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Original Article 
 

Comparison of Hepatic 
Biochemical Derangements 
Induced By Falciparum and Vivax 
Malaria 
 
Objective:  To compare the hepatic biochemical derangements induced by falciparum and 
vivax malaria 
Study Design: A descriptive study 
Place and duration of study: Department of Biochemistry, Basic Medical Sciences 
Institute, JP M C, Karachi from August 2005 to July 2006. 
Materials and Methods: Total eighty-one patients of different ages and both sexes 
suffering from acute malaria, confirmed by peripheral blood smear were selected by 
convenient sampling. Nine out of eighty-one patients were infected by Hepatitis B and C 
infections and were excluded from the study. Out of seventy-two patients 48(70%) were 
suffering from malaria by Plasmodium falciparum and 24(30%) from Plasmodium vivax 
infection. The falciparum infected patients were divided into two groups on the basis of 
duration of illness. Group 1 comprised of 24 patients complaining of fever with or without 
rigors ranging from 1 – 7 days. Group 2 also consisted of 24 patients with duration of illness 
lasting from 8-20 days. Group 3 comprised of 24 Plasmodium vivax infected patients having 
illness of 1 – 20 days. Samples were analyzed in the Biochemistry Department at Basic 
Medical Sciences Institute, JPMC, Karachi. 
Results: Liver was enlarged in 26 (54%) patients suffering from falciparum and 
2 (8.3%) from vivax malaria. Spleen was also palpable in 23 (47.9%) patients from falciparum 
group and 4 (16.7%) from vivax group. This difference was statistically highly significant 
(P<0.001). Mean value of blood hemoglobin in Plasmodium falciparum group was 9.3±0.27, 
while in Plasmodium vivax group was 10.6±0.04 and the difference in haematocrit 
percentage was statistically highly significant (P<0.001). Hyperbilirubinemia was present in 
52.7% of patients. The mean value of indirect Bilirubin in case of Plasmodium falciparum 
group is 2.4±0.32  comparatively higher than plasmodium vivax group showing a 
statistically significant P value (<0.01). Difference in the mean value of SGPT and SGOT are 
statistically highly significant (P<0.001) when results were compared with group I. The 
results of difference in mean value of alkaline phosphatase was statistically highly 
significant when group I and group II of Plasmodium falciparum infected were compared, 
which confirms that, as the duration of illness of Plasmodium falciparum progresses the 
level of alkaline phosphatase rises.  
Conclusion: Although significant biochemical derangements were observed in both 
falciparum and vivax malaria, they were significantly more pronounced in Plasmodium 
falciparum infection, particularly in the later phase of illness. Therefore, liver function tests 
should be performed early in the course of Plasmodium falciparum malarial infections in 
order to prevent complications and to reduce mortality. 
Key words: Plasmodium falciparum, Plasmodium vivax, Hyperbilirubinemia, hepatic 
biochemical derangements 

 

Mohammad Waseem Kausar* 
Sajid Raza** 
Shamim Mumtaz*** 
Inayat ur Rehman Abbasi**** 
khalida Moeed***** 
Salma Zafar******  
 
 
 
 
*Assistant professor, Biochemistry 
Department, Islamabad Medical 
and Dental College, Islamabad  
**Head of Biochemistry Department 
Islamabad Medical and Dental 
College, Islamabad  
***Head of Pathology Department 
Islamabad Medical and Dental 
College, Islamabad  
****Assistant professor and Acting 
Head of Biochemistry Department 
Margalla Institute of Health 
Sciences (Margalla Dental College) 
Gulraiz III Rawalpindi 
*****Demonstrator Pathology,  
******Assistant professor 
Microbiology Pathology 
Department, Islamabad Medical 
and Dental College, Islamabad 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Address for Correspondence: 
Assistant Professor, Biochemistry 
Department, Islamabad Medical & 
Dental College, Main Murree Road, 
Bhara Kahu, Islamabad 
Email: dr.waseemkausar@gmail.com 
 

 
Introduction 

 

Malaria is responsible for 1-3 million deaths annually 
and 300-500 million infections world wide.1 Most of 

deaths are due to severe malaria, with one or more 
complications in a patient showing asexual parasitaemia 
of falciparum malaria.2 Malarial transmission occur 
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through sporozoites injected in blood by female 
Anopheles mosquito, which attach to hepatocytes 
through receptor for thrombospondin and properdin.3 

Tissue schizonts then produces large number of 
merozoites. Each merozoite is capable of invading  red 
blood cells  and establishing the asexual cycle of 
replication with the release of 24 to 32 merozoites.4 The 
clinical manifestations  are consequent upon the release 
of cellular products and debris from ruptured 
erythrocytes and their  phagocytosis by 
reticuloendothelial cells.5 Hyperplasia of the these cells 
in the liver occur as part of the response to malaria and 
is responsible for its enlargement.6 Plasmodium 
falciparum differs from other species in that its 
merozoites are capable of invading both older and 
younger red cells7 and is responsible for multiorgan 
dysfunctions.8 Liver involvement is common.5 

Unconjugated hyperbilirubinaemia is attributed to 
hemolysis of both parasitized and non-parasitized 
erythrocytes and partly due to liver damage.9  

Hyperbilirubinemia is often seen with acute renal failure, 
cerebral malaria and death.10 The coagulation system is 
adversely affected during severe malaria and is 
proportional to the severity of the illness.8 The elevated 
alkaline phosphatase activity indicates hepatic stage of 
parasites and significant perturbation in the hepatocytic 
membrane leading to its leakage.11 Significantly 
decreased protein synthesis will not become apparent 
except in severe long standing hepatic diseases12 or 
might be due to increased capillary leakage.13 

Hypoglycemia may have four reasons; (1) depletion of 
liver glycogen (2) glucose consumption by the parasites 
(3) hypoglycemic effects of elevated level of interleukin-
1 and TNF-B and (4) release of insulin during treatment 
with quinine or quinidine.4  
Present study was carried out to evaluate the acute 
hepatic damage induced by Plasmodium falciparum 
malaria, while Plasmodium vivax infected cases were 
included for comparative analysis. 

 

Materials and Methods 
 

This study was conducted from August 2005 to July 
2006 in the Department of Biochemistry, Basic Medical 
Sciences Institute, Jinnah Postgraduate Medical Centre 
Karachi. Eighty-one patients complaining of fever with or 
without rigors were selected through convenient 
sampling technique from Malaria Control Program 
counter at Accident and Emergency Department, 
Medical Units I, II and III, Jinnah Postgraduate Medical 
Centre and Pediatric Units in National Institute of Child 
Health, Karachi.  
Malarial parasites were confirmed by blood peripheral 
smears. Two drops of blood were obtained by hand 

lancet from the pulp of the ring finger of the patients 
after cleaning with spirit swab. One drop was used to 
make a thin blood smear and the second drop for thick 
blood smear. Both slides were air dried and Giemsa 
stained for half an hour, washed and then examined for 
malarial parasite, under the microscope at 100x. A 
Performa was filled while taking history. There was no 
history of blood transfusion in the past four months. Nine 
patients were excluded because of their association with 
hepatitis B and hepatitis C. Remaining seventy-two 
patients were acutely symptomatic and uncomplicated, 
which was evident from the history, duration of illness 
and level of consciousness. Liver and spleen sizes were 
measured subcostally in the midclavicular line using a 
measuring tape (cm) while patient was lying supine. 
Patients positive for malarial parasite were selected for 
study and their venous blood (about 5 ml) was drawn 
from an antecubital vein through disposable syringe and 
fractionated as: One ml blood was transferred into a 
citrated tube for prothrombin time, while another 1 ml 
blood was transferred into EDTA containing tube for 
hemoglobin and hematocrit estimation. The rest of blood 
was left in syringe, to get serum for biochemical 
parameters. A small drop of blood was also placed on 
the strip of glucometer (Optium, Abbott) to check the 
random blood glucose level. The blood was allowed to 
clot and serum was pipetted out after centrifugation, 
labeled and stored at -20°C in freezer for later analysis. 
The selected patients were grouped on the basis of type 
of species and their duration of illness. 
Group I: Plasmodium falciparum positive and having 
illness of 1 to 7 days. 
Group II: Plasmodium falciparum positive and having 
illness of 8 to 20 days. 
Group III: Plasmodium vivax positive and having illness 
of 1 to 20 days. 
EXCLUSION CRITERIA 
1. Malarial parasite negative patients 
2. Those having jaundice of causes other than malaria 
3. Those who were taking hepatotoxic drugs 
4. Those having mixed malarial infection 
5. Pregnant women 
6. Patients found serologically positive for hepatitis. 

Blood hemoglobin was estimated by 
Cyanmathemoglobin method, haematocrit values were 
estimated by microhaematocrit method on 
Microhaematocrit Machine, one-stage prothrombin time, 
serum bilirubin (Total, Direct and Indirect) by Jendrassik 
Grof Method. Blood Glucose, serum glutamate pyruvate 
transaminase, serum glutamate oxaloacetate 
transaminase and alkaline phosphatase by Enzymatic 
Method. Total protein estimated by Biuret Method. 
Serum albumin estimated by Bromocresol Method using 
kit (AB 362) Randox. The biochemical parameters were 
compared between all the three groups.  The statistics 
were applied by using SPSS version 10.0. The p-value 
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was calculated by Student‘t’ test (Level of significance: p 
< 0.05). The mean and standard error of the mean 
(SEM) were found out and further statistical analysis 
was performed. 

 

Results 
 

Out of eighty-one malaria infected cases 
seventy-two confirmed cases of two most common 
species were selected by convenient sampling. Table 1 
shows the distribution of both Plasmodium falciparum 
malaria infected cases and Plasmodium vivax malaria 
infected patients in different groups according to their 
duration of illness. 

 
Table I: Distribution of age and sex in 

patients with malaria (n=72) 
Group

s 
No. of 

Subjects 
Age 

 
Sex 

Male 
No. (%) 

Female 
No. (%) 

Group 
I 

24 25.2±3.33 14 
(58.3) 

10 
(41.7) 

Group 
II 

24 24.7±2.71 16 
(66.7) 

8 (33.3) 

Group 
III 

24 23.3±2.75 15 
(62.5) 

9 (37.5) 

Values are expressed as Mean ± SEM 
 
Group I: Plasmodium falciparum +ve, having illness of 1 
to 7 days. 
Group II: Plasmodium falciparum +ve, having illness of 8 
to 20 days. 
Group III: Plasmodium vivax +ve, having illness of 1 to 
20 days. 
 

 
Figure I: Comparison of biophysical 

parameters between groups with 
Plasmodium falciparum and Plasmodium 

vivax malaria 
 

Table II showing a comparison of biochemical 
parameters between groups of Plasmodium falciparum 
infected patients having equal number of patients in 
both groups. 
 

Table II: Comparison OF BioChemical 
Parameters Between Group I and Group II 

Biochemical 
Parameters 

Plasmodium falciparum 
+ve 

P value 

Group I 
(n=24) 

Group II 
(n=24) 

Mean ± 
SEM 

Mean ± 
SEM 

Haemoglobin 
(g/dl) 

9.2  ±  0.31 9.5  ±  0.44 0.578NS 

Haematocrit 
(%) 

27.7  ±  
0.97 

28.6  ±  1.31 0.598NS 

Prothrombin 
time 

(Control: 11 
to 16 sec) 

14.4  ±  
0.23 

15.3  ±  0.31 0.016* 

Random 
Blood 

Glucose 
(mg/dl) 

93  ±  2.89 95  ±  3.11 0.619NS 

Bilirubin – 
Total (mg/dl) 

1.4  ±  0.13 7.1  ±  0.83 0.001*** 

Direct 
(mg/dl) 

0.6  ±  0.07 3.1  ±  0.49 0.001*** 

Indirect 
(mg/dl) 

0.8  ±  0.08 4.0  ±  0.43 0.001*** 

SGPT  (U/L) 27.5  ±  
1.59 

67.9  ±  7.72 0.001*** 

SGOT  (U/L) 27.2  ±  
1.19 

52.1  ±  4.21 0.001*** 

Alkaline 
Phosphatase 

(U/L) 

248  ± 11.6 352  ±  10.7 0.001*** 

Total protein 
(g/dl) 

7.2  ±  0.14 6.1  ±  0.06 0.001*** 

Albumin 
(g/dl) 

4.3  ±  0.08 3.4   ±  0.08 0.001*** 

Globulin 
(g/dl) 

2.9  ±  0.10 2.7   ±  0.10 0.072* 

A/G ratio 1.5  ±  0.06 1.4   ±  0.09 0.280NS 
 

Table III is showing a comparison of 
biochemical parameters between Plasmodium 
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falciparum and Plasmodium vivax. Both groups (i.e. I 
and II) of Plasmodium Falciparum were merged and 
compared with group III representing Plasmodium vivax 
infected patients. Their P value was calculated by 
Student‘t’ test. 
 

Table III: Comparison of biochemical 
parameters between Plasmodium 

Falciparum And Plasmodium Vivax groups 
Biochemical 
Parameters 

P. 
Falciparum 

(n=48) 

P. Vivax 
(n=24) 

P-value 

Haemoglobin 
(g/dl) 

9.3  ±  0.27 10.6  ±  0.34 0.004** 

Haematocrit (%) 28.1  ±  0.81 33.0  ±  1.04 0.001*** 

Prothrombin 
time (Control: 11 

to 16 sec) 

14.8  ±  0.20 14.1  ±  0.29 0.042* 

Random Blood 
Glucose (mg/dl) 

94  ±  2.11 101  ±  3.33 0.083* 

Bilirubin – Total 
(mg/dl) 

4.2  ±  0.58 1.6  ±  0.17 0.003** 

 Direct (mg/dl) 1.8  ±  0.30 0.7  ±  0.11 0.010** 
 Indirect (mg/dl) 2.4  ±  0.32 0.9  ±  0.10 0.002** 

SGPT  (U/L) 47.7  ±  4.89 35.4  ±  1.10 0.083* 
SGOT  (U/L) 39.6  ±  2.82 32.9  ±  0.95 0.100* 

Alkaline 
Phosphatase 

(U/L) 

300  ±  10.9 273  ±  27.1 0.265 

Total protein 
(g/dl) 

6.7  ±  0.11 6.8  ±  0.14 0.297 

Albumin (g/dl) 3.8  ±  0.08 4.4  ±  0.15 0.001*** 
Globulin (g/dl) 2.8  ±  0.07 2.4  ±  0.14 0.006** 

 A/G ratio 1.4  ±  0.05 2.0  ±  0.18 0.001*** 
* P<0.05, ** P<0.01, *** P<0.001 (Student ‘t’ test). 
Plasmodium falciparum +ve (n=48), having illness of 1 
to 20 days. Plasmodium vivax +ve (n=24), having illness 
of 1 to 20 days. 

 
Discussion 

 
Malaria is a disease of poverty and 

underdeveloped countries like Pakistan. Among four 
species Plasmodium falciparum is the most prevalent, 
can be life threatening because of its severe 
complications. Malaria has been known to involve liver 
since the disease was first described.14 Clinically, pallor 
reflects the blood hemoglobin levels. Anemia may arise 
from many mechanisms in falciparum  infection 
including acute haemolysis , destruction of both infected 
and uninfected red blood cells, dyserythropoiesis and  
nutritional deficiencies.15 In our study the level of 
Hemoglobin with the mean value of 9.2 g/dl and 9.5 g/dl 

in group I and group II (table 2) respectively, shows an 
anemic picture (<10 g/dl). These findings are 
comparable to those reported earlier16; however they 
differ from those of Nadeem et al who reported a 
hemoglobin level of 13.7 g/dl.3 In this study 
hyperbilirubinemia is present in 52.7% of patients while 
a similar study conducted by Mishra et al reported 
hyperbilirubinemia in 64.3% of cases.17 The mean value 
of indirect bilirubin in case of Plasmodium falciparum 
group is 2.4±0.32 (table 3) comparatively higher than 
the plasmodium vivax group showing a statistically 
significant P value (<0.01). Similarly, the mean value of 
indirect bilirubin was also higher in group II (table 2); its 
level correlates with the duration of illness. Similar 
findings have been reported by Irfan.18 

Coagulation abnormalities are not uncommon in 
falciparum malaria. In this study, mean values of the 
prothrombin time 14.4 seconds in group I and 15.3 
seconds in group II, relatative to control value of 11-16 
seconds were observed. Only 4 out of 48 patients of 
Plasmodium falciparum infected group had prolonged 
prothrombin time without any bleeding disorders. These 
results are significant and are in accordance with 
Hemmer et al.19  

Hypoglycemia is an important complication of 
severe malaria associated with high morbidity and 
mortality.20 The results of random blood glucose were 
normoglycemic. The mean glucose level in total 
Plasmodium falciparum group (table III) was 94 mg/dl 
when compared with the Plasmodium vivax group (101 
mg/dl), showing that falciparum malaria causes more 
hypoglycemia and this value matches with the Grau et al 
showing P<0.01.21  

The increased serum level of hepatic enzymes, 
transaminases (SGOT and SGPT) and alkaline 
phosphatase are the markers of liver disorders. SGPT 
(ALT) is a specific enzyme of liver. The difference in the 
mean value of SGPT and SGOT are statistically highly 
significant (P<0.001) when results were compared with 
group I (table 2). Similar finding have been reported by 
Premaratna R et al.22 In the present study the P value of 
alkaline phosphatase was insignificant in table 3, but the 
results of difference in mean value are statistically highly 
significant when group I and group II of Plasmodium 
falciparum infected were compared in table 2 which 
confirms that, as the duration of illness of Plasmodium 
falciparum progresses the level of alkaline phosphatase 
rises. These findings correlate with the results of Garba 
and Ubom.11  

The liver has extensive synthetic capacity and 
plays a role in protein synthesis. The mean value of total 
protein was within normal range in all groups, but 
statistically significant difference (P<0.001) was 
observed when group I and group II were compared 
(table 2). A non-significant hypoalbuminemia in group II 
was a regular feature highlighting the fact that patients 
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were in good health previously. Overall assessment 
shows  that there is highly significant changes of liver 
function tests in group II as compared to group I and 
group III, showing that the liver involvement in this group 
resemble an acute liver damage rather than the chronic 
one, while the results of total protein and particularly 
A/G ratio are non-significant. 
In this study, the Plasmodium vivax positive cases were 
selected for comparison with Plasmodium falciparum 
malaria. There was no difference in the mean age and 
duration of illness. Liver was palpable in 8.3% of cases 
showing a marked difference of 29.2% and 79.2% in 
group I and group II respectively. There was a 
statistically significant (P<0.01) difference in the mean 
value of hemoglobin, bilirubin total, direct and indirect. 
The difference in the result of mean values of 
prothrombin time, random blood glucose, SGPT and 
SGOT were statistically less significant (P<0.05) shown 
in table 3. These results reflect that the hepatic 
involvement was present in both species but the severity 
was more pronounced in Plasmodium falciparum 
malaria.  

Conclusion 
 
Both Plasmodium falciparum and Plasmodium 

vivax malaria induces hepatic biochemical 
derangement. Liver was found enlarged in 54% of 
falciparum positive patients as compared to 8.3% 
Plasmodium vivax positive patients.  

Red blood  cells are destroyed reflecting a fall in 
hemoglobin and hematocrit percentage, The results of 
prothrombin time and random blood sugar were 
statistically less significant, while serum bilirubin total, 
direct and indirect showing a statistically significant 
results (P<0.01). Aminotransferases showed less 
significant results in both groups with P value of <0.05. 
On the other hand, the alkaline phosphatase and total 
protein results were statistically non-significant. 
Regarding serum albumin, globulin and A/G ratio in 
Plasmodium falciparum group observed highly 
significant (P<0.001) when compared to the mean value 
of Plasmodium vivax group. So it is suggested that the 
liver function tests should be performed along with early 
detection of Plasmodium falciparum malarial parasites in 
order to prevent complications and to differentiate with 
viral hepatitis. We also conclude that the derangement 
in liver function test bears a broad relationship to the 
duration of illness. In our study derangement of some 
parameters were significantly more pronounced during 
the later phase of Plasmodium falciparum infection. 
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