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Background: Thrombocytopenia has been reported in the majority of malaria studies. Some but not all studies

suggest the possible role of platelets in the pathology of severe malaria. We assess the association of admission

platelet count with malaria complications and mortality in vivax and falciparum malaria.

Methods: This is a prospective, observational study of patients aged 18 years and above admitted in a tertiary

care teaching hospital from August 2004 to July 2006 in Manipal, India. Malaria was diagnosed based on clinical

features along with positive Quantitative Buffy Coat method (QBC MP) or thin blood smear examination (Giemsa

stain). Platelet counts were measured using Coulter LH 756 Analyser. Thrombocytopenia was defined as a platelet

count ,1506109/l.

Results: A total of 131 consecutive patients were included. Sixty patients (46%) were infected with Plasmodium

vivax and the rest with Plasmodium falciparum. Forty-six (35%) patients had non-severe and 24 (18%) had severe

falciparum infection. The prevalence of thrombocytopenia was similar in vivax and falciparum malaria. Patients

with severe falciparum malaria had a statistically significant lower platelet count (P50.01) compared to non-severe

falciparum malaria. Severe malaria patients with renal failure (P50.02) or hyperparasitaemia (P50.03) had a

statistically significant lower mean platelet count compared to non-severe falciparum malaria. Patients with

involvement of more than one organ system had a lower mean platelet count compared to those with single organ

involvement.

Conclusions: The incidence of thrombocytopenia was similar in vivax and falciparum malaria. The admission

platelet count is significantly lower in patients who have hyperparasitaemia and acute renal failure compared to

patients without complications.

INTRODUCTION

India reports annually nearly 636 million

cases of febrile illness in a population of

about 1152 million. Among these cases,

1.78 million (0.28%) are confirmed malaria

of which 838 533 (47%) are caused by

Plasmodium falciparum, 946 554 (53%) are

caused by Plasmodium vivax and 3475

(0.2%) are mixed infections. A total of

15 008 malarial deaths were documented in

2006, suggesting a case fatality rate of about

0.8% (WHO, 2008). Thrombocytopenia

and anaemia may be linked to haemolysis,

decreased cell deformity of parasitized cells,

increased splenic uptake, decreased survival

of platelets and decreased production of

platelets (Butthep and Bunyaratvej, 1992;

Bradley et al., 1996; WHO, 2000). Although

Luxemburger et al. observed that severe

malaria is 4.2 times less common in patients

with mixed falciparum and vivax infections

than among those with falciparum infection

alone, suggesting that co-infection with P.

vivax decreases the severity of P. falciparum

Reprint requests to: K. Saravu, MD, DNB Makaranda,
Maruthi Nagar, 2nd Cross, Parkala, Manipal 576107,
Karnataka, India.
E-mail: kavithasaravu@gmail.com.

Annals of Tropical Medicine & Parasitology, Vol. 105, No. 8, 593–598 (2011)

# W. S. Maney & Son Ltd 2011

DOI: 10.1179/2047773211Y.0000000013



malaria (Luxemburger et al., 1997), there

have been reports of non-sequestration-

related complications from vivax malaria

(Verma and Magotra, 1976; Mishra and

Singh, 1989; Valecha et al., 1992; Beg

et al., 2002). There is a need to study these

complications associated with vivax malaria

(Sina, 2002). Thrombocytopenia has been

reported in the majority of malaria studies

(Beale et al., 1972; Pongponratn et al., 1985;

Pukrittayakamee et al., 1989; Emuchay and

Usanga, 1997; Lee et al., 1997; Erhabor

et al., 2006). Gerardin et al. have studied the

utility of thrombocytopenia as a prognostic

marker in falciparum malaria alone

(Gerardin et al., 2002). There have been

few studies in the Indian subcontinent on

thrombocytopenia in vivax malaria, but none

of them have attempted to correlate throm-

bocytopenia with the complication rate

(Jadhav et al., 2004; Kochar et al., 2005).

The objective of this study is to investigate

the proportion and severity of thrombocyto-

penia in falciparum malaria and vivax malaria

and to assess the association of thrombocy-

topenia with malaria complications and

mortality.

METHODS

This is a prospective, observational study in

patients admitted in a tertiary care teaching

hospital from August 2004 to July 2006. We

included all in-patients with plasmodium-

positive blood smear/Quantitative Buffy

Coat (QBC) identified in Kasturba Hospital,

Manipal, Karnataka, above the age of

18 years. Karnataka state is a low malaria

transmission zone in India. The diagnosis was

based on clinical features and positive QBC

system for malarial parasites (QBC MP/

Microtube Agglutination stained by acridine

orange) or thin blood smear examination

using Giemsa stain. Parasitaemia was

reported as percentage of infected erythro-

cytes. We excluded patients with malaria

treated outside the hospital, no platelet count

available before starting treatment, known

HIV-positive status, known thrombocytope-

nia/platelet disorders, mean corpuscular

volume (MCV) ,75 (suggesting iron defi-

ciency anaemia), known chronic renal failure

or clinical diagnosis of malaria without slide

positivity. Blood smear for speciation of

plasmodium, plasma glucose, bilirubin, liver

enzymes, blood urea, creatinine, lactate levels,

chest X ray, G6PD levels and HIV testing

were done in all patients. Prothrombin time

and activated partial thromboplastin time

were done in all patients with thrombocyto-

penia. Arterial blood gas analysis was done

when clinically indicated.

Baseline platelet counts were measured

using Coulter LH 756 Analyser and were

done on the day of admission along with

routine investigations. A platelet count

,506109/l was considered severe thrombo-

cytopenia and 1006109–1506109/l was con-

sidered as mild thrombocytopenia (Hoffbrand

et al., 2005). The patients were categorized

into non-severe and severe falciparum malaria

based on the World Health Organization

Definition of Severe Malaria of 2000

(WHO, 2000). The presence of one or more

of the following clinical or laboratory features

classifies the patient as suffering from severe

malaria. The same severity criteria were

applied to P. vivax cases as well.

Major:

N unrousable coma;

N generalized convulsions .2 episodes

within 24 hours or evidence of continued

seizure activity;

N haematocrit ,15% or haemoglobin

,5 g/dl, normochromic, normocytic;

N urine output ,400 ml/24 hours not

improving with rehydration or serum

creatinine .3 mg/dl;

N non-cardiogenic pulmonary oedema or

acute respiratory distress syndrome;

N blood glucose ,40 mg/dl or 2.2 mmol/l;

N systolic pressure ,80 mmHg with circu-

latory failure;

N spontaneous bleeding and laboratory

evidence of disseminated intravascular

coagulation;
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N pH ,7.25 or serum bicarbonate ,15

mmol/l; venous lactate level .5 mmol/l

N macroscopic haemoglobinuria.

Other:

N impaired consciousness but arousable;

N extreme weakness;

N serum bilirubin .3 mg/dl;

N parasitemia level .5%.

The study patients were treated according

to the clinical judgement of the attending

physician and national treatment guidelines.

The data were analysed using the SPSS 11.0

Statistical Software Package for Windows.

The comparative analysis was done using

the Chi-square test for categorical variables.

The t-test was applied to compare the mean

of continuous variables. The correlation

coefficient due to Karl Pearson was used

to find the correlation.

RESULTS

A total of 131 patients were included in

the study with a diagnosis of malaria. We

excluded 11 of the screened patients by the

exclusion criteria. The majority of study

participants 112 (86%) were male. None of

the study patients were pregnant. The mean

age of the patients was 39 years. Sixty-two

per cent of the patients were in the age

group of 20–40 years. Sixty patients (46%)

were infected with P. vivax, while 46 (35%)

had non-severe and 24 (18%) had severe

falciparum infection who met the WHO

2000 severity criteria at any time during

hospitalization. There was one (1%) case of

mixed infection with both P. vivax and P.

falciparum; none of the P. vivax cases had

complicated malaria. The mean platelet

count in patients with vivax malaria was

946109/l¡48, in patients with uncompli-

cated falciparum malaria, 1006109/l¡64,

and in patients with complicated malaria,

436109/l¡24 (Fig. 1 and Table 1). The

platelet count in the patient with mixed

infection was 18 0006109/l. There was no

significant statistical difference in mean

platelet count between the patients with

vivax malaria and non-severe falciparum

malaria. Compared to non-severe falci-

parum malaria, severe falciparum malaria

was associated with a significantly lower

mean platelet count (436109/l versus

1016109/l; P50.01). There was an inverse

relationship between the percentage of

infected erythrocytes in falciparum malaria

and platelet count (P50.03) (Fig. 2).

FIG. 1. Platelet count in vivax and falciparum malaria.

TABLE 1. Comparison between platelet counts in vivax and falciparum malaria

Vivax malaria (n560)

Uncomplicated falciparum

malaria (n546)

Complicated falciparum

malaria (n524)

Mean platelet count 946109/l¡48 1006109/l¡64 436109/l¡24

Lowest 226109/l 196109/l 76109/l

Highest 2556109/l 3316109/l 956109/l

Patients with severe falciparum malaria had a statistically significant lower platelet count (P50.01) compared to

non-severe falciparum malaria.
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Two patients had cerebral malaria and two

patients died of suspected overwhelming

bacterial sepsis. The distribution of the

complications among the 24 patients suffer-

ing from severe falciparum malaria is shown

in Table 2. The mean platelet count was

found to be significantly lower in patients

with acute renal failure (P50.02) or hyper-

parasitaemia (P50.03). Among 36 patients

with platelet count ,506109/l, 4 (11%)

patients had spontaneous bleeding. Two of

them had epistaxis, one had haemoptysis and

one had haematuria. The platelet counts of

these patients were 176109, 196109,

436109 and 456109/l, respectively. No

patients with platelet count .506109/l had

spontaneous bleeding. Patients with involve-

ment of more than one organ system had a

lower mean platelet count (35.756109/l)

compared to those with single organ involve-

ment (516109/l). There was no meaningful

correlation between haemoglobin and plate-

let count.

DISCUSSION

We found that the majority of vivax patients

in our study (88%) had some level of

thrombocytopenia. Several international stu-

dies have found the prevalence of thrombo-

cytopenia in vivax malaria between 72% and

86% (Srichaikul et al., 1975; Kelton et al.,

1979; Makkar et al., 2002). Jadhav et al.

found that 65% of vivax malaria patients had

platelet count between 506109 and

1506109/l (Jadhav et al., 2004). In an

African study, the mean platelet count in

falciparum malaria was 1156109/l (Erhabor

et al., 2006). The mean platelet count in

vivax malaria in the study by Jadhav et al. was

also 1156109/l (Jadhav et al., 2004). There

were no patients with vivax malaria whose

platelet count was ,206109/l in our study

group. Although there are reports of platelet

FIG. 2. Correlation between parasitaemia and platelet

count in falciparum malaria.

TABLE 2. Comparison of mean platelet counts in severe falciparum malaria with respect to each complication

Characteristics

No. of

patients (n524)

Mean platelet count

patients with this

complication (6109/l)

Mean platelet count the

remaining patients

without this complication

(6109/l) P value

Cerebral malaria 2 (8%) 31.5 43.1 0.61

Severe acidosis 4 (17%) 40.7 44.1 0.71

Severe anaemia 3 (13%) 31.5 44.9 0.61

Renal failure 4 (17%) 18.3 48.1 0.02

Acute pulmonary

oedema/ARDS

6 (25%) 24.8 46.1 0.22

Shock 4 (17%) 26.0 46.3 0.17

Spontaneous

bleeding/DIC

4 (17%) 24.0 47.8 0.07

Jaundice 19 (79%) 41.78 50.4 0.49

Hyperparasitaemia 5 (21%) 20.5 48.5 0.03

Death 4 (17%) 35.0 44.5 0.6
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counts ,106109/l seen in vivax malaria, in

our study all patients with platelet count

,206109/l had either falciparum or mixed

malaria. The mean platelet count in patients

with severe malaria was found to be 436109/

l and all had a platelet count of less than

1006109/l. Some but not all studies have

shown that there is strong association

between thrombocytopenia and severity of

malaria (Ladhani et al., 2002; Reyburn et al.,

2005). The discrepancies between the two

studies were thought to be due to the

presence of confounding factors, e.g. ventila-

tion or iron deficiency anaemia. In our study,

ventilator care was accessible to all patients

and all patients with suspected iron defi-

ciency anaemia were excluded so as to avoid

confounding factors as much as possible.

It is possible that the discrepancies in mean

platelet count could be due to variable

involvement of different organ systems due

to varying affinity of the parasitized erythro-

cytes or affected platelets in different vascular

beds. We compared the mean platelet count

in patients with involvement of one organ

system to those without the involvement of

the same system. The study compared

platelet counts on presentation in patients

with and without complications. Patients

with renal failure had a significantly lower

mean platelet count (P50.02) compared to

those without renal failure (186109/l versus

486109/l). There was an inverse relation

between parasitemia and platelet count and

patients with high percentage of falciparum-

infected erythrocytes having lower platelet

counts which has been previously observed

(Kelton et al., 1979; Horstmann and

Dietrich, 1985; Pukrittayakamee et al.,

1989; Touze et al., 1990; Ohtaka et al.,

1993).

Overall thrombocytopenia was seen in

88% of vivax malaria and 89% of falciparum

malaria patients which shows that thrombo-

cytopenia is as common in vivax malaria as in

falciparum malaria. The mean platelet count

of vivax malaria and uncomplicated falci-

parum malaria were comparable. Patients

with involvement of more than one organ

system had a lower mean platelet count

compared to those with single organ involve-

ment although not statistically significant.

The limitation of the study is that the platelet

counts were not serially monitored and

hence, its relation to severity or outcome

could not be assessed. Larger studies will be

needed to judge the extent of complications

in vivax malaria and to assess the platelet

count as a prognostic marker in complicated

vivax malaria.
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