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 Background: The risk factors for infection with leptospirosis in Iran have never been studied. We aimed 
to determine the risk factors of leptospirosis and the epidemiological pattern of this disease in Golestan 
Province, Iran during 2011-2017. 

Study design: A case-control study. 

Methods: This case-control study was performed on the population of patients diagnosed with 
leptospirosis. Controls were selected from the residents of Golestan province, northern Iran and were 
matched with the cases for gender, age group, and place of residence. After coding the data collected 
in checklists, the analysis was performed in SPSS using independent t-test, logistic regression, 
contingency tables, and Fisher exact test. 

Results: Eighty-seven cases were diagnosed infected with leptospirosis. Most patients were male 
(69.0%) and residents of rural areas (82.7%). The three leading risk factors for leptospirosis were 
exposure to stagnant rice paddy water while having a skin scratch/injury (OR=11.21, 95% CI: 3.02, 
43.06), washing the face with stagnant rice paddy water (OR=11.33, 95% CI: 5.12, 25.01), and sighting 
of rats or rat nest in rice paddies (OR=3.30, 95% CI: 1.01, 11.62). 

Conclusion: For farmers working in stagnant and muddy waters of rice paddies, occupational protection 
measures such as wearing waterproof boots, gloves, support, and socks can reduce the chance of 
infection with leptospirosis. Health education of the people with susceptible occupations about the 
transmission and prevention methods can also play a key role in controlling this disease. 
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Introduction

eptospirosis is an infectious disease caused by 

pathogenic bacteria called Leptospira1. It is among the 

most common and most widely spread zoonotic 

infections in the world. This infection can occur upon direct or 

indirect exposure to contaminated animals or their urine, 

especially in areas with alkaline soil and favorable climatic 

conditions2-4. These features may be able to explain the 

significant increase recently seen in the incidence of this 

disease in the north of Iran. 

Leptospirosis is also known as Weil’s disease, Cane-Cutter 

fever, Rice-Field fever, Mud fever, Canicola fever, and 

Harvest fever depending on the location. The primary sources 

of leptospirosis are cows, horses, dogs, cats, pigs, rats, and 

other rodents. However, wild animals such as deer, squirrel, 

fox, weasel, and raccoon, and even marine mammals such as 

sea lion, and reptiles and amphibians (frogs) may also be 

infected 5. 

The most important source of Leptospirosis is the urine of 

affected animals. Leptospira interrogans are able to survive 

for months in the proximal renal tubule of infected animals 

without causing any clinical symptoms and spread from there 

through urine 6. Herbivores that have alkaline urine spread 

more Leptospira than those with acidic urine (such as dogs). 

Infections in humans are usually caused by direct skin contact, 

particularly through scratches, and also through the mucosa of 

the mouth while ingesting the contaminated meat, through 

contact with the mucosa of the eye, nose, and vagina, and 

respiration of the infected aerosols. Swallowing water while 

swimming increases the chance of infection. Human to human 

transmission of leptospirosis is rare 7, 8. 

Most cases remain mild usually with acute symptoms in 

the form of headache, muscle ache, fever and chills, nausea, 

vomiting, and abdominal pain, which lasts for 4 to 7 days. The 

nonicteric form of the disease is rarely fatal 7-9. Major 
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leptospirosis epidemics occurred in Nicaragua in 1995 (with 

high mortality rates), and in India, Singapore, Thailand, and 

Kazakhstan in 1997 and 1998 6-10. 

If properly diagnosed and treated, leptospirosis has a 

mortality rate of less than 1%, with higher rates for more 

advanced cases. The prognosis of the disease depends on the 

virulence and the general condition of the patient but is 

generally favorable. The elderly, pregnant women and people 

with severe jaundice or renal dysfunction have higher 

mortality rates11. 

Leptospirosis can be diagnosed by testing blood or serum 

levels for Leptospira-specific antibody at least five days after 

the onset of clinical symptoms. The gold standard for 

diagnosis of leptospirosis is the Microscopic Agglutination 

Test (MAT). ELISA test of serum IgG and IgM levels can also 

provide highly accurate diagnosis12. The DNA test based 

methods can also be useful in the diagnosis of leptospirosis13. 

In most parts of the world, the prevalence of leptospirosis 

is very low, but many cases of the disease remain undiagnosed 

and unreported. Farmers, sewage workers, veterinarians, 

slaughterhouse workers, fishermen, livestock farmers, and 

miners are the groups most exposed to this disease. People who 

sail and swim in infected waters are at also at the risk of getting 

Leptospirosis 14. 

Risk factors for leptospirosis vary with the country. In 

France, for example, canoeing is the most important risk 

factor15. In Germany, people who work in the forestry industry 

or have pet mice are most likely to get Leptospirosis16. In 

Thailand, however, farming jobs that involve walking and 

working in paddy fields (barefooted) are the main factor of the 

disease17. 

Leptospirosis is endemic in the north of Iran, in the 

provinces of Gilan, Mazandaran, and Golestan 18. The health 

system personnel have little information about this disease. 

Leptospirosis may become a serious threat against public 

health in the future if it is left unattended. According to the 

survey, risk factors of leptospirosis infection have not yet been 

measured in Iran. Given the importance of Leptospirosis, the 

findings of this study can contribute to the promotion of public 

health in this region. 

Methods 

This research was designed in the form of an analytical 

population-based case-control study. The cases were the 

patients diagnosed with leptospirosis in Golestan Province 

(Iran) from the beginning of Apr 2011 to the end of Mar 2017. 

The diagnosis confirmation criteria were the culture samples 

or PCR testing positive or IFA titer is equal to or greater than 

1.80. 

For each case, one person from the population of Golestan 

Province was selected as control. Golestan Province with an 

area of 22033 km2 is located on eastern north of Iran. It is 

characterized by various climates and climate diversification. 

As a whole, this province climate is categorized as 

Mediterranean mild and humid climate. 

The exclusion criterion for the controls was infection with 

leptospirosis in the past or at the time of the study. All controls 

were matched with the cases for gender, age group (0-10, 20-

10, 20-30, 30-40, 40-50, 50-60, 60-70, and >70), and place of 

residence (required to be within 500-m radius). The total 

number of leptospirosis cases recorded at the health centers of 

Golestan Province during the 2011-2017 period was 142. Of 

these, 89 cases confirmed diagnosis (by PCR, IFA, or cultures 

testing positive) were selected for the study. Two patients were 

excluded because of inaccessibility. 

After preparing the list of patients and obtaining their home 

addresses, they were interviewed in person and the checklist 

of risk factors was completed. The checklist is organized in 4 

pages, in which 72 variables included regarding the risk factors 

of leptospirosis infection. The questions include variables such 

as people residential information, their jobs, the history of 

being contacted to stagnant water, the history of any skin 

injuries, any contact with animals, etc. While visiting the 

cases, the demographic data of the neighbors were also 

collected and examined to choose the control subjects. The 

checklist of risk factors for controls was also completed. From 

each control, 4 cc of blood sample was collected and 

immediately transferred to the laboratory while maintaining 

the cold chain. In the laboratory, at least 1.5 ml of the serum 

was isolated and frozen at -35 °C for later tests. All cases and 

controls were asked to provide written consent. 

After collecting samples from 11 cities of Golestan 

province and transferring them to the reference laboratory at 

Gonbad-e Kavous Health Center, agglutination test was 

performed using the Rapid Test Kit manufactured by Pars 

Faravard Co. (approved by the Reference Health Laboratory 

of the Ministry of Health of Iran). Among the controls, 4 tested 

positive for leptospirosis and excluded. The excluded controls 

were replaced with negative controls with similar 

characteristics. After coding the checklist data, the collected 

information was entered into the SPSS (ver.16, Chicago, IL, 

USA) for analysis. Data analysis was performed using logistic 

regression, independent t-test, contingency tables, Fisher exact 

test, and odds ratio calculation. 

The mathematical formulation of this regression model 

was estimated as follows. 

𝑙𝑛
p

1 − p
= −1 +  2X1 +  2X2 +  2X3 =  f(x) 

Risk probability P =
𝑒f(x)

1+𝑒f(x) =  
𝑒−1 + 2X1 + 2X2 + 2X3 

1+𝑒−1 + 2X1 + 2X2 + 2X3   

Probability of infection P=Pr (y=1) 

Results 

The total number of patients was 87 and they were 

distributed over 11 counties of Golestan province. Controls 

were matched with the cases for age group, gender (male, 

female) and place of residence (neighborhood). 

Among patients, the demographic classes with the highest 

frequencies were male (69%), residence in rural areas (82.7%), 

age groups of 31-40 and 41-50 (25.2% each), and Persian 

ethnicity (55.2%). The age group with the least frequency was 

10-20 yr (2.3%). The counties of Gorgan (36.7%) and 

Galikesh (1.2%) had the highest and lowest frequency of 

patients, respectively. The level of education seems to be 

related to the incidence of leptospirosis, as grade school 

education was most frequent (37.9%) and bachelor’s degree 

was least frequent (3.4%) among patients. 

Geographic location (place of residence) of the subjects 

could not be analyzed as a risk factor, because each case was 

matched with one control living in the vicinity. From the 72 
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risk factors and independent variables studied, logistic 

regression test (Table 1) found rice farming occupation 

(OR=12.89, 95% CI: 5.46, 30.44), working in wet 

environment (OR=7.65, 95% CI: 3.58, 16.35), daily sighting 

of rats, rat droppings, and rat nests in the residence (OR=3.61, 

CI=1.14, 11.35), washing the face with stagnant rice paddy 

water (OR=11.83, 95% CI: 3.74, 37.43) , and exposure to 

stagnant rice paddy water while having a skin scratch/injury 

(OR=18.00, 95% CI: 5.00, 60.00) as the factors with the 

highest risk. No interaction was found between farming 

occupation, rat sighting, washing the face with rice paddy 

water, and exposure to rice paddy water while having an 

injury. 

Table 1: Risk factors for infection with leptospirosis in Golestan province (2011-2017) 

Variables Cases Controls OR (95% CI) P value 

Adjusted OR 

(95% CI) P value 

Occupation       

Farmer (rice) 69 22 11.36 (5.57, 23.01) 0.001 12.89 (5.46, 30.44) 0.001 

Farmer (other crops) 37 23 2.05 (1.08, 3.89) 0.038 1.48 (0.67, 3.29) 0.329 

Work environment       

Wet working environment 71 31 8.01 (3.99, 16.10) 0.001 7.65 (3.58, 16.35) 0.001 

Sighting of rats (at least once a week) 18 5 4.27 (1.51, 12.11) 0.006 0.98 (0.45, 2.12) 0.963 

Presence of livestock at work 31 19 1.98 (1.01, 3.87) 0.065 1.41(0.65, 3.06) 0.375 

Residence environment       

Sighting of rats (at least once a day) 15 5 3.41 (1.18, 9.86) 0.030 3.61 (1.14, 11.35) 0.028 

Exposure to natural water       

Swimming 23 12 2.24 (1.03, 4.86) 0.058 1.92 (0.58, 6.38) 0.284 

Washing the face 69 18 14.69 (7.05, 30.60) 0.001 11.83 (3.74, 37.43) 0.001 

skin scratch/injury 34 3 17.96 (5.25, 61.42) 0.001 18.00 (5.00, 63.00) 0.001 

Exposure to animals       

contact with dogs  36 21 2.21 (1.15, 4.25) 0.023 1.18 (0.61, 2.28) 0.606 

Contact with livestock  16 4 4.67 (1.49, 14.62) 0.008 1.41 (0.65, 3.06) 0.375 
 

The highest risk ratio was related to exposure to stagnant 

rice paddy water while having a skin scratch/injury. Washing 

the face with other sources of water such as spring water, 

running river water, and pool water were not recognized as a 

risk factor for leptospirosis. Moreover, no significant 

relationship was found between leptospirosis and the source of 

drinking water and dietary habits. 

Of the four independent variables examined as preventive 

factors (Table 2), only wearing boots when exposed to 

stagnant rice paddy water (OR=0.07, 95% CI: 0.02, 0.22) had 

such effect. In fact, not wearing boots when exposed to this 

water corresponds to 13 times increase in the chance of 

infection with leptospirosis. 

Table 2: Risk factors and preventive factors for infection with leptospirosis in Golestan province (2011-2017) 

Risk factor Cases Controls OR (95% CI) P value 

Adjusted OR 

(95% CI) P value 

Wearing normal shoes 43 71 0.22 (0.11, 0.43) 0.001 0.92 (0.52, 1.61) 0.772 

Wearing sandals/slippers 31 64 0.19 (0.10, 0.38) 0.001 0.89 (0.48, 1.35) 0.622 

Wearing boots 16 66 0.07 (0.03, 0.14) 0.001 0.07 (0.02, 0.20) 0.001 

Wearing gloves 18 52 0.17 (0.09, 0.34) 0.001 1.15 (0.37, 3.60) 0.804 

 

After using the backward conditional method to examine 

the statistically significant variables to find the best model, 

exposure to stagnant rice paddy water while having a skin 

scratch/injury (OR=11.21, 95% CI: 3.02, 43.06), washing the 

face with stagnant rice paddy water (OR=11.33, 95% CI: 5.12, 

25.01), and sighting of rats or signs of rats (OR=3.30, 95% CI: 

1.01, 11.62) are the optimized risk factors for infection with 

leptospirosis (Table 3). 

Table 3: Comparison of the optimized risk factors for leptospirosis in Golestan province (2011-2017) using the logistic regression model 

 

X Variables 

Regression 

coefficient (β) OR (95% CI) P-value 

X3 Sighting of rats, rat droppings, and rat nests (at least once a week) in work environment 1.2 3.30 (1.01, 11.62) 0.001 

X2 Washing the face with rice paddy water 2.4 11.33 (5.12, 25.01) 0.001 

X1 Exposure to stagnant rice paddy water while having a skin scratch/injury 2.4 11.21(3.02, 43.06) 0.001 

 

Discussion  

This study is the first to investigate the risk factors for 

human leptospirosis in Iran. In this study, the prevalence of 

leptospirosis in Golestan Province, Iran (for the 2011-2017 

period) was estimated at less than 1 per 100,000 population 

(0.76). 

Each year, nearly one million people get severe 

leptospirosis and 60,000 people die from this infection. In 

1998, the prevalence of this disease in France was 0.44 per 

100,000 population19. 

Risk factors for leptospirosis vary with the country. A 

nation-wide study conducted in France in 2000 found that 

canoeing (OR=15.5) and exposure of skin scratch/injury to 

stagnant water (OR=7) were the leading risk factors for this 

disease15. The results of the present study also suggested that 

having skin injuries in the lower limbs can be considered a 

major risk factor for getting this infection from contaminated 

waters. 

In Germany, contact with pet rats (RR=13.89) and forestry 

occupation (RR=9.2) were reported as the most important risk 

factors for leptospirosis16. In Iran, leptospirosis is enzootic in 
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the rodent population of the Northern provinces 20. Given the 

high rates of infection in rodents, considered the primary 

source of this disease, the risk of transfer to humans and other 

animals cannot be ignored 21. The results of this study 

indicated that the presence of rats, their droppings, or their 

nests in rice paddies increase the risk of infection with 

leptospirosis. 

In Argentina, a study for the period 1999-2005, people with 

rural occupations (OR=3.4), exposure to surface water 

(OR=2.1), and exposure to flood water (OR=4.4) had the 

highest probability of infection with leptospirosis 22. The 

results of the present study also showed that the disease is most 

frequent in rural areas (82.7%) and among rice farmers 

(75.8%) (OR=12.8). 

In northern parts of Thailand, working barefoot in rice 

fields and paddies had the highest odds ratio (OR = 7.1) for 

leptospirosis 17. Thailand and northern parts of Iran have 

similar risk factors for leptospirosis. Perhaps, this similarity is 

due to the similarity of ecological and climatic conditions, but 

more likely, it can be attributed to the presence of vast rice 

fields, farmers being accustomed to risky work habits 

(working barefooted in rice paddies), and also the presence of 

large sources of the disease. 

Contact with livestock and animals such as dogs increase 

the risk of leptospirosis by 4 and 2 times, respectively. This is 

notable because previous studies and seroepidemiologic 

investigations in Golestan have reported numerous cases of 

infection with leptospirosis in livestock of this area 23. 

Leptospirosis is difficult to control from a public health 

perspective. In some European countries, especially France, 

people in certain areas and occupations receive inactivated 

vaccine 15. Considering the variety of serogroups, this vaccine 

could be less effective than expected, but more research in this 

area is still needed. 

Given the retrospective nature of this study, to reduce 

information bias, the researchers tried to rely on more precise 

definitions of exposure with more emphasis on being tangible 

and objective. Moreover, the information contained in the 

health records of the central health office of the province was 

used for this purpose. 

To minimize the impact of interviewer bias, the 

researcher’s defined precise standardized methods for data 

collection, provided guidelines and training for interviewers, 

and blinded them to research objectives. 

Conclusion 

Using protective equipment such as waterproof gloves, 

rubber boots, and support or socks when exposed to stagnant 

and muddy waters (especially rice fields and paddies) can 

prevent the infection with Leptospirosis. Designing new 

clothes specifically for working in these fields can also be 

helpful in this regard. Providing health education about 

transfer and prevention methods for the susceptible 

population, that is, the people highly exposed because of their 

lifestyle or occupation can also play a key role in controlling 

this disease. 

The control of rodent populations and supplementary 

measures such as vaccination of susceptible human 

population, livestock and other perissodactyla animals can be 

recommended as second-level strategies for controlling this 

infection in the areas where it could be a public health 

problem. 
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 This study is the first to investigate the risk factors for 

human leptospirosis in Iran. 

 The highest risk ratio was related to exposure to 

stagnant rice paddy water while having a skin 

scratch/injury. 

 Not wearing boots when exposed to this water 

corresponds to 13 times increase in the chance of 

infection with leptospirosis. 

References  

1. Farr WR. Leptospirosis. Clin Infect Dis. 1995; 21: 1-8.

2. Baranton G, Postic D. La leptospirose humaine en France de 1986 

a`1992. Me´d Mal Infect. 1993; 23: 499-503. 

3. Picardeau M. Leptospirosis: Updating the Global Picture of an 

Emerging Neglected Disease. PLoS Negl Trop Dis. 2015; 9: 39-

42. 

4. Picardeau M. Diagnosis and epidemiology of Leptospirosis. Med 

Mal Infect. 2013; 43(1): 1-9. 

5. Babamahmoodi F. Human Leptospirosis. Tehran: Tabib; 2009. 

[Persian] 

6. Schlichting D, Nockler K, Bahn P, Luge E, Greiner M, Muller-

Graf C, et al. Estimation of the sensitivity and specificity of a 

Leptospira spp. in-house ELISA through Bayesian modelling. Int 

J Med Microbiol. 2015; 305(7): 756-1. 

7. Tabatabaei M, Zahraei M, Ahmadnia H, Ghotbi M, Rahimi F. 

Principles of disease prevention and surveillance. Tehran: Rooh 

Ghalam; 2008. [Persian] 

8. Guerra B, Schneider T, Luge E, Draeger A, Moos V, 

Loddenkemper C, et al. Detection and characterization of 

Leptospira interrogans isolates from pet rats belonging to a 

human immunodeficiency virus-positive patient with 

Leptospirosis. J Med Microbiol. 2008; 57(Pt 1): 133-5. 

9. Hartskeerl R, CollaresPereira M, Ellis W. Emergence, control and 

reemerging Leptospirosis: dynamics of infection in the changing 

world. Clin Microbiol Infect. 2011; 17(4): 494-501. 

10. Santé Publique France. Conseil Supe´rieur d’Hygie`ne Publique 

de France. 2018 [cited 11 August 2018]; Available from: 

http://www.invs.sante.fr. 



5 / 5 Ebrahim Sahneh et al 

 

JRHS 2019; 19(2): e00449 

11. McGovern LM, Boyce TG, Fischer PR. Congenital infections 

associated with international travel during pregnancy. J Travel 

Med. 2007; 14(2): 117-28. 

12. Babamahmoodi F, Motamed N, Mahdavi MR. 

Seroepidemiological study of Leptospirosis in Ghaemshahr, 

Mazandaran province-Iran. J Mazandaran Uni Med Sci. 2006; 

16(53): 51-6. 

13. Robert Koch Institut. SurvStat@RKI 2.0: Web-based query on 

data reported under the German 'Protection against Infection Act'. 

2018; [cited 11 August 2018] Available from: 

https://survstat.rki.de. 

14. Jansen A, Schoneberg I, Frank C, Alpers K, Schneider T, Stark 

K. Leptospirosis in Germany, 1962–2003. Emerg Infect Dis. 

2005; 11(7): 1048-54. 

15. Nardone A, Capek I, Baranton G, Campese C. Risk factors for 

leptospirosis in metropolitan France: results of a national case-

control study, 1999–2000. Clin Infect Dis. 2004; 39(5): 751-3. 

16. Brockmann S, Ulrich L, Piechotowski I, Wagner‑Wiening C, 

Nöckler K, Mayer‑Scholl A, Eichner M. Risk factors for human 

Leptospira seropositivity in South Germany. SpringerPlus. 2016; 

5: 1796. 

17. Tangkanakul W,Tharmaphornpil P, Plikaytis B, Bragg S, 

Poonsuksombat D, Kingnate D, Ashford D. Risk Factors 

associated with Leptospirosis in Northeastern Thailand, 1998. 

Am J Trop Med Hyg. 2000; 63(3, 4): 204-8. 

18. Rahimi F, Vand Yousefi J, Moradi Bidhendi S, Bouzari M. 

Leptospirosis in the rural areas of Guilan province (2004-2005). 

Journal of Kermanshah University of Medical Sciences. 2007; 

2(33): 197-205. [Persian] 

19. Costa F, Hagan JE, Calcagno J, Kane M, Torgerson P, Martinez-

Silveira MS, et al. Global Morbidity and Mortality of 

Leptospirosis: A Systematic Review. PLoS Negl Trop Dis. 2015; 

9(9): e0003898. 

20. Rafiei A , Hedayati Zadeh-Omran A , Babamahmoodi F, 

Alizadeh Navaei R , Valadan R. Review of Leptospirosis in Iran. 

J Mazand Univ Med Sci. 2012; 22(94): 114-25. [Persian] 

21. Esfandiari B, Pourshafie MR, Gouya MM, Khaki P, Mostafavi E, 

Darvish J, et al. An epidemiological comparative study on 

diagnosis of rodent Leptospirosis in Mazandaran Province, 

northern Iran. epiH. 2015; 37: e2015012. 

22. Vanasco NB, Schmeling MF, Lottersberger J, Costa F, Ko AI, 

Tarabla HD. Clinical characteristics and risk factors of human 

Leptospirosis in Argentina (1999–2005). Acta Tropica. 2008; 

(107): 255-8. 

23. Sakhaee E, Detection of Leptospiral antibodies by microscopic 

agglutination test in north–east of Iran. Asian Pac J Trop Biomed. 

2011; 1(3): 227-9. 

 


