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ABSTRACT

Introduction: Tropical diseases are public
health problems affecting hundreds of millions
of people globally. However, the development
of adequate, affordable, and accessible treat-
ments is mostly neglected, resulting in signifi-
cant morbidity and mortality that could
otherwise be averted. Leishmaniasis is one of
the neglected tropical diseases caused by the
obligate intracellular protozoan Leishmania
parasite and transmitted by the bite of infected
phlebotomine sandflies. No systematic review
and meta-analysis has been done to identify the
prevalence and risk factors of leishmaniasis to
the authors’ knowledge. Therefore, the

objective was to determine the prevalence and
risk factors of human leishmaniasis in Ethiopia.
Methods: Eleven studies conducted in all
regions of Ethiopia, which were fully accessible,
written in any language, and original articles
done on prevalence and risk factors of leish-
maniasis, were included. STATATM version 11.1
was used for statistical analysis. Chi-square, I2,
and p values were assessed to check hetero-
geneity. A random effects model with hetero-
geneity taken from an inverse-variance model
was employed to estimate the pooled effect.
Subgroup meta-analysis was computed to
reduce random variations among each article’s
point prevalence, and Egger and funnel plots
were used to check for publication bias.
Results: The highest proportion of human
leishmaniasis was reported from a study done in
Amhara region (39.1%), and the lowest was
reported from a survey done in Tigray (2.3%).
The overall pooled prevalence of leishmaniasis
was 9.13% (95% CI 5–13.27). Subgroup analysis
by region revealed moderate heterogeneity
(I2 = 51.8%) in studies conducted in the
Southern Nations Nationalities and Peoples
Region (SNNPR). The presence of hyraxes and
being male were associated with an increased
risk of human leishmaniasis.
Conclusion: The prevalence of leishmaniasis in
Ethiopia remains high (9.13%), with significant
risk factors being male and the presence of
hyraxes within a 300-m radius of the sleeping
area.
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Key Summary Points

Globally, neglected tropical diseases affect
hundreds of millions and place even more
at risk, and nearly 40 million people are
suffering from stigma secondary to one
such disease, cutaneous leishmaniasis.

World Health Organization/Tropical
Disease Research program focuses on the
development of new diagnostics,
vaccines, and drugs to combat these
complex conditions. However, tropical
diseases are globally dispersed, making it
difficult for the treatment to be available
and affordable for those most in need,
who are often socioeconomically and
politically marginalized (like Ethiopia).

Leishmaniasis impacts public health,
socioeconomics, and the nation’s
economy and growth. There is lack of
systematic review and meta-analysis on
prevalence and risk factors of human
leishmaniasis at country level. This
direction further indicated a need to assess
the prevalence and risk factors of human
leishmaniasis.

Such a gap in knowledge further
complicates the full understanding and
evidentiary base needed to combat this
disease. Therefore, this study determined
the pooled prevalence and risk factors of
human leishmaniasis in Ethiopia.

The prevalence of leishmaniasis remains
high in Ethiopia (9.13%), and gender
(male) and the presence of hyraxes within
a 300-m radius of the sleeping area were
significant risk factors. Vaccine
development, methods of diagnosis, and
treatment that can be affordable for
developing countries should be given
priority.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13055780

INTRODUCTION

Globally, an estimated of 58,000 new cases of
visceral leishmaniasis and 220,000 new cases of
cutaneous leishmaniasis occur every year [1].
Nearly 40 million people are suffering from
stigma due to inactive cutaneous leishmaniasis
scars [2]. Neglected tropical diseases are a sig-
nificant public health problem in Ethiopia,
which is experiencing a considerable burden
compared to other sub-Saharan African coun-
tries [3]. Leishmaniasis affects both humans and
animals [4, 5]. The prevalence of animal leish-
maniasis in Ethiopia was 11% (95% CI 5–16%)
[6]. Neglected tropical diseases resulted in 3593
deaths in 2015 in Ethiopia [7]. Within Ethiopia,
there are many neglected tropical diseases that
result in the loss of quality of life and loss of
lives. One such disease, leishmaniasis, a proto-
zoan disease, is caused by over 20 different
Leishmania spp., which are transmitted by
female phlebotomine sandflies to humans [8].
The presentation of leishmaniasis can be sub-
clinical, localized, or disseminated with its
symptomatic stage manifesting as either acute
or chronic [9]. There are three major types of
the disease: visceral, cutaneous, and mucocuta-
neous [10], with consequences ranging from
skin lesions to death [11]. East Africa is the
second-largest visceral leishmaniasis focus after
the Indian subcontinent. East Africa contributes
30,000–40,000 new cases per year to the global
burden, with the largest proportion of new
leishmaniasis cases occurring in Ethiopia, South
Sudan, and Sudan [12, 13]. Visceral leishmani-
asis is characterized by anemia, prolonged fever,
weight loss, and hepatosplenomegaly. If left
untreated, it is fatal in 95% of cases [14, 15].

Globally, tropical diseases affect hundreds of
millions and place even more at risk [8, 16]. The
World Health Organization/Tropical Disease
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Research (WHO/TDR) program focuses on the
development of new diagnostics, vaccines, and
drugs to combat these complex conditions.
However, tropical diseases are globally dis-
persed, making it difficult for the treatment to
be available and affordable for those most in
need, who are often socioeconomically and
politically marginalized. Furthermore, drug
development is mostly neglected because of the
relatively small populations affected, coupled
with users’ inability to pay for such drugs
[16, 17].

Leishmaniasis impacts public health,
socioeconomics, and the nation’s economy and
growth [18]. Leishmaniasis causes high mortal-
ity, morbidity, affects the quality of life, causes
mental illness, stigma, and psychosocial mor-
bidity among those affected [17, 19]. Assefa did
a systematic review and meta-analysis on
leishmaniasis [6]. But it was focused on the
prevalence of leishmaniasis among humans and
animals. This direction further indicated a need
to assess the prevalence and risk factors of
human leishmaniasis as there is a lack of sys-
tematic review and meta-analysis on prevalence
and risk factors of human leishmaniasis at the
country level [1]. Such a gap in knowledge fur-
ther complicates the full understanding and
evidentiary base needed to combat this disease.
Therefore, this study determined the pooled
prevalence and risk factors of human leishma-
niasis in Ethiopia.

METHODS

Study Area and Design

This systematic review and meta-analysis con-
sidered original studies, including cross-sec-
tional and retrospective cohort studies,
conducted in all Ethiopian regions on preva-
lence and factors associated with leishmaniasis.
This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

Eligibility Criteria and Search Strategy

Inclusion Criteria
Fully accessible (either through online, library,
or author access at no cost) published articles
concerned with leishmaniasis prevalence and
risk factors, peer-reviewed, published in any
language, and including Ethiopian populations.

Exclusion Criteria
We excluded systematic reviews, meta-analysis,
commentaries, case–control (denominators are
already predetermined), case series, case reports,
studies done in animals, and inaccessible arti-
cles (unable to contact the primary author after
three attempts to retrieve the full text of the
papers). Following the Preferred Reporting Item
for Systematic Review and Meta-analysis
(PRISMA) guidelines [20], a comprehensive
computer search in PubMed, Google Scholar,
Cochrane Library, Science Direct, African Jour-
nals Online, and JURN on prevalence and risk
factors of leishmaniasis was performed. The
search was done with geographical location
restricted to Ethiopia. Related articles and ref-
erences were identified from some included
articles and were also searched. Boolean opera-
tors (‘‘OR’’ or ‘‘AND’’) were used in combination
or separately to search the terms. Peer-reviewed
articles published from November 1993 until
December 2019, which were fully accessible,
were included. Medical Subject Headings
(MeSH) terms (((magnitude) OR leishmaniasis)
OR associated factors) OR Ethiopia, (((preva-
lence) OR leishmaniasis) OR risk factors) OR
Ethiopia) were initially used. The last search was
done using (((prevalence) AND leishmaniasis)
AND risk factors) AND Ethiopia.

Study Selection and Quality Assessment

Three individuals (MH, KG, and JN) searched
the electronic databases using similar MeSH
terms to identify possible eligible articles on the
basis of the title and abstracts imported to
Endnote version 7 (Thomson Reuters, NY, USA).
Duplicate reports were removed. Title and
abstract reviews were performed. Articles with
adequate data concerning the inclusion criteria
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were saved for full-text assessment. The New-
castle–Ottawa Scale [21] adapted for cross-sec-
tional study quality assessment was used to
assess the quality of each article. Each article
was scored by three reviewers independently. In
the event of disagreements, the reviewers
reached a consensus or voted to determine the
disposition of the article. Articles with a quality
assessment score of greater than 6/10 were
considered high quality and were included in
this review.

Data Extraction

Three individual reviewers (MH, KG, and JN)
independently conducted the data extraction
using a standardized data extraction checklist.
The checklist included the name of the first
author, prevalence, standard error, type of

test, year of publication, a region of the study,
study setting, study population, gender of
participants, age, study design, sample size,
type of leishmaniasis, and other variables. If
authors disagreed on whether to include or
exclude an article, a majority decision was
made (Fig. 1).

Data Analysis

STATATM version 11.1 statistical software was
used for analysis. The standard error for each
original study was calculated using the bino-
mial distribution formula. Chi-square, I2, and
p values were assessed to check heterogeneity.
Though the pooled I2 shows no heterogeneity,
we queried differences in assumptions
amongst the individual studies. Therefore, a
random effects model with heterogeneity

Fig. 1 PRISMA flowchart showing the number of articles identified in the systematic review and meta-analysis on the
prevalence of human leishmaniasis and associated factors
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taken from an inverse-variance model (DerSi-
monian and Laird, 1986) was employed to
estimate the pooled effect. Subgroup meta-
analysis was computed on the basis of the
type of study design, the region where the
research was conducted, and the type of
leishmaniasis to reduce random variations
among the point prevalence of each article.
Egger and funnel plot tests were done to
check for publication bias. First author, year of
publication, point prevalence, and 95% confi-
dence interval were presented using forest
plots. Each identified potential determinant
factor was checked regarding the effect on the
prevalence of human leishmaniasis. The size
of each box on the forest plot indicates the
weight of each article, and the cross lines refer
to a 95% confidence interval.

RESULTS

Descriptive and Meta-Analysis

The years of publication of included articles
ranged from November 1993 to September
2019. Of the total articles that fulfilled the eli-
gibility criteria, 11 were selected for systematic
review and meta-analysis, ten of which were
community-based. The total sample size inclu-
ded from all the eligible articles was 50,883.
Over one-third (36.36%) of the studies were
conducted in the Tigray region. The highest
proportion of leishmaniasis was reported from a
study done in Amhara region (39.1%), followed
by SNNPR (36.4%), and the lowest prevalence
was reported from a study done in Tigray region
(2.3%) [22–24] (Table 1). Of the 11 studies, nine

Table 1 Descriptive summary of the 11 studies done on prevalence and risk factors of human leishmaniasis in Ethiopia

Authors Year of
publication

Sample
size

Type of
test

Region of the
study

Study
setting

Prevalence (95% CI)

Ali et al. 1993 730 rK39 SNNPR Community 36.4 (10.91–61.89)

Negera et al. 2008 1907 rK39 SNNPR Community 4.8 (- 13.54 to 23.14

Wondimeneh

et al.

2014 7161 DAT Amhara Hospital 39.1 (- 41.84 to

120.04)

Bsrat et al. 2015 2106 rK39 Tigray Community 14.0 (- 17.22 to

45.22)

Abera et al. 2016 289 rK39 Somali or

Benshangul

Community 6.9 (- 1.56 to 15.36)

Bsrat et al. 2018 329 rK39 Tigray Community 8.8 (- 1.28 to 18.88)

Tedla et al. 2018 26,511 rK39 Tigray Hospital 8.4 (- 80.21 to

97.01)

Ayehu et al. 2018 185 rK39 Amhara Community 7.6 (0.55–14.65)

Bekele et al. 2018 1682 rK39 SNNPR Community 8.6 (- 13.96 to

31.16)

Alebie et al. 2019 361 rK39 Somali or

Benshangul

Community 15.8 (2.22–29.38)

Yohannes et al. 2019 9622 Clinical Tigray Community 2.3 (- 26.50 to

31.10)
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studies were cross-sectional [22, 24–31], and the
rest [23, 32] were retrospective studies. Included
studies were done in five of the nine regions of
the country. Although the value of I2 = 0.0%,
differences in the assumptions of individual
articles were expected; hence, a random effects
model was employed using sample size and
positive participants to determine the country-
level pooled prevalence. The overall pooled
prevalence of leishmaniasis was 9.13% (95% CI
5–13.27) with heterogeneity chi-squared = 6.83,
p = 0.741, df = 10, and I2 = 0.0% (Fig. 2).

Subgroup Meta-Analysis

Subgroup meta-analysis was done on the basis
of the region of the study, the type of leishma-
niasis, and type of study design employed.
Subgroup analysis by region (SNNPR, Tigray,
Amhara, Somali, and Benshangul Gumuz)
revealed moderate heterogeneity (I2 = 51.8%) in

studies conducted in SNNPR. No heterogeneity
was observed regarding study designs, and
subtotal random proportion of the study
designs showed that 9.13% (95% CI 4.91–13.21)
was attributable to cross-sectional study design
(Table 2). Regarding the type of leishmaniasis,
the pooling subtotal under a random effects
model implies that 9.44% (95% CI 5.1–13.78) of
the type of leishmaniasis was visceral (kala-
azar), and the subtotal prevalence for cutaneous
leishmaniasis was 6.03% (95% CI 7.83–19.9)
(Fig. 3).

Factors Associated with Human
Leishmaniasis

A total of 23 variables (Table 3) were examined
in this review for their effect on human leish-
maniasis prevalence. Thirteen of the variables
(i.e., the residence of daily laborers, knowledge
about the mode of transmission, dog

Fig. 2 Forest plot of pooled prevalence of human leishmaniasis in Ethiopia
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Table 2 Prevalence of human leishmaniasis estimates by subgroup analysis in the region and study design

Region/study design Authors RR 95% CI Weight Heterogeneity
statistic

df p value I-squared Tau-
squared

SNNPR Ali et al. (1993) 36.4 10.9–61.9 2.6 4.2 3 0.13 51.8% 134.7

Negera et al. (2008) 4.8 - 13.5 to
23.1

5.1

Bekele et al. (2018) 8.6 - 14 to
31.2

3.4

Pooled effect size 15.1 - 3.2 to
33.3

11.1

Tigray Bsrat et al. (2015) 14 - 17.2 to
45.2

1.8 0.3 3 0.96 0.0% 0.00

Bsrat et al. (2018) 8.8 - 1.3 to
18.9

16.9

Tedla et al. (2018) 8.4 - 80.2 to
97

0.2

Yohannes et al.
(2019)

2.3 - 26.5 to
31.1

2.1

Pooled effect size 8.6 - 0.5 to
17.6

20.9

Amhara Wondimeneh et al.
(2018)

39.1 - 41.8 to
120

0.3 0.6 1 0.45 0.0% 0.00

Ayehu et al. (2018) 7.6 0.5–14.7 34.6

Pooled effect size 7.8 0.8–14.9 34.7

Somali or Benshangul
Gumuz

Abera et al. (2016) 6.9 - 1.6 to
15.4

24 1.2 1 0.28 15.9% 6.30

Alebie et al. (2019) 15.8 2.2–29.4 9.3

Pooled effect size 9.7 1.6–17.8 33.3

Overall pooled effect 9.13 5–13.3 100 6.8 10 0.74 0.0% 0.00

Cross-sectional Ali et al. (1993) 36.4 10.9–61.9 2.6 6.3 8 0.6 0.0% 0.00

Negera et al. (2008) 4.8 - 13.5 to
23.1

5.1

Bsrat et al. (2015) 14 - 17.2 to
45.2

1.8

Abera et al. (2016) 6.9 - 1.6 to
15.4

24

Bekele et al. (2018) 8.6 - 14 to
31.2

3.4

Bsrat et al. (2018) 8.8 - 1.3 to
18.9

16.9

Ayehu et al. (2018) 7.6 0.5–14.7 34.6

Alebie et al. (2019) 15.8 2.2–29.4 9.3

Yohannes et al.
(2019)

2.3 - 26.5 to
31.1

16.9

Pooled effect size 9.1 4.9–13.2 99.5

Retrospective cross-
sectional

Wondimeneh et al.
(2018)

39.1 - 41.8 to
120

0.3 0.25 1 0.6 0.0% 0.00

Tedla et al. (2018) 8.4 - 80.2 to
97

0.2

Pooled effect size 25.1 - 34.6 to
85

0.5

Overall pooled effect 9.13 5–13.3 100
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ownership, educational status, presence of ter-
mite mounds, presence of bed nets, resettle-
ment status, the residence of participants,
sleeping under a Ballantine tree, type of house,
season, origin, and presence of cave within a
300-m radius) were mentioned in single articles
as risk factors. Therefore, the pooled effect was
not calculated for such variables. From the
remaining ten variables tested for their effect on
the prevalence of human leishmaniasis, the
presence of hyraxes within a 300-m radius of
sleep area and gender were significantly associ-
ated with the prevalence of human leishmani-
asis in the final systematic review and meta-
analysis. Pooling from two studies [24, 30]
showed that the presence of hyraxes within a
300-m radius of the sleeping area was associated

with the prevalence of human leishmaniasis
(OR 2.96; 95% CI 1.67–5.245). Pooling from ten
studies [22–30, 32] showed that female indi-
viduals were less likely to be affected by leish-
maniasis compared to their male counterparts
(OR 0.6; 95% CI 0.46–0.82). No other study
variables showed an association with the
prevalence of human leishmaniasis (Table 4).

Publication Bias and Small Study Effect
Assessment

Egger and funnel plot tests were done to deter-
mine publication bias (Fig. 4), yielding no evi-
dence of bias with a p value of 0.19 (95% CI
- 0.356 to 1.548).

Fig. 3 Subgroup meta-analysis by type of human leishmaniasis in Ethiopia
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DISCUSSION

Despite the prevalence of neglected tropical
diseases in Ethiopia, funding to control and
investigate geographic distribution is limited
[3]. Risk assessment at the country level is poor
in Ethiopia and the non-specific symptoms of
leishmaniasis have made it difficult to treat.
Many of the available methods of diagnosis are
not appropriate in Ethiopia [10]. Therefore, this
study focused on prevalence and risk factors of
human leishmaniasis at the country level.

Human leishmaniasis was present, highly
prevalent, and reported in more than half of the
regions of the country. These findings are sup-
ported by previous studies suggesting that the
Horn of Africa bears the largest burden of
leishmaniasis with northern regions of Ethiopia
around the borders of Sudan most affected
[33, 34]. This pattern might reflect the
unavailability of a vaccine, inadequate vector
control, and insufficient access to new drugs [9].
Others suggest that this trend might be due to
migration and conflict [34]; lack of advance-
ment in diagnostics and treatment of the dis-
ease; or unaffordability of the new advanced
technologies (i.e., vaccine, treatment, and
diagnostics) to eradicate leishmaniasis [35].

Leishmaniasis was more prevalent in Amhara
region followed by SNNPR, showing low repor-
ted prevalence in Tigray. Visceral leishmaniasis
was the most prevalent type across all regions.
This study showed that the risk of having
leishmaniasis is increased among male individ-
uals, which mirrors a previous study in Sudan
[36]. This finding could potentially reflect that
male individuals are more likely to be in agri-
cultural fields and move during the night. This
study showed that the presence of hyraxes
within a 300-m radius of the sleeping area
increased the risk of acquiring the disease. Pre-
vious studies revealed similar findings [12, 37]
with an explanation that hyraxes are natural
reservoirs of leishmaniasis [3]. In some studies,
the presence of domestic animals around
sleeping areas was ambiguous for risk factors for
the prevalence of leishmaniasis [36, 38],
although this finding was less evident in
another study [37].

In contrast, the current study revealed that
the presence of domestic animals does not
affect the prevalence of leishmaniasis. This sys-
tematic review and meta-analysis showed that
the remaining variables (Table 4) did not affect
leishmaniasis prevalence. These findings are in
disagreement with previous studies that suggest

Table 3 Select risk factors for human leishmaniasis in Ethiopia

Sociodemographic Residence/
accommodation

Sleeping related Environmental Health behaviors

Sex Residence of daily
laborers

Indoor/outdoor Acacia Bed Nets

Age House materials

(mud, stone,
wood/mud)

Domestic animals
sleeping nearby

Termite mounds Knowledge of
transmission modes

Origin (high/lowland) Resettlement status Sleeping under Ballantine
tree

Dog ownership Travel history to endemic
areas

Occupation (farmer/not
farmer)

Cave within 300-m
radius

Black and
cracked soil

Residence (rural/urban) Gorge within 300-m
radius

Season (dry/wet)

Education (formal/no
formal)

Hyraxes within 300-m
radius
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Table 4 Effect of selected risk factors for human leishmaniasis in Ethiopia

Variables Authors RR 95% CI %
Weight

Heterogeneity chi-
squared

df p value I-
squared

Tau-
squared

Gender Ali et al. (1993) 0.9 0.8–1.1 17.4 70.0 9 0.00 7.1% 0.12

Wondimeneh et al.
(2014)

0.9 0.9–0.98 18

Bsrat et al. (2015) 0.8 0.6–1.1 14.9

Abera et al. (2016) 0.2 0.06–0.4 4.3

Bekele et al. (2018) 0.2 0.1–0.4 7.9

Bsrat et al. (2018) 0.1 0.0–0.3 3.4

Tedla et al. (2018) 0.0 0.01–0.1 4.7

Ayehu et al. (2018) 2.2 0.2–29.4 1.2

Alebie et al. (2019) 1.2 0.8–2 12

Yohannes et al.
(2019)

0.0 0.7–1.1 15.8

Pooled RR 0.6 0.5–0.8 100

Presence of hyraxes Bsrat et al. (2015) 2.3 1.7–3 54.6 4.8 1 0.03 79% 0.13

Yohannes et al.
(2019)

4.1 2.6–6.4 45.4

Pooled RR 3 1.7–5.2 100

Age Ali et al. (1993) 0.5 0.4–0.6 15 114.6 7 0.00 93.9& 0.38

Negera et al. (2008) 1.5 0.9–2.5 13

Wondimeneh et al.
(2014)

1.5 1.4–1.6 15.5

Abera et al. (2016) 0.7 0.3–1.8 10

Bsrat et al. (2018) 2 1–4.1 11.4

Bekele et al. (2018) 2.9 0.9–9.5 8

Alebie et al. (2019) 1.5 0.9–2.6 12.8

Yohannes et al.
(2019)

2.9 2–4.3 14.2

Pooled RR 1.4 0.9–2.3 100

Sleeping area Bsrat et al. (2018) 4.3 1.8–10.3 10.7 2.4 3 0.49 0.0% 0.00

Ayehu et al. (2018) 2.1 0.7–6.4 6.4

Alebie et al. (2019) 2.1 1.2–3.5 29

Yohannes et al.
(2019)

2.1 1.43.1 53.9

Pooled RR 2.2 1.7–3 100

Domestic animals near sleeping
areas

Ayehu et al. (2018) 2.8 1–7.6 27 3.9 2 0.14 48.8% 0.18

Alebie et al. (2019) 5.3 1.7–16.5 23.4

Yohannes et al.
(2019)

1.6 0.9–2.7 49.6

Pooled RR 2.5 1.3–4.9 100

Travel history Abera et al. (2016) 1.8 0.7–4.5 58 0.4 1 0.52 0.0% 0.00

Ayehu et al. (2018) 2.9 1–8.3 42

Pooled RR 2.2 1.1–4.4 100
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sleeping outdoors [34, 36, 38], age [36], pres-
ence of a gorge within a 300-m radius of the
sleeping area [24, 30], presence of acacia
[33, 36], and travel history to leishmaniasis
endemic areas [27] were significantly associated
with human leishmaniasis.

CONCLUSION

The prevalence of leishmaniasis remains high in
Ethiopia (9.13%), and gender (male) and the

presence of hyraxes within a 300-m radius of
the sleeping area were significant risk factors.
Even though there is a reduction in the mag-
nitude of leishmaniasis and there are advances
in diagnosis and treatments [16, 17], this disease
remains challenging to assess and manage in
developing countries like Ethiopia. Substantial
gaps and inconsistencies were seen between the
findings of the individual articles and system-
atic review and meta-analysis, clearly indicating
the need for more intensive and national

Fig. 4 Funnel plot showing a risk of bias on leishmaniasis prevalence and standard error in Ethiopia

Table 4 continued

Variables Authors RR 95% CI %
Weight

Heterogeneity chi-
squared

df p value I-
squared

Tau-
squared

Presence of acacia near the
sleeping area

Bsrat et al. (2018) 1.8 0.8–3.9 49.4 7.2 1 0.01 86.1 0.91

Alebie et al. (2019) 7.6 3.7–15.7 50.6

Pooled RR 3.7 0.9–15.5 100

Presence of black soil Bsrat et al. (2018) 1.7 0.7–3.9 58.4 0.6 1 0.43 0.0% 0.00

Ayehu et al. (2018) 2.9 1.1–7.7 41.7

Pooled RR 2.1 1.1–4 100

Occupation Abera et al (2016) 1.1 0.3–3.6 10.9 0.1 2 0.95 0.0% 0.00

Bsrat et al. (2018) 1.2 0.7–2.5 27.7

Alebie et al. (2019) 1.0 0.6–1.7 61.5

Pooled RR 1.1 0.7–1.6 100

Presence of gorge Bsrat et al. (2015) 1.4 1.1–1.7 51.7 15.9 1 0.00 93.7 0.44

Yohannes et al.
(2019)

3.6 2.4–5.4 48.4

Pooled RR 2.2 0.9–5.6 100
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studies on this condition. Leishmaniasis was
one of the WHO’s targets for elimination and
control by 2020. However, our findings high-
light that leishmaniasis is still a prevalent and
neglected disease, contributing its share to the
global burden of neglected tropical diseases
(NTD). Since the current medications are dec-
ades old and full of limitations [35], new vac-
cines, methods of diagnosis, and treatment for
its eradication should be given priority, and
prophylaxes should also be considered to pre-
vent relapse. Researchers around the world
might also consider their investment in human
leishmaniasis, especially in innovation for new
treatments and diagnostics that can be afford-
able for developing countries. Epidemiological
investigations of possible risk factors for human
leishmaniasis, clinical trials for evidence-based
practices, investigations of treatment failure,
and investigation on the geographical distribu-
tion of hyraxes are recommended. Mass
screening and follow-ups of interventions are
also recommended.
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