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Abstract                                                                                                                                    

Background: Malaria remains an important cause of illness and death in children as well as 

adults in Sudan where it is considered an endemic disease. Different hypotheses were proposed 

for malaria pathological, i.e. hypovolemia, cytokine- and nitric oxide-mediated arterial 

vasodilatation, and resistance to vasoactive hormones, cytopathic hypoxia leading to decreased 

ATP synthesis and mechanical obstruction by infected erythrocytes (cytoadherence).                                                                                                  

Objective: To assess the renal biochemical parameters in children with falciparum malaria in 

Kosti City (Sudan).                                                                                                                                          

Materials and methods: This was a case-control study investigating 100 children of both 

gender. 50 malaria infected patients and 50 matched healthy controls were investigated. The 

study was conducted during the period from May 2015 to February 2016. Renal biochemical 

parameters (urea, creatinine, calcium, phosphate, uric acid, and glucose) were measured using 

spectrophotometer (BTS 310-BioSystem) and Ion Selective Electrode (ISE-Easylyte Device) 

was used to analyze the electrolytes sodium and potassium.                                                                                                            

Results: The mean plasma level of sodium in patients was significantly decreased when 

compared versus the mean of control groups (p = 0.000); whereas the means of plasma 

potassium, calcium, and glucose were significantly increased when compared to the means of 

control (p = 0.04, 0.041, and 0.000) respectively. Correlations was positive between 

phosphorous and creatinine, (r = 0.499, p = 0.000), and was found negative between 

phosphorous and urea and uric acid, (r = 0.286, 0.419) and (p = 0.04, 0.002) respectively.                                                                                                                                                  

Conclusion: The present study concluded that, Plasmodium falciparum (P. falciparum) malaria 

had caused variable changes with significant differences in sodium, potassium, calcium, and 

glucose among infected test patients. 
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Introduction                                                                                                                    

Malaria remains an important cause of illness and death in children and adult in endemicity 

countries. Worldwide, the number of cases of malaria caused by P. falciparum, the most 

dangerous species of this parasite, is on the rise. Drug resistant-strains of P. falciparum are 

spreading rapidly, and there had been recent reports of drug resistance in people infected with                    

Plasmodium vivax (P. vivax), a less virulent form of the parasite. Furthermore, mosquitoes are 

becoming increasingly resistant to insecticides, and in many cases, had adapted to insecticide 

treated surfaces . Other species such as Plasmodium ovale(P. ovale) and Plasmodium malariae, 

and sometimes Plasmodium knowlesi can cause acute, severe illness but mortality rates are low1.                                               

Severe malaria manifests its self with many symptoms as coma, hypoglycemia, metabolic 

acidosis, acute renal failure and if not treated can be a cause of death. When the infected 

anopheles mosquito takes a blood meal, sporozoites are inoculated into the bloodstream. Within 

an hour sporozoites enter the hepatocyte cells of the liver and begin to divide into 

exoerythrocyticmerozoites (tissue schizogony). For P. vivax and P. ovale, dormant forms called 

hypnozoites typically remain quiescent in the liver until a later time; P. falciparum does not 

produce hypnozoites. Once merozoites leave the liver, they invade erythrocytes and develop into 

early trophozoites, which are ring shaped, vacuolated and uninucleated. Once the parasite begins 

to divide, the trophozoites are called schizonts, consisting of many daughter merozoites (blood 

schizogony). Eventually, the infected erythrocytes are lysed by the merozoites, which 

subsequently invade other erythrocytes, starting a new cycle of schizogony. The duration of each 

cycle in P. falciparum is about 48 hours2.                                                                                                                       

In non-immune humans, the infection is amplified about 20-fold each cycle. After several cycles, 

some of the merozoites develop into gametocytes, the sexual stage of malaria, which cause no 

symptoms, but are infective for mosquitoes. In tropical countries with a high transmission of 

malaria (hyper endemic areas), severe malaria is predominantly a disease of young children aged 

one  month to 5 years of age. In industrialized countries, most life-threatening complications 

occur in non-immune travelers returning from endemic areas. Severe malaria accounts for 

approximately 5% of imported malaria cases (range 1-38%)3.                                                                                        

The case fatality rate in returning travelers with falciparum malaria varies from 0.6% to 3.8%, 

and for severe malaria it may exceed 20%, even when managed in intensive care units. Malaria 

caused by P. falciparum  remains one of the major public health hazards in the tropics, as it 

causes malarial acute kidney injury (MAKI), which occurs in less than 1% to 5% of all cases of 

acute kidney infection in endemic areas, whereas the prevalence rate in non-immune individuals 

is around 25% to 30%. The pathogenesis of MAKI is not clearly known4.                                                        

The aim of this study was to assess the renal biochemical parameters in falciparum malaria- 

infected children. 

Materials and methods                                                                                                          
 

This was a descriptive case-control study involving100 patients, 50 of them were infected with 

falciparum malaria in both genders, and the other 50 patients (from both genders) were set as   
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a control group.  An informed consent was obtained from each child parent. Approval to collect 

the specimens was granted by the administrations of health centers enrolled in the study. 

Permission to conduct the study was taken from the Ethical Committee of Al Neelain University 

(Khartoum). Inclusion criteria were children with positive malaria infestations. Exclusion criteria 

were any child with infections other than malaria. Data were analyzed using Statistical Package 

Social of Science (SPSS) software. T-test was used to find means and standard deviation of the 

variables. Correlations between variables by Pearson’s coefficient correlations were performed. 

Statistical significance was defined as p < 0.05.                                                                                                         

All patients were clinically diagnosed by a pediatrician.  The malaria diagnosis was also 

confirmed by the appropriate laboratory tests in Kosti Teaching Hospital. The study was  

conducted during the period from May 2015 to February 2016.                                                                       

From each patient 5 ml venous blood specimen was collected without a tourniquet to avoid 

interference with calcium concentration measurement. Thin and thick blood smears were 

prepared and stained by Giemsa stain to detect the malaria parasite.                                                              

Another blood specimen was drawn in heparinized containers under sterile conditions, 

centrifuged for 10 minutes at 3000-4000 rpm, the plasma was separated in clean containers, and 

preserved at -70°C till tested on the same day for measurement of renal biochemical parameters. 

Measurement of concentrations of plasma urea, creatinine, calcium, phosphorus, uric acid and 

glucose was performed by the spectrophotometer (BTS 310-Biosystems) and using Biosystems 

Company (Barcelona) chemical reagents. Sodium and potassium were measured by the ion 

selective electrode (Easylyte Device).  

Results   

 

In this study, 100 children were investigated: 50 were infected by falciparum malaria, and 50 

was a control group. As seen on Table (1), The mean plasma concentration of sodium in the test 

group was significantly decreased when compared with the mean of the control group (p = 

0.000). Whereas the means of plasma concentrations of potassium, calcium, and glucose were 

significantly increased when compared with the means of the control group (p = 0.04, 0.041, 

0.000 respectively).                                                                                                                                                

As shown in Fig. (1), correlations between phosphorous and creatinine was positive and 

statistically significant (r = 0.499, p = 0.000).                                                                                                                  

On the other hand, correlation between phosphorous and urea was negative and statistically 

significant (r = 0.286, p = 0.044). Also the correlation between phosphorous and uric acid was 

negative and statistically significant (r = 0.419, p= 0.002). 

Discussion 

Malaria is endemic in the tropics and subtropics causing 247million infections worldwide. The 

burden of malaria had increased in the Africa continent. In Sudan is a sub-Saharan African 

country. Drugs, insecticide resistance, social and environmental chalenges are major factors 

leading to the high prevalence rate of malaria in Sudan. Among the complications associated  
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with falciparum malaria are renal and hepatic dysfunctions. Such complications are common in  

both children and adults living in malaria endemic regions5.     
 

Table (1): The means of renal biochemical parameters of                                                                                                                          

children investigated in test and control groups 

Parameters Test group                                 

(mean + SD) 

Control group                        

(mean + SD) 

 

P value 

Urea 

 

27+25.6 

 

31.0+21.1 0.115 

Creatinine 

 

0.85+0.08 0.88+0.12 0.92 

Sodium 131.2+4.61 

 

139.4+4.27 0.000 

Potassium 

 

4+0.38 

 

3.8+0.56 0.040 

Calcium 9.1+2.5 

 

8.15+1.99 0.041 

Phosphorous 

 

3.71+1.5 

 

3.93+0.92 0.377 

Uric acid 3.7+1.69 

 

4.32+1.99 0.819 

Glucose 

 

101+18.28 86.3+11.83 0.000 

 

 

There are only few published studies in children with falciparum malaria in Sudan. In this study 

the mean plasma urea and creatinine concentrations among the test group children were not 

significantly different from that of the control group. These findings were inconsistent to those 

reported by other researchers who detected a significantly higher concentrations of plasma urea 

plus creatinine6.                                                                                                                                        

Whereas Ogbadoyi and his colleagues7 failed to observe any significant difference between 

plasma creatinine in test and control groups. Concerning electrolyte concentrations, this study 

revealed that the mean plasma sodium of test group had decreased significantly when compared 

with the mean of the control group (p = 0.000). These findings were consistent with that reported 

by Matthew and his co-workers8 who showed that sodium concentration was significantly higher 

in the control group rather than in the test group. Also Ekeanyanwu and his co-authors9. had 

reported that sodium concentration was decreased among their test patients. These authors also 

reported no significant difference in plasma electrolytes of test infected malaria patients as 

compared with control group.                                                                                                                                                 

In the present context, the mean potassium concentration was significantly higher in test group  
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Fig.(1): Correlation between phosphorous and creatinine 

 

than in control group (p = 0.04). These findings were in agreement with Sowunmi10 who 

reported higher serum potassium concentration during acute falciparum infestation.                     

Moreover, our data revealed a significant increased concentrations of calcium and glucose in test 

group patients as compared to the mean of control group findings. Meanwhile the mean plasma 

phosphorous and uric acid concentrations were insignificantly different from that of the control 

group concentrations. When Pearson's correlation coefficient was applied a positive correlation 

between phosphorous and creatinine (r = 0.499, p = 0.000), and negative correlations were 

observed between phosphorous and urea and uric acid (r = 0.419, 0.286; p = 0.002, 0.04 

respectively). Such a finding was not published elsewhere. 

Conclusion: The present study concluded that, Plasmodium falciparum (P. falciparum) malaria 

had caused variable changes with significant differences in sodium, potassium, calcium, and 

glucose among infected test patients. 
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