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Abstract

Background

Tanzania is among the tropical countries of Sub-Saharan Africa with the environmental con-

ditions favorable for transmission of Leptospira. Leptospirosis is a neglected zoonotic dis-

ease, and although there are several published reports from Tanzania, the epidemiology,

genetic diversity of Leptospira and its host range are poorly understood.

Methods

We conducted a comprehensive review of human and animal leptospirosis within the 26

regions of the Tanzanian mainland. Literature searches for the review were conducted in

PubMed and Google Scholar. We further manually identified studies from reference lists

among retrieved studies from the preliminary search.

Results

We identified thirty-four studies describing leptospirosis in humans (n = 16), animals (n = 14)

and in both (n = 4). The number of studies varied significantly across regions. Most of the

studies were conducted in Morogoro (n = 16) followed by Kilimanjaro (n = 9) and Tanga (n =

5). There were a range of study designs with cross-sectional prevalence studies (n = 18),

studies on leptospirosis in febrile patients (n = 13), a case control study in cattle (n = 1) and

studies identifying novel serovars (n = 2). The most utilized diagnostic tool was the micro-

scopic agglutination test (MAT) which detected antibodies to 17 Leptospira serogroups in

humans and animals. The Leptospira serogroups with the most diverse hosts were Ictero-

haemorrhagiae (n = 11), Grippotyphosa (n = 10), Sejroe (n = 10), Pomona (n = 9) and Bal-

lum (n = 8). The reported prevalence of Leptospira antibodies in humans ranged from 0.3–
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29.9% and risk factors were associated with occupational animal contact. Many potential

reservoir hosts were identified with the most common being rodents and cattle.

Conclusion

Leptospirosis is prevalent in humans and animals in Tanzania, although there is regional

and host variation in the reports. Many regions do not have information about the disease in

either humans or their animal reservoirs. More studies are required to understand human

leptospirosis determinants and the role of livestock in leptospirosis transmission to humans

for the development of appropriate control strategies.

Author summary

Bacteria from the genus Leptospira is an important agent for causing a disease called lepto-

spirosis in humans and a range of animal species. Leptospirosis is often under-recognized

as it presents varied symptoms that mimic malaria, typhoid, brucellosis and other diseases.

More than 250 pathogenic Leptospira serovars are known to cause leptospirosis in humans

and animals. The diversity of Leptospira serovars and their distribution in humans and

animals is little defined in Tanzania. We conducted a systematic review to gather informa-

tion on the diversity of Leptospira serovars with their reservoir distribution and the most

common diagnostics methods used. We included studies (n = 34) in the review and found

17 serogroups described in 28 studies that utilized microscopic agglutination test (MAT).

So far human and other animal hosts including cattle, dogs, pigs, bats, buffalo, fish,

rodents, goats, lion, zebra, sheep and shrews have been investigated for leptospirosis in

Tanzania. Our results show that cattle and rodents are likely to be important reservoirs of

pathogenic Leptospira spp. and can be a source of human leptospirosis principally in the

farming system. Further studies are needed to explore predominant serovars in livestock

for the development of prevention strategies to reduce transmission and risks in humans.

Introduction

Leptospirosis is a serious infectious disease caused by spirochete bacteria in the genus Leptos-
pira [1]. It is considered a re-emerging zoonosis widespread in tropical and sub-tropical

regions, where there are limited surveillance and disease control measures [2]. Leptospirosis

infections may be acute, subacute or chronic [1] and may result in severe health problems such

as pulmonary haemorrhagic syndrome (PHS) [3], or renal and liver dysfunctions [2,4,5]. Lep-

tospirosis often presents with varied symptoms that mimic those of several other unrelated

febrile illnesses including dengue and malaria [6]. Therefore, leptospirosis is an important

undifferentiated febrile illness that requires differential diagnosis [7].

The incidence of leptospirosis is poorly known and this may be partially attributed to inade-

quate data and surveillance [8]. In addition, there is a shortage of appropriate diagnostic facili-

ties in developing countries, and clinicians may fail to recognize leptospirosis in febrile

patients, consequently it remains underreported [2]. However, it is estimated that around the

globe there are 1.03 million leptospirosis cases annually and 2.9 million Disability Adjusted

Life Years (DALYs), where the majority of infections and burden are in low and middle-

income countries (LMICs) [4,9].
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Leptospires are mainly harboured in the renal tubule and excreted in the urine of accidental

and maintenance hosts including cattle, rodents, pigs, dogs, sheep and goats [1,10]. Humans

contract leptospirosis from contaminated environments, consumption or handling waste

products from infected animals [1,11]. More than 250 serovars have been serotyped into 31

serogroups which can potentially cause leptospirosis in humans and animals worldwide

[12,13]. Based on DNA hybridization techniques and phylogenetic analysis, 64 species have

been recognized and rearranged into two clades (pathogenic “P” and saprophytic “S”) and two

subclades in each clade (subclade P1 and P2 and subclades S1 and S2) [14]. There are 17 spe-

cies classified in subclade P1 of which 8 can cause severe disease in humans and 21 species in

subclade P2 that can cause mild disease, and the remaining species, considered non-patho-

genic, are in clade S subclade S1 and S2 [14].

Leptospirosis in Tanzania was reported in the early 1990s [15]. The authors of that study

aimed to determine seroprevalence in humans, domestic and wild animals based on the micro-

scopic agglutination test (MAT). The seroprevalence of Leptospira antibodies was reported as

38% in dogs, 5.6% in cattle, 1.8% in rodents and 0.3% in humans [15]. Despite the low preva-

lence of Leptospira antibodies in humans, it was sufficient to indicate a public health concern

and the need for control and prevention strategies. Several studies have been conducted since

and leptospirosis has been reported in a range of species [11,16–18]. Two recent investigations

estimated human leptospirosis incidence in Tanzania. The study populations involved were

hospitalized patients with fever related symptoms. The disease incidence was estimated by the

two studies to be 75-102/100,000 persons annually in 2007–2008 [19] and 11-18/100,000 per-

sons annually in 2012–2014 [20]. Humans are at high risk of contracting leptospirosis based

on the fact that multiple animal species harbour and transmit the disease including livestock

and wildlife [11,18,21]. Although three decades have elapsed since the first detection of lepto-

spirosis in Tanzania the epidemiology and the diversity of leptospiral serovars and their reser-

voirs are not well articulated. This review comprehensively examined the disease epidemiology

and Leptospira diversity in Tanzania to inform stakeholders of any existing knowledge gaps

and for appropriate management of the disease.

Methods

Search strategy

A thorough and comprehensive search of the literature was carried out to identify studies asso-

ciated with human, domestic or wild animal leptospirosis and Leptospira in Tanzania. To

retrieve all related information, a boolean operator (“OR” and “AND”) with a combination of

keywords was set and both PubMed and Google Scholar electronic search engines were used

to retrieve published papers, peer-reviewed articles, theses, case reports, posters and confer-

ence presentations. Retrieval of materials from PubMed and Google search engine was done

on 24th May 2020. In the PubMed search engine search terms were: (‘human’ OR ‘people’ OR

‘domestic animals’ OR ‘bovine’ OR ‘cattle’ OR ‘pigs’ OR ‘porcine’ OR ‘rodent’ OR ‘rat’ OR

‘dogs’ OR ‘canine’ OR wildlife’ OR ‘wild animals’) AND (“leptospirosis” OR ‘Leptospira’ OR

‘Weils disease’ OR ‘Weils syndrome’ OR ‘Leptospira serovars’ OR ‘sokoine serovar’ OR ‘inter-

rogans serovar’ OR ‘Icterohaemorrhagiae serovar’ OR ‘Hebdomadis serovar’) AND (‘Tanza-

nia’ OR ‘Northern zone’ OR ‘Kilimanjaro’ OR ‘Morogoro’ OR ‘Rukwa’ OR ‘Katavi’ OR

‘Tanga’ OR ‘Kagera’ OR ‘Simiyu’ OR ‘Mara’ OR ‘Geita’ OR ‘Shinyanga’ OR ‘Songwe’ OR

‘Moshi’) AND (‘prevalence’ OR ‘epidemiology’ OR ‘risk factors’ OR ‘febrile illness’ OR ‘acute

leptospirosis’); while in Google scholar ((‘Leptospira’ OR ‘leptospirosis’) AND Tanzania)) were

the key search terms used.
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Study selection

The search returned a large number of publications, and the contents were collated in Mendeley

citation manager version 1.19.4. Additional papers were identified from reference lists of retrieved

articles to find appropriate studies that might not have been identified during the preliminary

search. All papers were checked for duplicates and removed in Mendeley software. In the subse-

quent stage, those papers remaining after cleaning were then screened dependent on their titles

and relevant geographical study location. Consequently, the full content of those papers was fur-

ther assessed as far as their significance and by considering the inclusion and exclusion criteria.

Criteria for study eligibility

Inclusion and exclusion criteria. In this review, all publications including published

papers, theses, poster or conference presentations were included if the source contained pri-

mary data citing leptospirosis/ febrile illness in humans, domestic or wild animals. Theses and

poster presentations were excluded if the data had been published in another peer-review jour-

nal. All texts written in English and focused on Tanzania as the geographical area of attention

were eligible.

Results

At a preliminary search, a total of 3767 documents were retrieved from two database search

engines and pooled into the Mendeley citation manager. Of those articles, 3720 were recovered

from Google Scholar and 47 from PubMed. A further 13 papers were searched and added

manually after being identified from reference lists among the retrieved articles to make 3780

papers in total. Then articles were checked for duplicates in Mendeley, 3465 articles remained

and met the criteria for the initial stage of inclusion and exclusion after duplicate removal. The

initial screening was based on the title of the article and relevant study location (i.e. Tanzania),

3395 articles were excluded in the review process due to failure to fulfil the inclusion criteria

for the next stage of assessment. A large number of articles recovered from Google scholar

were excluded as they did not report leptospirosis in Tanzania. These articles were detected by

the search engine because Tanzania was mentioned in the text of the paper as the author had

referenced a previous publication. The publications were most often reporting leptospirosis in

another country. After the selected literature underwent full text screening, 32 published

papers were identified with primary data describing Leptospira and leptospirosis from Tanza-

nia in humans and various animal species. In addition, two papers were identified, which were

published after the initial retrieval was conducted, and these have been included in the review

[22,23]. The flow diagram Fig 1 describes the process of identifying studies for this review. A

summary of each study is available in S1 Table including the year of research, study design,

geographical location, target populations, diagnostics tests, and results for each study (n = 34).

Of the 34 studies identified, sixteen described Leptospira seropositivity or leptospirosis in

humans, fourteen investigated animals and four focused on both humans and animals S1

Table. There was a range of study designs with more than fifty per cent of studies being preva-

lence studies (n = 18). Over thirty percent were targeted studies investigating Leptospira as a

cause of illness in febrile patients (n = 13) or disease in animals (n = 1) and a small number

identified novel serovars (n = 2).

Geographic distribution of Leptospira studies

The Tanzanian mainland comprises 26 regions that are divided into 6 zones which are as fol-

lows: Lake Zone (Mwanza, Kagera, Shinyanga, Geita, Mara and Simiyu), Western Zone
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Fig 1. Flow diagram indicating how articles were included in the review regarding leptospirosis in Tanzania.

https://doi.org/10.1371/journal.pntd.0009918.g001
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(Katavi and Kigoma), Southern Highland Zone (Songwe, Rukwa, Ruvuma, Mbeya, Iringa and

Njombe), Eastern Zone (Morogoro, Pwani, Dar es Salaam, Lindi and Mtwara), Central Zone

(Dodoma, Singida and Tabora) and Northern Zone (Kilimanjaro, Manyara, Tanga and

Arusha). The geographical distributions of the recovered studies are shown in Fig 2.

There was an unequal distribution in the Leptospira studies conducted across the country.

Human or animal related studies were only conducted in 10 (38.5%) out of 26 regions of the

Tanzanian mainland. The majority of the studies reporting Leptospira or leptospirosis were

from Morogoro region (n = 16) followed by Kilimanjaro (n = 9) and Tanga (n = 5). Additional

studies were conducted in Dar es Salaam (n = 3), Katavi (n = 2), Mwanza regions (n = 2),

Kagera (n = 1), Arusha (n = 1), Singida (n = 1) and Mbeya (n = 1) Fig 2. Only one study was

conducted in multiple regions [15]. In some regions such as Mbeya and Singida the research

was conducted many years ago at the onset of the disease identification in the country.

Studies from Morogoro region (n = 16) were mostly cross-sectional studies in animals

(n = 8), or humans and animals (n = 2) and among these the animals studied were: rodents,

shrews, cattle, goats, sheep, pigs, dogs, cats, fish and bats. The other studies from Morogoro

described leptospirosis in hospital patients (n = 4) or new serovars (n = 2). On the other hand,

studies conducted in the Kilimanjaro (n = 9) region were hospital-based studies describing

Fig 2. Geographical distribution of Leptospira studies reported from human, domestic and wild animals: Regions colored

pink indicate areas with Leptospira studies from 1990s to date and regions colored blue indicate regions where no study

was retrieved from the search engine. This map was prepared using Simplemaps https://simplemaps.com/resources/svg-tz.

https://doi.org/10.1371/journal.pntd.0009918.g002
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leptospirosis in humans (n = 7). There was one cross-sectional study in humans and animals

(n = 1) and one study focused only on animals with the target animals being cattle, goats,

sheep and rodents. Among the five studies in Tanga, there were four cross-sectional studies,

including two animal studies, one human study, one study in both humans and animals, and

one targeted study investigated clinical disease in animals. Of the studies in Dar es Salaam two

were hospital based and one was a cross sectional study of animals and humans. The study in

Arusha was hospital based and the studies in the remaining regions were cross sectional in

humans (Katavi and Mwanza) and in both humans and animals (Kagera, Mbeya, Katavi,

Mwanza and Singida).

Diagnostic approaches for detecting Leptospira or antibodies to Leptospira
Various diagnostic methods for leptospirosis were identified during the review S1 Table.

These diagnostic techniques include microscopic agglutination test (MAT) (n = 28), culture

and isolation (n = 7), cross agglutinin absorption test (CAAT)(n = 2), Eiken latex agglutination

test (n = 1), enzyme linked immunosorbent assay (ELISA) (n = 1) and polymerase chain reac-

tion (PCR) (n = 9). Despite the advancement of diagnostic technology, currently few studies

use molecular typing [10,22,24] for characterising Leptospira sp. Most of the studies (n = 22)

employed a single technique for leptospirosis detection. Microscopic agglutination test (MAT)

was broadly utilized in 85% of the studies (n = 28) for leptospirosis diagnosis and in nine of

these studies it was utilized in combination with other methods such as ELISA, culture, or

PCR S1 Table. Recent studies used advanced diagnostics methods including either polymerase

chain reaction, molecular typing or in combination (n = 9). For PCR, the studies used a variety

of tissues such as kidney, culture isolate and blood sample for detection and the assays had dif-

ferent gene targets [10,22,23,25,26].

Leptospiral serogroups used in studies that utilized MAT

The studies utilizing the MAT test for detection of antibodies to Leptospira included a wide

range of Leptospira serogroups Fig 3. In general, human studies tended to use a wider range of

serogroups compared to studies from animals Fig 3 [20,27–29]. Serogroups commonly used in

human studies included: Australis (n = 7), Ballum (n = 9), Canicola (n = 4), Grippotyphosa

(n = 9), Hebdomadis (n = 7), Icterohaemorrhagiae (n = 10), Pomona (n = 6), Sejroe (n = 7),

and Tarassovi (n = 4). Leptospira serogroup panels which have been widely used for animal

studies have included: Australis (n = 7), Ballum (n = 12), Canicola (n = 7), Grippotyphosa

(n = 7), Hebdomadis (n = 8), Icterohaemorrhagiae (n = 14), Pomona (n = 12) and Sejroe

(n = 9). The serogroups investigated for each animal group were not always detected as indi-

cated in Fig 3 and S1 Table.

Predominant Leptospira serogroups detected in human and animals

Thirty (n = 30) studies were able to report and describe serogroup diversity out of those studies

using MAT, CAAT and molecular typing diagnostic approaches. The review found 17 Leptos-
pira serogroups reported from humans and across animal species in Tanzania. In the case of

humans, the most detected serogroups were Icterohaemorrhagiae (n = 11), Grippotyphosa

(n = 8), Australis (n = 8), Ballum (n = 7), Hebdomadis (n = 6) and Sejroe (n = 6). We only

counted the MAT serogroup once for samples that were used by multiple studies [19–

21,27,30]. The most prevalent serogroups in people were Sejroe, Icterohaemorrhagiae and

Australis Tables 1 and S2. The serogroups detected in the highest proportion of hospital

patients were Australis, Icterhaemorrhagiae and Djasiman Tables 1 and S2.
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The most predominant Leptospira serogroups being reported in different animals were

Icterohaemorrhagiae in 11 different animals (cattle, rodents, shrew, dogs, goat, sheep, bats,

buffalo, pigs, cats and fish), Grippotyphosa and Sejroe in 10 animals (cattle, rodents, shrew,

dogs, goat, sheep, buffalo, lion, cats, pigs), Pomona in 9 animals (cattle, rodents, shrew, dogs,

goat, sheep, pigs, cats and fish), and Ballum in 8 animals (rodents, dogs, goats, sheep, bats,

pigs, cats, and fish). The study carried out in wildlife found zero leptospiral antibodies in

zebras which may be due to the small number of samples tested [11]. The most prevalent ser-

ogroups in rodents were Australis and Icterohaemorrhagiae and in cattle the most prevalent

serogroups were Sejroe and Tarassovi Table 1.

Leptospirosis and prevalence in humans

Leptospirosis in humans was reported by 20 eligible studies from 10 regions of Tanzania. Six

of these studies were cross sectional studies investigating seroprevalence in the general popula-

tion Table 2. The findings from two papers which conducted studies on people in Katavi from

Fig 3. Serogroups used in the Microscopic Agglutination Test (MAT) for detection of antibodies to Leptospira in humans and animals in Tanzania (1997–2019).

The coloured box indicates that samples were screened for these serogroups and the black outline indicates that the serogroup was detected (n = 28).

https://doi.org/10.1371/journal.pntd.0009918.g003

Table 1. Mean prevalence of antibodies to Leptospira serogroups in people in cross-sectional studies; in febrile patients; in rodents; in cattle in Tanzania in leptospi-

rosis papers published 1997–2021.

Study type, number and references Seroprevalence (%)

Australis Ballum Djasiman Grippotyphosa Hebdomadis Icterohaemorrhagiae Sejroe Tarassovi

Cross-sectional studies in people (n = 5) [15,26,31–33] 3.43 0.48 NT 1.58 1.50 5.38 9.35 1.00

Hospital based studies in febrile patients (n = 4)

[21,27,29,34]

20.48 5.78 16.20 8.20 6.13 17.45 4.18 7.4

Cross sectional studies in rodents (n = 7) [11,15,31,35–

38]

8.38 1.47 NT 2.07 0.28 7.29 0.37 NT

Cross sectional studies in cattle (n = 6) [11,15,39–41] 0.80 0.00 NT 4.80 5.10 4.25 15.94 15.10

NT—Not tested

https://doi.org/10.1371/journal.pntd.0009918.t001
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2012–2014 are reported once [11,26]. From 1997–2019, a total of 209 out of 1546 tested sam-

ples were seropositive for antibodies against Leptospira spp. serogroups Table 2. The preva-

lence of antibodies to Leptospira varied depending on the study area, study design and

interpretation of the results from 0.3% to 29.9%. Risk factors identified from 5 studies include

occupational exposures such as contact with animals, animal waste and animal products

Table 2.

There were also 14 hospital-based studies examining acute leptospirosis. Seven papers

reported findings from the same patients in Kilimanjaro from 2007–2008 and/or 2013–2014

[10,19–21,27,28,30]. We have only reported the acute cases from these seven studies as defined

by the authors and reported in 2 papers [21,27]. From 1997–2019 there were 173 acute cases of

leptospirosis identified from 5661 febrile patients. Additionally, one study reported Leptospira
in the urine of abattoir workers (3/83) which is not included in this number [18].

Leptospirosis incidence was estimated by two systematic hospital based and health care uti-

lization surveys from the Kilimanjaro region. There was a large difference in the incidence esti-

mations between the two studies. One study was conducted between 2007–2008 with the

calculated incidence of acute leptospirosis ranging from 75–102 per 100,000 people annually

[19]. The other study reported a lower leptospirosis incidence of 11–18 cases per 100,000 peo-

ple annually from 2012–2014 [20].

Table 2. Summary of studies reporting leptospirosis and seroprevalence of antibodies to Leptospira in humans in Tanzania 1997–2019.

Reference Year Study area N Seroprevalence

(%)

Acute leptospirosis

(%)

Risk factors/exposure

[15] 1996 Morogoro, Dar es Salaam, Mbeya, Kilimanjaro,

Tanga, Singida and Mwanza

375 0.3 ND ND

[33] 2005 Tanga 199 15.1 ND ND

[11]�

[26]

2012–

2013

Katavi 267 29.96 ND Slaughtering and handling of bush

meat

[32] 2017 Mwanza 250 10 ND Abattoir workers and meat vendors

[31] No date Kagera 455 15.8 ND Fishing and working in sugarcane

plantation

[18] 1996–

2006

Morogoro 506 ND 0.2 Patients ND

83 ND 3.6 Abattoir

workers

ND

[30] 2007–

2008

Kilimanjaro 831 ND 8.4 ND

[42] 2008 Dar es Salaam 1005 ND 0.47 ND

[34] 2013 Morogoro 370 ND 11.6 Heavy rain and presence of rodents in

residential areas

[43] 2014 Morogoro 191 ND 2 ND

[23] 2013–

2014

Dar es Salaam 519 ND 0.2 ND

[25] 2014 Morogoro 842 ND 3 ND

[21] 2012–

2014

Kilimanjaro 1293 ND 1.9 Cleaning animal waste and rice

farming

[29] 2016–

2017

Arusha 104 ND 5.8 ND

ND: not described

�Studies used the same data

https://doi.org/10.1371/journal.pntd.0009918.t002
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Animal leptospirosis and prevalence

Several leptospirosis studies have been carried out in various animal species in Tanzania, and

in this review, a total of 18 studies met the inclusion criteria and were examined, 15 were cross

sectional prevalence studies Table 3, 1 case control study [39] and 2 identified new serovars

[44,45]. The total number of animals tested was 9090, though there were variations in the sam-

ple size and species between regions. The animals investigated were rodents (n = 10), shrews

(n = 7), cattle (n = 8), goats (n = 3), pigs (n = 2), dogs (n = 2), bats (n = 2), sheep (n = 1), fish

(n = 1), buffaloes (n = 1), lions (n = 1), zebra (n = 1). Eleven animal types were confirmed to

have been exposed to Leptospira. These include rodents, shrews, cattle, goats, pigs, dogs, bats,

sheep, fish, buffaloes, and lions Table 3. Among the animals studied, rodents (Aesthomys chry-
sophilus, Dasmys incomtus, Mastomys natalensis, Rattus rattus, Lemniscomys griselda, Lemnisc-
omys rosalia and Gerbilliscus vicinus) were the most investigated followed by cattle in

Tanzania. The prevalence of antibodies to Leptospira in cattle ranged from 5.6–51.0%, and in

rodents from 1.8–25.8%. The presence of antibodies in serum samples was determined by

MAT with recent studies adopting qPCR and molecular sequencing to confirm the infection

from kidney samples for explorations of Leptospira serogroups diversity [10,22].

Discussion

This review gives an insight on Leptospira prevalence and exposure, leptospirosis and the pre-

dominant Leptospira serogroups and their diversity in human and animal populations in Tan-

zania. It is evident after a detailed review of the published literature that leptospirosis is a

prevalent zoonosis in Tanzania and present in various hosts including humans, livestock, wild

animals, and aquatic life. There is an uneven distribution of research studies with large regions

having inadequate or no leptospirosis information. The presence of universities or research

institutions in regions that were overrepresented may reflect a degree of bias in the study site

selection. For example, Kilimanjaro Clinical Research Institute (KCRI) conducted several

human leptospirosis studies in the northern part of Tanzania while the Sokoine University of

Agriculture conducted predominantly animal studies in the Morogoro region.

Our findings show that human leptospirosis is an important zoonosis of public health

impact in Tanzania. Leptospirosis is widespread and prevalence varies between different set-

tings and different populations. The actual burden of leptospirosis in humans may be difficult

to estimate due to the limited and uneven distribution of studies and disease underestimation

in the country. However, this trend is not unique to Tanzania, with the majority of low and

middle-income countries (LMICs) facing similar challenges of inadequate surveillance data

and diagnostic facilities [2]. Similar reports of leptospirosis prevalence as identified in this

review have been reported in neighbouring countries. A study conducted in Kenya reported

an apparent seropositivity of 13.4% in slaughterhouse workers [48], and a study of non-preg-

nant women in Uganda found 35% seropositive [49].

There was a large difference between the incidence reported in 2007–2008 and 2012–2014

in Kilimanjaro. This may be due to differences in the population selected, sample size or there

may be variation in the leptospirosis incidence dependant on unknown factors [19,20].

Human leptospirosis in Tanzania may result from complex interactions between humans, ani-

mal carriers (such as cattle, rodents, dogs and pigs), and environments that favour perpetua-

tion of leptospires and disease transmission.

The serological approaches utilized by various studies identified a diversity of Leptospira
serogroups circulating in humans and animals. The MAT test was used in the majority of stud-

ies. MAT is a widely used diagnostic reference method for many studies, though not accessible

in many laboratories due to its cost. MAT testing has many limitations: high levels of
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Table 3. Summary of studies reporting animals with leptospirosis in Tanzania 1997–2019.

Reference Year Study area Animal

species

N Seroprevalence

(%)

Leptospira detected by culture�

or PCR�� (%)

[15] 1996 Morogoro, Dar es salaam, Mbeya, Kilimanjaro,

Tanga, Singida and Mwanza

Cattle MAT n = 374 5.6

Cattle Culture

n = 1021

0.7�

Dogs 208 38

Rodent 537 1.8

[18] 1996–

2006

Morogoro Giant pouch

rats

285 8.4�

Field rats 1382 0.6�

Shrews 298 3.7�

Goats 100 38

Pigs 100 41

Dogs 100 39

Cats 64 14.1

Small rodents 500 5

Small rodents 90 16.9

African giant

rats

65 15.4

Shrew 4 25

[17] 2003 Morogoro Fish 48 54.2

[37] No date Morogoro Rodent 20 0 0� & 5��

Shrew 7 0 29� & 29��

[41] 2002–

2004

Tanga Cattle 51 51

[40] 2003–

2004

Tanga Cattle 655 30.3

[39] 2005 Tanga Cattle 80 21.3

[46] 2007–

2008

Morogoro Pig MAT

n = 385

4.4

Culture

n = 236

0.8�

[36] 2007–

2008

Morogoro Rodent and

shrew

348 17.8

[11] 2012–

2013

Katavi Cattle 1103 30.37

Goat 248 8.47

Rodent 207 20.29

Shrew 11 9.09

Buffalo 38 28.95

Lion 2 50

Zebra 2 0

[16] 2013 Morogoro Bat 36 19.4

[38] 2012–

2013

Morogoro Rodent 89 25.8

Shrew 1 100

[10] 2013–

2014

Kilimanjaro Cattle 452 7��

Goat 167 1.2��

Sheep 89 1.1��

Rodents 384 0��

[47] 2016–

2017

Morogoro Dogs 232 9.5

[35] No date Morogoro Rodents 70 22.9

(Continued)
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detectable antibodies are needed for a positive result and usually do not occur before the fourth

week after disease onset [50] and it is time consuming and labour intensive [51,52]. Despite

these drawbacks, the MAT test remains the only gold standard serological test and is consid-

ered a reference diagnostic test for leptospirosis in many settings [6,53].

The review found a large variation in the serogroup panels and the definition of positivity

used across the studies S1 Table. When establishing a diagnostic panel it is advisable to include

locally circulating serogroups or if these are not known to include a wide panel of pathogenic

serogroups [6]. A list of candidate Leptospira serovars for diagnosis of leptospirosis using

MAT in the African region was recently published based on research conducted in Tanzania

[18]. However, emergence of new serovars suggests widening the serovar panels [14].

Most serogroups detected in animal species in the reviewed studies were also reported in

humans. The most prevalent serogroups detected in rodents were Australis and Icterohaemor-

aghiae and Sejroe in cattle. These were also the most prevalent serogroups detected in people.

This suggests that rodents and cattle may be an important source of infection in these settings.

However, it is difficult to demonstrate transmission between animals and humans in our

review because of the variability in the serogroup panel and different study designs.

A variety of domestic and wild animals in eighteen studies provide evidence of leptospirosis

infections in animal populations in Tanzania. The review suggests that the main animal reser-

voirs for human leptospirosis may vary across the country, with primarily cattle, rodents, pigs,

and dogs playing significant roles in disease transmission to humans. Rodents are important

reservoirs of pathogenic Leptospira in many settings [12]. This review identified 10 studies

reporting evidence of Leptospira in rodents and a diverse range of serogroups were detected

Fig 3. There were only two studies in which Leptospira was detected in the sampled rodents

using culture and PCR [18,37]. The lack of evidence of Leptospira in rodents in other studies

using culture and qPCR techniques may indicate a methodological problem or lack of infected

animals [22]. This scenario has also been reported in other studies, though such studies were

associated with a limited sample size [12]. There may be differences in the prevalence of Lep-
tospira in rodents between regions and between rural and urban settings [54]. Inappropriate

sampling technique, sample preservation and an inadequate number of micro-organisms or

loss of bacteria during culture can lead to false negative results.

Among exposed animals, cattle had the highest seropositivity, though this varied depending on

geographical area. Cattle may be potential reservoirs and sources of human infection in Tanzania,

particularly in rural areas where the majority of residents are smallholder dairy farmers and pasto-

ralists [55]. Cattle are an important maintenance host for serogroup Sejroe [1,56] and transmission

to farm workers and slaughtermen has been documented [48,57]. Animal contact particularly

occupational exposures was identified as a risk factor by the reviewed papers and this is likely to

have an important role in the epidemiology of leptospirosis in people in Tanzania [11,21,31,32].

Conclusion and recommendation

This review provides a summary of important information on the prevalence and distribution

of the predominant Leptospira serogroups in humans and animals in Tanzania. Our review

Table 3. (Continued)

Reference Year Study area Animal

species

N Seroprevalence

(%)

Leptospira detected by culture�

or PCR�� (%)

[31] No date Kagera Shrew and

rodent

24 16.7 0�

https://doi.org/10.1371/journal.pntd.0009918.t003
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suggests that more comprehensive leptospirosis studies are needed in rodents and livestock

across different agro-ecological zones for a deeper understanding of the epidemiology and to

understand the risks of human leptospirosis for better management and control of the disease.

The role of livestock in disease transmission among the smallholder farmers and other risk fac-

tors for human leptospirosis should be well studied for future disease control plans.

In most studies conducted in Tanzania, the MAT is the only diagnostic test used widely for

leptospirosis detection however MAT may be impractical in many clinical laboratories due to

the cost and complexity [52]. An alternative tool, such as rapid diagnostic tests (RDTs), was

proposed by a recent policy brief and may be appropriate in a clinical setting for routine

screening of patients with non-malaria fever [58]. The performance of RDTs is variable and

would need to be trialled before implementation [28,59]. Raising awareness among health pro-

viders and the community on leptospirosis is recommended as a vital strategy for disease con-

trol and prevention.

Supporting information

S1 Table. Summary of the papers included in this review of leptospirosis in Tanzania

1997–2019 including year of research, study design, geographical location, target popula-

tions, diagnostics tests, and results for each study.

(DOCX)

S2 Table. A) Prevalence of antibodies to Leptospira serogroups in people in cross-sectional

studies; B) in febrile patients; C) in rodents; D) in cattle in Tanzania in leptospirosis papers

published 1997–2021.

(DOCX)

Acknowledgments

We thankfully recognize the Nelson Mandela African Institution of Science and Technology

(NM-AIST) for providing the necessary infrastructure to complete this review study. The

authors also would like to thank the International Livestock Research Institute (ILRI) for orga-

nizing training and guidance on database and literature search strategies of this study. Special

thanks to researchers from the International Livestock Research Institute, The Roslin Institute,

and the SRUC for their support.

The findings and conclusions contained within are those of the authors and do not neces-

sarily reflect positions or policies of the Bill & Melinda Gates Foundation nor the UK

Government.

Author Contributions

Conceptualization: Shabani Kiyabo Motto.

Data curation: Shabani Kiyabo Motto, Elizabeth Anne Jessie Cook.

Formal analysis: Shabani Kiyabo Motto, Elizabeth Anne Jessie Cook.

Methodology: Shabani Kiyabo Motto.

Supervision: Gabriel Mkilema Shirima, Barend Mark de Clare Bronsvoort, Elizabeth Anne

Jessie Cook.

Writing – original draft: Shabani Kiyabo Motto.

PLOS NEGLECTED TROPICAL DISEASES A review of the epidemiology of leptospirosis in Tanzania

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009918 November 16, 2021 13 / 17

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009918.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009918.s002
https://doi.org/10.1371/journal.pntd.0009918


Writing – review & editing: Gabriel Mkilema Shirima, Barend Mark de Clare Bronsvoort,

Elizabeth Anne Jessie Cook.

References

1. Levett PN. Leptospirosis. Vol. 14, Clinical Microbiology Reviews. 2001. p. 296–326. https://doi.org/10.

1128/CMR.14.2.296-326.2001 PMID: 11292640

2. Goarant C. Leptospirosis: risk factors and management challenges in developing countries. Research

and Reports in Tropical Medicine. 2016 Sep;Volume 7:49–62. https://doi.org/10.2147/RRTM.S102543

PMID: 30050339

3. Trevejo RT, Rigau-Perez JG, Ashford DA, McClure EM, Jarquin-Gonzalez C, Amador JJ, et al. Epi-

demic leptospirosis associated with pulmonary hemorrhage—Nicaragua, 1995. Journal of Infectious

Diseases. 1998; 178(5):1457–63. https://doi.org/10.1086/314424 PMID: 9780268

4. Torgerson PR, Hagan JE, Costa F, Calcagno J, Kane M, Martinez-Silveira MS, et al. Global Burden of

Leptospirosis: Estimated in Terms of Disability Adjusted Life Years. Small PLC, editor. PLoS Neglected

Tropical Diseases. 2015 Oct; 9(10):e0004122. https://doi.org/10.1371/journal.pntd.0004122 PMID:

26431366

5. De Brito T, da Silva AMG, Abreu PAE. Pathology and pathogenesis of human leptospirosis: A com-

mented review. Vol. 60, Revista do Instituto de Medicina Tropical de Sao Paulo. 2018. p. e23. https://

doi.org/10.1590/s1678-9946201860023 PMID: 29846473

6. Musso D, La Scola B. Laboratory diagnosis of leptospirosis: A challenge. Vol. 46, Journal of Microbiol-

ogy, Immunology and Infection. Elsevier; 2013. p. 245–52. https://doi.org/10.1016/j.jmii.2013.03.001

PMID: 23639380

7. WHO. Human leptospirosis: guidance for diagnosis, surveillance and control. 2003.

8. Budihal SV, Perwez K. Leptospirosis diagnosis: Competancy of various laboratory tests. Vol. 8, Journal

of Clinical and Diagnostic Research. 2014. p. 199–202. https://doi.org/10.7860/JCDR/2014/6593.3950

PMID: 24596774

9. Costa F, Hagan JE, Calcagno J, Kane M, Torgerson P, Martinez-Silveira MS, et al. Global Morbidity

and Mortality of Leptospirosis: A Systematic Review. Small PLC, editor. PLoS Neglected Tropical Dis-

eases. 2015 Sep; 9(9):e0003898. https://doi.org/10.1371/journal.pntd.0003898 PMID: 26379143

10. Allan KJ, Halliday JEBB, Moseley M, Carter RW, Ahmed A, Goris MGAA, et al. Assessment of animal

hosts of pathogenic Leptospira in northern Tanzania. Foley J, editor. PLoS Neglected Tropical Dis-

eases. 2018 Jun; 12(6):1–19. https://doi.org/10.1371/journal.pntd.0006444 PMID: 29879104

11. Assenga JA, Matemba LE, Muller SK, Mhamphi GG, Kazwala RR, Mhamphi GG, et al. Predominant

Leptospiral Serogroups Circulating among Humans, Livestock and Wildlife in Katavi-Rukwa Ecosys-

tem, Tanzania. PLOS Neglected Tropical Diseases. 2015 Mar; 9(3):e0003607. https://doi.org/10.1371/

journal.pntd.0003607 PMID: 25806825

12. Boey K, Shiokawa K, Rajeev S. Leptospira infection in rats: A literature review of global prevalence and

distribution. Vol. 13, PLoS Neglected Tropical Diseases. 2019. p. e0007499. https://doi.org/10.1371/

journal.pntd.0007499 PMID: 31398190

13. Higgins R. Emerging or re-emerging bacterial zoonotic diseases: Bartonellosis, leptospirosis, Lyme bor-

reliosis, plague. Vol. 23, OIE Revue Scientifique et Technique. 2004. p. 569–81.

14. Vincent AT, Schiettekatte O, Goarant C, Neela VK, Bernet E, Thibeaux R, et al. Revisiting the taxonomy

and evolution of pathogenicity of the genus Leptospira through the prism of genomics. PLoS Neglected

Tropical Diseases. 2019; 13(5). https://doi.org/10.1371/journal.pntd.0007270 PMID: 31120895

15. Machang’u RS, Mgode G, Mpanduji D. Leptospirosis in animals and humans in selected areas of Tan-

zania. Belgian Journal of Zoology. 1997; 127 Suppl(January):97–104.

16. Mgode GF, Mbugi HA, Mhamphi GG, Ndanga D, Nkwama EL. Seroprevalence of leptospira infection in

bats roosting in human settlements in Morogoro municipality in Tanzania. Tanzania Journal of Health

Research. 2014; 16(1):1–7. https://doi.org/10.4314/thrb.v16i1.1 PMID: 26867266

17. Mgode GF, Mhamphi GG, Katakweba AS, Thomas M. Leptospira infections in freshwater fish in Moro-

goro Tanzania: A hidden public health threat. Tanzania Journal of Health Research. 2014; 16(2):1–7.

https://doi.org/10.4314/thrb.v16i2.7 PMID: 26875305

18. Mgode GF, Machang’u RS, Mhamphi GG, Katakweba A, Mulungu LS, Durnez L, et al. Leptospira Sero-

vars for Diagnosis of Leptospirosis in Humans and Animals in Africa: Common Leptospira Isolates and

Reservoir Hosts. PLoS Neglected Tropical Diseases. 2015; 9(12). https://doi.org/10.1371/journal.pntd.

0004251 PMID: 26624890

19. Biggs HM, Hertz JT, Munishi OM, Galloway RL, Marks F, Saganda W, et al. Estimating Leptospirosis

Incidence Using Hospital-Based Surveillance and a Population-Based Health Care Utilization Survey in

PLOS NEGLECTED TROPICAL DISEASES A review of the epidemiology of leptospirosis in Tanzania

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009918 November 16, 2021 14 / 17

https://doi.org/10.1128/CMR.14.2.296-326.2001
https://doi.org/10.1128/CMR.14.2.296-326.2001
http://www.ncbi.nlm.nih.gov/pubmed/11292640
https://doi.org/10.2147/RRTM.S102543
http://www.ncbi.nlm.nih.gov/pubmed/30050339
https://doi.org/10.1086/314424
http://www.ncbi.nlm.nih.gov/pubmed/9780268
https://doi.org/10.1371/journal.pntd.0004122
http://www.ncbi.nlm.nih.gov/pubmed/26431366
https://doi.org/10.1590/s1678-9946201860023
https://doi.org/10.1590/s1678-9946201860023
http://www.ncbi.nlm.nih.gov/pubmed/29846473
https://doi.org/10.1016/j.jmii.2013.03.001
http://www.ncbi.nlm.nih.gov/pubmed/23639380
https://doi.org/10.7860/JCDR/2014/6593.3950
http://www.ncbi.nlm.nih.gov/pubmed/24596774
https://doi.org/10.1371/journal.pntd.0003898
http://www.ncbi.nlm.nih.gov/pubmed/26379143
https://doi.org/10.1371/journal.pntd.0006444
http://www.ncbi.nlm.nih.gov/pubmed/29879104
https://doi.org/10.1371/journal.pntd.0003607
https://doi.org/10.1371/journal.pntd.0003607
http://www.ncbi.nlm.nih.gov/pubmed/25806825
https://doi.org/10.1371/journal.pntd.0007499
https://doi.org/10.1371/journal.pntd.0007499
http://www.ncbi.nlm.nih.gov/pubmed/31398190
https://doi.org/10.1371/journal.pntd.0007270
http://www.ncbi.nlm.nih.gov/pubmed/31120895
https://doi.org/10.4314/thrb.v16i1.1
http://www.ncbi.nlm.nih.gov/pubmed/26867266
https://doi.org/10.4314/thrb.v16i2.7
http://www.ncbi.nlm.nih.gov/pubmed/26875305
https://doi.org/10.1371/journal.pntd.0004251
https://doi.org/10.1371/journal.pntd.0004251
http://www.ncbi.nlm.nih.gov/pubmed/26624890
https://doi.org/10.1371/journal.pntd.0009918


Tanzania. PLoS Neglected Tropical Diseases. 2013; 7(12):1–8. https://doi.org/10.1371/journal.pntd.

0002589 PMID: 24340122

20. Maze MJ, Biggs HM, Rubach MP, Galloway RL, Cash-Goldwasser S, Allan KJ, et al. Comparison of the

Estimated Incidence of Acute Leptospirosis in the Kilimanjaro Region of Tanzania between 2007–08

and 2012–14. PLoS Neglected Tropical Diseases. 2016 Dec; 10(12):1–15. https://doi.org/10.1371/

journal.pntd.0005165 PMID: 27911902

21. Maze MJ, Cash-Goldwasser S, Rubach MP, Biggs HM, Galloway RL, Sharples KJ, et al. Risk factors

for human acute leptospirosis in northern Tanzania. Foley J, editor. PLoS Neglected Tropical Diseases.

2018 Jun; 12(6):1–22. https://doi.org/10.1371/journal.pntd.0006372 PMID: 29879114

22. Allan KJ, Maze MJ, Galloway RL, Rubach MP, Biggs HM, Halliday JEB, et al. Molecular detection and

typing of pathogenic leptospira in febrile patients and phylogenetic comparison with leptospira detected

among animals in Tanzania. American Journal of Tropical Medicine and Hygiene. 2020; 103(4):1427–

34. https://doi.org/10.4269/ajtmh.19-0703 PMID: 32748767

23. Boillat-Blanco N, Mbarack Z, Samaka J, Mlaganile T, Kazimoto T, Mamin A, et al. Causes of fever in

Tanzanian adults attending outpatient clinics: a prospective cohort study. Clinical Microbiology and

Infection. 2021; 27(6):913.e1-913.e7. https://doi.org/10.1016/j.cmi.2020.08.031 PMID: 32896654

24. Muller S. Molecular epidemiology of Leptospira species among Agropastoral communities living in

Katavi-Rukwa ecosystem, Tanzania. 2015;

25. Hercik C, Cosmas L, Mogeni OD, Wamola N, Kohi W, Omballa V, et al. A diagnostic and epidemiologic

investigation of acute febrile illness (AFI) in Kilombero, Tanzania. Schildgen O, editor. PLoS ONE. 2017

Dec; 12(12):e0189712. https://doi.org/10.1371/journal.pone.0189712 PMID: 29287070

26. Muller SK, Assenga JA, Matemba LE, Misinzo G, Kazwala RR. Human leptospirosis in Tanzania:

sequencing and phylogenetic analysis confirm that pathogenic Leptospira species circulate among

agro-pastoralists living in Katavi-Rukwa ecosystem. BMC Infectious Diseases. 2016 Dec; 16(1):273.

https://doi.org/10.1186/s12879-016-1588-x PMID: 27287703

27. Biggs HM, Bui DM, Galloway RL, Stoddard RA, Shadomy S V., Morrissey AB, et al. Leptospirosis

among hospitalized febrile patients in northern Tanzania. American Journal of Tropical Medicine and

Hygiene. 2011; 85(2):275–81. https://doi.org/10.4269/ajtmh.2011.11-0176 PMID: 21813847

28. Crump JA, Morrissey AB, Nicholson WL, Massung RF, Stoddard RA, Galloway RL, et al. Etiology of

Severe Non-malaria Febrile Illness in Northern Tanzania: A Prospective Cohort Study. PLoS Neglected

Tropical Diseases. 2013; 7(7):e2324. https://doi.org/10.1371/journal.pntd.0002324 PMID: 23875053

29. Maze MJ. The impact of leptospirosis in Northern Tanzania [Internet]. University of Otago; 2019. Avail-

able from: https://ourarchive.otago.ac.nz/handle/10523/8838

30. Biggs HM, Galloway RL, Bui DM, Morrissey AB, Maro VP, Crump JA. Leptospirosis and human immu-

nodeficiency virus co-infection among febrile inpatients in northern Tanzania. Vector-Borne and Zoo-

notic Diseases. 2013 Aug; 13(8):572–80. https://doi.org/10.1089/vbz.2012.1205 PMID: 23663165

31. 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 Neglected Tropical Dis-

eases. 2019 May; 13(5):1–12. https://doi.org/10.1371/journal.pntd.0007225 PMID: 31150391

32. Mirambo MM, Mgode GF, Malima ZO, John M, Mngumi EB, Mhamphi GG, et al. Seroposotivity of Bru-

cella spp. and Leptospira spp. antibodies among abattoir workers and meat vendors in the city of

Mwanza, Tanzania: A call for one health approach control strategies. Foley J, editor. PLoS Neglected

Tropical Diseases. 2018 Jun; 12(6):39–52.

33. Schoonman L, Swai ES. Risk factors associated with the seroprevalence of leptospirosis, amongst at-

risk groups in and around Tanga city, Tanzania. Annals of Tropical Medicine and Parasitology. 2009

Dec; 103(8):711–8. https://doi.org/10.1179/000349809X12554106963393 PMID: 20030995

34. Chipwaza B, Mhamphi GG, Ngatunga SD, Selemani M, Amuri M, Mugasa JP, et al. Prevalence of Bac-

terial Febrile Illnesses in Children in Kilosa District, Tanzania. PLoS Neglected Tropical Diseases.

2015; 9(5). https://doi.org/10.1371/journal.pntd.0003750 PMID: 25955522

35. Katakweba A. Small Mammals in Fenced Houses as Source of Leptospirosis to Livestock Pets animals

and Humans in Morogoro Municipality, Tanzania. Tanzania Veterinary Association Proceedings [Inter-

net]. 2018; 36(2018). Available from: https://www.ajol.info/index.php/tvj/article/view/194951%0Ahttps://

tvj1.sua.ac.tz/index.php/TVJ/article/view/83

36. Katakweba AAS, Mulungu LS, Eiseb SJ, Mahlaba TATA, Makundi RH, Massawe AW, et al. Prevalence

of haemoparasites, leptospires and coccobacilli with potential for human infection in the blood of rodents

and shrews from selected localities in Tanzania, Namibia and Swaziland. African Zoology. 2012 Apr; 47

(1):119–27.

37. Mgode GF, Mhamphi G, Katakweba A, Paemelaere E, Willekens N, Leirs H, et al. Pcr detection of Lep-

tospira DNA in rodents and insectivores from Tanzania. Belgian Journal of Zoology. 2005; 135

(SUPPL.1):17–9.

PLOS NEGLECTED TROPICAL DISEASES A review of the epidemiology of leptospirosis in Tanzania

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009918 November 16, 2021 15 / 17

https://doi.org/10.1371/journal.pntd.0002589
https://doi.org/10.1371/journal.pntd.0002589
http://www.ncbi.nlm.nih.gov/pubmed/24340122
https://doi.org/10.1371/journal.pntd.0005165
https://doi.org/10.1371/journal.pntd.0005165
http://www.ncbi.nlm.nih.gov/pubmed/27911902
https://doi.org/10.1371/journal.pntd.0006372
http://www.ncbi.nlm.nih.gov/pubmed/29879114
https://doi.org/10.4269/ajtmh.19-0703
http://www.ncbi.nlm.nih.gov/pubmed/32748767
https://doi.org/10.1016/j.cmi.2020.08.031
http://www.ncbi.nlm.nih.gov/pubmed/32896654
https://doi.org/10.1371/journal.pone.0189712
http://www.ncbi.nlm.nih.gov/pubmed/29287070
https://doi.org/10.1186/s12879-016-1588-x
http://www.ncbi.nlm.nih.gov/pubmed/27287703
https://doi.org/10.4269/ajtmh.2011.11-0176
http://www.ncbi.nlm.nih.gov/pubmed/21813847
https://doi.org/10.1371/journal.pntd.0002324
http://www.ncbi.nlm.nih.gov/pubmed/23875053
https://ourarchive.otago.ac.nz/handle/10523/8838
https://doi.org/10.1089/vbz.2012.1205
http://www.ncbi.nlm.nih.gov/pubmed/23663165
https://doi.org/10.1371/journal.pntd.0007225
http://www.ncbi.nlm.nih.gov/pubmed/31150391
https://doi.org/10.1179/000349809X12554106963393
http://www.ncbi.nlm.nih.gov/pubmed/20030995
https://doi.org/10.1371/journal.pntd.0003750
http://www.ncbi.nlm.nih.gov/pubmed/25955522
https://www.ajol.info/index.php/tvj/article/view/194951%0Ahttps://tvj1.sua.ac.tz/index.php/TVJ/article/view/83
https://www.ajol.info/index.php/tvj/article/view/194951%0Ahttps://tvj1.sua.ac.tz/index.php/TVJ/article/view/83
https://doi.org/10.1371/journal.pntd.0009918


38. Mgode GF, Katakweba AS, Mhamphi GG, Fwalo F, Bahari M, Mashaka M, et al. Prevalence of leptospi-

rosis and toxoplasmosis: A study of rodents and shrews in cultivated and fallow land, Morogoro rural

district, Tanzania. Tanzania Journal of Health Research. 2014 Jul; 16(3):1–7. https://doi.org/10.4314/

thrb.v16i3.11 PMID: 26867284

39. Karimuribo ED, Swai ES, Kyakaisho PK. Investigation of a syndrome characterised by passage of red

urine in smallholder dairy cattle in East Usambara Mountains, Tanzania. Journal of the South African

Veterinary Association. 2008 Jun; 79(2):89–94. https://doi.org/10.4102/jsava.v79i2.250 PMID:

18846854

40. Schoonman L, Swai ES. Herd- and animal-level risk factors for bovine leptospirosis in Tanga region of

Tanzania. Tropical Animal Health and Production. 2010 Oct; 42(7):1565–72. https://doi.org/10.1007/

s11250-010-9607-1 PMID: 20517645

41. Swai ES, Schoonman L. A survey of zoonotic diseases in trade cattle slaughtered at Tanga city abattoir:

A cause of public health concern. Asian Pacific Journal of Tropical Biomedicine. 2012 Jan; 2(1):55–60.

https://doi.org/10.1016/S2221-1691(11)60190-1 PMID: 23569835

42. D’Acremont V, Kilowoko M, Kyungu E, Philipina S, Sangu W, Kahama-Maro J, et al. Beyond Malaria—

Causes of Fever in Outpatient Tanzanian Children. Vol. 370, New England Journal of Medicine. 2014.

p. 809–17. https://doi.org/10.1056/NEJMoa1214482 PMID: 24571753

43. Hercik C, Cosmas L, Mogeni OD, Wamola N, Kohi W, Houpt E, et al. A combined syndromic approach

to examine viral, bacterial, and parasitic agents among febrile patients: A pilot study in Kilombero, Tan-

zania. American Journal of Tropical Medicine and Hygiene. 2018 Feb; 98(2):625–32.

44. Machang’u RS, Mgode GF, Assenga J, Mhamphi G, Weetjens B, Cox C, et al. Serological and molecu-

lar characterization of leptospira serovar Kenya from captive African giant pouched rats (Cricetomys

gambianus) from Morogoro Tanzania. FEMS Immunology and Medical Microbiology. 2004; 41(2):117–

21. https://doi.org/10.1016/j.femsim.2004.02.002 PMID: 15145455

45. Mgode GF, Machang’u RS, Goris MG, Engelbert M, Sondij S, Hartskeerl RA. New Leptospira serovar

Sokoine of serogroup Icterohaemorrhagiae from cattle in Tanzania. International Journal of Systematic

and Evolutionary Microbiology. 2006; 56(3):593–7. https://doi.org/10.1099/ijs.0.63278-0 PMID:

16514033

46. Kessy MJ, Machang’u RS, Swai ES. A microbiological and serological study of leptospirosis among

pigs in the Morogoro municipality, Tanzania. Tropical Animal Health and Production. 2010 Mar; 42

(3):523–30. https://doi.org/10.1007/s11250-009-9455-z PMID: 19763865

47. Said K, Bakari G, Machang’u R, Katakweba A, Muhairwa A. Seroprevalence of canine leptospirosis, in

Urban and Periurban, Morogoro, Tanzania. African Journal of Microbiology Research. 2018; 12

(21):481–7.

48. Cook EAJ, De Glanville WA, Thomas LF, Kariuki S, Bronsvoort BMDC, Fèvre EM. Risk factors for lepto-

spirosis seropositivity in slaughterhouse workers in western Kenya. Occupational and Environmental

Medicine. 2017; 74(5). https://doi.org/10.1136/oemed-2016-103895 PMID: 27913579

49. Dreyfus A, Dyal JW, Pearson R, Kankya C, Kajura C, Alinaitwe L, et al. Leptospira Seroprevalence and

Risk Factors in Health Centre Patients in Hoima District, Western Uganda. PLoS Neglected Tropical

Diseases. 2016; 10(8). https://doi.org/10.1371/journal.pntd.0004858 PMID: 27487398

50. Alia SN, Joseph N, Philip N, Azhari NN, Garba B, Masri SN, et al. Diagnostic accuracy of rapid diagnos-

tic tests for the early detection of leptospirosis. Journal of Infection and Public Health. 2019; 12(2):263–

9. https://doi.org/10.1016/j.jiph.2018.10.137 PMID: 30502041

51. Benacer D, Zain SNM, Lewis JW, Khalid MKNM, Thong KL. A duplex endpoint PCR assay for rapid

detection and differentiation of Leptospira strains. Revista da Sociedade Brasileira de Medicina Tropi-

cal. 2017; 50(2):239–42. https://doi.org/10.1590/0037-8682-0364-2016 PMID: 28562762

52. Wynwood SJ, Burns MA, Graham GC, Weier SL, McKay DB, Craig SB. Serological diagnosis of Lepto-

spirosis in bovine serum samples using a microsphere immunoassay. Veterinary Record Open. 2016; 3

(1):1–7. https://doi.org/10.1136/vetreco-2015-000148 PMID: 26835139

53. Niloofa R, Fernando N, De Silva NL, Karunanayake L, Wickramasinghe H, Dikmadugoda N, et al. Diag-

nosis of leptospirosis: Comparison between microscopic agglutination test, IgM-ELISA and IgM rapid

immunochromatography test. PLoS ONE. 2015; 10(6):1–12. https://doi.org/10.1371/journal.pone.

0129236 PMID: 26086800

54. Krairojananan P, Thaipadungpanit J, Leepitakrat S, Monkanna T, Wanja EW, Schuster AL, et al. Low

prevalence of leptospira carriage in rodents in leptospirosis-endemic northeastern Thailand. Tropical

Medicine and Infectious Disease. 2020; 5(4). https://doi.org/10.3390/tropicalmed5040154 PMID:

33008058

55. Maziku M, Gebru G, Stapleton J. aalinait. 2017;1–4.

PLOS NEGLECTED TROPICAL DISEASES A review of the epidemiology of leptospirosis in Tanzania

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009918 November 16, 2021 16 / 17

https://doi.org/10.4314/thrb.v16i3.11
https://doi.org/10.4314/thrb.v16i3.11
http://www.ncbi.nlm.nih.gov/pubmed/26867284
https://doi.org/10.4102/jsava.v79i2.250
http://www.ncbi.nlm.nih.gov/pubmed/18846854
https://doi.org/10.1007/s11250-010-9607-1
https://doi.org/10.1007/s11250-010-9607-1
http://www.ncbi.nlm.nih.gov/pubmed/20517645
https://doi.org/10.1016/S2221-1691%2811%2960190-1
http://www.ncbi.nlm.nih.gov/pubmed/23569835
https://doi.org/10.1056/NEJMoa1214482
http://www.ncbi.nlm.nih.gov/pubmed/24571753
https://doi.org/10.1016/j.femsim.2004.02.002
http://www.ncbi.nlm.nih.gov/pubmed/15145455
https://doi.org/10.1099/ijs.0.63278-0
http://www.ncbi.nlm.nih.gov/pubmed/16514033
https://doi.org/10.1007/s11250-009-9455-z
http://www.ncbi.nlm.nih.gov/pubmed/19763865
https://doi.org/10.1136/oemed-2016-103895
http://www.ncbi.nlm.nih.gov/pubmed/27913579
https://doi.org/10.1371/journal.pntd.0004858
http://www.ncbi.nlm.nih.gov/pubmed/27487398
https://doi.org/10.1016/j.jiph.2018.10.137
http://www.ncbi.nlm.nih.gov/pubmed/30502041
https://doi.org/10.1590/0037-8682-0364-2016
http://www.ncbi.nlm.nih.gov/pubmed/28562762
https://doi.org/10.1136/vetreco-2015-000148
http://www.ncbi.nlm.nih.gov/pubmed/26835139
https://doi.org/10.1371/journal.pone.0129236
https://doi.org/10.1371/journal.pone.0129236
http://www.ncbi.nlm.nih.gov/pubmed/26086800
https://doi.org/10.3390/tropicalmed5040154
http://www.ncbi.nlm.nih.gov/pubmed/33008058
https://doi.org/10.1371/journal.pntd.0009918


56. Alinaitwe L, Kankya C, Namanya D, Pithua P, Dreyfus A. Leptospira Seroprevalence Among Ugandan

Slaughter Cattle: Comparison of Sero-Status With Renal Leptospira Infection. Frontiers in Veterinary

Science. 2020; 7(February):1–7. https://doi.org/10.3389/fvets.2020.00106 PMID: 32185188

57. Benschop J, Nisa S, Spencer SEF. Still “dairy farm fever”? A Bayesian model for leptospirosis notifica-

tion data in New Zealand. Journal of the Royal Society Interface. 2021; 18(175):1–9.

58. Mgode GF, Mhamphi GG, Katakweba AS, Mboera LEG. Leptospirosis in Tanzania: a neglected cause

of febrile illness that Needs attention of the health system. Policy Brief. 2017. p. 1–8.

59. Lee JW, Park S, Kim SH, Christova I, Jacob P, Vanasco NB, et al. Clinical evaluation of rapid diagnostic

test kit using the polysaccharide as a genus-Specific diagnostic antigen for leptospirosis in Korea, Bul-

garia, and Argentina. Journal of Korean Medical Science. 2016; 31(2):183–9. https://doi.org/10.3346/

jkms.2016.31.2.183 PMID: 26839470

PLOS NEGLECTED TROPICAL DISEASES A review of the epidemiology of leptospirosis in Tanzania

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009918 November 16, 2021 17 / 17

https://doi.org/10.3389/fvets.2020.00106
http://www.ncbi.nlm.nih.gov/pubmed/32185188
https://doi.org/10.3346/jkms.2016.31.2.183
https://doi.org/10.3346/jkms.2016.31.2.183
http://www.ncbi.nlm.nih.gov/pubmed/26839470
https://doi.org/10.1371/journal.pntd.0009918

