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1. INTRODUCTION 

Malaria is a mosquito-borne infectious parasitic disease 

affecting humans caused by protozoans, commonly 

transmitted by an infected female Anopheles mosquito.
[1]

 

Malaria is a great health problem in some of the most 

areas of the world, and continues to cause significant 

morbidity and mortality worldwide.
[2] 

In 2016, there were 

216 million cases of malaria worldwide resulting in an 

estimated 731,000 deaths.
[3]

 Also cases of malaria 

acquired by international travelers from industrialized 

countries have increased worldwide.
[4]

 the most severe 

form of malaria is caused by P. falciparum; that can lead 

to patient death.
[5]

 Severe manifestations of P. falciparum 

malaria include (cerebral malaria), renal failure, hepatic 

dysfunction, profound anemia, and abnormal bleeding.
[6]

 

Many of these complications are believed to be related to 

the coagulopathy and microvascular changes in this 

disease. Coagulation abnormalities are frequently found 

in patients with severe malaria. Clinically apparent 

bleeding or disseminated intravascular coagulation (DIC) 

is associated with very severe disease and a high 

mortality. Bleeding in severe malaria results from several 

pathological processes such as thrombocytopenia, 

consumptive coagulopathy, and impaired clotting factor 

synthesis.
[7] 

 

The activation of the
 
coagulation system during severe 

complicated malarial infection leading to in vivo 

thrombin generation. The stimulation of the coagulation 

system is caused by various procoagulants present during 

malarial infection. Including exposed phosphatidylserine 

on the cell surface of infected erythrocytes, the lysis of 

activated platelets together with their secretory products, 

and the tissue factor (TF) released from damaged 

vascular endothelial cells.
[7]

 Furthermore, histamine - are 

additional factors that promote
 
fibrin formation.

[8]
 The 

intrinsic pathway of the coagulation has also been shown 

to be activated in severe malaria.
[9]

 Activation of the 
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ABSTRACT 

BACKGROUND This prospective case control study was aimed in assessing the presence, severity, and correlate 

the pathogenesis of blood coagulation disorder (hypercoagulability) often associated with malaria in patients that 

have the disease. AIM in order to evaluate the effect of hypercoagulability by using D-Dimer among various 

categories of Sudanese malaria patients in Khartoum state. METHOD Trisodium citrate anticoagulated venous 

blood was collected from patients with malaria and centrifuged for 15 minutes at 2000g and plasma was separated 

from the sample, the plasma sample was kept frozen at -20
o
c for 2 weeks, thawing of plasma was performed at 

37
o
c for 15 minutes in order to obtain platelet poor plasma. The platelet poor plasma samples were measured by 

using d-dimer test device (Ichroma
TM

) to evaluate the cross-linked fibrin degradation product containing D-Dimer 

in the patient plasma. RESULTS A total of 40 blood samples were included, 30 of these samples were collected 

from patient with malaria infection included as a case group and 10 samples were collected from apparently 

normal individuals included as a control group. The samples were collected from different age and sex groups, 

child >14 years and adult (15 – 37) years, 23 males and 17females. The study population divided into two group 

depend on the malaria parasite species, patient who’s infected with P. vivax, and other twenty seven patient 

infected with P. falciparum. Present study showed a significant decrease of d dimer level associate with the age 

groups (P; 0.00), and was slightly decreased in a female group compared with male group with significant (P; 

0.02). D dimer level was elevated in vivax group compared with falciparum group with statistical significant (P; 

0.00) .CONCLUSION The present study concluded that Malaria patient have a hypercoagulable status, with 

increased risk of thrombosis which is more in female, adult and falciparum infected patient compare with males, 

child and vivax infected patient respectively. 
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coagulation cascade also occurs in mild malaria.
[10]

 In 

addition Protein C, protein S, and AT levels were found 

to be low in P. falciparum, particularly in complicated 

cases, but were normal in P. vivax infection.
[11] 

The 

reduction in the levels of protein C, protein
 
S, and AT is 

attributed to increased consumption due to microvascular
 

thrombosis rather than to reduced synthesis in the 

liver.
[10]

 Plasma levels of plasminogen activator 

inhibitor-1 (PAI-1) were very high in cases of P. 

falciparum infection as compared to normal controls and 

P. vivax infection; this could contribute to impaired 

fibrinolysis.
[11] 

Elevated
 
fibrinogen degradation products

 

(FDP) were demonstrated only in acute complicated P. 

falciparum infection. Their occurrence is mostly a 

compensatory mechanism secondary to increased Fibrin 

formation during malarial infection.
[7]

 

Malaria is diagnosed by the microscopic examination of 

parasite in the blood, or with antigen-based rapid 

diagnostic tests. Also techniques that use the polymerase 

chain reaction (PCR) to detect the parasite's DNA are 

available, but these are not widely used in malaria-

endemic areas due to their cost and complexity.
[12]

 

 

2. MATERIAL AND METHODS 

2.1 Study area and population: This case-control study 

was conducted in Al-Tagana laboratory in Khartoum 

state where malaria infection was diagnosed, during 

January to June 2017. Included forty blood samples, 

thirty of these samples were collected from patient with 

malaria infection included as a case group and ten 

samples were collected from apparently normal 

individuals as a control group. 

 

2.2 Sample collection Blood samples were taken from 

patient with malaria parasite infection. A total of 2.5 ml 

blood samples were collected in container containing 3.8 

% of tri-sodium citrate to obtain platelets poor plasma 

that used to measure d dimer using ichroma
TM

. 

 

2.3 Statistical analysis: Data was analyzed using SPSS 

version 14 for windows 7 ultimate to obtain mean, 

standard deviation and P value. P value less than 0.05 

consider clinically significant and more than 0.05 

considered clinically insignificant. 

 

2.4 Methodology: D-dimer concentration was 

investigated by quantitative determination of cross-

linked fibrin degradation product containing D-dimer 

using ichroma
TM

. The method comprise of four 

processes. Firstly apply 50μl of washing solution to the 

Test device, Avoid touching the membrane with the 

pipette and allow the washing solution to soak into the 

membrane, and then added 50μl of undiluted platelet-free 

citrated plasma or control to the Test device. The sample 

should be absorbed into the membrane in less than 50 

seconds by Apply 50μl of conjugate to the Test device. 

The conjugate should be absorbed into the membrane in 

less than 50 seconds, finally apply 50μl of washing 

solution in the Test Device and read the result. 

 

3. RESULT 

The study has been done on 40 participants, 30 with 

malaria parasite infection considered as a case group (17 

male and 13 female with different ages) in which 27 

patient infected with P. falciparum species and 3 

remaining cases infected with P. vivax species. 

Remaining 10 were apparently healthy individuals, 6 

males and 4 females was considered as a control group. 

 

 

Table No (1): Demographic/Clinical data of two studied group.  

Control group Case group 
Age 

Percent Number Percent Number 

7.5% 3 25% 10 < 14 yrs 

17.5% 7 50% 20 >14 yrs 

25% 10 75% 30 Total 

 

Table No (2): Gender of two studied group. 

Control group Case group 
Gender 

Percent Number Percent Number 

15% 6 42.5% 17 Male 

10% 4 32.5% 13 Female 

25% 10 75% 30 Total 

 

Table No (3): Number of cases infected with different 

species of Plasmodium Malaria. 

Percent Number species 

90.1% 27 Falciparum 

9.9% 3 Vivax 

100% 30 Total 

 

 

 

Table No (4): Severity of malaria infection among 

case group. 

Percent Number Parasite density 

16.7% 5 < +1 

46.6% 14 +1 

37.7% 11 +2 

100% 30 Total 
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A five number of cases with less than one cross 

parasitemia, and remaining 25 cases with one and two 

crosses of parasite density. 

 

 

 

 

 

 

 

Table No (5): Comparison of means and SD of d-

dimer among different ages of a case group. 

Age N Mean Std. Deviation 

< 14 

yrs. 
10 990 1307.63 

>14 yrs. 20 750 822.38 

P Value 0.00 

 

There is a significant decrease of d dimer among Adult 

compared with child group with a mean (750± 822.38, 

990±1307.63 ng/ml) and (P; 0.00) respectively. 

 

Table No (6): Correlation between d-dimer level and Gender among case group. 

Gender N Mean Std. Deviation 
Male 17 835.3 1142.33 
Female 13 823.1 803.28 

P value 0.026 

 

There was a significant decreased of d dimer level 

among female compare with male groups with a means 

(823.1±803.28, 835±1142.33 ng/ml) respectively, and (P; 

0.026) 

 

Table No (7): Correlation between d-dimer among different Species within case group. 

Parasite Species N Mean Std. Deviation 

Falciparum 27 825.9 1029.78 

Vivax 3 866.7 723.42 

P-Value 0.000 

 

There was a significant decrease of d dimer among 

patient infected with Falciparum species compared with 

those infected with Vivax with a mean (825.9± 1029.78, 

866.7 ±723.42 ng/ml) respectively, and (P; 0.00). 

 

Table No (8): Correlation between d-dimer and Severity of malaria infection among case group. 

Parasite density N Mean Std. Deviation 

< +1 5 200.0 173.21 

+1 14 707.1 1021.66 

+2 11 1272.7 1028.68 

P-Value 0.000 

 

There was a significant association between an increase 

in d dimer level and severity of malaria infection with a 

mean (200± 173.21, 707.1 ±1021.66, 1272.7± 1028.68 

ng/ml) for <+1, +1 and +2 parasite density respectively 

(P; 0.00), result show gradually increase of d dimer level 

with an increase in parasite density. 

 

5. DISCUSSION 

This Prospective case control study was done in Al 

Tagana laboratory in Khartoum state, during the period 

from January to June 2017, to determine the d dimer 

level among Sudanese patient infected with malaria 

parasite. A total of 40 blood samples were included, 30 

of these samples were collected from patient with 

malaria infection included as a case group and 10 

samples were collected from apparently healthy 

individuals included as a control group. The samples 

were collected from different age and sex groups, child 

<14 year and adult (15 – 37) year, 32 males and 17 

females. The study population divided into two group 

depend on the malaria parasite species, patient whose 

infected with P.vivax (3 patient), and remaining 27 

patient infected with P.falciparum. 

 

Present study showed a significant decrease of d dimer 

level associate with the age groups (P; 0.00), and was 

slightly decreased in a female group compared with male 

group with significant (P; 0.02), which indicate Adult 

and females with malarial infection has a susceptibility 

for thrombosis more radially than infected child and 

males respectively .This was agree with study done in 

Nigerian University of Ibadan by Oyugi O. Ben,
[1] 

Yongo 

E. Arthy,
[2] 

et al (2013). 

 

The study also showed the difference of d-dimer level 

between patient whose affected with P.vivax and patient 

whose effected with P.falciparum, the d dimer elevated 

in P.vivax groups more than the other groups with 

statistical significant of (P; 0.00), reflect that patient 

infected with P. falciparum specie has susceptibility for 

thrombosis more radially than those infected with Vivax 

species. That refers to increase plasma levels of 

plasminogen activator inhibitor-1 (PAI-1) in P. 
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falciparum infected patient. Which agree with study 

done in India by S. Datta,
[1] 

L.D. Roul,
[2]

 et al. January 

(2011). 

 

6. CONCLUSION 

The present study concluded that Malaria patient have a 

hypercoagulable status, with increased risk of thrombosis 

which is more in female, adult and falciparum infected 

patient compare with males, child and vivax infected 

patient respectively. 
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