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Background: Visceral leishmaniasis causes alterations of lipid metabolism and it is asso-
ciated with hypocholesterolemia and severe hypertriglyceridemia. Hepatic dysfunction and 
life-threatening hepatitis are associated with visceral leishmaniasis. Kidney damage is fre-
quently associated with increased morbidity and mortality in visceral leishmaniasis patients.
Methods: A cross-sectional study was carried out to assess the alterations of clinical chemistry 
parameters among visceral leishmaniasis patients attending Kahsay Abera and Mearg hospitals, 
Northwest Ethiopia. A total of 100 visceral leishmaniasis patients and 100 healthy controls without 
visceral leishmaniasis were selected by using convenient sampling techniques. Data were entered 
and analyzed using statistical package for social sciences (SPSS) version 23.
Results: Results were showed that the mean value of serum aspartate aminotransferase, 
alanine aminotransferase, alkaline phosphatase, total bilirubin, and triglyceride was signifi-
cantly higher in visceral leishmaniasis patients than in apparently healthy controls, but the 
mean value of serum urea and total cholesterol was significantly lower in visceral leishma-
niasis patients than healthy controls.
Conclusion: The finding of this study concluded that visceral leishmaniasis causes significant 
alterations of clinical chemistry tests like liver and lipid profile tests compared to healthy 
controls.
Keywords: kidney function test, lipid profile test, liver function test, visceral leishmaniasis

Introduction
Visceral leishmaniasis (VL) is a severe protozoan systemic disease that leads to 
100% mortality if left untreated.1,2 It is a vector-borne potentially fatal parasitic 
disease caused by the Leishmania (L.) donovani/L. infantum/L. chagasi complex 
and transmitted to humans by phlebotomine sand flies.3 It is a common disease in 
many tropical and subtropical regions. Annually about 200,000 to 400,000 new 
cases of VL were reported worldwide and more than 90% of these VL cases were 
reported from six countries like Bangladesh, Brazil, Ethiopia, India, South Sudan, 
and Sudan. In Ethiopia, 4000 VL cases were reported annually and 60% of cases 
were reported from the main endemic areas of Humera and Metema plains in the 
northwest of Ethiopia.1 The onset of symptoms is usually fever, general weakness, 
anorexia, and weight loss. It is also manifested by hepato-splenomegaly, anemia, 
pallor, leukopenia, and thrombocytopenia as well as hypergammaglobulinaemia. 
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Later symptoms include cachexia, hepatic dysfunction 
with jaundice, hypoalbuminemia, and edema.4,5

Visceral leishmaniasis causes alterations of liver func-
tion and rarely patients manifested a severe life- 
threatening hepatitis.6 It also causes hepatic dysfunction, 
such as coagulation defects, increased serum concentra-
tions of several liver-specific enzymes, and changes in the 
cholesterol biosynthesis.7 Visceral leishmaniasis patients 
presented with enlarged liver and shows higher value of 
ALT, AST, ALP,8 and the disease is also characterized by 
severe hypertriglyceridemia with reduced levels of total 
cholesterol, LDL-cholesterol, and HDL-cholesterol in 
adult patients.9

Visceral leishmaniasis also affects the kidney and kid-
ney involvement in chronic leishmaniasis is frequently 
associated with increased morbidity and mortality. Acute 
kidney injury was found in a significant proportion of VL 
patients. Loss of kidney function and interstitial nephritis 
with glomerular changes can be seen from VL patients. 
Antibodies produced in response to infection can be 
trapped in glomeruli by different mechanisms, such as 
immune complexes and leads to cause damage to the 
glomerulus of the kidney.10

Even though different studies were performed in clin-
ical chemistry alterations of VL patients in different parts 
of the world; there is no published study in Ethiopia 
particularly in the study area. Therefore, this study was 
aimed to assess the alterations of clinical chemistry tests 
among VL patients attending at Kahsay Abera and Mearg 
Hospitals, Northwest Ethiopia.

Materials and Methods
Study Design, Period, and Area
An institutional-based comparative cross-sectional study 
was employed from November 2018 to March 2019 to 
assess selected clinical chemistry alterations among visc-
eral leishmaniasis patients attending at Kahsay Abera 
and Mearg Hospitals Western Tigrai, Northern Ethiopia. 
Western zone of Tigrai is the biggest in terms of geo-
graphic and territorial possessions that stretches along 
the border of Sudan in the North West, the Amhara 
Administrative region in the south, and the Eritrea bor-
der in the north where people live in clusters over a wide 
range of areas. It is subdivided into three districts; from 
north to south they are Kafta Humera, Wolqayt, and 
Tsegede. It is one of the agriculture surplus areas in 
Ethiopia known for producing sorghum and exportable 

products like sesame which makes it a net contributor to 
the national economy. Based on the 2007 Census con-
ducted by the Central Statistical Agency of Ethiopia 
(CSA), this Zone has a total population of 356,598, of 
whom 71,823 or 20.14% are urban inhabitants.

Kahsay Abera Hospital is the district Hospitals found in 
Kala-azar endemic region in northern Ethiopia with close to 
210 beds and an estimated 742,000 catchment population 
including the migrant population from Sudan, and Eritrea. 
Mearg hospital is the district hospital found in the kala-azar 
endemic area in Tsegede Wereda, Western Tigrai which has 
an estimated 299,594 catchment population including 
migrant population and have 134 beds at emergency, med-
ical, surgical, gynecology, and pediatrics wards.11

Study Participants
Case and control groups were involved in the study. Case 
groups include all VL patients confirmed at Kahsay Abera 
and Mearg Hospital laboratories during the study period. 
Visceral leishmaniasis patients were diagnosed by an 
experienced physician and VL patients who have a history 
of any other chronic disease (kidney disease, liver disease, 
cancer, HIV/AIDS, diabetic Mellitus, hypertension tuber-
culosis, and malaria) were excluded. Patients under treat-
ment of antikala-azar were also excluded from the study.

The Control group includes all healthy patient atten-
dants of Kahsay Abera and Mearg Hospitals, who were 
matched with cases in age and sex without having VL. 
Control groups were screened using rK39-based immune 
chromatographic tests to rule out VL and experienced 
physician-diagnosed healthy controls for any clinical ill-
ness. Controls who have a history of any chronic disease 
(kidney disease, liver disease, cancer, HIV/AIDS, diabetic 
Mellitus, hypertension tuberculosis, and malaria) were also 
excluded from the study.

Sample Size and Sampling Techniques
Sample size needed for comparing the means of two nor-
mally distributed samples is calculated by using a two-sided 
test with significance level α and power 1 – β and a 95% 
confidence level and 80% power were used to calculate the 
appropriate sample size. From the study conducted in Brazil 
mean value of creatinine among VL patients and healthy 
controls (0.89 ± 0.28; 0.99 ± 0.14) was used to calculate 
sample size using the following formula:

n = (s1
2+s2

2)/d2*(Zα+Zβ) 2 where n= desired sample 
size, s1= standard deviation of case group =0.28, s2= 
standard deviation of control group =0.14 from previous 
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study, Zα=1.96, Zβ = power = 0.84, d= difference between 
two means = 0.89–0.99= −0.01 from previous study con-
ducted in Brazil. n ¼ ð0:28Þ2þ 0:14ð Þ

2
� 1:96þ0:84ð Þ

2

ð0:01Þ2
¼ 76:8 round 

up to 77 10% nonresponse rate = 0.1*77= 7.7 therefore the 
minimum sample size was 77+7.7 = 85 for each groups. 
Increasing sample size can give greater power to detect 
a significant difference between control and case groups. 
Therefore, 100 case groups and 100 control groups were 
studied in this study depending on time and available cost. 
A Convenient sampling technique was employed to select 
study participants.

Method of Data Collection
Questionnaire
An interviewer-based semi-structured questionnaire was 
used to collect socio-demographic characteristics and 
data collectors fill the questionnaire by direct interview 
of the study participants and information concerning the 
clinical history was obtained from the clinical log sheet.

Serological Method (rk39)
It used for early diagnosis of visceral leishmaniasis at both 
peripheral and central levels. The RDTs detect specific 
antibodies against the kinesin-related antigen that is pre-
sent in Leishmania donovani. This test is performed by 
placing a specified amount of patient specimen on the 
bottom of the strip and adds a specified amount of buffer 
provided. The result was recorded after 10–20 minutes 
based on the manufacturer's instruction.

Parasitological Method
A spleen aspirate was collected by an experienced physi-
cian and transported to the laboratory. In the laboratory, 
a blood film was prepared and stained by Giemsa for 
10–15 minutes. The stained aspirates were examined by 
using a light microscope to detect the presence or absence 
of amastigote of Leishmania donovani.

Sample Collection, Storage, and 
Transportation
About 3–5 mL venous blood sample was collected using 
serum separator tube from both VL patients and healthy con-
trols. Serum sample was separated by centrifuge at 4000 rpm 
for 5 minutes and the sample was stored at a temperature of 
−20 up to −30°c in deep freezer before laboratory analysis. 
The serum sample was transported to Adigrat general Hospital 
laboratory department for clinical chemistry analysis.

Clinical Chemistry Tests
Alanine aminotransferase (ALT), Aspartate aminotransfer-
ase (AST), Alkaline phosphatase, total serum bilirubin, 
serum direct bilirubin, serum creatinine, serum urea, total 
cholesterol, triglycerides, HDL, and LDL were estimated 
following the instructions of commercial kits provided by 
biosystem reagents.

Statistical Analysis
All statistical analysis was conducted with the statistical 
package for the social sciences (SPSS) version 23 soft-
ware. Descriptive statistics were used to describe the 
descriptive data in the form of tables. Comparisons 
between VL cases and control groups were made using 
Independent Student’s t-test. The significance level was 
fixed at 5% or the corresponding p-value.

Data Quality Assurance
Data collectors were trained to ensure the quality of the 
data and the questionnaires were pre-tested to ensure 
clarity, length, logical sequence, and skip patterns of the 
questions. Experienced laboratory personnel have partici-
pated in the proper collection, processing, and transporta-
tion of the sample. Standard operating procedures (SOPs) 
were used strictly followed to assure the quality of labora-
tory examination of samples. Both normal and pathologi-
cal quality controls were analyzed before the sample 
analysis to ensure the proper function, validity, and relia-
bility of the instrument. The samples were analyzed after 
both controls were accepted.

Operational Definition
Liver Function Tests: - are groups of blood tests useful in 
the evaluation and management of patients with hepatic 
dysfunction. Commonly used tests to check liver function 
are the alanine transaminase (ALT), aspartate aminotrans-
ferase (AST), alkaline phosphatase (ALP), albumin, and 
bilirubin tests.

Renal Function Tests: – are groups of blood tests useful 
in the evaluation and management of patients with kidney 
dysfunction. Some of the blood tests are urea, creatinine, 
and uric acid.

Lipid Profile Tests: – are a group of tests that include 
total cholesterol, triglyceride, HDL-C, LDL-C, VLDL-C, 
and other Apolipoproteins.

Clinical Chemistry Alterations: – it is the alteration of 
different tests includes RFT, LFT, and Lipid profiles.
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Cases: – are individuals who have visceral 
leishmaniasis.

Controls: – are individuals who are healthy and unli-
kely to share visceral leishmaniasis.

Chronic Disease: – is a human health condition or 
disease that is long-lasting in its effect which includes 
hypertension, heart disease, kidney disease, liver disease, 
HIV/AIDS, cancer, Diabetic Mellitus, etc.

Normal: – is the test value lies within the established 
reference ranges.

Low: – is the value of the test lies below the estab-
lished reference ranges.

High: – is the value of the test lies above the estab-
lished reference ranges.

Results
Socio-Demographic Characteristics of 
Study Participants
A total of 200 study participants were included in this 
study comprised 100 VL confirmed patients (91 of them 
were males) and 100 healthy control groups (90 of them 
were males). The mean age ± SD of VL patients and 
healthy controls were 27.98 ± 9.634 years (range 15–54 
years) and 27.64 ± 4.758 years (range 17–41 years) 
respectively. There was a male predominance in the 
VL patients and control groups in this study, and there 
was no significant difference (p=0.752) in the mean age 
of the VL patients and the control groups. More than 
half (51%) of VL patients and 56% of healthy controls 
were attended primary school. About 60% of VL 
patients and 56% of healthy controls were daily labors. 
The majority (94%) of VL patients and 91% of healthy 
controls were from rural residents. This study was 
showed that the distribution of VL among age groups, 
so that the majority of cases 28 (28%) patients within 
(15–20 years), 23 (23%) patients within (26–30), 20 
(20%) within 21–25years, 20 (20%) above 35 years 
and 9 (9%) within 31–35 years (Table 1).

Clinical Features of Visceral Leishmaniasis 
Patients
The main clinical symptoms and signs presented at the 
initial evaluation of VL patients were: fever (100%), sple-
nomegaly (100%), general weakness (85%), skin mucosal 
pallor (72%), bleeding (67%), weight loss (65%), anorexia 
(52%) and hepatomegaly (36%) (Figure 1).

Abnormal Clinical Chemistry Test Result 
of Visceral Leishmaniasis Patients
From 100 VL patients an increased level of serum AST, 
ALT, ALP, direct bilirubin, total bilirubin, creatinine, urea, 
and triglyceride was found in 9 (9%), 10 (10%), 15 (15%), 
18 (18%), 25 (25%), 6 (6%), 4 (4%) and 16 (16%) of VL 
patients, respectively; meanwhile, a decreased serum urea, 
cholesterol and HDL-C have been reported from 33 (33%), 
35 (35%) and 20 (20%) of VL patients, respectively.

Comparison of Clinical Chemistry Tests 
Among VL Patients and Healthy Controls
Liver enzymes like ALT, AST, ALP and total bilirubin 
were significantly higher in VL patients than in healthy 

Table 1 Socio-Demographic Characteristics of Visceral 
Leishmaniasis Patients and Healthy Controls in Western Tigrai, 
Northern Ethiopia November 2018 to April 2019 (n=200)

Socio 
Demography

VL Patients 
(n=100)

Control Groups 
(n=100)

P-value

Gender
Male, n (%) 91 (91%) 90 (90%) 0.809

Female, n (%) 9 (9%) 10 (10%)

Age in year n (%)

15–20 28 4
21–25 20 31

26–30 23 42

31–35 9 15
>35 20 8

Mean ±SD 27.98±9.634 27.64±4.758 0.752

Educational 

status
Illiterate 29 24

Primary 51 56

Secondary 20 16
Diploma and 

above

0 4

Occupation

Student 15 23

Farmer 24 15
Daily labor 60 56

Merchant 1 4

Government 
employee

0 2

Residence
Urban 6 9

Rural 94 91

Abbreviations: n, number; VL, visceral leishmaniasis.
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controls with means ± SD was (25.3 ± 19.3 versus 17.58 ± 
6.38, p<0.001), (28.34 ± 29.17 versus 19.09 ± 7.94, 
p=0.003), (95.3 ± 60 versus 76.02 ± 19.22, p=0.002) and 
(0.759 ± 0.413 versus 0.62 ± 0.23, p=0.004) respectively. 
Similarly, the mean value of serum triglyceride was sig-
nificantly higher among VL patients compared to healthy 
controls (146.36 ± 63.64 versus 111.46 ± 33.3, p<0.001).

The mean value of serum urea and total cholesterol 
was significantly lower in VL patients than healthy con-
trols (23.11±10.72 versus 29.19 ± 9.32, p<0.001) and 
(130.37 ± 36.69 versus 145.1± 20.07, p=0.001) respec-
tively. However, there was no significant difference 
between VL patients and healthy controls in the mean 
value of serum direct bilirubin, creatinine, HDL- 
cholesterol, and LDL-cholesterol (Table 2).

Discussion
Visceral leishmaniasis causes derangement of liver func-
tions and rarely VL patients also can present with severe 
life-threatening hepatitis.6 Leishmania donovani causes 
lipid profile changes and affects the kidney which leads 
to alteration of glomerular and tubular functions.4,9

In the present study, the mean of serum ALT, AST, and 
ALP was significantly higher in VL patients than healthy 
controls. This finding was in line with the previous study 
conducted in Sudan, Iraq, and India6,8,12,13 which was 
reported a significantly higher value of AST, ALT, and 
ALP in VL patients. Furthermore, different case reports 
supported the present study and reported liver dysfunction 

with the raised value of serum AST, ALT, and bilirubin 
from VL patients.14–19 Similarly, studies conducted in 
India and Bangladesh also reported abnormally high liver 
inflammatory enzymes like ALT, AST, and ALP in VL 
patients.6,20 This may be attributed to the levels of parti-
cular circulating cytokines during the inflammatory pro-
cesses observed in active VL disease could be 
a determinant and consequence of severe liver disease.17 

The liver function alteration might be due to hepatomegaly 
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Figure 1 Clinical features of visceral leishmaniasis patients in Western Tigrai, Northern Ethiopia from November 2018 to April 2019 (n = 100).

Table 2 Comparison of Clinical Chemistry Tests Among VL 
Patients and Healthy Controls in Western Tigrai, Northern 
Ethiopia, November 2018 to April, 2019 (n=200)

Parameters VL Patients 

(n=100) 

Mean ±SD

Healthy Controls 

(n=100) Mean 

±SD

p-value

ALT U/L 25.3±19.3 17.58±6.38 0.001

AST U/L 28.34±29.17 19.09±7.94 0.003

ALP U/L 95.3±60 76.02±19.22 0.002

Total Bilir (mg/dL) 0.759±0.413 0.62±0.23 0.004

Direct Bilir mg/dL) 0.19±0.079 0.186±0.056 0.592

Urea mg/dl 23.11±10.72 29.19±9.32 0.001

Creatinine mg/dL 0.806±0.25 0.82±0.18 0.651

Total CHO 130.37±36.69 145.1±20.07 0.001

Triglyceride 146.36±63.64 111.46±33.3 0.001

HDL 45.97±10.24 48.11±6.2 0.075

LDL 78.14±18.24 75.21±13.82 0.202

Notes: Independent t-test was used for comparison and P-value ≤ 0.05 is con-
sidered as statistical significant. 
Abbreviations: ALP, alkaline phosphatase; ALT, alanine amino transaminase; AST, 
aspartate amino transaminase; Bilir, bilirubin; CHO, cholesterol; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein; and SD, standard deviation.
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and the generation of immune complex in VL patients. 
The production of reactive oxygen species from the acti-
vated macrophage may also contribute to the alterations of 
liver function.21 In contrast, a study conducted in was 
reported no significant difference in the mean value of 
serum ALT, and AST between VL patients and healthy 
controls.22 This variation might be due to differences in 
sample size, the difference in study design, the difference 
in geographical area, and the difference in the genetic 
makeup of study participants.

The mean value of direct bilirubin and serum total bilir-
ubin showed a slight increment in VL cases than healthy 
controls. However, only the mean value of serum total bilir-
ubin was significantly higher in VL patients compared to 
healthy controls. This finding was in line with the study 
conducted in Bihar, India13 which showed that serum bilir-
ubin was significantly higher in VL patients than in healthy 
controls. Besides different case reports conducted in India, 
Turkey, and a cohort study conducted in Brazil showed that 
elevated total and direct bilirubin in VL patients.18,19,23 This 
may attribute to hemolysis of red blood cells and sequestra-
tion and destruction of red blood cells (RBC) in enlarged 
spleen of VL patients.24 However, this study was not in 
agreement with the study conducted in Iraq and which were 
reported no significant difference in the mean value of serum 
bilirubin between VL patients and healthy controls. This 
variance might be attributed due to differences in reference 
intervals of clinical chemistry tests, lifestyle differences 
among study participants, and geographical variations.8,22

The mean value of Serum Triglyceride was signifi-
cantly higher and serum total cholesterol was significantly 
lower among VL patients compared to healthy controls. 
These results are in agreement with studies conducted in 
Iraq, Brazil, and Greece.9,25,26 A case report conducted in 
Greece and other studies conducted in California have 
reported decreased serum cholesterol levels, severe hypo-
cholesterolemia, mild hypertriglyceridemia from VL 
patients.27,28 This lipid alteration may be due to the extrac-
tion of membrane cholesterol by L. donovani and the 
changes in the levels of lipoproteins may be directly 
related to the modulation of the immune response.29 

Endothelial lipoprotein lipase, an enzyme responsible for 
cleavage of triglyceride may be impaired in patients with 
VL. This can be decreasing the metabolism of triglyceride 
which leads to increased triglyceride and decreases the 
formation of HDL-c and LDL-c from VLDL.9,26

There was no significant difference in the mean of 
HDL-c and LDL-c between VL patients and healthy 

controls. In contrast, different studies conducted in Iraq, 
Greece, and Brazil were reported significantly low value 
of serum HDL-c and LDL-c among VL patients than 
healthy controls.9,25-27,29,30 This difference might be due 
to genetic variability among study participants, differences 
in diet among study participants, the difference in envir-
onmental temperature, and seasonal variation.

The mean value of serum creatinine had no significant 
difference among VL patients compared to healthy con-
trols. This finding was in line with another study con-
ducted in Brazil which was reported no significant 
difference in creatinine level between VL patients and 
healthy controls.31 Whereas the mean of serum urea was 
significantly lower in VL patients compared to the healthy 
controls. This finding was in agreement with the study 
conducted in Brazil.31 This significantly decreased urea 
may be attributed to a low protein diet and reduced pro-
duction in the liver.

Conclusions
Visceral leishmaniasis patients showed significant altera-
tions of liver function tests and lipid profile tests compared 
to healthy controls. This may indicate that VL is one of the 
causes of liver dysfunction and lipid profile disorders. Even 
though the renal function tests show a slight increment in 
VL patients than healthy controls, there was no statistical 
difference between VL patients and healthy controls.

Limitation of the Study
Different tests like electrolyte, GFR, uric acid, protein, 
albumin, and endocrine tests were not done in this study 
due to lack of budget.

Abbreviations
ALP, Alkaline phosphatase; ALT, Alanine aminotransfer-
ase; AST, Aspartate aminotransferase HDL, High-density 
lipoprotein; LDL, Low-density lipoprotein; SOP, Standard 
operating procedures; VL, Visceral leishmaniasis.

Data Sharing Statement
All datasets generated and/or analyzed during the current 
study are summarized in the manuscript.

Ethics Approval and Consent to 
Participate
The study was conducted after the study protocol was 
reviewed and approved by the Institutional Review 
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Board (IRB) of the Department of Medical Laboratory 
Sciences, College of Health Sciences, Addis Ababa 
University DRERC/381/18/MLS. Official letters were 
also obtained from Tigrai Regional Health Bureau and 
the Chief Executive Officer of Kahsay Abera and Mearg 
Hospitals. The purposes, procedures, and significance of 
the study were explained to the study participants, and 
written informed consent was obtained from each study 
participant with parents’ consent for aged less than 18 
years. The study was conducted in accordance with the 
Helsinki declaration and physicians working in the hospi-
tals were informed about the study and responsible to 
protect the life, health, dignity, privacy, and confidentiality 
of personal information of study participants. The 
researcher also respects the privacy and confidentiality of 
any information obtained from the participant using 
unique codes given for each questionnaire and correspond-
ing specimen. The participant or his/her legal guardian has 
the right to withdraw consent to participate in research at 
any time during the preceding without any reason. The 
predictable risk was continuously monitored by the 
researcher and all study participants were no faced any 
associated risk with the study. Study participants with 
pathologic chemistry test results were communicated 
with respective physicians for appropriate treatment.
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