


Effect of Severe Malaria on Biochemical Markers (Liver Functions Tests) among Severe Malaria Patients Attending to Kosti Teaching Hospital, White Nile state, 2024

Abstract
Malaria is a life-threatening disease caused by the infection of red blood cells with protozoan parasites of the genus Plasmodium. When untreated or improperly treated, lead can lead to fatal complications such as liver disease, organ dysfunction, and death. The liver is a major organ affected by Plasmodium due to the life cycle of Plasmodium occurring in it. This case-control study was conducted to estimate levels of serum total bilirubin, direct and indirect bilirubin among patients with severe malaria in Kosti teaching hospital during the period from October 2024 to November 2024. It included 240 individuals: 120 patients as cases and 120 healthy individuals as controls. The result concluded that increase of plasma total protein and globulin, but decrease of plasma albumin among severe malaria patients Furthermore, plasma total protein has presented a positive correlation with globulin, (r=0.853, p-Value=0.000) and also showed results showed that the mean value ±SD of total bilirubin, direct and indirect bilirubin of severe malaria patients were (1.45±.417), (.407±.247) and (1.043±.399) compared to control (.266±.656),(.102±.097)and (.553±.272),(p-Value=.000,p-Value=.000 and p=.000)respectively. There was a significant increase in the levels of total bilirubin, direct bilirubin and indirect bilirubin among cases compared to controls. The results also showed an insignificant Correlation between indirect bilirubin and age (r=073, p-value=.259) and BMI (r=.062, p-value=.377). Also showed a significant, strong positive Correlation Between total bilirubin and indirect bilirubin (r=.895, p-value=.000), and a low positive Correlation between indirect bilirubin and direct bilirubin (r=.223, p-value=.000). 
Conclusion: The study reveals a significant increase in ALP and ALT, and an insignificant increase in AST. Therefore, we recommend that plasma AST, ALT, and ALP levels be measured among patients with severe malaria.
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Introduction:
Malaria is a life-threatening disease caused by the infection of red blood cells with protozoan parasites of the genus Plasmodium.(1) It produces many complications in organs, including the kidneys.(2) Malaria is estimated to have caused 2 – 3 million deaths and 300 – 500 million clinical cases in the world.(3) Severe malaria is an emergent status. It hurts adults and children. (4) The effect of parasitemia in severe malaria has various changes in clinical biomarkers, like renal functions causing hematuria.(5) Identifying the early kidney involvement allows the early management of dysfunctions.(6) The liver involvement in malaria varies widely, from asymptomatic sever liver damage. (7)The blood level of albumin reflects liver function and nutritional status and is used to assess the severity of various diseases, including cardiovascular disease, renal diseases, or ulcerative colitis. Hypoalbuminemia, or low albumin levels, have been observed and linked to acute renal failure hypoalbuminemia has been associated with the development of shock in adults with severe P. Falciparum infections. (8) Additionally, it causes an increase in aspartate Aminotransferase (AST)   , which is an enzyme belonging to the class of transferases and is involved in the transfer of an amino group between aspartate and α-keto acids. Malaria causes an increase in serum glutamic oxaloacetic transaminase (SGOT, or GOT), and also uses  Alanine aminotransferase (ALT), which is a transferase with enzymatic activity similar to that of AST. Specifically, it catalyses the transfer of an amino group from alanine to α-ketoglutarate, resulting in the formation of glutamate and pyruvate.  It also causes an increase in plasma alkaline phosphatase (ALP), a group of enzymes that catalyse the hydrolysis of various phosphomonoesters at an alkaline pH. (9) Bilirubin circulates in the bloodstream in two forms: Unconjugated (indirect) bilirubin, which does not dissolve in water due to intramolecular hydrogen bonding. It is then bound to albumin and transported through the bloodstream to the liver, where it is converted into a soluble form (either direct or conjugated). Conjugated (direct) bilirubin dissolves in water because it is conjugated with glucuronic acid and is then made by the liver from indirect bilirubin, much of which goes into the bile and out of the small intestine. (10) Liver involvement in malaria is common in patients with severe malaria and may manifest as jaundice, raised serum bilirubin, and hepatomegaly. (11) Raised bilirubin can result from hemolysis of both parasitised and non-parasitised RBCs, and partly due to liver damage. (12) 

Materials and Methods: 
The study was carried out as a case-control study conducted at Kosti city in White Nile state from Kosti teaching hospital, during the period from September 2024 to December 2024. The study was approved by the Ethical Committee of the University of El-imam El Mahdi and by Kosti Teaching Hospital. All participants were informed that they were all accepted. 
The study aimed to estimate the levels of plasma total protein, albumin, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, total bilirubin, direct bilirubin, indirect bilirubin and BMI among severe malaria patients. It includes 120 severe malaria patients (as study group) compared with 120 healthy people (as control group), and is subdivided into male and female, adults and children selected through convenience sampling. 
Sampling: A 3 mL of blood was collected from all participants in a clean, dry container with lithium heparin, then labelled and transported to the laboratory without delay. The lithium heparin sample was separated by centrifugal force.
Statistical analysis: Data obtained were computerized and analyzed using package for social (SPSS) version 21 (statistical sciences), Data were assessed by an independent sample t-test and a Correlation Test. Data were expressed as mean (m) with standard deviation (SD), and a p-value of ˂ 0.05 was considered significant.
Plasma urea, uric acid, creatinine, calcium, and phosphorus were estimated by a spectrophotometer (Mindray BA-88A) 

Results: 
This study accounts for a total of 240 individuals (120 severe malaria patients and 120 healthy controls) with ages ranging from 1 to 80 years. The mean age of the severe malaria and healthy control groups was 28.08 years; adults were more frequent than children by a ratio of 3:1, respectively. 
Table (1): The results showed that the estimated level of mean value ± SD of age and BMI of the case study group were (28.08 ± 18.33 and 29.50± 12.14), respectively, while in the control group, they were (27.71 ± 16.71 and 28.45±11.36) (P-value=0.869 and 0.716), respectively. The difference between the two groups was significantly higher in age and BMI among the case study group than the control group.
Table (2): The results showed that the mean ± SD value of Total plasma protein, plasma albumin and globulin in severe malaria patients were (8.1017 ±1.16979, 3.1225± .53176, and 4.9792 ± 1.35708).  While in non-severe patient were (37.3200 ± .72768, 4.2433 ± .62507 and 3.0767 ± .88287), (p-Value = 0.000, p-Value =0.000 and p-Value =0.000), respectively. There was a significant increase in the levels of total plasma protein, a decrease in plasma albumin and a significant increase in the level of globulin among severe malaria patients compared with controls. Also The plasma AST show insignificant increase and plasma ALT, ALP are significant increase in patient with sever malaria and additionally results showed that the mean value ±SD of total bilirubin, direct and indirect bilirubin of severe malaria patients were (1.45±.417), (.407±.247) and (1.043±.399) compared to control (.266±.656),(.102±.097)and (.553±.272),( p-Value =.000, p-Value =.000 and p-Value =.000)respectively. There was a significant increase in the levels of total bilirubin, direct bilirubin and indirect bilirubin among cases compared to controls.
Table (3): The results showed a significant correlation between total protein and age among severe malaria patients (r=0.168, p-value =0.009). And also the results showed insignificant Correlation between total protein with BMI among severe malaria patients (r=0.148, p-Value =0.022), also results showed insignificant Correlation between albumin and age among severe malaria patients (r= -0.115, p-Value =0.076), and weak negative Correlation between albumin with body mass index and additionally strong negative Correlation between albumin with globulin among severe malaria patients (r= -0.248, p-Value=0.000), (r= -0.736, p-Value=0.000) respectively. The results showed a significant positive weak correlation between globulin and age, as well as between globulin and body mass index, among severe malaria patients (r = 0.181, p-value = 0.005) and (r = 0.239, p-value = 0.000), respectively. And Also showed insignificant Correlation between total bilirubin with age (r=075, p-Value=.246) and BMI (r=.091, p-Value=0.162), and showed insignificant Correlation between direct bilirubin with age (r: .038, p-Value =.560) and BMI (r=.090, p-Value =.164), the results also showed insignificant Correlation between indirect bilirubin with age (r=073, p-Value =.259) and BMI (r=.062, p-Value =.377). Finally, the results of AST with age show a significant negative weak correlation (r= -.199 p-Value =.002) and AST with BMI show a significant negative weak correlation (r= - .274 p-Value =000), ALP with age show an insignificant positive weak correlation (r= .078 p-Value =.227). ALP with BMI (r = .123, p-value = .057) shows an insignificant positive weak correlation. ALT with age show an insignificant negative weak correlation (r=-0.078, 078 p-Value =.227).ALT with BMI shows an insignificant weak negative correlation (r=-.074, p-Value = 253).
Table 4: The results showed a significant correlation between total protein and albumin (positive strong correlation), (r = 0.181, p-value = 0.000), and between total protein and globulin (positive strong correlation), (r = 0.853, p-value = 0.000), respectively. Additionally, there is a strong negative correlation between albumin and globulin in severe malaria (r = -0.736, p = 0.000). Results showed significant moderate positive Correlation Between total bilirubin with direct bilirubin (r=. 634, p-Value=.000), also showed significant strong positive Correlation Between total bilirubin with indirect bilirubin (r=.895, p-Value =.000), and low positive Correlation Between indirect bilirubin with direct bilirubin (r=. 223, p-Value =.000) and additionally results showed significant moderate positive Correlation Between total bilirubin with direct bilirubin (r=. 634, p-Value =.000), also showed significant strong positive Correlation Between total bilirubin with indirect bilirubin (r=.895, p-Value =.000), and low positive Correlation Between indirect bilirubin with direct bilirubin (r=. 223, p-Value =.000), ALP with ALT  (r=,135, p-Value =.000) show significant positive weak Correlation and finally ALT with AST show significant weak positive Correlation (r=.256, p-Value = .000).

Table 1: Demographic data and clinical characteristic of study group and control group:
	Variables
	Study Group n=120
(Mean ± SD)
	Control Group
n= 120
(Mean ± SD)
	P.value

	Age (years)
	28.08 ± 18.33
	27.71 ± 16.71
	0.869

	BMI (kg/m2)
	29.50± 12.14
	28.45±11.36
	0.716

	Variables
	Frequency
	Percentage (%)
	P.value

	Adults
	180
	75%
	0.156

	Children
	60
	25%
	0.07





Table 2: comparison of plasma biomarkers (Liver parameters) and electrolytes between study group and control group:
	Variables
	Study Group 
(Mean ± SD) mg/dl
	Control Group
(Mean ± SD) mg/dl
	P.value

	 Total protein 
	8.1017 ±1.16979
	7.3200 ± .72768
	0.000

	 Albumin
	 3.1225± .53176
	 4.2433 ± .62507
	0.000

	 Globulin
	 4.9792 ± 1.35708
	  3.0767 ± .88287
	0.000

	Total bilirubin
	1.45±.417
	.656 ± .266
	0.000

	Indirect bilirubin
	1.043±.399
	.553±.272
	0.000

	Direct bilirubin
	0.407±0.247
	0.102±0.097
	0.000

	AST
	38.30 ± 13.49
	30.50 ± 11.22
	0.083

	ALT
	62.80 ± 12.94
	40.42 ± 15.22
	0.000

	ALP
	91.31 ± 39.43
	71.14 ± 23.55
	0.000






Table 3: Correlation between liver biomarkers with age, BMI
	Variable
	Correlation coefficient
	p.value

	Total protein vs age 
	0.168
	0.009

	Total protein vs BMI 
	0.148
	0.022

	Albumin vs age
	-0.115
	0.076

	Albumin vs BMI
	-0.248
	0.000

	Globulin vs age
	0.181
	0.005

	Globulin vs BMI
	0.239
	0.000

	Total bilirubin vs age
	0.075
	0.246

	Total bilirubin vs BMI
	0.091
	0.162

	Direct bilirubin with age
	0.038
	0.560

	Direct bilirubin with BMI
	0.090
	0.164

	Indirect bilirubin with age
	0.073
	0.259

	Indirect bilirubin with BMI
	0.062
	0.377

	AST vs age
	-.199
	0.002

	AST vs BMI
	-.276
	0.000

	ALP vs age
	.078
	0.227

	ALP vs BMI
	0.123
	0.057

	ALT vs age
	-0.049
	0.446

	ALT vs BMI
	-0.074
	0.253







Table 4: Correlation between liver Enzymes and  Liver parameters with Each Other's
	P.value
	Correlation coefficient
	Variable


	Total protein vs globulin
	0. 853
	0.000

	Albumin vs globulin
	-0.736
	0.000

	Albumin vs total protein
	0.181
	0.005

	globulin vs Total protein
	0. 853
	0.000

	Total bilirubin with Direct bilirubin 
	. 634
	0.000

	Total bilirubin with indirect bilirubin 
	. 895
	0.000

	Indirect bilirubin with direct bilirubin 
	. 223
	0.000

	ALP vs ALT
	0.315
	0.000

	AST vs ALP
	-.028
	0.666

	ALT vs plasma AST
	0.256
	0.000





Discussion:
This study was conducted at Kosti Teaching Hospital to investigate the biochemical changes in patients with severe malaria compared to healthy control patients. Our findings revealed that the severe malaria group had higher levels of total plasma protein and globulin, along with lower plasma albumin levels. Our findings showed a potential inflammatory response or malnutrition associated with severe malaria, paralleling previous studies that have demonstrated altered protein metabolism during malaria infections (13,14). 
The demographics data in the study showed that severe malaria is more common among adult patients, which is similar to reports suggesting that older age groups may exhibit more severe malaria manifestations (15). The mean ages of both severe malaria patients and healthy controls were similar, suggesting that age may not be a defining factor for susceptibility in this context. The study showed insignificant correlations between total protein and BMI, between albumin and age. These observations suggest that malnutrition may not be a primary risk factor for severe malaria in the study population. The insignificant correlation in our study between albumin and globulin and the significant correlation of globulin with both age and BMI indicate that further studies regarding the nutritional status of patients may be needed (16). 
The significantly increased levels of total plasma protein in severe malaria patients are primarily due to the inflammatory response. Similar findings have reported elevated acute-phase proteins in malaria that signify ongoing inflammation (17). Studies showed that the decreased albumin levels in severe malaria are due to hepatic dysfunction following the infiltration of hepatocytes with the parasites, which affected the cellular function of the liver (18). Omer et al., in their study, showed a reduction in plasma albumin as a result of malaria parasites that affected liver function or from systemic inflammation response of the immune system to the parasites (19).
The study showed significant increases in total, direct, and indirect bilirubin levels in patients with severe malaria, due to the hemolytic nature of malaria. Malaria parasites increase red blood cell destruction through direct invasion, leading to increased hemolysis and elevated bilirubin levels (20). The direct correlation between total bilirubin and both direct and indirect bilirubin levels reinforces the notion that severe malaria can lead to significant liver processing abnormalities, as evidenced by the notable differences between the two groups.
The study reported significant increases in plasma levels of ALT and ALP in severe malaria patients. High liver enzymes, such as ALT, in malaria patients indicate hepatocellular injury or inflammation, often associated with malaria (21). The insignificant changes in AST levels could be due to additional factors, such as muscle injury or inflammation, which affect AST levels.
The study showed a correlation between total protein and albumin levels and severe malaria, which are directly related to the pathophysiology of malaria in the liver. The strong negative relationship between albumin and globulin reiterates the classical view that during systemic inflammation, globulin levels often increase at the expense of albumin (22). The correlation between bilirubin level and severe malaria is due to the complex process at the cellular level that occurs during severe malaria, which affects metabolic pathways and liver function (23).

[bookmark: _GoBack]Conclusion 
Our study showed that severe malaria had a direct significant effect on liver function. More studies are needed to show and explore the practical implications of these findings on treatment outcomes and to develop intervention strategies aimed at mitigating the biochemical consequences observed. 
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