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Summary:

Leptospirosis is an important globaleenerging, occupational, environmental and zoonotic disease.

It is an undefestimated disease of public health and veterinary importance caused by the
pathogenic spirochetes belonging to the geugptospira Currenty in South Africathere is limited
AYF2NXEGA2Y 2y fSLIN2aLIANRAAA YR GSGSNAYINRIFIYAQ
in the country.The primary aim of the investigation was to determine the prevalendeepfospira

spp. in slaughtered livestock and workers at abattoirs in Gauteng province, South Africa. To achieve

this aim, retrospective analysis of laboratory data and cresgtional serological, bacteriological and

molecular studies were conducted on livestocklatattoir wakers during the study period.

The objective of the retrospective analysis ofyEar (2007¢ 2017) data was to determine the
seropositivity and infecting serovars loéptospiran the sera of livestock (suspected or clinical cases

of leptosprosis), submitted to the Agricultural Research Council (AR@grsterpoort Veterinary
Research (OVR), Bacteriology serology laboratory. The overall seropositivity for leptospirosis in
livestock was, 20.5% (1,425/6,945), using an esghbvar microscopi@gglutination test (MAT)
panel. The frequency of seropositivity was 22.0% (1,133/5,168), 16.2% (286/1,763) and 0.0% (0/14)
for cattle, pigs and sheep respectively (p<0.00 01). Australis (sv. Bratislava) was the predominant
serovar having been detected #9.4% (333/1,133) and 32.0% (91/286) of seropositive cattle and
pigs respectively. The year 2016 of the 11 years retrospective data, had seroprevalence overall of
22.0% (102/466), with 100% (2/2) and 21.6% (101/466) for pigs and cattle respectively. It is
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important to note that, this was the same period (2016) we conducted the current -sexg®nal

study.

A crosssectional study was conducted on pigs and cattle slaughtered at Gauteng abattoirs in South
Africa:Eightyfive (n=85) sera from slaughtered pigt 5 consented abattoirs were analysed by MAT.
The overall seropositive was, 24.7% (21/85) using 26 antigens panel for pigs in South Africa for the
first time; Predominant serogroup was serogroup AustfBligtislava reported as the predominant

in seropaitive pigs, 90.5% (19/21), 22.4% (19/85). For the cattle, 199 serum samples were analysed
from slaughtered cattle from 11 abattoirs that consent was granted. Seropositive from cattle sera,
27.6% (55/199) with serogroupejroe (Hardjo), 10.5% (21/199) ae fpredominant circulating in the
Country. The study demonstrated, for the first time $outh Africa, the occurrence of four serovars,
namely, Hardjo bovis strain lely 607®opaz, 3.5% (7/199); Hebdomadis, 2.5% (5/199) and
Medanensis, 1.5% (3/19®) slaughtered cattle. The vaccine used to prevent cattle leptospirosis in
South Africa does not contain three of the newly detected serovars (Topaz, Hebdomadis and
Medensis), an indication that the seropositive cattle acquired infection through natural exposure
There were statistically significant differences (P<0.05) in the detection of the serogroups of
Leptospira.Of the five variables analysed, only one variable (abattoir) had statistically significantly

(P<0.001) differences in the seroprevalence of lgptmsis in cattle.

With the bacteriological culture of 305 kidneys usiBtiinghausen McCaullough Johnson Harris
(EMJH) media, the isolation rate foeptospiraspp. was 3.9% (12/305), with speciage being 4.8%
(9/186), 4.1% (3/74) and 0.0% (0/45) foattle, pigs and sheep respectively (P>0.05). The use of
guantitative polymerase chain reaction (QPCR) assays detéejgibspiraDNA in 27.5% (84/305) of

the livestock kidneys tested. Of the animals tested, 26.9% (50/186), 20.3% (15/74) and 42.2%
(19/45) of cattle, pigs and sheep kidneys respectively (P=0.03) were posititefptospiraDNA. It

was significant that, although all sheep samples tested for leptospirosis by isolation and serology
were negative forLeptospiraspp., a high frequency (42.2%) sv@ositive forLeptospiraDNA.
Sequencing of DNA from isolateslL&ptospiraspp. and kidney tissues from cattle identified 13.as
interrogansand 2 asL. borgpetersen)ij from pigs 4 werd.. interrogansand from sheep kidney
tissues, 2 weréd.. interrogasand 1 wad.. borgpetersenii The phylogenetic tree analyses revealed
that all the isolates and the kidney tissue samples grouped together with the pathogenic
interrogansserovar Icterohaemorrhagiae ard borgpetersenierovar Hardjo bovis straiely 607

from the GenBank retrieved sequences. This study is also the first reported genetic analyses of the

pathogenid.. interrogan@andL. borgpeterseniin slaughtered livestock in South Africa.
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To determine the exposure experience loéptospiraspp. h abattoir workers sampled from six
abattoirs, two serological tests (MAT and IgM ELISA) and one molecular method (QPCR) were used.
The seroprevalence dfeptospirain 103 workers was 10.7% and 7.8% by IgM ELISA and MAT
respectively, and the prevalence loéptospiraDNA in whole blood by gPCR was 16.5% (P>0.05). The
overall prevalence (serology and PCR)eptospiraspp. was 30.1% (31/103). The predominant
serovar detected in seropositive workers wagsiman (50.0%) and ttabattoir-related risk factors
identified were working in high throughput (HT) abattoirs and exposure to blood and/or water
splashes during and after slaughter. Antibodies to Serogroups sejro&V(#¥i) and Pomona (Sv.
Djasimarn were both found in animals and abattoir workers. Altgbuthe main serovars in abattoir

workers were dferent from those in animals.

It was concluded that the detection of new serovaegptospiraspp. in South Africa which are not
currently in the leptospirosis vaccine used in livestock coupled with thetiatthese serovars are

not in the diagnostic eigkantigen MAT panel indicate a need to-assess the status of livestock
leptospirosis, as well as to revisit the existing policy and practices on leptospirosis in the country. The
use of a diagnostic stregy which included both serological and molecular methods will increase the
sensitivity of such an approach. The zoonotic risk of leptospirosis to abattoir workers identified in
the study is for the first time in South Africa and it indicates the needhttmduce measures to
mitigate abattoirassociated risk exposure to leptospirosis in abattoir workers in the country.

Keywords: Leptospira;Leptospirosis; Serogroups/Serovars; Diagnosis; Slaughter livestock;
Abattoir workers; Gauteng Province, South Afaic
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CHAPTER 1

General Introduction

1.1 Introduction

[ SLIWi2alLIANRaAAGE |faz2 (yz2ey +a 2SAtQa RAaSrasS FyR
an important bacterial zoonosis of international significance (Cachay aediz\/R005). The disease

is considered a remerging zoonosis, a forgotten zoonosis and the most widespread zoonosis in the

world (Levett, 2004; Meites et al., 2004; WHO, 200Bgptospirosis is related to socioeconomic or

climatic conditions that favour animal reservoir and human exposure, especially in developing
countries(Pappas et al., 2008Fhe disease has also been reported in industrialized couriBieerti

et al., 2003)

Leptospirosis has emerged as an important urban health problem worldwide, yet the dynamics of
the environmentally transmitted_eptospirapathogen has not been well crecterized, (Casanova
Massana et al., 2017Humans become infected by leptospires through contact with animal
reservoirs, environmental surface water and soil that are contaminated with infected urine (Ko et
al., 2009)Considering the fact thdteptospiraspp. have been known to be isolated from waste and
effluents of abattoirs and slaughterhouses elsewhere (Saito et al., 2012), where infected livestock
and shedders of the pathogen are slaughtered. Therefore, one of the objsofithe study was to
detemine the frequency of detection dfeptospiraspp. from effluents from abattoirs in South

Africa.

In subSaharan Africa, leptospirosis has been reported to be endemic in West Africa where the
disease has been documented in Nigeria, Cameroun; Central Afrib@ Democratic Republic of
Congo and Gabon; Eastern Africa in Kenya and Tanzania and in Southern Africa, mostly reported in
South Africa and Zimbabwde Vries et a).2014)

The disease can occur in both subclinical and clinical states in animals and h{itaénst al., 2003;
Levett, 2004) Leptospirosis in humans is a nmugjistem disease presenting in various clinical
manifestationgLevett, 2004; Martinegarcia et al., 2000Annually approximately 1.3 million cases
and about 60,000 deaths due to leptospirosis occur worldwide in hunf@aesta et al., 2015)
Human infection occurs vidirect contact with the urine of infected animals or indirectly through

interaction with a urinecontaminated environment or tissues (kidneys and blood) from carcasses of



infected animals could serve as a source of infection to abattoir workefgospiraspp., can survive
outside the host if conditions (e.g. a warm, wet climate) are favour@lerti et al., 2003; Levett,
2001)

Leptospirosis is caused by the pathogebéptospira interrogangnd to date there are ovel7
pathogenicLeptospiraspp. worldwide(Vincent et al., 2019with some serovars adapted to certain
animal species (Bharti et al., 2003; Katz et al., 2003; Levett, 2004). Many factors have made the
eradication of leptospirosis in animal and human populations virtually impossiBlame of these
factors include its occurrence in subclinical states (with infected, apparently healthy animals and
humans shedding the pathogen, (OIE, 2018; Fang et al.,, 2014) and the availability of commercial
vaccines which prevent disease but not itfen. This factor has major implications because
apparently healthy infected, vaccinated animals, serve as sources of infection to ¢itlatzset al.,

2003; Rentko et al., 1992)In addition, the vaccines do not always offer crosstection against

other serovargOIE, 2018; Suepaul et al., 2010)

The diagnosis of leptospirosis is very difficult and tasking as it may take many weeks to complete the
isolation process. The disease is usually diagnosed in the laboratory by culturing the microorganism
from tissues, blood, or urine using a modified ghiausen McCullough Johnson and Harris (EMJH)
semisolid medium containing bovine serum albumin fraction (Ellis, 1986), by detecting antibodies

in serum sampleqLavinsky et al., 2012pr bydemonstrating the presence of leptospires in tissues
using antibodies labelled with fluorescent markers. Other methods may be available in some
laboratories, for example, the polymerase chain reaction (PCR). The quantitative PCR (qPCR) is the
most modern,fast and specific method which is nhow commonly used to quantify leptospires

(Branger et al., 2005However, this method is very expensive (Levett et al., 2004).

In South Africa, reported data on leptospirosis in humans and animals are scarce, especially in the
livestock industry where only the Microscopic Agglutinatibest (MAT), the gold standard (OIE,
2018), is used routinely. The seroprevalence of leptospirosis has been reported in livestock with the
prevalence ranging from 12.5 % to 22.ZGtimmow et al., 199 Potts et al., 1995)n wildlife, 1.7%

to 12.0%(Hunter et al., 1988; Myburgh et al., 19980d the seroprevalence of various serovars
reported to range between 0.05% to 22.3 %Ptts et al., 1995)The last isolation of leptospirosis

in South Africa was reported over two decades ag@hynmow et al. (1999)n addition, there are

no reported data using the gPCR assay as recommended by the World Health Organization (WHO) as
being themost specific and sensitive method for the diagnosikegtospirespp.(WHO, 2003)



The livestock industry in South Africa serves as a source of income and employment to both owners
and personnel wrking both in smalland largescale farming and in feedlots following the slaughter

of these animals at the abattoirs. Apart from abattoirs being used as facilities for slaughtering
animals, they can also be used as facilities for active and passiveillamce of zoonoses, like
leptospirosis, in animals and humans. It is also known that workers at abattoirs are exposed to

zoonotic agents from slaughtered infected livestoGkupunmiet al., 2017).

According to the National Institute of Communicabledases (NICD}here havebeen reported
sporadic cases of leptospirosis in humans. A case of leptospirosis was reported in a human male in
2015 (http//www.nicd.ac.za, 2015)In December 2016, two inmates at the Pollsmoor prison were
reported to have died as a result of leptospirosis linked to i@itsp//www.nicd.ac.za, 2016)
However, the disease is not considered a problem in South Africa. Therefore, the use of abattoirs to
determine the status of the diseasm livestock will provide invaluable information on the
seroprevalence of leptospirosis and the risposes to abattoir workersSuch information may also
contribute to the development of strategies to prevent exposure to the pathogen and mitigate the

potential impact on public health in South Africa.

1.2 Problem Statement

Leptospirosis is a remerging important zoonosis which is highly prevalent in developing countries
and isresponsible for morbidity and mortality in humans and livestock (WHO, 2010). Infection in
livestock causes abortion and other clinical manifestations, all resulting in economic losses. Rodents
are considered important reservoir of infection for livestop&t animals and in some cases, humans

through contaminated water and foods, (Kruger et al., 2020).

There is a general dearth of current information on leptospirosis in South Africa. Furthermore, there
exists a belief amongst veterinarians that leptospsasi not important disease in the country. A
study conducted by Potts et al. (1995) reported that livestock leptospirosis, especially in pigs, was
not a major problem in the country, and overall, the frequency of vaccination of animals was low.
Therefore,it is imperative to either substantiate or disprove this prevailing belief or assumption by
providing current, meaningful empirical data through an epidemiological investigation on the
occurrence and risk of leptospirosis (infection or diseases) in dlewudirestock and workers in
abattoirs in the Gauteng province. The provision of such data by the proposed study will determine
whether leptospirosis is undatiagnosed and/or undereported and, if so, provide guidance in
developing appropriate methodsotreduce the incidence and prevalence of the disease in the

country. The study will also provide invaluable data on whether there is a needdssess the



current practice (type and number of serovars) and policy (voluntary or mandatory) on the

vaccinatbn of livestock against leptospirosis in the country.

Therefore, based on the afomentioned issues, a study was designed with the following

hypotheses:

1.3

14

15
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Hypotheses

The seroprevalete of antibodies toleptospira spp. in slaughtered livestock varies
significantly among animal species

The serovars ofeptospiraspp. circulating in livestock are the same as those frequently
detected in abattoirs workers.

The antibodies td_eptospiraspp detected in slaughtered livestock are primarily the same as
those contained in the vaccines used in the country.

Leptospirosis in livestock, humans and abattoir effluents is grossly diggnosed and

therefore, poses a problem in the livestock industnd human population in South Africa.

Primaryresearch questions

Based on data from laboratory diagnosis of leptospirosis in livestock in South Africa between
2007 and 2017, whaare the frequencies of diagnoses of leptospirosis and the serovars
involved?

What is the prevalence of leptospirosis in livestock slaughtered and abattoir effluents at the
abattoirs in Gauteng Province, South Africa?

What are the prevalent serovars béptospirecirculating in livestock and abattoir workers in
Gauteng Province of South Africa?

Secondary research questions

What are the risk factors associated with exposure Ligptospiraspp. in slaughtered
livestock and abattoir workers in Gauteng province, South Africa?

What are the characteristics (genotype) of the isolatesLeptospiraspp. recovered from
slaughtered livestock in South Africa?

Aim

The overall aim of this research project is to deite the prevalence and characteristics of

Leptospiraspp. in slaughtered animals, abattoir effluent at Gauteng province abattoirs and the

zoonotic risks posed to abattoir workers.



1.7 Specific objectives

3 To review the diagnostic laboratory records for evidence of suspected or confirmed cases of
livestock leptospirosis over a period of 11 years (2R0X7) in South Africa.

3 To determine the seroprevalence of leptospirosis in slaugtitdivestock using the MAT and
in abattoir workers using both the MAT, Panbio IgM ELISA Kit and gPCR in the Gauteng
province.

3 To determine the prevalence of pathogerieptospiraspp. in the abattoir effluents by
guantitative realtime PCR (gPCR).

3 Todetect pathogenid_eptospiraspp. by isolation and polymerase chain reaction (PCR) from
the kidneys of slaughtered livestock.

3 To detect pathogeniteptospiraspp. in whole blood of abattoirs workers using gPCR.

3 To determine important risk factors for exposurelteptospiraspp. in livestock and abattoir
workers.

3 To characterize pathogenieptospirasolates from livestock as to their genotypes targeting
the SecYpartial genes region.

3 To compare the South AdanlLeptospiraserovars with other from other parts of the world

using their phylogenetic relationship.
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CHAPTER 2

Literature Review

2.1  Aetiology and biology of_eptospiraspp.

l'R2fF 2SAftQa Ay myycZ FANRG RSaONROSReptospidi 2 8 LIA NJ
spp. and in Japan, the microorganism was isolated from coal miners in(d®0&ies et al., 2014;

Inada et al., 1915)Leptospires possess both Grgwsitive and Grasmegative bacterial properties

(Haake, 2000rnd they have low endotoxic actii (Shimizu et al., 1987)Leptospires are
corkscrewshaped bacteria with amplitude of 615 and 0.5 wavelengtfiaine, 1999; Mohammed

et al., 2011) The bacteria are different from other spirochetes as they possess distinct hooks at both

ends with ruffled and beaded surfaces when observed under high magnifi¢&ianti et al., 2003)

They are 0.1 um in diameter ane2® um in lengti{Faine, 1999)

Spirochetes are highly madej thin and very small, therefore testing for leptospires by staining is not
the ideal method; it requires a daffield microscope (DFM) for direct observation of the organism.
The movements of leptospires under the DFM are translational andtnamslational, (Ellis, et al.,
1993). The species of leptospires cannot be differentiate morphologically and isolated field strains of
pathogenic leptospires are shorter and more tightly coiled compared to the leptospires that have
been maintained in cultur€Ellis et al., 1983; Faine, 1999hey are bligate and aerobic zoonotic
organisms that grow at an optimal temperature between-ZB°C, in media supplemented with B1

and B2 amino acids and long chain of fatty acids, with low concentration of agar betwe@r? G4
(Mohammed et al., 2011)

The growth of leptospires is slow, especially at primary isolation, and it is recommended that the
cultures be incbated for up to 13 weeks before being considered as negative and discarded. A
maximum growth density in sersblid media is a discrete zone under the surface of the media

which becomes increasingly turbid as the incubation progresses. The optimum oxytwontés
NEBfFGSR G2 GKS ANRsGK 2F fSLIG2ALIANBE +FyR AdG A
(Mohammed et al., 2011)

Leptospires can survive in alkaline swamps, streams, rivers, soil, mud, diluted milk and tissues of live

or dead animal§Mohammed et al., 20113and while in the soil, they can survive and remain viable



for someweeks to many months and for several weeks in cattle slurry. The survival of pathogenic
leptospires depends on several factors such as the temperature, inhibitory compounds and pH. They
can survive at a pH between 7¢28.0. Leptospires have been found e to withstand drought,

heat, acid and base disinfectaritdohammed et al., 2011; Slaekal., 2006)

They are parasitic and therefore need hosts to survive in the environment and are killed by
temperatures above 50°C and dehydration. The genome of leptospires has two chromosomes, the
large and the small chromosomes with 4, 332,241 d@ t277, 185bp and 358, 943 bp to 350, 181

bp respectively(Faine, 2007)

2.2 Classification of_eptospiraspecies

Leptospirosis is caused by pathogenic leptospires that are clagdiftediciii, 1918as follow:

Kingdom: Bacteria

Phylum: Spirochaetae

ClassSpirochaetes

Order: Spirochaetales

Family:Leptospiroceae

Genusleptospira

Leptospirosis, is caused by infection with the pathogenic, helical shaped, motile leptospires
(Mohammed et al., 2011) eptospiraspecies are basically classified by two major methods, the first
method is phenotypicallyVinetz, 2001)while the second method is genetiased as updated in
1999(Brenner et al., 1999)he basic unit dieptospiraaxonomy is the serovar. Serovars consist of
closelyNEt F 6 SR Aaz2tliSa oFraSR 2y aSNRB{23A0Ft NBIFOGA
than 250 pathogenic serovars and at least 50 -pathogenic serovars have been identified

(Mohammed et al., 2011)

Before 1989, all pathogenic isolates belonged to the spedieptospira interrogansind all non
pathogenic leptospires (saprophytes) were placed unteptospira biflex(Faine and Stallman,
1982) Serovars were also classified into groups, using serological methods, into 24 serogroups
(Mohammed et al., 2011 5aprophytid.. biflexainterestingly were described prior to the isolation of

the pathogenicLeptospiraspp. (Faine and Stallman, 1982)he genud.eptospirahas since been
reclassified, using genetic techniques, into 21 species, with @vepathogenic Leptospiraspp.

worldwide (Vincent et al., 2019)Species that have been detected in clinical cases include
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interrogans L. borgpetersenii, L. alexanderi, L. alstonii, L. kirschneri, L. noguchi, L. santarosai, L. weilii

andL.wolffii (Picardeau, 2013)

Molecular taxonomy and the advent of many scientific questions and objectives led to major
changes in the classification béptospirabased onDeoxyribonucleic acid (DNBeoxyribonucleic

acid (DNA) i.e. DNBNA relatedness, which resulted in the fornterinterrogansingle specie being
divided into seven specig¥asuda et al., 1987Adler and de la Pefia Moctezuma, (201€ported

that subsequent novel isolations and analyses of DNA have added several additional species of both

pathogenic and saprophytloeptospira.

2.3 Leptospirosis in animals including humans

Leptospirosis is a zoonotic disease worldwide and has been reported in both developed and
developing countries, where the transmission of the diseaseksdino multiple factors in animal to
human at the ecological interfad®etrakovsky et al., 2014)he occurrences of outbreaks in animal
and human populations ra attributed to many factors involving animal husbandry, human
behaviour and climatic changesMinozzanzi et al., 2020)Leptospirosis causes great economic
loses in the livestock industry and in humans, it is a serious public health problem. Acdording
Costaet al. (2015) the disease incidence ranged from 0.10 to 975 annual cases per 100,000
population, with amean case fatality ratio of 6.85% in huma@dobally, approximately 2.90 million
Disability Adjusted Life Years (DALYSs) are lost per annum (Ui4.3€illion)(Torgerson et al.,
2015) from the approximately 1.03 milliocases of human leptospirosis reported previoyshpsta

et al., 2015) It was found that males were predominantly affected with an estimated 2.33 million
DALYs (Uls 0.9869) or approximately 80% of the total burdéforgerson et al., 2015)

2.3.1 Reservoir hosts

Leptospirosis has various hosts that roam in the environment and leptospires circulate within the
human and animal populations. These hosts include the reservoir hosts: rodents (rats and mice),
cattle, pigs, sheephorses, dogs, cats, and wildlife animals spefliesett, 2001) Based on the
mode of transmission and the epidemiology of the disease, there are a number of high risk groups in
the population because of their high exposure potential to the pathogen as a result of their
occupation (veterinarians, abattoirs workers, sewer workers, dairy farmers, mine workers),
practices, habitg§Levett, 2004; Meites et al., 2004nhd water sport activities. Humans are usually

infected by contact with urine of an infected hosgntaminated drinking water or soil, or infected
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animal tissugde Vries et al., 2014)Studies have shown that some specific host reservoifsdoar

specific serovars dfeptospiraspp. (Table 2.1).

Table 2.1 Reservoirs of different serovars presentdomestic animals and wildlif@Bharti et al.,
2003)

Leptospiraserovar Usual host
Icterohaemorrhagiae and Ballum Rats
Ballum Mice
Grippotyphosa and Hardjo Dairy cattle
Pomona and Tarassovi Pigs
Pomona and Hardjo Sheep
Canicola Dogs

2.3.2 Transmission

Leptospirosis is a globally important zoonotic disease and its transmission is attributed to various
factors at the animahuman ecological interfac@Petrakovsky et al., 2014Most frequent route of
transmission is from infected m@amalian species that excrete pathogenic leptospires in their
urine. These pathogens are kept in sylvatic and domestic environments through transmission
between species of rodents and other mammal spe¢ks et al., 2009) It is important to note

that these reservoirs, especially rodents, act as asymptomatic carriers and therefore, able to shed
leptospires which can infect livestock and wildlifdumans get infected by leptospires through
contact with animal reservoirs,n@ironmental surface water and soil that are contaminated with
infected urine (Ko et al.,2009) Leptospires enter the body through broken skin and mucous
membranes. Once in the bloodstream they spread throughout the body, causing a broad range of

clinical manifestations. The transmission cycle is illustrateiguie 2.1).
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Figure 2.1 Transmission cycle of leptospirosis through the animal reservoir hosts especially rodent,
through domestic animals and wildlife, as well as, environmental surface water, soil, to humans
where the disease is establishgto, et al., 2009).

2.3.3 Pathogenesis

The mechanisms by which leptospires causes disease is not fully understood. Several putative
virulence factors have been suggested, but with a few exceptions, their role in pathogenesis remains
unclear. The clinical severity of the disease often appearddoout of proportion with the
histopathological findings. Immurmediated disease has been proposed as one factor that

influences the severity of the symptor(isevett, 2001)

There are no major differences in pathogsis between animals and humans, although in animals,

it can result in abortion especially in livesto¢Bulliva, 1974)In susceptible hosts, systemic
infection can lead to several severe midtigan manifestationdMartinezGarciaet al., 2000)
During the first phase of infection, symptoms include chills, fever, headache which may be severe
and persistent, diarrhoea, or a ragMansourghanaei et al., 2005)Other symptoms include

malaise, myalgia, conjunctivitis, retarbital pain and prostration. Symptoms of tender muscles
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and lung involvement may appear quite aptly after a period of incubation of close to 10 days

(normally between 4 to 19 days), accordingMohammed and colleauges (2011)

2.3.4 Clinical signs and symptoms

Leptospirosis can easily lead to kidney and liver dysfunction and may be misdiagnosed, especially
cases with symptoms that mimic other illnesses for instance, meningitis, nsuatembrane,

haemorrhage into skin, jaundice, myocarditis and hepatorenal failure.

In nonhumans, the clinical signebserved include ow milk production, abortion, stillbirth,
infertility, death of animals, and a decrease in meat productibtartins et al., 2012; OIE, 2014)
Other clinical signs ardethargy/depression, vomiting, fever, weight loss, polyuria/polydipsia,
abdominal or lumbar pain, stiffness/arthralgia, renomegaly, diarrhoea, icterus, oculonasal discharge,

petechiae, weakness and dyspnoea/cough (OIE, 2014).

In humans, leptospirosis may be confused with malaria, viral hepatitis, influenza, dengue fever,
rickettsial infections, typhoid fever, melioidosis and oth@faine, 1982)Howeverthere may be no
symptoms at allHuman leptospirosis causes 'leptospiraemia’ at the early stage and later causes
severe multisystem manifeations in form of hepatic dysfunction, jaundice, acute renal failure,
pulmonary haemorrhage syndrome, myocarditis, eye vitreous humour and meningoencephalitis
(Ko et al., 2009)Humans serve as accidental hosts because they are not reservoirs and cannot

spread a high number of leptospires for infection.

2.3.5 Prevention and control

Lesptospirosis control and prevention is a global challenge due to its complex transmission cycle and
Fa | NBadz G ySSRA | Ydzt GARAAOALI AY Il NptospiraJLINE | OK

spp. cause significant clinical disease in both argraatl humans.

Many commercial vaccines have been used to control human and animal leptospirosis in several
countries with limited success, (Dellagostin et al., 2017). This was primarily due to the fact that some
of the serovars used were not antigenic egbuand because the prevalent serovars involved in
infections in particular geographical locations were not included in the panel of serovars in the

vaccing(Adesiyun et al., 2006)
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Suepaul et al. (2010) in Trinidad and Tobago demonstratatl whccines produced from locally
prevalent serovars (Copenhageni and Mankarso) in the country were more effective in protecting
vaccinated hamsters challenged with virulent straindeptospirathan the commercially available
vaccines. Therefore, it caoh be overemphasized that there is a need to institute systems to
monitor and ensure that the serovars responsible for clinical cases of leptospirosis be included in the

vaccines used in respective countries or geographical locations.

In South Africa, despite the general belief amongst veterinary practitioners that leptospirosis is not a
problem, vaccines for canine and some livestock are available in the market for voluntary use to
vaccinate animals. The vaccines produced for use @s il contain four serovars (Canicola,
Icterohaemorrhagiae, Grippotyphosa, and Pomona) @btospirawhile three of the four vaccines
approved for use in cattle contain the same serovars as those used in pigs (Roach et al., 2010). All
the seven vaccines paroved for use in dogs contain only two serovars, Canicola and

Icterohaemorrhagiae (Klaasen et al., 2003).

Animal vaccination is very important and treatment at an earlier stage is effective as they prevent
the shedding of leptospires to healthy animailsai given population. Human vaccines are available in
Japan, Russia, China, Vietham and Gubaen, 1985; Martinez et al., 2008owever, thesexisting

vaccines have limitations such as short duration, lack of cross protection and side effects.

Control of rodents as reservoir host is very important to reduce the burden of leptospirosis. The lack
of epidemiological evidence of dent control in preventing leptospirosis need to be addressed as
this will play an important role in the general control of leptospirosis in both animals antiumoan

populations.

In South Africa, there is no human vaccine availadkccines for animalare immunogenic and
provide good protection, reduce infection, clinical signs and mortgRgters et al., 2017However,

these human and animal vaccines have the limitation of offering protection to only specific serovars
they contain; therefore tey do not provide good crogwotect against serovars not contained in the
vaccing(WHO, 2003) The use of antibiotics in the control of leptospirosis is applicable but may not
be effective in altegions with the same regimens. In some cases, antibiotic used for leptospirosis
mostly include doxycycline for chemoprophylaxis and in less acute cases, pdiiiatiet al., 2017,

WHO, 2003)The existing gaps in the available information on leptospirosis, the infdotipigspira
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spp. and the prevalent serovars implicated imnfans and animals (livestock, dogs and rodents),

make it imperative to conduct a comprehensive investigation of leptospirosis in the country.

The practice of active and passive surveillance using abattoirs should be a priority in the control of
leptospirogs, as an occupational and environmental disease, using a-disdiplinary approach of
0KS WwQhyS 1SIHfGKQQ 02y OSLIi®

2.4 Epidemiology
2.4.1 Global Distribution of Leptospirosis

Leptospirosis has been reported to have a worldwide distribution in both developed, middle income
and developing countries found in the followinggren: Europe, Asia, Australia/Oceana, North
America, South America/Caribbean and Africa. Endemicity is mainly found in the Caribbean, South
East Asia, Oceania and Central and South AméPappas et al, 2008nd in Africa. The global
burden of leptospirosis has been reported to be devastating, (Costa, et al., 2015; Torgerson, et al.,

2015)(Figure 2.2.
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Figure 2.2: Estimated annual morbidity of leptospirosis by country or territory. Annual disease
incidence is represented as an exponential colour gradient from whg®)(§ellow(7¢10), orange
(20¢25) to red (over 100), in cases per 100,000 population. Circles and triangles indicate the
countries of origin for published and grey literature quabgsured studies, respectively, (Costa et

al., 2015)doi:10.1371/journal.pntd.000382g002.
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Leptospirosis is a worldwide zoonosis that occurs in various epidemiological conditions especially in
the tropics. In the tropical region, the incidence of human infection is higher than in temperate
regions, but the occurrence of transmission &ig1 both developed and developing countries
(Bharti et al., 2003) Incidence rates are not accurately estimated due to lack ofviedge of the

disease, accessibility and sufficient rapid diagnostic applicéBbarti et al., 2003)

The reported incidence ras of leptospirosis in human cases have been variable in several countries
(Katz et al., 2001but the disease is undoubtéda major contributor to morbidity and mortality
statistics internationally with economic and public health implications (Costa é(dl5; Torgerson

et al., 2015).

The geographic distributions of the pathogetieptospiraspecies have been determined the
worldwide, in all continents. Leptospirosis is most common in warm, humid environments. Areas
with a high disease incidence in humans include the Caribbean and Latin America, Oceania and parts
of Asia. Leptospirosis also appears to be common in Afaitlhough surveillance is limited. Some
Leptospiraserovars are widely distributed, while others occur in limited areas. The predominant
serovars in a host species can vary with the region. Also, of significance is the reported changing
patterns of leptogirosis in several countries, emphasizing the need for active surveillance to
effectively control the disease. Active surveillance will help in disease prevention and susceptibility

to antimicrobial agent§Vinetz, 2001)

Furthermore, it has been established that leptospirosis is a more important zoonosis in developing
than developed countriegLevett, 2004) Leptospirosis has been reported in developed countries
where it is attributed to people living in slunm®o et al., 1999; Vinetz & Diego, 1998)is a
recreational water activity disease, an occupational disedsabattoir workers and is associated

with both crop and livestock farming activities. Also, in developing countries, the spread of the
disease is facilitated by socioeconomic factors such as increased urbanization, infestation of
rodents, poor sanitatiorand transmission through water contamination with leptospires from the

urine of rodents or dogéVinetz, 2001; Ket al., 1999)

Leptospirosis affects many wild and domestic animals and huifirlii & Bahaman, 2004; Ko et
al., 1999; Sulliva, 1974)These infections have resulted in global economic losses to both

governmentand individuals stake holders.
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2.4.2 Animal and Human leptospirosis in Europe

In Europe, a developed region, outbreaks of leptospirosis in humans and animals have been
attributed to recreational activities such as swimming and to urbanizgfwdina et al.,2005)n the
Republic of Greece, farm animals were tested for antibodiesdptospiraspp. with an overall
seroprevalence of 11.8% (180/1527) detectedegsorted byBurriel & Woodward (2003Fiom their

study, the seroprevalence according to animal species was as follows: cattle, 12.6% (35/277); pigs
17.8% (92/516); sheep, 5.7% (16/282); goats, 16.2% (32/198) and dogs 11.4% (29/254). Titres of
1:100 or higher were reported as positive using M#ith serovars Bratislava, Copenhageni and

Australis as the highest, followed by serovar Pomona, in cattle and goats.

In France, a 2@ear seroprevalence study on animal leptospirosis was conducted where an overall
seroprevalence of 22.3% (9,727/42,982) weygorted (Andréfontaine, 2016) The serogroups with

the highest seroprevalence in cattle, using MAT at aofltitre of 1:100, were Sejroe, 34.0%
(3,307/9727); Grippotyphosa, 29.9% (2,908/9,727) while those with low seroprevalences were
Icterohaemorhagiae, 17.3% (1,683/9,727) and Australis, 9.5% (942/9727). In pigs, an overall
prevalence of 26.5% (11,265/42479) was found with serogroups Icterohaemorrhagiae, 50.3% (7,
872/15,651) and Australis, 42.6% (6,667/15,61) having the highest seroprevalbiteedwtumnalis,

18.1% (2,833/15, 651), Sejroe, 13.9% (2,175/15,651), Grippotyphosa, 11.0% (1,722/15,651) and
Pomona, 5.9 % (923/15, 651) had lower seroprevalences. The disease was also reported in other

animal species such as horses and dégslréfontaine, 2016)

In Germany, there was an increase in the prevalence of leptospirosis based on an epidemiological
review of the patterns of the disease over a-yar period which was attributed to an increase in

the rat population and leptospirosis in dogagpas et al 2008).

2.4.3 Animal and human leptospirosis in Asia

In Asia, there is a major problem of unedeporting of leptospirosis in the continent primarily
because of the unavailability of data on the exact incidences of leptospirosis in many Asian countries
(Pappas et al., 2008)

In India, there are no official data of leptospirosis from most of the provinces. Environmentakfactor
poor sanitary measures and overowded living areas are vital factors responsible for the high

incidence rates of the disease. In countries near India, such as Bangladesh an{L_bregague et
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al., 2005) the disease was recognised as a differential diagnosis for dengue and febrile illnesses.
Approximately 2,000 cases in Indi#thw case fatality rates ranging from 0.7 to 13.9% were reported,

while in Thailand, up to 60 cases were documented with a fatality rate of\Gfetz, 2001)

In Seychelles islands of India, serogroups Icterohaemorrhagiae and Hursbridge were reported to be
the most prevalent{Pappas et al., 2008}t is evident that in countries (Pakistan, Afghanistan and
Iraq) where there has been civil unrests such as war, data feedpposis is lackingPappas et al.,

2008) There are limited leptgsrosis data from Iran, although the disease is known to be present. A
study reported that in 74 patients tested for a period of four months in (1999) in the northern region
of the country, a high male seroprevalence of leptospirosis, 70.3% (52/74) using

Immunofluorescence antibody (IFA) methods, was docume(iéahsourghanaei et al., 2005)

Leptospirosis was reported in Thailand following thé' @ditbreak after flood betwen 1992003,

with a 90% cases reported in the Northeast region with fatality rate of 4.4%; these was associated
with farmers between the age of 15 to 45 years ¢lthngkanakul et al., 2005 Vietnam, the
seroprevalencef leptospirosis was reported to range from 12.8% (123/961) to 18.8% (263/1400) in
people, including children with serogroup Bataviae being the most prevéldrat et al., 2006; Vanl

et al., 1998) Malaysa has been reported to have seroprevalence of human leptospirosis of between
12.6% to 28%EIl Jalii and Bahaman, 2004n China, in 199%ver 500, 000 cases of leptospirosis

were documented, and the case fatality rates ranged from 1 to T\@fetz, 2001)

2.4.4 Animal and Human leptospirosis in Oceania

In Queensland, Australia, leptospirosis has been reported to be linked to livestock and farming of
bananas and sugarane industries with the peak in 1999 with 28 million incidence cases per year.
This was associated with high rainfall and an increase in rodent popul@egppas et al., 2008)

Also, in New Zealand, a serological survey was carried out between 2009 to 2010 on farm animals.
The reported seroprevalence serovars weds.6 % for serovar Hardjo and 14.1% for serovar
Pomona out of 3, 339 sheep while in 1,886 beef cattle, 45.6% for Hardjo and 19.6% for Pomona and
26.3% for serovars Hardjo, 8.8% for Pomona from 1, 870 deer (Dreyfus et al., 2018).

Benschop and colleagues (200®)ring a seresurvey study of leptospirosis among workers in
slaughterhouses reported a prevalence of 13.1% (19/145) in males and 4.1% (4/97) in females. In

that study, 13.9% of the samples were positive for antibodiet dptospirainterrogans serovar
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Pamona andLeptospira borgpetersengerovar Hardjo, had odds ratios of 3.51 for exposure to
leptospirosis in malemore likely to be expogkto leptospirosis compared to femadeln the same

study, it was found that the median age for positive worke@svb4 years (439 years) and for
negative workers was 48 years (36 years). It was also reported that there had been
epidemiological changing patterns of the disease, resulting from the appearance of a new serovar of
Leptospira borgpetersenggrovarBallum which was associated with water activitihornley et al.,

2002) In an update of human leptospirosis in New Zealand between 2010 and 2015, for the 442
cases investigated, the incidence rate of leptospirosis was reported to be 1.9% (2010); 1.6% (2011);
2.5% (212); 1.3% (2013); 1.2% (2014) and 1.4% (2015) per 100,000 people, resp€Etivedy et

al., 20B). In the same update, it was reported that less than 10 serovateptospiraspp. were
circulating in New Zealand out of the 230 leptospiral serovars species that have been identified
worldwide (Levett, 2001)E}Tras et al(2018) also they, reported that there were 110 human cases

of Leptospira borgpeterserserovar Hardjo, 85 cases lofptospira borgpeterserserovar Ballum, @

cases ol eptospira borgpetersesir Tarassovi, 69 caseslL@fptospira interroganserovar Pomona,

8 cases ofLeptospirainterrogans serovar Canicola, 12 casesLeptospirainterrogans serovar
Copenhageni, 2 cases lofptospirainterrogansserogroup Astralis and finally 2 cases béptospira
kirschneriserogroup Grippotyphosa were detected in patients between 2010 and 2015. There was

one case of canfection with Hardjo and Pomona.

2.4.5 Animal and Human leptospirosis in North America

In Mexico, a small increase was noticed in the annual cases in recent years from the Mexican
Epidemiological data information available at http:/www.dgepi.salud.gob.mx/infoepi/index.htm
accessed June 2007. In Mexico, a seroprevalence survey was conflLexxadet al., 2008n dairy

cattle of the Tuluca Valley State using MAT. There was an overall seroprevalence of 10.3% (43/416)
with serovar Hardjo (2.4%) as the most prevalent, followed by Canicola (1.6%). Titres detected in

seropostive cattle were up to 1:1600.

Human leptospirosis has been reported in Yucatan, Mexico with a seroprevalence of 14.3% (57/400)
using the MAT with notatistically significant differences (P>0.05) detected in the seroprevalence
according to age groupVadesolis et al., 2002) However, the difference in the seroprevalence by
gender was statistically significant (P<0.05), with aopmvalence of 11.6% (31/226) and 19.4%

(26/134) in females and males, respectively.
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In Hawaii, leptospirosis has been reported to have the highest annual incidence in the United State

estimated at 1.29 million per 100, 000 populatigatz et al., 2002with more cases in males.

2.4.6 Animal and Human leptospirosis in South America and the Caribbean

In Brazil, according tMartins et al. (2012)the seroprevalence of leptospirosis in small ruminants,
namely, goats and sheep was 25.9% (145/56%Q) 47.4% (265/569) respectively. The predominant
serovar was Hardjo which accounted for approximately 50% of all seropositive goats and sheep,
followed by serovars Icterohaemorrhagiae, Grippotyphosa and Pomona. Additionally, Martin et al.
(2013) conduatd a study on a range of animal species animal and reported the following
seroprevalences of leptospirosis and the predominant serovars detected comprised Redtas(
norvegicuy, 36.2 % (17/47) with serovar Icterohaemorrhagiae detected; dogs, 73.3%2038vith
serovar Icterohaemorrhagiae; cattle, 38.3% (335/875) with Sejroe; horses, 39.6% (275/695) with
Icterohaemorrhagiae and Australis; goats, 14.9% (200/1,343) with Sejroe; sheep, (47.4% (146/308)
with Sejroe; pigs 66.1% (232/351) with Icterohaemagiae; wild mammals (except felines), 37.7%
(29/77) with Icterohaemorrhagiae; wild felines, 13.3% (4/30) with Icterohaemorrhagiae and

Pomona and finally golden lion tamarins, 15.1% (11/73) with Icterohaemorrhagiae.

Human leptospirosis has been increasiingBrazil due to urbanization. During an outbreak of
leptospirosis in Salvador, there was an incidence of 12.5 cases p€0QO@ith 80% (262/326)
hospitalization of cases during the outbreak (Ko and colleagues, 1999). Furthekfiratz, (2001)
reported that 28,360 cases had a case fatality rate of 0.8%. In a revidwnoan leptospirosis
carried out byOliveira et al. (2017 Minas Geraise state, Brazil, reported a seroprevalence of
50.1% (301/597) for leptospirosis antibodies in humans using the MAT, and of these results, 45.7%
(273/597) had itres greater than 1:800, with 85.1% (508/597) in male patients while 39.4 %
(235/597) of the patients were aged between 20 to 39 years. The serovars detected in seropositive
patients were Icterohaemorrhagiae, Andamana, Patoc, Tarassovi, Copenhagenjo, Hard
Australis. The serovars found with titres greater than 1:800 were to Icterohaemorrhagiae,
Copenhageni, Amdamana, Tarassovi, Grippotyphosa and Canicola. In another study (D&eazil

et al., 2010) 79.1% ( 159/201) of positive cases were male with major clinical signs and symptoms
being fever (96.5%), jaundice (94.5%), myalgia (92.5%), headache (74.6%), vomiting (71.6%),
dehydration (63.5%), haemorrhagic cases (35.8%iveakidney injury (87%), platelet counts less
than 100,000/mm (74.3%), haematuria (42.9%) and death occurred in 31 cases (15.4%).
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Leptospirosis has been documented in Argentina although data on the disease burden, the
characteristics of leptospires arepidemiologic information on the disease are scaf¢anasco et

al., 2008) In their study on confirmed cases of leppirosis in humans, the overall seroprevalence of
leptospirosis was 22.4% (182/812) and antibodies were detected. tinterrogansserogroups
Icterohaemorrhagiae, 31% (57/182) and Pomona, 15% (27/188yrgpeterseniserogroup Ballum,

14% (25/182),L. interrogansserogroup Canicola, 10% (18/18R),borgpetersenserogroup Sejroe

4% (8/182) and Tarassovi 2%. Two or more individuals out of 182 confirmed cases were infected
with more than one serogroups (43/18Z)/anasco et al., 2008)Of the risk factors associated with
leptospirosis in Argentina, 70% (74/182) were rdvated occupational risks, such as agtical

work (n = 42), dairy farming (n = 13), fishing (n = 9), abattoir work (n = 5), pig farming (n = 3), forestry
(n = 2), agriculture (n = 1) and veterinary health care (n=1). Leptospires were confirmed from human
clinical samples using PCR where 68.38686) were positive for the 16S rRNA, and serotyping
revealed the predominant serovar to be Canicola (63%) while +ogllis sequence typing (MLST)

identified the leptospires DNA &s interrogangChiani et al., 2016)

In the Caribbean region, leptospirosis was reported to be endemic in Barbados, Jamaica, and
Trinidad and Tobago with over 5@8ses confirmed resulting to in a cumulative annual incidence of
100 per million population in 2000 according to the Caribbean Epidemiological Centre (CAREC)

sourced athttp://www.carec.org/annrepQ@index.html (Pappas et al., 2008) Adesiyun and @

workers (2006)yeported canine leptospirosis in Trinidad with a seroprevalence of 14.6% (61/419),
with mixed infections detected in 5.5% (23/419); in suspected cases of clinical leptospirosis, 48.0 %

(24/50) were confirmed seropositive using the MAT.

Also, in Trinidad and Tobago, an overall seroprevalence of 12.9% (154/1,192) was reported in
livestock sampled where, 126 (21.5%) of 590 cattle tested were seropositive for leptospirosis. The
serovars identified to be predominantly circulating in cattlé #he time of study were
Icterohaemorrhagiae (9.3%), Sejroe (4.1%), Ballum (4.1%) and Autumnalis (E@épaul et al.,

2011) In sheep, the seroprevalence was 5.0% (11/222) with serogroups Autumnalis (2.7%) and
Icterohaemorrhagiae (2.3%) detected. In goats, the seroprevalence was 3.3% (6/180) with the
detection of serogroups Icterohaemorrhagig2.3%), Copenhageni (1.7%), Mankarso (1.1%) and
Icterohaemorrhagiae (0.6%). In pigs sampled, the seroprevalence of leptospirosis was 5.0% (10/200)

with the infecting serovars being Icterohaemorrhagiae (2.5%), Australis (2%) and Ballum (0.5%).

22


http://www.carec.org/annrep00/index.html

A comparisa of the seroprevalence of leptospirosis in the livestock sampled by age and sex did not
reveal a statistically significant differences (P>0.0) except for cattle where age had a statistically
significant effect on the seroprevalence of leptospirosis. Famttore, in Trinidad and Tobago,

Suepaul et al. (2010) reported that serovar Copenhageni was the predominant serovar in dogs.

In a review of cases of human leptospirosis in the Caribbean, the seroprevalence reported in
selected islands were Barbados (6.0%gmaica (47.0%), Suriname (19.0 %), and Trinidad and
Tobago (19.0%(Peters et al., 2017)Another study revealed that out of 3,455 human sera tested

for leptospirosis, 13.1% (452) were seropositive for IgM antibodies to leptospirosis using ELISA, with
significant differences among countries, gender and age groups (P<{@0&3%iyun and others,

2011) The frequency of detection déptospirosis(23.1%) was significantly higher in the age groups
1-20 years and 380 years cominied compared with other age groups. There was a significant
difference in seropositivity between male patients (72.1%) and female patients (19.7%) (P< 0.05). In
the same study, the MAT was used to test 100 ELISA positive sera and 98 (98%) were seropositive
The serogroups with high seropositivity rate were Copenhageni (70%), Icterohaemorrhagiae (67%),

and Mankarso (29%).

2.4.7 Animal and Human leptospirosis in Africa

In Africa, a continent consisting of lower middle income communities (LMIC) and developing
countries, there are limited data on leptospirosis iumans and animal@Mwachui et al., 2015;
WHO, 2011)The distribution of leptospirosis varies across regions based on different climatic and
environmental factorgde Vries et al., 2014)Jncluding highly populated settlements and lack of

good sanitary practices.

In Nigeria, located in western Africa, the seroprevalence of leptospirosis by IgM ELISA kit in cattle
was determined as 3.5% (5/142) with serovardjo, and the infection rate in male was, 57.04%
(81/142) and in female, 42.96 % (61/142) were repor{ddgbedeet al.,2012) In another study,
Leptospiraantibodes were reported in abattoir workers, 87.8% (231/263) using MAT and 81.0%
(213/263) using IgM ELISA kit. The circulating serovars in abattoir workers in the country were
Grippotyphosa (8.7%), Australis (6.9%), Hardjo (5.2%), Tarassovi (1.3%), Icterohagisor
(18.8%)Abiayi et al., 2015)
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In Cameroun, a model of classical statistical and Al prevalence study was carried out on
leptospirosis in cattle which estirted that an unbiased seropositivity for leptospirosis at herd level

was 95% and within herds was 3%%¢olamacchia et al., 2010)

In Burkina Faso, human leptospirosis was determined and confirmed among patients who presented
with febrile jaundice at medical facilities. The combined prevalence using serological assays (IgM
ELISA and MAT) and PCR methods was 3.5% (27/781), The sdevme\wof leptospirosis by MAT

was 2.9% (23/781) with the detection of serovars Australis, Ballum, Canicola, Grippotyphosa,
Icterohaemorrhagiae, Pomona, and Sejroe. The seroprevalence using a commercial IgM ELISA kit was
5.8% (45/781) according to Zida at (2018) In addition, the study detected.ipL32outer

membrane gene for pathogenic leptospires in 0.5% (4/781) of patients.

In Eastern Africa, leptospirosis has beeported in Kenya, where the seroprevalence of human
leptospirosis was found to be 13.4% (41/737) among abattoir workers using the commercial Panbio
LeptospiralgM ELISA kifCook et al., 2017)The risk factors determined in their study included
abattoir workers with wounds (OR 3.1; 95% CI 1.5 to 6.1), those who were smokers (OR 1.8; 95% ClI
1.1 to 2.9); workers eating in between working hours (OR 2.1; 9592 @ 3.6); workers cleaning

offal (OR 5.1; 95% CI 1.8 to 15.0); and workers who used boreholes as a personal source of water
(OR 2.3; 95% CI 1.1 to 4.7). A study was also conducted in Kenya on rodent kidneys using real time
guantitative PCR, where 18.3%l(224) of samples were positive for the presencd.ointerrogans

andL. kirchener{Halliday et al., 2013)

In Tanzania, the overall seroprevalence of leptospirosis was reported for hospitalized febrile patients
using the MAT 33.3% (277/832) of the patient had evidence of leptospiral antibo@Baggs et al.,

2011) The predominant serovars detected in that study were Mini and Australis.

Data on leptspirosis in Uganda are not readily available for review. Milan andarkers (2013)
demonstrated a seroprevalence of 26.7% in dogs sampled around three National Parks in the
country. In addition, a cross sectional study conducted by Alinaitwe et alQY202attle reported a
seroprevalence using the MAT as, 27.8% (139/500¢. most prevalent serovars reported in their

study were serovars Tarassovi, (11.6%); Sejroe, (7.8%), and Australis, (5.2%).
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In Ethiopia, a pilot study in Waniji reported a seroprevalence of 47.5 (28/59) for humans leptospirosis

with a higher seroprevalence detected in males (30.5%) than females (1&.i®46) et al., 2004)

In Southern Africa, a study in Zimbabwe conducted on volunteer subjects in farms where domestic
rodents were trapped, reported a seroprevalence of 82.2% for leptospirosis in 182 farm workers and
their family memlers sampled in Harare. A seroprevalence of 62.5% was detected in rodents on the
same farms studied using the MADalu& Feresu, 1997)The predominant serovars circulating in
the human and rodent infections were serovarkcterohaemorrhagiae, Pyrogenes and
Grippotyphosa. The authors concluded that leptospirosis is a common occupational disease

transmitted by rodents tdnuman in the country.

Leptospirosishas been reported in other Southern African countries, such as in Angola where
captured rodents were tested for leptospirosighe species involved were as followkattus rattus
40.5% (15/37)Rattus norvegicy24.3%49/37) andMus musculug85.2% (13/37)The use of DNA to
detect leptospirosis in the study revealed that 21.6% (7/37) were positivedptospiraDNA while
bacteriological culture identified 10.8% (4/37) to be positive fmptospiraspp. which were
confirmed by sequencing and analysis tolbhanterrogansandL. borgpeterseniiFortesgabriel et al.,
2016)

In LusakaZambia, a seroprevalence of 6.6% (8/121) was reported for leptospirosis in pigs farms
(Stafford et al., 1992)n Botswana, a prevalence of leptospirosis by PCR was reported to be 41.5 %

(17/41) of renal carriage df. interrogarnin mongoosegJobbins et al., 2014)

In South Africa, there is a dearth of information on human and animal leptospirosis, with few
published reports(Taylor et al., 2008; Saif, 2012)

2.4.8 Diagnosis of Leptospirosis

For successful diagnosis lofptospiraspecies, it is important to know the type of samples, type of
test, how and when to conduct the test for proper diagtiosesults(Picardeau, 2013Piagnosis of
leptospirosis is generally very cumbersome and laborious, especially the conventional methods.

However, clinicatliagnosis of leptospirosis is inadequate for complete diagnosis of leptospirosis.
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Several methods are used for the confirmatory diagnosis of leptospirosis. It is usually confirmed by
MAT (MATYXOIE, 2014)It is generally believed that leptospirosis is anderreported disease in
human and animal populations, as confirmed with the advent of more sensitive and specific
diagnostic techniques, particularly the polymerase chain reaction (PCR) and other molecular
methods(WHO, 2003)

The diagnostic methods of leptospirosis are therefore highlighted below:

2.4.8.1 Diagnosis of leptospirosis by clinical signs and symptoms

Clinical signs and symptoms of leptospirosis are inadequate to draw a conclusion of the disease in
either animals or humanslue to the fact thain human cases, the disease is a febitifeess similar

to malaria, viral hepatitis, influenza, dengue fever and typhoid fé¢kFaine, 1982)Notable clinical
signs and symptoms in animals includethargy/depression, vomiting, fever, weight loss,
polyuria/polydipsia, abdominal or lumbar pain, Bt#ss/arthralgia, renomegaly, diarrhoea, icterus,
oculonasal discharge, petechiae, weakness and dyspnoea/cdjar & de la Pefia Moctezuma,
2010) In humans the signs and symptoms consisthepatic dysfunctionjaundice, acute renal
failure, pulmonary haemorrhage syndrome, myocarditis, eye vitreous humour and
meningoencephalitis (Ko et al., 2009)herefore, there isneed for differential diagnosis and
application of other diagnostics methods such as the conweatibacteriological culture, MAT and
PCR for confirmatio(Picardeau, 2013)

2.4.8.2 Pathological findings

PathogenicLeptospiraspp. produce different clinical manifestations in the infected host ranging
from subclinical infection to undifferentiated febrile illness, although the pathogenesis of
leptospirosis is not yet fully undedd (Bharti et al., 2008 In humans and animals, the major
pathological changes are however the same. These pathological manifestations according to Bharti
and colleagues (2003) include pulmonary lethal haemorrhage, conjunctival epithelium and renal
failure. It has been reportethat many factors such as the 4,768 predicted virulent genes, motility,
and chemotoxin protein§Ren et al., 2003; Leet al., 2000; Faine, 198&)ay contribute to acute and

chronic infection process in humans and reservoir liBstarti et al., 2003)
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2.4.8.3 Bacteriological culture

Bacteriological culture of leptpires is a definitive method for the diagnosis loéptospiraspp.
Leptospires can be isolated from human blood or urine during the first 7 days of an acute case of
leptospirosis(Picardeau, 2013)From animals, leptospires can be isolated from the kidney, blood
and urine of an infected animal within the first 7 days. This method involves the use of two common
types of media (sensolid and liquid), such ase Ellinghausen McCullouglohnson Harris (EMJH)
media as a conventional methdé&llinghausen, 197355ome common antimicrobial agents such as
neomycin sulphate, fHourouracil at 200 ug/ul, vancomycin, polymycin B and rifampicin are added
to the media to prevent grwth of contaminants. Some media contain 1% bovine serum to facilitate
the growth of leptospiregEllis et al., 1983Ellinghausen, 1973The culture methods have to be
aseptically handled in a Biosafety Class Il working cabinet and incubated at an optimum temperature

of 28°C to 30°C for observation gldy for two to three monthgPicardeau, 2013)

Contaminated cultures are subjected to filtration through 0.45 pm and/or 0.22 um filters. Newly
isolated Igtospires always look shorter when observed under the dark field microscope (Ellis et al
1983). Some of the disadvantages of bacteriological culture method for leptospires are that it is
prone to contamination, takes a long time, cumbersome, very taskimdy reeeds the diagnostic
capability of experienced technical personnel. Therefore, the isolation of leptospires is not easily
successful in large numbers, for instance, in France, only 5 strains were cultured in a year
(Picardeau, 2013)Generally, there is a limitation in acquiring data on leptospirosis based on
isolation to determine the serovars circulating in animals and humans in a region, thus posing a

major setback.

2.4.8.4 Serological methods
24841 Microscopic Agglutination Test (MAT)

The Microscopic agglutination test (MAT), also known as the Martin and Petit test, was developed
many decades ago, at the Pasteur Instituterian€e by Martin & Petit (1918). The MAT has been the
gold standard for serological diagnosis of leptospir¢@i$1O, 2003)with the aid of the dark field
microscope. This test, as a conventional hoat, has its disadvantages which include fassitive

and falsenegative results, leading to reduced accuracy and results do not always correlate with the
serogroup after identifying the strains isolat@@icardeau, 2013}he sensitivity of MAT is low in the
early phase (first few days of the disease) and is cumbersome and time consuming to maintain the
live antigengPicardeau, 2013; WHO, 2003)
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Maintaining of antigen strains is required when using the MAT and the MAT being serogroup
specific, cannot identify the leptospires detected to serovar level., requires paired samples after two
weeks of the first sample collected, requires expertise todut, analyse and interpret the results
(Picardeau, 2013; Smythe et al., 2009)

2.4.8.4.2 Enzymelinked immunosorbent assay (ELISA) IgM

There are several IgM enzydieked immunosorbent assays (ELISAs) used for the diagnosis of
leptospirosis globally. The principle of the ELISA is the detection of antibodies produced against
Leptospiraspp. using wells coated with genspecific antigengPicardeau, 2013)The PanBio ELISA

kit, for example, is used as one of the commercially available IgM ELISAs. Its sensitivity has been
reported to vary from region to region based on tipepulations studied and the exposure to
different categories (pathogenic, intermediate or saprophytic) of leptospiPeswala et al., 2011)

In Thailand, the sensitivity and specificity of PanBio ELISA was determined to be 76% and 82%
respectively(Desakorn et al., 2012)his sensitivity and specificitg low in the early (first few days)

phase of the disease.

The IgM ELISAs have been confirmed to detect leptospiral antibodies earlier than MAT within the
first 3 to 5 days of disease ons@®icardeau, 2013; Levett, 200Ihe detection of IgM requires
paired samples at an interval of two weeks after the first test and has the limitation of not detecting
leptospiral antibodies to serogroup, unlike MAT. Therefore, there is always the need for serum
samples that test positevfor IgM antibodies to be subjected to confirmation by MAT, culture and/or
PCRPicardeau, 2013)

2.48.4.3 Diagnosis of leptospirosis using other serological techniques:

There are many serological tests used in the diagnosis of leptospirosis in addition to earlier
techniques highlighted above2.3.8.4.2and 2.3.8.4.3. These different methods use the same

principles of antibodiesintigen reaction.

Some of these serological techniques are Complement fixation @ST), Hemagglutination test,
Macro-agglutination test, Latex bead agglutination test and Indirect immunofluorescéreeett,
2001) other rapid diagnostic kits includeeptocheckVB, LEPTO Dipstick and IgM dot ELISA dipstick
test (DST). Although these various techniques are being used, it is known that they have low

specificity and sensitivity in most cag@cardeau, 2013)
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2.4.8.5 Polymerase Chain Reaction (PCR)

Globally, it has been documented that cases of leptospirosis are wuidgnosed andherefore
underreported (WHO 2003). Modern methods for the diagnosis of leptospirosis have been
developed based on the genasg, flab, omL1SecYand many more of the house keeping genes) of
interest for the targetedLeptospiraspecies (pathogenicntermediate and/or saprophytic or nen
pathogenic). These methods include the conventional PCR that has been used for the diagnosis of
leptospirosis for decade¥ictoria et al., 2008; Branger et al., 2005; Kawabata et al., 2001; Merien et
al., 1992) The efficient tool for the edy diagnosis of leptospirosis in the first 10 days is the PCR,

mostly when there is confusion of the disease expression clinidadlyien et al., 1995)

The most sensitive and specific diagnostic test currently used is the quantitative etinreal
olymerase chain reaction (QPCR), (Espy et al., 2006; Slack et al., 2006; Waggoner, 2016). The qPCR is
fast, reduces chances of contamination and is more aceuraspecially when applied with the
probe technology (Espy et al., 2006; Slack et al., 2006). Different types-tfmedCR are used in

the diagnosis of leptospirosis including the SYBR green using the hybridization probes chemistry and
the TagMan assausing the hydrolysis probes chemisfhevett et al., 2018; Schneider et al., 2018;
Wunder et al., 2016; Stoddard et al.,2009; Espy et al., 2006; Slack et al., 2006; Merien et al., 2005;
Palaniappan et g12005; Slack et al., 2005; Levett et al., 2005; Smythe et al.,.Z0RYPCR targets
important genes, such as tHegA, rrs, gryBeconserved hypothetical proteins and théplL32gene

region of the outer lipoprotein membrane that is contained in pdithogenic Leptospiraspp.
Although, arecent 16S PCR developed by two groups revealed thatinre@lRTPCRs targeting the

16S rrs gene can improve detection laddptospiraspp. (Waggoner et al., 2016), in addition to the

existing PCR methods for the diagis of leptospirosis.

TheLipL32genes have been widely used in the screening of the pathodg@mtospiraspp. globally.

PCR can reveal a positive case of pathogenic leptospires in a sample, provided the target is specific
for the pathogenid_eptospiraspecies. However, PCR does not permit direct identification to serovar
level (Picardeau, 2013)It is therefore important to use PCR diagnostic methods, @afe the
TagMan hydrolysis probe assays to target the pathogemptospiraspp., that cause serious

veterinary and public health problem globally.
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2.4.85.1 The role ofSecYgene of the pathogenic Leptospira species

The SecYgene region is one of the hougeeping genes used in multicus typing and it is an
important gene found in all the pathogenleeptospiraspp. TheSecYgene encoding preprotein
translocase for leptospires contains genes for ribosomal proteins that are located iB1®spc

alphalocus(Victoria et al., 2008; Zuerner et al., 2000)

The SecYgene possesses two (alternating conserved and variable regions) which are major
characteristics withi its gene. This makes it appropriate to draw a logical conclusion on the primers
that can produce PCR products with adequate sequence heterogeneity to allow the interpretation of

phylogeny folLeptospirespecieqVictoria et al., 2008)

Furthermore, theSecYgene has been used for the identification of pathogenic deptres and its
detection has been shown to exhibit a very high taxonomic discriminatory level of differentiation
according to Victoria and eworkers (2008). The primer sebec¥ 6 pGRA TTT CTC TTT TGA TCT
TCGo QU SdcW & pGAG TTA GAG CTC AAAAKGIo QU (i K | Sécskqddnifed flom all the

pathogenid_eptospirastrains in conjunction with primer pair G1G2 is ugéderner al., 2000)

The PCR products analysed by sequencing can allow species identification and in some cases, the
serovar (Cergueira et al., 2010; Perez & Goarant, 20d@ere sequences generated from the genes

SecY lipL41, rpoB and ligBvere used to discriminatéeptospiraisolates and a phylogenetic tree

was constructed using the neighbour joining and Maxin likelihood methodgCerqueira et al.,

2010) These make thé&ecYpartial gene region a unique anidhportant gene for the genetic

identification of pathogenit.eptospiraspp.

2.4.9 The role of abattoirs

Abattoirs are facilities used for the slaughtering of animals, however, these abattoirs can be used for
active and passive surveillance of zoonotic diseases, for example, leptospirosis, brucellosis,
tuberculosis amongst many other zoonoses. Abattoirs dao serve as major sources of important
information on animal diseases and an environment for the transmission of zoonotic diseases.
Transmission may occur through the contamination of carcasses or meat, exposure of abattoir
workers to fluids from slaugkted animals and therefore may constitute major public health and
food safety problemgFasanmi et al., 2017y herefore, abattoirs play vital roles in the transmission

of leptospirosis considering that leptospirosis is one of the most widespreadotic diseases,
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which is of global medical and veterinary importance. It is also-enterging infectious disease
(Mwachuii et al., 2015).

2410 [ SLIi2aLIANRAAA Iseasel WWhyS | SIfGKQQ R

A German physician and pathologist, Dr. Rudolf Virchow, (18P2), formally agreed to the
O2yySOUAz2y o06SG6SSy GKS KSIFIfGK 2F Kdz¥lya |FyR |y
I ST GKQQ o621 aKAYy3d2y 5/ HnAnnpdglobal strétegy betddedvvarbsBh y S |
scientific disciplines at local, national and global levels in search of better health for humans, animals

and the environment for mutual benefit (Gibbs et al., 2009; Klement et al., 2009). The concept has

no boundaries as multidisciplinary approach to improve public health globally (Klement et al.,
2009).LY | RRAGAZ2YZXZ G4KS WwQhyS 1 SIfiKQQ ySSRa tdzof Al
Researchers and Scientist on Public health professionals to better ddpeapnotic diseases such

as leptospirosis amongst others.

Leptospirosis is not only a zoonotic pathogen but also an occupational and environmental disease
GKFG aLlya Ftt FyAYlFfa |yR KdzYly yAOKSad [ SLI2a
I SHEGKQQd® LG Aa RA&ASIAS 2F 3Jft20lf O2y OSNYy
contaminated environment. For example, in the agricultural industry in developed countries,
leptospirosis remains a major concefviinetz, 2001) The disease also causes a high livestock loss
(Kingscote, 1985nd a public health problem to humans globdGosta et al., 2015) eptaspirosis

has been reported as a recreational disease in developed courfiestz &Diego, 1996)et a

neglected disease. Furthermore, mechanisms of pathogeniaterrogandor causing disease and
transmission in cities sporadically without the presence of occupational and recreational exposure is

not known Therefore, there is a ndefor a multidisciplinary approach in the studies of this
AYLRNIOFYG T22y20A0 RA&aASHAS dzaay3da GKS wQhyS | S f

and prevention of leptospirosis worldwide.

2.5 Leptospirosis in South Africa
2.5.1 Distribution of animal leptospirosis in South Africa:

A global disease known as leptospirosis is an important zoonotic disease of both animals and human
in all the continents including Africa, where South Africa is located. There are limited data on
leptospirosis in South Africa. Although, the disease has lreported in South African livestock

using serological methods (MAT) (Potts et al., 2005), it has also been reported in mixed farming
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(Gummow et al., 1999). The transmission of leptospirosis occurs from animal host reservoirs to

humans through interactiom the environment.

2.5.2 Leptospirosis in cattle

Cattle serve as a good source of food and as well as income in South Africa. Therefore, the need to
prevent and control zoonotic déases such as leptospirosis is very vital. Clinical cases of leptospirosis
have been reported in livestock including catfeummow et al., 1999)\Variabé seroprevalences of
leptospirosis due to several serovars ranging from 3% to 52.4% have been documented across the
country. The frequently detected serovars were Tarassovi, Bratislava, Hardjo, Pomona, Canicola and

IcterohaemorrhagiaéMyburgh et al., 1990; Hunter et al., 1988; Kaschula et al., 1978).

Reports on leptospirosis in South Africa were mostly on outbreaks and/or suspected cases. The
seroprevalence of leptospirosis in cattle in Kwazulu Natal prowivae determined to be 19.4%
(392/2021), with the predominant serovars being Pomona, followed by Tarassovi, Bratislava, Hardjo
Canicola and Icterrohaemorrhagifidesterberg et al., 2009Puring an outbreak of leptospirosis in
cattle, 52% (89/170) of the animals were seropositive and serovar Pomona was determined to be
responsible(lGummow et al., 1999 Culture of sampleshtained from clinical cases of leptospirosis
during the outbreak yielded an isolation rate of 25% (3/25) with all isolates being serovar Pomona
(Gummow et al., 1999)

2.5.3 Leptospirosis in pigs

Data on leptospirosis in pigs are scarce and the little available information is based on serological
studies. In a national survey of slaughtered pigs in abattddotts et al. (199) reported a
seroprevalence of 22% with the circulating serovars being Icterrohaemaorrhagiae, 12.6%

(365/5041), Hardjo, 12.1% (609/5041) and Bratislava, 7.5% (378/5041).

In pigs that aborted, the seroprevalence of leptospirosis was 17% with the meslpnt serovars
being Pomona, Harjo, Bratislava and Icterohaemorrha@fiaenmow et al., 1999)The first isolation
of Leptospiraspp. in South Africa was from pi(i3e Lange et al.,1987pllowed 10 years later, with
the isolation of the pathogen from cattle with serovar Pomona determined to bporsible for an

outbreak of abortions on a farfGummow et al., 1999)
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The implication is that for almost 20 years, no study has documented the isolati@ptifspiraspp.
in South Africa. Furthermore, none of tHeeptospiraspp. isolated in previous studies were
characterized usim molecular methods as an alternative to the gold standard MAT due to challenges

of technicalknow-how on the genetic analyses béptospiraspp. in the country.

2.5.4 Leptospirosisn sheep

Sheep, as one of the most important livestock in South Africa, have the least amount of data
available on leptospirosis. The sesorveys conducted on leptospirosis in sheep sampled during an
outbreak in two provinces (Mpumalanga and Gauteng) wé&r8% and 12.5%, respectively
(Gummow et al., 1999). Currently, there is a wide knowledge gap on the status of leptospirosis in

sheep in South Africa using isolation and molecular techniques.

2.5.5 Leptospirosis in rodents/wildlife

Rodents serve as major reservoirs and transmission hosts of leptospirosis through their urine when
infected. A study conducted on trapped rodents in Durban, reported a seroprevalence of 10.8%
(22/202) with he use of LeptoTekDbot RTD and 12.6% (8/63) by conventional Piailor et al.,

2008)

In a study of wildlife conducteat four national parks in the country, the seroprevalence of
leptospirosis in rhinoceroses ranged from 1.2% to 8.8% and the predominant serovars detected
were Grippotyphosa, Bratislava, Tarassovi, and Copenha@éscheitenhagen etal., 2000)
Myburgh and colleagues (1990), detected antibodiet éptospiraspp., in 1.7% (7/406) of African
buffalo with serovars Tarassovi and Hardjo being prevalent at the Kruger Ntional park in South

Africa.

In 12 wild animal species sampled in Northern Natal, 12.0% (6/50) were seropositive for
leptospirosis with serovars Tarassovi, Mini, Hardjo, Copenhageni and Pomona déRetednge et

al., 1987) A national survey of Vervet monkeys revealed that 8.0% (4/50) were setigpofir
leptospirosigdKaschula et al., 197.8)
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2.5.6 Leptospirosis in dogs

Dogs are second to rodents as a leading reservoir and involveiméme transmission of eptospira

spp., through their urine. In a study conducted over six decades ago in the country, the
seroprevalence ot.eptospiraspp. antibodies in dogs was reported to be 50% (Ff8alherbe &
Kaschula 1953)with serovars Canical and Sejroe detected using compliment fixation and
agglutinationlysis tests. Several seroprevalence studies have been conducted on dogs in coastal
areas and other provinces in the country with seroprevalence of leptospirosis ranging from 1.3% to
4.7% andthe predominant serovars reported were Canicola, Pyogenes, Pomona and Tarassovi
(Roach et al., 2010)

It is also known in many developing countries, including Soutica) particularly in rural
communities, that dogs are not routinely vaccinated against leptospirosis. It is however not known
whether this perception is the reality or that there is gross undgrorting of the disease because
there is an abundance ofbdents, the primary reservoir dfeptospira,in both urban and rural

communities in the country.

2.5.7 Leptospirosis in horses

In horses, serological surveys for leptospirosis in éhpgovinces, Gauteng, Kwazulu Natal and
Western Cape, revealed seroprevalence of 48%, 37% and 32%, respectively and the two
predominant serovars recorded were Bratislava (32%) and Djamani (15.4%), accoiSiimdpiti and
colleagues (2016)urthermore, Gummow et al. (1999) reported a seroprevalence of(38E8) for

leptospirosis in horses tested using the MAT.

2.5.8 Human leptospirosis in South Africa

In South Africa, human leptospirosis data are scare (Taylor et al., 2008; Saif et al., 2012). In-a rodent
related study (RatZooMan) conducted between 2003 and 2006, it was reported that 19.8% (43/217)
of the humans sampled and tested from Durban, KwaRldtal Province were seropositive for

leptospirosigSaif et al., 2012)

In most instances, only reported acute or suspected cases of leptospirosis were serologically
diagnosed. In Durban, ¥lar et al. (1987) reported a seroprevalence of 18.9% for apparently healthy
humans using the MAT. It has also been reported that of the clinical samples from across the country

sent to the Special Bacterial Pathogens Reference Unit and tested for IgMnogiobulins to
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detect acute leptospirosis, the seropositivity rate was 9% (16 of 176), 6.5% (14 of 215) and 12.5% (12
of 96), using an IgM ELISA kit. for samples collected during the period January to May in 2009, 2010
and 2011, respectivelBaif et al., 2012)

Recently,in South Africa, there have been reports of human leptospirosis cases in Gauteng
province, Western Cape province and Mpumalanga province between 2015 and 2016, according to
the National Infectious and Communicable Diseases (NICD) commufiitijpéwww.nicd.ac.za)
Considering these results, especially the RatZooMan study, it is possible that the prevalence of
human leptospirosis might be higher than reported, due to the lack of active surveillance and
knowledge of the disease. The undBagnosis of leptospirosis may also be attributed, in part, to
the predominant use of MAT and limited use of conventional bacteriological testing and PCR for the

diagnosis of leptospirosis.

2.5.9 Distribution of leptospirosis in the environment in South Africa

Leptospirosis data from the environment are lacking, but risk factors in the informal settlements
were assessed on environmental, socioeconomic diseases, and leptospirosis chaent was
reported as 10.0%Taylor et al., 2008)There is a need to investigate the South African environment,
espedally water bodies and soil in both urban and rural areas, considering that leptospirosis is an

environmental disease.
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