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ABSTRACT

Malaria is one of the endemic diseases in troparadl subtropical areas. In Sudan, malaria is one¢ha common
diseases and can sometimes be fatal. This prospezdise control study waarried out in Khartoum State —Sudan
to study the effect of malaria parasite infectiom jplatelets count, mean platelet volume (MPV) atatefets
distribution width (PDW) among malaria patientst@tal of one hundred blood samples were collec#Hwere
malaria patients and 30 were control). The majodfythe infected cases was due to Plasmodium Faalaip (44%)
followed by Plasmodium vivax (35%) and lastly mik€ection There was a significant decreaseQ05) in the
platelet count between the malaria infected and dbetrol groups (101 x £OL + 50 ) vs.( 300 x1V/L + 89).
Regarding platelet volume and platelet distributieidth, there was a significant increase in th&ivéls between
the two groups (12.3 fl £ 2.4 vs 9.24 fl + 1.8cda14.57 fl £ 2.6 vs. 11.68 fl £ 1.9) respectivelWhen analyzing
the effect of the parasite species and their eéfache different parameters studied, the mixdection was found
to have the highest effect on reducing plateletntcand increased MPV and PDW. This study showetl tha
Plasmodium falciparum is the main cause of malarfaction in majority of the patients . Low platet®unt, high
MPV and PDW are common features in malaria patiemts the highest effect was found in the mixéeciad
cases.
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INTRODUCTION

Malaria is a mosquito-borne infectious diseaseurh&ins and animals caused by a parasitic protoafaghs genus
Plasmodium There are more than 100 speciedté#smodium but only few species oPlasmodiumhave long
been recognized to infect humans namely

P. falciparum, P. vivax, P. ovale and P. malarigg]. RecentlyP. knowlest found throughout Southeast Asia and
is a natural pathogen of macaques- was foube @ significant cause of zoonotic malaria in tiegfon [1].

The disease is transmitted by a bite from an iefédemaleAnophelesnosquito, which introduces the organisms
from its saliva into a person's circulatory systdm.the blood, the parasite travels to the livermature and
reproduce [2] Malaria is common in tropical and tsojpical regions because rainfall, warm temperatuend
stagnant water provides an ideal environment femtiosquito larvae to live [3].

According to the latest estimates of the WHO dutting year 2015, there were 214 million new casesalfria
worldwide (range 149-303 million). The African Rag accounted for most global cases of malaria (88%
followed by the South-East Asia Region (10%) arel Eastern Mediterranean Region (2%) [4] . It has &leen
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reported during the year 2015, there were an etth38 000 malaria deaths (range 236 000-635W0M)wide.
Most of these deaths occurred in the African Red@fi9o), followed by the South-East Asia Region (76y the
Eastern Mediterranean Region (2%) [4].

Malaria infection has different effects on bloodmagology. The hematological abnormalities that haeen
reported to accompany infection with malaria inéluhemia, thrombocytopenia, splenomegaly, mild-taienate
atypical lymphocytosis and rarely disseminatedawvasscular coagulation (DIC) [5]. There has alsonbreports of
leucopenia and leucocyto$8y, neutropenia, eosinophilia, neutrophilia andnmoytosis [7-8]. In addition, platelet
activation alters the morphology of these cellsichitan be evaluated on the basis of mean plateletne (MPV)
and platelet distribution width (PDW) [9].

In Sudan , there is approximately 7.5-10 milliosesof malaria and 35,000 deaths every yeahnén country
[10].

The main objective of this study was to evaluae dffect of malaria parasite infection on platelsdsint, mean
platelet volume (MPV) and platelet distribution WidPDW) among malaria patients in Khartoum SteSeidan.
Also a comparison between the effect of the difiemaalaria parasite on platelets count, MPV and P@Wbe

investigated.

MATERIALS AND METHODS

Sample collection
This study was a prospective case control studyo@iSamples were collected and analyzed at Altkidgpital in
Khartoum State —Sudan during the period from Majuly 2014.

Eligible candidates were those tested positivenfalaria taking into account that they do not hanether tropical
disease which can affect platelet count or aisyoty of platelet disorders . For the control igvohealthy
volunteers were chosen.

Blood samples were collected in EDTA tubes. Thioll ¢hin blood films were prepared and stained W@tamsa
stain for diagnosis of positive malaria samples.

Platelets count, MPV and PDW were measured by aat@admachine (SYSMEX 21 x)

Statistical analysis
Data was analyzed using statistical package ®rstitial sciences (SPSS) version 17. Stutitegtand ANOVA
(Least Significant Difference) were used for analys

RESULTS AND DISCUSSION

Malaria is one of the most common diseases in ¢edpind subtropical regions and can lead to selegdth
complications. The main objective of this study wa®valuate the effect of malaria parasite inteciin different
hematology indices namely: Platelet Count, Meatepga Volume and Platelet distribution width.

This study was carried in Khartoum State were 76itpe malaria samples and 30 control blood samples
obtained. As shown in Fig. 1 the highest infectieas due tdPlasmodium falciparunspecies (44%) followed by
Plasmodium vivax35%) and about (21% ) of the samples were duaixed infection.

This pattern of infection is similar to anotheudst where the most prevalent infection was dul.ttalciparum(
61.8% of patients) followed byPlasmodium vivax(36.1%) and the least was a mixed infection$%® [11].
Previous studies showed tHat falciparumis mainly responsible for death of malaria infecfmatients and the
frequency ofP. falciparum infection seems to increase compared.tgivaxinfection [12-13] .

In SudanpP. falciparumis responsible for more than 95% of malaria casi#éispugh an increase vivaxcases has
been noticed in recent years [14].

Malaria parasite causes infection in the human bgshteracting with a variety of human proteinstba surface of
different cell types, as well as with proteins desthe host cells [15-16].
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Fig 1. Percentage of malaria parasite species

W P.vivax mix

mP. falciparum

The overall mean values of the heamatologicalampaters studied for malaria patients and comtrelshown in
(Table 1).The mean platelet count of malaria itddqatients was 101x¥D and it was reduced significantly
(P <0.5) when compared to control samples ( 308490

Table 1: Mean levels of different parameters amongatients and control (Mean + SD)

Sample

Parameter| Platelet count (L)] MPV(fl) PDW (fl)
Patients 101 x f& 50 123+ 2.4 1457 £ 2.6
Control 300x16+89 | 924+ 1.5 11.68 + 1.p

These results corroborated with previous reportera/ita significant decrease in mean platelet counmalaria
patients was noticed (89.7 x°l0and 95.24 x 1YL) respectively, when compared to control sEs@nd also a
platelet count below <150 x 40 was noticed in 85% of patients wikh falciparum infection and in (72%)
patients withP. vivaxinfection [17-20] .

Thrombocytopenia which is defined as plateletsnteud 50,0004L has been reported in various malaria studies
[19-21]. This situation was also noticed in thiady (mean platelet count was 101%1) . A previous study
carried in Eastern Sudan showed a lower platelgtitcio pregnant women with malaria compared to rebfi22].

Several factors have been proposed as a caushroibocytopenia in malaria infected patients saghexcessive
removal of platelets by spleen pooling ,an immugaally mediated shortened platelet life span aastriction of
circulating platelets [23-26] , in addition to fd#ket consumption by the process of disseminaté@vascular
coagulopathy [27].The reduction in the platelet bem and platelet function is also compromisechase patients;
this is usually evidenced by changes in the volam@& some other features of platelet cells [28].

In this study the effect of the different malariarasite species on the hematology parameteralsasvaluated
(Table 2). Using ANOVA and LSD( Least significatifference ) tests there was no significant défere between
P. falciparum and P. vivaxinfection regarding reduction of platelet courit0ll.2 x18 + 48.3 and 100.4 xi&
52.9) respectively, but a significant effect wasrsin the mixed infection when compared to thewtivo species
(p <0.05). (Tables 3 and 4)

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

Species

Parameter Platelet count (L) MPV (fl) PDW width (fl)
P. Falciparum| 101.2 x18+ 483 119+ 25 142+ 2.7
P. vivax 100.4x16+ 529| 121 + 25 14.06 +2.6
Mix 55.5 x10 + 32 13.6 + 1.52 16.3 +1.6
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A previous study revealed that the prevalence mfitibocytopenia was similar amongstvivaxandP. falciparum
malaria infection , but patients with sevéaciparuminfection had a significantly lower platelet cowatmpared to
the non-severéalciparum malarial patients [21]. But another study showat t platelet count was significantly
lower in patients withP. falciparumcompared to those with. vivaxinfection [26].

Table 3: ANOVA test for Platelet count

Sum of Squares Df Mean Square 5 Sig.
Between Groupsg 24385.088 P 12192.544 5446 |00
Within Groups 152228.827 68 2238.659
Total 176613.915 70
Table 4: LSD analysis for platelet count
. . . . 95% Confidence Interval
(1) species (J) species Mean Difference (ItJ) Btdor | Sig. Cower 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 0.05lleve

Regarding Mean Platelet Volume (MPV) there wagaificant increase in its level in malaria patieotsnpared to
control cases (12.3 ft £ 2.4 and 9.24ft + 1.5peadively as shown in (Table 1). Increased MPV alaria patients

has been reported in various other studies [29-31

There was no overall statistical difference betwgendifferent Plasmodium species and MPV levddst,when
using LSD ( Least significance difference) to stutlg difference between the species, a stastis#dlyificant
difference was found between the mixed infectiod #re other species where the highest increaseRN Mvas

seen in the mixed infection patients. (Tables 5&hd

Table 5: ANOVA test for MPV

Sum of Squares Df Mean Square 5 Sig.
Between Groupsg 32.690 2 16.345 2971 .058
Within Groups 379.558 68 5.501
Total 412.249 70
Table 6 :Least significant test for MPV
. . . . 95% Confidence Interval
(1) species (J) species Mean Difference (IFJ) Btdor | Sig. Cower 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 0.05lleve

Another parameter studied was the platelet digibhuwidth  (PDW). According to (Table 1) there sva
significant increases in PDW when compared to obifir4.57 fl £ 2.6 ) and (11.68 fl + 1.9) respgeety. In an
earlier study a high platelet distribution widthDW®), was observed in 65% of malaria patients aridvel of
17.6+£3.8 was reported in malaria patients [11,BBtelet distribution width reflects the degreeneferogeneity of
platelets. Many factors can lead to changes in D@ as recruitment of multiple ploidy classes efjakaryocyte

[32].

Table 7 : ANOVA test for PDW

Sum of Squares Df Mean Square 5 Sig.
Between Groupg 54.078 2 27.039 4.439 .015
Within Groups 420.262 6§ 6.091
Total 474.340 70
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Table 8 :Least significant test for PDW

95% Confidence Interval

(1) species (J) species Mean Difference (ItJ)  Etdor | Sig. Cower 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.©8&l.

Similar to MPV, there was no overall statisticéfatence between the different species and PDWwihen using
LSD ( Least significance difference) to study tliféedence between the species) a stastically agmt difference
was found between the mixed infection and therathecies where the highest increase in PDW s i the
mixed infection patients. (Tables 7 and 8).

CONCLUSION

This study showed thaPlasmodium falciparunis the main cause of malaria infection in majodf the patients
followed by P. Vivax. Low platelet count , high MPV and PDW are comnfieatures in malaria patients with
mixed infection having the highest effect.
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