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Background: Visceral leishmaniasis (VL) remains a major public health challenge
in East Africa, particularly in Ethiopia, where poor treatment outcomes contribute
to high mortality rates in resource-limited settings. This study aimed to evaluate
treatment outcomes and to identify factors associated with these outcomes
among pediatric patients with VL at the University of Gondar Comprehensive
Specialized Hospital.

Methods: A retrospective study was conducted among pediatric patients with VL
admitted to the pediatric hospital ward between September 2013 and August
2019. Patient records were reviewed to collect data on demographics, clinical
presentations, treatment regimens, and outcomes. Data were entered into Epi-
Info version 7.2 and subsequently analyzed using SPSS version 20. Logistic
regression was employed to identify factors associated with treatment
outcomes, with a statistical significance threshold set at p< 0.05.

Results: Of the 222 pediatric admissions for VL, 200 complete records were
included in the analysis. A clinical cure was achieved in 77.5% of patients. Poor
treatment outcomes were observed in 22.5% of cases, which included a partial
response in 15%, death in 5%, and relapse in 2.5%. Children under 5 years of age
had an 80% lower likelihood of clinical cure compared to those aged 11-15 years
(AOR 0.2; 95% CI: 0.04-0.6). Additionally, patients from rural areas exhibited a
cure rate four times higher than their urban counterparts (AOR, 4; 95% CI: 2—-11).
Those hospitalized for 11-20 days had a four-fold increased chance of cure
compared to those hospitalized for more than 21 days (AOR, 4; 95% Cl: 1-16).
Immunocompetent children were three times more likely to be cured than
immunocompromised children (AOR, 3; 95% Cl: 1-9). Furthermore, adherence
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to international treatment guidelines correlated with a 26-fold increase in cure
rates compared to local guidelines (AOR, 26; 95% Cl: 8-82).

Conclusion: The findings indicate a high rate of clinical cure among pediatric
patients with VL, underscoring the importance of understanding the factors that
influence treatment success. Targeted healthcare interventions addressing these
determinants may enhance cure rates and improve the overall management of
pediatric patients with VL.

visceral leishmaniasis, treatment outcomes, pediatrics, clinical features,

Gondar, Ethiopia

1 Introduction

Visceral leishmaniasis (VL) is a neglected tropical disease
caused by protozoan parasites of the Leishmania donovani
complex, transmitted through the bite of infected female sandflies
of the genera Phlebotomus (Old World) and Lutzomyia (New
World) (1). VL is endemic in over 98 countries and territories,
predominantly affecting developing regions, including 72
developing countries and 13 least developed countries (2). VL is
particularly deadly if undiagnosed and untreated, and it
disproportionately affects impoverished communities in regions
such as India, Brazil, and East Africa (3). Globally, over 90% of
VL cases occur in six countries, including Ethiopia, which accounts
for an estimated 4,500 to 5,000 cases annually and places over 3.2
million people at risk (4-6). VL can be classified as anthroponotic
visceral leishmaniasis (AVL) or zoonotic visceral leishmaniasis
(ZVL), which is transmitted between humans via vector carriers.
It is primarily caused by L. donovani throughout East Africa and the
Middle East, particularly Sudan, Somalia, Yemen, and Saudi Arabia
[3]. Children under 15 account for approximately 65% of VL cases
in East Africa, highlighting the vulnerability of this age group (7).
The disease primarily affects impoverished populations in Africa,
Asia, and Latin America due to factors such as malnutrition,
population displacement, poor housing, weak immune systems,
and lack of resources (8). In endemic areas like Ethiopia, the
migration of non-immune workers into these regions further
contributes to the epidemiology of VL (9, 10). VL and
malnutrition share a bidirectional relationship; high nutritional
status favors disease alleviation, while malnourished people are at
the highest risk of contracting VL and undergoing early
vascularization (11-14). Furthermore, HIV infection increases the
risk of developing visceral leishmaniasis (VL) by a factor of 100 to
2,320 in endemic areas (15). It also reduces the likelihood of
successful treatment outcomes and greatly increases the risk of
relapse (16). Ethiopia has the highest number of VL cases in sub-
Saharan Africa, followed by Sudan, with over 2,000-4,500 VL cases
recorded annually. More than 85% of the cases were from the
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Ambhara and Tigray regions. It was found to be far more devastating
in Northern Ethiopia, especially in the districts of Libokemkem,
Metema, and Humera (17, 18). In Northwest Ethiopia, the pooled
prevalence of HIV infection among individuals with VL was
reported to be 20.88% (19). This comorbidity leads to delayed
diagnosis and is often accompanied by notable biochemical
abnormalities, such as elevated serum AST, ALT, total bilirubin,
albumin, and total protein levels, which significantly disrupt liver
function and contribute to disease complications (20). Adding to
these challenges is the problem of growing drug resistance, which
negatively affects VL treatment in pediatric patients and may result
in severe complications or even death (9, 21, 22).

According to the 2016 guidelines of the Infectious Diseases
Society of America (IDSA), first-line treatments for VL include
liposomal amphotericin B (L-Amb), pentavalent antimonials such
as sodium stibogluconate (SSG) and meglumine antimoniate (MA),
and miltefosine. Second-line agents include amphotericin-B
deoxycholate and paromomycin (PM). Additionally, in some
cases, combination therapies such as L-Amb with miltefosine may
enhance therapeutic effectiveness (23). The World Health
Organization (WHO) has recommended SSG plus PM as the
first-line treatment for VL in East Africa since 2010. These
treatment guidelines also specified that first-line regimens for
primary VL consist of SSG and PM, SSG or MA (monotherapy),
and L-Amb, while the second-line treatment for primary VL
consists of L-Amb, PM, and Miltefosine (24, 25). L-Amb is often
the preferred treatment for immunocompromised patients;
however, its use is limited by cost and the need for inpatient
administration (23, 26-29). Combination therapies such as SSG
and PM are being explored to improve efficacy and reduce drug
resistance (23, 27, 30). Despite the burden of VL, particularly
among children, there is limited information regarding treatment
outcomes such as cure rates, partial responses, mortality, and
relapse, especially in the context of long-term follow-up (31-33).
Addressing this gap could improve our understanding of how
different variables impact treatment efficacy and patient
prognosis. Ultimately, these findings may guide healthcare
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providers in optimizing treatment protocols and enhancing overall
patient care, thereby reducing morbidity and mortality associated
with VL in pediatric patients.

2 Materials and methods
2.1 Study design, period, and area

A retrospective analysis was conducted on pediatric patients
with VL admitted to the University of Gondar Comprehensive
Specialized Hospital (UOGCSH) pediatric ward from 2013 to 2019.
UOGCSH is a government referral hospital that serves a population
of over 5 million and is equipped with specialized wards, including a
pediatric intensive care unit, and provides inpatient treatment to
pediatric patients with VL. The Leishmaniasis Research and
Treatment Center (LRTC), established in 2004 by the Drugs for
Neglected Diseases Initiative (DNDI), is integral to the diagnosis
and treatment of VL. The center has 24 inpatient beds and treats
over 300 patients with VL annually, utilizing diagnostic methods
such as microscopy, dried direct agglutination test, polymerase
chain reaction, culture, and the rk39 immunochromatographic
test. In this study, VL diagnosis was confirmed through
specific tests, emphasizing the importance of understanding
whether all patients had parasitological confirmations or if

10.3389/fitd.2025.1566971

alternative criteria were used. Accurate records of diagnostic
results were maintained through both computer systems and
manual logbooks, which were crucial for assessing treatment
outcomes (24, 32) (Figure 1).

2.2 Study population

All pediatric patients (<15 years) diagnosed with VL at the
UOGCSH between September 2013 and August 2019.
2.3 Inclusion criteria

All pediatric patients aged 15 years or younger who were
diagnosed with VL and admitted to the pediatric ward of
UOGCSH between September 2013 and August 2019 were
included in the study.
2.4 Exclusion criteria

Patients with incomplete or ambiguous sociodemographic data

or unclear treatment outcomes (e.g., cure or failure) were excluded
from the study.
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FIGURE 1
Map of the study area in North Gondar, Amhara Region, Ethiopia.
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2.5 Sample size determination and
sampling techniques

The sample size was calculated by using a single population
proportion formula i.e.

n = (ZAa/2)’P(1 - p)q
d2

Where n= the required sample size for the study.

D’= the margin of tolerable sampling error, which is 0.05.

Z = confidence interval, the most common one is 1.96 for 95%.

p= proportion of prevalence of treatment outcome, which was
unknown in Ethiopia, so 50% was used.

q = 1-p, whichis1 - 0.5 = 0.5
n=(1.96)*(0.5 x 0.5) =384
(0.05)%
Given that the total population of pediatric patients with VL
was limited, the sample size was adjusted using the finite population
correction formula to gain the minimum sample size.

B 384
T 1+ (384 +222))
n = 141

2.6 Operational definitions

Our operational definitions were based on the IDSA/ASTMH
and WHO Guidelines (23, 24).

Clinical Cure: The absence of clinical features of VL after
completing the full course of the recommended treatment,
confirmed by clinical assessment or negative parasitological test.
Parasitological confirmation was through both microscopic and
serological diagnostic methods, specifically using the rK39 test and
spleen biopsy.

Treatment Failure: Defined as partial response, relapse, death,
or documented nonadherence during the initial course of
VL treatment.

Partial response: Failure to fully resolve clinical signs despite
receiving antileishmanial treatment, including incomplete
therapeutic adherence.

Non-adherence to treatment: This refers to a patient’s failure
to follow the prescribed treatment plan, including medications,
lifestyle changes, or other recommendations from a
healthcare provider.

Relapse: This refers to the reappearance of VL signs and
symptoms after the initial clinical improvement and discharge,
requiring readmission (27).

Nutritional status: Pediatrics categorized as well-nourished,
mildly malnourished, or severely malnourished based on
clinical assessment.

Immunity status: Pediatric patients with documented
diagnoses of HIV, Tuberculosis, malnutrition, cancer, malaria,
pneumonia, or sepsis.
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Intravenous (IV) injections: Administration of drug to
pediatric patients either by using IV fluids such as normal saline
0.9%, dextrose 5% in water, or Intramuscular injections once daily.

Treatment Guideline adherence: Adherence to either the 2016
clinical practice guidelines from the IDSA (23) or the WHO guideline
for the management of VL, established in 2013 (24). The 2016 IDSA
guidelines recommend treating VL with L-Amb at 3-5 mg/kg for 5-7
days. In contrast, the 2013 WHO guidelines suggest either a
combination of SSG at 20 mg/kg and PM at 15 mg/kg daily for 21
days, or SSG alone at the same dosage for the same duration. These
differences highlight the importance of following evidence-based
international protocols for improved treatment outcomes.

2.7 Study variables

2.7.1 Dependent variables

Treatment outcome (cure or failure)

2.7.2 Independent variables

Age, sex, residence, comorbidities, history of hospitalization,
time elapsed before diagnosis, antileishmanial treatment regimen,
nutritional status, immunity status, adherence to guidelines, and
methods of drug administration

2.8 Sampling procedure

Data on VL treatment outcomes from 2013 to 2019 were
compiled from the pediatric ward of the UOGCSH. A chart
review was conducted to gather information on patients
diagnosed with VL during this period. Laboratory personnel or
physicians confirmed positive cases using both microscopic and
serological diagnostic methods, based on the patients’ signs and
symptoms. The collected data included patient demographics such
as age, sex, year of examination, and residency, as well as clinical
information including blood film results, serological results,
comorbid conditions, history of hospitalization, time elapsed
prior to diagnosis, antileishmanial treatment received, immunity
status, adherence to treatment guidelines, methods of drug
administration, and treatment outcomes (cure or failure). Records
with incomplete or ambiguous sociodemographic information or
treatment outcomes were excluded from the analysis. A total of 222
patient charts were initially reviewed; however, 22 were excluded
due to noncompliance with the inclusion criteria or loss to follow-
up (Figure 2).

2.9 Data collection, quality control, and
analysis

Data were obtained from a specialized VL database that was
regularly updated and monitored. The study was conducted within
a DNDi setting, where the staff had extensive experience in
managing VL cases. Patient charts and laboratory records were
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Identification 222 chart numbers from log book of pediatric ward and LRTC
.| Records excluded because of
lost follow-up (n=20)
v
Records screened 202 chart number remain
was after removing lost
2 of these were excluded
due to incomplete records
Included Full text records assessed for eligibility
200 charts include in the final analysis
FIGURE 2

Sampling procedure and sampling technique in pediatric ward at Compressive Specialized Hospital, University of Gondar from September 2013 to

August 2019.

collected using a meticulously designed checklist that was
specifically created for this data collection process. To ensure data
quality, the data collection instrument was preliminarily reviewed
by one of the co-authors, and the collected data were checked for
completeness, accuracy, and clarity before analysis. Data were
entered into Epi-info version 7.2 and exported to SPSS version 20
for cleaning, editing, and analysis. Any logical and consistent errors
identified during data entry were corrected after revising the
completed questionnaires. Descriptive statistics (frequency,
percentage, mean, and range) are used to present the data and
evaluate VL treatment outcomes. A chi-square test was conducted
to examine the association between VL treatment outcomes and
variables such as sex, age, year of diagnosis, comorbid conditions,
and hospitalization history. A statistically significant association
was set at a P value 0f<0.05, at a 95% confidence interval. All
variables that were valid in the assumption of the chi-square test
were analyzed using both bivariable and multivariable logistic
regression to assess the association between treatment outcomes
and explanatory variables. Factors with a p-value <0.2 were selected
as candidates for the multivariable model. In the multivariable
regression, a p-value<0.05 was considered statistically significant.
The model’s goodness of fit was evaluated using the Homer-
Lemeshow test, which was checked before performing any
statistical analyses (P = 0.266). The results are presented as tables,
figures, and text, using frequencies and summary statistics to
describe the study population in relation to the relevant variables.

2.10 Ethical considerations

Ethical approval was obtained from the Research and Ethics
Review Committee of the School of Pharmacy at the University of
Gondar (Reference Number: SOPS/023; Date: March 16, 2019). A
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permission letter was obtained from the pediatric ward of
UOGCSH, Ethiopia. Given that this was a retrospective cohort
study involving no direct contact with patients or interventions
requiring written consent, and since there was no anticipated risk to
participants, a waiver of informed consent was granted.

3 Results

3.1 Demographic characteristics of
pediatric VL patients

Of the 222 pediatric patients admitted to the hospital pediatric
ward with a diagnosis of VL, 20 medical records were missing and
two were incomplete. Therefore, a total of 200 patient records was
included in the final analysis. These patients received one of three
antileishmanial treatments: L-Amb, SSG + PM, or SSG
monotherapy. More than two-thirds of the patients were male
(67.5%). Ages ranged from 1 month to 15 years, with a mean (£
SD) age of 8.81 (£ 3.984). The majority of the study participants
were residents in rural areas (81.5%). Nearly half of the patients
were included in the 6-10 year age group (47.5%) (Table 1).

3.2 Clinical history and co-infection of
pediatric VL patients

Most of the pediatric patients were immunocompetent (72%).
The time interval between symptom onset and diagnosis ranged
from 18 to 36.5 days. The median duration of hospitalization was
11.5 to 43.5 days. Malaria (49%) and pneumonia (39%) were the
most common co-infections. Less frequent co-infections included
sepsis and HIV, both occurring in 2.2% of patients (Table 2).
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TABLE 1 Sociodemographic characteristics of pediatric VL patients in a
pediatric ward at the University of Gondar Comprehensive Specialized
Hospital, from September 2013 to August 2019 (n=200).

Variables Frequency Percentage (%)
n=200
Sex Male 135 67.5%
Female 65 32.5%
Residency Rural 163 81.5%
Urban 37 18.5%
Age <5 years 40 20.0%
6-10 years 95 47.5%
11-15 years 65 32.5%

3.3 Medication use and administration of
pediatric VL patients

Patients admitted to the pediatric ward received the following
antileishmanial medications: L-Amb (77.5%), SSG + PM (19%), and
SSG alone (3.5%). Most patients received treatment for 6

10.3389/fitd.2025.1566971

consecutive days (77.5%). Intravenous administration using 5%
dextrose in water was the predominant route (51.5%). Most
patients were treated according to the IDSA guidelines (79%).
The most frequently prescribed antibiotics were ceftriaxone (38%)
and ceftazidime plus vancomycin (10.5%) (Table 3).

3.4 Medication use and treatment outcome
of pediatric VL patients

Of the total treatment results, 155 cases (77.5%) achieved a clinical
cure, while 22.5% experienced treatment failure. This finding suggests
that a significant proportion of patients did not respond effectively to
treatment. Among those that experienced treatment failures, relapses
accounted for 2.5%, partial responses for 15%, and the mortality rate
was 5%, which was particularly alarming. Among the 200 pediatric
patients, the majority received L-Amb, with 135 (87.7%) of them
achieving clinical cure. In contrast, most patients treated with SSG
+PM and SSG alone were in the treatment failure group, five patients
(13.2%) and 15 patients (214.3%), respectively. The number of deaths
recorded was eight (5.16%) in the L-Amb group and two (5.26%) in
the SSG+PM group (Table 4).

TABLE 2 Clinical history and co-infection of pediatric VL patients at the University of Gondar Comprehensive Specialized Hospital, from September

2013 to August 2019 (n=200).

Variables Frequency n=200 Percentage (%)
Immunity status Immunocompromised 56 28.0%
Immunocompetent 144 72.0%
Time elapsed 7-14 days 59 29.5%
before Dx*
15-30 days 115 57.5%
>31 days 26 13.0%
Hospitalization < 10 days 73 36.5%
10-20 days 111 55.5%
>21 days 16 8.0%
Co-infection Malaria No 102 51.0%
Yes 98 49.0%
Pneumonia No 122 61.0%
Yes 78 39.0%
Tuberculosis No 195 97.5%%
Yes 5 2.5%
Sepsis No 195 97.5%
Yes 4 2.5%
HIV No 196 98.0%
Yes 4 2.0%
Other Co-infections** No 159 79.5%
Yes 41 20.5%

**Others Co-infections: urinary tract infection ear infection viral infection; *Dx, diagnosis.
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TABLE 3 Medication use and administration in pediatric VL patients at
the University of Gondar Comprehensive Specialized Hospital, from
September 2013 to August 2019 (n=200).

3.5 Overall treatment outcome and annual
trend of pediatric visceral leishmaniasis
patients

Variable Frequency

n=200

Percentage (%)

In a seven-year period from 2013 to 2019, 200 pediatric patients

Antileishmaniasis | L-Amb 155 77.5% with VL were treated at the UOGCSH. Annual variations in cure
drug rates were observed. The clinical cure ranged from 3.2% in 2019 (25
SSG+PM 38 19% ) ) o -
cases) to 20.6% in 2018 (33 cases), with a statistically significant
85G 7 3.5% variation between years (P< 0.000) (Table 5).
Drug duration 6 days 155 77.5%
of administration
17 days 38 19% . . .
3.6 Risk factors associated with treatment
30 days 7 3.5% outcomes in pediatric visceral
Drug Methods | IV with 52 26.0% leishmaniasis patients
of administration 0.9%NS
IV with DSW | 103 51.5% Variables including sex;, age, residency, jaundice, lymphadenopathy,
malaria, hospitalization, methods of drug administration, immunity
IM once daily | 45 22.5% o . )
status, and adherence to treatment guidelines were included in both
Treatment Clinical cure | 155 77.5% bivariate and multivariate binary logistic regression analyses. These
outcome Relapse 5 2.5% variables showed p-values less than or equal to 0.25 in the bivariate
il 0 2o analysis and were then used for multivariable analysis. On multivariate
alure 0
analysis, age, residence, hospitalization, immunity status, and adherence
Adherence IDSA/ 158 79% to treatment guidelines were significantly associated with
by guideline guideline
treatment outcomes.
WHO/ 42 21% The odds of achieving a cure among pediatric patients with VL
guideline who were less than five years old decreased by 80% (AOR 0.2: 95%
Ampicillin 15 7.5% CI: 0.04-0.6) compared to pediatric patients with VL aged 11-15
+Gentamycin years. The odds of achieving a cure among pediatric patients with
Ceftriaxone 76 38% VL residing in rural areas were four times higher than those residing
Anti 5 5 500 in the urban areas (AOR 4: 95% CI 2-11). Pediatric patients with VL
- D/0
Other ATB use tuberculosis hospitalized for 11 to 20 days were four times more likely to be
cured compared to those hospitalized for more than 21 days (AOR,
Vancomycin 21 10.5% o L )
+Ceftazidime 4; 95% CI: 1-16). The odds of achieving a cure in
immunocompetent pediatric patients with VL were three times
Others ATB 83 41.5% . . . .
higher than those with VL who were immunocompromised (AOR

IDSA, Infectious Diseases Society of America 2016 Clinical Practice Guidelines; WHO/

Guideline, World Health Organization Guideline for the Management of Visceral
Leishmaniasis; established in 2013; ATB antibiotic; IV, Intravascular; IM, Intramuscular;
NS normal Saline; D5W, 5% dextrose in normal saline; SSG, Sodium Stibogluconate; L-Amb,
Liposomal amphotericin B; PM, Paromomycin Others ATB, Cotrimoxazole; Cloxacillin;
Cephalexin; and Amoxicillin; no antibiotic use; and blood transfusion.

3: 95% CI: 1.1-9). Patients treated according to international
guidelines had 26 times higher odds of achieving a cure (AOR 26,
95% CI: 8-82) compared with pediatric patients with VL who were
managed using local guidelines (Table 6).

TABLE 4 Overall initial treatment outcomes of Antileishmania medication among pediatric VL Patients at the University of Gondar Comprehensive
Specialized Hospital, from September 2013 to August 2019 (n=200).

Treatment End of treatment clinical outcome (n=200)

Outcome . .
Antimonials

(SSG) (n=7)

Liposomal amphotericin B
(L-Amb) (n=155)

Antimonials (SSG) + Paromomycin
(PM) (n=38)

Clinical Cure 135 (87.1%) 2 (28.6%) 18 (47.4%)
Relapse 2 (1.2%) 0 (0.0%) 3 (7.9%)
Partial response 10 (6.4%) 5 (71.4%) 15 (39.5%)
Death 8 (5.16%) 0 (0.0%) 2 (5.26%)
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TABLE 5 Overall treatment outcome and annual trend of among pediatric VL Patients at the University of Gondar Comprehensive Specialized
Hospital, from September 2013 to August 2019 (n=200).

Overall treatment outcome (n=200)

Clinical cure Relapse (n=>5) Partial response Death (n=10) P value
(n=155) (QEX]0)]

2013 (n=27) 22 (14.2%) 1(20.0%) 2 (6.7%) 2 (20.0%)

2014 (n=33) 20 (12.9%) 0 (0.0%) 7 (23.3%) 6 (60.0%)

2015 (n=28) 27 (17.4%) 1 (20.0%) 0 (0.0%) 0 (0.0%)

2016 (n=29) 25 (16.1%) 1 (20.0%) 1 (3.3%) 2 (20.0%)

2017 (n=25) 24 (15.5%) 0 (0.0%) 1 (3.3%) 0 (0.0%)

2018 (n=33) 32 (20.6%) 0 (0.0%) 1(3.3%) 0 (0.0%)

2019 (n=25) 5 (3.2%) 2 (40.0%) 18 (60.0%) 0 (0.0%) P<0.000

NB, Explanation for partial response in 2019: patient demographics (age, sex, underlying health conditions), severity of disease at baseline, type of treatment received, duration of treatment, and
presence of coinfections.

TABLE 6 Bivariate and multivariable logistic regression analysis of factors associated with treatment outcome of pediatric VL patients at the University
of Gondar Comprehensive Specialized Hospital, from September 2013 to August 2019 (n=200).

Variables Clinical cure Failure Crude odds ratio Adjusted odds ratio
n=155 (%) n= 45 (%) (95% ClI) (95%Cl)
Sex Female 43 (27.7%) 22 (48.9%) 0.4 (0.2-0.8)* 0.8 (0.3-2)
Age
Male<5 years 112 (72.3%) 23 (51.1%) 1 1
26 (16.8%) 14 (31.1%) 0.3 (0.1-0.7)** 0.2 (0.04-0.6)*
6-10 years 72 (46.5%) 23 (51.1%) 0.4 (0.2-1) 0.8 (0.3-2.5)
11-15 years 57 (36.8%) 8 (17.8%) 1 1
Residency Rural 135 (87.1%) 28 (28%) 4 (2 -9y 4 (2-11)%
Urban 20 (12.9%) 17 (37.8%) 1 1
Signs Jaundice = No 74 (47.7%) 33 (73.3%) 0.3 (0.2 -0.7)* 1.9 (0.5-8)
and symptoms
Yes 81 (52.3%) 12 (26.7%) 1 1
LAP No 75 (48.4%) 32 (71.1%) 0.4 (0.2-0.8)* 0.3 (0.1-1.5)
Yes 80 (51.6%) 13 (28.9) 1 1
Co-infection Malaria  No 75 (48.4%) 27 (60%) 0.6 (0.3-1.2)* 0.7 (0.3-2)
Yes 80 (51.6%) 18 (40%) 1 1
Immunity Competent 122 (78.7%) 22 (48.9%) 4 (2-8) % 3 (1.1-9)*
Compromised 33 (21.3%) 23 (51.1%) 1 1
Hospitalization <10 days 59 (38.1%) 14 (31.1%) 3.3 (1-10)* 1(0.3-5)
11-20 days 87 (56.1%) 24 (53.3%) 2.8 (0.9-8)** 4 (1-16)*
>21 days 9 (5.8%) 7 (15.6%) 1 1
DMA IM once daily 20 (12.9%) 25 (55.6%) 0.1 (0.1-0.3)***
IV with D5W 88 (56.8%) 15 (33.3%) 0.6 (0.2-2) 0.8 (0.2-3)
IV with NS 0.9 47 (30.3%) 5 (11.1%) 1 1
GA IDSA/guideline 138 (89%) 20 (44.4%) 10 (5-22)*** 26 (8-82)***
WHO/guideline 17 (11%) 25 (55.6%) 1 1

Homer-Lemeshow test; 0.266. *p value<0.05, **p value< 0.01, ***p value< 0.001.
COR, crude odds ratio; AOR, adjusted odds ratio; LAP, lymphadenopathy; GA, guideline adherence; DMA, drug method of administration; IV, intra vascular; IM, intra muscular, NS normal
Saline, D5W, 5% dextrose in normal saline; IDSA, Infectious Diseases Society of America; WHO, World Health Organization.
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4 Discussion

This study presents the first published data on VL among
pediatric patients in Gondar, located in Northwest Ethiopia, a
region with a population of approximately 5 million. Rapid
urbanization and human migration are well-documented risk
factors that contribute to the spread of the disease. Northwest
Ethiopia shares borders with Sudan and Eritrea and is characterized
by widespread poverty, a high proportion of nomadic people, and
refugees. These factors contribute to the prevalence of VL observed
in this region.

To better understand the treatment outcomes in this vulnerable
population, a retrospective cohort study was conducted using medical
records of pediatric patients with VL who received treatment with L-
Amb, SSG, and PM for durations of 6, 17, and 30 days, respectively.
Previous review studies have shown that multiple doses of L-Amb can
achieve treatment success rates of 96.7% at the end of therapy and
between 71% and 100% at the six-month follow-up. Meanwhile, the
combination of SSG with PM achieved success rates of up to 90.1%
upon completion of treatment. Various studies have assessed the
efficacy and safety of these combination therapies within routine
clinical settings in Ethiopia (33).

In this study, 155 out of 200 pediatric patients with VL (77.5%)
achieved clinical cure. However, a failure rate of 22.5% was
observed, which included 2.5% relapses, 15% partial responses,
and 5% mortality rates. This high rate of treatment failure
emphasizes the severity of VL in pediatric populations and the
need for improved treatment strategies to reduce these
adverse outcomes.

The overall clinical cure rate in this study was 77.5% (95% CI:
72.5-83.5), indicating that the treatment protocols employed were
effective for most pediatric patients with VL. This finding is
consistent with the 82.6% clinical cure rate reported in a
systematic review and meta-analysis conducted among the
general population in northwest Ethiopia (33). This similarity
suggests that the current treatment outcome in the pediatric and
general population may have comparable efficacy.

In this study, we observed clinical cure rates of 87% for patients
treated with L-AMB, 47% for those treated with SSG combined with
PM, and 28% for those treated with SSG alone. These outcomes are
lower than those reported in previous studies, which include 86% in
Sudan (34), 98.8% in Albania (35), 100% in Spain (36), 88% in the
Northeast of Brazil (37), 93% in eastern Sudan (38), 95.8% in Nepal
(39), 94.7% in southeastern Ethiopia (40), and 98.3% in Northwest
Ethiopia (32). Variations in study populations, clinical settings, and
treatment regimens may contribute to differing treatment
outcomes. There is a critical need for further drug development
and clinical trials in East Africa to identify a more effective first-line
treatment for VL other than SSG/PM, comparable to the success
achieved in South Asia with single-dose L-Amb (41). However, in
East Africa, single or low cumulative doses of L-Amb have
demonstrated limited efficacy. Additionally, disparities in health
outcomes are likely influenced by the socioeconomic status of
families, which may contribute to longer hospital stays and an
increased risk of nosocomial infections in young children.
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The 22.5% treatment failure rate observed in this study indicates
that a considerable number of pediatric patients do not respond
effectively to treatment. This finding is consistent with findings from a
study carried out in a general population in Northwest Ethiopia (42).
Notably, this study showed that the prevalence of partial response was
15%, which is higher than the reported rates of 1.6% in Northwest
Ethiopia (32), 5.7% in Northwest Ethiopia (43), and 3% in Northwest
Ethiopia (42). The elevated rate of partial response among pediatric
patients in this study may have significant socioeconomic
implications, including increased cost of hospitalization and
prolonged recovery time. Several factors may contribute to these
differences, including variations in study design, drug resistant
patterns, parasite virulence, poor adherence to medication,
nutritional status, and immune competence of pediatric patients (43).

In terms of mortality, our findings reveals a death rate of 5%,
which is comparatively similar to the 4% reported in two studies
conducted in Brazil (44) and 3.7% in Uganda (45). However, it
exceeds the 0.8% mortality rates reported in Northwest Ethiopia
(32), the no death reported in Spain (36), the 0.16% in Albania (35),
0.7% in Eastern Sudan at diagnosis and 1% after six-month follow-
up (34), and 0.3% in Bihar, India (46). Conversely, the observed
mortality rate is lower than those documented in other regions,
including 10% in Brazil (7), 8.5% in Yemen (47), 6.2% in
Southwestern Iran (48), 6.12% in Bangladesh (49), 10% in Greece
(50), and 12.4% in Ethiopia (43). These differences may be
attributed to variations in study design and study population. In
addition, this may be due to dissimilarity of immunity states of the
pediatric patients, poor nutritional status, economic background,
and national policies on disease prevention and treatment (7).

This study’s findings revealed that the prevalence of relapse was
2.5%, which is lower than 6% reported in Sudan (34), 26.7% in
Southern Sudan during the diagnosis (34), 10% in Greece and 6%
after six months follow-up (50), 7% in Georgia (51), 10.8% and 20%,
respectively, in Nepal at 6 and 12 months (39), and 9.6% in Brazil
(37). However, this rate was slightly higher than that reported in
Bihar, India (1.4%) (46). The lower relapse rate observed in this
study suggests relatively favorable treatment durability; however,
relapses still pose clinical challenges, as they are associated with
increased hospitalization rates, healthcare costs, and risk of
secondary infections. These variations across studies may be
attributed to differences in study design, population
demographics, immune states, nutritional states of participants,
drug resistance patterns, and treatment adherence (46).

Additionally, our findings revealed that 72% of male pediatric
patients achieved clinical cure. This rate is higher than those
reported in Brazil (50%) (7), Italy (65%) (52), Yemen (64.2%)
(47), Southwestern Iran (51%) (48), and Spain (47.4%) (36).
These findings suggest a higher treatment success rate among
male pediatric patients in this cohort. The observed differences
may reflect variations in study populations, gender-related exposure
risks, or biological and immunological factors that influence disease
progression and response to treatment (53).

This study identified several factors associated with treatment
outcomes in pediatric patients with VL. These included age less
than five years, rural residency, immunocompetent patients,
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hospitalization for 11-20 days, and adherence to international
treatment guidelines. Identifying such factors is crucial, as it can
inform clinical and policy interventions aimed at improving
treatment outcomes (43).

These findings showed that the odds of achieving cure among
pediatrics patients with VL who were less than 5 years decreased by
80% (AOR 0.2: 95% CI: 0.04-0.6). This finding aligns with studies
from Gadarif, Sudan (53), and Georgia (51). The reduced cure rates
among younger children may be attributed to immaturity of their
immune systems, particularly the underdeveloped production of B
and T lymphocyte cells in the bone marrow. In this age group, the
lack of acquired immunity and the higher likelihood of being
immunocompromised may impair the ability to mount an
effective immune response against Leishmania parasites (54).

Moreover, the odds of achieving a cure were four times higher
in pediatric patients with VL residing in rural areas than those
residing in urban areas (AOR 4: 95% CI: 2-11). This finding may be
influenced by differences in environmental exposures, stress levels,
and socioeconomic conditions. Urban environments are often
associated with increased psychological stress, exposure to
pollutants, and limited microbial diversity—all of which can
negatively affect immune function. Conversely, children in rural
settings may benefit from early exposure to diverse environmental
microbes, which can enhance immune system development and
responsiveness (55).

Interestingly, the odds of achieving a cure among
immunocompetent pediatric patients with VL were three times
higher than in pediatrics who were immunocompromised (AOR 3:
95% CI: 1-9). This finding is consistent with a study conducted in
Italy, although the association was not statically significant (52).
The higher cure rates among immunocompetent pediatrics can be
attributed to their stronger immune response. Leishmania species
infect macrophages throughout the viscera, and parasites are found
in the spleen, liver, and bone marrow, and if left untreated may be
fatal (54). Pediatrics that are immunocompromised, especially those
with severe immunosuppression, poor nutritional status, or
coexisting helminthic infections, have a significantly diminished
ability to recover (16). Moreover, host genetic factors and immune
status are known to influence both disease progression and
treatment outcome (56).

This study demonstrated that pediatric patients with VL who
were hospitalized for 11 to 20 days had a four times higher
likelihood of being cured than those who were hospitalized for
more than 21 days (AOR 4: 95% CI: 1-16). This suggests that
pediatrics with longer hospital stay had a decreased cure rate
because long-term hospital stay exposed them to other complex
chronic conditions, which can lead to death due to exposure to
nosocomial infections. Evidence supports that prolonged
hospitalizations are associated with increased risk for in-hospital
complications, including infections (57).

Furthermore, this study showed that pediatric patients who
were treated using the international guideline had 26 times higher
odds of achieving a cure than those who were treated using the local
guidelines (AOR 26: 95% CI: 8-82). This suggests that pediatrics
treated with L-Amb, which is the FDA-approved first-line therapy

Frontiers in Tropical Diseases

10.3389/fitd.2025.1566971

for both immunocompetent and immunocompromised pediatric
patients in the USA, had a greater cure rate than pediatrics treated
with SSG+PM and SSG alone (57).

However, this study is not without its limitations, as it was
conducted in a single pediatric ward at UOGCSH, which may limit
the generalizability of the findings. Additionally, missing or
incomplete data in some patients’ records during the study may
have influenced the results. Furthermore, the retrospective nature of
the study limited access to consent data and follow-up outcomes,
such as long-term relapse or mortality beyond the hospital stay.

In conclusion, our findings highlight the significant burden of
VL in pediatric populations and emphasize the urgent need for
enhanced treatment strategies. By addressing the identified
determinants through targeted healthcare interventions, it may be
possible to increase cure rates and improve the overall management
of pediatric VL. Based on these findings, several recommendations
are proposed. First, collaboration with the Department of Pediatrics
is essential to conduct a multi-center study with a larger sample size
to enhance the generalizability of the findings across the Ethiopian
population. Additionally, pediatric ward physicians, nurses, and
pharmacists should focus on identifying and addressing factors that
contribute to poor treatment outcomes and failures. The University
of Gondar is encouraged to perform drug sensitivity tests to
mitigate these issues. Finally, policymakers should establish
strategies aimed at reducing poor treatment outcomes and failures.
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