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Abstract

Background Leishmaniasis is a vector-borne parasitic disease caused by protozoa of the Leishmania genus; it

is transmitted through the bites of infected phlebotomine sandflies. Clinically, it manifests in three primary forms:
cutaneous, mucocutaneous, and visceral leishmaniasis (VL). Among these, VL represents the most severe form, char-
acterized by high morbidity and mortality, and poses a considerable public health burden, particularly in endemic
regions. This study utilizes data from the Global Burden of Disease (GBD) study 2021 to conduct a comprehensive
analysis of the global epidemiological trends and burden of VL from 1990 to 2021, aiming to generate evidence-
based insights to inform prevention and control strategies.

Methods Using GBD 2021 data, this study examined trends in the incidence, prevalence, mortality, and disability-
adjusted life years (DALYs) of VL across 204 countries and territories, stratified by age, sex, and sociodemographic
index (SDI) levels. Average annual percent change (AAPC) was calculated to describe trends in age-standardized rates
and indicator counts from 1990 to 2021.

Results From 1990 to 2021, the global age-standardized incidence rate (ASIR; AAPC=-0.25, 95% confidence interval
(Cl) —=0.25, —0.24), age-standardized prevalence rate (ASPR; AAPC=-0.06, 95% CI —0.06, —0.05), age-standardized
mortality rate (ASMR; AAPC=—-0.03, 95% Cl —0.04, —0.02), and DALY rate (AAPC=-2.38, 95% Cl —2.44, —2.33) for VL

all showed a declining trend. The ASMR was highest among children under 5 years old and decreased progres-

sively with age. VL remains a critical and under-recognized tropical disease in Latin America, the Middle East, Africa,
and South Asia.

Conclusions VL disproportionately affects males and presents the highest risk in children under 5 years. Enhanced
global collaboration in infectious disease control, with a focus on regions such as Latin America, Africa, the Middle
East, and South Asia, is essential to further reduce the burden of VL.
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Background

Leishmaniasis, also known as kala-azar, is a parasitic
disease caused by protozoan parasites of the Leishma-
nia genus, which are transmitted to humans through the
bite of infected female phlebotomine sandflies, includ-
ing visceral leishmaniasis (VL), cutaneous leishmaniasis,
and mucocutaneous leishmaniasis [1-4]. VL is a dis-
ease caused by two known vector-borne parasite species
(Leishmania donovani and Leishmania infantum) trans-
mitted to man by phlebotomine sandflies (species: Phle-
botomus and Lutzomyia) [5-7]. VL affects critical organs
and tissues such as the spleen, liver, and bone marrow,
leading to symptoms such as recurrent fever, weight loss,
hepatosplenomegaly, and anemia. Without timely treat-
ment, VL has a mortality rate exceeding 95% [3-5].

Although the global incidence of VL has shown a
declining trend in recent years, VL remains one of the
key neglected tropical diseases prioritized by the World
Health Organization (WHO), with a high mortality and
morbidity burden. The disease burden is predominantly
concentrated in South Asia, East Africa, the Mediterra-
nean region, South America, and Central Asia [8-11].
However, shifts in epidemiological dynamics have hin-
dered the decline in VL incidence. Notably, human
immunodeficiency virus (HIV) has increased the com-
plexity of treatment and led to higher relapse rates for
HIV-VL co-infection [12]. In addition, urbanization,
global warming, and changing precipitation patterns
have expanded the ecological niche of sandflies, poten-
tially contributing to the emergence of VL in nonendemic
areas and an increase in cases in traditionally endemic
regions [13-15].

Since the 1990s, multiple studies have attempted to
estimate the global burden of VL, revealing substantial
variations in VL incidence and disability-adjusted life
years (DALYs) across different regions [4, 9, 16]. More-
over, the temporal trends in VL burden differ across
countries, highlighting the need for a comprehensive
assessment of its global distribution and trajectory.
Therefore, to comprehensively understand the burden
and trends of VL across countries worldwide, we utilized
data from the Global Burden of Disease (GBD) study
2021 [17, 18], which provides estimates of VL burden
across 204 countries and territories from 1990 to 2021.
Understanding the global trends in VL burden is crucial
for informing targeted interventions, optimizing policy
decisions, allocating resources efficiently, strengthening
global health collaboration, and advancing VL elimina-
tion efforts.
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Methods

Date source

The data for this study were derived from the GBD 2021
database (https://vizhub.healthdata.org/gbd-results); it
provides high-quality estimates of key epidemiological
indicators for 371 diseases and injuries across 204 coun-
tries and territories [17-20]. The GBD study employs a
range of sophisticated methodologies to integrate data
from various sources, including mortality and incidence
registries, surveys, and systematic literature reviews. In
addition, GBD 2021 offers an analysis of risk factors, pro-
viding comprehensive estimates of exposure levels, rela-
tive health risks, and attributable disease burden for 88
risk factors across 204 countries and territories, as well
as 811 subnational locations, from 1990 to 2021. Detailed
descriptions of the study design, data collection, and
estimation methods are available in published literature
[17-20].

The GBD study 2021 model incorporated cases clas-
sified under the International Classification of Diseases
(ICD) for VL, specifically ICD-9 code 085.0 and ICD-10
code B55.0 [17]. The study analyzed data on incidence,
prevalence, mortality, and disability-adjusted life-years
(DALYs) for VL from 1990 to 2021, stratified by sex (male,
female, and both combined) and specific age groups.
Estimates were provided at the global level, across five
sociodemographic index (SDI) regions, 21 geographical
regions, and 204 countries and territories. In addition,
age-standardized rates and absolute case numbers for
four metrics (incidence, prevalence, death, and DALYs)
were assessed for all-age groups. Data were sourced from
the Global Health Data Exchange query tool [17].

The SDI, used in the GBD Study 2021 database,
is a composite measure of overall socioeconomic
development [17]. The SDI is calculated on the basis of
educational attainment among individuals aged 15 years
and older, lag-distributed income per capita, and the
total fertility rate in females under the age of 25 years.
Countries and territories are classified into different
development levels on the basis of the following SDI
thresholds: low SDI regions (0-0.4658), low-middle SDI
regions (0.4658-0.6188), middle SDI regions (0.6188—
0.7120), high-middle SDI regions (0.7120-0.8103), and
high SDI regions (0.8103-1.0000). This categorization
allows for a more systematic analysis of the impact of
socioeconomic development levels on health outcomes
[17].

Statistical analysis

The disease burden of VL was assessed using rates and
total case counts for incidence, prevalence, mortality, and
DALYs. The rate was expressed as estimates per 100,000
population, reflecting the relative burden, while case counts
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represented the absolute burden. Both metrics are reported
with 95% uncertainty intervals (UI). Consequently,
when comparing two numerical values (numbers, rates,
or percentages), statistical significance could not be
directly calculated. If the Uls or confidence intervals (Cls)
overlapped, it indicated no significant difference (P>0.05).
Conversely, if the Uls or Cls did not overlap, a statistical
difference existed (P<0.05) [21]. In addition, case fatality
rates were used to assess the mortality risk across different
age groups [22].

All statistical analyses were conducted using R software
(version 4.4.1, R Foundation for Statistical Computing,
Vienna, Austria; available at https://cran.r-project.org).
Detailed descriptions of specific analytical methods are
provided [23-26].

Joinpoint regression analysis

The average annual percentage change (AAPC) and 95%
confidence intervals (CIs) were used as key indicators
to analyze the trends in age-standardized rate (ASR,
including age-standardized incidence rate (ASIR), age-
standardized prevalence rate (ASPR), age-standardized
mortality rate (ASMR), and age-standardized DALY
rate) for VL from 1990 to 2021. The AAPC model
applied segmented regression to the log-linear equation
In(y) = X year + constant, to identify inflection points in
the trends. A grid search method was used to calculate
all possible breakpoints, selecting the one with the
minimum mean squared error as the optimal breakpoint
[23]. The number of optimal breakpoints was further
determined through a Monte Carlo permutation test,
allowing for a range of 0—5 breakpoints. The calculation
is as follows [23, 27, 28]:

APC; = {exp (B;) — 1} x 100

AAPC; = {exp <ZWW"31> — 1} x 100

In the model, i is the number of segments, B; is
the regression coefficient from the log-linear model
In(y) =p X year + constant. W; represents the length of
each corresponding segment. When the AAPC is greater
than 0 with a P value less than 0.05, it indicates a statis-
tically significant upward trend. Conversely, an AAPC
less than O with a P value below 0.05 denotes a statisti-
cally significant downward trend. The AAPC reflects the
overall trend by weighting the APC for each segment on
the basis of the duration of the respective time spans.
This analytical approach not only improves the precision
of trend identification over time but also enhances the
robustness of the model [23].
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Estimated annual percentage change (EAPC)

To assess the temporal trends of VL from 1990 to 2021,
this study used the EAPC to quantify changes in disease
burden metrics, including ASIR, ASPR, ASMR, and age-
standardized DALY rate. The EAPC was calculated by
fitting a log-linear regression model [21, 23, 29, 30]:

y=a+px+e¢

where y is equal to natural logarithm of (rate), x signifies
the calendar year, and ¢ denotes an independent,
normally distributed error term. An EAPC value less
than 0, with the upper bound of its 95% CI also below 0,
indicates a declining trend. Conversely, an EAPC value
greater than 0, with the lower bound of its 95% CI above
0, signifies an increasing trend [21, 23].

Association between SDI and ARS

Smoothing spline models were utilized to examine the
relationship between ASIR, ASPR, and age-standardized
DALY rate of VL, as well as the SDI across 21 GBD
regions and 204 countries and territories. The smoothing
splines were constructed using the locally weighted
scatterplot smoothing method, which adaptively
determines the degree, number, and placement of knots
on the basis of the data distribution and span parameter
[29, 31, 32]. In addition, Spearman’s correlation analysis
was performed to calculate the correlation coefficients
(R indices) and corresponding P values to assess the
association between ASR and SDI, with statistical
significance set at P<0.05 [29, 31, 32].

Results

Global

In 2021, the global ASIR, ASPR, ASMR, and age-
standardized DALY rate for VL were 0.42 per 100,000
population (95% UL 0.34, 0.53), 0.10 per 100,000
population (95% UL 0.08, 0.13), 0.07 per 100,000
population (95% UL 0.02, 0.24), and 5.39 per 100,000
population (95% UL 1.70, 17.12), respectively. From
1990 to 2021, the ASIR (AAPC=-0.25, 95% CI —0.25,
—0.24), ASPR (AAPC=-0.06, 95% CI —0.06, —0.05),
ASMR (AAPC=-0.03, 95% CI -0.04, —0.02), and
age-standardized DALY rate also showed a marked
decline (AAPC=-2.38, 95% CI -2.44, -2.33) in
VL. Concurrently, the absolute numbers of VL
cases, including incidence, prevalence, and deaths,
demonstrated a downward trend (Additional File 1:
Supplementary Tables S1-S3). However, the total number
of DALY cases attributable to VL showed an increasing
trend (Additional File 1: Supplementary Table S4).


https://cran.r-project.org

Zhang et al. Parasites & Vectors (2025) 18:157

Five SDI regions

In 2021, the ASIR, ASPR, ASMR, and age-standardized
DALY rate of VL were highest in low SDI regions and
lowest in high SDI regions. From 1990 to 2021, all four
metrics—ASIR, ASPR, ASMR, and age-standardized
DALY rate—declined across the five SDI levels, with
the most pronounced reductions observed in low SDI
regions (Tables 1, 2, 3, 4; Fig. 1A-D).

Geographical regions

In 2021, ASIR, ASPR, ASMR, and age-standardized
DALY rate for VL were not reported in six geographic
regions: Oceania, Eastern Europe, high-income Asia
Pacific, Australasia, high-income North America, and
Southern Sub-Saharan Africa. Only 15 geographic
regions reported these VL metrics. Among these regions,
Tropical Latin America recorded the highest ASIR,
ASPR, ASMR, and age-standardized DALY rate for VL
in 2021. From 1990 to 2021, ASIR, ASPR, ASMR, and
age-standardized DALY rates of VL increased in Central
Asia and Western Sub-Saharan Africa. In contrast, these
metrics declined in 13 regions, with the most substantial
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decrease observed in Eastern Sub-Saharan Africa, fol-
lowed by Central Sub-Saharan Africa and South Asia
(Tables 1, 2, 3, 4).

Countries and territories

In 2021, 84 countries reported the ASIR for VL, with
South Sudan recording the highest ASIR at 27.13 per
100,000 population (95% UL 15.47, 45.99). From 1990
to 2021, ASIR increased in 16 countries, with the largest
rise observed in Monaco (AAPC=0.15, 95% CI 0.15,
0.16). Conversely, ASIR declined in 65 countries, with
the steepest reduction seen in Somalia (AAPC=-10.70,
95% CI —10.85, —10.55. Additional File 1: Supplementary
Table S5).

Similarly, in 2021, 84 countries reported the ASPR for
VL, with South Sudan also showing the highest ASPR at
6.78 per 100,000 population (95% UI: 3.87, 11.50). From
1990 to 2021, ASPR increased in 16 countries, with
Monaco again experiencing the largest rise (AAPC=0.04,
95% CI 0.04, 0.05). In contrast, ASPR decreased in 66
countries, with Somalia showing the greatest decline

Table 1 The ASIR of VL in the years 1990 and 2021 and change trend of ASIR were analyzed across GBD regions

Location ASIR (per 100,000 ASIR (per 100,000 Percentage change (95% Ul) AAPC (95% Cl)
population, 95% Ul) population, 95% Ul) 1990-2021 1990-2021
1990 2021

Global 7.92 (6.05,10.07) 042 (0.34,0.53) —94.75 (-96.08, —92.36) —0.25 (—0.25,-0.24)
East Asia 043 (0.31,0.60) 0.07 (0.06, 0.10) —82.55 (—88.60, —73.10) —0.01 (-0.01, -0.00)
Southeast Asia 0.01 (0.00,0.01) 0.00 (0.00, 0.00) —85.10(-93.44, —62.76) —-0.01 (-=0.01, -0.00)
Central Asia 0.27 (0.19, 0.40) 0.41(0.30, 0.60) 5344 (-6.37,150.48) 0.01 (0.00,0.01)

Central Europe 47 (0.82,2.98) 0.08 (0.06,0.12) —94.53 (-97.50, —88.63) —0.05 (-0.05, -0.04)
Western Europe 0.24(0.18,0.30) 0.08 (0.05,0.12) —66.32 (=79.35,-47.15) —-0.01 (-=0.01, -0.00)
Southern Latin America 0.08 (0.03,0.14) 0.02 (0.01,0.03) —75.09 (-90.31, —36.85) —0.01 (-0.01, -0.00)
Caribbean 0.03 (0.00, 0.08) 0.00 (0.00,0.01) —91.63 (-98.75, —46.43) —-0.01 (-0.01, -0.00)
Andean Latin America 0.85(0.15, 2.84) 0.05(0.01,0.15) —94.58 (=99.31, —60.84) —0.03 (-0.03, -0.02)
Central Latin America 8(0.12,0.27) 0.05 (0.04,0.07) —72.27 (—83.32,-56.12) —-0.01 (=0.01,-0.00)
Tropical Latin America 3.03(2.28,3.93) 2.55(1.49,4.07) —16.06 (=52.91, 42.88) —-0.02 (=0.02,-0.01)
North Africa and the Middle East 9.82 (6.66, 14.30) 0.71(044,1.11) —92.80 (-96.11, -86.97) —0.30(-0.31,-0.29)
South Asia 19.36 (13.11,27.24) 0.38(0.21,0.64) —98.01 (-98.97, -96.13) —-0.63 (-0.65, -0.61)
Central Sub-Saharan Africa 33.03(11.18,82.91) 1.96 (0.61,4.95) —94.07 (—-98.66, —75.76) —0.98 (—1.00, —0.96)
Eastern Sub-Saharan Africa 50.22 (30.32,78.53) 1.41(1.08,1.85) —97.19 (-98.33, —94.95) —1.56 (=1.59,-1.53)
Western Sub-Saharan Africa 0.05 (0.03, 0.08) 0.17 (0.07,0.39) 264.97 (29.99, 948.47) 0.01 (0.00,0.01)

High SDI 0.07 (0.04,0.12) 0.01(0.00,0.01) —92.14 (-96.24, —82.78) —0.01 (-0.01, -0.00)
High-middle SDI 0.57(0.40,0.81) 0.05 (0.04,0.07) —90.78 (-93.78, —85.80) —-0.02 (-0.02, -0.01)
Middle SDI 04 (0.87, 1.24) 0.15(0.12,0.19) —85.99 (—-89.43,-81.13) —0.03 (-0.03, -0.02)
Low-middle SDI 7.04 (5.04,9.82) 0.54 (040, 0.70) —92.34 (-95.07, -87.98) —-0.20 (-0.21,-0.19)
Low SDI 52.00 (37.84,68.97) 1.17(0.84, 1.68) —97.76 (-98.57, -96.42) -1.63(-1.70,-1.55)

The value “0.00” does not represent an absolute zero; rather, the actual value contains nonzero digits beyond the second decimal place, but owing to rounding
(following the round half-up rule), it appears as “0.00” when displayed with two decimal places. In the GBD 2021 database, 204 countries and territories are
categorized into 21 geographical regions. However, no data on the ASIR of VL were available for Oceania, Eastern Europe, high-income North America, high-income
Asia Pacific, Australasia, or Southern Sub-Saharan Africa; AAPC average annual percent change, ASIR age-standardized incidence rate, C/ confidence interval, GBD

Global Burden of Disease, SDI sociodemographic index, Ul uncertainty interval, VL visceral leishmaniasis
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Table 2 The ASPR of VL in the years 1990 and 2021 and change trend of ASPR were analyzed across GBD regions
Location ASPR (per 100,000 ASPR (per 100,000 Percentage change (95% Ul) AAPC (95% CI)

population, 95% Ul) population, 95% Ul) 1990-2021 1990-2021

1990 2021
Global 1.98 (1.51,2.52) 0.10(0.08,0.13) —94.75 (—96.08, —92.36) —0.06 (—0.06, —0.05)
East Asia 1(0.08,0.15) 0.02(0.01,0.02) —82.55 (—88.60, —73.10) —0.00 (-0.01, —0.00)
Southeast Asia 01 (0.00,0.01) 0.00 (0.00,0.01) —85.10 (-93.44, —62.76) —0.00 (-0.01,-0.00)
Central Asia 0.07 (0.05, 0.10) 0.10(0.07,0.15) 53.44 (-6.37,150.48) 0.01 (001 0.01)
Central Europe 0.37(0.20,0.75) 0.02 (0.01,0.03) —94.53 (-97.50, —88.63) —0.01 (-0.01, —-0.00)
Western Europe 0.06 (0.05, 0.08) 0.02 (0.01,0.03) —66.32 (—79.35,-47.15) —0.01 (-0.01,-0.00)
Southern Latin America 0.02 (0.01,0.04) 0.00 (0.00,0.01) —75.09 (-90.31, —36.85) —-0.01 (-0.01, -0.00)
Caribbean 01 (0.00,0.02) 0.00 (0.00,0.01) —91.63 (-98.75, —46.43) —0.01 (-0.01,-0.00)
Andean Latin America 1(0.04,0.71) 0.01 (0.00,0.04) —94.58 (-99.31, —60.84) —0.01 (=0.01,—-0.00)
Central Latin America 0.05 (0.03,0.07) 0.01(0.01,0.02) —72.27 (-83.32,-56.12) —0.01 (-0.01,-0.00)
Tropical Latin America 0.76 (0.57,0.98) 0.64 (0.37,1.02) —16.06 (-52.91,42.88) —0.01 (-0.01, —0.00)
North Africa and the Middle East 245 (1.66, 3.58) 0.18(0.11,0.28) —92.80 (-96.11, —86.97) —-0.07 (-0.08, -0.07)
South Asia 4.84(3.28,6.81) 0.10(0.05,0.16) —98.01 (-98.97,-96.13) —0.16 (-0.16,-0.15)
Central Sub-Saharan Africa 8.26 (2.80, 20.73) 049 (0.15,1.24) —94.07 (-98.66, —75.76) —0.25 (—0.25,-0.24)
Eastern Sub-Saharan Africa 12.55 (7.58,19.63) 0.35(0.27,0.46) —97.19 (-98.33, -94.95) —0.39 (=040, -0.38)
Western Sub-Saharan Africa 01(0.01,0.02) 0.04 (0.02,0.10) 264.97 (29.99, 948.47) 0.01 (O 01, 0. OO)
High SDI 0.02 (0.01,0.03) 0.00 (0.00,0.01) —92.14 (-96.24, —82.78) —-0.01 (-0.01, -0.00)
High-middle SDI 0.14(0.10,0.20) 0.01(0.01,0.02) —90.78 (—93.78, —85.80) —0.00 (-0.01,-0.00)
Middle SDI 0.26 (0.22,0.31) 0.04 (0.03,0.05) —85.99 (—89.43, —81.13) —0.01 (-0.01, -0.00)
Low-middle SDI 1.76 (1.26, 2.46) 0.13(0.10,0.18) —92.34 (-95.07,-87.98) —0.05 (-0.05, —0.04)
Low SDI 13.00 (9.46, 17.24) 0.29(0.21,042) —97.76 (-98.57, —96.42) —041 (-0.42,-0.40)

The value “0.00” does not represent an absolute zero; rather, the actual value contains nonzero digits beyond the second decimal place, but owing to rounding
(following the round half-up rule), it appears as “0.00” when displayed with two decimal places. In the GBD 2021 database, the world’s 204 countries and territories
are grouped into 21 geographical regions. However, no data on the ASPR of VL were available for Oceania, Eastern Europe, high-income North America, high-income
Asia Pacific, Australasia, and Southern Sub-Saharan Africa; AAPC average annual percent change, ASPR age-standardized prevalence rate, C/ confidence interval, GBD

Global Burden of Disease, SDI sociodemographic index, Ul uncertainty interval, VL visceral leishmaniasis

(AAPC=-2.67, 95% CI —2.71, —2.63. Additional File 1:
Supplementary Table S5).

In 2021, 84 countries reported the ASMR for VL, with
the highest ASMR observed in the Republic of South
Sudan at 6.13 per 100,000 population (95% UI: 3.18,
19.92). Between 1990 and 2021, ASMR increased in 17
countries, with the greatest rise recorded in Monaco
(AAPC=0.01, 95% CI: 0.01, 0.02). Conversely, ASMR
declined in 65 countries, with the steepest decrease
noted in South Sudan (AAPC=-2.02, 95% CI —-2.27,
—1.76. Additional File 1: Supplementary Table S5).

Similarly, in 2021, 84 countries reported the age-
standardized DALY rate for VL, with South Sudan again
recording the highest rate at 441.72 per 100,000 popu-
lation (95% UI: 229.59, 724.17). From 1990 to 2021, the
age-standardized DALY rate increased in 16 countries,
with Monaco showing the largest rise (AAPC=0.85, 95%
CI 0.84, 0.86). In contrast, the age-standardized DALY
rate declined in 65 countries, with the most substantial
reduction observed in South Sudan (AAPC=-140.80,
95% CI —157.95, —123.65. Additional File 1: Supplemen-
tary Table S5).

Global trends by age-gender group

In 2021, the ASIR, ASPR, ASMR, and age-standardized
DALY rate for VL exhibited a distinct L-shaped relation-
ship with age. Across all age groups (in 5-year intervals),
the ASIR and ASPR were consistently higher in males
compared with females. However, no significant gender
differences were observed in ASMR or the age-stand-
ardized DALY rate (Fig. 2A-D). In addition, no signifi-
cant variation in case fatality rates was observed across
different age groups (Additional File 1: Supplementary
Table S6).

The correlation between rate and SDI

From 1990 to 2021, the ASIR (r=-0.483, P<0.001),
ASPR (r=-0.483, P<0.001), ASMR (r=-0.511,
P<0.001), and age-standardized DALY rate (r=-0.514,
P<0.001) of VL and SDI showed a moderate negative
correlation with SDI (Fig. 3A—D). In addition, the num-
ber of incidence cases (r=-0.467, P<0.001), prevalence
cases (r =—0.467, P<0.001), deaths cases (r=-0.488,
P<0.001), and DALYs across person years (r=-—0.497,
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Table 3 The ASMR of VL in the years 1990 and 2021 and change trend of ASMR were analyzed across GBD regions
Location ASMR (per 100,000 ASMR (per 100,000 Percentage change (95% Ul) AAPC (95% ClI)

population, 95% Ul) population, 95% Ul) 1990-2021 1990-2021

1990 2021
Global 1.05 (0.34, 3.36) 0.07 (0.02,0.24) —92.93 (-94.26, —90.65) —0.03 (-0.04, -0.02)
East Asia 0.07 (0.00, 0.39) 0.01 (0.00, 0.06) —84.43 (—87.36, —80.45) —-0.01 (-0.01,-0.00)
Southeast Asia 0.00(0.00,0.01) 0.00 (0.00,0.01) —83.40 (—85.96, —76.88) —0.01 (-=0.01,-0.00)
Central Asia 0.02 (0.00,0.21) 0.04 (0.00,0.32) 52.03 (38.30, 76.83) 0.01(0.00,0.01)
Central Europe 0.12(0.00, 1.15) 01 (0.00, 0.05) —95.29 (-96.08, —94.36) —0.01 (-0.01,-0.00)
Western Europe 0.02 (0.01,0.15) 01 (0.00,0.04) 68 (—74.91,-60.47) -0.01 (-0.01, —0.00)
Southern Latin America 0.01 (0.00, 0.06) 0.00 (0.00, 0.01) —74.55 (=76.71,-72.75) —-0.01 (=0.01, -0.00)
Caribbean 0.00 (0.00, 0.02) 0.00 (0.00,0.01) —90.81 (-92.91,-87.75) —0.01 (-=0.01,-0.00)
Andean Latin America 0.18 (0.00, 0.86) 01 (0.00, 0.05) —94.35 (-95.82, —92.57) —-0.01 (-0.01, -0.00)
Central Latin America 0.02 (0.00,0.16) 01 (0.00,0.04) 49 (=76.71,—62.45) —-0.01 (-=0.01, =0.00)
Tropical Latin America 0.66 (0.00, 2.44) 1 (0.00, 1.80) —23.28 (-30.61, —4.30) —0.01 (=0.01, —0.00)
North Africa and the Middle East 0.86 (0.00, 6.88) 0.07 (0.00, 0.56) —92.36 (-94.51, —90.96) —0.03 (-0.03, -0.02)
South Asia 2.37(0.00,10.32) 0.07 (0.00, 0.35) —97.06 (—98.03, —96.49) —0.08 (—-0.08,-0.07)
Central Sub-Saharan Africa 1(2.92,8.70) 0.37(0.19,0.61) —93.24 (-94.43,-91.86) -0.17 (-=0.17,-0.16)
Eastern Sub-Saharan Africa 940 (6.40,12.93) 0.31(0.19,047) —96.66 (-97.51,-95.68) —0.31(=0.32,-0.30)
Western Sub-Saharan Africa 01 (0.01,0.02) 0.04 (0.02, 0.06) 31244 (230.37,412.62) 01(0.01,0.02)
High SDI 01 (0.00, 0.06) 0.00 (0.00,0.01) —93.01 (=99.26, —91.20) —0.01 (=0.01, -0.00)
High-middle SDI 0.05 (0.00, 0.45) 0.01 (0.00, 0.03) —90.10 (-92.73,-50.61) —0.01 (-=0.01,-0.00)
Middle SDI 3(0.00, 0.75) 0.02 (0.00,0.11) —81.02 (—84.68,—42.02) —-0.01 (-=0.01, —0.00)
Low-middle SDI 0.96 (0.14, 3.89) 0.09(0.01,0.38) —90.63 (—92.66, —88.63) —0.03 (-0.03,-0.02)
Low SDI 7.66(2.79,21.15) 0.25(0.10,0.59) —96.80 (—97.64, —94.87) —0.24 (-0.26, —0.24)

The value “0.00” does not represent an absolute zero; rather, the actual value contains nonzero digits beyond the second decimal place, but owing to rounding
(following the round half-up rule), it appears as “0.00” when displayed with two decimal places. In the GBD 2021 database, the world’s 204 countries and territories

are categorized into 21 geographical regions. Among these, no data on the ASMR of VL were available for Oceania, Eastern Europe, high-income North America, high-
income Asia Pacific, Australasia, and Southern Sub-Saharan Africa; AAPC average annual percent change, ASMR age-standardized mortality rate, C/ confidence interval,

GBD Global Burden of Disease, SDI sociodemographic index, Ul uncertainty interval, VL visceral leishmaniasis

P<0.001) for these diseases exhibited a weak negative
correlation with the SDI (Additional File 1: Supplemen-
tary Table S7).

Discussion

This study provides a comprehensive analysis of the
global trends and patterns in VL over the past 30 years,
with a focus on key countries and regions. Between
1990 and 2021, the ASIR, ASMR, and age-standardized
DALY rate for VL showed a consistent decline globally.
Across all age groups, males exhibited higher ASIRs than
females, with the highest ASMR observed in children
under 5 years. However, during the same period, ASIR
and ASMR increased in Central Asia and Western Sub-
Saharan Africa. Projections for the next decade indicate a
continued decline in the global burden of VL.

The study found that the ASMR for VL was highest
among children under 5 years old. While an underdevel-
oped immune system may contribute to the higher mor-
tality rate in children [33], the primary reason is likely
the higher prevalence and incidence of VL in this age
group. As a result, children naturally account for a larger

proportion of total VL-related deaths. In fact, the overall
threat of VL-related mortality does not significantly differ
across age groups.

The study found a declining trend in the ASMR for VL
from 1990 to 2021, likely driven by advancements in early
diagnosis and treatment, expanded vector control efforts,
increased public health investment, and greater health
awareness in endemic regions [10, 34]. Improved diag-
nostic technologies and the widespread use of effective
anti-leishmanial therapies, such as amphotericin B, have
facilitated early intervention, reducing severe complica-
tions and mortality [10, 35]. Intensified vector control
strategies, including insecticide application, environmen-
tal management, and health education, have contributed
to lower transmission rates [35]. Strengthened healthcare
infrastructure and international support have enhanced
access to treatment and improved case management,
particularly in resource-limited settings [6, 36]. In addi-
tion, rising awareness of VL transmission and symptoms
has promoted earlier healthcare-seeking behavior, fur-
ther mitigating disease severity and mortality [6, 36].
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Table 4 The age-standardized DALY rate of VL in the years 1990 and 2021 and change trend of age-standardized DALY rate were

analyzed across GBD regions

Location Age-standardized DALY rate Age-standardized DALY rate Percentage change (95% Ul)  AAPC (95% Cl)

(per 100,000 population, (per 100,000 population, 1990-2021 1990-2021

95% Ul) 95% Ul)

1990 2021
Global 75.73 (25.98, 242.77) 539(1.7 12) —92.89 (=94.30,-90.41) —2.38(—2.44,-233)
East Asia 5.05(0.01, 28.05) 0.75 (001 4.31 ) —85.17 (-88.30, —80.20) —0.14 (-0.14, -0.14)
Southeast Asia 0.10(0.01,045) 0.02 (0.01,0.07) —84.51 (—87.16, —78.55) —0.01 (-0.01,—0.00)
Central Asia 1.58(0.01, 14.46) 240 (0.01,21.49) 52.33(25.52,100.08) 0.03 (O 02, 0. 04)
Central Europe 840 (0.02,80.50) 0.39(0.00, 3.75) —95.35 (-96.46, —92.90) —0.26 (-0.26, —0.25)
Western Europe 1.51(0.31,10.69) 0.44(0.13,2.67) —70.72 (=75.45,-54.28) —0.04 (-0.04, —0.03)
Southern Latin America 0.38(0.00,3.97) 0.10(0.00, 1.02) —74.07 (-83.83, =56.51) —-0.01 (-0.01, -0.01)
Caribbean 0.32(0.01,1.56) 0.03(0.01,0.14) —90.77 (=94.14, -84.11) —0.01 (=0.02,-0.01)
Andean Latin America 12.27 (0.01,62.51) 0.70(0.01, 3.50) —94.33 (-96.36, —90.79) —0.37 (-0.38,-0.37)
Central Latin America 65 (0.01, 11.40) 047 (0.01,3.15) —71.39 (-78.68,—61.53) —0.04 (—0.04, —0.03)
Tropical Latin America 45.39 (0.06, 173.81) 33.81(0.06, 124.09) —25.51(-35.24,043) —0.38 (-0.51, —0. 26)
North Africa and the Middle 55.93 (0.16, 469.65) 4.64(0.01, 40.60) —91.70 (=94.45, —89.50) —1.75(=1.80,-1.71)
East
South Asia 80 (0.33,692.02) 4.70(0.01,24.71) —96.91 (-98.26, —96.28) —4.75 (-4.97,-4.53)
Central Sub-Saharan Africa 388.21(203.34,616.68) 25.81(13.13,41.98) —93.35(=94.51,-92.02) -11.86 (=12.20,—-11.52)
Eastern Sub-Saharan Africa 65248 (441.07,908.18) 22.32 (1 3.23,33.92) —96.58 (—97.48, —95.55) —21.20 (—21.85,-20.54)
Western Sub-Saharan Africa 0.69 (0.38,1.12) 2.89(1.50,4.78) 317.59(235.31,420.75) 0.07 (0.07,0.08)
High SDI 045 (0.01,4.09) 0.03 (0.01,0.29) —92.68 (-94.65, —87.07) —0.01 (=0.02, 001)
High-middle SDI 3.58(0.09,31.85) 0.35(0.04,2.27) —90.36 (-92.91, -54.13) 1(=0.11,-0.10)
Middle SDI 8.72(0.02,52.49) 59(0.01,7.81) —81.78 (—85.17, —67.58) 7024( 0.25, 024)
Low-middle SDI 64.74 (10.67,267.27) 6.00 (0.93, 26.29) —90.73 (-92.51, —88.67) -1.90(-1.97,-1.82)
Low SDI 499.55 (195.85, 1379.04) 1641 (6.87,38.70) —96.72 (=97.64, —94.73) -16.16 (=16.50, — 581)

The value “0.00” does not represent an absolute zero; rather, the actual value contains nonzero digits beyond the second decimal place, but owing to rounding
(following the round half-up rule), it appears as “0.00” when displayed with two decimal places. In the GBD 2021 database, the world’s 204 countries and territories are
classified into 21 geographical regions. However, no data on the age-standardized DALYs rate for visceral VL were available for Oceania, Eastern Europe, high-income

North America, high-income Asia Pacific, Australasia, and Southern Sub-Saharan Africa; AAPC average annual percent change, Cl confidence interval, GBD Global
Burden of Disease, SDI sociodemographic index, Ul uncertainty interval, VL visceral leishmaniasis

This study found that the ASIR of VL is consistently
higher in males than in females across all age groups.
Occupational and environmental exposure likely plays a
key role, as men in endemic regions are more frequently
engaged in outdoor activities, such as agriculture and
construction, which increase contact with sandflies,
the primary vectors of VL [37, 38]. Behavioral and life-
style differences may further heighten risk, as men in
these regions often participate more frequently in social
or nighttime activities, coinciding with the peak bit-
ing activity of sandflies during evening and night hours
[37, 38]. In addition, disparities in healthcare-seeking
behavior and case reporting may influence observed inci-
dence patterns. Cultural norms in certain regions may
encourage men to seek medical care more readily, lead-
ing to higher case detection and reporting rates. In con-
trast, women may experience barriers such as economic
constraints, domestic responsibilities, or sociocultural

restrictions, which can delay or limit access to healthcare,
potentially resulting in under-reporting of VL cases [38,
39]. These factors collectively contribute to the observed
sex-based differences in VL incidence and underscore the
need for targeted interventions to address gender-related
disparities in disease exposure, healthcare access, and
case detection.

Over the past 30 years, the burden of VL has risen rap-
idly in some countries and regions. Monaco, despite its
small land area, high level of urbanization, excellent sani-
tation, and relatively low rate of canine infections, has
historically not been a high-incidence area for the dis-
ease. However, in the past decade, the incidence of VL
has increased significantly. As an international hub with
frequent population movement, Monaco has seen a rise
in imported cases, which may have contributed to local
transmission [4, 40]. Meanwhile, South Sudan had the
highest burden indicators for visceral VL in 2021, and the
incidence, prevalence, or mortality rates of VL were also
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Fig. 1 The changing trends of age-standardized rates for visceral leishmaniasis were analyzed among the global population and five SDI regions
(A ASIR; B ASPR; C ASMR; D age-standardized DALY rate) ASIR age-standardized incidence rate, ASMR age-standardized mortality rate, ASPR
age-standardized prevalence rate, DALYs disability-adjusted life years, SDI sociodemographic index
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high in the Central African Republic, Monaco, Brazil,
Djibouti, Chad, and Niger in 2021. To effectively control
imported VL, a comprehensive strategy is essential. This
includes strengthening case surveillance and early diag-
nosis, implementing health screenings and laboratory
testing for travelers from endemic areas, and ensuring
timely detection and management of imported cases [4,
40].

It is particularly important to emphasize that while
AAPC provides insights into the relative trend of
disease burden, it does not capture the absolute scale
of the problem. Relying solely on AAPC may lead to
misinterpretations, especially in countries where a high
relative increase does not necessarily correspond to
a significant public health threat. Absolute measures
such as incidence, mortality, and DALYs are crucial for
accurately assessing outbreak risks, optimizing healthcare
resource allocation, and formulating effective control
strategies. A comprehensive evaluation integrating
both relative and absolute metrics is essential to ensure
evidence-based decision-making in disease prevention
and control [21, 27].

Building on the One Health framework, strategies
for preventing and controlling leishmaniasis should
integrate the interconnected health of humans, ani-
mals, and the environment [41-47]. A collaborative
approach among public health, veterinary medicine,
and environmental science is essential to establish inte-
grated surveillance and early warning systems, enabling
timely detection and response to outbreaks [40, 48, 49].
Efforts to reduce sandfly breeding habitats through tar-
geted environmental interventions play a crucial role
in minimizing disease transmission. Advancing the
development and equitable distribution of vaccines
can enhance immune protection in both human popu-
lations and animal reservoirs, further strengthening
disease control efforts [40, 48]. Public awareness cam-
paigns are vital to educate communities about leishma-
niasis, its transmission pathways, and the importance
of seeking early medical care [40, 48, 49]. Strengthen-
ing policy support and resource allocation, alongside
fostering research, data sharing, and international col-
laboration, remains fundamental in addressing the
challenges of VL control. The implementation of these
comprehensive strategies can effectively reduce disease
transmission and safeguard the health of humans, ani-
mals, and the environment [35, 40, 50, 51].

This study has limitations. The accuracy of disease
burden estimates in the GBD 2021 framework depends
on data quality and availability. Despite the use of
advanced statistical models such as DisMod-MR 2.1
to address heterogeneity, disparities in data coverage,
reporting mechanisms, classification standards, and

Page 14 of 16

surveillance quality persist across countries. Under-
reporting remains a challenge in low- and middle-
income countries owing to resource constraints, while
developed nations with comprehensive surveillance
may report lower burdens, introducing potential biases
in global estimates [18—20]. In addition, reliance on
model-based rather than direct observational data may
lead to over- or underestimation of VL burden [18-20].

Conclusions

The study systematically analyzed the global burden of
VL and its trends from 1990 to 2021. The findings high-
light that VL incidence is consistently higher in males,
with children under 5 years identified as a high-risk
group. While the ASIR and age-standardized DALY rate
for VL have shown a declining trend, the disease remains
a significant and under-recognized tropical health issue
in Latin America, the Middle East, Africa, and South
Asia. There is an urgent global need for more effective
control measures to address the persistent threat of VL.
Raising public health awareness and strengthening inter-
national collaboration in infectious disease response are
essential for further reducing the burden of VL.

Abbreviations

AAPC  Average annual percentage change
ASIR Age-standardized incidence rate
ASMR  Age-standardized mortality rate
ASPR  Age-standardized prevalence rate
ASR Age-standardized rates

a Confidence interval

DALYs  Disability-adjusted life-years

EAPC  Estimated annual percentage change
GBD Global Burden of Disease

ICD International Classification of Diseases
SDI Sociodemographic index

Ul Uncertainty interval

VL Visceral leishmaniasis

WHO  World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513071-025-06796-x.

Additional file 1. Table S1: The incidence cases of visceral leishmaniasis
in 2021, and change trend of incidence cases were analyzed across GBD
regions. Table S2: The prevalence cases of visceral leishmaniasis in 2021,
and change trend of prevalence cases were analyzed across GBD regions.
Table S3: The mortality case of visceral leishmaniasis in 2021, and change
trend of mortality case were analyzed across GBD regions. Table S4: The
DALYs case of visceral leishmaniasis in 2021, and change trend of DALYs
case were analyzed across GBD regions. Table S5: The change trend of
Visceral leishmaniasis in 204 countries and territories of GBD from 1990
t0 2021. Table S6: The case fatality rates of visceral leishmaniasis among
age groups in 2021 year. Table S7: The correlation between the burden
of visceral leishmaniasis and the SDI among 204 countries and territories
in 2021year.

Acknowledgements
The datasets analyzed during the current study are available at http://ghdx.
healthdata.org/gbd-results-tool.


https://doi.org/10.1186/s13071-025-06796-x
https://doi.org/10.1186/s13071-025-06796-x
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool

Zhang et al. Parasites & Vectors (2025) 18:157

Author contributions

SX-Z.and G.B.-Y. conceived, designed, and drafted the manuscript; J.Y--S,,
YJ-L,and JY. performed a literature search and downloaded the data; J.C.-W.
and Y.D. conducted the analysis and interpretation of the data; Y.J.-L. compiled
the tables and figures; S.X.-Z. and G.B.-Y. contributed equally to the paper;
and J.C-W. and Y.D. are the corresponding authors. All authors participated in
data analysis and interpretation, discussion, and writing of the manuscript; all
authors read and approved the final version of the paper.

Funding

The study was supported by the Three-Year Initiative Plan for Strengthening
Public Health System Construction in Shanghai (2023-2025) Key Discipline
Project (no. GWVI-11.1-12), the National Parasite Resource Bank (NPRC-2019-
194-30), Talent Fund of Longhua Hospital affiliated with Shanghai University
of Traditional Chinese Medicine (LH001.007), Shanghai Natural Science
Foundation (23ZR1464000), science and technology development project of
Shanghai University of Traditional Chinese Medicine (24BZH07), Traditional
Chinese Medicine Innovation Team of Shanghai Municipal Health Commission
(2022CX010), Excellent Academic Leaders Program of Shanghai Science and
Technology Commission (22XD1423500), and Multidisciplinary Innovation
Team of Traditional Chinese Medicine of China (ZYYCXTD-D-202208).

Availability of data and materials
No datasets were generated or analyzed during the current study.

Declarations

Ethics approval and consent to participate
As this study used publicly available summary data from GHDx health data,
ethical approval was not required.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Longhua Hospital, Shanghai University of Traditional Chinese Medicine,
Shanghai 200032, China. 2Gansu Provincial Center for Disease Control

and Prevention, Lanzhou 730000, Gansu, China. >Department of Science

and Technology, Chinese Center for Disease Control and Prevention,

Beijing 102206, China. *National Health Commission Key Laboratory

of Parasitic Disease Control and Prevention, Key Laboratory of Jiangsu Province
on Parasite and Vector Control Technology, Jiangsu Institute of Parasitic
Diseases, Wuxi 214064, Jiangsu, China.

Received: 20 November 2024 Accepted: 7 April 2025
Published: 26 April 2025

References

1. Bezerra JMT, de Aratjo VEM, Barbosa DS, Martins-Melo FR, Werneck
GL, Carneiro M. Burden of leishmaniasis in Brazil and federated units,
1990-2016: findings from global burden of disease study 2016. PLoS Negl
Trop Dis. 2018;12:e0006697. https://doi.org/10.1371/journal.pntd.00066
97.

2. Mewara A, Satapathy P, Dhatwalia SK. Visceral leishmaniasis in Sub-
Himalayan India (1967-2023): a systematic review. Am J Trop Med Hyg.
2024;111:928-33. https://doi.org/10.4269/ajtmh.24-0036.

3. Duarte AGS, Werneck GL, de Farias Lelis S, Mendonca TS, Vasconcelos DD,
Gontijo TS, et al. An updated systematic review with meta-analysis and
meta-regression of the factors associated with human visceral leishma-
niasis in the Americas. Infect Dis Poverty. 2025;14:4. https://doi.org/10.
1186/540249-025-01274-z.

4. Geto AK, Berihun G, Berhanu L, Desye B, Daba C. Prevalence of human
visceral leishmaniasis and its risk factors in Eastern Africa: a systematic

Page 150f 16

review and meta-analysis. Front Public Health. 2024;12:1488741. https://
doi.org/10.3389/fpubh.2024.1488741.

van Griensven J, Diro E. Visceral leishmaniasis: recent advances in diag-
nostics and treatment regimens. Infect Dis Clin North Am. 2019;33:79-99.
https://doi.org/10.1016/}.idc.2018.10.005.

Sunyoto T, Potet J, Boelaert M. Visceral leishmaniasis in Somalia:

a review of epidemiology and access to care. PLoS Negl Trop Dis.
2017;11:e0005231. https://doi.org/10.1371/journal.pntd.0005231.

Molina R, Ghosh D, Carrillo E, Monnerat S, Bern C, Mondal D, et al. Infectiv-
ity of post-kala-azar dermal leishmaniasis patients to sand flies: revisiting
a proof of concept in the context of the kala-azar elimination program in
the Indian subcontinent. Clin Infect Dis. 2017;65:150-3. https://doi.org/
10.1093/cid/cix245.

Rocha R, Conceicdo C, Gongalves L, Maia C, LeishPT group. Epide-
miological and clinical trends of visceral leishmaniasis in Portugal:
retrospective analysis of cases diagnosed in public hospitals between
2010 and 2020. Infect Dis Poverty. 2024;13:41. https://doi.org/10.1186/
540249-024-01204-5.

Mohan S, Revill P, Malvolti S, Malhame M, Sculpher M, Kaye PM. Estimat-
ing the global demand curve for a leishmaniasis vaccine: a generalisable
approach based on global burden of disease estimates. PLoS Negl Trop
Dis. 2022;16:e0010471. https://doi.org/10.1371/journal.pntd.0010471.

. Kaye PM, Cruz |, Picado A, Van Bocxlaer K, Croft SL. Leishmaniasis

immunopathology-Impact on design and use of vaccines, diagnostics
and drugs. Semin Immunopathol. 2020;42:247-64. https://doi.org/10.
1007/500281-020-00788-y.

. da Rocha ICM, Dos Santos LHM, Coura-Vital W, da Cunha GMR, Magalhées

FDC, da Silva TAM, et al. Effectiveness of the Brazilian visceral leishmania-
sis surveillance and control programme in reducing the prevalence and
incidence of Leishmania infantum infection. Parasit Vectors. 2018;11:586.
https://doi.org/10.1186/513071-018-3166-0.

. Diro E, Blesson S, Edwards T, Ritmeijer K, Fikre H, Admassu H, et al. A rand-

omized trial of Am Bisome monotherapy and Am Bisome and miltefosine
combination to treat visceral leishmaniasis in HIV co-infected patients in
Ethiopia. PLoS Negl Trop Dis. 2019;13:0006988. https://doi.org/10.1371/
journal.pntd.0006988.

. Bouattour A, Amri A, Belkhiria JA, Rhim A, Fezaa O, Gantier JC, et al.

Canine leishmaniosis in Tunisia: growing prevalence, larger zones of
infection. PLoS Negl Trop Dis. 2021;15:e0009990. https://doi.org/10.1371/
journal.pntd.0009990.

. Karunaweera ND, Senanayake S, Ginige S, Silva H, Manamperi N, Samara-

nayake N, et al. Spatiotemporal distribution of cutaneous leishmaniasis
in Sri Lanka and future case burden estimates. PLoS Negl Trop Dis.
2021;15:e0009346. https://doi.org/10.1371/journal.pntd.0009346.

. Favi E, Santolamazza G, Botticelli F, Alfieri C, Delbue S, Cacciola R, et al.

Epidemiology, clinical characteristics, diagnostic work up, and treatment
options of Leishmania infection in kidney transplant recipients: a system-
atic review. Trop Med Infect Dis. 2022;7:258. https://doi.org/10.3390/tropi
calmed7100258.

. Joshi AB, Das ML, Akhter S, Chowdhury R, Mondal D, KumarV, et al.

Chemical and environmental vector control as a contribution to the
elimination of visceral leishmaniasis on the Indian subcontinent: cluster
randomized controlled trials in Bangladesh, India and Nepal. BMC Med.
2009;7:54. https://doi.org/10.1186/1741-7015-7-54.

. GBD 2021 Diseases and Injuries Collaborators. Global incidence, preva-

lence, years lived with disability (YLDs), disability-adjusted life-years
(DALYs), and healthy life expectancy (HALE) for 371 diseases and injuries
in 204 countries and territories and 811 subnational locations, 1990-2021:
a systematic analysis for the Global Burden of Disease Study 2021. Lancet.
2024;403:2133-61. https://doi.org/10.1016/S0140-6736(24)00757-8.

. GBD 2021 Demographics Collaborators. Global age-sex-specific mortality,

life expectancy, and population estimates in 204 countries and territories
and 811 subnational locations, 1950-2021, and the impact of the COVID-
19 pandemic: a comprehensive demographic analysis for the Global
Burden of Disease Study 2021. Lancet. 2024,403:1989-2056. https://doi.
0rg/10.1016/50140-6736(24)00476-8.

. GBD 2021 Forecasting Collaborators. Burden of disease scenarios for 204

countries and territories, 2022-2050: a forecasting analysis for the Global
Burden of Disease study 2021. Lancet. 2024;403:2204-56. https://doi.org/
10.1016/50140-6736(24)00685-8.


https://doi.org/10.1371/journal.pntd.0006697
https://doi.org/10.1371/journal.pntd.0006697
https://doi.org/10.4269/ajtmh.24-0036
https://doi.org/10.1186/s40249-025-01274-z
https://doi.org/10.1186/s40249-025-01274-z
https://doi.org/10.3389/fpubh.2024.1488741
https://doi.org/10.3389/fpubh.2024.1488741
https://doi.org/10.1016/j.idc.2018.10.005
https://doi.org/10.1371/journal.pntd.0005231
https://doi.org/10.1093/cid/cix245
https://doi.org/10.1093/cid/cix245
https://doi.org/10.1186/s40249-024-01204-5
https://doi.org/10.1186/s40249-024-01204-5
https://doi.org/10.1371/journal.pntd.0010471
https://doi.org/10.1007/s00281-020-00788-y
https://doi.org/10.1007/s00281-020-00788-y
https://doi.org/10.1186/s13071-018-3166-0
https://doi.org/10.1371/journal.pntd.0006988
https://doi.org/10.1371/journal.pntd.0006988
https://doi.org/10.1371/journal.pntd.0009990
https://doi.org/10.1371/journal.pntd.0009990
https://doi.org/10.1371/journal.pntd.0009346
https://doi.org/10.3390/tropicalmed7100258
https://doi.org/10.3390/tropicalmed7100258
https://doi.org/10.1186/1741-7015-7-54
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S0140-6736(24)00476-8
https://doi.org/10.1016/S0140-6736(24)00476-8
https://doi.org/10.1016/S0140-6736(24)00685-8
https://doi.org/10.1016/S0140-6736(24)00685-8

Zhang et al. Parasites & Vectors (2025) 18:157

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

GBD 2021 Risk Factors Collaborators. Global burden and strength of
evidence for 88 risk factors in 204 countries and 811 subnational loca-
tions, 1990-2021: a systematic analysis for the Global Burden of Disease
study 2021. Lancet. 2024,403:2162-203. https://doi.org/10.1016/50140-
6736(24)00933-4.

Zhang SX,Wang JC, Yang J, Lv S, Duan L, Lu Y, et al. Epidemiological
features and temporal trends of the co-infection between HIV and
tuberculosis, 1990-2021: findings from the Global Burden of Disease
study 2021. Infect Dis Poverty. 2024;13:59. https://doi.org/10.1186/
540249-024-01230-3.

Freitas AR, Beckedorff OA, de Goes Cavalcanti LP, Siqueira AM, de Castro
DB, da Costa CF, et al. The emergence of novel SARS-CoV-2 variant P.1in
Amazonas (Brazil) was temporally associated with a change in the age
and sex profile of COVID-19 mortality: a population based ecological
study. Lancet Reg Health Am. 2021;1:100021. https://doi.org/10.1016/j.
lana.2021.100021.

Bai Z, Han J, An J,Wang H, Du X, Yang Z, et al. The global, regional, and
national patterns of change in the burden of congenital birth defects,
1990-2021: an analysis of the global burden of disease study 2021 and
forecast to 2040. EClinicalMedicine. 2024,77:102873. https://doi.org/10.
1016/j.eclinm.2024.102873.

ChenY, Chen'W, Cheng Z, Chen'Y, Li M, Ma L, et al. Global burden of HIV-
negative multidrug- and extensively drug-resistant tuberculosis based
on Global Burden of Disease study 2021. Sci One Health. 2024;3:100072.
https://doi.org/10.1016/j.50h.2024.100072.

Liu L, Lu LD, Yang GJ, Qian MB, Yang K, Tan F, et al. Global, regional and
national disease burden of food-borne trematodiases: projections to
2030 based on the Global Burden of Disease study 2021. Infect Dis Pov-
erty. 2024;13:95. https://doi.org/10.1186/540249-024-01265-6.

ZhuYS, Sun ZS, Zheng JX, Zhang SX, Yin JX, Zhao HQ, et al. Prevalence
and attributable health burdens of vector-borne parasitic infectious
diseases of poverty, 1990-2021: findings from the Global Burden of Dis-
ease study 2021. Infect Dis Poverty. 2024;13:96. https://doi.org/10.1186/
540249-024-01260-x.

Deng LL, Zhao F, Li ZW, Zhang WW, He GX, Ren X. Epidemiological
characteristics of tuberculosis incidence and its macro-influence factors
in Chinese mainland during 2014-2021. Infect Dis Poverty. 2024;13:34.
https://doi.org/10.1186/540249-024-01203-6.

Deng LL, Han YJ, Li ZW, Wang DY, Chen T, Ren X, et al. Epidemiologi-

cal characteristics of seven notifiable respiratory infectious diseases in
the mainland of China: an analysis of national surveillance data from
2017 to 2021. Infect Dis Poverty. 2023;12:99. https://doi.org/10.1186/
540249-023-01147-3.

Chen J, Gong Y, Chen Q, Li S, Zhou Y. Global burden of soil-transmitted
helminth infections, 1990-2021. Infect Dis Poverty. 2024;13:77. https://
doi.org/10.1186/540249-024-01238-9.

LiT, Qiang N, Bao Y, Li Y, Zhao S, Chong KC, et al. Global burden of enteric
infections related foodborne diseases, 1990-2021: findings from the
Global Burden of Disease study 2021. Sci One Health. 2024;3:100075.
https://doi.org/10.1016/j.50h.2024.

Lv C,ChenY, Cheng Z, ZhuY, Chen W, Zhou N, et al. Global burden of
zoonotic infectious diseases of poverty, 1990-2021. Infect Dis Poverty.
2024;13:82. https://doi.org/10.1186/540249-024-01252-x.

Chu C, Yang G, Yang J, Liang D, Liu R, Chen G, et al. Trends in epidemio-
logical characteristics and etiologies of diarrheal disease in children
under five: an ecological study based on Global Burden of Disease study
2021. Sci One Health. 2024;3:100086. https://doi.org/10.1016/j.50h.2024.
100086.

Mdiller I, Hailu A, Choi BS, Abebe T, Fuentes JM, Munder M, et al. Age-

related alteration of arginase activity impacts on severity of leishmaniasis.

PLoS Negl Trop Dis. 2008;2:e235. https://doi.org/10.1371/journal.pntd.
0000235.

Sundar S, Sinha PK, Rai M, Verma DK, Nawin K, Alam S, et al. Compari-
son of short-course multidrug treatment with standard therapy for
visceral leishmaniasis in India: an open-label, non-inferiority, randomised
controlled trial. Lancet. 2011,377:477-86. https://doi.org/10.1016/50140-
6736(10)62050-8.

Alvar J, den Boer M, Dagne DA. Towards the elimination of visceral
leishmaniasis as a public health problem in east Africa: reflections on

an enhanced control strategy and a call for action. Lancet Glob Health.
2021;9:¢1763-9. https://doi.org/10.1016/52214-109X(21)00392-2.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Page 16 of 16

Hirve S, Kroeger A, Matlashewski G, Mondal D, Banjara MR, Das P, et al.
Towards elimination of visceral leishmaniasis in the Indian subcontinent-
Translating research to practice to public health. PLoS Negl Trop Dis.
2017;11:e0005889. https://doi.org/10.1371/journal. pntd.0005889.

Garley AE, Ivanovich E, Eckert E, Negroustoueva S, Ye Y. Gender differ-
ences in the use of insecticide-treated nets after a universal free distribu-
tion campaign in Kano State, Nigeria: post-campaign survey results. Malar
J.2013;12:119. https://doi.org/10.1186/1475-2875-12-119.

Burza S, Croft SL, Boelaert M. Leishmaniasis. Lancet. 2018;392:951-70.
https://doi.org/10.1016/5S0140-6736(18)31204-2.

Poloni A, Giacomelli A, Corbellino M, Grande R, Nebuloni M, Rizzardini G,
et al. Delayed diagnosis among patients with cutaneous and mucocuta-
neous leishmaniasis. Travel Med Infect Dis. 2023;55:102637. https://doi.
org/10.1016/j.tmaid.2023.102637.

Le Rutte EA, Chapman LAC, Coffeng LE, Ruiz-Postigo JA, Olliaro PL, Adams
ER, et al. Policy recommendations from transmission modeling for the
elimination of visceral leishmaniasis in the Indian subcontinent. Clin
Infect Dis. 2018;66:5301-8. https://doi.org/10.1093/cid/ciy007.

Zhang XX, Lederman Z, Han LF, Schurer JM, Xiao LH, Zhang ZB, et al.
Towards an actionable One Health approach. Infect Dis Poverty.
2024;13:28. https://doi.org/10.1186/540249-024-01198-0.
Obame-Nkoghe J, Agossou AE, Mboowa G, Kamgang B, Caminade C,
Duke DG, et al. Climate-influenced vector-borne diseases in Africa: a call
to empower the next generation of African researchers for sustain-

able solutions. Infect Dis Poverty. 2024;13:26. https://doi.org/10.1186/
$40249-024-01193-5.

Zhang R, Tang X, Liu J, Visbeck M, Guo H, Murray V, et al. From concept
to action: a united, holistic and One Health approach to respond to the
climate change crisis. Infect Dis Poverty. 2022;11:17. https://doi.org/10.
1186/540249-022-00941-9.

Zhang G, Qiu'Y, Boireau P, Zhang Y, Ma X, Jiang H, et al. Modern agricul-
ture and One Health. Infect Dis Poverty. 2024;13:74. https://doi.org/10.
1186/540249-024-01240-1.

Morris R, Wang S. Building a pathway to One Health surveillance and
response in Asian countries. Sci One Health. 2024;3:100067. https://doi.
0rg/10.1016/j.s0h.2024.100067.

Huang L, He J, Zhang C, Liu J, Guo Z, Lv S, et al. China’s One Health
governance system: the framework and its application. Sci One Health.
2023;2:100039. https://doi.org/10.1016/j.s0h.2023.100039.

Guo ZY, Zheng J, Li SZ, Zhou XN. Orientation of One Health development:
think globally and act locally. Sci One Health. 2023;2:100042. https://doi.
0rg/10.1016/j.50h.2023.100042.

Le Rutte EA, Chapman LA, Coffeng LE, Jervis S, Hasker EC, Dwivedi S,

et al. Elimination of visceral leishmaniasis in the Indian subcontinent: a
comparison of predictions from three transmission models. Epidemics.
2017;18:67-80. https://doi.org/10.1016/j.epidem.2017.01.002.

Ostyn B, Vanlerberghe V, Picado A, Dinesh DS, Sundar S, Chappuis F, et al.
Vector control by insecticide-treated nets in the fight against visceral
leishmaniasis in the Indian subcontinent, what is the evidence? Trop Med
Int Health. 2008;13:1073-85. https://doi.org/10.1111/j.1365-3156.2008.
02110x.

Singh OP, Hasker E, Boelaert M, Sundar S. Elimination of visceral leish-
maniasis on the Indian subcontinent. Lancet Infect Dis. 2016;16:e304-9.
https://doi.org/10.1016/51473-3099(16)30140-2.

Li X, Zhang Y, Zhang Q, Liu J, Zhu Z, Feng X, et al. Strategy and mecha-
nism of One Health governance: case study of China. Sci One Health.
2024;4:100098. https://doi.org/10.1016/j.s0h.2024.100098.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/S0140-6736(24)00933-4
https://doi.org/10.1016/S0140-6736(24)00933-4
https://doi.org/10.1186/s40249-024-01230-3
https://doi.org/10.1186/s40249-024-01230-3
https://doi.org/10.1016/j.lana.2021.100021
https://doi.org/10.1016/j.lana.2021.100021
https://doi.org/10.1016/j.eclinm.2024.102873
https://doi.org/10.1016/j.eclinm.2024.102873
https://doi.org/10.1016/j.soh.2024.100072
https://doi.org/10.1186/s40249-024-01265-6
https://doi.org/10.1186/s40249-024-01260-x
https://doi.org/10.1186/s40249-024-01260-x
https://doi.org/10.1186/s40249-024-01203-6
https://doi.org/10.1186/s40249-023-01147-3
https://doi.org/10.1186/s40249-023-01147-3
https://doi.org/10.1186/s40249-024-01238-9
https://doi.org/10.1186/s40249-024-01238-9
https://doi.org/10.1016/j.soh.2024
https://doi.org/10.1186/s40249-024-01252-x
https://doi.org/10.1016/j.soh.2024.100086
https://doi.org/10.1016/j.soh.2024.100086
https://doi.org/10.1371/journal.pntd.0000235
https://doi.org/10.1371/journal.pntd.0000235
https://doi.org/10.1016/S0140-6736(10)62050-8
https://doi.org/10.1016/S0140-6736(10)62050-8
https://doi.org/10.1016/S2214-109X(21)00392-2
https://doi.org/10.1371/journal.pntd.0005889
https://doi.org/10.1186/1475-2875-12-119
https://doi.org/10.1016/S0140-6736(18)31204-2
https://doi.org/10.1016/j.tmaid.2023.102637
https://doi.org/10.1016/j.tmaid.2023.102637
https://doi.org/10.1093/cid/ciy007
https://doi.org/10.1186/s40249-024-01198-0
https://doi.org/10.1186/s40249-024-01193-5
https://doi.org/10.1186/s40249-024-01193-5
https://doi.org/10.1186/s40249-022-00941-9
https://doi.org/10.1186/s40249-022-00941-9
https://doi.org/10.1186/s40249-024-01240-1
https://doi.org/10.1186/s40249-024-01240-1
https://doi.org/10.1016/j.soh.2024.100067
https://doi.org/10.1016/j.soh.2024.100067
https://doi.org/10.1016/j.soh.2023.100039
https://doi.org/10.1016/j.soh.2023.100042
https://doi.org/10.1016/j.soh.2023.100042
https://doi.org/10.1016/j.epidem.2017.01.002
https://doi.org/10.1111/j.1365-3156.2008.02110.x
https://doi.org/10.1111/j.1365-3156.2008.02110.x
https://doi.org/10.1016/S1473-3099(16)30140-2
https://doi.org/10.1016/j.soh.2024.100098

	Global, regional, and national burden of visceral leishmaniasis, 1990–2021: findings from the global burden of disease study 2021
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Date source
	Statistical analysis
	Joinpoint regression analysis
	Estimated annual percentage change (EAPC)
	Association between SDI and ARS

	Results
	Global
	Five SDI regions
	Geographical regions
	Countries and territories
	Global trends by age–gender group

	The correlation between rate and SDI

	Discussion
	Conclusions
	Acknowledgements
	References


