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Abstract

Objectives: Hematological changes are among the most common
complications encountered in malaria. This study analyzes and
statistically evaluates the hematological changes as a diagnostic test
for malaria in patients with acute febrile illness and whether these
could guide the physician to institute specific antimalarial treatment.
Methods: The present study was an observational study, conducted
from January to December 2012. A total of 723 patients presenting
with acute febrile illness at our hospital were evaluated. A complete
blood count and malarial parasite microscopy were performed for
each patient.

Results: The findings showed that 172 out of 723 patients (24%)
were diagnosed to have malaria by positive smear report. There
were 121 males and 51 females with a male to female ratio of
2.3:1. Maximum number of cases were seen in the 20-30 years age
group. There was a statistically significant reduction in hemoglobin
(p<0.005), platelet count (p<0.001) and total leukocyte count
(p<0.001) levels in patients with malaria compared to those without
the disease. Likelihood ratios for a positive result of platelets
(6.2) and total leukocyte count (3.4) was relevant as compared to
hemoglobin (1.61) and Red cell distribution width (1.79). The
negative predictive values for hemoglobin (79%), total leukocyte
count (86%), platelets (94%) and Red cell distribution width (93%)
were significant. Red cell distribution width values were found to
be higher in patients with malaria than in patients without malaria
(p<0.001).

Conclusion: This study revealed that routinely used laboratory
findings such as hemoglobin, leukocytes, platelet counts and even
red cell distribution width values can provide a diagnostic clue in a
patient with acute febrile illness in endemic areas, thus increasing
the probability of malaria and enhancing prompt initiation of

treatment.
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Introduction

Malaria continues to be a major health problem in some of
the most populated areas of the world. It is one of the important
causes of febrile illnesses in our part of the world. One of the most
prevalent human infections worldwide, malaria results in 225
million cases each year. Around 40% of the global population at risk
of malaria resides in the South-East Asian Region. In the Indian
subcontinent, distribution is heterogenous and governed by many
climatic and physiological risk factors. It is caused by protozoa
parasite of the genus plasmodium which infects and destroys red
blood cells. Four species of plasmodia (P. falciparum, P. malariae, P.
ovale and P. vivax) cause malaria in humans of which P. falciparum
is the cause of morbidity and mortality.** However, Plasmodium
vivax is the major malarial parasite in India, contributing towards
the majority of cases.’

The clinical diagnosis of malaria is challenging because of the
non-specific nature of the signs and symptoms, which overlap
considerably with other febrile illnesses common in tropical
regions. This impairs diagnostic specificity and often promotes
the indiscriminate use of antimalarials. As parasites of the blood
for the majority of their complex life cycle, they expectedly induce
hematological alterations. Hematological abnormalities are
considered a hallmark of malaria and statistical analyses have shown
that many of these hematological values may lead to an increased
clinical suspicion for malaria, thus initiating a prompt institution
of specific therapy even in the absence of a positive smear report for
malaria.

The hematological abnormalities that have been reported
to invariably accompany infection with malaria include anemia,
thrombocytopenia, splenomegaly, mild-to-moderate atypical
lymphocytosis and rarely disseminated intravascular coagulation
(DIC).** There have also been reports of leucopenia and
leucocytosis.*®

Hematological changes are among the most common
complications encountered in malaria”® Prediction of the
hematological changes enables the clinician to establish an effective
and early therapeutic intervention in order to prevent the occurrence
of major complications. These parameters are measurable indices of
blood that serve as a marker for disease diagnosis.” Abnormalities
such as anemia and thrombocytopenia have been observed in

patients with malaria.'” In this study, we analyzed and statistically
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evaluated the hematological changes in cases of malaria and whether
they could guide physicians to institute specific antimalarial

treatment.
Methods

This observational study was conducted from January to December
2012. All patients with acute febrile illness presenting at Hakeem
Abdul Hameed Centenary Hospital were evaluated. Patients
with established diagnosis of systemic infections, typhoid fever,
dengue fever, and meningitis were excluded from the study. A
complete blood count (CBC) and malarial parasite microscopy
were performed for each patient, CBC was done in a three part
differential counter (KX-21), no abnormal result was reported.
White blood cell differential was also done in each case. The
peripheral smears were made and stained with Leishman’s stain.
The slides were examined for malarial parasite identification. The
slides were initially examined by a resident who was blinded from
the CBC results. All malaria-positive smears were reviewed by a
hematologist for confirmation, identification of species and review
of smear for platelet count. Smear examination for malarial parasite
was taken as the gold standard for the diagnosis of malaria.
Statistical analysis was done using the Chi square test of
significance which was applied to calculate p value. Sensitivity,
specificity, positive and negative predictive values along with
likelihood ratios (LR) for positive and negative test results were

calculated for hematological parameters.
Results

A total of 723 patients with acute febrile illness were included in the
study. Of these, 172 were diagnosed to have malaria as confirmed
by the detection of malarial parasite on smear examination. It
was revealed that 146 patients had Plasmodium vivax infection, 8
patients had Plasmodium falciparum and 18 had mixed infection

with both Plasmodium vivax and falciparum. (Table 1)

Table 1: Distribution of species of malaria (n=172.)

Plasmodium species Frequency Percentage (%)
Vivax 146 84.8
Falciparum 8 4.7
Mixed infection 18 10.5

The positive malaria group was composed of 121 males and 51
females with a male to female ratio of 2.3:1. The mean age of these
patients was 29.2 years and the highest proportion (46%; 76 cases)
was seen in the 20-30 years age group. Malarial cases were seen
throughout the year; however, the maximum number of cases were
seen in the month of September (49 cases; 28.4%), followed by July
(30 cases; 17.4%) and August (23 cases;13.3%).

An analysis of the hematological parameters was performed in
patients with and without malaria (Table 2). The 95% confidence
interval for each parameter along with p values are also shown in
Table 2. There was a statistically significant reduction in hemoglobin
(p<0.005), platelet count (p<0.001) and total leukocyte count
(p<0.001) levels in patients with malaria compared to patients
without the disease. The percentage of neutrophils in the subjects
with malaria was significantly higher (p<0.005) than in the non-
malaria group. The mean monocyte count was low in subjects with
malaria but higher compared with the controls (p<0.001). Red cell
distribution width values were assessed and found to be higher in
patients with malaria than in patients without malaria (p<0.001).

We obtained sensitivity, specificity, predictive values and
likelihood ratio for diagnosis of malaria with the hematological
parameters along with 95% confidence interval (‘Table 3). Anemia
(Hb<10gm/dl) and leucopenia showed low sensitivity and moderate
specificity, although high Red cell distribution width expressed high
sensitivity and poor specificity in diagnosis of malaria. The presence
of low platelet count (<100,000/mm?) was both 81% sensitive and
87% specific for the diagnosis of malaria with a likelihood ratio
for a positive and negative test result of 6.55 and 0.2, respectively.
The likelihood ratio for a positive test result of leucopenia was also

relevant with a value of 3.4.

Table 2: Baseline characteristics of hematological parameters in patients with and without malaria.

Parameters Reference Range With Malaria (N=172) Without Malaria (N=551) p-value
Mean (£SD) 95% CI Mean (£SD) 95% CI
Hb (g/dl) 13-18 9.8 (2.71) 9.4-10.2 11.6 (2.49) 11.4-11.8 <0.005
TLC(X10°/L) 4-11 4.9 (2.62) 4553 7.1(3.6) 6.8-7.4 <0.001
Neutrophils (%) 40-75 68 (12.37) 66.1-69.8 63 (16.4) 61.6-64.8 <0.005
Lymphocyte(%) 20-45 224 (7.21) 21.3-23.4 28.2 (16.53) 26.8-29.6 <0.001
Monocyte (%) 2.8 2.3 (0.26) RARE 1(0.23) 0.98-1.02 <0.001
Platelets(X10°/L) 150-400 0.90 (0.42) 0.84-0.96 1.42 (0.66) 1.36-1.48 <0.001
RDW (%) 164 (4) 15.8-17 15.2 (1.23) 15.1-15.3 <0.001

Hb=Hemoglobin, TLC=Total leucocyte count, RDW =Red cell distribution width SD= Standard deviation
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Table 3: Sensitivity, Specificity, Predictive values and Likelihood ratio (LR) for diagnosis of malaria with the hematological parameters.

Sensitivity Specificity PPV NPV LR+ LR-
Variables
(95%CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)
Hb <10gm/dl 34 79 33 79 1.62 0.84
26.7-41.3 74.9-81.9 26.7-40.4 75-82 1.21-2.05 0.75-0.95
TLC <5000 55 84 52 86 3.42 0.53
47.5-62.8 80.5-86.8 44.1-59.0 82.4-88.5 2.71-4.32 0.45-0.63
Platelets <100,000 81 87 67 94 6.55 0.22
74.1-86.4 84.6-90.3 60.3-73.5 91.1-95.5 5.2-8.3 0.16-0.36
RDW >15 88 51 36 93 1.79 0.24
81.9-92.2 46.2-54.7 31-40.3 89.4-95.6 1.61-1.96 0.16-0.36

Hb=Hemoglobin, TLC="Total leucocyte count, RDW=Red cell distribution width, PPV = Positive predictive value, NPV = Negative predictive value, LR=

Likelihood ratio

Table 4: Combination of hematological parameters (Hb, TLC, Platelets, RDW) for diagnosis of malaria.

Combined Variables Sensitivity Specificity PPV NPV LR+ LR-
Hb <10, TLC <5000, RDW
515, P1 <100000 95%CI 95%CI 95%CI 95%CI 95%CI 95%CI
All four positive 26.1% 96.3% 69.3% 80.7% 7.21 0.77
Hb+TLC+Plateletss+ RDW

19.7-33.4 94.4-97.7 56.5-80.0 77.-83.6 4.38-11.86 0.70-0.84
Any three positive 32.5% 93.6% 61.5% 81.6% 5.13 0.72
Platelets+ TLC+RDW 25.6-40.11 91.2-95.5 56-75 80-86 3.48-7.54 0.65 -0.80
Any two positive 33.7% 90.9% 53.7% 81.4% 3.72 0.73
Platelets+TLC 26.7-41.3 88.2-93.1 43.8-63.2 78.1-84.4 2.65-5.21 0.65-0.81

Table 5: Post test probabilities of variables (post test probabilities
of positive and negative test results when pre-test probability of

malaria is 24%).

Test Result Positive  Test Result Negative
Lo LR Post Test LR Post Test

Positive Probability Negative Probability
Hb <10 gm/dl 1.62 34% 0.84 21%
TLC <5000 3.44 52% 0.54 14%
Platelet <100,000 6.55 67% 0.22 6%
RDW >15 1.80 36% 0.24 7%
All 4 variables 7.21 69% 0.77 19%
together

A combination of positive tests for hematological parameters
(Hb<10, TLC<5000, Platelets<100,000, RDW>15) was thought
to be more useful, as all tests are done simultaneously in the
autoanalyzer and are available to the clinician for interpretation.
The sensitivity, specificity, predictive values and likelihood ratio
were obtained with the combined hematological parameters along
with 95% confidence intervals for diagnosis of malaria (Table 4).
The combined likelihood ratio for a positive test when all four
variables were positive was 7.21, when any three were positive was

5.13 and when two were positive was 3.72. Pre-test (prevalence) and
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post-test probability are subjective probabilities of the presence of a
disease before and after a diagnostic test, respectively. In the present
study, pre-test probability was 24% and post-test probability for
Hb<10gm/dl, TLC <5000, Platelets <100,000 and RDW >15
were 34%, 52%, 67% and 36%, respectively. A post test probability
for the four tests taken together was 69% with a likelihood ratio for
a positive test of 7.2. (Table 5)

Discussion

Malaria is a major health problem in the tropical and temperate
regions of the world which poses a significant burden on health
expenditure. In India, it is not just confined to the rural areas but
is also rampant in the urban locales. Prompt and accurate diagnosis
is critical towards the effective management of malaria. The global
impact of malaria has spurred interest in developing effective
diagnostic strategies not only for resource-limited areas where
malaria is a substantial burden on society, but also in developed
countries, where malaria diagnostic expertise is often lacking.'*?

In the current study, 84.8% cases were accounted for by
Plasmodium vivax followed by 10.5% mixed infection (both P. vivax
and P. falciparum) and 4.5% P. falciparum. However, other studies
have reported an incidence of 51.6% for Plasmodium vivax, 47.1%
mixed and only 1.1% of P. falciparum.” A higher frequency of P.
vivax (52%) has also been reported by other authors but this is

lower compared to our findings.****
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The mean age of these patients was 29.2 years and the highest
proportion of cases (46%; 76 cases) was seen in the 20-30 years age
group. Almost 81% of the malaria positive cases were seen among
the adults. It has been reported in some study that the incidence
of malaria in endemic areas falls as people grow older, suggesting
that advancing age contributes to immunity.'* But the disease in the
present study was seen in all age groups, particularly in adults, similar
to a study by Malik et al.'* The majority of the study population was
from the low socioeconomic strata working as laborers, daily wagers
for a livelihood working without using any protective measures.
This might be one of the factors for the high malaria frequency
among adults in this study. Information regarding age and gender
related prevalence of malaria is scarce but most of the studies have
reported a high burden in males compared to females.”® Our study
also showed similar results with a male to female ratio of 2.3:1.¢

The increase in malaria cases in the rainy (June-August) and
post-rainy (September) seasons could be related to the emergence
and increase in number of the female vector-Anopheles mosquito
where biting rates and the rate of transmission of malaria parasites
are expected to increase in the hot humid climatic conditions
and warm stagnant water.'” Similar trends in our study were also
observed.

The clinical diagnosis of malariais challengingbecause of thenon-
specific nature of the signs and symptoms, which overlap considerably
with other febrile illnesses common in tropical regions. This impairs
diagnostic specificity, and often promotes the indiscriminate use of
antimalarials, thereby compromising the quality of care for patients
with non-malarial fevers in endemic areas.'® Laboratory diagnosis
of malaria is based upon the demonstration of the malarial parasite
on microscopy which requires technical expertise and repeated
smear examinations. Hematological abnormalities are considered a
hallmark of malaria and statistical analyses have shown that many
of these hematological values may lead to an increased clinical
suspicion for malaria, thus initiating a prompt institution of specific
therapy even in the absence of a positive smear report for malaria.
A variety of hematological alterations like progressively increasing
anemia, thrombocytopenia, leukocytosis or leukopenia have been
reported in cases of malaria.'” Lower mean values for hemoglobin,
leukocyte count and platelet count in the malaria group compared
to the control group was observed in our study. This was in
concordance with other studies.®?° The present study demonstrated
that different hematological variables (Hb <10, TLC <5000, RDW
>15, Platelets <100,000) increase the probability of malaria when
their LR for a positive result was calculated and this probability
increased manifold when used in combination with a LR for a
positive result of 7.2 when all four tests were positive. Lathia et al.
also evaluated LR for a positive result using a combination of tests
and found it be more useful.” The pre-test probability indicating
the prevalence of the disease was 24% in the present study and post-
test probability for Hb <10gm/dl, TLC <5000, Platelets <100,000
and RDW >15 were 34%, 52%, 67% and 36%, respectively. A post
test probability for the four tests taken together was 69% with a

likelihood ratio for a positive test of 7.2.

Post-test probability can be very useful to the clinician for
estimating the probability of the disease in their clinical settings and
guide towards decision making with regards to treatment.

Anemia is known to be associated with malaria in endemic areas,
although malaria may not be the prime cause of it.*! The present
study demonstrates that low Hb (<10gm/dl) is a statistically
significant variable (p<0.005) that increases the probability of
malaria (LR+ 1.61). However, sensitivity and specificity were low
in the diagnosis of malaria in our study, this was in concordance
with the results of Lathia et al.*® The pathogenesis of anemia in
malaria is complex and multifactorial. Although not completely
understood, it is often thought to result from a combination of
hemolysis of parasitized red blood cells, accelerated removal of
both parasitized and unparasitized red blood cells, depressed as
well as ineffective erythropoiesis with dyserythropoietic changes,
and anemia of chronic disease.?*** Other contributing factors may
include decreased red blood cell deformability, splenic phagocytosis
and/or pooling, leading to an increased rate of clearance from the
circulation.”?

Leucopenia is a common finding in malaria cases although
leukocytosis is also seen. Leucopenia is thought to be due to the
localization of leucocytes away from the peripheral circulation,
splenic sequestration and other marginal pools rather than actual
depletion or stasis.** Our study related leucopenia as a statistically
significant variable in malaria, although leukocytosis was seen
in some cases with the highest TLC value of 20 x 10° the mean
remained at 2.62 x 10° /L, in concordance with other reports.”**

Recently however, a study found leukocytosis in malaria
which is at variance with our findings, while others have reported
normal TLC in malaria cases.”>*® The differential WBC showed a
normal neutrophil count in the majority of cases (mean=68%) in
concordance with some,? and differing from other studies, which
reported either neutropenia or neutrophilia among malaria cases.”
Lymphopenia and the presence of reactive lymphocytes have been
reported to often mimick a viral infection,” however, the present
study reported normal lymphocyte count. Similarly, monocytosis
has been reported to occur, although the present study showed that
the majority of malaria patients had a low mean monocyte count.”%

Low platelet count is a characteristic finding of malarial
infection and thrombocytopenia may be more common than
anemia in acute malaria infection. In our study, thrombocytopenia
(platelet<100,000/mm?®) emerged as a strong predictor of malaria,
an observation of many studies which we confirm 20233 A
statistically significant association of low platelets in malaria as
compared to non-malarial fevers was observed (p<0.001). A high
sensitivity (81%) and specificity (87%) was seen along with an
increase in probability of malaria by factor 6.2, in concurrence with
observations by other authors.”® Khan et al. have concluded that the
sensitivity and negative predictive value is high at low platelet counts
as seen in the present study.”®

Dhungat et al. concluded that although a reliable diagnostic
marker, there is no prognostic significance of thrombocytopenia in

malarial fevers.” The suggested mechanism of thrombocytopenia
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may be through peripheral destruction,'” excessive removal of
platelets by splenic pooling as well as platelet consumption by the
process of disseminated intravascular coagulation (DIC).* The
relative thrombocytopenia may also be due to a shortened life span
of the platelets."* Antiplatelet antibodies have also been implicated
in the pathogenesis of thrombocytopenia.’

Red cell distribution width (RDW) along with mean corpuscle
volume (MCV) of red cells have appeared as new parameters to be
studied in malaria. RDW describes the population dispersion of
red cell volume or the range of changes in size of red blood cells
which mostly present as enlarged after malarial invasion.”” In the
present study RDW, values were found to be higher in the malaria
group than the non-malarial cases in concordance with other study
findings,'® however this was in contrast to the findings of Lathia et
al.?* The opinions of authors differ on the sensitivity and specificity
of RDW in malaria diagnosis, while some consider high RDW a
poor marker,” others do not."”” Although the role of RDW in the
diagnosis of malaria is debatable, the presence of increased RDW
has correlated well with the percentage of macrocytes in one study,*
hence a combination of RDW and MCV may be more helpful.
However, MCV alone has not been found to be different between
the two groups in the present study, as well as in other studies.’
Macrocytes were also not prominent in these studies including that
of ours. The variation in RDW is attributed to infection of red cells
by malaria parasites (especially P vivax), where the cells become
enlarged. The initial increases in size are followed by the rupture of
the infected red cells. Since the cycle is never synchronous, parasites
at more than one stage of development will usually be seen in the
blood smear, hence, red cells of different sizes. This is not seen in
P. falciparum malaria, were they retain their original size.”” As the
majority of our cases were of P, vivax, this explains the increased red

cell distribution width.
Conclusion

Opverall, the hematological aspects of malaria constitute a very
interesting area. We observed that hematological changes such as
anemia, thrombocytopenia and leucopenia showed a statistically
significant correlation with malarial infection. We concluded that
routinely used laboratory findings such as hemoglobin, leukocyte
and platelet counts and even red cell distribution width values
can provide a diagnostic clue in a patient with acute febrile illness
in endemic areas, thus increasing the probability of correctly
diagnosing malaria and enhancing prompt initiation of treatment.
Because of limitation of resources and trained health personnel in
much of the malaria infested areas, presumptive clinical diagnosis
seems a relevant option. It would be interesting to further evaluate a
larger sample size and detect, as well as compare differences between

malaria infected and non-infected febrile cases.
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