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Abstract 

Background  Leptospirosis is an emerging neglected tropical zoonotic disease of public health importance 
causing substantial morbidities and mortalities among humans. The infection is maintained within the popula-
tion through interactions between humans, animals, and the environment. Understanding the burden of disease 
in both humans and animals is necessary for effective prevention and control in Sub-Saharan Africa (SSA). Therefore, 
we aimed to determine the seroprevalence of leptospirosis in humans, selected domestic animals, and rodents in SSA.

Methods  A comprehensive search was done in six databases: Scopus, PubMed, Google Scholar, CINAHL, Web of Sci-
ence, and African Journals Online databases for articles published between 01 January 2014 and 30 August 2022. 
Thirty-seven articles distributed across 14 out of 46 countries in SSA were included. The random effects meta-analysis 
model was used to pool the extracted seroprevalence data.

Results  The overall pooled seroprevalence of leptospirosis among humans was 12.7% (95% CI: 7.5,20.8), 15.1% 
(95% CI: 9.4,23.5), and 4.5% (95% CI: 0.4, 35.6) based on results obtained using ELISA, MAT, and PCR diagnostic meth-
ods respectively. The pooled seroprevalence estimates among cattle were 29.2%, 30.1%, and 9.7% based on ELISA, 
MAT, and PCR respectively. Further, the pooled seroprevalence in goats was 30.0% for studies that used MAT, 
and among rodents, the pooled seroprevalence estimates were 21.0% for MAT and 9.6% for PCR diagnostic criteria. 
The seroprevalence of leptospirosis varied extensively between studies, across SSA regions and study setting (rural 
or urban).

Conclusion  Leptospirosis is widespread in SSA in both humans and animals based on the current results 
of the pooled seroprevalence in the limited studies available. The burden is high in animals and humans and under-
estimated due to limited studies and challenges with limited diagnostic capacity in most healthcare settings in SSA. 
Hence, we recommend that leptospirosis should be listed as a disease of concern and be included on the list 
of routine diagnostics among patients presenting with febrile illness in healthcare settings. Further, we recommend 
the enhancement of surveillance of leptospirosis in all countries in SSA and the development of strategies with a One 
Health perspective to effectively prevent and control leptospirosis.
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Strengths and limitations of this study

•	 To the best of our knowledge, this is the first meta-
analysis summarizing the prevalence of leptospirosis 
in both humans and animals in Sub-Saharan Africa.

•	 This review highlights the current extent of leptospi-
rosis burden in humans and selected animals in dif-
ferent regions of Sub-Saharan Africa.

•	 Rigorous methodology and statistical techniques 
were employed to obtain precise pooled prevalence 
estimates.

•	 This review could be limited by the impossibility to 
disaggregate data based on the Leptospira serovar 
and serogroup because of limited diagnostic tech-
niques available to isolate the exact Leptospira vari-
ants.

Background
Leptospirosis is among the widely spread emerging 
zoonotic disease with epidemic potential and is con-
sidered by the World Health Organization (WHO) as a 
neglected disease [1]. The disease is caused by infection 
with the pathogenic strains of a bacterium called Lepto-
spira, with more than 300 pathogenic serovars known 
worldwide [2, 3]. Leptospirosis has a ubiquitous distribu-
tion in nature, though it’s most prevalent in tropical and 
humid climates due to favorable environmental condi-
tions for the pathogen to thrive. Previous reports from 
mathematical modeling estimated the global annual inci-
dence of leptospirosis to be 14.8 cases per 100,000 pop-
ulation with approximately over one million cases and 
60,000 deaths annually [4]. The prevalence of the human 
disease is hyperendemic mostly in the Caribbean and 
Latin America, India, Southeast Asia, Oceania, and sub-
Saharan Africa [1, 5]. However, some temperate regions 
such as Greece, Germany, France, and the Netherlands 
experience some endemicity to a lesser extent [5, 6].

Among humans, exposure to pathogenic Leptospira 
could either be through direct or indirect contact [7]. 
Direct transmission occurs when susceptible human’s 
mucous membrane gets into contact with pathogen-
contaminated urine, tissues, and any organs of infected 
animals [8]. Indirect transmission occurs when humans 
get into contact with contaminated environment such 
as soil and water. The transmission tends to vary based 
on setting, whereby in rural areas, the transmission 
of pathogenic Leptospira is mainly driven by rainfall, 
livestock or wild animal close contact, and farming 
[9]. Whereas in urban settings, transmission among 
humans is largely perpetuated by rodent infestation, 
poor hygiene, and overcrowding, mainly occurring 

typically in urban slums of low and middle-income 
countries (LMICs) [10]. Natural disasters such as heavy 
rainfalls and flooding have also been associated with 
leptospirosis outbreaks among humans globally, though 
not always [9, 11, 12].

Among animals, Leptospira transmission occurs 
either directly through a susceptible animal getting into 
contact with infected urine or body fluids of another 
infected animal or indirectly through contact with con-
taminated water, vegetation, or soil [13, 14]. The envi-
ronment is an important medium in the transmission 
cycle of Leptospira pathogens both in humans and ani-
mals [15]. As in humans, rodents are associated with 
massive outbreaks of leptospirosis in livestock popu-
lations in urban areas [16]. While in rural settings, 
outbreaks are commonly linked to animal breeding 
practices and extreme seasonal factors such as heavy 
rains, and flooding. Given the increase in leptospiro-
sis outbreaks worldwide, and the interconnectedness 
between humans, animals and the environment, more 
research is needed to decipher the epidemiology, and 
ecology of the infection [5, 11, 17].

A recent systematic review of articles published till 
January 2014 on the prevalence of leptospirosis among 
humans in SSA indicated that data about occurrence of 
the infection is limited for many countries with some 
counties mostly those in central Africa having outdated 
data [6]. Another systematic review covering studies pub-
lished between January 1930 and October 2014 reported 
the prevalence of human leptospirosis ranging between 
2.3% and 19.8% in hospitalized patients in Africa [17]. 
While the prevalence in animals was reported to vary 
widely based on the target animal species and the diag-
nostic method used. In this review, the overall Leptospira 
infection prevalence in Africa among rodents by PCR 
ranged from 11.0% to 65.8% while among cattle tested by 
culture, the prevalence ranges from 1.1% to 10.4% of the 
sampled animals. No further review has been conducted 
since 2014 about the prevalence of Leptospira infection 
among humans and selected animal species in SSA.

To address these knowledge gaps, in the current 
understanding of human and animal Leptospira infec-
tion in SSA, a systematic review and meta-analysis of 
peer-reviewed articles published between 2014 and 
2022 was performed following the PRISMA guidelines 
and checklist. The review aimed at addressing the fol-
lowing objectives (a) to determine the overall seroprev-
alence of leptospirosis in humans and selected animals 
in SSA between 2014 and 2022 and (b) to summarize 
the seroprevalence of leptospirosis in humans and ani-
mals based on SSA regions, diagnostic method, and 
study setting (rural vs urban).
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Methods
Study design
The methodology of this systematic review and meta-
analysis was guided by the Centers for Reviews and 
Dissemination guidelines [18], and the Preferred Report-
ing Items for Systematic Reviews  and Meta-Analyses 
(PRISMA) guidelines [19]. The review was registered in 
the PROSPERO International Prospective Register of Sys-
tematic Reviews on 14th July 2022 (CRD42022345844).

Eligibility criteria
We included peer-reviewed studies, both observational 
and experimental studies that reported on the seropreva-
lence or had sufficient data to estimate the seropreva-
lence of leptospirosis among humans, cattle, goats, and 
rodents across the SSA region. The inclusion and exclu-
sion criteria are outlined below.

Inclusion criteria

a)	 Participants/ study subjects: humans, cattle, goats, 
and rodents in SSA

b)	 Study designs: both observational (cross-sectional, 
case–control, cohort, or retrospective studies) and 
experimental studies (Randomized Control Trials, 
RCTs)

c)	 Outcome type: leptospirosis, Leptospiral antibodies
d)	 Measure of outcome: prevalence/ seroprevalence, or 

sufficient data to estimate the prevalence.
e)	 Publication period: January 2014 to August 2022.

Exclusion criteria

a)	 Study designs: reviews, mathematical modeling stud-
ies, case series, and qualitative studies

b)	 Studies with no primary data or clear description of 
the methodology

c)	 Studies conducted outside SSA.
d)	 Published before January 2014

Leptospirosis case definitions
The following definitions were used for the diagnostic 
criteria for leptospirosis.

Among humans, clinical signs, and symptoms consist-
ent with leptospirosis and any one of the following:

Confirmed cases

•	 Four-fold increase in microagglutination test (MAT) 
titer in acute and convalescent serum samples.

•	 MAT titer ≥ 1:400 in single or paired serum samples

•	 Leptospira DNA detected by polymerase chain reac-
tion (PCR).

Probable cases

•	 Presence of IgM antibodies by enzyme-linked immu-
noassay (ELISA) or dipstick

•	 Presence of IgM/IgA antibodies in the immunofluo-
rescence assay

•	 MAT titer ≥ 1:100 in a single acute-phase serum 
sample

Among the animals, the test results from either the 
ELISA, MAT, or PCR diagnostic techniques were con-
sidered to determine whether the animal was positive for 
Leptospira antibodies or leptospirosis infection.

Data collection procedures
Search strategy
A comprehensive search was conducted in the follow-
ing databases for articles published on leptospirosis and 
Leptospiral antibodies among humans and animals in 
SSA between 01 January 2014 and 30 August 2022: Sco-
pus, PubMed, Google Scholar, CINAHL, Web of Sci-
ence, and African Journals Online. A search strategy that 
employs medical subject headings (MESH) and keywords 
were developed and used while searching for literature. 
We categorized the search terms according to geographic 
location (SSA); participants (humans and animals), and 
outcome of interest (seroprevalence of leptospirosis). 
The final search strategy for PubMed was reported (Supp 
Table 1). The search terms used in PubMed were adopted 
and used in other databases. Furthermore, a search of 
the reference lists of the eligible papers was conducted to 
obtain other relevant articles.

Selection of sources of evidence
Identified articles were uploaded into EndNote to 
remove duplicates. The articles were then screened 
based on title and abstract for eligibility by one author 
(JMG). The full texts of studies selected after screening 
were retrieved and screened to verify their conformance 
with the inclusion criteria. This process of screening was 
conducted by one author (JMG) and reviewed by the 
second author (LM).

Data extraction process
For all included studies, data were extracted using a cus-
tomized data abstraction tool designed for this study. The 
following information was extracted:



Page 4 of 13Gizamba and Mugisha ﻿BMC Infectious Diseases          (2023) 23:649 

a)	 Authors: Name of the first author and publication 
year

b)	 Characteristics of the study: study title and objective, 
country, setting (urban/ rural), study design, data col-
lection period (year, season), sample size, and diag-
nostic methods used.

c)	 Participants: humans: age (range, mean, median), sex
d)	 Outcome characteristics: number of leptospirosis 

cases, seroprevalence of leptospirosis
e)	 Animals: species (cattle, goat, rodent), leptospirosis 

cases, sample size

Where data such as sample size and number of 
human participants or animals that were seropositive 
were provided, the seroprevalence estimates were cal-
culated using this data.

Statistical methods
Data synthesis
Data were analyzed using the meta package in R soft-
ware (version 3.6.1). Forest plots were drawn to visual-
ize the pooled seroprevalence and the 95% confidence 
intervals (95% CI) of leptospirosis in humans and ani-
mals in SSA. A random effects meta-analysis model 
was used to pool the seroprevalence data [56]. Hetero-
geneity was assessed using the χ2 test on Cochrane’s Q 
statistic [57] and the I2 (values of 25%, 50%, and 75% 
representing low, medium, and high heterogeneity, 
respectively) [58]. Subgroup analysis based on the SSA 
region, diagnostic methods, and study setting (rural/
urban), was done for studies that involved human 
participants. As a result of fewer animal studies, the 
pooled prevalence estimates of leptospirosis were cat-
egorized only based on the diagnostic criteria used and 
the study setting (rural vs urban setting).

Risk of bias and quality assessment
The included articles were evaluated for methodological 
quality using a 10-item scale developed by Hoy et al. [59] 
for internal and external validity, generalizability, and 
response rate. The risk of bias assessment was conducted 
by JMG and reviewed by LM. The results of risk of bias 
(ROB) were presented for each study (Table 1).

Publication bias assessment
The funnel plots and Egger’s weighted regression meth-
ods [60] were used to assess publication bias and a 
p-value < 0.10 was considered indicative of statistically 
significant publication bias. Funnel plots are presented in 
the supplementary files.

Results
Study selection
We found 509 articles in the literature search. When 
duplicates (n = 141 articles) were removed, 368 articles 
remained for both abstract and full-text screening. In the 
title and abstract screening, 242 articles were excluded 
because they did not meet the inclusion criteria (Fig. 1). 
The full-texts of the remaining 126 articles were obtained 
and after full-text screening, 89 articles were excluded 
because they didn’t meet the inclusion criteria. Finally, 37 
articles were included in the systematic review. To report 
the seroprevalence of leptospirosis, PCR and culture 
results reported by studies that used these techniques to 
test for leptospirosis were excluded while conducting the 
meta-analysis.

Summary of included studies
Thirty-seven articles from 14 countries out of 46 coun-
tries in SSA were included in this review. Most of the 
studies (n = 24, 64.9%) were conducted in the East Africa 
(EA) region particularly in Tanzania (n = 14) (Fig. 2). The 
studies conducted in Central Africa (CA), West Africa 
(WA), and Southern Africa (SA) regions were 5 (13.5%), 
6 (16.2%), and 2 (5.4%) respectively (Table  1). All the 
included studies used a cross-sectional study design, with 
20 (54.1%) studies conducted particularly in a rural set-
ting, 4 (10.8%) studies in an urban setting, and 13 (35.1%) 
studies conducted in both urban and rural settings. The 
most used diagnostic method was the MAT (n = 21, 
56.8%) used either alone or in combination with other 
methods such as ELISA or culture or PCR. The studies 
that used the ELISA method alone were 8 and the stud-
ies that used the PCR method alone were also 8 (Table 1). 
All of the included studies had a low ROB (n = 34, 91.9%) 
except 3 (8.1%) that had a moderate ROB.

Prevalence of Leptospira in humans
Based on the ELISA method, the overall seroprevalence 
of leptospirosis across the regions in SSA was 12.7% (95% 
CI 7.5,20.8) with substantial heterogeneity between stud-
ies (I2 = 96.0%, p < 0.01) (Fig. 3). Based on the funnel plot 
(supp Fig. 1) and Egger’s test, there was symmetry and no 
evidence of potential publication bias. The EA region had 
the highest pooled seroprevalence compared to other 
regions in studies that used the ELISA method.

Based on the MAT method, the overall seropreva-
lence of leptospirosis was 15.1% (95% CI 9.4,23.5) with 
substantial heterogeneity between studies (I2 = 97.0%, 
p < 0.01) (Fig.  4). Based on the funnel plot (supp Fig.  2) 
and Egger’s test, there was symmetry and no evidence 
of potential publication bias. CA region had the highest 
pooled seroprevalence compared to other regions among 
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studies that used MAT diagnostic method. Based on the 
PCR method, the overall seroprevalence of leptospiro-
sis across the regions in SSA was 4.5% (95% CI 0.4, 35.6) 
(supp table 2). When studies were sub-grouped based on 
whether they were conducted in a rural or urban setting, 
the pooled seroprevalence of studies conducted in rural 
areas was higher than the pooled estimate for studies 
conducted in urban or a mixture of both urban and rural 
areas (supp Figs. 3 and 4).

Prevalence of Leptospira in animals (cattle, goats, 
and rodents)
Most of the studies that estimated the prevalence of 
Leptospira in cattle used MAT and ELISA methods, 
with only 2 studies and 1 study using PCR and cul-
ture methods respectively. Overall, the seropreva-
lence of leptospirosis in cattle was 29.2% (95% CI 
16.1,46.9), 30.1% (95% CI 28.0,32.2), and 9.7% (95% CI 
0.1,88.6) based on the ELISA, MAT, and PCR methods 

Table 1  Summary characteristics of included studies

SSA Sub-Saharan Africa, ROB Risk of bias, CA Central Africa, EA East Africa, SA Southern Africa, WA West Africa, MAT Mat agglutination test, ELISA Enzyme-linked 
immunoassay, PCR Polymerize chain reaction, DRC Democratic republic of Congo

SSA region country Study setting study population (sample size) diagnostic criteria ROB reference

CA DRC urban and rural humans (1300) ELISA Low [20]

DRC rural humans (38) PCR Moderate [7]

DRC rural humans (54) MAT Low [21]

CAR​ urban and rural humans (198) ELISA Moderate [22]

CAR​ urban and rural humans (497) ELISA, MAT Moderate [23]

EA Rwanda Urban and rural humans (377) ELISA, MAT Low [24]

Tanzania urban humans (250) MAT Low [25]

Kenya Urban and rural humans (737) ELISA Low [26]

Tanzania Urban and rural humans (370) ELISA, MAT Low [27]

Tanzania rural humans (267), Cows (1103), goats (248), rodents (207) MAT Low [28]

Tanzania Urban and rural humans (1225) MAT Low [29]

Tanzania rural humans (455), rodents (24) MAT Low [30]

Tanzania Urban and rural humans (1293) MAT Low [31]

Uganda rural humans (359) MAT Low [32]

Tanzania rural humans (191) PCR Low [33]

Tanzania rural humans (842) PCR Low [34]

Tanzania urban humans (205) MAT Low [35]

Tanzania rural humans (267) MAT Low [36]

Tanzania rural humans (50), goats (45), rodents (45) MAT Low [37]

Tanzania rural humans (128) PCR Low [38]

Uganda urban humans (254) MAT Low [39]

Mozambique rural humans (373) ELISA, MAT Low [40]

Kenya rural cows (1170) ELISA Low [41]

Kenya rural cows (415) ELISA Low [42]

Tanzania rural cows (452), goats (162), sheep (89), rodents (384) PCR Low [43]

Uganda urban and rural cows (500) PCR Low [44]

Uganda rural cows (92) ELISA Low [45]

Tanzania rural rodents (89) MAT Low [46]

Mozambique urban rodents (57) PCR Low [47]

SA South Africa rural humans (138) ELISA Low [48]

South Africa rural cows (199) MAT Low [49]

WA Ghana rural humans (657) ELISA Low [50]

Sierra Leone urban and rural humans (100) PCR Low [51]

Senegal rural humans (545), cows (56), goats (52), sheep (43) MAT Low [52]

Burkina Faso urban and rural humans (781) ELISA, MAT, PCR Low [53]

Ivory Coast urban and rural humans (384) ELISA, MAT Low [54]

Nigeria urban and rural cows (190) MAT, Culture Low [55]
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respectively (Fig.  5). The pooled seroprevalence esti-
mated by the MAT method was higher compared to 
ELISA and PCR methods and the pooled seropreva-
lence differed significantly between the diagnostic 
methods (p < 0.01) (Fig. 5).

Most of the studies that estimated the seroprevalence 
in goats used the MAT diagnostic method, with only one 
study using the PCR method and no study using ELISA. 
The pooled seroprevalence estimates of Leptospira infec-
tion in goats among studies that used the MAT method 
was 30.0% (95% CI 1.1,94.0) with substantial heterogene-
ity among the studies (I2 = 97.0%, p < 0.01) (Fig. 6).

Among rodents, most of the studies used the PCR 
method followed by the MAT method, only one study 
used culturing method and no study used the ELISA 
method. The pooled seroprevalence estimates of lepto-
spirosis among the studies that used the MAT method 
was 21.0% (95% CI 15.6,27.7) with no heterogeneity 
among the pooled studies (p < 0.5). Among the studies 
that used the PCR method, the pooled seroprevalence 

estimate was 9.6% (95% CI 21.,34.3) with substantial het-
erogeneity (I2 = 95.0%, p < 0.01) Fig. 7.

Discussion
This systematic review and meta-analysis provide the 
current synthesis and integrated data on the seropreva-
lence of Leptospira infection among humans and selected 
animal species in SSA. Leptospirosis continues to be 
among the neglected tropical zoonotic disease and its 
less prioritized for research and surveillance in most 
countries in SSA. Yet, this meta-analysis further reveals 
that the current overall seroprevalence of Leptospira 
infection among humans in SSA is relatively high regard-
less of the diagnostic method used. Leptospira infection 
among all the selected animals was also higher though it 
varied based on the diagnostic test used.

Among humans, the overall seroprevalence of Lepto-
spira infection in SSA was 12.7%, 15.1%, and 4.5% by 
ELISA, MAT, and PCR methods respectively. These results 
fall within the range (2.3% to 19.8%) reported by Kathryn 

Fig. 1  Flowchart of study selection
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Allan and colleagues in a systematic review synthesizing 
the prevalence of human leptospirosis in Africa among 
studies published between 1930 and 2014 [17]. However, 
the upper confidence limits of the overall prevalence 
estimated in our meta-analysis (Fig.  3 and 4) was higher 

than the maximum prevalence (19.8%) reported in the 
systematic review by Kathryn Allan and colleagues [17]. 
Our findings reveal that leptospirosis is a recurrent ill-
ness and could be significantly contributing to the febrile 
illness burden in the African region [61]. In addition, the 

Fig. 2  Distribution of studies on Leptospirosis from countries in the SSA between 2014 and 2022
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evidence synthesized showed that the prevalence of Lepto-
spira infection among humans in SSA was widely spread 
with varying morbidity based on SSA regions. This finding 
is consistent with findings from other LMIC and resource-
limited settings such as the Caribbeans and Latin Amer-
ica, India, and south-east Asia [62, 63]. Variation in the 
regional burden of Leptospira infection in SSA could be 
attributed to several factors such as awareness levels, avail-
ability of diagnostic facilities, limited resources, climatic 
and weather differences, and demographic variations.

Studies conducted among animals (cattle, goats, and 
rodents) were fewer compared to studies conducted 
among humans. However, a higher pooled prevalence 
of Leptospira infection using the MAT method was esti-
mated in all three species (cattle 30.1%, goats 30.0%, 
rodents 21.0%). Though these estimates are slightly 
lower than what has been reported in other tropical or 
sub-tropical regions [64, 65], they show that the burden 
of leptospirosis is high and could probably be underes-
timated because of diagnostic challenges. These find-
ings indicate the importance of Leptospira infection on 
livestock health and production in SSA. This, therefore, 

demands that future leptospirosis research should prior-
itize investigating the impact of the Leptospira infections 
on livestock production in the region [66]. Addressing 
the negative impacts of Leptospira infection on live-
stock production, could directly or indirectly contribute 
to enhanced human health and well-being in SSA. The 
high prevalence of Leptospira infection among rodents 
indicates how much of a threat these species are as a 
sustained reservoir source for human infections [67]. 
Rodents are implicated as important species in the trans-
mission of Leptospira pathogens among humans in urban 
settings mostly in urban slums [11, 16, 67]. Implementa-
tion of rodent control measures would help to curb the 
transmission of leptospirosis in SSA regions.

A comprehensive understanding of reservoir and car-
rier animal hosts is essential in the process of deciphering 
the epidemiology, transmission dynamics, and preven-
tion of leptospirosis both in humans and animals in SSA 
[4, 17]. In this review, most human studies were con-
ducted independently of the animal studies and among 
those that sampled both humans and animals simul-
taneously, a link was not established between human 

Fig. 3  Forest plot of the seroprevalence estimates of Leptospirosis by ELISA method in humans across SSA regions. (CA: Central Africa; EA: East 
Africa; SA: Southern Africa; WA: West Africa CI: confidence interval. The vertical dotted line represents the overall prevalence, and the red diamond 
represent the pooled prevalence for each region)
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infection and animal infection. Future studies should 
focus more on establishing the linkage between human 
and animal Leptospira infection within a given study 
area. Leveraging the One Health approach would aid in 
effectively quantifying the connection between Lepto-
spira infection in humans and animals of importance as 
well as the role of the environment in the leptospirosis 
epidemiological triad [17, 68].

Limitations
The data included in this meta-analysis to a large 
extent is a tip of an ice bag of leptospirosis morbidity 
in SSA and therefore it’s not conclusive. Several fac-
tors such as limited awareness and paucity of diagnos-
tic facilities likely drive the issues of underreporting 
of Leptospira infection both in humans and animals. 
Other factors such as over-representation of certain 
countries or regions such as Tanzania may have con-
tributed to reporting bias, particularly in the spatial 
distribution of the studies. This, therefore, necessitates 
that more studies on Leptospira infection in humans 

need to be conducted in CA, WA, and SA regions and 
some countries in the EA region to explicitly decipher 
the epidemiology of leptospirosis in SSA. In addition, 
the level of heterogeneity between the pooled stud-
ies was quite high in this review, a challenge common 
to meta-analyses of prevalence studies. Sub-group 
analysis based on SSA region (EA, WA, CA, and SA), 
and study setting (rural and urban) was conducted to 
ascertain the sources of heterogeneity among studies 
that involved human participants. However, the het-
erogeneity persisted, and it could largely be attributed 
to differences in study participants’ characteristics and 
varying case definitions. Lastly, unpublished data or 
grey literature were not included in this review, hence 
some relevant unpublished/ grey literature may have 
been missed. The synthesized data from animal studies 
should also be interpreted with caution because most 
animals in the studies were sampled from an abattoir, 
and therefore this creates a selection bias since most 
animals for slaughter tend to be older, and fluctuation 
in leptospirosis occurrence based on the season of the 

Fig. 4  Forest plot of the seroprevalence estimates of Leptospirosis by MAT method in humans across SSA regions. (CA: Central Africa; EA: East 
Africa; WA: West Africa CI: confidence interval. The vertical dotted line represents the overall prevalence, and the red diamond represent the pooled 
prevalence for each region)



Page 10 of 13Gizamba and Mugisha ﻿BMC Infectious Diseases          (2023) 23:649 

year was not adjusted for because most studies often 
did not report this data. Notwithstanding the limita-
tions, this meta-analysis provided a current synthesis 

of the prevalence of Leptospira infection in humans 
and animals based on diagnostic methods and regions 
in SSA.

Fig. 5  Forest plot of the seroprevalence estimates of Leptospirosis in cattle across SSA grouped by the diagnostic method. (MAT: Mat agglutination 
test; ELISA: Enzyme-linked immunoassay; PCR: polymerize chain reaction; CI: confidence interval. The red diamond represents the pooled 
prevalence for each diagnostic test)

Fig. 6  Forest plot of the seroprevalence estimates of Leptospirosis in goats across SSA regions grouped by the diagnostic method. (MAT: Mat 
agglutination test; PCR: polymerize chain reaction; CI: confidence interval. The red diamonds represent the pooled prevalence for each diagnostic 
test)
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Conclusion
Leptospirosis continues to remain an important emerg-
ing zoonotic disease threatening public health in SSA. 
This meta-analysis revealed that the overall prevalence of 
Leptospira infections in SSA is high both in humans and 
animals regardless of the diagnostic method (ELISA or 
MAT). Upstream factors such as climate change, expo-
nential population increase, expeditious urbanization, 
and increased interaction between humans and ani-
mals are critical in driving the dynamics of leptospirosis 
occurrence in Sub-Saharan Africa. Prospective leptospi-
rosis research should prioritize the investigation of the 
interactions between human, animal, and environmental 
factors and how these interactions drive the leptospirosis 
burden in SSA. In addition, leptospirosis should be listed 
among the priority diseases among the diseases causing 
febrile illnesses for routine seroprevalence and diagnos-
tics to inform timely and appropriate interventions using 
one health approach.

Abbreviations
CA	� Central Africa
CI	� Confidence interval
EA	� East Africa
ELISA	� Enzyme-linked immunoassay
LMIC	� Low-middle-income countries
MAT	� Microagglutination test
PCR	� Polymerase chain reaction

SA	� Southern Africa
SSA	� Sub-Saharan Africa
WA	� West Africa

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12879-​023-​08574-5.

Additional file 1. 

Additional file 2: Supp Table 1. PubMed main search terms. Supp Fig 1. 
Funnel plot testing for publication bias in studies pooled to estimate the 
prevalence of leptospirosis among humans in different SSA regions based 
on the ELISA method. Since the funnel plot is symmetrical, there is no evi-
dence of publication bias. Supp Fig 2. Funnel plot testing for publication 
bias in studies pooled to estimate the prevalence of leptospirosis among 
humans in different SSA regions based on the MAT diagnostic method. 
Since the funnel plot is symmetrical, there is no evidence of publication 
bias. Supp Fig 3. Forest plot of the seroprevalence estimates of leptospi-
rosis by ELISA method in humans across setting in SSA. (Setting refers to 
whether the study was conducted in a rural area, urban area, or a mixture 
of both urban and rural settings [urban_rural]; CI: confidence interval. The 
red diagonals represent the pooled prevalence for each study setting and 
the overall prevalence). Supp Fig 4. Forest plot of the seroprevalence 
estimates of leptospirosis by MAT method in humans across setting in 
SSA. (Setting refers to whether the study was conducted in a rural area, 
urban area, or a mixture of both urban and rural settings [urban_rural]; CI: 
confidence interval. The red diagonals represent the pooled prevalence 
for each study setting and the overall prevalence). Supp Table 2. Pooled 
seroprevalence of leptospirosis for humans, cattle, goats, and rodents sub-
grouped based on the diagnostic criteria.

Acknowledgements
Not Applicable.

Fig. 7  Forest plot of the seroprevalence estimates of Leptospirosis in rodents across SSA regions grouped by the diagnostic method. (MAT: Mat 
agglutination test; PCR: polymerize chain reaction; CI: confidence interval. The red diamonds represent the pooled prevalence for each diagnostic 
test)

https://doi.org/10.1186/s12879-023-08574-5
https://doi.org/10.1186/s12879-023-08574-5


Page 12 of 13Gizamba and Mugisha ﻿BMC Infectious Diseases          (2023) 23:649 

Authors’ contributions
J.M.G contributed to the conception, design, collection, and analysis of the 
data, and wrote the manuscript. L.M contributed to the conceptualization 
and revision of the manuscript. All authors reviewed and approved the final 
version of the manuscript

Funding
There was no funding for this study.

Availability of data and materials
All data analyzed during this study are included in this published article [and 
its supplementary information files].

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Wildlife and Aquatic Animal Resources, College of Veterinary 
Medicine, Animal Resources & Biosecurity, Makerere University, Kampala, 
Uganda. 2 Spatial Science Institute, University of Southern California, Los 
Angeles, USA. 3 Ecohealth Research Group, Conservation &Ecosystem Health 
Alliance, Kampala, Uganda. 

Received: 11 June 2023   Accepted: 29 August 2023

References
	1.	 World Health Organization Leptospirosis Epidemiology Reference G: 

Report of the second meeting of the Leptospirosis Burden Epidemiology 
Reference Group, Geneva, 22–23 September 2010; 2011; Geneva: WHO 
Document Production Services; 2011.

	2.	 Bharti AR, Nally JE, Ricaldi JN, Matthias MA, Diaz MM, Lovett MA, Levett 
PN, Gilman RH, Willig MR, Gotuzzo E, et al. Leptospirosis: a zoonotic 
disease of global importance. Lancet Infect Dis. 2003;3:757–71 (Lancet 
Publishing Group).

	3.	 Mohammed H, Nozha C, Hakim K, Abdelaziz F, Rekia B. Leptospira: mor-
phology, classification and pathogenesis. J Bacteriol Parasitol. 2011;2(06).

	4.	 Costa F, Hagan JE, Calcagno J, Kane M, Torgerson P, Martinez-Silveira MS, 
et al. Global morbidity and mortality of leptospirosis: a systematic review. 
PLoS Negl Trop Dis. 2015;9(9):e0003898.

	5.	 Pappas G, Papadimitriou P, Siozopoulou V, Christou L, Akritidis N. The 
globalization of leptospirosis: worldwide incidence trends. Int J Infect Dis. 
2008;12:351–7 (Elsevier).

	6.	 de Vries SG, Visser BJ, Nagel IM, Goris MG, Hartskeerl RA, Grobusch MP. 
Leptospirosis in Sub-Saharan Africa: a systematic review. Int J Infect Dis. 
2014;28:47–64.

	7.	 Medkour H, Amona I, Akiana J, Laidoudi Y, Davoust B, Bitam I, Lafri I, 
Levasseur A, Diatta G, Sokhna C, et al. Bacterial infections in humans and 
nonhuman primates from Africa: expanding the knowledge. Yale J Biol 
Med. 2021;94(2):227–48.

	8.	 Samrot AV, Sean TC, Bhavya KS, Sahithya CS, Chan-Drasekaran S, 
Palanisamy R, et al. Leptospiral infection, pathogenesis and its diagnosis-a 
review. Pathogens. 2021;10(2):145.

	9.	 Radi MFM, Hashim JH, Jaafar MH, Hod R, Ahmad N, Nawi AM, Baloch GM, 
Ismail R, Ayub NIF. Leptospirosis outbreak after the 2014 major flooding 
event in Kelantan, Malaysia: a spatial-temporal analysis. Am J Trop Med 
Hyg. 2018;98(5):1281.

	10.	 Maciel EA, de Carvalho ALF, Nascimento SF, de Matos RB, Gouveia EL, Reis 
MG, Ko AI. Household transmission of Leptospira infection in urban slum 
communities. PLoS Negl Trop Dis. 2008;2(1):e154.

	11.	 Munoz-Zanzi C, Groene E, Morawski BM, Bonner K, Costa F, Bertherat E, 
et al. A systematic literature review of leptospirosis outbreaks worldwide. 
2020:1970–2012.

	12.	 Matsushita N, Ng CFS, Kim Y, Suzuki M, Saito N, Ariyoshi K, Salva EP, 
Dimaano EM, Villarama JB, Go WS. The non-linear and lagged short-term 
relationship between rainfall and leptospirosis and the intermediate role 
of floods in the Philippines. PLoS Negl Trop Dis. 2018;12(4):e0006331.

	13.	 Guernier V, Goarant C, Benschop J, Lau CL. A systematic review of human 
and animal leptospirosis in the Pacific Islands reveals pathogen and 
reservoir diversity. PLoS Negl Trop Dis. 2018;12(5):e0006503.

	14.	 Zakharova OI, Korennoy FI, Toropova NN, Burova OA, Blokhin AA. Environ-
mental risk of leptospirosis in animals: the case of The Republic of Sakha 
(Yakutia), Russian Federation. Pathogens. 2020;9(6):504.

	15.	 Bierque E, Thibeaux R, Girault D, Soupé-Gilbert ME, Goarant C. A sys-
tematic review of Leptospira in water and soil environments. PLoS One. 
2020;15(1):e0227055.

	16.	 Blasdell KR, Morand S, Perera D, Firth C. Association of rodent-borne 
Leptospira spp with urban environments in Malaysian Borneo. PLoS Negl 
Trop Dis. 2019;13(2):e0007141.

	17.	 Allan KJ, Biggs HM, Halliday JE, Kazwala RR, Maro VP, Cleaveland S, Crump 
JA. Epidemiology of leptospirosis in Africa: a systematic review of a 
neglected zoonosis and a paradigm for “One Health” in Africa. PLoS Negl 
Trop Dis. 2015;9(9):e0003899.

	18.	 Dissemination C. CRD’s guidance for undertaking reviews in health care. 
Layerthorpe: University of York, Centre for Reviews and Dissemination; 
2009.

	19.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. Int J Surg. 
2021;88:105906.

	20.	 Mukadi Kakoni P, Munyeku Bazitama Y, Nepomuceno JR, Pukuta-Simbu 
E, Kawhata Mawika F, Kashitu Mujinga G, Palla L, Ahuka-Mundeke S, 
Muyembe Tamfum JJ, Koizumi N, et al. Leptospirosis as a cause of fever 
associated with jaundice in the Democratic Republic of the Congo. PLoS 
Negl Trop Dis. 2021;15(8):e0009670.

	21.	 Bertherat E, Mueller MJ, Shako JC, Picardeau M. Discovery of a leptospi-
rosis cluster amidst a pneumonic plague outbreak in a miners’ camp in 
the Democratic Republic of the Congo. Int J Environ Res Public Health. 
2014;11(2):1824–33.

	22.	 Gadia CLB, Manirakiza A, Tekpa G, Konamna X, Vickos U, Nakoune E. Iden-
tification of pathogens for differential diagnosis of fever with jaundice 
in the Central African Republic: a retrospective assessment, 2008–2010. 
BMC Infect Dis. 2017;17(1):735.

	23.	 Rubbo PA, Soupe-Gilbert ME, Golongba DM, Mbombo F, Girault D, 
Nakoune E, et al. Evidence of human leptospirosis cases in a cohort of 
febrile patients in Bangui, Centra African Republic: a retrospective study, 
2012–2015. BMC Infect Dis. 2018;18:1–4.

	24.	 Ntabanganyimana E, Giraneza R, Dusabejambo V, Bizimana A, Hamond 
C, Iyamuremye A, Nshizirungu P, Uzabakiriho R, Munyengabe M, Wunder 
EA Jr, et al. Sero-prevalence of anti-Leptospira antibodies and associated 
risk factors in rural Rwanda: A cross-sectional study. PLoS Negl Trop Dis. 
2021;15(12):e0009708.

	25.	 Mirambo MM, Mgode GF, Malima ZO, John M, Mngumi EB, Mhamphi 
GG, et al. Seroposotivity of Brucella spp. and Leptospira spp. antibodies 
among abattoir workers and meat vendors in the city of Mwanza, Tanza-
nia: a call for one health approach control strategies. PLoS Negl Trop Dis. 
2018;12(6):0006600.

	26.	 Cook EA, de Glanville WA, Thomas LF, Kariuki S, Bronsvoort BM, Fèvre EM. 
Risk factors for leptospirosis seropositivity in slaughterhouse workers in 
western Kenya. Occup Environ Med. 2017;74(5):357–65.

	27.	 Chipwaza B, Mhamphi GG, Ngatunga SD, Selemani M, Amuri M, Mugasa 
JP, Gwakisa PS. Prevalence of bacterial febrile illnesses in children in Kilosa 
district, Tanzania. PLoS Negl Trop Dis. 2015;9(5):e0003750.

	28.	 Assenga JA, Matemba LE, Muller SK, Mhamphi GG, Kazwala RR. Pre-
dominant leptospiral serogroups circulating among humans, livestock 
and wildlife in Katavi-Rukwa ecosystem, Tanzania. PLoS Negl Trop Dis. 
2015;9(3):e0003607.

	29.	 Allan KJ, Maze MJ, Galloway RL, Rubach MP, Biggs HM, Halliday JEB, Cleavel 
S, Sag AW, et al. Molecular detection and typing of pathogenic leptospira 
in febrile patients and phylogenetic comparison with leptospira detected 
among animals in Tanzania. Am J Trop Med Hyg. 2020;103(4):1427–34.



Page 13 of 13Gizamba and Mugisha ﻿BMC Infectious Diseases          (2023) 23:649 	

	30.	 Mgode GF, Japhary MM, Mhamphi GG, Kiwelu I, Athaide I, Machang’u RS. 
Leptospirosis in sugarcane plantation and fishing communities in Kagera 
Northwestern Tanzania. PLoS Negl Trop Dis. 2019;13(5): e0007225.

	31.	 Maze MJ, Cash-Goldwasser S, Rubach MP, Biggs HM, Galloway RL, Sharples 
KJ, Allan KJ, Halliday JEB, Cleavel S, et al. Risk factors for human acute lepto-
spirosis in northern Tanzania. PLoS Negl Trop Dis. 2018;12(6):e0006372.

	32.	 Dreyfus A, Dyal JW, Pearson R, Kankya C, Kajura C, Alinaitwe L, Kakooza S, 
Pelican KM, Travis DA, Mahero M, et al. Leptospira seroprevalence and risk 
factors in health centre patients in Hoima District, Western Uganda. PLoS 
Negl Trop Dis. 2016;10(8):e0004858.

	33.	 Hercik C, Cosmas L, Mogeni OD, Wamola N, Kohi W, Houpt E, Liu J, Ochieng 
C, Onyango C, Fields B, et al. A combined syndromic approach to examine 
viral, bacterial, and parasitic agents among febrile patients: a pilot study in 
Kilombero Tanzania. Am J Trop Med Hyg. 2018;98(2):625–32.

	34.	 Hercik C, Cosmas L, Mogeni OD, Wamola N, Kohi W, Omballa V, Ochieng M, 
Lidechi S, Bonventure J, Ochieng C, et al. A diagnostic and epidemiologic 
investigation of acute febrile illness (AFI) in Kilombero, Tanzania. PLoS One. 
2017;12(12):e0189712.

	35.	 Msemwa B, Mirambo MM, Silago V, Samson JM, Majid KS, Mhamphi G, 
et al. Existence of similar leptospira serovars among dog keepers and their 
respective dogs in mwanza, tanzania, the need for a one health approach to 
control measures. Pathogens. 2021;10(5):609.

	36.	 Muller SK, Assenga JA, Matemba LE, Misinzo G, Kazwala RR. Human lep-
tospirosis in Tanzania: sequencing and phylogenetic analysis confirm that 
pathogenic Leptospira species circulate among agro-pastoralists living in 
Katavi-Rukwa ecosystem. BMC Infect Dis. 2016;16:273.

	37.	 Mgode GF, Mhamphi GG, Massawe AW, Machang’u RS. Leptospira seroposi-
tivity in humans, livestock and wild animals in a semi-arid area of Tanzania. 
Pathogens. 2021;10(6):696.

	38.	 Chilongola JO, Sabuni EJ, Kapyolo EP. Prevalence of plasmodium, leptospira 
and rickettsia species in Northern Tanzania: a community based survey. Afr 
Health Sci. 2020;20(1):199–207.

	39.	 Wambi R, Worodria W, Muleme J, Aggrey S, Mugisha L. Prevalence of lepto-
spirosis among patients attending renal and general outpatient clinics in 
Mulago Hospital, Kampala, Uganda. Sci Rep. 2022;12(1):8391.

	40.	 Ribeiro P, Bhatt N, Ali S, Monteiro V, da Silva E, Balassiano IT, Aquino C, de 
Deus N, Guiliche O, Muianga AF, et al. Seroepidemiology of leptospirosis 
among febrile patients in a rapidly growing suburban slum and a flood-
vulnerable rural district in Mozambique, 2012–2014: Implications for the 
management of fever. Int J Infect Dis. 2017;64:50–7.

	41.	 Nthiwa D, Alonso S, Odongo D, Kenya E, Bett B. Zoonotic Pathogen 
Seroprevalence in Cattle in a Wildlife-Livestock Interface. Kenya Ecohealth. 
2019;16(4):712–25.

	42.	 Rajeev M, Mutinda M, Ezenwa VO. Pathogen exposure in cattle at the 
livestock-wildlife interface. EcoHealth. 2017;14(3):542–51.

	43.	 Allan KJ, Halliday JEB, Moseley M, Carter RW, Ahmed A, Goris MGA, 
Hartskeerl RA, Keyyu J, Kibona T, Maro VP, et al. Assessment of animal 
hosts of pathogenic Leptospira in Northern Tanzania. PLoS Negl Trop Dis. 
2018;12(6):e0006444.

	44.	 Alinaitwe L, Kankya C, Allan KJ, Rodriguez-Campos S, Torgerson P, Dreyfus A. 
Bovine leptospirosis in abattoirs in Uganda: Molecular detection and risk of 
exposure among workers. Zoonoses Public Health. 2019;66(6):636–46.

	45.	 Atherstone C, Picozzi K, Kalema-Zikusoka G. Seroprevalence of Leptospira 
hardjo in cattle and African buffalos in Southwestern Uganda. Am J Trop 
Med Hyg. 2014;90(2):288–90.

	46.	 Mgode GF, Mhamphi GG, Katakweba AS, Thomas M. Leptospira infections 
in freshwater fish in Morogoro Tanzania: a hidden public health threat. 
Tanzania J Health Res. 2014;16(2).

	47.	 Comia I, Madureira AC, Schooley RT, Vieira ML, Noormahomed EV. Molecular 
Detection of Leptospira spp. in Rodents Trapped in the Mozambique Island 
City, Nampula Province. Mozambique EC Microbiol. 2018;14(12):813–21.

	48.	 Simpson GJG, Quan V, Frean J, Knobel DL, Rossouw J, Weyer J, Marcotty T, 
Godfroid J, Blumberg LH. Prevalence of selected zoonotic diseases and risk 
factors at a human-wildlife-livestock interface in Mpumalanga Province 
South Africa. Vector Borne Zoonotic Dis. 2018;18(6):303–10.

	49.	 Dogonyaro BB, van Heerden H, Potts AD, Kolo BF, Lotter C, Kats EC, Fasina 
FO, Ko AI, Wunder EA Jr, et al. Seroepidemiology of Leptospira infection in 
slaughtered cattle in Gauteng province South Africa. Trop Anim Health Prod. 
2020;52(6):3789–98.

	50.	 Nimo-Paintsil SC, Fichet-Calvet E, Borremans B, Letizia AG, Mohareb E, 
Bonney JHK, Obiri-Danso K, Ampofo WK, Schoepp RJ, Kronmann KC. 

Rodent-borne infections in rural Ghanaian farming communities. PLoS One. 
2019;14(4):e0215224.

	51.	 Zhang Y, Ye F, Xia LX, Zhu LW, Kamara IL, Huang KQ, Zhang Y, Liu J, Kargbo 
B, Wang J, et al. Next-generation sequencing study of pathogens in serum 
from patients with febrile Jaundice in Sierra Leone. Biomed Environ Sci. 
2019;32(5):363–70.

	52.	 Roqueplo C, Kodjo A, Demoncheaux JP, Sc, ola P, Bassene H, Diatta G, 
Sokhna C, Raoult D, Davoust B, et al. Leptospirosis, one neglected disease in 
rural Senegal. Vet Med Sci. 2019;5(4):536–44.

	53.	 Zida S, Kania D, Sotto A, Brun M, Picardeau M, Castéra J, Bolloré K, Kagoné 
T, Traoré J, Ouoba A, et al. Leptospirosis as cause of febrile icteric illness. 
Burkina Faso Emerg Infect Dis. 2018;24(8):1569–72.

	54.	 Koffi SK, Meite S, Ouattara A, Kouassi SK, Aboubacar S, Akran VA, Bou-
rhy P, Dosso M. Geographic distribution of anti-Leptospira antibodies 
in humans in Côte d’Ivoire, West Africa. Eur J Clin Microbiol Infect Dis. 
2018;37(11):2177–80.

	55.	 Ajayi OL, Antia RE, Awoyomi OJ, Oladipo TM, Adebowale OO. Cultural, histo-
chemical, and immunohistochemical detection of pathogenic Leptospira 
species in the kidneys of cattle slaughtered in two abattoirs in Southwest 
Nigeria. J Immunoassay Immunochem. 2020;41(3):337–53.

	56.	 DerSimonian R, Kacker R. Random-effects model for meta-analysis of clinical 
trials: an update. Contemp Clin Trials. 2007;28(2):105–14.

	57.	 Cochran WG. The combination of estimates from different experiments. 
Biometrics. 1954;10(1):101–29.

	58.	 Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat 
Med. 2002;21(11):1539–58.

	59.	 Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, Baker P, Smith E, 
Buchbinder R. Assessing risk of bias in prevalence studies: modification of 
an existing tool and evidence of interrater agreement. J Clin Epidemiol. 
2012;65(9):934–9.

	60.	 Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected 
by a simple, graphical test. BMJ. 1997;315(7109):629–34.

	61.	 Maze MJ, Bassat Q, Feasey NA, Mandomando I, Musicha P, Crump JA. The 
epidemiology of febrile illness in sub-Saharan Africa: implications for diag-
nosis and management. Clin Microbiol Infect. 2018;24(8):808–14.

	62.	 Calvopiña M, Vásconez E, Coral-Almeida M, Romero-Alvarez D, Garcia-
Bereguiain MA, Orlando A. Leptospirosis: morbidity, mortality, and spatial 
distribution of hospitalized cases in Ecuador a nationwide study 2000–2020. 
PLOS Negl Trop Dis. 2022;16(5):e0010430.

	63.	 Dhewantara PW, Mamun AA, Zhang W-Y, Yin W-W, Ding F, Guo D, Hu W, 
Magalhães RJS. Geographical and temporal distribution of the residual 
clusters of human leptospirosis in China, 2005–2016. Sci Rep. 2018;8(1):1–12.

	64.	 Taddei S, Moreno G, Cabassi CS, Schiano E, Spadini C, Cavirani S. Leptospira 
seroprevalence in Colombian dairy herds. Animals. 2021;11(3):785.

	65.	 da Silva PP, Libonati H, Penna B, Lilenbaum W. A systematic review on the 
microscopic agglutination test seroepidemiology of bovine leptospirosis in 
Latin America. Trop Anim Health Prod. 2016;48:239–48.

	66.	 Goarant C. Leptospirosis: risk factors and management challenges in devel-
oping countries. Res Rep Trop Med. 2016:49–62.

	67.	 Boey K, Shiokawa K, Rajeev S. Leptospira infection in rats: a literature 
review of global prevalence and distribution. PLoS Negl Trop Dis. 
2019;13(8):e0007499.

	68.	 Polo N, Machado G, Rodrigues R, Nájera Hamrick P, Munoz-Zanzi C, Pereira 
MM, Bercini M, Timm LN, Schneider MC. A one health approach to investi-
gating Leptospira serogroups and their spatial distributions among humans 
and animals in Rio Grande do Sul, Brazil, 2013–2015. Trop Med Infect Dis. 
2019;4(1):42.

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


	Leptospirosis in humans and selected animals in Sub-Saharan Africa, 2014–2022: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Strengths and limitations of this study
	Background
	Methods
	Study design
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria
	Leptospirosis case definitions
	Confirmed cases
	Probable cases


	Data collection procedures
	Search strategy
	Selection of sources of evidence
	Data extraction process

	Statistical methods
	Data synthesis
	Risk of bias and quality assessment
	Publication bias assessment

	Results
	Study selection
	Summary of included studies
	Prevalence of Leptospira in humans
	Prevalence of Leptospira in animals (cattle, goats, and rodents)

	Discussion
	Limitations

	Conclusion
	Anchor 33
	Acknowledgements
	References


