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Abstract

Introduction: In tropics malaria is one of the cause of acute febrile illness.
Hematological parameter changes involving major cell types such as erythrocytes,
leucocytes and platelets are observed in malaria. Present study is done to evaluate
hematological parameters in malaria.

Material and Methods: Present study was a two-year hospital-based study
conducted at a tertiary health centre in rural Telangana. Total 368 cases diagnosed
as acute febrile illness were studied. All the anticoagulated blood samples were
submitted for complete blood count and peripheral blood smear for malarial
parasite. Hemoglobin, Red cell distribution width, leukocyte count, and platelet
counts were the parameters considered. Peripheral smear examination for malaria
parasite was taken as gold standard for diagnosis of malaria. Diagnostic accuracy
along with sensitivity, specificity, predictive values and likelihood ratios were
statistically evaluated using 95% confidence intervals.

Results: Study included 368 patients and those with positive peripheral
smear for malaria parasite were 140 (38.04%). Thrombocytopenia (platelet count
< 150,000/ cu mm) was a strong predictor for malaria (Sensitivity 60%, Specificity
88%, Likelihood ratio + 5.04) and in combination with anemia (Hb < 10 g/dl) it
was next best parameter (Sensitivity 69%, Specificity 74%, Likelihood ratio + 2.77).

Conclusion: Thrombocytopenia along with combination of anemia and
thrombocytopeniaproves to be of paramount importance in predicting malarial
infection. These hematological parameters supported by clinical findings and gold
standard microscopy methods help to improve malaria diagnosis and treatment.

Keywords: Plasmodium Falciparum; Plasmodium Vivax; Thrombocytopenia;
Anemia.

Introduction

In tropics malaria is main differential diagnosis
of acute febrile illness. It is a major communicable
disease in developing countries. It forms 15%
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of clinical illnesses in tropical countries and is a
foremost cause of morbidity and death [1,2,3]. Two
hundred and nineteen million cases were reported
worldwide in 2010 [4]. In some parts of tropical
regions malaria accounts for 10% of death in
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children aged below three years. South-East Asian
Region has about 40% of global population at risk
of malaria [5].

Malaria is a mosquito-borne infectious disease
caused by parasitic protozoa Plasmodium which
infects and destroys red blood cells (RBCs). Four
species of plasmodia (Plasmodium falciparum,
Plasmodium malariae, Plasmodium ovale and
Plasmodium vivax) cause malaria in humans
Plasmodium vivax being major malarial parasite
in India [5]. Plasmodium falciparum constitutes
severe forms of and deaths from malaria
while the other species rarely produce serious
complications [5]. Major complications include
cerebral malaria, pulmonary edema, acute renal
failure, severe anemia, and/or bleeding. Acidosis
and hypoglycemia are the most common metabolic
complications. Serious complications can develop
rapidly and prove fatal within hours or days [6,7].

Malaria is transmitted to human being due to bite
of anopheles mosquitoes and injection of invasive
forms (sporozoites) of plasmodium. These invade
liver and RBCs, and cause periodic fever, chills
and rigors along with sweating and splenomegaly
followed by severe anaemia. Parasitic invasion and
development of parasite in the RBCs causes anemia
and resultant RBCs destruction. Non-parasitized
RBCs may undergo haemolysis in acute malaria
and give positive Coomb’s test.

In RBCs, parasite metabolizes globin from
haemoglobin. Haem neutralizes to hemozoin,
a gray-black malaria pigment. Haem-iron is
unavailable for reuse in formation of haemoglobin
and causes anemia.

Accurate diagnosis in malaria is required for
effective disease management. Clinical diagnosis
is unreliable due to diverse clinical presentation of
malaria. In tropics poses difficulty in distinguishing
from other causes of fever. Fever and other signs
are sensitive yet they lack specificity and positive
predictive values [8]. Peripheral blood smear
(PBS) examination is gold standard for detecting
malaria infection [9] It requires expertise and is
time-consuming.

Hemoparasites induce hematological changes
and which may lead to clinical suspicion [1,8,10,11].
These changes are anemia, thrombocytopenia,
splenomegaly, leucocytosis or leucopenia,
mild-to-moderate atypical lymphocytosis and
rarely disseminated intravascular coagulation
(DIC) [12,13]. Some hematological changes are
species specific. Thrombocytopenia is a common

and early sign of malarial infection. Most of these
findings are more pronounced in Plasmodium
falciparum [5,14].

Presentstudystatisticallyevaluateshematological
parameters such as haemoglobin (Hb), total
leucocyte count (TLC), red cell distribution width
(RDW), and platelet count in malaria infected cases
and compared with uninfected people.

Material & Methods

Present study was a two-year hospital-based
study conducted at a tertiary health centre in rural
Telangana. The inclusion and exclusion criteria
were as follow:

Inclusion criteria: Patients with fever of <7 days
duration were included.

Exclusion criteria: Patients where localizing
cause for fever could be determined were excluded.

A total of 368 patients presenting with acute
febrile illness at our hospital were evaluated.
A complete blood count and malarial parasite
microscopy were performed for each patient.

Hemoglobin, Red cell distribution width
(RDW), Total leucocyte count (TLC), and platelet
counts estimation was done by automated cell
counter (Mindray BC-5000). PBS examination for
malarial parasite was considered gold standard for
diagnosis of malaria. Slides for PBS were stained
with the Romanowsky (Leishman) stain.

Diagnostic accuracy was measured by
computing sensitivity, specificity, predictive values
and likelihood ratios. Precision of findings was
evaluated using 95% confidence intervals.

Statistical Analysis: The t test for continuous
variables and the x2 test for categorical variables
to determine the univariate association of age,
gender and hematological indices predictive
of malaria. Diagnostic accuracy was measured
by computing sensitivity, specificity, predictive
values and likelihood ratios. The precision of these
estimates was evaluated using 95% confidence
intervals. We also used hematological parameters
in combination. Data analysis was done using
SPSS (Statistical Package for Social Sciences) 20.0
software package.

Results

Present study included 368 patients of acute
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febrile illness without localizing signs. Of these 368
cases, 218 (59.23%) were males and 150 (40.76%)
were females. Positive PBS for malaria parasite
was seen in 140 (38.04%) cases and remaining
228 (61.95%) cases were negative. Of these 140
cases of PBS for malaria positive 86 (61.42%) were
males and 54 (38.57%) were females. Plasmodium
falciparum positive cases were 128 (91.42%), and
Plasmodium vivax positive cases were 12 (8.57%).
Base line characteristics of each patient such as age,
sex, Hb concentration, RDW, TLC, platelet count
of the study population was documented and it
was noted that there was no difference in age,
and sex profile in those who were slide positive

Table 1: Variables of study group (*values in percent)

Variable Malaria No Malaria  Pvalue
Malaria (n=140) (n=228)

(n=140)

Age (years) 38.4 (17.2) 37.3 (14.3) 0.648§
Male sex* 86 (61.42) 132 (57.89) 0.22t
Hb (g/dl) 8.9(27) 109 (2.7) <0.01§
RDW (%) 16.2 (2.4) 16.5 (3.6) 0.7§
TLC (percumm) 6675 (2695) 7849 (5168) 0.08§
Platelet count 0.83 (0.6) 21(1.2) <0.018§

(per cu mm)

# All values indicate mean (Standard deviation), unless
indicated

* Number (%), § student’s t test, T chi square test

for malaria and those who were not. Hemoglobin
level and platelet counts were significantly lower
in PBS positive malaria when compared with other
fevers. (Table 1).

Sensitivity, specificity, predictive values (positive:
PPV; negative: NPV) and likelihood ratio (LR+; LR-)
for various hematological parameters in diagnosis of
malaria were calculated. (Table 2) Sensitivity (95%
confidence interval) for Hb<10 g/dl, RDW>15%,
and platelets<150000/cumm was 52%, 41%, 60%
respectively. Specificity (95% confidence interval)
for Hb<10 g/dl, RDW>15%, and platelets<150000/
cummwas73%,66%,88% respectively. Anemia, TLC,
or high RDW had poor sensitivity and specificity
in malaria diagnosis. However, thrombocytopenia
alone (platelet count <150,000/cu mm) specifically
predicted malaria with sensitivity 60%, specificity
88%, likelihood ratio + 5.04. Thrombocytopenia was
found to be the only differentiating parameter, with
positive & negative likelihood ratio of 5.04, & 0.45
respectively. (Table 2).

The combination of hematological parameters in
diagnosis of malaria were used to see if it increased
the diagnostic yield. (Table 3) Hematological
parameters such as anemia (Hb< 10 g/dl)
& thrombocytopenia in combination had higher
sensitivity 69%, specificity 74%, & positive likelihood
ratio of 2.77 and was next best parameter.

Table 2: Sensitivity, specificity, predictive value and likelihood ratio for hematologicalchanges in malaria (*values in percent)

Variable Sensitivity* Specificity™* PPV* NPV* LR+ LR-
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Hb<10 g/dl 52 73 28 1.95 0.65
(41, 63) (63, 80) (45, 63) (23, 34) (1.33,2.85) (0.5,0.88)

RDW>15% 41 66 34 1.25 0.88
(32, 51) (55, 76) (34, 52) (30, 40) (0.85,1.83) 0.7,1.1)

Platelets 60 88 21 5.04 0.45
<150000/cu mm (50, 69) (79, 93) (62, 84) (17, 26) (27,9.2) (0.3,0.5)

Table 3: Combination of hematologicalchanges for malaria diagnosis (*values in percent)

Variable Sensitivity* Specificity* PPV* NPV* LR+ LR-
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Hb<10 g/dl 69 74 62 19 2.77 (1.96,3.91) 0.40

& Platelets (56, 81) (66, 81) (54,70) (13,27) (0.26,0.61)

<150000/cu mm

RDW >15 & 67 75 62 20 2.71 0.43

Platelets <150000/ (54, 79) (66, 81) (53,70) (15,28) (1.9,3.85) (0.29,0.64)

cu mm

Hb<10g/dl, 61 65 52 26 177 0.59

TLC<4000/cu (40, 80) (57,72) (42,61) (17,38) (1.19,2.63) (0.34,1.02)

mm & Platelets

<150000/cu mm
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The NPV and LR of this combination (19% & 0.40
respectively) suggested that malaria may be ruled
out if this combination is absent. Various other
combinations (High RDW & low platelets, & low
Hb, low WBC count, & low platelets) were not of
much diagnostic aid.

Discussion

Malaria is a major health problem in tropical and
temperate regions of the world. In India, it is seen
on both rural and urban areas.

Present study included 368 patients. Of these 368
cases, 218 (59.23%) were males and 150 (40.76%)
were females. Positive PBS for malaria parasite
was seen in 140 (38.04%) cases and remaining
228 (61.95%) cases were negative. Of these 140
cases of PBS for malaria positive 86 (61.42%) were
males and 54 (38.57%) were females. Plasmodium
falciparum positive cases were 128 (91.42%), and
Plasmodium vivax positive cases were 12 (8.57%).

Joshi HJ et al. [5] study had 51 cases, 41 (80.3%)
were of Plasmodium vivax and 10 (19.6%) cases of
Plasmodium falciparum. Their study included 37
(72.54%) males and 14 (27.45%) females. Ranjini
CY et al. [15] study had male (80.24%) and female
(19.75%) Faseela TS et al. [16] and Jairajpuri
ZS et al. [17] study had large number of male cases
as compared with females. Present study also
showed more male incidence.

Jairajpuri ZS et al. [17] study, had 84.8% cases
of Plasmodium vivax followed by 10.5% mixed
infection (both Plasmodium vivax and Plasmodium
falciparum) and 4.5% Plasmodium falciparum.
Faseela TS et al. [16] study reported an incidence
of 51.6% for Plasmodium vivax, 47.1% mixed and
only 1.1% of P. falciparum. Malik AM et al. [18]
reported frequency of Plasmodium vivax (52%).

In the present study the mean age of malaria
positive patients was 38.4 years and non-malaria
cases 37.3 years. Mean age of patients in Jairajpuri
ZS et al. [17] study, was 29.2 years.

Hemoglobin

In the present study hemoglobin concentration
showed mean values of 89 g/dL for smear
positive cases and 10.9 g/dL for smear negative.
In Bakhubaira S et al. [1] study hemoglobin
levels showed 3.5 g/dL as least mean values. In
malaria anemia occurs mainly due to Plasmodium
falciparum malaria rather than other species.

Plasmodium vivax and Plasmodium ovale infect
reticulocytes and Plasmodium malariae infect
senescent RBCs hence these rarely cause anemia.
Joshi HJ et al. [5] study observed anemia in 25
(49.01%) patients, with statistically significant
species variation in causing anemia (p value<0.05).

Anemia in malaria has complex and
multifactorial pathogenesis. Causes for anemia in
malaria are: Hemolysis and splenic sequestration
of both parasitized and non-parasitized RBCs, bone
marrow suppression, ineffective erythropoiesis
with  dyserythropoietic changes, level of
parasitemia, and anemia of chronic disease [19,20].

Mechanical destruction of RBCs and splenic
clearance of parasitized and defective RBCs is
the cause of microcytic anemia in Plasmodium
falciparium malaria infection. Immune destruction
of RBCs may also occur. Mechanisms of RBCs
destruction also include reticuloendothelial
hyperplasia, reduced deformability of infected
RBCs, membrane changes and accelerated immune
destruction [5,14].

Malarial parasites show differential preference in
infecting RBCs of different ages. Plasmodium vivax
infects reticulocytes or young RBCs. Plasmodium
vivax malaria infection has milder pathology
due to less parasitemia, increased activation
of host inflammatory immune response and
increased deformability of infected RBCs causing
reduced cytoadherence in microvasculature [5].
Plasmodium falciparum attacks RBCs of all ages
and destruction of both parasitized and non-
parasitized RBCs occur hence, increased frequency
of anemia is observed in falciparum malaria.

Present study revealed low sensitivity and
specificity (95% confidence interval) for Hb<10 g/
dl, was 52% and 73% respectively and LR+ 1.95 for
Hb (<10gm/dl). (Table 2) This was in concordance
with Jairajpuri ZS et al. [17] study that showed the
probability of malaria (LR+ 1.61) increased with low
Hb (<10gm/dl) which is a statistically significant
variable (p<0.005). However their study also had
low sensitivity and specificity. Manas K et al. [21]
study, reported reduction of Hb and RBC count.
But RBC indices level in malaria infected patients
were higher as compared to non-malaria infected.

Platelets

Present study revealed thrombocytopenia the
strongest predictor of malaria. Bakhubaira S et al.
[1] study showed thrombocytopenia in 42.9% of
patients having severe malaria and 18.2% patients
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had a count of <50.0x109/L. Banzal S et al. [22]
study showed thrombocytopenia in 50.4% of
patients. Study by Khan SJ et al. [23] revealed 26.8%
Plasmodium falciparum malaria cases having
grade 3 thrombocytopenia (<50.0x109/L platelet
count). Francis et al. study showed significantly
lower platelet count (p<0.05). Senthilkumaar P [24]
study showed platelet counts and serum potassium
levels in malaria infected were lower than in non-
infected cases.

Severe thrombocytopenia is usually seen in
Plasmodium falciparum infection and also in those
patients who are coinfected with Plasmodium
vivax. Itrarely occurs in Plasmodium vivax malaria
patients [25]. Various mechanisms postulated
are splenic pooling, immune mediated lysis by
generation of anti-platelet antibodies, oxidative
stress, causing premature peripheral platelet death,
disseminated intravascular coagulation (DIC) and
bone marrow dyspoeisis. Various studies have
revealed that immune complexes produced by
malarial antigens cause sequestration of injured
platelets by splenic macrophages and a shortened
life span of platelets [1,8,13,18,25,26]. Bone marrow
thrombopoiesis is normal as the megakaryocytes
are normal or increased, hence it is not a cause for
thrombocytopenia. Thrombocytopenic malaria,
in contrast to non-thrombocytopenic correlates
with a higher degree of parasitemia and increased
cytokine production [27]. In malaria there is
endothelial activation and it is responsible for loss
of barrier function of endothelium. Due to this
endothelial activation to regulate permeability,
platelets and its proteins are utilised and hence
the thrombocytopaenia [28]. Dhungat MP et al.[29]
states that thrombocytopaenia is reliable diagnostic
marker, yet it has no prognostic significance
in malaria.

In present study for platelets<150000/cumm,
sensitivity and specificity (95% confidence interval)
was 60% and 88% respectively. It was the only
discriminator parameter, with positive & negative
likelihood ratio of 5.04, & 0.45 respectively. (Table 2)

Thrombocytopenia  (platelet<100,000/ cumm)
is a strong predictor of malaria as per many other
studies [16,17,18,20]. Jairajpuri ZSet al.[17] has found
significant (p<0.001) association of low platelets in
malaria as compared to non-malaria. Their study
revealed sensitivity (81%) and specificity (87%)
with an increased probability of malaria by factor
6.2, similar observations were seen in the present
study. Sensitivity and negative predictive value

is high at low platelet counts was concluded by
Khan SJ et al. [23] and Jairajpuri ZS et al.[17] studies.
Platelet counts were significantly reduced in 84.9%
malaria-infected cases was observed by Manas
K et al. [21] Thrombocytopenia (platelet counts
<150,000/pl) with sensitivity (85%), specificity
(85%) and negative predictive value (97%) and
positive predictive value (48%) was observed in
Manas K et al. [21] study.

Study done by Erhart LM et al. [30] reported
platelet count of less than 150,000/uL increased
the likelihood of malaria by 12-15 times in
febrile patients.

Study done by Joshi HJ et al. [5] observed, out
of 51 cases of malaria 48 had thrombocytopenia.
Their study showed statistically significant
species variation in causing thrombocytopenia
(P value >0.05) and thrombocytopenia was
observed in 90% of Plasmodium falciparum and
9511% of Plasmodium vivax infections. Their
study had mild (33.33%), moderate (35.23%) and
severe (25.49%) thrombocytopenia cases.

Red cell distribution width (RDW)

RDW along with mean corpuscle volume
(MCV) of RBCs are the new parameters in malaria.
Increased RDW in malaria has been attributed to
RBC response to malarial parasite and correlated
with degree of macrocytosis [31]. RDW describes
RBC population dispersion of volume or range of
changes in RBC size which is enlarged (especially
Plasmodium vivax) after malarial invasion [32].
Initial increase in size is followed by rupture of
infected RBCs. RBCs of different sizes are identified
because malarial life cycle is never synchronous and
parasites at more than one stage of development
can be seen in the PBS. This is not similar in
Plasmodium falciparum malaria where RBCs
maintain their original size [32]. In present study
sensitivity and specificity (95% confidence interval)
for RDW>15% was 41% and 66% respectively.
(Table 2) The 95% confidence interval for RDW
crosses one, which implies measurement of this
parameter to be less precise.

Studies of Jairajpuri ZS et al. [17] and Koltas IS
et al. [32] noted high RDW values in malaria cases
than non-malaria cases. However, it is in contrast
with our findings. Jairajpuri ZS et al. [17] study
had majority of cases of Plasmodium vivax, and
hence this explains increased RDW. In our study
maximum cases were of Plasmodium falciparum,
so RDW changes were not observed.
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Total leucocyte count (TLC)

Leucopenia is a common observation in malaria
although leukocytosis is also seen. Causes of
leucopenia are: WBCs are located away from
peripheral circulation, splenic sequestration of
WBCs and other marginal pools rather than actual
depletion or stasis. [33] Few cases of malaria are
accompanied by neutropenia. Manas K et al. [21]
study observed leucopenia (WBCs <4,000/pL).
They found association of malaria with leucopenia
(2.7 times) than with normal WBC count; leucopenia
had sensitivity (17%), and specificity (94%) to
predict malaria.

Ladhani S et al. [13] study showed patients with
leucocytosis in malaria compared with controls.
Francis U et al. [3] study, suggests significant
increase in WBC count of malaria infected patients
(p<0.05) compared with control. This is due to
an increase in release of WBCs at early stage of
infection to fight the infection.

Malaria infected cases showed predominantly
reduced WBCs, lymphocytes, eosinophils. But the
monocyte and neutrophil counts were significantly
higher in comparison to non-malaria infected
patients [1,8,10,21,23,30].

Present study showed no deviation of mean
WBC count from normal reference range and TLC
was found to have poor sensitivity and specificity
in diagnosis of malaria. Our study noted findings
similar to studies of Bakhubaira S et al. [1] and
Bashawri LA et al. [20]

Combination of hematological parameters

Present study demonstrates low hemoglobin and
platelet counts are the two hematological variables
that increase the probability of malaria, by factor
of 1.95 and 5.04 respectively. These two variables
also emerge useful when used in combination
(Likelihood ratio 2.77). Hematological parameters
such as anemia (Hb< 10 g/dl) & thrombocytopenia
in combination had higher sensitivity 69%,
specificity 74%, & positive likelihood ratio of 2.77
and was next best parameter. The NPV and LR
of this combination (19% & 0.40 respectively)
suggested that malaria may be ruled out if this
combination is absent. (Table 3) The various other
combinations (High RDW & low platelets, & low
Hb, low WBC count, & low platelets) did not
increase the diagnostic yield. Similar observation
of combination of variables showed increased
probability of malaria diagnosis in Jairajpuri ZS et
al. [17] study.

Conclusion

This study concluded that there is variation
in hematological parameters of malaria infected
patients and healthy uninfected individuals.
Thrombocytopenia is an important predictor
of malaria infection. Combination of anemia &
thrombocytopenia was the next best parameter.
Hematological investigation is inexpensive and
technically easier for detecting malarial parasite.
These hematological parameter changes help
clinicians to start an effective and early therapeutic
intervention and thus prevent from developing
major complications. These  hematological
parameters along with clinical diagnosis & gold
standard microscopy methods, are reliable and
competent measures for diagnosis of malaria
diagnosis.
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