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Background: Leishmaniasis is a vector-borne protozoan infection that has a wide clinical spectrum in the tropics and subtropics. 
Kidney damage is frequently associated with increased morbidity and mortality in visceral leishmaniasis (VL) patients. However, up to 
date, there is a very limited report on the effect of visceral leishmaniasis on kidney function profiling in Ethiopia.
Objective: To evaluate the renal function profile in human visceral leishmaniasis (kala-azar) patients.
Materials and Methods: Human blood was taken from VL patients (n = 100) and healthy controls (n = 100) attending Kahsay Abera 
and Mearg Hospitals, Western Tigray of Ethiopia. Serum was separated according to the conventional protocol and kidney function 
profiling (creatinine, urea, and uric acid) was analyzed by Mindray 200E automated chemistry analyzer. The estimated glomerular 
filtration rate (eGFR) was also assessed in this study. The obtained data were processed using SPSS Version 23.0. Descriptive 
statistics, independent-test, and bivariate correlations were used for data analysis. P values <0.05 were considered statistically 
significant at a 95% confidence level.
Results: The mean serum creatinine level was found significantly higher, while respective serum urea and eGFR were significantly 
lower in VL patients compared to healthy controls. Specifically, from 100 VL cases, an increased level of serum creatinine, urea, and 
uric acid was found in 10%, 9% and 15% VL cases, respectively; meanwhile, a decreased serum urea and eGFR have been reported 
from 33% to 44% VL cases, respectively.
Conclusion: The finding of this study asserted that visceral leishmaniasis causes derangement in kidney activities characterized by 
alteration of renal function profile. This may indicate that VL is the determinant factor for developing kidney dysfunction. This study 
encourages researchers to engage in visceral leishmaniasis and its effect on other organ function profiles in humans and identify 
potential markers for both prevention and intervention.
Keywords: visceral leishmaniasis, renal function test, creatinine, urea, glomerular filtration rate

Introduction
Leishmaniasis is a group of parasitic diseases caused by more than 20 species of obligate intracellular protozoa of the 
genus Leishmania that are transmitted between humans and other mammalian hosts by phlebotomine sandflies.1 It occurs 
in four forms: visceral leishmaniasis (VL, aka kala-azar), post-kala-azar dermal leishmaniasis (PKDL), cutaneous 
leishmaniasis (CL) and mucocutaneous leishmaniasis.2,3 Leishmania parasites have two basic life stages: promastigote 
and amastigote. The amastigotes exist in vertebrate hosts and promastigotes in an invertebrate host.4

Among neglected tropical diseases, visceral leishmaniasis is one of the most fatal parasitic diseases that claim 
approximately 20,000 lives every year. Globally, thousands of deaths are reported in many developing countries 
including Ethiopia5 and of the three eco-epidemiological hotspots, East Africa (Ethiopia, Eritrea, Kenya, Somalia, 
South Sudan, Sudan and Uganda), Indian Subcontinent (Bangladesh India and Nepal), and Brazil accounted for 57%, 
18%, and 16%, respectively.2
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Visceral leishmaniasis is a disease of major public health concern leading to a severe mortality rate worldwide. The 
disease is endemic in several tropical and subtropical regions and the Mediterranean basin. The estimated annual global 
burden of VL is approximately 300, 000 new cases and more than 20, 000 deaths,6 of which 95% of new cases reported 
to the World Health Organization (WHO) occurred in 10 countries: Bangladesh, Brazil, China, Ethiopia, India, Kenya, 
Nepal, Somalia, and South Sudan.5

In Ethiopia, VL has spread to become endemic in many parts of the country. The disease is prevalent mostly in 
lowland and arid areas. Most endemic areas are Metema and Humera lowlands of Northwest of Ethiopia which account 
for 60% of the total burden,7 the Omo plains, the Aba Roba focus and Weyto River Valley in Nationalities and Peoples’ 
Regional State (SNNPR). The disease was also reported from the Moyale area and Genale river basin in the Oromia 
regional state, Afder, and Liban zones in Ethiopia’s Somali region, and the Awash Valley in the Afar regional state. The 
annual burden of VL in Ethiopia is estimated to be between 4500 and 5000 cases, and the population at risk is more than 
3.2 million.8 It is endemic in Southern Europe and tropical and subtropical areas of the globe with a worldwide incidence 
of approximately 0.5 million cases per year.9

VL (kala-azar) is a chronic infectious disease caused by parasites of the Leishmania donovani complex in Ethiopia.10 

It is one of the most deadly infectious diseases that can cause various clinical manifestations ranging from irregular and 
recurrent fever to hepato-splenomegaly, anaemia, leukopenia and thrombocytopenia as well as hypergammaglobulinemia 
as a consequence of the intense parasitism of the reticular endothelial system by the Leishmania parasite.11,12

Visceral leishmaniasis is diagnosed by serological tests like the rapid diagnostic tests (RDTs) of recombinant 39 
amino acid antigen (rk39) and parasitological tests like lymph node aspiration, bone marrow aspiration, and spleen 
aspiration in combination with clinical signs and symptoms.13

The kidneys are two bean-shaped organs found in vertebrates. They are located on both sides of the spinal column, in 
the posterior part of the abdomen. The kidney performs various activities such as maintaining fluid and electrolyte 
homeostasis in the body, urine formation, acid-base balance regulation, protein metabolism waste product excretion, 
hormonal function, and protein conservation. Glomerular filtration, tubular reabsorption, and tubular secretion are the 
three basic processes through which the kidneys perform their physiological functions.14

Renal abnormalities caused by Leishmania have been well documented in experimental animal studies and are 
comprised of interstitial and glomerular abnormalities. Immune complex deposition, T cells and adhesion molecule 
activation might be responsible for the renal involvement in visceral leishmaniasis.3 Kidney function alteration and 
interstitial nephritis with glomerular changes can be seen in VL patients. Oxidative stress is a major determinant of 
various renal diseases and also contributes to the manifestation of glomerulonephritis during the pathogenesis of visceral 
leishmaniasis. Also, antibodies produced in response to infection can be trapped in glomeruli by different mechanisms, 
such as immune complexes, and lead to cause damage to the glomerulus of the kidney.13

Serum creatinine (SCr), urea (U), and eGFR concentrations, as well as electrolytes (E), are the most practical measure 
of renal function.15,16 Measuring the glomerular filtration rate17 is most useful for assessing renal function. A useful and 
practical surrogate marker for the glomerular filtration rate is creatinine clearance. Creatinine clearance rate (CCr or 
CrCl) is the volume of blood plasma that is cleared of creatinine per unit of time. GFR can be calculated by measuring 
any chemical that has a steady level in the blood and is freely filtered but neither reabsorbed nor secreted by the kidneys. 
The GFR is typically recorded in units of volume per time, eg, millilitres per minute (mL/min).18,19 However, proximal 
tubular cell secretion of creatinine and endogenous production of creatinine have been identified as drawbacks when 
serum creatinine concentration (SCr) is used as an estimate for GFR. Creatinine estimates of GFR are also affected by 
race, body mass index, age, and sex.15,20

The kidney is affected by a different disease like visceral leishmaniasis. Kidney involvement in chronic leishmaniasis 
is frequent and associated with increased mortality. Kidney disease is closely interrelated with heart and blood vessel 
disease, with 7% of all cardiovascular deaths attributed to the reduced glomerular filtration rate.21 Importantly, kidney 
disease also has a strong impact on morbidity and non-fatal outcomes.22 Therefore, a patient suspected of visceral 
leishmaniasis is better assessed for further kidney function profile and gets early treatment to decrease mortality related 
to derangement of kidney activities.
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Although different studies were performed on the renal profile of kala-azar patients in different parts of the 
world, up-to-date, there is a very limited report on the effect of visceral leishmaniasis on kidney profiles in Ethiopia. 
Therefore, this study is intended to evaluate the renal function profile in human visceral leishmaniasis.

Materials and Methods
Study Area
This study was conducted in Kahsay Abera and Meareg Hospitals, Humera and Dansha towns, respectively, in Western 
Tigray, Ethiopia. Humera is located in Western Tigray, Ethiopia, which is 984 km far from the capital city, Addis Ababa. 
It is located at a longitude and latitude 14o18’N 36 o37’E with an elevation of 585 meters above sea level. Kahsay Abera 
Hospital is the district hospital found in the Kala-azar endemic region in Northern Ethiopia with 210 beds and an 
estimated 742,000 catchment population. Mearg Hospital is the district hospital found in the Kala-azar endemic area in 
Tsegede Wereda, Western Tigray, which has an estimated 299,594 catchment population including migrant population 
and 134 beds in emergency, medical, surgical, gynaecology, and paediatric wards.

Study Design and Period
A comparative cross-sectional study design was employed from June to September 2019 G.C.

Study Participant
Two study groups, case and controls, were involved in the current study. VL patients confirmed at Kahsay Abera and 
Mearg Hospital from June to September 2019 using:

1. Physician examination using the most pronounced signs and symptoms of VL, viz., splenomegaly (100%), 
hepatomegaly (36%), fever (100%), weight loss (65%), jaundice (21%), skin mucosal pallor (72%), diarrhoea 
(15%), anorexia (52%), abdominal pain (17%), general weakness (85%), and bleeding (67%).

2. Serological test, which detects antibodies against leishmania rk39-based rapid diagnostic tests (RDTs).
3. Diagnostic tests for VL including splenic aspiration and culture were routinely performed.

Control group: All healthy persons who accompanied the patients at Kahsay Abera and Mearg Hospitals, who were 
matched with cases in age and sex with not any of the physician and laboratory test findings.

Inclusion and Exclusion Criteria
Inclusion Criteria
Case group: All VL patients were confirmed at Kahsay Abera and Mearg hospital laboratories during the study period.

Control group: All healthy accompanied the patients at Kahsay Abera and Mearg Hospitals, who were matched with 
cases in age and sex without having VL. Selection of controls was employed by the physician based on the WHO 
guideline for the diagnosis of VL and rk39 was used to screen the healthy controls.

Exclusion Criteria
Case group: VL patients who have a history of any other chronic disease (kidney disease, liver disease, cancer, HIV/ 
AIDS, DM, hypertension TB, and malaria). Patients under treatment with anti-kala-azar were excluded from the study. 
Patients with a habit of chronic alcohol drinking and smoking were also excluded from the study.

Control group: Individuals who have a history of any chronic disease (kidney disease, liver disease, cancer, HIV/ 
AIDS, DM, hypertension TB, and malaria). Individuals with a habit of chronic alcohol drinking and smoking were also 
excluded from the study.

Study Variables
Dependent variables: Creatinine, Urea, Uric acid, and Glomerular filtration rate (eGFR).
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Independent variables: Socio-demographic factors (age, sex, residence, educational level and occupation), duration of 
illness, and body weight.

Sample Size Determination and Sampling Methods
The sample size needed for comparing the means of two normally distributed samples is calculated by using a two-sided 
test with significance level α and power 1 – β. A 95% confidence level and 80% power were used to calculate the 
appropriate sample size. From the study conducted in Brazil, mean value of serum creatinine for Kala-azar patients and 
controls was 0.89 ± 0.28 and 0.99 ± 0.14, respectively (Table 1).

The sample size was calculated by using the mean value of creatinine from the study conducted in Brazil which gives 
the highest sample size using the following formula.

n ¼ ðs12þ s2Þ=d2 � Zαþ Zβð Þ
2, where n = desired sample size; s1 (standard deviation of case group) = 0.28;

s2 (standard deviation of control group) = 0.14; Zα = 1.96, Zβ = power = 0.84;
Difference between two means (d) = (0.89–0.99)2 = 0.01.
Therefore, 0:28ð Þ

2
þ 0:14ð Þ

2
� 1:96 þ 0:84ð Þ

2
h i

= 0:1ð Þ
2
¼ 76:832, rounding to 77.

Considering a 10% nonresponse rate (= 0.1*77 = 8), the minimum sample size will be 77 + 8 = 85 for each group. 
Increasing sample size can give greater power to detect the difference between control and case groups. Consequently, 
100 case and 100 control groups’ serum specimens were collected for the current study.

Sampling Method
A convenient sampling technique was employed to select the study participants.

Measurement and Data Collection
Data Collection Procedure
A semi-structured pretested and translated questionnaire was used to collect socio-demographic characteristics. Data 
collectors fill out the questionnaire by direct interview of the study participants. Information concerning the clinical 
history was obtained from a clinical log sheet.

Laboratory Analysis
About 5 mL venous blood sample was collected using a serum separator tube from both VL patients and healthy controls. 
A serum sample was separated by centrifuge at 4000 rpm for 5 minutes and about 1.5–1.8 mL serum sample was stored 
at a temperature of −20°C up to −30°C in a deep freezer before laboratory analysis. The serum sample was transported to 
Adigrat General Hospital Laboratory department for clinical chemistry analysis.

Renal Function Tests Analysis
Renal function test includes measurement of urea, creatinine, and uric acid. The analysis was done by the principle of 
spectrophotometry for measuring the absorption spectrum of the analyte at each wavelength. The JOURI LABS 
Biochemistry reagents and smart, versatile, easy Mindray 200 E automated chemistry analyzer (Mindray Medical 
India Pvt. Ltd., Gurugram, 122002 Haryana, India) were used to measure the concentration of creatinine, urea, and 
uric acid from serum. All the tests were performed according to the manufacturer’s protocol.

Table 1 The Levels of Mean Serum Creatinine of Kala-Azar Patients Conducted in 
Brazil (Used for Calculating Sample Size by Comparing Two Means)

Cases (VL) Control

Tests Mean ± SD Mean ± SD

Serum creatinine (mg/dL) 0.89 ± 0.28 0.99 ± 0.14

Abbreviation: SD, standard deviation.
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Data Quality Assurance
Pre-Analytical
The questionnaires were pre-tested on 5% of the study population one week before the actual data collection in Shre town 
to ensure clarity, length, logical sequence and skip patterns of the questions. A questionnaire was prepared in English and 
was translated into Tigrigna and Amharic versions, which is easily understandable by the study participant. Experienced 
laboratory personnel participated in the proper collection, processing, and transportation of the sample. Standard 
operating procedures (SOPs) were used strictly to ensure labelling with an identification number, proper sample 
container, and enough volume and test procedures. The collected sample was allowed to clot for 20–25 minutes and 
centrifuged specimen to separate serum for analysis. The standard working environment (optimized, instrument, high 
analytical grade reagent, and temperature) was met, and sample hemolysis was checked before analysis.

Analytical
Before sample analysis, both normal and pathological quality controls were analyzed to ensure the proper function, 
validity and reliability of the instrument. Levy Jennings (LJ) chart was drawn for both controls and interpreted based on 
the west guard rule to reject or to accept controls. Levy Jennings is a graph that quality control data are plotted on to give 
a visual indication of whether a laboratory test is working well and the west guard rule can be applied to see whether the 
results from the samples when the control was done can be released, or if they need re-run. The samples were analyzed 
after both controls were accepted.

Post-Analytical
The result was properly recorded based on the sample identification number, and the data were interpreted by the 
principal investigator. The laboratory result was recorded in the logbook for rechecking. Clear and neat test results were 
reported to the investigator for analysis.

Data Analysis and Interpretation
The obtained data were entered into SPSS version 23 software. Descriptive statistics were used, and the generated data 
were expressed in numbers and percentages in the form of tables and figures. An Independent Student’s t-test was used to 
compare the mean difference between the VL cases and control groups. Bivariate correlation analysis was used to check 
the significant correlation of associated factors with renal function tests of VL cases. A P-value less than 0.05 with 
a corresponding 95% confidence interval was considered a significant association.

Operational Definition
Kala-azar: Visceral leishmaniasis is a chronic and vector-borne potentially fatal parasitic disease caused by the 
Leishmania (L.) donovani/L. infantum/L. chagasi complex.

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

Acute kidney injury (AKI): An absolute increase in serum creatinine of more than or equal to 0.3 mg/dL or the 
percentage increase in serum creatinine of more than or equal to 50%.

Acute nephrotic syndrome: This is a group of symptoms that occur with some disorders that cause inflammation of 
the glomeruli in the kidney or glomerulonephritis.

Glomerular filtration rate:17 Measures how well your kidneys are cleaning your blood and is approximated by the 
Creatinine clearance test which determines the overall GFR (Supporting Information, Annex VII).

Case: Are individuals who have confirmed visceral leishmaniasis.
Control: Are individuals who are healthy and unlikely 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, diabetes Mellitus, etc.
Normal: Is the test value lies within the established reference ranges.
Low: Is the value of the test lie below the established reference ranges.
High: Is the value of the test lie above the established reference ranges.
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Result
Socio-Demographic Characteristics of Study Participants
This study enrolled 100 VL-confirmed patients (88 of them were males) and 100 healthy control people (90 of them were 
males). Without any further analysis, the infection was found highly pronounced in males; and the study was conducted almost 
between age-matched VL and control groups. The mean age of VL patients and healthy controls were 29.38 ± 9.72 years and 
28.95 ± 10.00 years, respectively. The majority of the VL patients and healthy controls were within the age range of 15–30 
years. There was no significant difference in the mean age of the VL patients and the healthy control subjects. About 44% of VL 
cases and 43% of healthy controls were single. Around 57% of VL cases and 71% of healthy controls attended either primary 
or secondary schools. Besides, the majority of the patients (89%) were from the rural and kala-azar endemic areas (Table 2).

Table 2 Socio-Demographic Characteristics of VL Patients (n = 100) and 
Healthy Controls (n = 100)

Sociodemography VL Cases 
(n=100)

Control Groups 
(n=100)

p-value

Sex

Male (%) 88 90 0.65

Female (%) 12 10

Age in years

15–30 63 60

31–40 22 22

>40 15 18

Mean ± SD 29.38 ± 9.72 28.95±10 0.84

Marital status

Single (%) 44 43

Married (%) 54 57

Divorced (%) 2 0

Widowed (%) 0 0

Educational status

Illiterate (%) 20 1

Primary (%) 57 71

Secondary (%) 23 21

Diploma and above (%) 0 1

Occupational status

Student (%) 29 34

Housewife (%) 2 2

Government employee (%) 0 1

Private employee (%) 2 1

Farmer (%) 22 15

(Continued)
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Renal Function Test results of Visceral Leishmaniasis Patients Deviated from 
Established Reference Ranges
For the current study, we established renal marker ranges based on JOURI LABS reference values (for men and women) 
as: lower limit normal creatinine (<0.5 mg/dL), urea (<18 mg/dL), uric acid (<2.6 mg/dl), and eGFR (<90 mL/min) and 
the upper limit normal creatinine (>1.3 mg/dL), urea (>45 mg/dL); uric acid (>7.2 mg/dL), and eGFR (>150 mL/min) 
(Supporting Information Annex VII). While the percentage (absolute number) of VL patients having decreased serum 
analyte levels from the lower limit normal was found to be 33% urea (12.48 ± 3.75 mg/dL), 5% uric acid (2.54 ± 
0.06 mg/dL), and 44% eGFR (71.91 ± 11.66 mL/min), the percentage (absolute number) of VL patients having elevated 
serum analyte levels from the upper limit normal was found to be 10% creatinine (1.43 ± 0.11 mg/dL), 4% urea (54.0 ± 
2.16 mg/dL), 15% uric acid (9.56 ± 1.72 mg/dL), and 2% eGFR (155.18 ± 2.69 mL/min).

Comparison of Renal Function Tests Between VL and Controls
The mean value of serum creatinine was significantly higher in VL patients (0.935 ± 0.229 mg/dL) when compared to 
those of healthy controls (0.709 ± 0.119 mg/dL) with p < 0.001. Even though the mean value of serum uric acid shows 
a slight increase in VL patients than controls, there was no statistical significance between VL cases (5.16 ± 2.25 mg/dL) 
and healthy controls (4.87 ± 1.74 mg/dL) with p = 0.31. The mean value of serum urea was significantly lower in VL 
patients (23.11 ± 10.72 mg/dL) when compared to those of healthy controls (29.19 ± 9.32 mg/dL) with p < 0.001. 
Similarly, the mean value of eGFR was significantly lower in VL patients (90.95 ± 22.15 mg/dL) when compared to those 
of healthy controls (128.36 ± 21.06 mL/min) with p < 0.001 (Figure 1).

Comparison of Urea/Creatinine and Uric Acid/Creatinine Ratios Between VL Patients 
and Controls
Calculating the ratio of urea to creatinine and uric acid to creatinine levels is important to predict or indicate how well the kidneys 
function. The principle behind this ratio is the fact that both urea and creatinine are freely filtered by the glomerulus; however, urea 
reabsorbed by the tubules can be regulated, whereas creatinine reabsorption remains the same. The ratio of the mean values of 
serum urea to creatinine (urea/creatinine) was significantly lower in VL patients (26.3± 15.2) when compared to those of healthy 
controls (42.1± 14.5) with p < 0.001. Similarly, the serum uric acid to creatinine ratio was significantly lower in VL patients (5.8± 
2.94) when compared to those of healthy controls (7.04 ±2.75) with p<0.01 (Table 3).

Comparison of Renal Function Tests Between VL Cases with a Duration of Illness
Of a total of 100 patients having visceral leishmaniasis, 51% of them had a duration of illness of more than 4 weeks. The mean 
value of serum creatinine was significantly higher in VL patients with a duration of illness of more than 4 weeks (1.05 ± 0.23 mg/ 
dL) when compared to those of VL patients with a duration of illness less than 4 weeks (0.82 ± 0.16 mg/dL) with p < 0.001.

Table 2 (Continued). 

Sociodemography VL Cases 
(n=100)

Control Groups 
(n=100)

p-value

Merchant (%) 12 25

Daily labor (%) 33 22

Residence

Urban (%) 11 13

Rural (%) 89 87
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The mean value of eGFR was significantly lower in VL patients with a duration of illness of more than 4 weeks (79.35 
± 17.3 mg/dL) when compared to those of VL patients with a duration of illness 0–4 weeks (103.04 ± 20.21 mg/dL) with 
p < 0.001. Urea and uric acid levels were not shown any significant difference with the duration of the illness.

Other Factors and Renal Function Test Results of VL Cases
Among visceral leishmaniasis patients, there was a statistically significant positive correlation between serum creatinine 
level and duration of illness (rs = 0.52, p < 0.001). On the other hand, the eGFR level showed a statistically significant 

Table 3 Comparison of Urea/Creatinine and Uric Acid/Creatinine Ratios Between VL Cases (n = 100) 
and Controls (n = 100)

Parameters Mean ±SD of Controls Mean± SD of Cases p-value

Urea/creatinine ratio 42.1± 14.5 26.3± 15.2 0.001

Uric acid/creatine ratio 7.04 ±2.75 5.8± 2.94 0.002

Figure 1 The amount of creatinine, uric acid, urea and eGFR of VL patients (n=100) compared to healthy controls (n=100). The double asterisks (**) indicates p<0.001. 
Abbreviations: RFC, renal function test for control; RFK, renal function test for kala-azar.
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inverse association with the duration of illness (rs = −0.58, p < 0.001) in VL patients. Correlation analyses also showed 
that there was a significant negative association between age and serum urea (rs = −0.21* p < 0.05).

However, other factors or patients’ history such as sex, age, educational level, residence, and BMI were not shown 
any significant correlation with renal function tests of VL cases as shown in Table 4.

Discussion
The present study evaluates the effect of visceral leishmaniasis on renal injury profiles (serum creatinine, uric acid, urea, 
and eGFR) between VL patients and healthy controls. These parameters have been used as the most indicators for renal 
damage.16,23 Our study showed that, while the mean value of serum creatinine was found significantly higher in VL 
patients, serum urea and eGFR were found significantly lower in VL patients, when compared to the healthy controls. 
However, the mean value of serum uric acid was not shown any statistical significance.

Our finding revealed that the mean serum creatinine level which was found significant increase in VL patients 
compared to healthy controls is in corroboration with the previous studies conducted on renal function profile among VL 
cases, and reported AKI and progressive glomerulonephritis found an increase in serum creatinine level.24–26 This may 
be attributed to the level of immune complex deposition, T cells and adhesion molecule activation during the inflam-
matory processes observed in active VL disease resulting in renal dysfunction.27,28 The production of reactive oxygen 
species (ROSs) from the activated macrophage may also contribute to the alterations of renal function.28,29 The disease 
itself and the hemodynamic disturbs in the context of the disease (anaemia, hypotension, hypoalbuminemia) can be 
involved in renal damage.25 In contrast, Lima et al reported that serum creatinine levels did not show any significant 
difference between VL cases and controls.23 This difference may be attributed to disease progression, diet effect, 
temperature, diurnal variation and sample size.

The mean serum urea level was significantly lower in VL cases compared to the healthy controls. This finding is in 
agreement with a study conducted in Brazil.23 The decrease in urea level may be attributed to the low protein intake and 

Table 4 Correlation Analysis Between Other Factors and Renal Function Test Result of VL Cases (n = 100)

Factors

Age Sex Marital 
Status

Educational 
Status

Residence Occupational 
Status

Duration 
of Illness

Creatinine rs −0.12 −0.06 −0.13 0.19 0.08 0.25 0.52

p value 0.23 0.55 0.2 0.06 0.44 0.01 0.001

Urea rs −0.21* 0.15 −0.23* −0.01 0.09 −0.26** 0.08

p value 0.03 0.13 0.02 0.99 0.93 0.01 0.44

Uric acid rs −0.098 0.03 −0.095 −0.05 −0.02 0.03 0.03

p value 0.33 0.75 0.34 0.64 0.81 0.76 0.78

eGFR rs 0.15 0.03 0.21* −0.018 0.07 −0.15 −0.58**

p value 0.14 0.78 0.04 0.08 0.46 0.13 0.001

Urea/Creatinine rs 0.03 0.2 −0.12 0.12 −0.03 −0.35** −0.12

p value 0.8 0.06 0.23 0.3 0.76 0.001 0.08

Uric acid/Creatinine rs 0.08 0.04 −0.05 −0.01 −0.12 −0.05 −0.2

p value 0.4 0.7 0.6 0.9 0.2 0.6 0.02

Notes: rs = Spearman’s rho correlation coefficient, where rs = 0.00–0.10: negligible correlation; rs = 0.10–0.39: weak correlation; rs = 0.40–0.69: moderate correlation; rs = 0.70– 
0.89: strong correlation; and rs = 0.90–1.00: very strong correlation. (p-value)**- indicates correlation is significance at 0.01 level (2-tailed). A negative sign indicates as the values of 
variable 1 increase while the values of variable 2 decreases. A positive sign indicates that the values of variable 1 increase while the values of variable 2 increase (Schober et al 2018).
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reduced production in the liver due to VL infection. VL causes morphological and functional disturbance in the liver and 
the dysfunction may be caused directly by the protozoa itself or indirectly by the effect related to the immune response of 
the parasite.30 However, the present study is not incongruous with studies conducted by Efstratiadis et al and Alcântara 
et al, which reported a high level of serum urea for VL patients.24,27 The difference may be attributed to the duration of 
dehydration (with an environmental difference), diet and severity of infection.31

Even though 15% of VL cases showed an increase in uric acid, there was no statistically significant difference in the 
mean uric acid levels between VL cases and healthy controls. In contrast, the study conducted in Brazil reported 
decreased uric acid levels in VL patients.32,33 This difference may be due to genetic variabilities, diet effects, tempera-
tures, and diurnal variation.

Approximately half of the patients with kala-azar were found decreased eGFR. The mean value of eGFR was 
significantly lower in VL cases than in healthy controls. In contrast, another study in which the level of eGFR did not 
show any significant difference between VL cases and controls.23 This difference may be attributed to extrarenal fluid 
losses (diarrhoea, vomiting, and sweating) in patients with kala-azar, disease progression, and means of estimating 
glomerular filtration rate.

The urea-to-creatinine ratio is one of the common laboratory tests used to distinguish between pre-renal and acute 
tubular necrosis.34 High serum urea to creatinine ratio (UCR) is associated with pre-renal injury. The hemodynamic 
instability which leads to reduced GFR accounts for pre-renal injury.35 In our study, we found that the ratio of serum urea 
to creatinine and serum uric acid to creatinine was decreased in VL cases when compared to controls. A low urea-to- 
creatinine ratio suggests protein malnutrition and reduced urea synthesis as in advanced liver disease.35 However, 
different studies showed that the urea-to-creatinine ratio (UCR) was not a reliable parameter to distinguish prerenal 
acute kidney injury from other forms of acute kidney injury.36,37 Extrarenal factors can affect the blood levels of these 
two markers. Serum uric acid to creatinine ratio might be a better predictor of incident chronic kidney disease than serum 
UA alone.38 According to our study, the mean value of serum uric acid to creatinine ratio is significantly lower in VL 
cases when compared to controls. This may be attributed to the significantly elevated mean serum creatinine level of VL 
patients, but the uric acid level did not show any significant difference. Besides, factors such as diet, genetic variance, 
and underlying medical conditions can also affect the blood level of these two markers.

We have also assessed the association between the duration of illness and renal function test results of VL patients. 
This study revealed that the duration of illness had a moderate positive correlation with serum creatinine (rs = 0.52; p < 
0.05) in VL patients. Serum creatinine was found elevated in patients with more than 4 weeks of the duration of illness. 
This is in concordant with the previous study conducted by Silva Junior et al.3 They reported that serum creatinine was 
found to increase in patients with a longer time between symptom onset and hospital admission. Correlation analysis also 
showed that there was a significant moderate negative association between the duration of illness and eGFR level (rs = 
−0.58; p < 0.05). VL patients with more than 4 weeks of illness were found to decrease in eGFR compared to those with 
less than 4 weeks of illness. This may be attributed to the disease progresses; the occurrence of glomerulonephritis is 
inevitable resulting in decreased eGFR.39–41

Our study also went through assessing the association between patients’ history (age, gender, education, marital 
status, and occupation) and the renal function test results of VL patients and found that the levels of serum creatinine 
have no significant association with gender and age. This finding is not in agreement with the study conducted in 
Australia, in which the serum creatinine concentration increased steadily with age.42 Similarly, eGFR was not shown 
a significant association with gender and age. This finding is not in agreement with the study conducted in Brazil and 
London. Both reports were shown that the level of GFR declined with age and the decrease in eGFR is less pronounced 
in males as they were getting aged.43–45 Correlation analysis also showed that age had a weak correlation with serum urea 
(rs = −0.21* p < 0.05). These results are in trajectory with a study done by Musch et al and Seki et al. Both researchers 
reported a direct correlation between age and urea.46,47 This discordant may be attributed to genetic variabilities, 
environmental factors (temperature, altitude and climatic changes), lifestyle (smoking, physical activities, and diet), 
and hormonal effects.

We believe our study answered important questions about whether renal markers are significantly altered in VL 
patients. Despite that, our study has a limitation: viz., different tests like electrolyte, protein, albumin and endocrine tests 
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were not done due to resource constraints; literature for this area study was limited to construct discussions at intended; 
and the study is only cross-sectional.

Conclusion
Visceral leishmaniasis (kala-azar) patients showed quite significant alterations in renal function profiles when compared 
to healthy controls. This may indicate that VL is the determinant factor for developing kidney dysfunction. Further 
investigation is required and will not be a layaway task for researchers, particularly in this field of study and the scientific 
community.
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