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Abstract: Malaria infection is one of the most common disease of public health importance afflicting millions of people in
sub-Saharan Africa. This study investigated haematological derrangement among malaria infected and non-infected patients
attending some Primary Health Centres in Ardo-Kola LGA, Taraba State, Nigeria. 585 blood samples were collected and
examined for Plasmodium falciparum infection. Packed Cell Volume (PCV) was done by microhaematocrit and Erythrocyte
Sedimentation Rate (ESR) using Westergen methods. The overall result showed a prevalence of ESR by Westergern method. It
was found that malaria with low intensity of parasitaemia infection, 217 (37.09%) was more than medium and high intensity of
parasitaemia with no significant difference (x°=9.34; P>0.05). The mean value of haematological parameters of parasitized
subjects were 0.29 for PCV and 124.3655 for platelets which were significantly lower than those of non-parasitized subjects,
PCV=0.4577 and Platelets=198.7698 respectively. Erythrocyte Sedimentation Rate (ESR) was higher (33.0852) in parasitized
subjects than non-parasitized (20.0504). The result of this study could be useful in identification of high-risk malaria
population. This will target intervention and assessment of impact based on changes in haematological parameters associated
with P. falciparum infection. Futhermore, preventive strategies like chemoprophylaxis, provision of iron supplementation and
insecticide treated nets could be employed in the study area to curb the upsurge in transmission.
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and P. knowlesi are prevalent in south-easthern and western
pacific Asia. Although P. malaria may occur in all malaria
area, its prevalence is generally low. In tropical Africa, P.
falciparum and P. malariae co-infection is sometimes
encountered. P. Ovale is widespread principally in tropical
Africa [1].

In Nigeria, there is an estimated 25%-30% of mortality in
children under five or an estimated 300,000 deaths each year
due to malaria [2].

The environment is very conducive for transmission in
many parts of Nigeria and it favours malaria transmission
with temperatures ranging from 20°C-28°C [3]. While

1. Introduction

Malaria is the most important public health problem in
sub-Saharan Africa. It is the cause of morbidity and mortality
with more than 200 million cases and 445,000 deaths every
year [1]. Malaria in humans is caused by five (5)
Plasmodium parasites: Plasmodium falciparum, P. malariae,
P. ovale and P. knowlesi. [1] The current distribution of
human-pathogenic Plasmodium species shows preponderance
of P. falciparum in tropical Africa, while P. vivax prevails
over P. falciparum in South America. P. falciparum, P. Vivax
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malaria regularly impact the lives of Nigerians, mortality
rates are especially high among pregnant women, infants

under one year of age, and those of low socioeconomic status.

Risk factors contributing to higher malaria associated
morbidilty and mortality include: age, pregnancy, HIV/AIDS
infection, migration and socioeconomic status [1].

Malaria illness is manifested in blood and involves almost
all the cell lines and most prominently red blood cells, thus
making it a potentially multisystem disease, as organ is
reached by blood.

Despite the endemic state, there is paucity of data on the
overall impact of malaria on hematological indices. Risk
factors that contribute to higher malaria—associated morbidity
and mortality such as age, pregnancy, migration,
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socioeconomic status are well established within the area
under study. As a result of some of these factors, the poor
nutritional state especially among the most vulnerable groups
(Pregnant women, displaced persons and under-five). These
affect the blood production capacity of inhabitants and thus
with a super imposed malaria infection, thus only constitutes
more negative health outcomes.

It is therefore imperative to understand the impact of
malaria on hematological indices and how it interplays with
other risk factors in the area. The study examines association
between infection and certain hematological parameters such
as Packed Cell Volume (PCV), Neutrophils, Erythrocyte
Sedimentation Rate (ESR) among patients attending some
health facilities in Ardo-Kola LGA, Taraba State.
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Figure 1. Map of study area, Ardo-kola Local Government Area.
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2. Materials and Methods
2.1. Study Area

Ardo-kola is a Local Government Area in Taraba State,
which is in the Northeast geo-political zone of Nigeria
(Figure 1). The local government area has an estimated
population of 86, 921 from the 2006 National census. It has
borders with Gassol and Bali LGAs in the south, Jalingo
LGA in the North, Yorro LGA to the East. The districts
within  Ardo-kola are: Alimgora, Ardo-kola, Iware,
JauroYinu, Lamido Borno, Mayo Renewo, Sarkin Dutse,
Sunkani, Tau and Zangon-Kombi. The Local Government
lies between longitude 9° 17” N and latitude 9° 59” E (Figure
1). The residents of the local government predominantly
speak Jukun Kona, Mumuye, Fulani and Hausa languages
and they are mostly farmers. The climate in the area can be
described as a tropical sub-humid type with two distinct (wet
and dry) seasons. It has an average rainfall of 7 months
annually with total range between 1,200mm and 2000mm in
the months of April and October. The temperature is
relatively high throughout the year averaging 28°C-32°C
with an occasional peak at 44.0°C between March and April.

2.2. Study Population

A total of 585 subjects clinically diagnosed of malaria
were randomly selected from four health facilities in
Ardo-kola Local Government Area of Taraba State for the
study.

2.3. Study Design and Sample Size Determination

The research design for this study is cross sectional
descriptive study.

A sample size of 585 was used based on the formula
described by Fisher. The formula described by Fisher is as
follows: N=Z,pq/d’>, where N is sample size, Z=2.58,
P=prevalence, q=1-p and d=0.0025 (allowed error). The
calculated population size per health centre is 140. Then for
the four (4) health centres we obtained 140 x 4=560, the
minimum population size to be considered.

2.4. Procedure for Data Collection

Blood samples were collected from patients visiting
primary health care facilities and other private hospitals
around Ardo-kola Local Government Area, Taraba State.

Specimen from patients, regardless of their age and sex
who have not received any anti-malarial drugs for the past
two months with clinical presentation of malaria such as
fever, headache, rigors, vomiting, diarrhoea, general malaise
among subjects were used for the study.

2.5. Ethical Permission
Ethical

permission was sought and obtained from

Postgraduate Review Committee of Biological Sciences
Department. Futhermore, additional permission was sought
and obtained from the Director, Primary Health Care (PHC),
Department of Ardo-kola Local Government Area of Taraba
State before commencement of study.

2.6. Screening of Blood Samples

Blood samples withdrawn from patients were collected
inside sample bottles containing anticoagulant ethylene
diaminetetracetic acid (EDTA). Thorough mixing of the
blood with the anticogulant was done to avoid coagulation.
Thin blood films were made from the blood samples, fixed
with methanol and stained with 10% Giemsa stain and
examined under the microscope using the oil emersion X100
objective. A rough estimate of parasitaemia was made for
specimen selection. Blood samples with films showing large
ring stage of P. falciparum parasites were processed for other
hematological examinations.

2.6.1. Preparation of Thin Blood Films

A drop of blood was placed on a clean grease free slide,
about 1 cm from one end, and a spreader with smooth edge
was placed in front of the drop of blood inclined at angle of
45° was placed in front of the drop of blood. This spreader
was drown backward to make contact with the drop of blood.
Afterwards, a quick forward movement was made to enable
the blood spread out. The thin film was made to cover about
half of the slide and to assume tongue shape. The thin film
was air-dried and labelled accordingly [4].

2.6.2. Preparation of Thick and Thin Blood Films

Thick and thin blood films were prepared on the same
slide for each subject and stained using 10% Giemsa stain as
described [4]. Using a completely clean grease free
microscope slide a small drop of blood was added to the
centre of the slide and a large drop about 15mm to the one
end of the slide. Using a smooth edge slide spreader, the thin
blood film was spread immediately without delay, the large
drop was spread to make a thick film to cover an area of
about 15 x 15mm. The slide was labelled with a 1 lead pencil,
indicating date, patient name and number. The film was
allowed to air dry. The thin film was fixed with absolute
methanol for three minutes without touching the thick films.

2.6.3. Counting of Parasite Numbers

Counting of asexual parasite was carried out as described
[6]. Parasitaemia was measured by counting the number of
leucocytes in thick blood film, based on a putative mean
count of 8000 leucocytes per pl. The number of asexual
parasites was counted against 200 leucocytes using
laboratory counters (a field is always counted to the end,
therefore, it is usual that the final leucocyte count will be
over 200. The parasitaemia per pl was calculated by using the
formula.

Parasitaemia (per/pul)=number of asexual parasites x 8000/Number of leucocytes
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Where, 8000=putative means of leucocytes.

2.6.4. Estimation of Packed Cell Volume by
Microhaematocrit Method

Capillary tubes of 75mm in Length and internal diameter
of Imm were used. Each of the blood samples collected was
mixed and introduced into to the tubes by capillarity, leaving
at least 15mm of the tube unfilled. One end of the tube was
later sealed by using a plasticine sealant. Then the tube was
placed in the microhaernatocrit centrifuge and was spun five
minutes at a predetermined speed. Finally, the packed cell
volume was read with a haematocrit reader and result
recorded [5].

2.6.5. Estimation of Total White Blood Cell Count by Bulk
Dilution Method
The estimation of total white blood cell count (WBC) was
carried out as presented by Dade and Lewis [5].
Principles: The diluting fluid (Turk’s solution) destroys
red blood cells and platelets leaving the white blood cell
intact.

2.6.6. White Blood Cell Count Technique

Zero point three eight ml of diluting fluid (Turk’s solution)
was dispensed into a 75 x 10 mm tube. Then 0.02 ml (20 pl)
of well-mixed EDTA anticoagulated venous blood was added
into the 75 x 10 mm tube mixed and allowed to stand for 5
minutes. A cover glass was placed into position on the
improved Neubauer counting chamber until rainbow colour
(Newtons rings) were seen. Then, the sample was re-mixed
and using a Pasteur pipette that was held at an angle of about
45°, The chamber was filled with the blood sample. The
chamber was left undisturbed for 1 minute to allow for the
white cells to settle. The preparation was viewed using x 10
objective and cells were counted in four large corner squares
of the approved Neubauer chamber. The result was recorded
in x 10°/L [5].

2.6.7. Platelet Count

In one in two hundred dilution of the blood using the
diluting fluid (amonium oxalate) in a Thomapipette was
prepared. The Neubauer counting chamber was charged with
well mixed diluted blood and allowed to settle for 3-5
minutes. The ruled area of the counting chamber was located
under 10 x objective and the platelets were counted using a
high power (40 x) objectives in the four large corner squares
(4mm?) [5].

2.6.8. Estimation of Erythrocyte Sedimentation Rate (ESR)
by Westergren Method
The estimation of erythrocyte sedimentation rate (ESR)
was carried out as described [5].
Principle: When whole blood is allowed to stand for one
hour in as much as the red blood cells are heavier than the
suspending plasma medium, the red blood cell gradually fall

leaving the clear plasma behind. The recommended tube is a
straight glass tube, 300mm in length and not less than 755
mm in diameter. A scale graduated in mm extends over 200
mm. The test was performed on venous blood diluted
accurately in the proportion of 1 volume of 3.8% citrate to 4
volumes of blood. Mixing of blood was done thoroughly and
allowed to draw up into the Westergren tube to the 200 mm
mark by means of a pipette. Then the tube was placed
vertically on a rack and left undisturbed for 60 minutes, free
from vibration and direct exposure to sunlight. At the end of
60 minutes, the ESR result was read to the nearest Imm,
means the height of the clear plasma above the upper limit of
the column of sedimenting cells. Then, the result was
recorded in mm/hr.

2.6.9. Manual Differential White Blood Cell Count by
Longitudinal Method

This was carried out as described as follows. A drop of
immersion oil was placed on a thin blood film. White blood
cells were counted by examining the film using x 100
objective and x 10 eyepiece in the microscope. A strip
running the whole length of the film meant from the head to
the tail was counted. If less than 100 cells were encountered
in a single narrow strip, examination should be carried out
the second time until a total of 100 cells were counted. All
the leucocyte encountered were differentiated and classified
into Neutrophils, Lymphocytes, Monocytes, Eosinophils and
Basophils. The result was recorded in percentage [5].

2.7. Statistical Analysis

Data obtained were analyzed using Statistical Package for
Social Science (SPSS) version 17.0. It was used to generate
frequency distribution and percentage of parameters.
Chi-square test was used to determine associations between
infection and age groups and locations. Comparison were
assessed using Mean+SD. The level of significance was set at
P<0.05.

3. Results

Female had a prevalence of 199 (82.23%) than male 247
(72.01%) of the patients examined but with no significant
difference (y’=4.381; P>0.490). Female subjects with age
group of 11-20 years recorded the highest prevalence of 35
(89.74%) while the age group 41-50 years had the least
infection rate of 53 (73.61%). Male subjects with age group
of 21-30 years had highest prevalence of 23 (88.46%) while
age group 11-20 years had the lowest prevalence of 17
(45.94%) as shown in Table 1. The statistical analysis did not
show any significant difference between the age of the
patients in Primary Health Care of Ardo-Kola LGA
(x’=2.207; P>0.819).
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Table 1. Prevalence of P. falciparum based on gender and age groups among patients attending Ardo-Kola Primary Health Care facilities in Taraba State,

Nigeria.

Age Male Female Total

No. exam No. inf (%) No. exam No. inf (%) No. exam No. inf (%)
1-10 93 70 (71.42) 77 62 (80.51) 170 132 (22.56)
11-20 37 17 (45.94) 39 35(89.74) 76 52 (68.42)
21-30 26 23 (88.46) 15 13 (86.66) 41 36 (87.80)
31-40 41 26 (63.41) 17 15 (88.23) 58 41 (70.68)
41-50 76 51 (67.10) 72 53 (73.61) 148 104 (70.27)
> 51 70 60 (85.71) 22 21 (95.45) 92 81 (88.04)
Total 343 247 (72.01) 242 199 (82.23) 585 446 (76.23)

Chi-square for P. falciparum in sex (’=4.381; P=0.490).
Chi-square for P. falciparum in age (*=2.207; P=0.819).

Table 2 showed the high intensity of parasitaemia (+++)
was found in the PHC Sunkani, 37 (19.57%), while the
medium (++) and the low (+) were found in PHC Iware, 32
(26.22%) and in PHC Sunkani, 58 (30.68) respectively. The

statistical analysis showed that there was no statistically
significant different in the prevalence of parasitaemia load by
high field in the different communities (3’=9.345; P>0.05).

Table 2. Prevalence of P. falciparum based on occupational status of patients attending Primary Health Care facilities in Ardo-Kola LGA, Taraba State,

Nigeria.

Intensity of parasitaemia (%)

Communities No. Examined Low (4) Medium (++) High (+++)
PHC Sunkani 189 58 (30.68) 47 (24.86) 37 (19.57)
PHC Mallum 151 62 (41.05) 29 (19.20) 16 (10.59)
PHC Iware 122 45 (36.88) 32 (26.22) 19 (15.57)
PHC Barkin Dutse 123 52 (42.27) 28 (22.76) 20 (16.26)
Total 585 217 (37.09) 136 (23.24) 92 (15.72)

(x*=9.34; P>0.05).
Keys: PHC=Primary Health Care.

The mean values of haematological parameters in malaria
parasitized and non-parasitized subjects are shown in Table 3.
PCV (t=0.008, p=0.05) and monocytes (t=0.867, p=>0.05)
were not statistically significant between the patients
examined in Ardo-Kola LGA. TWBC (t=2.011, p<0.05),
neutrophils (t=238.261, p<0.05), Lymphocytes (t=10.99,

p=<0.05), Eosinophyls (t=9.020, p<0.05), Basophils (t=41.47,
p<0.05), Platelets (t=92.97, p<0.05) and ESR (t=30.13,
p<0.05) were statistically more significant among the
non-parasitized patients when compared to the parasitized
patients.

Table 3. Mean values of some Haematological Parameters in Malaria Parasitized and Non-parasitized Subjects among patients attending Ardo-Kola Health

Care Facilities, Taraba State, Nigeria.

Haematological Parameters Mean value of parasitized subjects Mean value of non-parasitized subjects t-test P-value
PCV 0.29 0.45 0.008 0.993
TWBC 5.76 597 2.011 0.044
Neutrophils 59.18 59.48 238.261 0.000
Lymphocytes 37.09 38.05 10.990 0.000
Eosinophils 2.06 1.37 9.020 0.000
Monocytes 1.32 1.26 0.867 0.385
Basophils 0.24 2.71 41.47 0.000
Platelets 124.36 198.76 92.97 0.000
ESR 33.08 20.05 30.13 0.000
Keys:

Normal Range of PCV.

Male: 40-50%.

Female: 35-45%.

Normal range of TWBC 4.00 x 10 1L-11.00 x 109 1L.
Normal Ranges for others.

Neutrophuls 40-75%.

Lymphocytes 20-45%.

Monocytes 2-10%.

Fosinophils 1-6%.

Basophils <1-%.

Platelets 140-400.

ESR: 0 -10 mm/I hour for Males and 0 -20mm/1 hour for Female.
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The PCV level in malaria parasitized subject within the age
range of 21-30 years had the highest level of 0.384+0.39 and
within the age range of 1-10 years had the least level of
0.2643.13. In TWBC the highest level was 6.05+4.04 among
the age group of 11-20 years and the least level was 5.35+0.93
among age group of 41-50 years. Also in neutrophils, age
group of 1-10 years had the highest level of 62.77+10.87 while
age range of 41-50 years had the least level of 55.36+15.21. In
lymphocyte, age range of 41-50 years recorded the highest
level of 40.73+16.53 and range of 1-10 years recorded the
lowest level of 33.85+12.62. For monocyte, it was observed
that age range of 21-30 years had the level of 1.37+1.75 and

age range of >50 years above had the lowest level of
0.89+1.19, while in Basophils the age group of 11-20 years
recorded the highest level of 153£2.67 and age range of 41-50
years recorded the lowest level of 0.00+0.00. However, in
platelet within the age range of > 51 and above had the highest
level of 127.00+41.54, while age range within 1-10 years had
the least level of 92.27+44.75 and also in ESR age group of
21-30 years had the highest level of 33.27+31.15 and age
range of 41-50 years had the lowest level of 21.36+23.45.
Lastly Eosinophils, age group of 41-50 years recorded the
highest level of 5.76+1.56 while age range 1-10 years recorded
the least level of 1.78+0.28 (Table 3).

Table 4. Hematological Parameters in Malaria Parasitized Relation to Age Compared with WHO Standard Among Patients Attending Ardo-Kola Health Care

Facilities.

Age PVC TWBC Neutrophils Lymphocytes Monocytes  Eosinophils  Basophils Plateles ESR

1-10 0.26+3.13 5.62+1.17  62.77+10.87 33.85+12.62 1.54+1.20 1.78+0.28 0.02+0.14 92.27+44.75  27.23+24.06
11-20 0.30+0.68 6.05+4.04  58.72+14.36 36.73+15.23 1.32+1.69 1.80+0.23 2.53+21.67 120.39+48.89 32.70+29.77
21-30 0.30+0.39 6.03+4.80 60.21£14.97 36.29+15.88 1.37+1.75 2.45+1.23 0.64+8.15 100.57+42.23 33.27431.15
31-40 0.36+0.26 5.52+0.99 58.91+1.14.74  39.15+15.58 1.28+1.78 2.45+1.89 0.0£0.09 122.56+44.52 27.42+30.63
41-50 0.36+0.28 5.35£0.93  55.36+15.21 40.73£16.53 1.22+1.67 5.76%+1.56 0.00+0.00 121.27440.91 21.364+23.45
>51 0.35+.0.07 5.83+1.04 59.07£17.76 37.52+16.53 0.89+1.19 5.51+£1.09 0.00+0.15 127.00+41.54 30.73+28.73
WHO Limit 0.40-0.5 4.0-11.0 40.0-80.0 20.0-40.0 2.0-10.0 1.0-6.0 1.0-2.0 140.0-400.0  1.0-7.0

LSD 0.41 0.81 9.26 7.32 1.31 0.83 18.16 9.38

4. Discussion

This study showed that malaria had low intensity of
infection with no significant difference among the patients.
This could be the high complaint of malaria in the area. It
may equally elicit hematological changes in blood. The
results of the present study had shown that ESR, PCV and
platelet values were out of normal ranges in malaria
infections compared to the control [7]. PCV and platelet were

significantly lower in the malaria patients than in the controls.

A lower PCV in the malaria infected patients may reflect
anaemia which is often due to mechanical destruction of
parasitized red cells as well as spleenic clearance of
parasitized and defected erythrocytes.

A significantly lower platelets count was observed among
the infected subject. Hyper-reactive splenomegaly especially
in falciparum malaria, combined with humoral immune
response may have contributed to the findings of lower
platelet count observed in the patients in this study. This is in
agreement with the report of Henry et al. [8] which stated
that platelets were significantly lower in infected subjects
than that of non-infected blood. The reported significant low
platelet count and PCV in the patients conforms to the report
who showed parasitaemia and hematological alterations in
malaria [9]. The findings of this study also support the works
of other researchers in different parts of Nigeria but differ
with the work reported in Jos North Local Government Area
of Plateau State, which reported that there was no significant
variation between the hematological parameters of P.
falciparum infected and non-infected subjects [10]. These
studies from the highly affected zone showed that the
infected patients tended to have significantly lower platelet

counts and PCV values. Similar results were also presented
by Francis et al. [11] who demonstransted low PCV and
platelet in malaria patients indicating that anaemia might be
involved. Haematological parameters as an investigating tool
for cases of early malaria infection may help to detect early
complications associated with serious malaria infections so
as to help in the cure for the patients and prevent death that
may result from such complications. The hematological
parameters changes in malaria infected blood sample have
been reported [12, 13]. The study also revealed that the
infected patients tend to have significantly lower platelet,
PCV and high FSR, which is in agreement with the present
study where platelet counts and PCV where significantly
lower in infected than the non-infected subjects. The mean
values of hematological parameters between the malaria
infected and non-infected patients revealed that these
parameters should be considered in malaria infection as
infected subjects had lower values than those of controls. The
ESR of infected subjects was significantly higher than those
of the controls. The result obtained in this study is in line
with previous reports [14, 15] of Brewerton and James [14].

5. Conclusion

Hematological investigation is relatively inexpensive and a
less technically sophisticated way for malaria detection.
Hemotological parameters of malaria infected patients in this
study significantly differ from those of healthy uninfected
individuals and the mean values of hematological parameters
of malaria infected subjects are significantly different from
the non-infected individuals. Packed Cell Volume and
platelets count are lower in the infected subjects than in the
non-infected. The ESR is higher in infected subjects than in
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non-infected. The present study has demonstrated that the

haematological

parameters are reliable and competent

measures for the diagnosis of severity of malaria infections,
even at the early stage.
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