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Thrombocytopenia and Altered Platelet Indices as Potential 
Marker in Complicated Malaria Caused by Plasmodium  

Vivax: Cross Sectional Descriptive Study

Introduction
Malaria is a major health problem with increased morbidity 
and mortality.[1] Plasmodium falciparum and Plasmodium 
vivax are endemic infections in India and constitutes 
about 77% of the total malaria cases in Southeast Asia, 
commonly associated with hematological abnormalities.
[2,3] According to World health organization, malaria is the 
second most fatal communicable disease and is a public 
health problem in 90 countries of the world.[4] Each year 
there are more than 250 million cases of malaria, killing 
1 to 3 million people.[1,5] Hematological abnormalities that 
are observed in patients with malaria includes anemia 
and thrombocytopenia.[5,6] Thrombocytopenia frequently 
complicates malarial infections and is usually noted in 
Plasmodium falciparum.[6] But it also frequently observed 
in vivax malaria but the exact mechanism has not been 

elucidated and bleeding episodes are also rare in these 
patients.[7,8,9] In general, the underlying mechanisms 
of thrombocytopenia are found to be due to peripheral 
destruction, excessive sequestration of plateletsin spleen, 
excessive use of platelets associated with DIC, increased 
levels of cytokines, immunological destruction due 
to antiplatelet IgG and anti-oxidative mechanisms of 
thrombocytes were insufficient in malaria patients and 
caused oxidative stress.[11-15] The oxidative damage of 
thrombocytes might be important in the etio-pathogenesis 
of thrombocytopenia occurring in malaria.[10,11,12]

In addition to reduction in number of platelets, functions 
of platelet is also compromised which is generally evident 
in platelet indices.[13] Platelet also plays important role in 
inflammation and depending upon severity of bacterial 
infection changes in platelet count and indices also has been 
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reported, further platelet activation also alters mean platelet 
volume (MPV) and platelet distribution width (PDW).[14-

17] Plateletcrit is also another marker for measurement of 
platelet biomass which combines mean platelet volume 
with absolute platelet count. MPV,PDW and PCT are 
considered as markers of platelet activation and altered 
in different clinical condition and they were also altered 
in malaria caused by vivax, however the relation between 
platelet indices and clinical outcome were controversial 
especially between altered PDW or PCT and severity of 
malaria caused by vivax.[17,18] In the present study we have 
tried to evaluate prognostic implications of altered platelet 
indices and factors associated with outcome of severe and 
complicated P. vivax malaria.[19,20] 

Materials and Methods
This is cross sectional descriptive study of 60 patients with 
malaria caused by P. vivax who presented to Mahatma 
Gandhi medical college and research institute between 
june 2014 to April 2016. The smears positive for malaria 
exclusively caused by P.vivax infection were included in 
this study. Complete blood count and biochemical analysis 
was done for all the patients. Malaria was diagnosed by 
microscopic examination with both leishmain stained thin 
and giemsa stained thick smears. All blood cell counts 
were determined using automated equipment (ABX Pentra 
ES 60; Horiba) which provides MPV, PDW and PCT.

Severe and complicated malaria was defined by using 
WHO predictors[4,5,6] or by using following haematological, 
biochemical and clinical parameters at the time of 
admission:

Body temperature ≥41°C, dyspnoea, hypotension, 
serum creatinine level >1.5 mg/dL, hypoglycaemia, 
hyperbilirubinaemia, haemoglobin <7 g/dl, 
haematocrit <20% and primary infection lasts for more 
than 3 days also consider potential risk factor.

The Mann- whitney non parametric test was used to analyse 
the association between platelet indices with warning signs 
of indicators of severe or complicated malaria caused by P. 
vivax. Spearman’s correlation coefficients was calculated 
to evaluate the relationships between platelet indices and 
parasitaemia. Multiple logistic regression analysis was 
constructed with each parameter as a dependent variable 
to analyze the independence of the associations between 
various severity of malaria and platelet indices. The level 
of significance wasp<0.05.

Result
Out of 60 patients in the present study 56.7% were males 
and 43.3% were females, age of the patient ranges from 
17-48 years with mean (SD) age of distribution were 

32.10 (9.52). The duration between onset of symptoms 
and diagnosis of malaria ranges from one to thirteen days. 
At the time of diagnosis 31.67% of patients had body 
temperature more than 41˚C. Sixteen patients (26.67%) 
had at least one warning sign of severe and complicated 
malaria including clinical and biochemical parameters. 
The mean parasitemia observed in sixty patients was 
7397(SD 2285.82) parasites/mm3. No patient had potential 
drug history which interferes with platelet indices.

Complete blood count evaluation of all patients showed 
mean hemoglobin level of 9 g/dL. Mean hematocrit level of 
26.68% (4.2%) and mean leukocyte count of 5866 (1170) 
cells/mm3. The mean platelet count was 95,247cells/mm3. 
The MPV was 9.6 (0.96) µm, Mean PDW was 13.75% 
(0.89%) and mean PCT was 0.180% (0.033%)

Discussion
India is considered in control phase of malaria with annual 
parasitic incidence of 0.7-1.6 million in 2014.[4] Many 
hematological parameters were useful in early diagnosis. 
In this study, specifically total leucocyte count and platelet 
counts were lower and significantly much lower in patients 
with warning signs and symptoms of complications 
as compared to the studies done by Kochar et al from 
northwestern India, Taylor et al northern-east papua and 
Saravu et al from Karnataka.[21,22,23] Anemia has been 
documented in our study population and nutritional status 
may also be the attributive cause for it. However associated 
hemoglobinopathies were not excluded. Many studies also 
noted poor correlation between anemia and malaria.[24,25,26] 

Studies from Delhi have reported 80.37% to 96% of P. vivax 
malarial infection with thrombocytopenia as compared 
to our study has showed 82-93.5%.[27,28] Pathogenesis 
of thrombocytopenia in malaria is due to peripheral 
destruction, splenic pooling or consumption coagulopathy 
but mast et al study has suggested thrombocytopenia in 
early malaria associated with Gplb shedding in absence 
of platelet activation and coagulopathy and is not at all 
due to reduction in megakaryocytes in marrow which 
are usually normal.[29] An inverse relationship was seen 
between parasite density and platelet counts and platelet 
counts returned to normal with treatment as similar to 
other studies.[30] Platelet indices show increase in mean 
platelet volume and platelet distribution width as platelet 
count decreases due to platelet aggregation leads to 
platelet dysfunction[30]. Chandra et al study says that MPV 
increased because of peripheral destruction of platelets 
and MPV decreased in cases of bone marrow parasitemia 
(due to hypoproduction).[31] However in this present study, 
MPV was increased in almost 90% of cases but bone 
marrow examination was done in few follow up cases with 
increased MPV to confirm marrow parasitaemia but all of 
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Table 1: Comparision between platelet indices and indicators of severity in the patients with Plasmodium vivax malaria
MPV PDW PCT

Mean SD Mean SD Mean SD

First_Infection
Yes 10.46 1.07 14.41 1.35 0.17 0.03
No 9.34 0.66 13.45 0.26 0.18 0.03

p-value 0.000006880 0.000044049 0.168368355

time_Onset1
Yes 9.67 0.97 13.84 1.01 0.18 0.03
No 9.78 0.95 13.48 0.28 0.19 0.04

p-value 0.690476231 0.170173984 0.549631323

severity
Yes 10.71 0.99 14.68 1.31 0.18 0.03
No 9.33 0.63 13.42 0.26 0.18 0.03

p-value 0.000000032 0.000000090 0.953929067

Table 2: Clinical and laboratory characteristics of patients with malaria caused by Plasmodium vivax

Variable Frequency Percent Mean SD
Age1 <=20 9 15

32.10 9.52 21-40 39 65
 >40 12 20
Sex Female 26 43.3   
 Male 34 56.7   
No_of_Days1 1 1 1.7

4.63 1.79 2-4 18 30
 >4 41 68.3
severity No 44 73.3   
 Yes 16 26.7   
Parasitaemia    7397.00 2285.83

Table 3 : Multivariate logistic regression analysis of the associations between platelet indices, demographic variables, and 
severity indicators
Variables Odds Ratio 95% of Clearance P value
MPV
i.First time infection
ii.Recurrent infection with severity

3.42
6.80

1.46 - 8.38
1.03 – 45.46

0028
0.046

PDW
i.Recurrent Malarial infection
ii.Presence of complicated signs of severity

0.63
5.83

0.77 – 0.93
2.20 – 41.36

0.002
0.017

Table 4 : Comparison of variation in platelet indices in post treatment Plasmodium vivax infected patients

Parameters Mean
(SD) of (n=41) 

Mean
(SD) of (n=6) 

TLC 6.27 x 109 / L (1.08) 4.13 x 109 / L (0.46)
PC 2.73 x 109/ L (1.01) 1.23 x 109/ L (0.83)
PDW 23.53 (1.31) 13.84 (1.07)
MPV 13.77 (0.66) 9.14 (0.33)
PCT 0.18 (0.03) 0.19 (0.14)
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Fig. 1: Relationships between parasitic density and other variables in the patients with malaria caused by Plasmodium vivax.

them showed normal marrow poiesis and chronic ITP also 
ruled out.

One study has mentioned MPV in malaria should be considered 
as predictor of acute infection by P. vivax.[32] Sushma et al 
study shows thrombocytopenia associated with increase 
in mean platelet volume and leucopenia were considered 
sensitive indicator for plasmodium vivax infection.[31]

PCT was low in this study, since PCT is measure of platelet 
biomass (which is due to concominant thrombocytopenia 
associated with P.vivax). PCT has negative correlation 
with level of parasitemia as observed in other studies.[33]

Change in platelet indices also influenced by warning 
signs of severe acute malaria such as longer duration of 
illness, hematological and biochemical parameters.[34] 
These changes are mainly due to increased giant platelets 
which are metabolically and enzymatically more active 
and involves in inflammatory process.[35] Initially in severe 
cases of malaria platelet shows hyperactivity followed by 

hypoactivity. Hyperactivity is due to various aggregating 
agents like immune complexes, surface contact of platelet 
membrane to parasitized RBC’s and damage to endothelial 
cells which cause lyses of platelet inside the vessel and 
release its content which can cause even disseminated 
intravascular coagulation. Platelet distribution width was 
also increased due to variation in size of platelets (giant 
platelets) and also due to platelet aggregation.[29,34,35] 

Post treatment follow up was done in 47 cases out of which 
41 patient showed almost normal to mild leucocytosis 
and platelet also returns to near normal MPV and PDW 
were also normal in range but Plateletcrit was not showed 
much difference from previous value. This suggested that 
malaria was the most likely cause which alters the studied 
platelet parameters.[33]

Conclusion
Our study concludes that history of fever associated with 
chills and rigor are sensitive indicator of malaria but 
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lacks specificity. Hence thrombocytopenia (<150x109/l) 
and leucopenia (< 4x109/l) used as probable indicator for 
malarial infection. Platelet indices were altered during 
severe symptomatic malarial infection such as elevation 
of MPV and PDW with decreased PCT are the known 
potential risk factors associated with warning signs of 
acute malaria caused by plasmodium vivax. Even though 
these hematological parameters are useful predictors of 
acute malarial infection, identification of parasites and 
grading of parasitemia in peripheral smear were always 
gold standard for early treatment. 
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