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1. Introduction

Malaria infection is common in Sub-Saharan Africa, but death
directly attributed to the parasite is comparatively rare, largely

ABSTRACT

Objective: To assess the haematological profile of children with malaria, treated with
three different artemisinin-based combination therapies in South Eastern Nigeria.
Methods: Using a multistage sampling technique, blood samples were collected from
105 randomly selected malaria positive primary school children aged 6-13 years. Pre- and
post-assessment of their haematological profiles were respectively done on intervention of
three different artemisinin-based combination therapies.

Results: Result showed a strong difference [(0.38 = 0.31) g/dL] in haemoglobin levels
with the artesunate-amodiaquine (¢ = 7.30, P < 0.05). Dihydroartemisinin-piperaquine
(DP) and artemether-lumefantrine showed haemoglobin (¢ = 4.49, P < 0.05) with mean
difference [(0.64 + 0.85) g/dL] and (¢ = 6.09, P < 0.05) with mean difference [(0.80 +
0.78) g/dL] respectively. The mean difference of white blood cell was found to be negative
but significant with artesunate-amodiaquine (-1.07 + 3.12) at 95% confidence intervel (CI)
(-2.14, 0.00) and artemether-lumefantrine (-0.36 + 0.28) at 95% CI (-0.45, -0.26) interventions
respectively. Significant mean difference of neutrophils was only found for the DP
interventions (4.54 + 8.30) at 95% CI (1.69, 7.40) while lymphocytes indicated a significant
mean difference between the pre/post-interventions (-3.60 = 9.34) at 95% CI (-6.81, -0.39)
with DP only.

Conclusions: Even though these findings do not indicate any life threatening events, they
may have some useful implications for investigating future non-infectious diseases of blood
origin. Further studies to determine the extent of involvement of malaria parasite as well as
drug interactions in haematological alterations vis-a-vis its implication for noncommunicable
disease are important.

because of acquired functional immunity[1]. There is a recent
increase in the prevalence of noninfectious diseases in areas
where infectious diseases have been highly endemic for several
years[2-4]. The co-endemicity of infectious and noninfectious
diseases is an emerging trend in Sub-Saharan Africa and should
be a major cause for concern.

Chronic, subclinical infections cause anaemia or may
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or other pathogenetic infections[1]. In the reverse, the aetiologies
of malaria in the predisposing of some of these noninfectious
diseases are unknown. Since some drugs also have some adverse
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effects on the cells, tissues and organs, their presence in the
body together with the infectious disease agents may have some
implications for clinical outcomes associated with noninfectious
diseases[5]. Malaria infection is one that is very endemic for
which drugs are frequently taken over long periods. The question
is “can these interactions between drugs and infectious disease
agents be the underlying cause of certain noninfectious diseases
of unknown aetiology?”

The blood forms a medium for malaria parasite multiplication
as well as site for most antimalarial drug activities[6-9]. Changes
in haematological parameters are likely to be influenced by any
disease condition which affects the hematopoietic physiology at
any level. This is likely to happen with an endemic disease such
as malaria that affects the host homeostasis at various fronts
resulting in myriad of clinical presentations[10].

The extent of hematological alterations varies with level
of malaria endemicity, background haemoglobinopathy,
nutritional status, demographic factors, and malaria immunity([11-
13]. But the involvement of antimalarial drugs especially the
artemisinin-based combination therapies (ACTs) is largely
unknown. Studies using animal models indicated toxic effects
of artemether to include embryotoxicity, gonadotoxicity,
genotoxicity, cardiotoxicity, immunotoxicity, nephrotoxicity and
allergic reaction[14-26]. However, any involvement of ACTS in
haematological alterations as a result of malaria will pose a very
dangerous threat especially if such alterations can be implicated
in future noninfectious disease manifestations. Therefore, to
ascertain any possible changes in the hematological profile of
children with malaria after being treated with ACTs and any
implicated factor, we assessed the haematological profile of
children with malaria (parasitaemia) treated with three different
ACTs.

2. Materials and methods

The study employed a quasi-experimental method without
control exposing the children to interventions of three different
ACTs after prior assessment of their blood and blood profiles.
These included 105 primary school children of both sexes within
the age range of 6-13 years confirmed to be positive for malaria
parasitaemia.

These children were drawn from selected primary schools in
Okohia, South Eastern Nigeria between March and July 2013.
They were separated into 3 intervention groups of artesunate-
amodiaquine (AA), dihydroartemisinin-piperaquine (DP) and
artemether-lumefantrine (AL) with 35 children in each group.

Using a sterile needle and syringe, 5 mL of fresh venous blood
was drawn from each of the subjects by a clean venepuncture and
put into clean ethylene diamine tetraacetic acid containers (pre-
samples).

The subjects were administered with antimalarial drugs.
The post-samples were also collected after 4-7 days into an
ethylene diamine tetraacetic acid container. The pre and post
blood samples were assessed in the laboratory for different
haematological profiles.

After collecting and collating the data into a spread sheet, the
data was analyzed using IBM SPSS statistic version 20.

To calculate the mean differences between the pre-test and
post intervention tests, a paired sample 7-test was done for the
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three different interventions i.e. AA, DP and AL. The validity
of the data for analysis was confirmed by testing the differences
between the paired values for normal distribution using both the
normal probability (quantile-quantile) plot and the Kolmogorov-
Smirnov test.

The study received ethical approval from the Ethical Committee
of the Department of Public Health Technology and Institutional
Review Board of the School of Health Technology, Federal
University of Technology Owerri, Nigeria. Informed written
and oral consent were sought for an obtaining from the head
teacher and parents/caregivers of children of the selected primary
schools.

3. Results

The ratio of males to females in this study was 19:16 for AA,
DP (13:22) and AL (3:4) interventions respectively. The mean
age of children in the respective interventions include 10.97 for
AA, 8.40 for DP and 7.00 for AL (Table 1).

Table 1

Some characteristics of children and antimalarial drug given.

Variables AA DP AL

Male 19.00 13.00 15.00
Female 16.00 22.00 20.00
Male/female 19:16 13:22 3:4

Mean age (95% CI) 10.97 (10.48, 11.47)

CI: Confidence interval.
The nutritional status of the children in terms of mean weight

8.40 (7.99, 8.81) 7.00 (6.61, 7.39)

and arm circumference was highest for the AA intervention, 25.5
+ 6.3 and 17.9 = 2.1 respectively. AL intervention showed the
lowest values of 23.5 + 4.2 and 17.1 = 1.1 respectively (Table 2).

Table 2
Nutritional components of children.
Interventions Mean value Mean range
Weight (kg) Mid-arm Weight (kg) Mid-arm
circumference (cm) circumference (cm)
AA 255+6.3 179 +2.1 20.0 7.0
DP 23.7+49 172+ 1.4 26.0 7.0
AL 23.5+42 17.1 1.1 17.0 5.0

Table 3 indicates the haematological profile of children in the AA
intervention. After pre- and post-intervention tests, haemoglobin
of the children showed a strong difference (# = 7.30, P = 0.00) of
approximately (0.38 + 0.31) g/dL at 95% CI. The white blood cell
(WBC) showed a slight significant change (¢ = -2.03, P = 0.05) with
a mean difference (-1.07 = 3.12).

Table 3

Haematological profile for AA intervention.

Variables Pre/post-intervention t P value
(95% CI)

Male/Female 1.19

Mean age (years) 10.97 £ 1.54

Haemoglobin (g/dL) 0.38 £0.31 (0.28, 0.49) 7.30 0.00

WBC 10° mm’ -1.07 £3.12(-2.14,0.00)0  -2.03  0.05

Lymphocyte (%) 1.29 +£9.63 (-2.02, 4.50) 0.79 0.44

Neutrophils (%) -0.23 +£9.13 (-3.37,2.91) -0.15 0.88

Eosinophils (%) 0.29 = 1.23 (-0.10, 0.67) 1.50 0.14

Monocytes (%)
Platelets (10°)

0.11 +0.58 (0.09, 0.31) 1.16 0.25
-4.31 +40.85(-18.35,9.72) -0.625  0.54
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Lymphocytes, neutrophils, eosinophils, monocytes and
platelets showed no statistically significant differences pre/post
interventions (P = 0.44, 0.88, 0.14, 0.25 and 0.54 respectively) at
95% CI.

The haematological profile of children in the AA intervention
is shown in Table 4 as follows: haemoglobin (r = 4.49, P =
0.000) with mean difference [(0.64 + 0.85) g/dL], lymphocytes
(t =-2.28, P = 0.029) with mean difference (-3.60 + 9.34) and
neutrophils (r = 3.24, P = 0.003) with mean difference (4.54 +
8.30) at 95% CI. The platelets showed a slight significance (¢
= -2.04, P = 0.049) with a mean difference (-30.37 = 87.96).
The WBC, eosinophils, monocytes and platelets showed no
statistically significant differences pre/post interventions (P =
0.213, 0.638, and 0.058 respectively) at 95% CI.

Table 4

Haematological profile for DP intervention.

Variables Pre/post intervention (95% CI) t P value
Male/Female 0.59

Mean age (yrs) 8.40+1.19

Haemoglobin (g/dL) 0.64 + 0.85 (0.35, 0.93) 4.49 0.000
WBC 10° mm’ 0.45 £2.12 (-0.27, 1.18) 127 0213
Lymphocyte (%) -3.60 £ 9.34 (-6.81, -0.39) -2.28 0.029
Neutrophils (%) 4.54 £ 8.30 (1.69, 7.40) 3.24 0.003
Eosinophils (%) 0.09 = 1.07 (-0.28, 0.45) 0.48 0.638
Monocytes (%) 0.14 £ 0.43 (-0.01, 0.29) 1.97 0.058
Platelets (10°) -30.37 £ 87.96 (-60.59, -0.16)  -2.04 0.049
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Table 5 indicates that only haemoglobin (¢ = 6.09, P = 0.000)
with mean difference [(0.80 = 0.78) g/dL] and WBC (r =
-7.60, P = 0.000) with mean difference (-0.36 + 0.28) showed
any significant differences pre/post interventions in the AL
intervention group. All other haematological parameters i.e.
lymphocytes, neutophils, eosinophils, monocytes and platelets
showed no statistically significant differences (P = 0.750, 0.834,
0.757, 0.422, and 0.192 respectively).

Table 5

Haematological profile for AL intervention.

Variables Pre/post intervention (95% CI) t P value
Male/Female 0.75

Mean age (years) 7.00 £ 1.14

Haemoglobin (g/dL)  0.80 = 0.78 (0.54, 1.07) 6.09 0.000
WBC 10° mm’ -0.36 £ 0.28 (-0.45,-0.26)  -7.60  0.000
Lymphocyte (%) 0.54 £ 10.01 (-2.90, 3.98) 0.32 0.750
Neutrophils (%) -0.37 £ 10.41 (-3.95,3.20)  -0.21 0.834
Eosinophils (%) -0.06 = 1.08 (-0.43, 0.31) -0.31 0.757
Monocytes (%) 0.57 £ 0.42 (-0.09, 0.20) 0.81 0.422
Platelets (10°) -9.20 +£40.88 (-23.24,4.84) -1.33 0.192

Table 6 shows a comparison of the mean haematological
parameters for all the interventions. Mean haemoglobin level was
low compared to the normal range for both male and female and
in both pre- and post-antimalarial interventions. Lymphocytes
count was moderate within normal range and mean values for
neurophils were high, whereas eosinophils and monocytes were

low and platelets were normal for all interventions.

Table 6
Comparison of mean haematological parameters for all interventions.
Parameters Normal value AA DP AL

Pre-mean value Post-mean value Pre-mean value Post-mean value Pre-mean value Post-mean value
Haemoglobin (g/dL) 12.0-18.0 9.89 9.51 10.58 9.94 10.87 10.07
WBC 10° mm’ 3.5:9.0 591 6.98 5.24 479 438 4.73
Lymphocyte (%) 16.0-33.0 55.29 54.00 53.74 57.34 57.83 57.29
Neutrophils (%) 45.0-62.0 43.29 43.51 45.71 41.17 41.49 41.86
Eosinophils (%) 1.0-3.0 1.17 0.89 0.97 0.89 0.86 0.91
Monocytes (%) 3.0-7.0 0.26 0.14 0.17 0.03 0.11 0.06
Platelets (10%) 150.0-350.0 289.70 294.00 267.14 297.51 297.89 307.09

4. Discussion

The control of malaria has been challenged by increasing
resistance of Plasmodium falciparum (P. falciparum) to
antimalarial drugs, particularly chloroquine and sulfadoxine-
pyrimethamine, and reduced efficacy of chloroquine in the
treatment of uncomplicated malaria in the late 1990s and the
first half of this decade[17.18], leading to sweeping changes
in antimalarial treatment recommendations[19]. The National
Malaria Control Programme recommended the use of ACTs for the
treatment of uncomplicated malaria in 2005.

Changes in haematological parameters are likely to be influenced

by any disease condition which affects the hematopoietic

physiology at any level. Haematological abnormalities
considered hallmark of malaria infection are common and more
pronounced in P. falciparum malaria, infection, probably due
to the higher levels of parasitaemia found in these patients[20].
The abnormalities previously reported include changes in
haemoglobin, leucocyte count and platelet abnormalities resulting
in defective thromboplastin, and disseminated intravascular
coagulation[12,21,22]. But the implication of these abnormalities for
the development of chronic noncommunicable disease is not well
understood.

We applied three different interventions of ACT on children
with parasitaemia to assess if there is any change in the

haematological parameters assessed and the results showed that
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a greater percentage of the pupils [19 (54.29%)] was exposed to
AA compared to more females exposed to both DP [22 (62.86%)]
and AL [20 (57.14%)] with a mean age of 10.97 for AA (95% ClI,
10.48-11.47), DP (8.40), 95% CI (7.99-8.81) and AL (7.00), 95%
CI (6.61-7.39).

Our results showed the highest mean weight and mean arm
circumference values for the AA intervention (25.5 + 6.3 and
17.9 + 2.1 respectively), with AL intervention showing the lowest
values of 23.5 +4.2 and 17.1 + 1.1 respectively.

According to a study, if neither weight nor height can be
measured, arm circumference can also be used to provide a
broad estimate of body mass index (BMI). If the measured mid-
arm circumference is less than 23.5 cm, BMI is likely to be
less than 20 kg/m” and the person is likely to be underweight.
Conversely, if arm circumference is more than 32.0 cm, BMI
is likely to be more than 30 kg/m’, and the person is likely to
be obesel23]. From this study, the mean arm circumference was
less than 23.5 cm indicating that a BMI is likely to be less than
20 kg/m’® and underweight in the children studied. Although the
effect of nutrition on the use of ACTs is not well understood,
malnutrition predicted death in children with severe malaria and
exposure to drugs that have effect on blood among malnourished
children could be dangerous[24]. Limited data available suggests
that malnutrition in fact increases the risk of dying from severe
malaria[25-27].

The study intervention with AA showed a strong mean
difference in haemoglobin of the children (# = 7.30, P < 0.05)
of approximately (0.38 + 0.31) g/dL at 95% CI. DP showed
haemoglobin (# = 4.49, P < 0.05) with mean difference [(0.64
+ 0.85) g/dL] and AL (r = 6.09, P < 0.05) with mean difference
[(0.80 £ 0.78) g/dL]. There was decrease in the haemoglobin level
after the different intervention.

A previous study showed no significant difference in WBC and
neutrophil counts before and after antimalarial treatment[28]. This
corroborates our result for the DP intervention (0.45 + 2.12) at
95% CI (-0.27, 1.18) which showed no significant difference in
WBC as well. Our result on WBC however showed a significant
mean difference (-1.07 £ 3.12) at 95% CI (-2.14, 0.00) for AA
intervention and (-0.36 + 0.28) at 95% CI (-0.45, -0.26) for AL
intervention. The later interventions (AA and AL) increase and
although there was decrease in the DP intervention, the difference
was approximately insignificant. WBC counts during malaria are
generally characterized as being low to normal. A phenomenon
which is widely thought to reflect localization of leukocytes
away from the peripheral circulation and to the spleen and other
marginal pools, rather than actual depletion or stasis[29]. But
a study has documented a rise in WBC counts with artemether
administration[15,30].

Although the reason for different WBC counts between different

interventions in this study is not well understood, toxicity studies

in dogs and rats revealed dose-dependent and potentially fatal
neurotoxic effects after intramuscular injection of artemether at
higher and multiple doses[31].

About 77.9% of the children in another study had normal
WBC counts, and children with patent parasitaemia had lower
WBC counts than those with none patent and those with malaria
negative. According to McKenzie and Prudhomme et al., the
increase in mean WBC count observed in the AA group following
treatment, which lends support to the finding that P. falciparum
infection contributes to the localization of leukocytes away from
the peripheral circulation and to the spleen and other marginal
pools, rather than actual depletion or stasis[28,32].

This study showed a significant mean difference in neutophils
with only DP intervention (4.54 + 8.30) at 95% CI (1.69, 7.40).
There was a high decrease in the mean neutrophil value in the
DP intervention compared to others that show only slight and
insignificant increase. This is contrary to a non-serious decline
observed in the neutrophil counts in 12.5% of volunteers in
another study[33].

However, the values were only marginally below the normal
range. In granulocytosis, neutrophil count should be below 0.5
x 10°/L [normal range (2.5-7.7) x 10°/L], while other cell counts
are usually normal(34]. The absolute number of neutrophils
diminished slightly more in the amodiaquine group compared
with chloroquine groups, but variation was mild suggesting
that the differences between the groups were not of clinical
significance[33]. Although the risks of serious toxic effects are
considered to be much lower in therapeutic dosage, careful
monitoring is important as the possibilities of toxicity in clinical
practices cannot be excluded.

According to Imoru et al., the mean lymphocyte percentage in
his study was normal and the mid-cell count in malaria infected
and non-infected children showed no statistically significant
differences (P > 0.05)[35]. However, other reports showed
lymphopenia in some cases of acute malaria which is probably
due to a redistribution of lymphocytes with sequestration in the
spleen[36,37]. Our study indicated a significant mean difference
between the pre- and post-interventions (-3.60 + 9.34) at
95% CI (-6.81, -0.39) with DP. There was an increase in the
mean lymphocyte in the post-intervention compared to other
intervention. But despite this value, the post-intervention mean
values were above normal in all interventions.

Platelets have been implicated in malaria pathogenesis and some
previous studies have linked children who died of malaria to the
presence of platelet clumps in their erythrocytes. It may play a
role in the pathogenesis of human cerebral malaria[38-40].

It therefore remains a paradox that although platelets have been
implicated in the pathogenesis of severe infection, most studies
suggest that low count of platelets is not associated with an

adverse outcome[41]. Children with low platelet counts were also
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likely to have anaemia (» = 0.2, P = 0.000 3) as previously reported
from a Nigerian study[42]. Result from this study has indicated a
normal mean value of platelet counts for all ACTs interventions
although DP showed a significant difference [-30.37 + 87.96
(-60.59, -0.16)] in the pre- and post-value across interventions
higher than the increase in the value of platelets shown in other
interventions.

Although the study samples were not followed over time to
check for long-term implication of the administration of the
interventions, changes in haematological profile were used to
infer possible changes or clinical outcomes that are not yet well
understood but believed to have implication for occurrence of
noncommunicable disease.

The haematological aspects of malaria infection constitute a
very interesting area in various reports. Results from our study
demonstrate that in chemotherapeutic dosage, ACTs did not induce
life-threatening haematological adverse effects on the children as
against the effects of P. falciparum.

Although the effect of different antimalarial drugs especially the
combination therapy on human is not well established, changes
in biological profiles could be associated with vascular motor
and auditory functions as well as other toxic effects including
embryotoxicity, gonadotoxicity, genotoxicity, cardiotoxicity,
immunotoxicity, nephrotoxicity and allergic reactions[14-16].
And this might posit a link with noncommunicable diseases
development in later life.

This in fact needs to be investigated properly comparing the
different results of the haematological findings in both immune
and semi-immune individuals living in endemic areas and those
with different forms of Plasmodium. This is particularly important
to ascertain the short and long term effects of parasite/drug

interactions in the blood.

Conflict of interest statement

We declare that we have no conflict of interest.

Acknowledgements

We are grateful to the pupils and staff of the schools used in
this study, the Department of Public Health Technology, Federal
University of Technology, Owerri, Nigeria and the health facility/

laboratory that assisted in the laboratory analysis of the samples.

References

[11 Snow RW, Omumbo JA. Malaria. In: Jamison DT, Feachem RG,
Makgoba MW, Bos ER, Baingana FK, Hofman KIJ, et al., editors.
Disease and mortality in Sub-Saharan Africa. 2nd ed. Washington

(DC): World Bank; 2006.

[2] Lopez AD, Mathers CD. Measuring the global burden of disease and
epidemiological transitions: 2002-2030. Ann Trop Med Parasitol
2006; 100: 481-99.

[3] Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global
and regional burden of disease and risk factors, 2001: systematic
analysis of population health data. Lancet 2006; 367: 1747-57.

[4] Alirol E, Getaz L, Stoll B, Chappuis F, Loutan L. Urbanisation and
infectious diseases in a globalised world. Lancet Infect Dis 2011; 11:
131-41.

[5] National Institutes of Health. Understanding emerging and re-
emerging infectious disease. Bethesda: National Institutes of Health;
2007. [Online] Available from: http://www.ncbi.nlm.nih.gov/books/
NBK?20370/ [Accessed on 21st August, 2014]

[6] Li Q, Ruan Z, Zhang H, Peng N, Zhao S, Qin L, et al.
Characterization of peripheral blood T lymphocyte subsets in
Chinese rhesus macaques with repeated or long-term infection with
Plasmodium cynomolgi. Parasitol Res 2012; 110(2): 961-9.

[71 Pongratz P, Kurth F, Ngoma GM, Basra A, Ramharter M. In vitro
activity of antifungal drugs against Plasmodium falciparum field
isolates. Wien Klin Wochenschr 2011; 123(Suppl 1): 26-30.

[8] Fidock DA. Drug discovery: priming the antimalarial pipeline. Nature
2010; 465: 297-8.

[9] Delves M, Plouffe D, Scheurer C, Meister S, Wittlin S, Winzeler EA,
et al. The activities of current antimalarial drugs on the life cycle
stages of Plasmodium: a comparative study with human and rodent
parasites. PLoS Med 2012; 9(2): e1001169.

[10] Maina RN, Walsh D, Gaddy C, Hongo G, Waitumbi J, Otieno L, et
al. Impact of Plasmodium falciparum infection on haematological
parameters in children living in Western Kenya. Malar J 2010;
9(Suppl 3): S4.

[11] Muwonge H, Kikomeko S, Sembajjwe LF, Seguya A, Namugwanya
C. How reliable are hematological parameters in predicting
uncomplicated Plasmodium falciparum malaria in an endemic region?
ISRN Trop Med 2013; doi: 10.1155/2013/673798.

[12] Abuaku B, Duah N, Quaye L, Quashie N, Koram K. Therapeutic
efficacy of artemether-lumefantrine combination in the treatment of
uncomplicated malaria among children under five years of age in
three ecological zones in Ghana. Malar J 2012; 11: 388.

[13] Douglas NM, Anstey NM, Buffet PA, Poespoprodjo JR, Yeo TW,
White NJ, et al. The anaemia of Plasmodium vivax malaria. Malar J
2012; 11: 135.

[14] Efferth T, Kaina B. Toxicity of the antimalaria artemisinin and its
dervatives. Crit Rev Toxicol 2010; 40(5): 405-21.

[15] Adaramoye OA, Osaimoje DO, Akinsanya AM, Nneji CM, Fafunso
MA, Ademowo OG. Changes in antioxidant status and biochemical
indices after acute administration of artemether, artemether-
lumefantrine and halofantrine in rats. Basic Clin Pharmacol Toxicol
2008; 102: 421-8.

[16] Raji Y, Osonuga IO, Akinsomisoye OS, Osonuga OA, Mewoyeka OO.

Gonadotoxicity evaluation of oral artemisinin derivatives in male rats.



Chukwuocha Uchechukwu Madukaku et al./Asian Pac J Trop Dis 2015; 5(6): 448-453 453

J Med Sci 2005; 5: 303-6.

[17] Pascual A, Madamet M, Bertaux L, Amalvict R, Benoit N, Travers
D, et al. In vitro piperaquine susceptibility is not associated with the
Plasmodium falciparum chloroquine resistance transporter gene.
Malar J 2013; 12: 431.

[18] Djallé D, Njuimo SP, Manirakiza A, Laganier R, Le Faou A, Rogier
C. Efficacy and safety of artemether + lumefantrine, artesunate +
sulphamethoxypyrazine-pyrimethamine and artesunate + amodiaquine
and sulphadoxine-pyrimethamine + amodiaquine in the treatment
of uncomplicated falciparum malaria in Bangui, Central African
Republic: a randomized trial. Malar J 2014; 13: 9.

[19] Attaran A, Barnes KI, Curtis C, d’Alessandro U, Fanello CI, Galinski
MR, et al. WHO, the Global Fund, and medical malpractice in malaria
treatment. Lancet 2004; 363(9404): 237-40.

[20] Igbal W. Hematological manifestations in malaria. Haematol
Updates 2010: 35-7. [Online] Available from: http://www.
psh.org.pk/Haematology%20%20Update%2010-11-2010/6_
HEMATOLOGICAL%20MENIFESTATIONS %20IN%20
MALARIA.pdf [Accessed on 21st August, 2014]

[21] Reyburn H, Mbakilwa H, Mwangi R, Mwerinde O, Olomi R,
Drakeley C, et al. Rapid diagnostic tests compared with malaria
microscopy for guiding outpatient treatment of febrile illness in
Tanzania: randomised trial. BMJ 2007; 334: 403.

[22] Sumbele TUN, Nkuo-Akenji T, Samje M, Ndzeidze T, Ngwa EM,
Titanji VPK. Haematological changes and recovery associated with
treated and untreated Plasmodium falciparum infection in children in
the Mount Cameroon Region. J Clin Med Res 2010; 2(9): 143-51.

[23] Todorovic V, Russell C, Stratton R, Ward J, Elia M. The ‘MUST’
explanatory booklet: a guide to the ‘malnutrition universal screening
tool’ (‘MUST’) for adults. UK: British Association for Parenteral and
Enteral Nutrition; 2011, p. 32. [Online] Available from: http://www.
health.gov.il/download/ng/N500-19.pdf [Accessed on 21st August,
2014]

[24] Ogbodo SO, Okeke AC, Obu HA, Shu EN, Chukwurah EF.
Nutritional status of parasitemic children from malaria endemic rural
communities in eastern Nigeria. Curr Pediatr Res 2010; 14: 131-5.

[25] Deribew A, Alemseged F, Tessema F, Sena L, Birhanu Z, Zeynudin A,
et al. Malaria and under-nutrition: a community based study among
under-five children at risk of malaria, south-west Ethiopia. PLoS One
2010; 5(5): e10775.

[26] Sarkar R, Sivarathinaswamy P, Thangaraj B, Sindhu KNC, Ajjampur
SSR, Muliyil J, et al. Burden of childhood diseases and malnutrition
in a semi-urban slum in southern India. BMC Public Health 2013; 13:
87.

[27] Inotai A, Nuijten M, Roth E, Hegazi R, Kal6 Z. Modelling the burden
of disease associated malnutrition. e-SPEN J 2012; 7(5): e196-204.

[28] Rasheed A, Saeed S, Khan SA. Clinical and laboratory findings in
acute malaria caused by various Plasmodium species. J Pak Med
Assoc 2009; 59(4): 220-3.

[29] Abro AH, Ustadi AM, Younis NJ, Abdou AS, Hamed DA, Saleh AA.

Malaria and hematological changes. Pak J Med Sci 2008; 24(2): 287-
91.

[30] Aprioku JS, Obianime AW. Structre-activity-relationship (SAR) of
artemisinins on some biological systems in male guinea pigs. Insight
Pharm Sci 2011; 1: 1-10.

[31] Osonuga 10, Osonuga OA, Osonuga A, Onadeko AA, Osonuga AA.
Effect of artemether on haematological parameters of healthy and
uninfected adult Wistar rats. Asian Pac J Trop Biomed 2012; 2(6):
493-5.

[32] McKenzie FE, Prudhomme WA, Magill AJ, Forney JR, Permpanich
B, Lucas C, et al. White blood cell counts and malaria. J Infect Dis
2005; 192: 323-30.

[33] Massaga JJ, Lusingu JP, Makunde R, Malebo HM, Chile MM,
Akida JA, et al. Biological and haematological safety profile of oral
amodiaquine and chloroquine in healthy volunteers with or without
Plasmodium falciparum infection in northeast Tanzania. Tanzan J
Health Res 2008; 10(3): 144-50.

[34] Akhtar S, Gumashta R, Mahore S, Maimoon S. Hematogical changes
in malaria: a comparative study. J Pharm Biol Sci 2012; 2(4): 15-9.

[35] Imoru M, Shehu UA, Thesiulor UG, Kwaru AH. Haematological
changes in malaria-infected children in North-West Nigeria. Turk J
Med Sci 2013; 43: 838-42.

[36] van Wolfswinkel ME, Vliegenthart-Jongbloed K, de Mendonga Melo
M, Wever PC, McCall MB, Koelewijn R, et al. Predictive value of
lymphocytopenia and the neutrophil-lymphocyte count ratio for
severe imported malaria. Malar J 2013; 12: 101.

[37] Kotepui M, Phunphuech B, Phiwklam N, Chupeerach C, Duangmano
S. Effect of malarial infection on haematological parameters in
population near Thailand-Myanmar border. Malar J 2014; 13: 218.

[38] Mayor A, Hafiz A, Bassat Q, Rovira-Vallbona E, Sanz S, Machevo S,
et al. Association of severe malaria outcomes with platelet-mediated
clumping and adhesion to a novel host receptor. PLoS One 2011;
6(4): €19422.

[39] Martinez-Salazar EL, Tobon-Castafio A. Platelet profile is associated
with clinical complications in patients with vivax and falciparum
malaria in Colombia. Rev Soc Bras Med Trop 2014; 47(3): 341-9.

[40] Wassmer SC, Taylor T, Maclennan CA, Kanjala M, Mukaka M,
Molyneux ME, et al. Platelet-induced clumping of Plasmodium
falciparum-infected erythrocytes from Malawian patients with
cerebral malaria-possible modulation in vivo by thrombocytopenia. J
Infect Dis 2008; 197: 72-8.

[41] Van der heyde HC, Gramaglia I, Sun G, Woods C. Platelet depletion
by anti—-CD41 (alphallb) mAb injection early but not late in the
course of disease protects against Plasmodium berghi pathogenesis by
altering the levels of pathogenic cytokines. Blood 2005; 105: 1956-
63.

[42] Adedapo AD, Falade CO, Kotila RT, Ademowo GO. Age as a risk
factor thrombocytopenia and anaemia in children treated for acute
uncomplicated falciparum malaria. J Vector Borne Dis 2007; 44: 266-
71.



