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ABSTRACT 
 
Background: Leptospirosis is a zoonotic disease that occurs due to interactions between agents, 
hosts and the environment. Leptospira bacteria can infect humans through wounds on the skin and 
mucosa of the body. This study aims to examine the effect of injury history and contact risk factors on 
the incidence of leptospirosis by using meta-analysis. 
Subjects and Method: This was a systematic review and meta-analysis study carried out using 
PICO model. P: Adults. Intervention: injury and contact. Comparison= no injuries and no contact 
with risk factors. Outcome: Leptospirosis. The meta-analysis was conducted by systematically 
reviewing articles from Google Scholar, PubMed, Springer Link, and Science Direct. Search keywords 
“Wound OR Lession AND Leptospira”, “Risk Factor Exposure AND Leptospira”, “Risk Factor AND 
Leptospira AND adjusted odds ratio”. The inclusion criteria used were full paper articles from 2002-
2022 using Indonesian and English. The study design used was observational and the analysis used 
multivariate adjusted odds ratio results. Articles were collected using the PRISMA diagram and 
analyzed using the Review Manager 5.3 application.  
Results: Meta-analysis included 22 cross-sectional and case-control studies from Indonesia, India, 
Iran, Sri Lanka, Malaysia, Thailand, Laos, France, Germany, Kenya, Tanzania, Australia, Fiji, British 
Virgin Islands, Mexico, Jamaica, Peru, and Argentina. Leptospirosis increased with history of injury 
(aOR= 3.51; 95% CI= 2.94 to 4.19; p<0.001) and contact with risk factors (aOR=1.82; 95% CI=1.25 to 
2.65; p=0.002). 
Conclusion: History of injury and contact with risk factors increases the risk of developing 
Leptospirosis. 
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BACKGROUND 

Leptospirosis is a zoonotic disease caused by 

a spiral-shaped bacterial infection of the 

pathogenic genus Leptospira, which is trans-

mitted directly and indirectly from animals 

to humans. The definition of a zoonotic dise-

ase is a disease that can naturally be trans-

mitted from vertebrate animals to humans 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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or vice versa (Kemenkes RI, 2017). Lepto-

spirosis is a neglected infectious disease or 

Neglected Infectious Diseases (NIDs), name-

ly an infectious disease that is endemic to 

the poor or the population of farmers and 

workers associated with water and soil in 

developing countries (Al-Orry et al., 2016). 

Based on WHO reports in recent years, 

the global incidence of leptospirosis is esti-

mated from 0.1-1 per 100,000 per year in 

temperate climates and 10-100 per 100,000 

per year in the humid tropics. The incidence 

of this disease can reach more than 100 per 

100,000 per year in outbreaks and high 

exposure in risk groups (WHO, 2009). The 

number of severe cases is reported to be 

around 300,000 to 500,000 annually 

worldwide, with a fatality rate of up to 10% 

(PAHO, 2023). In 2021, 734 cases of lepto-

spirosis were found in Indonesia. Leptospi-

rosis cases decreased compared to 2020, 

namely from 1,170 and 921 cases in 2019. 

Leptospirosis cases in Indonesia were repor-

ted by eight provinces, namely DKI Jakarta, 

West Java, Central Java, DI Yogyakarta, 

East Java, Banten, North Kalimantan and 

East Kalimantan (RI Ministry of Health, 

2020).  

Humans are infected through broken 

skin or mucous membranes with water or 

soil containing the urine of animals infected 

by this bacterium (Gamage et al, 2012). 

Leptospira bacteria enter the human body 

through wounds on the skin, mucous mem-

branes (nose, mouth, and eyes), or even 

through drinking water. After entering the 

human body, these bacteria are in the blood 

and attack the tissues and organs of the body 

(WHO, 2003). Risk factors that play a role in 

the occurrence of Leptospirosis include peo-

ple with jobs or activities that involve body 

contact with a watery environment, wounds 

on the body and lack of care or protection 

for injuries, the presence of rats or livestock 

around the house (Rampengan, 2016). 

The results of multivariate statistical 

analysis showed that having a history of 

injury had a 12.16 times greater risk of deve-

loping severe leptospirosis than no history of 

injury (OR=12.16; 95% CI=2.99-49.37; p 

<0.001) (Suratman, 2006). The results of 

the study, of the 13 variables carried out by 

Supraptono et al. (2011) stated that contact 

with meat or body parts of dead animals will 

experience leptospirosis 77.8 times (95% CI 

= 5.76-1,050.07), compared to those who do 

not come into contact with these materials. 

Contact with standing water will experience 

Leptospirosis disease increasing 44.3 times 

(95% CI= 7.36 to 265.99) compared to those 

who are not in contact with standing water. 

Various primary studies have been 

conducted to see the effect of history of in-

jury and contact risk factors on the incidence 

of Leptospirosis. Further analysis is needed 

to reach a convincing conclusion. This study 

aims to examine the effect of injury history 

and contact risk factors on the incidence of 

leptospirosis by using a meta-analysis. 

 

SUBJECTS AND METHOD 

1. Study Design 

This research was conducted using the 

method of systematic review and meta-ana-

lysis using primary data, namely data from 

previous research results. Research data was 

searched from several database using the 

search keywords "Wound OR Lession AND 

Leptospira", "Risk Factor Exposure AND 

Leptospira", "Risk Factor AND Leptospira 

AND adjusted odds ratio". There were 22 

primary studies that met the inclusion 

criteria of this study.  

2. Steps of Meta-Analysis 

1) Formulate research questions in PICO.  

2) Search primary study research articles 

from online databases. 

3) Conduct screening and quality assess-

ment of primary research articles. 
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4) Extracting and analyzing data into the 

RevMan 5.3 application. 

5) Interpret the results and draw 

conclusions. 

3. Inclusion Criteria 

Full article article with observational study 

design (cross-sectional, case-control), multi-

variate analysis with adjusted odds ratio 

(aOR), intervention given was wound and 

contact risk factors, and outcome was the in-

cidence of leptospirosis 

4. Exclusion Criteria  

The exclusion criteria for articles in this 

study were statistical results reported in the 

form of bivariate analysis and articles using 

languages other than English and 

Indonesian. 

5. Variable Operational Definition 

Occurrence of Leptospirosis: Patients 

diagnosed by doctor through clinical exami-

nation have clinical symptoms of lepto-

spirosis and confirmed through tests. 

History of Wounds: There are scratches, 

tears, or abrasions on the skin or parts of the 

patient's body that can allow Leptospira bac-

teria to enter the body. 

Contact risk factors: There are events  

related directly or indirectly to the body tis-

sues of dead rats, floods, standing water, 

meat, animal urine blood, and are suspected 

of being infected with Leptospira bacteria 

and are at risk as the route of transmission 

of leptospirosis from animals to humans 

that occurs within 14 days before illness. 

6. Study Instrument  

The stages of the research followed the 

PRISMA flow chart and the quality assess-

ment of article research used the Critical 

Appraisal Skills Program (CASP) for Case-

Control Study, the Critical Appraisal Check-

list for Cross-sectional Study (CEBMa, 

2014). 

7. Data Analysis  

The data analysis process in this study was 

carried out using the Review Manager appli-

cation (RevMan 5.3), to determine the effect 

size and heterogeneity of the study. The 

results of meta-analysis data are presented 

in the form of forest plots and funnel plots. 

 

RESULTS 

The process of searching for articles by 

searching through the database according to 

the PRISMA flow diagram can be seen in 

Figure 1. The research related to the influen-

ce of history of injuries and contact risk fac-

tors on the incidence of Leptospirosis con-

sisted of 22 articles originating from 5 con-

tinents namely Asia, Europe, Africa, Aus-

tralia and Occeania, as well as America. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 1. PRISMA Flow Diagram

Remove duplicate articles (n= 898) 

Issued articles (n= 324) 
Irrelevant title= 192 
Not cross-sectional and case control= 67 
Articles not in English= 12 
Articles not full text= 44 
Literature review and meta-analysis=8 

Complete articles issued with reasons (n= 263) 
The article does not include aOR= 65 
Doesn’t match with intervention criteria= 126 
Outcome is not the incidence of Leptospirosis = 72 

Articles identified from database 
searches (n= 1,507) 

Filtered articles (n= 609) 

Eligible full text articles (n= 285) 

Articles included in the synthesis  
for meta-analysis (n=22) 
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There were 11 studies originating from the 

continent of Asia (3 research articles from 

Indonesia, 2 research articles from India, 1 

article from Iran, 1 article from Sri Lanka, 2 

research articles from Malaysia, 1 article 

from Thailand, 1 article from Laos), 2 stu-

dies from the European continent (1 article 

from France and 1 article from Germany), 2 

studies from the African continent (2 studies 

in 1 article from Kenya and 1 article from 

Tanzania), 2 studies from the continents of 

Australia and Oceania (1 article from Aus-

tralia and 1 article from Fiji), 5 studies from 

the Americas (1 article from Jamaica, 1 

article from British Virgin Island and 1 

article from Mexico, 1 article from Peru and 

1 article from Argentina). The distribution of 

primary research by continent can be seen in 

Figure 2. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Map of the research area on the influence of history of injuries 

 and contact risk factors on the incidence of leptospirosis 
 
Research quality studies conducted quanti-

tatively. This research was conducted using 

the Critical Appraisal Checklist for Cross-

sectional Study and the Critical Appraisal 

Checklist for Case-Control Study which ori-

ginated at the Center for Evidence Based 

Management which originated at the Center 

for Evidence Based Management (CEBMa, 

2014). The following is a table of the results 

of the study quality assessment with the 

variable history of injuries and contact risk 

factors from a cross-sectional study design 

presented in Table 1. The following is a table 

of the results of the study quality assess-

ment with the variable history of injuries 

and contact risk factors from the case-

control study design in Table 2. 

 
Table 1. Assessment of the quality of history of injuries and contact risk factors 
with a cross-sectional study design 

Author (Year) 
Criteria 

Total 
1 2 3 4 5 6 7 8 9 10 11 12 

Samaraweera et al. (2021) 1 1 1 1 1 0 1 1 1 1 1 1 11 

Ridzuan et al. (2016) 1 1 1 1 1 0 1 1 1 1 0 1 10 

Castelanos et al. (2003) 1 1 0 0 1 0 1 1 1 1 1 1 9 

11 studies in 

Asia 

2 studies in 

Europe 

2 studies in 

Africa 

2 studies in 

Australia 

5 studies in 

America  
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Author (Year) Criteria Total 

Phraisuwan et al. (2002) 1 1 1 1 1 0 1 1 1 1 0 1 10 

Cook et al. (2017) 1 1 1 1 1 0 1 1 1 1 0 1 10 

Schmitz  et al.(2022) 1 1 1 0 1 1 1 1 1 1 1 1 11 

Lau et al.(2016) 1 1 0 1 1 1 1 1 1 1 1 1 11 

Artus et al.(2022) 1 1 1 0 1 0 1 1 1 1 1 1 10 

Villaverde et al.(2014) 1 1 1 1 1 0 1 1 1 1 1 1 11 

Shafei et al.(2022) 1 1 1 1 1 0 1 1 1 1 0 1 10 

Maze et al.(2018) 1 1 1 1 1 1 1 1 1 1 1 1 12 

Kawaguchi et al.(2008) 1 1 1 1 1 0 1 1 1 1 1 1 11 

 
Description of the question criteria: 
1 = Does the objective clearly address the focus or research problem? 

2 = Is the research method (research design) suitable for answering the research questions? 

3 = Is the method of selecting research subjects clearly written? 

4 = Does the method of sampling cause bias (selection)? 

5 = Does the research sample taken represent the designated population? 

6 = Is the sample size based on pre-study considerations? 

7 = Was a satisfactory response achieved? 

8 = Is the research instrument valid and reliable? 

9 = Was statistical significance assessed? 

10 = Are confidence intervals given for the main results? 

11 = Are there any confounding factors that have not been taken into account? 

12 = Are the results applicable to your research? 

 
Description of the answer score: 
0 = No 
1 = Can’t tell 
2 = Yess 
 
Table 2. Assessment of the quality of history of injuries and contact risk factors 
with a case-control study design    

Primary Study 
Criteria 

Total 
1 2 3 4 5 6 7 8 9 10 11 12 

Nardone et al. (2004) 1 1 1 1 1 1 1 1 1 1 1 1 12 

Kamath et al.(2014) 1 1 1 1 1 1 1 1 1 1 1 1 12 

Desai et al.(2016) 1 1 1 1 1 0 1 1 1 1 1 1 11 

Maniiah et al.(2016) 1 1 1 1 1 1 1 1 1 1 1 1 12 

Andari et al.(2016) 1 1 1 1 1 1 1 1 1 1 1 1 12 

Sahneh et al.(2019) 1 1 1 1 1 0 1 1 1 1 1 1 11 

Sofiyani et al.(2018) 1 1 1 1 1 1 1 1 1 1 1 1 12 

Vanasco et al.(2008) 1 1 1 1 1 0 1 1 1 1 1 1 11 

Keenan et al.(2010) 1 1 1 1 1 0 1 1 1 1 1 1 11 

Katelaris et al.(2018) 1 1 1 1 1 1 1 1 1 1 1 1 12 

 
Description of the question criteria: 
1 = Does the objective clearly address the focus or research problem? 

2 = Is the research method suitable for answering the research questions? 

3 = Were there enough subjects in the study to establish that the findings did not occur by 
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chance? 

4 = Was the selection of cases and controls based on external, objective and validated 

criteria? 

5 = Were the two groups comparable at the start of the study? 

6 = Were objective and unbiased outcome criteria used? 

7 = Is there data collection? 

8 = Are objective and validated measurement methods used to measure outcomes? 

9 = Are effect measures practically relevant? 

10 = How precise is the effect estimate? Are confidence intervals given? 

11 = Are there any confounding factors that have not been taken into account? 

12 = Are the results applicable to your research? 

 
Description of the answer score: 
0 = No 
1 = Can’t tell 
2 = Yess 
 
Table 3. Table PICO summary of the article on the influence of injuries and contact 
risk factors on the incidence of leptospirosis 

Author 
(Year) 

Country 
 

Study 
Design 

Sample P I C O 

Nardone  
et al. (2004) 

French Case 
control 

313 Patients diagnosed 
with leptospirosis in 
a hospital in France 

There are 
lesions/abrasions 
on the skin 

No lesions/ 
abrasions on the 
skin 

Leptospirosis 

Kamath  
et al. (2014) 

India Case 
control 

210 Leptospirosis 
sufferers in Udupi 
district 

There is an 
injury/history of 
injury during 
work 

No injuries/ 
history of 
injuries during 
work 

Leptospirosis 

Desai et al. 
(2016) 

India Case 
control 

400 Leptospirosis 
sufferers in South 
Gujarat 

History of skin 
diseases/injuries 
during the 
endemic season 

No history of 
skin disease/ 
injury during the 
endemic season 

Leptospirosis 

Maniiah  
et al. (2016) 

Indonesia Case 
control 

64 Leptospirosis 
sufferers in 
Semarang City 

There is a history 
of injuries 

No history of 
injuries 

Leptospirosis 

Andari  
et al. (2016) 

Indonesia Case 
control 

144 Leptospirosis 
sufferers in Boyolali 
District 

There is a history 
of injuries 

No history of 
injuries 

Leptospirosis 

Sahneh  
et al. (2019) 

Iran Case 
control 

87 Patients diagnosed 
with leptospirosis in 
Golestan province, 
northern Iran 

Skin scratches/ 
injuries 

No scratches/ 
skin injuries 

Leptospirosis 

Sofiyani  
et al. (2018) 

Indonesia Case 
control 

150 Leptospirosis 
sufferers in Klaten 
Regency 

There is a history 
of injuries 

No injuries Leptospirosis  

Kamath  
et al. (2014) 

India  Case 
control 

210 Leptospirosis 
sufferers in Udupi 
district 

There is contact 
with soil that has 
been contami-
nated with rat 
urine 

No contact with 
soil that has been 
contaminated 
with rat urine 

Leptospirosis 

Vanasco  
et al. (2008) 

Argentina  Case 
control 

182 Leptospirosis 
sufferers in 
Argentina 

There is contact/ 
exposure to water 
contaminated 
with rat urine 

No contact/ 
exposure to 
water contami-
nated with rat 
urine 

Leptospirosis 

Keenan  
et al. (2010) 

Jamaica  Case 
control 

132 Patients diagnosed 
with leptospirosis at 
the Jamaica 
Regional Health 
Center 

There is contact 
with rats 

No contact with 
mice 

Leptospirosis 
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Author 
(Year) 

Country 
 

Study 
Design 

Sample P I C O 

Katelaris  
et al. (2018) 

Australia  Case 
control 

199 Population in agri-
cultural workers 
and health workers 

There is skin 
contact with rats 
and mud 

No skin contact 
with rats, mud 

Leptospirosis 

Ridzuan  
et al. (2016) 

Malaysian  Cross 
Sectional 

350 Oil palm plantation 
farmers and 
workers 

Working with 
hand injuries 

No injuries Leptospirosis 

Castelanos 
et al. (2003) 

Mexico  Cross 
Sectional 

1,169 Residents of 
leptospirosis 
sufferers in Chiapas 
City 

There are sores 
on the skin of the 
feet 

No toe injuries 
or abrasions 
during flooding 

Leptospirosis 

Phraisuwa 
et al.(2002) 

Thailand  Cross 
Sectional 

315 Population of pool 
cleaners 

There is a history 
of injuries 

No history of 
injuries 
 

Leptospirosis 

Cook et al. 
(2017) 

Kenya  Cross 
Sectional 

738 Slaughterhouse 
worker population 

There are wounds 
and contact with 
pets contami-
nated with rat 
urine 

No injuries and 
no contact with 
pets contami-
nated with rat 
urine 

Leptospirosis 

Maze et al. 
(2018) 

Tanzania  Cross 
Sectional 

1,396 Population of cattle 
breeders and 
farmers in Tanzania 

There is contact/ 
exposure to rat 
urine 

No contact/ 
exposure to rat 
urine 

Leptospirosis 

Schmitz  
et al. (2022) 

Germany  Cross 
Sectional 

450 German population 
aged 18-85 years 

There was 
contact with a 
dead rat 

No contact with 
dead mice 

Leptospirosis  

Lau et al. 
(2016) 

Fiji Cross 
Sectional 

2,152 Resident population 
in Fiji 

There is contact 
with rats or mice 

No contact with 
rats or mice 

Leptospirosis 

Artus et al. 
(2022) 

British 
Virgin 
Islands 

Cross 
Sectional 

1,161 The household 
population in St. 
Croix, St. Thomas, 
and St. John 

Contact with 
rodents and or 
their body fluids 

No contact with 
rodents and or 
their body fluids 

Leptospirosis 

Villaverde 
 et al. (2014) 

Peru  Cross 
Sectional 

254 Leptospirosis 
sufferers in 
Peruvian farmers 

There is contact 
with rats 

No contact with 
mice 

Leptospirosis 

Safei et al. 
(2022) 

Malaysian  Cross 
Sectional 

321 Municipal service 
workers 

There are rats in 
the workplace 
and contact with 
body fluids 

No rats in the 
workplace and in 
contact with 
body fluids 

Leptospirosis 

Kawaguchi 
et al. (2008) 

Laos 
(Asia) 

Cross 
Sectional 

406 Population in a 
flood-prone village 
in Khammouane 
Province 

Seeing and 
contact with mice 
in the house 

No contact with 
mice in the 
house 

Leptospirosis 

 

Summary of the article on the influence of 

wound history and contact risk factors on 

the incidence of leptospirosis There were 22 

observational research articles that used a 

cross-sectional and case-control study 

design and qualified as sources for a meta-

analysis of the influence of wound history 

and contact risk factors on the incidence of 

Leptospirosis. The following is an overview 

of each of the primary studies used, which 

can be seen in Table 3.  

Table 4 presents the Adjusted Odds 

Ratio (aOR) with 95% Confidence Interval 

on articles cross-sectional and case-control 

study design on the effect of injury on the 

incidence of leptospirosis.   

 
Table 4. Data of adjusted odds ratio (aOR) and confidence interval on the 
influence of wounds on the incidence of leptospirosis 

Author aOR 
CI 95% 

Upper Limit Lower Limit 
Samaraweera et al. (2021) 2.29 1.58 3.34 
Ridzuan et al. (2016) 3.13 1.83 5.36 
Phraisuwan et al. (2002) 3.97 1.56 10.1 
Castelanos et al.(2003) 4.23 3.12 5.75 
Cook et al. (2017)  3.10 1.50 6.10 
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Author aOR 
CI 95% 

Upper Limit Lower Limit 
Sahneh et al. (2019) 11.21 3.02 43,06 
Kamath et al. (2014) 6.60 2.75 15.86 
Desai et al. (2016) 4.2 2.00 8.50 
Sofiyani et al. (2018) 1.64 0.40 2.87 
Andari et al. (2016) 1.43 0.59 2.26 
Maniiah et al. (2016) 8.19 2.31 29.07 
Nardone et al. (2004) 7.00 2.70 17.60 

Figure 3 shows the results of the sub-group 

meta-analysis on the influence of history of 

injury on the risk of leptospirosis. In a cross-

sectional study, adults with a history of 

injury had a risk of developing leptospirosis 

3.29 times compared to those without a 

history of injury (aOR=3.29; 95% CI= 2.69 

to 4.03; p<0.001).  

The forest plot also shows low hetero-

geneity of the effect (I2=38%) so the calcula-

tion of the effect estimate using the fixed 

effect model approach or the distribution of 

data is said to be homogenous. Forest plot of 

a case-control study showed that adults with 

a history of injury had 4.37 times the risk of 

developing leptospirosis compared with no 

history of injury (aOR=4.37; 95% CI= 3.01 

to 6.35; p<0.001). The forest plot also shows 

a high heterogeneity of effects (I2= 53%; p = 

0.050) so that the calculation of effect esti-

mates using random effect model approach 

or data distribution is heterogeneous. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 3. Forest plot of the influence of a history  
of injury to the incidence of leptospirosis 

 

History Injury            No Injury 
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Figure 4. Funnel plot of influence of wound history  

on the incidence of leptospirosis 
 

In figure 4 presents some of the primary 

studies used which show that the distri-

bution of effect estimates is more or less 

symmetrical to the right and left of the 

mean vertical line, so it does not indicate 

publication bias in the subgroup analysis of 

the effect of injury on the incidence of 

leptospirosis. There are 12 observational 

research articles using cross-sectional and 

case-control study designs and qualify as 

sources for meta-analysis of the effect of 

contact risk factors on the incidence of 

leptospirosis. 

Table 5 presents data on Adjusted 

Odds Ratio (aOR) with 95% Confidence In-

terval (CI95%) in articles cross-sectional 

and case-control study design on the effect 

of contact risk factors on the incidence of 

leptospirosis. 

Table 5. Data of adjusted odds ratio (aOR) and confidence interval on the effect of 
contact risk factors on the incidence of leptospirosis 

Author aOR 
CI 95% 

Upper Limit Lower Limit 

Schmitz et al. (2022) 0.23 0.05 1.04 

Lau et al. (2016) 1.58 1.20 2.09 

Artus et al. (2022) 2.60 1.10 5.90 

Villaverde et al. (2014) 7.90 1.60 37.90 

Cook et al. (2017) 3.10 1.50 6.10 

Safei et al. (2022) 2.17 1.11 4.25 

Kawaguchi et al. (2008) 2.63 0.73 9.44 

Maze et al. (2018) 1.20 0.98 1.40 

Kamath et al. (2014) 4.45 1.62 12.20 

Vanasco et al. (2008) 2.17 1.01 4.68 

Keenan et al. (2010) 3.52 1.33 9.36 

Katelaris et al. (2018) 7.09 1.29 38.93 
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Figure 5 presents the results of the sub-

group meta-analysis of the effect of contact 

risk factors on the incidence of Leptospiro-

sis. The results of a meta-analysis of cross-

sectional studies showed that adults with 

contact with risk factors had a risk of deve-

loping leptospirosis 1.40 times compared to 

those without risk factor contact (aOR= 

1.40; 95% CI = 0.93 to 2.12; p=0.100). The 

forest plot also shows high heterogeneity of 

effects (I2= 78%) so the calculation of effect 

estimates using the random effect model 

approach or the distribution of data is 

declared heterogeneous. 

The bottom section presents the forest 

plot of the case-control study. Adults with 

risk factor contact had a risk of developing 

leptospirosis 3.23 times compared to those  

 

without risk factor contact (aOR= 3.23; 

95% CI=1.97 to 5.29; p<0.001). The forest 

plot also shows low heterogeneity of the 

effect (I2= 0%) so the calculation of the 

estimated effect using the fixed effect model 

approach or the spread of data is stated to 

be homogeneous. 

Based on Figure 6 it can be seen that the 

Funnel plot shows an asymmetric distribu-

tion of estimated effects. The distribution of 

effect estimates is more to the right than to 

the left of the average vertical line, thus indi-

cating publication bias, because the distribu-

tion of effect estimates is more to the right on 

the same funnel plot line as the location of 

the diamond shape in the forest plot which is 

also on the right, the publication bias tends to 

overestimate the true effect (overestimate).

 

 
 

Figure 5. Forest plot of the effect of contact risk 
factors on the incidence of leptospirosis 

 

   No Contact                  Contact 
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Figure 6. Funnel plot of the effect of contact risk  

factors on the incidence of leptospirosis 
 

This systematic study and meta-analysis 

research used research that controlled for 

confounding factors which could be seen 

from the study inclusion requirements, 

namely using multivariate analysis and the 

statistical results reported were the adjusted 

odds ratio (aOR). A confounding factor is 

the mixing of estimates of the relationship 

between exposure and the disease under 

study, by other factors that are related, both 

to disease and exposure. Confounding 

factors affect the relationship or effect of 

exposure to the occurrence of disease which 

is estimated (estimated) by the study is not 

the same as the relationship or effect that 

actually occurs in the target population 

(target populartion), or the study results are 

invalid (incorrect) (Murti, 2018). 

Estimates of the combined relation-

ship of the influence of history of injuries 

and contact risk factors on the incidence of 

Leptospirosis were processed using the 

RevMan 5.3 application with the generic 

inverse variance method. This method is 

used to analyze data in the form of: rate, 

time-to-event, hazard ratio, ordinal scale, 

adjusted estimate, differences average 

(difference of mean), or average ratio (ratio 

of mean) (Anulus et al. 2019). The results of 

the systematic review and meta-analysis of 

this study are presented in forest plots and 

funnel plots. 

1. The efect of history of injury on 

the incidence of Leptospirosis 

Analysis was carried out with subgroups of 

each observational study design to deter-

mine the estimated influence of the history 

of injury on the incidence of Leptospirosis. 

The results of a meta-analysis of cross-

sectional studies showed that adults with a 

history of injury had 3.29 times the risk of 

developing leptospirosis compared with no 

history of injury (aOR = 3.29, 95% CI= 2.69 

to 4.03; p<0.001). The results of a meta-

analysis of case-control studies showed that 

adults with a history of injury had 4.37 times 

the risk of developing leptospirosis compa-

red to no history of injury (aOR= 4.37; 95% 

CI= 3.01 to 6.35; p<0.001). 

DISCUSSION 
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The entrance of Leptospira bacteria is 

usually through a wound in the skin or 

conjunctiva. If a human or animal that has a 

wound on its body then comes in contact 

with the urine of a rat or other animal 

suffering from Leptospirosis, the Leptospira 

bacteria will infect the human or animal 

through the wound (Levvet, 2001). Skin that 

is eroded due to wounds or skin diseases 

makes it easier for Leptospira to enter the 

mucous membranes of the human body. The 

research results are in line with the research 

conducted by Setyaningsih et al. (2022) in 

Boyolali District showed that a history of 

injury had a significant relationship with the 

incidence of Leptospirosis. This is evidenced 

by the results of statistical test studies show-

ing an Odds Ratio value of 1.13 which means 

that people with a history of injuries have a 

1.13 times greater chance of being exposed to 

Leptospirosis than people without a history 

of injuries. 

The results of research by Sofiyani et 

al. (2018) stated that the risk of Leptospi-

rosis increases with a history of injury (b= 

1.64; 95% CI= 0.40 to 2.87; p= 0.009). 

Another study conducted by Cook (2017) in 

Kenya states that a history of injury 

increases the risk factor for Leptospirosis 3.1 

times compared to no history of injury. The 

results of other studies state that there is a 

relationship between a history of injuries 

and the incidence of Leptospirosis. History 

of injury increases the risk of Leptospirosis 

(OR= 14.63; 95% CI= 2.82 to 75.95; p 

<0.001). The wound was caused by his work 

(repairing PDAM pipes), there were also 

respondents who had been injured by rat 

bites (Unggul et al., 2016). 

2. The effect of contact risk factors 

on the incidence of Leptospirosis 

The results of a meta-analysis of cross-sec-

tional studies showed that adults with 

exposure to risk factors had a 1.40 times 

increased risk of developing leptospirosis 

compared to those without contact with risk 

factors (aOR=1.40; 95% CI= 0.93 to 2.12; 

p=0.100). The results of a meta-analysis of 

case-control studies showed that adults with 

contact with risk factors had a risk of deve-

loping Leptospirosis 3.23 times compared to 

those without contact with risk factors 

(aOR=3.23; 95% CI=1.97 to 5.29; p<0.001). 

The results of research conducted by 

Sarkar et al. (2002) stated that contact with 

sewer water has a 3 times higher risk of 

getting Leptospirosis (OR=3.63; 95% CI= 

1.69 to 7.25), contact with flood water has 3 

times the risk of getting Leptospirosis 

(OR=3.03; 95% CI=1.44 to 6.39), and 

contact with mud had 3 times the risk of 

developing leptospirosis (OR=3.08; 95%CI= 

1.32 to 5.87). The results of research by Dewi 

et al. (2020) stated that the risk of Lepto-

spirosis directly increases with contact with 

rats and flooded areas. The risk of direct 

leptospirosis increased in the presence of 

rats (b= 7.34; 95% CI= 4.44 to 10.24; p 

<0.001) and flooded areas (b= 8.99; 95% 

CI= 5.02 to 12.96; p<0.001). 

Humans are infected with Leptospira 

through contact with water, soil (mud), and 

plants that have been contaminated by the 

urine of animals with Leptospirosis. Trans-

mission of Leptospira to humans occurs due 

to contact with urine, blood, or organs from 

infected animals, as well as contact with the 

environment (soil, water) contaminated with 

Leptospira (Rampengan, 2016).   

A study by Ariani and Wahyono 

(2020) at the Sentinel Leptospirosis Sur-

veillance Location in Banten Province stated 

that respondents who had contact with 

stagnant water had 2 times the risk of 

getting Leptospirosis compared to respon-

dents who had no contact with stagnant 

water (OR= 2.87; 95% CI: 1.41 to 5.82; p < 

0.001). In the results of this study, there are 

several confounding factors from several 

primary studies that are able to reduce the 
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magnitude of the effect of each of these 

studies, such as the use of PPE when there is 

a wound. The use of gloves in the study by 

Ridzuan et al. (2016), Katelaris et al. (2019) 

and Sahneh et al, (2019), the use of footwear 

in a study by Castelanos et al. (2003), Kawa-

guchi et al. (2008) and Sofiyani et al. (2018), 

The patient underwent chemo prophylactic 

treatment for Leptospirosis at the onset of 

the disease (Samaraweera et al., 2022). 

The use of PPE and treatment reduces 

the risk of Leptospirosis due to injuries to 

body parts. It can be concluded that the 

confounding factors that need to be 

controlled for in the study of the influence of 

a history of injury to the incidence of 

Leptospirosis are the use of PPE and 

treatment, this is necessary to determine the 

effect that actually occurs in the target 

population. 
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