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ABSTRACT 
 
Malaria is one of the endemic diseases in tropical and subtropical areas. In Sudan, malaria is one of the common 
diseases and can sometimes be fatal. This prospective case control study was carried out in Khartoum State –Sudan 
to study the effect of malaria parasite infection on platelets count, mean platelet volume (MPV) and platelets 
distribution width (PDW) among malaria patients. A total of one hundred blood samples were collected (70 were 
malaria patients and 30 were control). The majority of the infected cases was due to Plasmodium Falciparum (44%)  
followed by Plasmodium vivax (35%)  and lastly mixed infection There was a significant decrease (p ≤0.05)  in  the 
platelet count between the malaria infected and the control groups (101 x 109 /L ± 50 ) vs.( 300 x109 /L ± 89). 
Regarding platelet volume and platelet distribution width, there was a significant increase in their levels between 
the two groups (12.3 fl ±  2.4 vs 9.24 fl  ±  1.5 and 14.57 fl ±  2.6 vs. 11.68 fl ±  1.9) respectively. When analyzing 
the effect of  the parasite species and their effect on the different parameters studied,  the mixed infection was found 
to have the highest effect on reducing platelet count and increased MPV and PDW. This study showed that  
Plasmodium falciparum is the main cause of malaria infection in majority of the patients . Low platelet count, high 
MPV and PDW are common features in malaria patients and the  highest effect was found  in the mixed infected 
cases.  
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INTRODUCTION 
 

Malaria is a mosquito-borne infectious disease of humans and animals caused by a parasitic protozoans of the genus 
Plasmodium. There are more than 100 species of Plasmodium,  but  only few species of  Plasmodium have long 
been recognized to infect  humans namely   
 
P. falciparum, P. vivax, P. ovale and P. malariae  [1]. Recently P. knowlesi - found throughout Southeast Asia and 
is a  natural pathogen  of  macaques-  was found to be a significant cause of zoonotic malaria in that region [1].   
 
The disease is transmitted by a bite from an infected female Anopheles mosquito, which introduces the organisms 
from its saliva into a person's circulatory system. In the blood, the parasite travels to the liver to mature and 
reproduce [2] Malaria is common in tropical and subtropical regions because rainfall, warm temperatures, and 
stagnant water provides an ideal environment for the mosquito larvae to live [3]. 
 
According to the latest estimates of the WHO during the year 2015, there were 214 million new cases of malaria 
worldwide  (range 149–303 million). The African Region accounted for most global cases of malaria (88%), 
followed by the South-East Asia Region (10%) and the Eastern Mediterranean Region (2%) [4] . It has also been 
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reported during the year 2015, there were an estimated 438 000 malaria deaths (range 236 000–635 000) worldwide. 
Most of these deaths occurred in the African Region (90%), followed by the South-East Asia Region (7%) and the 
Eastern Mediterranean Region (2%) [4]. 
 
Malaria infection has different effects on blood hematology. The hematological abnormalities that have been 
reported to accompany infection with malaria include anemia, thrombocytopenia, splenomegaly, mild-to-moderate 
atypical lymphocytosis and rarely disseminated intravascular coagulation (DIC) [5]. There has also been reports of 
leucopenia and leucocytosis [6], neutropenia, eosinophilia, neutrophilia and monocytosis [7-8]. In addition, platelet 
activation alters the morphology of these cells, which can be evaluated on the basis of mean platelet volume (MPV) 
and platelet distribution width (PDW) [9].  
 
In Sudan , there is approximately 7.5-10 million cases of  malaria  and 35,000 deaths every year in  the  country 
[10]. 
 
The main objective of this study was to evaluate the effect of malaria parasite infection on platelets count, mean 
platelet volume (MPV) and platelet distribution width (PDW) among  malaria patients  in Khartoum State - Sudan. 
Also a comparison between the effect of the different malaria parasite on platelets count, MPV and PDW will be 
investigated. 
 

MATERIALS AND METHODS 
 
Sample collection 
This study was a prospective case control study. Blood Samples were collected and analyzed at  Alturky Hospital in 
Khartoum State –Sudan during the period from May to July 2014. 
 
Eligible candidates were those  tested positive for malaria taking into account that they  do not have another tropical 
disease which can  affect  platelet count  or any history of  platelet disorders . For the control group healthy 
volunteers were chosen.  
 
Blood samples were collected in EDTA tubes. Thick and thin blood films were prepared and stained with Giemsa 
stain for diagnosis of positive malaria samples.  
 
Platelets count, MPV and PDW were measured by automated machine (SYSMEX 21 x) 
 
Statistical analysis 
 Data was analyzed using statistical package for the social sciences (SPSS) version 17. Student t test and ANOVA 
(Least Significant Difference) were used for analysis. 
 

RESULTS AND DISCUSSION 
 
Malaria is one of the most common diseases in tropical and subtropical regions and can lead to severe health 
complications. The main objective of this study was to evaluate the effect of malaria parasite infection in different 
hematology indices namely: Platelet Count, Mean platelet Volume and Platelet distribution width.   
 
This study was carried in Khartoum State were 70 positive malaria samples and 30 control blood samples were 
obtained. As shown in Fig. 1 the highest infection was due to Plasmodium  falciparum species  (44%) followed by 
Plasmodium vivax (35%) and about (21% ) of the samples were due to mixed infection. 
 
This pattern of infection is similar to  another study  where  the most prevalent infection was due to P. falciparum ( 
61.8% of  patients) followed by  Plasmodium vivax  (36.1%)  and the least was a  mixed infections (2.1%) [11]. 
Previous studies showed that P. falciparum is mainly responsible for death of malaria infected patients and the  
frequency of  P. falciparum  infection seems to increase compared  to P. vivax infection  [12-13] . 
 
In Sudan, P. falciparum is responsible for more than 95% of malaria cases, although an increase in P.vivax cases has 
been noticed in recent years [14]. 
 
Malaria parasite causes infection in the human host by interacting with a variety of human proteins on the surface of 
different cell types, as well as with proteins inside the host cells [15-16].     
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 The overall mean values of the  heamatological  parameters studied for  malaria patients  and control are shown in  
(Table 1).The mean platelet count  of malaria infected patients  was  101x109/L  and it was  reduced  significantly  
(P ≤0.5) when compared to control samples ( 300x109/L). 
 

Table 1: Mean levels of different parameters among patients and control (Mean ± SD) 
 

Sample 
Parameter 

 
Platelet count (L) 

 
MPV(fl) 

 
PDW  (fl) 

Patients 101 x 109±  50 12.3 ±  2.4 14.57  ±  2.6 
Control 300 x109 ± 89 9.24 ±  1.5 11.68  ±  1.9 

 
These results corroborated with previous reports where a significant decrease in mean  platelet count in  malaria 
patients was noticed (89.7 x 109/L and 95.24 x 109/L)  respectively,  when  compared to control  samples and also a 
platelet count  below <150 x 109/L was noticed  in 85% of  patients with P. falciparum  infection  and in  (72%) 
patients with P. vivax infection   [17-20] .    
 
 Thrombocytopenia which is defined as platelets count < 150,000/µL has been reported in various malaria studies 
[19-21].  This situation was also noticed in this study (mean platelet  count was 101x109/L) . A previous study 
carried in Eastern Sudan showed a lower platelet count in pregnant women with malaria compared to control [22]. 
 
Several factors have been proposed as a cause of  Thrombocytopenia  in malaria infected patients  such as  excessive 
removal of platelets by spleen pooling ,an immunologically mediated shortened platelet life span and destruction of 
circulating platelets [23-26] , in addition to  platelet consumption by the process of disseminated intravascular 
coagulopathy [27].The reduction in the platelet number  and platelet function is also compromised in these patients; 
this is usually evidenced by changes in the volume and  some other features of platelet cells [28]. 
In this study the effect of the different malaria parasite species on the  hematology  parameters was also evaluated 
(Table 2).  Using ANOVA and LSD( Least significant difference ) tests  there was no significant difference between   
P. falciparum and P. vivax  infection regarding reduction of platelet count ( 101.2 x109 ±   48.3 and  100.4 x109 ±   
52.9) respectively, but  a significant effect was seen in the mixed infection when compared to the other two species 
(p   < 0.05). (Tables 3 and 4) 
 

Table 2: The mean level of the different blood parameters according to malaria species  (Mean ± SD) 
 

Species 
Parameter 

 
Platelet count (L) 

 
MPV (fl) 

 
PDW width (fl) 

P. Falciparum 101.2 x109 ±   48.3 11.9 ±  2.5 14.2 ±  2.7 
P. vivax 100.4 x109 ±   52.9 12.1  ±  2.5 14.06  ± 2.6 
Mix 55.5 x109 ±  32 13.6  ±  1.52 16.3  ± 1.6 
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A previous study revealed that the prevalence of thrombocytopenia  was similar amongst P. vivax and P. falciparum 
malaria infection , but patients with severe falciparum infection had a significantly lower platelet count compared to 
the non-severe falciparum malarial patients [21]. But another study showed that  platelet count was significantly 
lower in patients with P. falciparum compared to those with P. vivax infection [26].     
 

Table 3: ANOVA test  for  Platelet count 
 

 Sum of Squares Df Mean Square F Sig. 
Between Groups 24385.088 2 12192.544 5.446 .006 
Within Groups 152228.827 68 2238.659   
Total 176613.915 70    

 
Table 4: LSD analysis for platelet count 

 

(I) species (J) species Mean Difference (I-J) Std. Error Sig. 
95% Confidence Interval 

Lower Bound Upper Bound 

P. Falciparum 
P.vivax .844 12.776 .948 -24.65 26.34 
Mix 45.752* 14.805 .003 16.21 75.30 

P. Vivax 
P. Falciparum -.844 12.776 .948 -26.34 24.65 
Mix 44.908* 15.573 .005 13.83 75.98 

Mix 
P. Falciparum -45.752* 14.805 .003 -75.30 -16.21 
Vivax -44.908* 15.573 .005 -75.98 -13.83 

*. The mean difference is significant at the 0.05 level. 
 
Regarding Mean Platelet Volume (MPV) there was a significant increase in its level in malaria patients compared to 
control cases (12.3 ft ± 2.4 and  9.24ft ± 1.5) respectively as shown in (Table 1). Increased MPV in malaria  patients 
has been reported  in various  other studies [29-31]  
 
There was no overall statistical difference between the different Plasmodium species and  MPV levels , but when 
using LSD ( Least significance difference) to study the difference between the species,  a stastically significant  
difference was found between the mixed infection and the other species where the highest increase in MPV  was 
seen in the mixed infection patients. (Tables 5 and 6 ).  
 

Table 5: ANOVA test  for  MPV 
 

 Sum of Squares Df Mean Square F Sig. 
Between Groups 32.690 2 16.345 2.971 .058 
Within Groups 379.558 68 5.501   
Total 412.249 70    

 

Table 6 :Least significant test for MPV 

(I) species (J) species Mean Difference (I-J) Std. Error Sig. 
95% Confidence Interval 

Lower Bound Upper Bound 

P. falciparum 
P. Vivax -.182 .626 .772 -1.43 1.07 
Mix -1.727* .734 .021 -3.19 -.26 

P. Vivax 
P. Falciparum .182 .626 .772 -1.07 1.43 
Mix -1.545* .766 .048 -3.07 -.02 

Mix. 
P. Falciparum 1.727* .734 .021 .26 3.19 
P.vivax 1.545* .766 .048 .02 3.07 

* The mean difference is significant at the 0.05 level. 
 

Another parameter studied was the platelet distribution width   (PDW). According to (Table 1) there was a 
significant increases in PDW when compared to control (14.57 fl  ± 2.6 ) and  (11.68 fl ± 1.9) respectively.  In an 
earlier study a high platelet distribution width (PDW), was  observed in 65% of  malaria  patients and a level of 
17.6±3.8  was reported in malaria patients [11,32]. Platelet distribution width reflects the degree of heterogeneity of 
platelets. Many factors can lead to changes in PDW such as recruitment of multiple ploidy classes of megakaryocyte 
[32]. 
 

Table 7 : ANOVA test  for PDW 
 Sum of Squares Df Mean Square F Sig. 

Between Groups 54.078 2 27.039 4.439 .015 
Within Groups 420.262 68 6.091   
Total 474.340 70    
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Table 8 :Least significant test for PDW 

(I) species (J) species Mean Difference (I-J) Std. Error Sig. 
95% Confidence Interval 

Lower Bound Upper Bound 

P. Falciparum 
P.vivax .117 .659 .859 -1.20 1.43 
Mix -2.079* .772 .009 -3.62 -.54 

P.vivax 
P. Falciparum -.117 .659 .859 -1.43 1.20 
Mix -2.196* .806 .008 -3.80 -.59 

Mix 
P. Falciparum 2.079* .772 .009 .54 3.62 
P. vivax 2.196* .806 .008 .59 3.80 

*. The mean difference is significant at the 0.05 level. 

 
Similar to MPV, there was no overall  statistical difference  between the different species and PDW  but when using 
LSD ( Least significance difference) to study the difference between the species)  a stastically significant  difference 
was found between the mixed  infection and the other species where the highest increase in PDW   was seen in the 
mixed infection patients. (Tables 7 and 8 ).  
 

CONCLUSION 
 

This study showed that  Plasmodium falciparum is the main cause of malaria infection  in majority of the patients  
followed by  P. Vivax .  Low platelet count , high MPV and PDW are common features in  malaria patients  with 
mixed infection having the highest effect. 
 

REFERENCES 
 

[1] Centers for Disease Control and Prevention CDC 2015 ( Atlanta) http://www.cdc.gov/malaria. 
[2] M Lindemann .  Cambridge University Press. 1999 p. 62.  
[3] RM Fairhurst;  TE Wellems . Principles and Practice of Infectious Diseases 2  Churchill Livingstone/Elsevier  
.Philadelphia, Pennsylvania: 2010 :3437.  
[4] WHO . WHO Fact Sheet: World Malaria Report 2015. 
[5] A Vaughan; A Aly ;  SKappe .Cell Host & Microbe. 2008,  209. 
[6]L Tilley; M Dixon, K Kirk; International Journal of Biochemistry and Cell Biology. 2011, 43 (6): 
doi:10.1016/j.biocel.2011.03.012  
[7] PMens; E Bojtor; H Schallig. European Journal of Obstetrics & Gynecology and Reproductive Biology. 2012,  
152 , 126.  
[8] L Rénia;  S Wu Howland;  C Claser ;  G Charlotte; R Suwanarusk ;  T Hui Teo;  B Russell;  F Ng; Virulence.  
2012, 3: 193. 
[9] S Jackson ; J Carter .  Blood Rev, 1993, 7:104. 
[10]  M Malik;  Saed O;  Gezira J.H. Sc.,  2004, 1, 47. 
[11] E Martínez-Salazar ;  A Tobón-Castaño ; Rev Soc Bras Med Trop. 2014 ,47,341. 
[12] LM Barat. Am. J. Trop. Med. Hyg.,  2006 , 74, 12. 
[13] T Zaher; M  Ahmadi; A  Ibrahim; M  El-Bahnasaw;  H  Gouda ; SA Shahat.  J. Egypt Soc. Parasitol. 2007,  37, 
969. 
[14] Sudan Malaria Program Performance Review, National Malaria Control Programme, Federal Ministry of 
Health, Government of Sudan, 2013. 3 
[15]  R Tuterja.  FEBS J.  2007 , 274, 4670. 
[16] M Vignali; A McKinlay;  DJ LaCount; R  Chettier;  R Bell; S Sahasrabudhe;  RE  Hughes ; S Fields.  Malaria  
J.,  2008, 7, 211.  
[17] C Scott; D Vanzyl; E Ho; D Meyersfeld; L Ruivo; B Mendeloza; T Coetzer. Clin. Lab. Haem.  2002 . 8, 91. 
[18] I.A. Al-Omar;  A.M. Eligail;  R.M. Al-Ashban;  A.H. Shah . Journal of Saudi Chemical Society.2010, 14, 83. 
[19] K Manas ; P Bhukdee ;  P Nuoil  ; C Chaowanee;  D  Suwit. Malar J. 2014. 13: 218.  
[20] Alacra,   Infections – Malaria. Life Science Analytics Inc. (LSA) Biomedical Data Co. Copyright 2009 Alacra 
Inc., 100 Broadway, Suite 1100, New York, NY 10005. Life Science Analytics, Report, p 257 
[21] K Saravu ; M  Docherla ; A Vasudev;  B Shastry . Ann Trop Med Parasitol. 2011.105: 593. 
[22] A Mayyada; A Gamal ; R Duria ; E Mustafa ; A Ishag. BMC Clinical Pathology, 2012 , 12:10 
[23] P Beale ; J Cormack; T Oldrey.  BMJ. 1972;1:345.  
[24] R Skudowitz; J  Katz ; A Lurie ; J Levin ; J  Metz.  BMJ. 1973;2:515.  
[25] R Hutton;  M  Lafan;  E Tuddenham ;. Normal haemostasis. In: Hoffbrand, A., Lewis, S., Tuddenham, E. 
(Eds.), Postgraduate  Haematology, forth ed. McGraw-Hill, 2001,  pp. 1339–1356. 
[26] K Manas ;P  Duangjai ; P Nuoil  ; C Chaowanee ; D Suwit . PLoS One. 2015; 10(3): 0121057 
[27]  E Essien. Br J Haematol. 1989;72:589.  
[28] S Greisenegger ; G Endler ; K Hsieh ;S Tentschert ; C Mannhalter ; W Lalouschek .Stroke,  2004, 35,1688.  
[29] S Ladhani ; B Lowe ; A Cole ; K  Kowuondo; C Newton; Br J Haematol 2002, 119:839.  



Hind A. Elnasri et al Annals of Biological Research, 2016, 7 (5):18-23 
______________________________________________________________________________ 

23 
Scholars Research Library 

[30] R Maina; D Walsh; C Gaddy; G Hongo ; J Waitumbi ; L Otieno; D Jones,  B Ogutu ;  Malar J 2010, 9,S4. 
[31] L Fábio ; S Soraya; C Natasha; N Andréia; M Thamires; A Eduardo; F Cor;  Malaria Journal, 2013, 12:462 . 
[32]  R. Shridhar , K Mohd Inayatulla;  P Manjiri; Indian Medical Gazette  2015, 169 
 


