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ABSTRACT

Background: Malaria is a mosquito-borne public health problem which alters the blood counts, haptoglobin level and
serum lactate dehydrogenase (sLDH) activity of the infected individuals. Some of the alterations are associated risk
factors in malaria pathology. This study aims at elucidating changes in blood counts, SLDH activity and haptoglobin
level in malaria infected subjects seen in a Tertiary Health Institution in Nnewi, as search for associated risk factors in
malaria pathology.

Methods: This cross sectional study enrolled 270 age matched subjects between 18-65 years. The test group (200)
who tested positive to P. falciparium was placed into two groups based on their parasite counts with cut-off of >1000
parasites x 10%L. Group one (100) had counts above the cut-off and group two (100) below. The control (70) was
aparasitemic. The demographic data were noted and 4mls of blood drawn. 2mls in K3EDTA was for FBC testing
using Mythic 22 hematology analyzer, and remaining dispensed into plain tubes was for sLDH assay by kinetic
method and haptoglobin by ELISA technique.

Results: The HCT, Hb, RBC and Platelet count of test were progressively significantly lowered (p=0.001) compared
to control, with an intra-significant difference among the 3 groups (p<0.05), also the parameters were found to have
an inverse significant relationship (p=0.001) to the parasite counts. This trend was also seen with haptoglobin while
reverse was the case with LDH activity which rather increased significantly (p = 0.000) at opposite direction as
parasite density increases.

Conclusions: This study show that the degree of intravascular haemolysis is directly influenced by the parasite
density, this portends that high endemicity and perennial parasiteamia in the study area could cause chronic anaemia
and thrombocytopenia in the population studied.
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INTRODUCTION counts in affected individuals have been documented and

appear to be implicated in malaria pathology and
Malaria is highly endemic in Nigeria and it remains one morbidity.>® These changes affects all the major cell
of the leading causes of childnood and maternal lines, although environmental factors such as nutrition,
morbidity and mortality in the country.! Changes in blood malaria immunity, parasite density, presence of
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haemoglobinopathy and other factors tends to modulate
the effect.®° Since liver, spleen and red blood cells are
the main organs and cells involved in malaria pathology,
it is worthwhile that study of some proteins and or
enzymes associated with red cells such as Haptoglobins
(Hp) and Lactate dehydrogenase (LDH) could be of help
in understanding the mechanisms in malaria pathology.®
Hp is acute phase protein with protective role in
hemolytic disease. It binds irreversibly to hemoglobin
and reduces the oxidative and peroxidative potential of
free haemoglobin.'! Studies show that changes in Hp
levels are consistent with clinical malaria.*> LDH on the
other hand is an intracellular hydrogen transfer enzyme,
that catalyses the readily reversible reaction involving the
oxidation of lactate to pyruvate with nicotinamide
adenine dinucleotide (NAD) serving as coenzyme.*® High
levels of LDH are found in the liver, heart, erythrocytes,
skeletal muscles and kidneys. Increase in its activity has
been widely applied as diagnostic indices for such organ
dysfunction.’*?® LDH is the most abundant enzyme
expressed by P. falciparum which it requires for its
carbohydrate metabolism during the intraerythrocytic
cycle..

Despite efforts by different agencies in malaria control, it
has remained a great menace and a public health issue
due to its increasing rate of morbidity and mortality in the
affected individuals.

The aim of this work is to search for additional tools that
may aid in identifying associated risk factors in malaria
pathology in the study area by determining the levels of
Hp, LDH and blood counts in infected individuals.

METHODS

This study was carried out in the General out Patient
Department (GOPD) of Nnamdi Azikiwe University
Teaching Hospital (NAUTH), Nnewi, Anambra State.
NAUTH is a tertiary institution located at Nnewi North
Local Government Area of Anambra State, South East
Nigeria. It is located at 6.02° North latitude, 6.915° East
longitude and 149 meters elevation above the sea level
with a population of 769,500 (according to 2006 National
Population census). Nnewi falls within the tropical rain
forest of Nigeria, the rainy season stretches from March
to October and dry season from November to February.
The town has bi-peak malaria transmission in March and
November corresponding the onset and cessation of
rain.'” The temperature of the region is between 20°C and
36.5°C. The climatic weather, poor sanitary conditions
and the rain forest vegetation, create a favourable
breeding site for vectors.

Study population/Study protocol

The study subjects comprised of individuals who
presented with history of fever, headache, and / or with
axillary temperature of >37.50C in the last 24 hours and
who hadn’t taken any anti- malaria drug, and in whom

test for malaria parasite had been requested by the
attending Clinician. These had drops of blood collected
for RDT and thick PBF. The thick PBF stained with 10%
Giemsa stain was considered negative if after examining
100 high power fields, no malaria parasite was
encountered.®

The positives were enrolled into the study. A total of 200
subjects formed the test group. These were further
subdivided into 2 groups based on the present cut-off
parasite density of 1000 parasites x 10%1. Thus group one
comprised of 100 subjects with malaria parasite count
>1000 parasites x 10%1, and group two (100) with malaria
parasite count <1000 parasites x 10%I. Controls were 70
apparently healthy individuals who were parasitological
negative, selected from staff and students of the same
hospital. All the subjects were within the ages of 18-65
years and demographic data collected through
questionnaire. Ethical approval was sought and obtained
from the institutional ethics committee and informed
consent also obtained.

Sampling method

Sampling was in 2 stages. At the first stage, all the
subjects with defining criteria were screened. Then, 4mls
of blood sample was collected, 2mls into EDTA for FBC
determination using Mythic 22Haematology Analyzer-a 5
part differential counter. The remaining 2mls was
dispensed into plain tube and expressed serum used for
LDH assay by kinetic method using Agappe Diagnostic
Kit manufactured in Switzerland following the
manufacturer’s instruction. The remaining fraction was
stored at -20°C for batch testing for Haptoglobin using
Quantikine ELISA test kit manufactured in USA
following manufacturer’s instruction. Parasite screening
by RDT was done using Carestart test kit and
quantification was done according to method of
Chessborough (2005).%8

Statistical analysis

Data generated was analyzed using SPSS version 20. The
descriptive results were expressed as mean£S.D.
Inferential statistics was by Student t-tests for comparison
of 2 means, ANOVA for more than 2 variables and
Turkey Post Hoc tests for intra- mean comparison.
Pearson’s correlation was used to correlate the
parameters. p-values of <0.05 were considered
significant.

RESULTS

The mean value of Hp, HCT, RBC Hb and platelets
presented in Table 1 showed a significant decrease
between the two test groups and between the control
(p<0.00), while in the reverse direction, an increase was
observed for LDH across the two and when compared
with control (p<0.000). The turkey post-hoc multiple
comparative analyses showed a significant decrease
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(p<0.000) in Hp between all the groups. Intra group
difference was noted between group one and two
(p<0.000) and between one and control (p<0.000) but no
difference (p>0.005) was seen between group two and
control in HCT, Hb, and RBC values. However, a
significant increase (p<0.000) was observed for LDH

Neutrophils and Lymphocytes, Eosinophil and Monocyte
was significantly higher in group one compared to group
two and control subjects (p<0.000), a post-hoc test
showed a significant increase between the three groups
(p<0.000) for TWBC, Neutrophils and Lymphocytes but
none between Eosinophil and Monocyte (p>0.05) as seen

across the groups. The mean value of TWBC, in Table 2.

Table 1: The mean age, HCT, Hb, RBC, red cell indices, LDH and Hp of test subjects and controls using ANOVA.

Control Group Group

Group one

Group two

Parameters n=100 n=100 n=70 one Vvs. two vs.

control control
PO (VEA0S)  3806+1171 386441208  3820+1212 0063 0939 1000 1000 1000

0,
l&?a%féo 35.03+4.12 40204356  41.13+3.77 67.34  0.000* 0.000** 0.000*  0.363
',\'}Igéﬁﬁjgj 11.85+1.30  1354+1.18  13.82+1.23 67.62 0.000* 0.000** 0.000* 0476
12

ﬁﬂ%gng(slg) 4024064  4.72+0.54 4.76+0.51 4879 0.000% 0.000%* 0.000*  1.000
mg;rﬁg)o 87.78+7.86  86.0746.93  87.1745.54 154 0216 0251  1.000 0.929
mga':fgg 29.61+2.84  28.89+2.32  29.20+1.89 222 0111 0110  0.827 1.000
l&peégg/s% 10.89+3.77  22.0645.88 25454524 2528  0.000% 0.007** 0.000%  0.000*
kADeaHnE}é”D) 348.50+49.49  318.90456.55  282.69+46.24 33.87  0.000* 0.000**  0.000*  0.000*

*values differ significantly from control (p<0.05).
**values differ significantly between Group one and group two subjects (p< 0.05)

Table 2: The mean total and differential WBC and platelet count in subjects and control using ANOVA.
Group Group

F-value one Vvs. two Vvs.
control control

Group one

Group two Control
n=100 n=100 n=70

TWBC(x10°%/L

776£262 650250 444127 4289 0000% 0.000** 0.000%  0.000*
)Mean£SD

il(%
Neutrophil6) 55241018  37.06816 494838 1430  0000% 0.000% 0.000%  0.000*
Mean+SD
Lymphocyte N - . N
O Moameop 3354861 53188015 43941793 12010  0.000* 0.000** 0.000%  0.000
il
Bosinophil (%) 3464328 3.80:264  230:130 456  0012* 1000 0072  0.010*
Mean+SD

0,
Monocyte (%) 5 451005 3804264  5.26:263 371 0026% 0074 1000  0.057
Mean+SD

9
PRLClel0OM) 140062877 2014244108 264.36+4920 20644 0.000% 0.000%* 0.000%  0.000*

*values differ significantly from control (p<0.05).
**values differ significantly between Group one and group two subjects (p< 0.05)

Table 3 is Pearson’s correlation of studied parameters in
group one subjects with parasite count. A strong negative
correlation exist between MP and Hp (-0.807), HCT (-

0.814), Hb (-0.821), RBC (-0.674), and PLT (-0.973)
(p<0.000 respectively) indicating an inverse relationship
exist between them, were increasing count results in
decrease in values of these parameters. In a similar
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relation, a strong positive correlation was observed
between parasite count and LDH (0.903) (p<0.000). This
implies that increase in parasite count increases the LDH
activity in the subjects. Table 4 is the Pearson’s

correlation of studied parameters and parasite count in
group two. The same pattern of result as seen in group
one also applied.

Table 3: Pearson’s correlation of studied parameters in subjects with malaria parasite count >1000
parasites x 10%I.

Parameters N R ~p-value
Mp(x10%1) vs. HCT (%) 100 -0.814 0.000*
Mp(x10%1) vs. Hb (g/dI) 100 -0.821 0.000*
Mp(x10%1) vs. RBC (x 10*%/1) 100 -0.674 0.000*
Mp(x10%1) vs. Platelets (x 10%/1) 100 -0.873 0.000*
Mp(x10%1) vs. Hp (ng/ml) 100 -0.807 0.000*
Mp(x10%1) vs. LDH (U/) 100 0.903 0.000*

*Values differ significantly (p<0.05); R= correlation coefficient

Table 4: Pearson’s correlation of studied parameters in subjects with malaria parasite count < 1000
parasites x 10%I.

Parameters N R _ p-value
Mp (x10%/1) vs. HCT% 100 -0.903 0.000*
Mp (x10%/1) vs. Hb (g/dI) 100 -0.885 0.000*
Mp (x10%1) vs. RBC (x 102/1) 100 -0.552 0.000*
Mp (x10%/1) vs. TWBC (x10%/1) 100 -0.954 0.000*
Mp (x10%/1) vs. Platelets (x10°/1) 100 -0.970 0.000*
Mp (x10%/1) vs. Hp (ng/ml) 100 -0.964 0.000*
Mp (x10%1) vs. LDH (U/L) 100 0.980 0.000*

*Values differ significantly (p<0.05); R= correlation coefficient

DISCUSSION

Haematological changes are common complications in
malaria infected individuals. This study observed that
subjects infected with P. falciparum had significantly
lower HCT, Hb, and RBC compared with control
subjects. This is consistent with several earlier reports,
while the mechanism of anaemia can simply by said to be
multifactorial, several possible mechanisms ranging from
haemolysis of parasitized and non-parasitized
erythrocytes, reduced erythropoiesis and
dyserythropoiesis, phagocytosis of uninfected red blood
cells to auto immune destruction of red blood cells are
manifest. 2367 This study believes that one or more of
these mechanisms may be the underlining pathological
mechanism because the degree of red cell crash was
disproportional to the parasite density implying that
several may be involved in bringing about anaemia.

White blood cells play a vital role in the body’s immune
defense against diseases. The TWBC in this study was
seen to be significantly higher in malaria infected
subjects compared to control subjects. While there are
conflicting results on TWBC count, our result tends to be
in consonant with works done in geographical area

sharing similarity with ours, namely the work of
Ifeanyichukwu and Esan in Nnewi Anambra State
Kotepui et al, Garba and coworkers in Sokoto and Auta et
al, Dustin- Ma North West Nigeria but differs with those
outside of our environmental similarity, the works of
McKenzie et al, Chandra and Chandra in Uttarakhand
State India and Al-Salahy et al, in North West
Yemen.2561922 This therefore strengthens the belief that
environmental factors have strong effect on blood
counts.’® One could explain the raise in TWBC as
suggested by Eharhor et al, to be due to increase in
release from marginal pool into the peripheral blood in
inflammatory response or due to exaggerated immune
response during infestation as proposed by Chandra and
Chandra.??

Significantly lower platelet count in test subjects
compared to control subjects was also noted and in
addition, the platelet count had an inverse relationship to
the parasite count; the higher the parasite count, the lower
the platelet count. This finding is consistent with
independent reports, notably that of Guptal and
coworkers Joera and colleagues and Kotepui at all who
also in addition observed thrombocytopenia in malaria.
The studies of Dash and Padhy, Joshi and Gamit, and
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that of Hamid and coworkers collaborated
thrombocytopenia as a feature in malaria.?*2¢ Although
these authors proposed varied mechanisms to explain the
low counts seen in P. falciparum infestation, while
Guptal and coworkers Joera and colleagues suggested
oxidative stress damage as the mechanism involved, Joshi
and Gamit reported the mechanism to be immune
mediated, and Metanat and harifi-Mood posited that
splenic sequestration was responsible.?242":2 de Mast in
their work proposed glycoprotein 1b (GP1b) shedding
especially in early infection and when systemic platelet
activation and consumptive coagulopathy could not be
established as the mechanism involved.*

The serum Haptoglobin (Hp) on the other hand was
significantly lower in test group compared to control
group. Several works collaborates this finding notably
that of Fowkes et al, Imrie et al and Alfred and Gwakisa,
also a clear inverse relationship between serum
haptoglobin level and malaria density was noted, as the
parasite density increases, the serum haptoglobin level
drops. It is important to recall that Hp functions to mop
up free haemoglobin.®* So invariably in malaria
parasitemia where increased haemolysis is a feature, Hp
level is significantly reduced.'*? The serum lactate
Dehydrogenase (LDH) in another development was
significantly higher in test subjects compared to control
subjects, and the parasite count in addition has a direct
relationship with LDH. Dabadghao and colleagues, in
their work collaborate this present report and in addition
affirms that sLDH correlates with disease severity, while
Kumar and Keerthana, in addition to reporting a relation
between the two also posited it as a diagnostic biomarker
of malaria. Mtove et al, and Kumar similarly hold that
sLDH could serve as point of care in acute febrile illness
in differentiating malaria from other febrile illness.3*"

CONCLUSION

The present study demonstrated that significant
haematological alteration occurs in malaria across all cell
lines and the degree of intravascular haemolysis
(evidenced by increase in Hp level and LDH activity) is
directly influenced by the parasite density. This portends
that high endemicity and perennial parasiteamia in the
study area could cause chronic anaemia and
thrombocytopenia in the population studied.
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