml) of venous blood was 

collected from each participating child into potassium 
Ethylene Diamine Tetra-acetic Acid (K3EDTA) tubes, 
mixed thoroughly and promptly analyzed for complete 
hematological profile. Total white blood cell count 
(TWBC), differential WBC count, Hemoglobin level (Hb), 
red blood cell count (RBC), hematocrit (HCT), mean cell 
volume (MCV), mean cell hemoglobin (MCH), mean 
cell hemoglobin concentration (MCHC), red blood cell 
distribution width (RDW) and platelet count (PLT) were 
estimated using SYSMEX XS – 500i auto-hematology 
analyzer  (Sysmex Europe GmbH, Bornbarch1 22848 
Norderstedt ,Germany).  Daily quality assurance checks 
were done using manufacturer provided quality control 
standards according to manufacturer’s instructions. 
Participant with hemoglobin level<11g/dl were 
considered anemic.

slide Preparation and Examination
Slides for microscopy were promptly prepared after 

specimen collection, each with a thick and thin blood 
smear by putting a measured volume of 6 ul and 2 ul 
respectively at separate points on the slide. With the 
help of a spreader, the thick and thin blood smears 
were prepared and stained with Giemsa stain after 
the films had air-dried. With the help of two qualified 
Medical Laboratory Scientist, the presence or absence of 
plasmodia parasites and the number of asexual parasites 
per 200 WBCs were determined using the WHO standard 
guidelines. Parasite density was calculated as the ratio of 
parasites to WBCs per microliter of blood using a thick 

and thin blood film (parasites/WBCs counted × total 
WBCs in 1 liter of blood). Parasite density grading system 
used: Mild = < 25000 parasites/ul; Moderate = 25000-
125000 parasites/ul, and Severe = >125000 parasite/ul.

rEsULts

The study population involved 255 children aged 
below five years who reported to the hospital with fever 
and other symptoms leading to the primary diagnosis 
of malaria. A total of 123, (48.2%) were males and 132, 
(51.8 %) were females (Table 1). The average age of all the 
patients was 2.25 years and the median age was 1-2 years. 
The average age of the males was 2.24 years and that of the 
female was 2.28 years. When the hematological profile of 
all participants was stratified into gender there were no 
significant differences in all the parameters (Table 2).

Participants with malaria were older than those 
without malaria, however, there was no significant 
difference in their ages. The hemoglobin concentration 
(Hb) concentration (P = 0.014) and the platelet count 
(P = 0.043) were both significantly lower in the cases 
than the controls while the monocyte count was also 
significantly higher among participants with malaria 
infection than those without malaria (P = 0.001). The 
rest of the parameters did not show significant difference 
between those with malaria and those without malaria 
(p>0.05) (Table 3).

The RBC count and the Hb level decreased 
significantly with severity of malaria; P = 0.003 and P 
= 0.001 respectively, and the monocyte count increased 
significantly with severity of disease (P = 0.012).  No 
significant differences were observed in the rest of the 
Full Blood Count parameters (P>0.05) (Table 4).

The study revealed negative correlation between 
parasite density and hemoglobin concentration and 
positive correlation between monocyte count and parasite 
density. Though these correlations were significant, they 
were weak (Table 5).The hematological profile did not 
show significant variation with age among those infected 
with malaria parasites (P>0.05) (Table 6).

Table 1: Age group distribution of participants

Age group (Years) Male (%) Female (%) total 

<1 19(15.5) 18(13.6) 37(14.5)

2-3 56(45.5) 60(45.5) 116(45.5)

3-4 48(39.0) 54(40.9) 102(40)

Total 123(48.2) 132(51.8) 255(100)
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DiscUssiON

This study examined the hematological profile of 
children under five years who were clinically diagnosed 
with malaria in the Volta Regional Hospital and the 
Ho Municipal Hospital. Children under five year’s are 

vulnerable with low immunity against the plasmodium 
parasite and so when they are infected with malaria, it 
could lead to anemia with the consequent morbidity and 
mortality. There were no significant differences in the full 
blood count parameters between the males and females. 
Furthermore, there was no significant difference between 

Table 2: Hematological variations in relation to gender

Variable total (n= 255) Male (n= 123) Female (n= 132) p-value

Age 2.25±0.69 2.24±0.70 2.28±0.70 0.905

WBC x 103/μL 11.26±5.48 10.97±5.38 11.52±5.58 0.445

RBC x 106/μL 4.09±0.77 4.14±0.67 4.04±0.85 0.583

Hb, g/dL 9.68±1.72 9.62±1.52 9.74±1.90 0.315

HCT, % 29.72±4.81 29.77±4.40 29.68±5.18 0.142

MCV, fl 72.21±8.25 71.49±7.36 72.88±8.97 0.264

MCH, pg 23.60±3.58 23.24±3.22 23.92±3.87 0.453

MCHC, g/dL 32.32±2.93 32.13±1.90 32.50±3.63 0.241

PLT x 103/μL 232.18±130.04 241.95±128.42 223.08±131.36 0.348

RDW-CV 15.37±2.50 15.14±2.37 15.58±2.60 0.32

NEUT x 103/μL 5.97±3.76 5.81±3.83 6.12±3.70 0.396

LYMP x 103/μL 3.96±2.16 3.88±2.02 4.02±2.29 0.535

MONO x103/μL 0.96±0.64 0.94±0.71 0.97±0.58 0.445

EO x 103/μL 0.32±0.34 0.30±0.33 0.33±0.36 0.77

BASO x 103/μL 0.12±0.18 0.10±0.16 0.14±0.19 0.061

WBC= white blood cells, RBC=Red blood cells, Hb=Hemoglobin, HCT= Hematorit, MCV= Mean cell volume, MCH=Mean cell 
hemoglobin, MCHC= Mean cell hemoglobin concentration, PLT= Platelet, RDW-CV= Red Cell Distribution Width, NEUT= 
Neutrophil, LYMP= Lymphocytes, MONO= Monocytes, EO= Eosinophils, BASO= Basophils, Values are expressed as means ± SD. 
There were no significant differences in the full blood count parameters between the males and females (P>0.05).

Table 3: Comparison of hematological profile of participants with malaria and those without malaria

Malaria status

Variable Positive (n= 152)  Negative (n= 103) p-value

Age (Mean ± SD) 2.32±0.67 2.17±0.73 0.164

WBC x 103/μL 12.94±6.02 8.78±3.27 0.277

RBC x 106/μL 3.87±0.80 4.42±0.59 0.165

Hb, g/dL 9.22±1.90 10.36±1.13 0.014

HCT, % 28.36±5.23 31.74±3.18 0.55

MCV, fl 72.13±9.14 72.32±6.76 0.476

MCH, pg 23.51±4.06 23.73±2.73 0.703

MCHC, g/dL 32.20±3.48 32.51±1.85 0.68

PLT x 103/μL 160.88±87.79 337.42±109.28 0.043

RDW-CV 15.75±2.82 14.81±1.80 0.06

NEUT x 103/μL 7.24±3.93 4.10±2.53 0.448

LYMP x 103/μL 4.16±2.42 3.65±1.70 0.359

MONO x 103/μL 1.11±0.73 0.74±0.39 0.001

EO x 103/μL 0.38±0.38 0.22±0.26 0.409

BASO x 103/μL 0.16±0.21 0.12±0.17 0.225
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Table 4: Comparison of hematological variations among children infected with malaria according to the severity of the infection.
Variable Malaria grades p-value 

Mild (n = 109) Moderate (n = 32) severe (n = 11)

Age (Mean ± SD) 2.28±0.68 2.41±0.56 2.45±0.82 0.192

Gender 0.634
Male 45(41.3) 15(46.9) 6(54.5)
Female 64(58.7) 17(53.1) 5(45.5)
Age group n (%) 0.192
<1 14(12.8) 1(3.1) 2(18.2)
1-2 51(46.8) 17(53.1) 2(18.2)
3-4 44(40.4) 14(43.8) 7(63.6)
WBC x 103/μL 11.77±5.06 14.07±7.28 21.20±3.65 0.303

RBC x 106/μL 4.10±0.60 3.60±0.78 2.37±0.80 0.003

Hb, g/dL 9.70±1.58 8.52±1.95 6.54±1.87 0.001

HCT, % 29.67±4.36 26.26±5.18 21.44±6.31 0.307

MCV, fl 71.34±8.33 72.32±8.47 79.44±14.99 0.187

MCH, pg 23.49±3.32 23.68±3.64 23.17±9.44 0.129

MCHC, g/dL 32.42±2.17 32.53±2.67 29.01±9.87 0.11

PLT x 103/μL 173.45±87.27 147.50±86.24 75.18±26.04 0.149

RDW-CV 15.61±2.85 16.02±2.69 16.37±3.01 0.323

NEUT x 103/μL 6.45±3.36 8.24±4.78 12.23±1.71 0.303

LYMP x 103/μL 3.93±2.17 4.10±2.42 6.67±3.40 0.229

MONO x 103/μL 1.01±0.55 1.27±1.06 1.59±0.94 0.012

EO x 103/μL 0.36±0.38 0.43±0.38 0.45±0.35 0.201

BASO x 103/μL 0.15±0.19 0.15±0.20 0.34±0.33 0.084

Parasitemia (Parasite/ul) 5512.81±5843.09 57898.97±25380.31 185562.27±58731.11 0.274

Values are expressed as means ± SD. Parasite density grades Mild= < 25000 parasites/ul; Moderate= 25000-125000 parasite/ul, 
Severe= >125000-250000parasite/ul. Total number of infected was 152. This table does not include those without malaria infection 
(103 children)

Table 5: Correlation between Parasite density and hematological parameters 

r p-value

Hematological profile 

WBC x 103/μL 0.391 0.303

RBC x 106/μL -0.558 0.003

Hb, g/dl -0.464 0.001

HCT, % -0.453 0.307

MCV, fl 0.197 0.187

MCH, pg -0.005 0.129

MCHC, g/dL -0.184 0.11

PLT x 103/μL -0.284 0.149

RDW-CV 0.086 0.323

White cell differentials 

NEUT x 103/μL 0.39 0.303

LYMP x 103/μL 0.238 0.229

MONO x 103/μL 0.235 0.012

EO x 103/μL 0.087 0.201

BASO x 103/μL 0.181 0.274
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the various age groups with regards to the hematological 
profiles. 

White blood cells play vital role in the defense against 
malaria hence this study demonstrated overall increase 
in white blood cell numbers among participants with 
malaria as against those without malaria though the 
increase was not statistically significant. This is consistent 
with the  findings of Maina and colleagues which found 
significant increase in WBC count in children with malaria 
compared to the controls in a cross-sectional study among 
children in Kisumu, western Kenya [15]. White blood cell 
changes in malaria are variable depending on factors 
like; parasitemia, host immunity state and the existence 
of co-infections [16]. Part of the body’s immune response 
to infections involves stimulation of effector cells which 
may be neutrophils, macrophages or Natural killer (NK) 
cells [17]. Consequently, reticuloendothelial hyperplasia, 
is one of the most significant early pathological changes in 
malaria parasitemia [16]. Monocytosis is one of the most 
significant observations reported from a previous study 
on hematological changes among children infected with 
malaria [18].  This is in consonant with the findings in the 
present study, where a significant increase in monocyte 
count was observed in parasitemic patients compared 
to the non-parasitemic patients. The mean neutrophil 
count between the parasitemic and non-parasitemic 
children in this study was not significantly different. 
These findings are similar to those from previous studies 
in India [19] and Singapore [7] respectively where they 
reported no significant increase in neutrophil count 
between those with malaria and those without malaria. 
The pathophysiology of neutropenia in malaria has 
been suggested to involve amplified margination and 
sequestration of neutrophils as a result of the augmented 
expression of cell adhesion molecules (ICAM-1 and 

VCAM-1) that occurs in malaria [20]. Available literature 
has indicated that lymphocyte count remains unchanged 
during an acute malaria infection [18]. This is in line 
with this study in which no significant difference in 
lymphocyte count in patients with malaria parasitemia 
and those without parasitemia is reported. The variations 
seen in the total lymphocyte count in malaria parasitemic 
patients may be due to either an elevation or a reduction 
in the numbers of differential white blood cell (WBC) 
lines. Also, the eosinophils and basophils counts were not 
significantly different between those with malaria and 
those without malaria in this study.

In this study, the mean platelet counts in patients with 
malaria was normal, however, it was significantly lower 
than that of those without malaria. These observations 
may imply the likelihood of thrombocytopenia being 
an indicator of Plasmodium infection. The relationship 
between platelet count and plasmodium infection has 
been reported by a previous study [15]. Thrombocytopenia 
may occur probably as a result of destruction and removal 
of platelets by spleen in addition to platelet depletion by 
disseminated intravascular coagulopathy [21]. Elevation 
in the number of megakaryocytes in the bone marrow 
causes reduction in the production of platelets which may 
cause thrombocytopenia in malaria [22]. The destruction 
of platelets by the immune system has been hypothesized 
as a causative agent of thrombocytopenia seen in malaria 
infection [21]. Malaria-infected patients have raised 
levels of immunoglobulin G (IgG) in the blood which 
binds to platelet-bound malaria antigens leading to 
increased destruction of thrombocytes [23]. One study 
has shown that aggregated platelets are falsely counted 
as single platelet by the analyzers thus causing pseudo-
thrombocytopenia [22].

Table 6: Comparison of age related hematological variations among children infected with malaria.

Variable Age group p-value 

<1 (n = 17) 1-2 years (n = 70) 3-4 years (n = 65)

WBC x 103/μL 12.43±5.25 13.10±4.97 12.89±7.20 0.229

RBC x 106/μL 4.17±0.95 3.95±0.68 3.71±0.86 0.632

Hb, g/dL 9.85±1.49 9.13±1.75 9.15±2.13 0.109

HCT, % 29.58±4.44 28.21±4.23 28.20±6.32 0.553

MCV, fl 70.44±10.09 69.52±8.48 75.38±8.67 0.389

MCH, pg 22.91±4.54 22.81±3.53 24.41±4.34 0.054

MCHC, g/dL 31.59±2.38 32.44±2.69 32.09±4.37 0.248

PLT x 103/μL 176.41±82.96 165.44±87.98 151.89±89.15 0.142

RDW-CV 15.71±2.46 15.90±2.82 15.59±2.94 0.536

NEUT x 103/μL 6.03±3.59 7.00±3.22 7.82±4.61 0.473

LYMP x 103/μL 4.92±2.17 4.60±2.15 3.49±2.60 0.592

MONO x 103/μL 1.16±0.62 1.04±0.59 1.16±0.89 0.412

EO x 103/μL 0.41±0.33 0.36±0.37 0.40±0.40 0.287

BASO x 103/μL 0.18±0.22 0.15±0.19 0.17±0.23 0.721

Total number of infected children was 152. This table does not include those without malaria infection (103 children).
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The sustainability of plasmodium parasites is only 
possible when the parasites infect red blood cells of 
their human host. Therefore, changes in RBC indices are 
common in malaria infection [14]. Anemia is one of the 
commonest complications in malaria infection especially 
in pregnant women and children of school going age 
living in endemic areas [10]. The pathophysiology of 
anemia caused by plasmodium parasites is yet to be 
fully understood. However, it is hypothesized that the 
parasites target the red blood cells resulting in RBCs 
destruction. Furthermore, accelerated removal of both 
parasitized and non-parasitized RBCs, bone marrow 
dysfunction and the level of parasitemia all contribute to 
anemia in infected individuals [22]. In this study, there 
were significant decreases in the level Hb and erythrocyte 
count. This is in consonant with one study which stated 
that anemia is usually associated with Plasmodium 
infection especially in children and it is suggested to be 
caused by the destruction of infected RBCs and a decrease 
in hematopoiesis [24]. Mean cell volume, MCH, MCHC 
and RDW levels in patients infected with malaria were not 
significantly different from those without malaria. This 
could probably have been because uncomplicated malaria 
is associated with minor biochemical changes, such as 
lower production of cytokines, decreased endothelial cell 
activation, minor alterations in the coagulation profile, 
reduced sequestration, and fewer hemolysis as opposed 
to complicated malaria [14]. 

cONcLUsiON

This study has demonstrated that malaria parasites 
affect the hematopoiesis in children under five years 
living in malaria-endemic areas. The greatest changes 
observed were thrombocytopenia, anemia and 
monocytosis. These changes may be useful and helpful in 
the diagnosis of malaria especially in cases of low level of 
parasitemia in malaria endemic areas. Therefore, analysis 
of hematological profile of patients suspected of having 
malaria will significantly improve malaria diagnosis when 
used in combination with other clinical and microscopic 
examination. These findings suggest that special attention 
should be given to these children as anemia can lead to 
cognitive impairment and developmental abnormalities. 
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