
1 
 

African Journal of Medical Sciences                      http://ajmsc.info 

Citation: Samia M. Ali and Osman M. Elsheikh. The Effect of Plasmodium Species on the 

Concentrations of Sodium, Potassium, and Haemoglobin in the Blood of Malaria Patients in 

Khartoum State (Sudan). African Journal of Medical Sciences, 2020, 5, (6). ajmsc.info 
 

The Effect of Plasmodium Species on the Concentrations of Sodium, 

Potassium, and Haemoglobin in the Blood of Malaria Patients                                         

in Khartoum State (Sudan).   
 

Samia M. Ali and Osman M. Elsheikh                                                         
Omdurman Islamic University, Omdurman, Sudan 

 

Abstract                                                                                                                             
 

Background: Malaria is a parasitic disease caused by the Sporozoan Protozoa Plasmodium. 

Malaria is one of the most prevalent and serious diseases in the world. The transmission occurs 

in about 120 countries; which together represent more than one half of the world's population.                                                                                                                        

Objective: To study the effect of Plasmodium species on the concentrations of sodium, 

potassium, and haemoglobin in the blood of malaria patients in Khartoum State (Sudan).                                                                                                                                          

Materials and methods: Sample were collected from 80 hospitalized malaria patients (test 

group) and 20 healthy participants (control group). Male and female patients were included. The 

age incidence ranged between 3.5 to 15.5 years. The blood specimens were collected before 

treatment and after treatment. Estimation of sodium and potassium was performed by the flame 

photometer. The level of hemoglobin (Hb) was measured by calorimetry. Detection of malaria 

parasite was performed by examination of thin and thick blood films and Giemsa stain.        

Results: Plasmodium species was detected among 91.25% of the cases investigated. Most cases 

were caused by mixed species of the Plasmodium parasite. Plasmodium vivax (P.vivax) was of 

minor importance. 14% of malaria patients were chloroquine resistant. The concentration of 

sodium (Na) was (114.44 mmol\L) before treatment and was significantly lower (p = < 0.01) in 

serum of malaria patients as compared to that of the control healthy participants (89 mmol/L). 

Likewise the level of potassium (K) before treatment was (2.86 mmol/L) and was significantly 

lower as compared to the control healthy participants (4.08 mmol/L). However, their levels were 

normal after treatment. The levels of Na and K were almost similar in males and females. 

Likewise their levels were similar in the different age groups. The haemoglobin (Hb) 

concentration in malaria patients was significantly (p = < 0.01), lower (4.19 gm/dl) as compared 

to that of control healthy participants (12.99 gm/dl). The level of Hb concentration was almost 

similar in gender and all age groups. The correlation between Na and Hb, and K and Hb before 

treatment was highly positive (r = 0.67 and r = 0.62 respectively).  
Conclusion: The concentrations of sodium, potassium, and haemoglobin were significantly low 

in sera of malaria patients. Most cases were infected by mixed species of the Plasmodium 

parasite. The concentrations of sodium, potassium, and haemoglobin were positively correlated.   
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Introduction                                                                                                                                                    
 

Many types and classes of malaria parasites had attacked many types of animals e.g. mice, birds 

and monkeys. Malaria parasite also can attack humans and transmitted by the bites of infected 

Anopheles mosquitoes. Plasmodium species responsible for the disease are: Plasmodium vivax 

(tertian malaria), Plasmodium ovale (tertian malaria), Plasmodium malariae (quatrain malaria), 

Plasmodium falciparum (malignant tertian), and Plasmodium cgnoughii, and Plasmodium 

knowii. In Sudan Plasmodium falciparum is responsible for nearly 90% of total malaria cases1.                                                                                                                                                                              

In tropical areas, malaria is one of the common causes of morbidity and mortality among 

children. New born children are rarely infected with malaria during the first months of their 

lives. At later ages, they may be attacked by Plasmodium vivax (P. vivax)and Plasmodium ovale 

(P. ovale) which may occasionally be fatal in approximately 80% of the reported cases in Africa. 

South of the Sahara, where more than one million death were estimated, mostly among infants 

and young children. Previously the disease was widely spreading, but now it is mainly confined 

to the poorer tropical areas of Africa, Asia and Latin America. Problems of controlling malaria 

in these countries are aggravated by the inadequate health structures and poor socioeconomic 

conditions2.                                                                                                                                       

It was estimated that two millions death may occur annually mainly in children (less than 5 

years). Likewise 10% of mortality of children in Sudan is directly attributable to malaria.                                 

The situation has become even more complex over the last few years with the increase in 

resistance to the drugs normally used to combat the parasite that causes the disease. It was 

reported that holoendemic and heperendemic areas are particularly in Western Africa (Guinea) 

and the savannah belt. In Sudan, malaria is the major endemic disease. It is prevalent with 

various degrees of endemicity in various parts of the country3.                                                         

It is evident that malaria may affects many physiological processes in patients, however, there is 

lack of information on the effect of malaria on body fluid and electrolytes, hence this study was 

designed to investigate the levels of Na and K and Hb in sera of malaria patients.  
 

Materials and methods                                                                                                              
 

This was an analytical, cross-sectional study conducted in 2001. Specimens were collected from 

hospitalized malaria patients in Khartoum State (Sudan). Demographic and clinical data of all 

participants who were willing and consented to participate in the study were collected by face to face 

interview using a structured and pre-tested questionnaire before collecting their blood samples. The 

study was approved by Omdurman Islamic University (Omdurman, Sudan) Ethical Board. 

Specimens were collected from 80 hospitalized malaria patients (test group) and 20 healthy 

participants (control group). Male and female patients were included. The age incidence ranged 

between 3.5 to 15.5 years. The blood specimens were collected before treatment and after 

treatment.                                                                                                                                                      

3 ml venous blood specimens were collected from each participant using 5 ml-sterile syringes 

and immediately transferred into 5 ml heparinized tubes. The tubes were centrifuged at 4,000 

rpm for 7 min. for plasma separation. Plasma was collected and kept frozen at (-20°C) for further 

analysis.  
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For detection of malaria parasite, thin and thick blood films were prepared from patients by 

finger puncture, then they were stained with Giemsa stain (WHO, 1993). The films were then 

examined using an oil immersion (100x) objective lens. The number of parasites per microliter 

blood was obtained by counting the number of parasites per 300 leucocytes considering the 

normal leucocyte count to be 6,000 per microliter blood.   

Sodium and potassium were determined by the flame photometer (Jenway, PFP7). 0.1 ml plasma 

samples were diluted 1000 times by adding 0.1 ml sample to 100 ml volume flask, then 

completing the 100 ml volume to point by distilled water and mixed. The emission intensity of 

the mixture was measured using the Jenway flame photometer after adjustment with the blank 

(distilled water). 

For sodium, the calibration standard was prepared by dissolving 0.634 gm of dry Analar quality 

NaCl in 500 ml volume flask (working standard). Thus, each ml of this solution would contain 

0.05 mg. From this solution aliquots of 0, 1, 2, 3, 4, and 5 ml were transferred to a 6-volume 100 

ml flask. This would be equivalent to 0, 5, 10, 1, 20, and 25 ppm respectively. Then the reading 

emissions of these aliquots were plotted against concentration to obtain the calibration curve of 

sodium standard.                                                                                                                                                 

For potassium, the calibration standard was prepared by dissolving 0.477 gm of dry Analar 

quality KCl in 500 ml distilled water. 10 ml were pipetted in 100 ml volume flask (working 

standard). From this solution aliquots of 0, 1, 2, 3, 4, and 5 ml were transferred to a 6-volume 

100 ml flask. This would be equivalent to 0, 5, 10, 1, 20, and 25 ppm respectively. Then the 

reading emissions of these aliquots were plotted against concentration to obtain the calibration 

curve of potassium standard.   

The Hb concentration was estimated by the cyanometh-haemoglobin method, using the Jenway 

colorimetric technique. 2.5 ml blood were collected from each participant and transferred into 

2.5 ml EDTA tubes. 3 tubes of drabkin reagent were prepared: blank, standard, and test tubes. 

0.02 ml was transferred in the test tube and the standard tube. After 5 minutes the absorbance 

was read in these two tubes against the blank tube using a 540 nm filter. Then the Hb 

concentration (gm/dl) was calculated by dividing the absorbance of test tube over the absorbance 

of the sample and multiplying by the concentration standard and D-Coefficient.                                                                                                                                                    
 

Results                                                                                                                                                       
 

Most of malaria infection (91.25%) was caused by Plasmodium falciparum. Minority of cases 

(5.55%) were caused by P vivax and a mixture of P. vivax and P. falciparum (2.5% ). 

Splenomegaly was detected 18 patients (22.5%) and hepatomegaly was detected in 2 children 

(2.5%).                                                                                                                                                             

Before administration of treatment for malaria patients, the sodium level was significantly lower 

than that of the control participants (p = < 0.05). After treatment the level of sodium was slightly 

higher than that of the control group (Table 1).                                                                                          

The concentrations of sodium among malaria infected males and females were almost similar 

before treatments, and also similarly increased after treatment. Regarding the sodium level in the 

different age groups before treatment was significantly higher (p = < 0.05).                                                                                                                                                                            

The highest sodium level was detected in the age group (0-3 years) as compared with other age  

groups . On the other hand, males in the age range (8-11 yrs) exhibited a significantly higher  
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level of sodium as compared to that of females of the same age group. This difference had 

decreased after treatment and the level of sodium was almost similar in all age groups and 

among both males and females. There was a high positive correlation between the sodium level 

and Hb concentration before malaria treatment ( r = 0.6671).                                                                                               

The data showed that 39 % of the test group patients had developed hyponatremia, and about   

61 % showed a mild hyponatremia before administration of treatment. However, the situation  

was rectified after administration of anti malarial drugs.  

Potassium level before malaria treatment was significantly lower (p = < 0.05) than that found 

among the control group participants. After treatment, the potassium level was higher as 

compared to that of the control participants. The potassium concentrations in malaria infected 

males and females were almost similar after treatment. On the other hand, potassium 

concentration among in plasma of malaria patients indicated that 70 % of patients before 

treatments had showed hypokalemia and 30% showed normal level of potassium.                               

Hemoglobin concentration was significantly lower (p = < 0.05) as compared to that of the 

control group participants. Also the Hb level was almost similar among malaria infected males 

and females. 30 % of malaria patients had very low Hb concentrations (severe anaemia), 54 % 

had mild anaemia, and 16 % had normal Hb level.  
 

 

Table (1): Concentrations of Na, K, and Hb in malaria patients 
                                                                                                    

 
Gender 

 

Age  
(Years) 

Before treatment                                            
(mmol/L) 

After treatment 
(mmol/L) 

 

Na K Hb Na K 

 
 

Females 

0 - 3.5 120.36 2.83 4.19 141.14 3.95 

4 - 7.5 116.78 2.86 5.37 140.67 3.99 

8 - 11.5 115.22 2.82 6.88 141.09 4.04 

12 - 15.5  118.5 2.93 7.83 141.17 4.00 

Mean 117.72 2.86 6.07 141.02 4.00 

 
 

Males 

0 - 3.5 116.5 2.88 4.53 142.25 4.13 

4 - 7.5 118.78 2.90 5.63 141.15 3.99 

8 - 11.5 108.78 2.85  6.93 140.55 4.00 

12 - 15.5  114.44 2.86 8.20 141.00 4.20 

Mean 114.63 2.87 6.32 141.24 4.08 

 
 

 

Discussion                                                                                                                                         
 

P vivax and the mixed parasites had disappeared completely in response to anti-malarial drugs, 

whereas 14% of P falciparum cases were tolerant to anti-malarial drugs. It is evident that these 

cases may be considered chloroquine resistant species. This finding agreed with findings 

reported by Khalil (1995)4 who found out of 256 cases screened for malaria parasite, more than 

99% of them had complaints consistent with symptoms of malaria including fever, headache, 

dizziness, nausea, abdominal pain ,vomiting, diarrhea, fatigability and backache.                                                                                                     

The significantly lower level of the sodium observed in this study among patients before                              
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receiving treatment reflected a great negative effect of malaria on sodium concentration.                                                                                  

Also, in the present study, it is obvious that malaria may cause hyponatrernia. This finding was 

in agreement with the finding reported by Butcher, 1988)5, who concluded that hyponatremia 

following malaria infestation may result from excessive vomiting, diarrhea, and sweating 

observed in malaria patients.  

The parasite of malaria affects the lining of the capillaries in the gut and may cause further  

loss of sodium due to continuous vomiting and diarrhea associated with malaria. These findings 

were supported by WHO reports on the effect of malaria on plasma electrolytes. This 

explanation seems logic; hence most of patients suffer from vomiting and diarrhea. On the  

other hand the great increase in the level of sodium observed after treatment can be attributed to 

the higher doses of sodium in the dehydration fluid administrated to patients with malaria to stop 

vomiting and diarrhea. The significantly lower level of potassium observed in malaria patients 

before treatment as compared to that of control group participants may be attributed to loss of 

potassium. It is evident that the great drop in plasma potassium level may be due to loss of 

potassium and other electrolytes through diarrhea and vomiting observed among the patients 

investigated in this study. These findings were in agreement with those reported by Bouchier and  

his colleagues (1991)5 who reported that the malaria parasite can affect the lining of capillaries in 

the gut; and may cause further loss of potassium due to the continuous diarrhea, vomiting, and 

sweating associated with malaria patients. These findings were supported by WHO (2000) 

reports on the effect of malaria on plasma electrolytes.                                                                                                          

Malaria parasites are pathogenic to humans and may cause fever, diarrhea, vomiting and 

anaemia. The parasite after the ring stage may undergo its growth and sexual multiplication in 

the internal organs of the body. Such effects may prevent proper functions of these organs, and 

may lead to local pathological changes resulting from the infection; and leading to permeability 

of the capillary walls, thus permitting the escape of the fluid electrolytes from the blood vessels 

in tissues. There will be high concentration of the red blood corpuscles, slowness or stoppage of 

blood flow, and reduction and redistribution of the renal circulation6 .                                                                        

The great increase of potassium level in plasma of malaria patients after treatments can be 

attributed to the compensation effect of the higher doses or potassium dehydration fluid (ORS) 

administered to patients receiving antimalarial drugs to stop vomiting and diarrhea.                                  

The level of hemoglobin determined in this study among malaria patients was significantly lower 

than that found among the control group participants (p = < 0.05). Also, the hemoglobin level  

was almost similar among males and females of malaria patients. The difference in Hb level 

among the different age groups of malaria patients was significantly higher in the age group                                

12-15 years. The correlation between sodium level and Hb concentration before treatment was 

positively high (r = 0.676). The significantly lower level of Hb% found among malaria patients 

before treatment as compared with healthy control participants may be due to rupture of the 

schizonts releasing more merozoites into the blood and causing fever and haemolysis of RBC. 

These findings are in accordance with the fact that malaria can cause hemolytic anaemia7.  

In the present study, hemoglobin is affected by malaria, and this result is in agreement with that 

reported by Christopher (1991)8 who found that rupture of RBC may cause severe anaemia     

(Hb < 5 gm/dl) specially in children with malaria. Following haemolysis of infected erythrocytes  
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and release of haemolysin from uninfected erythrocytes will lead to severe anaemia that was 

common with Plasmodium falciparum as shown in this current study, and agreed with that 

reported by Christopher and his colleagues (1991)8 and with the findings supported by WHO. 

The initial laboratory findings showed that all children had hypokalemia and severe aneamia.  
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