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Leptospirosis is a bacterial, zoonotic disease caused by pathogenic Leptospira. Rodents are known to 
carry pathogenic Leptospira, but livestock are also important hosts. The disease is economically 
important in cattle, causing abortion, decreased fertility and decline in milk yield. Pathogenic 
Leptospira are shed in cattle urine and can survive in the environment. Only a few studies have been 
performed in Ethiopia to investigate the presence of Leptospira. The aim of this study was to determine 
the prevalence of pathogenic Leptospira in cattle in peri-urban areas of Addis Ababa. A cross-sectional 
study was undertaken in peri-urban areas of Addis Ababa. Urine was collected from cattle. DNA was 
extracted and real-time PCR with melting curve analysis was performed to detect pathogenic 
Leptospira. Knowledge, attitudes and practices of the cattle-keeping households were assessed by a 
questionnaire and household level risk factors investigated using logistic regression. In total, 168 urine 
samples were collected from 168 cattle in 70 households. Pathogenic Leptospira were found in 3 of the 
168 (1.8%) urine samples. Although potential exposure pathways were widely present in the 
households, no significant risk factors were detected in regression analysis. This study has shown that 
pathogenic Leptospira are present in cattle in peri-urban areas of Addis Ababa, which could be a 
potential threat for humans. These findings emphasize the need for large-scale studies concerning 
pathogenic Leptospira in Ethiopia, especially in communities with high human-animal interaction.  
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INTRODUCTION 
 
Leptospirosis is a globally important zoonotic disease 
caused by bacteria of the genus Leptospira, which are 
thin, tightly coiled, spiral-shaped spirochetes (WHO, 
2003; Picardeau, 2017). Pathogenic, intermediate and 
saprophytic Leptospira have been described. Saprophytic 

Leptospira are present in the environment and usually do 
not cause disease, while intermediate and pathogenic 
Leptospira species can cause disease in both humans 
and animals. Rodents are considered the main reservoir 
of leptospirosis, but  a  wide  variety  of wild and domestic  
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animals including cattle, sheep,goats, horses and pigs 
can be infected. Once infected, animals can develop long 
term kidney colonization and shed Leptospira in urine. 
Transmission to other animals and humans occurs when 
Leptospira in urine-contaminated soil or water enters the 
body through mucous membranes, small cuts and 
abrasions (Levett, 2001; WHO, 2003; Allan et al., 2015).  

Leptospirosis is found worldwide, but warm and humid 
tropical regions favour the survival and perpetuation of 
the spirochetes (Evangelista and Coburn, 2010; 
Hartskeerl et al., 2011). Globally, leptospirosis is 
estimated to cause 1 million clinical infections and 60,000 
deaths each year in humans (Costa et al., 2015). 
However, information from the African continent is very 
sparse (De Vries et al., 2014; Costa et al., 2015) and 
limits a more accurate estimation of the global burden of 
leptospirosis. In humans, infections are often 
asymptomatic or a mild “flu-like” illness, while some 
patients develop severe illness with hemorrhage, hepatic 
and renal failure, called Weil‟s disease (WHO, 2003). 
Detection of Leptospira is challenging, as direct detection 
with dark-field microscopy is not reliable and culture is 
too slow (weeks-months) (Vijayachari et al., 2001; Musso 
and La Scola, 2013; Karpagam and Ganesh, 2020). The 
gold standard test, namely the microscopic-agglutination-
test (MAT), is labour-intensive, needs a panel of live 
leptospires and cannot differentiate well between current 
and past infections, but is able to differentiate serovars 
(Musso and La Scola, 2013; Karpagam and Ganesh, 
2020). Serological tests, such as ELISA, and molecular 
assays are more practical. Importantly, molecular testing 
of urine provides a non-invasive option for diagnosis 
during early and late stages of infection and gives 
information on genotypic Leptospira species, which has 
largely replaced the traditionally-used serological 
classification (Musso and La Scola, 2013; Esteves et al., 
2018; Vincent et al., 2019; Karpagam and Ganesh, 2020; 
Di Azevedo and Lilenbaum, 2021). Early detection and 
start of treatment affect the outcome of the disease in a 
positive way (WHO, 2003; Levett, 2001). 

Leptospirosis is also an economically important disease 
of cattle. In adult animals, infection is often sub-clinical 
and the development of clinical signs depends on the 
infecting species. Cattle are maintenance host of 
Leptospira borgpetersenii, serovar Hardjo (Hardjobovis), 
which is associated with infertility, abortions, stillbirths, 
weak offspring and drop in milk production, but gives a 
more subtle clinical picture than infection with non-
hardjobovis leptospires (WHO, 2009; Lilenbaum and 
Martins, 2014; Ellis, 2015). Acute leptospirosis can also 
occur in calves and is associated with fever, anorexia, 
diarrhea, icterohaemorrhagic syndrome and conjunctivitis 
(WHO, 2009; Ellis, 2015; Yadeta et al., 2016). Cattle are 
an important source of infection for humans because they 
can shed large numbers of Leptospira in urine over 
several months, although survival in the environment 
varies  with  species  (Hairgrove,  2004;  Barragan  et  al.,  
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2017; Rocha et al., 2017; Hamond et al., 2022; Monti et 
al., 2023). In addition to urine, Leptospira can also be 
found in aborted fetuses, birth products and uterine 
discharges of infected animals, which can contribute to 
environmental contamination (Yadeta et al., 2016).  

Ethiopia has amongst the largest livestock populations 
in Africa with many zoonotic diseases being endemic and 
has a high dependency on agriculture with many 
households having direct contact with animals (Grace et 
al., 2012; Shapiro et al., 2017; Management Entity, 
2021). There is a paucity of research on leptospirosis in 
Ethiopia with a few studies performed in animals and only 
one small study in humans, all suggesting Leptospira 
being prevalent in the country (Moch et al., 1975; Yimer 
et al., 2004; De Vries et al., 2014; Tsegay et al., 2016; 
Desa et al., 2021; Marami et al., 2021). One recent study 
on leptospirosis in cattle in South-West Ethiopia has been 
published, which found a 24.5% seroprevalence of 
hardjo-specific antibodies using indirect ELISA (Desa et 
al., 2021). Other recent serological investigations in 
horses (44%) (Tsegay et al., 2016) and dogs (15%) 
(Marami et al., 2021) also reflected high levels of lifetime 
exposure in animals. There is a need to better 
understand the epidemiology of leptospirosis in cattle and 
species circulating in Ethiopia, because Ethiopia has the 
highest cattle population in Africa with a high livestock 
density in and around urban areas and the (peri-)urban 
dairy sector is targeted for development to meet the 
growing demand for milk and milk products (Management 
Entity, 2021; Shapiro et al., 2015; FAO, 2020). Therefore, 
the aim of this study was to investigate the prevalence of 
pathogenic Leptospira in cattle in peri-urban areas of 
Addis Ababa and to assess the knowledge, attitudes, 
practices and household level risk factors of cattle-
keeping households regarding leptospirosis. 
 
 

MATERIALS AND METHODS 
 
Study design and study population 
 
A cross-sectional study was conducted from February to October 
2019 in peri-urban areas of Addis Ababa. Cattle-keeping 
households in four peri-urban sub-cities of Addis Ababa were 
eligible to participate. The four sub-city administrations 
recommended certain livestock-keeping woredas (districts of 
Ethiopia) within their sub-city. Animal health assistants of these 
woredas directed us to the households based on their lists of cattle-
keeping households. We aimed to sample every adult animal in a 
household, with a maximum of 10 samples per farm. In practice, 
this was not always possible, as not all cattle were able to produce 
urine during the time of the visit. The minimum sample size for 
estimation of prevalence was determined using the single 
population proportion formula according to Thrusfield (2005): n = 
(Zα/2)

2
 × P (1-P) / d

2
.  

As there were no studies published from Ethiopia investigating 
leptospirosis in cattle using molecular methods, other recent studies 
in East Africa using a PCR assay and performed among cattle were 
considered in the sample size determination (Dreyfus et al., 2017; 
Allan et al., 2018; Alinaitwe et al., 2019). The highest prevalence, 
8.8%,  was  found  among  cattle  in  the   capital   city   of   Uganda  
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(Alinaitwe et al., 2019). Using this expected prevalence (P) of 8.8%, 
5% precision, and a 95% confidence interval, a minimum sample 
size of 123 cattle was calculated. Taking into consideration field 
logistics, such as transport of the samples and availability of cattle 
in the households, a final sample size of 168 cattle was achieved.  
 
 

Field data collection 
 

A semi-structured questionnaire was used to collect data on 
household socio-demographics, livestock husbandry and water 
sources as well as knowledge, attitudes and practices (KAP) of the 
households in relation to leptospirosis and zoonoses more 
generally (“S1 Appendix”). Respondents were the household head 
or other adult aged >18 in the household. All interviews were 
conducted verbally in the local languages (Amharic and Oromo) by 
the lead investigator and with the assistance from veterinarians/ 
veterinary students or animal health assistants.   

At least 15 mL of urine was collected from each animal 
(cow/heifer/bull/calf) in the household. A mid-stream urine sample 
was obtained during spontaneous urination or by gentle perineal 
massage performed by the investigator and animal health assistant, 
and collected in sterile bottles. The urine was neutralized 
immediately after collection with phosphate buffered saline 10x 
(Lucchesi et al., 2004). Urine samples were transported on the day 
of collection from the households to the laboratory, with a maximum 
transport time of 3 h.  
 
 

Laboratory analysis 
 

DNA was extracted from 140 µl of urine on the day of collection and 
stored at -20°C. DNA from the pellet was extracted using the 
QIAamp Viral RNA Mini Kit (Qiagen, 2020). The DNA extraction 
method was tested by the main investigators on 140 µl of urine of 
known leptospirosis patients. Extracted DNA was subjected to 
quantitative real-time PCR using Leptospira specific lipL32 and lfb1 
PCR detection assays (Bourhy et al., 2011). Lfb1 PCR involves an 
Evagreen real-time PCR assay, in which a lfb1 PCR product is 
revealed by a specific melting curve with a Tm of more than 80°C, 
also allowing species identification. The lipL32 PCR detection 
involves a TaqMan probe hydrolysis assay that specifically detects 
the real-time formation of a lipL32 PCR product. LFB1 F/R primers 
were used to amplify the lfb1 gene while lipL32-47Fd and lipL32-
301Rd primers were used to amplify the lipL32 gene (Bourhy et al., 
2011). The 25 μl PCR reactions contained 19.7 μl of master mix, 
0.3 μL of Salsa polymerase and 5 μl of extracted bacterial DNA. 
Amplification was performed on a CFX96 real-time PCR system 
(BIO-RAD) with initial denaturation at 95°C for 1 min, followed by 45 
cycles of 95°C for 10 s, annealing at 58°C for 30 s, and extension at 
72°C for 10 s. These conditions were used for both primer sets (“S2 
Appendix”). After PCR, the samples were heated from 40 to 95°C 
with continuous data acquisition. Purified leptospiral DNA control 
samples were provided by the Expertise Centre for Reference and 
Research on Leptospirosis/OIE Reference Laboratory for 
Leptospirosis (AMC, Department of Medical Microbiology and 
Infection Prevention, the Netherlands), and included the following 
species: Leptospira interrogans, L. borgpetersenii and Leptospira 
santarosai. For quality control purposes, extracted DNA was 
analysed in both the MRC-ET Advanced laboratory in Addis Ababa 
and the MRC-Holland laboratory in the Netherlands under identical 
conditions. The extracted DNA was transported frozen to the 
Netherlands.  
 
 

Data management and analysis 
 

Prevalence of pathogenic Leptospira was described as the number  
of animals with positive  PCR  detection  for  pathogenic  Leptospira  

 
 
 
 
divided by the total number of animals tested. Melting curve plots 
were generated and analysed using CFX Manager Software v3.0.1 
(BIO-RAD) to determine the average melting temperature for each 
positive sample in reference to control DNA, and thus suggest the 
species of positive samples. Data from questionnaires was entered 
into spreadsheets and Epi Info

TM
 7 statistical software. Demographic 

characteristics and knowledge, attitudes and practices were 
described using frequency counts and proportions. The association 
between household-level Leptospira status (outcome) and KAP 
questionnaire responses (9 explanatory variables) was explored 
using univariable logistic regression analysis, using Epi Info

TM
 7 

statistical software. A p-value < 0.05 was considered as statistically 
significant. Given the small number of positive Leptospira 
detections and non-significant findings in univariable models further 
multivariable analysis was not pursued.  
 
 
Ethical considerations 
 
Ethical approval was obtained from the Department Research 
Ethical Review Committee (DRERC) of the Department of 
Microbiology, Immunology and Parasitology, College of Health 
Sciences of Addis Ababa University. Permission to conduct the 
study was also provided by the Addis Ababa City Administration 
Health Bureau and the Addis Ababa City Livestock and Agriculture 
Bureau. Permission for transport of DNA extracts to the 
Netherlands was obtained in 2020 from the Addis Ababa University, 
College of Health Sciences, Institutional Review Board 
(CHS/RTTD/257/2020). 

Household respondents were asked to provide oral consent after 
they were informed (in the local language) about the purpose of the 
study, voluntary participation, right to withdraw at any time and that 
the data obtained would be treated as confidential. 
 
 

RESULTS  
 

Study population 
 

Of the 76 households contacted, 70 households agreed 
to participate in the study. Reasons for non-participation 
were: unwillingness to provide urine samples (n=4) or 
cattle being absent at the time of visit (n=2). Demographic 
characteristics of respondents and household 
characteristics are shown in Table 1. The median 
household size of the studied households was 6 persons 
(ranging from 1-17 persons), with a mean of 6.6 persons 
± 3.3 standard deviation (SD). Most of the respondents 
were either primarily farmers (40.0%) or unemployed 
(35.7%), while almost one-fourth (24.3%) were involved 
in private or governmental work. All households had 
access to piped water for drinking purpose, food 
preparation, hand washing, and cleaning. The majority of 
households faced frequent shortages of water; only a few 
(14.3%) households reported never or rarely having 
interruptions to their water supply. Of the 70 studied 
households, 60.0% also owned other domestic animals 
such as sheep, goats or horses. The number of cattle 
owned by households ranged from 1 to 60. 
 
 

Prevalence of leptospirosis in cattle 
 

Urine samples were collected from 168 cattle  across  the 
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Table 1. Demographic characteristics of the investigated peri-urban households in Addis Ababa and their 
respondents (N=70), 2019. 
 

Demographic characteristics Category Number Percentage 

Gender  
Male 42 60.0 

Female 28 40.0 

    

Age 

Below 30 years old 15 21.4 

30-60 years old 37 52.9 

More than 60 years old 18 25.7 

    

Marital status 

Married 43 61.4 

Single 16 22.9 

Divorced/Widowed 11 15.7 

    

Education 

No formal schooling 14 20.0 

Elementary school 29 41.4 

High school 14 20.0 

College 8 11.4 

University 5 7.2 

    

Occupation 

Primarily farmer 28 40.0 

Unemployed / Retired / Student 25 35.7 

Private / Government job 17 24.3 

    

Animal husbandry 

Only cattle 28 40.0 

Two or more livestock species 42 60.0 

Sheep 22 31.4 

Goat 8 11.4 

Equine 22 31.4 

Pigs 0 0 

    

Available facilities 

Electricity 70 100 

Telephone 69 98.6 

Radio or Television 69 98.6 

Piped water 70 100 

   

Toilet   

Pit latrine with cement slab 54 77.1 

Pit latrine without cement slab 7 10.0 

Flush 3 4.3 

No toilet 6 8.6 

 
 
 
70 households. Of these, three were positive for 
pathogenic Leptospira by real-time PCR (1.8%) (Figure 
1). The three positive samples were all found in Yeka 
sub-city. Two positive samples came from different cattle 
within the same household, but the samples were taken 
on a different day. The positive samples were considered 
to be L. borgpetersenii, based on the melting curve, when 
compared with the positive controls (Figure 2), although it 
is difficult to distinguish species solely on the basis of the 
lfb1 gene amplification product (Bourhy et al., 2011).  

Knowledge, attitudes and practices 
 
The majority (97.1%) of respondents had never heard 
about leptospirosis. Nevertheless, 85.9% of the 
households knew that animals could be a source of 
human infection and were able to mention how: by direct 
contact with animals, eating raw milk and meat, touching 
urine or birth products of cattle, or by rats. More than 
60% of the households knew that urine from cattle could 
contain  pathogens  which  can  affect  humans. Similarly,  
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Figure 1. Leptospiral DNA detected in urine from 3 cows in peri-urban areas of Addis Ababa, Ethiopia, after being 
subjected to the lipL32 PCR reaction with TaqMan probe. Hydrolysis of the lipL32 specific TaqMan probe 
confirms the presence of Leptospira species in sample YA4 (1A), YA14 (1B) and YA43 (1C). RFU = Relative 
Fluorescence Unit.  
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Figure 2. Melting curve analysis of DNA detected in urine from 3 cows sampled in peri-urban 
areas of Addis Ababa, Ethiopia, after being subjected to the previously described PCR reaction, 
using lfb1 primers in the presence of Evagreen. The melting curves of the Leptospira 
interrogans, Leptospira borgpetersenii and Leptospira santarosai positive control DNA samples 
are shown. The positive urine DNA samples YA4 (2A), YA14 (2B) and YA43 (2C) have a similar 
melting temperature with the Leptospira borgpetersenii control DNA sample. The fact that the 
melting peaks of urine DNA sample YA4 (2A) and YA14 (2B) are lower than the Leptospira 
borgpetersenii control DNA sample can be explained by the lower concentration of Leptospira 
in sample YA4 and YA14 than in the positive DNA control sample. RFU = Relative 
Fluorescence Unit. 
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Table 2. Univariate logistic regression analysis of explanatory variables for Leptospira positivity in peri-
urban households of Addis Ababa, 2019. 
 

Explanatory variable 
N = 70 households 

p-value 
Positive (%) Negative (%) 

Knew that animals can be source of diseases  2 (100) 53 (77.9) 0.998 

Knew about diseases transmitted by rats‟ urine  1 (50) 42 (61.8) 0.718 

Knew about diseases transmitted by cattle‟s urine  0 (0) 42 (61.8) 0.998 

Wet areas around the house 1 (50) 43 (63.2) 0.701 

Walking through the water with animals 0 (0) 16 (23.5) 0.998 

Two or more livestock species 2 (100) 40 (58.8) 0.998 

Rats inside the house 1 (50) 46 (67.6) 0.586 

Using rat traps or poison  0 (0) 30 (44.1) 0.998 

Protective measures after dealing with diseased animals  2 (100) 55 (80.9) 0.998 

Washing hands after dealing with animal excretions 1 (50) 44 (64.7) 0.535 

 
 
 
rat‟s urine as a source of infection for humans was 
recognized by 62.3%. Nearly 70% of households 
reported that they frequently saw rats inside their houses 
and rat poison/traps were used by almost half (43.5%) of 
the households. Because leptospirosis is known to be 
transmitted by standing water contaminated by urine from 
domestic animals and rats, households were also asked 
about wet areas around their houses. More than half 
(61.4%) of the households stated that they had areas 
around the house that were wet, with more households 
(76.8%) reporting this during the rainy season. More than 
half (52.2%) of the respondents walked frequently in the 
wet areas around the house without shoes or with open-
toed shoes. Walking with the animals through water 
happened in almost a quarter (23.2%) of the households. 
Water as a potential source of diseases was recognized 
by 82.9% of the households. Households were asked for 
symptoms that could be attributed to leptospirosis: 26.9% 
had seen fever in one of the household members during 
the last month, while kidney diseases, jaundice and 
bleedings were seen less often (9.0, 1.5 and 4.4%, 
respectively).  

Finally, participants were asked how they managed 
sick animals. Animal health issues were resolved with 
veterinary assistance (92.4%) and/or by the households 
themselves (37.7%). Washing hands after dealing with 
animal excretions was practiced by around two third of 
the households (70.3%). Protective measures such as 
gloves or hand washing after dealing with diseased 
animals were reportedly practiced by 89.1% of the 
households.  
 
 
Household-level risk factors for leptospirosis 
 
Table 2 summarizes variables included in the univariable 
analysis. None of the 10 selected explanatory variables 
were significantly associated with cattle Leptospira 
positivity (p-value > 0.05).  

DISCUSSION 
 
This study is the first of its kind to detect pathogenic 
Leptospira by molecular methods in cattle in Ethiopia. 
The study confirms the presence of pathogenic Leptospira 
in peri-urban areas of Addis Ababa. Considering the large 
cattle population and high human-animal interaction in 
Ethiopia, this study provides important information on a 
potential threat for public health, as presence of 
pathogenic Leptospira in urine implies spread into the 
environment. Environmental contamination and exposure 
to animal excretions is the cause of leptospirosis 
infections in both animals and humans (WHO, 2003; 
Hartskeerl et al., 2011). The presumable identification of 
L. borgpetersenii is consistent with Leptospira species 
identified in cattle in Africa (Allan et al., 2015; Dreyfus et 
al., 2017). This study also confirms that a molecular 
assay targeting the lipL32 and lfb1 gene can be used to 
detect the presence of Leptospira in the urine of cattle. 

The prevalence of leptospirosis in cattle in this study 
was 1.8% (3 positive samples out of 168 cattle tested). 
Comparing this study with previously published studies 
on Leptospira in Ethiopia is difficult because these 
studies used serological tests (Tsegay et al., 2016; Desa 
et al., 2021, Marami et al., 2021). The present study 
detected Leptospira DNA directly which reflects current or 
recent infection rather than cumulative exposure. Cattle 
may shed Leptospira intermittently in urine for up to 18 
weeks (Rocha et al., 2017; Hamond et al., 2022) and 
thus PCR of urine is considered a useful, non-invasive 
diagnostic modality, particularly when understanding 
environmental contamination is of interest. One of the 
largest recent studies on urinary shedding of pathogenic 
Leptospira in cattle was done in New Zealand, where the 
urine of 4000 cattle was tested by real-time PCR and 
found a prevalence (2.4%) similar to ours, although 
majority of their cattle population was vaccinated and 
both environmental and cattle characteristics differ from 
the  Ethiopian  or  African  context  (Yupiana et al., 2020). 



 
 
 
 
The few published studies using molecular assays in 
cattle in African countries have shown similar or slightly 
higher prevalences than ours. In Egypt, leptospiral DNA 
was detected in 1.1% of 625 cows (urine or blood) (Samir 
et al., 2015). In Eastern Africa, Leptospira prevalences of 
8.8% (kidney and/or urine) and 5.8% (only urine) were 
observed in Uganda (Alinaitwe et al., 2019) and 7.1% 
(kidney tissue) in northern Tanzania (Allan et al., 2018). A 
substantial higher prevalence was detected in South 
Africa, where Leptospira DNA was detected in kidney 
tissue samples of 26.9% (slaughtered) cattle (Dogonyaro 
et al., 2023), which could be related to the testing of 
kidney tissue instead of urine and to environmental 
factors.  

Risk factors for leptospirosis in animals are not well 
characterized in Africa, although some common risk 
factors have been described. This includes exposure to 
rats, presence of other (reservoir) animals, pasture 
grazing and walking through rivers (Schoonman and 
Swai, 2010; Ngugi et al., 2019; Desa et al., 2021). These 
risk factors were also present in our study area. Studies 
concerning knowledge, attitudes and practices of people 
regarding leptospirosis have mainly been performed in 
South-America and Asia in areas where leptospirosis is 
known to be endemic and peoples‟ awareness might be 
higher than in Africa (De Araújo et al., 2013; Ricardo et 
al., 2018; Palma et al., 2022). Despite this, it is 
remarkable that majority of the respondents in our study 
area had not heard about the disease leptospirosis. 
However, people in a majority of the studied households 
were aware that contact with environmental water, rat‟s 
urine or cattle urine and excretions could transmit 
diseases. The majority of the households took protective 
measures, like using gloves, washing hands and asking 
for veterinary assistance. The presence of some 
knowledge regarding transmission of diseases and the 
presence of many risk factors reflects the gap between 
knowledge and daily practice concerning leptospirosis. 
This is consistent with previous reports from Ethiopia on 
leptospirosis and zoonotic diseases in general (Desa et 
al., 2021; Alemayehu et al., 2021). No significant 
relationship was found between the positive households 
and the investigated risk factors for zoonotic diseases 
and leptospirosis, although many of the commonly 
recognized risk factors were present in the households. 
The absence of statistical significance does not imply that 
non-significant potential factors pose no risk as the low 
prevalence observed in this study resulted in low 
statistical power for the logistic regression analysis. 
 
 

Strengths and limitations of the study 
 

This study is the first to investigate pathogenic Leptospira 
in peri-urban areas of the capital city of Ethiopia, where 
there is little knowledge about animal reservoirs of 
pathogenic Leptospira spp. The study responds to 

previous calls to investigate the presence of leptospirosis  
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and pathogenic Leptospira in Ethiopia (Pieracci et al., 
2016; Tulu, 2020). Even though the estimated prevalence 
was low (1.8%), this study has implications for public 
health given the zoonotic potential of pathogenic 
Leptospira. The detection of pathogenic Leptospira by a 
molecular assay is also the first of its kind in Ethiopia for 
detection of Leptospira in any species. In cattle, PCR on 
urine samples is more useful than serological tests, given 
that many shedders and carriers will not be detected 
through serology (Monti et al., 2023). This study confirms 
that a PCR assay with melting curve analysis – targeting 
the lfb1 and lipL32 gene and performed on the DNA 
extracted from the urine of cattle – can be used as a 
diagnostic method to detect pathogenic Leptospira. The 
DNA isolation method was tested by the investigators 
prior to this study with urine samples of known 
leptospirosis patients, which revealed positive PCR-
results with both the lfb1 and lipL32 assay. Even at 
relatively low bacterial load levels (Ct values > 32), a 
distinct leptospiral specific PCR product with a melting 
peak of > 80°C was observed. Additionally, this study 
provided insights into the lack of awareness of 
leptospirosis in Ethiopian cattle-keeping households and 
presence of potential exposure pathways in peri-urban 
areas of Addis Ababa. These findings indicate that animal 
and human exposure to pathogenic Leptospira species is 
likely in peri-urban areas of Addis Ababa.  

Nevertheless, there are several limitations which 
should be mentioned. The prevalence estimated in this 
study may underestimate the true prevalence given the 
low urine volume examined which may have affected the 
quantity of DNA and the fact that every animal was only 
sampled once, potentially missing intermittent shedding 
(Monti et al., 2023). Additionally, although the DNA 
isolation method was tested by the main investigators 
prior to the study on human urine samples, bovine urine 
samples were not available to test the effectiveness of 
our DNA extraction method. Furthermore, serological 
tests like microscopic agglutination test (MAT) would 
have provided additional information on Leptospira 
exposure of cattle in Addis Ababa and culture techniques 
would have been useful for providing further information 
on the leptospiral serovar. The use of more than one type 
of assay to detect Leptospira in urine from naturally 
infected cattle could have revealed a higher prevalence 
(Nally et al., 2020). Differentiation based on melting 
temperature (Tm) allows to differentiate between the most 
common pathogenic species, but is not able to 
unambiguously differentiate between L. borgpetersenii 
and other pathogenic species (Bourhy et al., 2011). 
Further proof of identification would require isolation of 
the bacteria and characterization by sequencing of the 
16S ribosomal RNA gene. 
 
 

Conclusion 
 

Overall, this  study  confirmed the presence of pathogenic 
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Leptospira in cattle in peri-urban areas of Addis Ababa. 
Analysis of knowledge, attitude and practice among the 
households revealed that knowledge about leptospirosis 
is low and that exposure pathways for leptospirosis are 
widely present.  

Further studies should investigate the presence of 
pathogenic Leptospira in cattle on a wider scale, as 
Ethiopia has the highest cattle population in Africa and 
cattle is the dominant species in most households. The 
presence of pathogenic Leptospira in cattle‟s urine 
indicates contamination of environment and potential 
exposure of humans. Further studies should therefore 
take other components of the “One Health” approach into 
consideration to understand the human and 
environmental burden in Ethiopia. This study highlights 
the need to educate cattle-keeping households and 
responsible veterinary and health professionals about the 
presence of pathogenic Leptospira.  
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SUPPORTING INFORMATION 
S1 Appendix. Questionnaire  
 
 

QUESTIONNAIRE - Assessment of Knowledge, Attitudes and Practices 

This questionnaire will take approximately 20 minutes to answer. Any information you provide will be anonymous and no 

personal information collected will appear in any documents or reports based on this survey. 

 

Interview date: / / (DD/MM/YYYY) Interviewer name:   

   

Sub-city:    

Respondent Status: 

Woreda: Household:    

 Female head of household ð Male head of household ð Other adult (>18) 
 

 

 

1. Sex: 

Questions related to demographic characteristics of the household 

 Male ð Female 

 

2. Marital status: 
 

 
 Single ð Married ð Divorced  Widowed 

3. Age:     

4. What is the highest educational level you have attained?  

 

 No formal education  Read and write  Elementary 

 High school  College level  University level 

5. How many people (including children) are in your household?     
 

6. What is your occupation? 
 

 Employed: A) Government B) Private C) NGO  Builder/carpenter 

 Farmer  Unemployed/retired/housewife 

7. Does your household have: 
 

 Electricity  Television / Radio 

 Refrigerator  Telephone/Mobile phone 

 

8. What kind of toilet facility do members of your household usually use? 
 

 Flush, connected to latrines  Pit latrine with cement slab 

 Pit latrine, without cement slab  Canal or open defecation/bush/field 

 Other (please, specify) 



Direct contact with animals Eating raw or undercooked meat/milk 

products 

Touching urine of animals 
Other (please, specify) 

Drinking raw or under boiled milk 
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9. What is the main water source of the household for the following activities? 
 

 Piped 

water 

Surface 

water 

Ground/b 

ore-hole 

Rain 

water 

River 

water 

Bottled 

water 

Drinking water for 

household 

      

Drinking water for 

animals 

      

Water for food 

preparation 

      

Water for cleaning house 

and utensils 

      

Water for hand washing 

and laundry 

      

 

10. Are there any times during the year when water is not readily available? 
 

 Yes: (please specify when) 

 

 No 
 

 

 

11. Which of the following animal species do you have?  

Animal species Number of animals 

Cattle  

Goat  

Sheep  

Pig  

Horse/Donkey/Mule  

Chicken  

Others (specify)  

 

 

Questions related to the knowledge, attitude and practices of households regarding leptospirosis, risk 
factors for leptospirosis and diseases in general 
 

12. o you think that animals can be a source of human diseases? 
Yes No 

 

If yes, how can humans get a disease from animals? 

 

 

 



Seek veterinary assistance Slaughter the animal 

Treat the animal self 
Sell the animal 

Do nothing 
Others (please, specify) 
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13. Have you heard of diseases that you can get from contact with water? 

 Yes ð  No 

 

14. Have you heard of diseases transmitted by rat‟s urine to humans? 

 Yes ð   No 
 

15. Have you heard of diseases transmitted by urine of cattle to humans? 

 Yes ð No 

 

16. Did you hear about a disease called leptospirosis? 

 Yes ð No 

If yes, how did you hear about it? ………………………………. 
 

 

17. If you suspect an animal having a disease, what do you do? 
 

 

 

18. Do you take any specific action to protect yourself when dealing with a diseased animal? 
Yes No 

If yes, what kind of action (s) do you take? 
Use gloves Wash hands 
Others (please, specify) 
 

19. Do you wash your hands with soap after contact with animals or their milk, manure or urine? 
Yes No 

 

20. The following symptoms can be found when someone has leptospirosis, which you can get from contact with 
water or urine of cattle or rats. Which of the following symptoms did you see in you or your family during the last 
month? 

 

 Yes No I don‟t know 

Fever    

Kidney diseases    

Jaundice    

Bleeding    
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21.        Indicate if you agree with the following statements: 
 

 Yes No Sometimes 

The area around my house is wet    

The area around my house is wet 

during the rainy season 

   

I walk without shoes or with open 

shoes through wet areas around the 
house 

   

I or my family walks through the 

water with the animals 

   

Rats come inside the house    

I use rat traps or rat poison around 

my house 

   

 
 
This is the end of the questionnaire. Thank you for agreeing to take part in this valuable study. Please feel free to 

mention any additional comments regarding the study or information you provided.
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S2 Appendix. Real-time PCR using Leptospira specific lipL32 and lfb1 PCR detection assays 
 
Real-time PCR using Leptospira specific lipL32 and lfb1 PCR detection assays 
 
Developed by MRC-Holland and AMC, Department of Medical Microbiology and Infectio n Prevention, Expertise 
Centre for Reference and Research on Leptospirosis / OIE Reference Laboratory for Leptospirosis in the 
Netherlands. 
 
 

1. Lfb1 PCR involving an Evagreen Real-Time PCR assay, in which a possibly correct lfb1 PCR product is 
revealed by a specific melting curve with a Tm of more than 80˚C, also allowing species identification. 

2. LipL32 PCR detection involving a TaqMan probe hydrolysis assay that  specificall y 
 
detects the Real-Time formation of a lipL32 PCR product. No species identification possible. 
 
 
PCR reactions 
 
Per reaction: 
 

1. 20 µl mix containing 0.3 µl Salsa polymerase and 19.7 µl of the mastermix 
 

2. 5 µl of the extracted DNA sample is added to this 20 µl mix 
 
 
 
 
Used primers, reverse primers and probes: 
 
Lfb1 
 
LFB1-F 5′-CATTCATGTTTCGAATCATTTCAAA-3′ LFB1-R 5′-GGCCCAAGTTCCTTCTAAAAG-3′ 
LipL32 
 
LipL32-47Fd 5‟-GCATTACMGCTTGTGGTG-3 LipL32-301Rd 5‟-CCGATTTCGCCWGTTGG-3‟ 
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Controls: 
 
A negative control with PCR-grade water was always used with the samples. 
Purified leptospiral DNA control samples and patient urine, blood and serum samples were provided by the 
Expertise Centre for Reference and Research on Leptospirosis / OIE Reference Laboratory for Leptospirosis in 
the Netherlands. 
 

 µl 

10x SALSA PCR buffer 2.5 

LFB1-F (100 µM) 0.1 

LFB1-R (100 µM) 0.1 

Evagreen 1 

dNTPs (4mM) 1.2 

DNA 5 

SALSA TAQ polymerase 0.3 

H2O 14.8000 

Total volume 25.0000 
 
 
LipL32 PCR Reaction with TAQ-Man probe and degenerate primers 
 

 µl 

10x biolabs buffer 2.5 

LipL32-47Fd (100 µM) 0.175 

LipL32-301Rd (100 µM) 0.175 

LipL32 Probe (50 µM) 0.075 

dNTPs (4mM) 1.2 

DNA 5 

SALSA TAQ polymerase 0.3 

H2O 15.5750 

Total volume 25.0000 
 
 

CFX96 real-time PCR detection system (BIO -RAD) with BIO-RAD software 
 
Biorad PCR detection system settings: Lid 105 °C. 4/10°C per cycle. 
Step 1 95˚C for 1 min 
 
Step 2 95°C for 0:10 min 
 
Step 3 58°C for 0:30 min 
 
Step 4 72°C for 0:30 min 
 
Step 5 45 times 
 

Step 6 40°C for 3:00 min 
 

Step 7 40°C for 0:05 min 
 

Step 8 95°C = END 


