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ABSTRACT
Background: The high prevalence of leptospirosis in humans is of great public health concern, particularly in tropical and
subtropical regions.
Objective: This study aimed to determine the seroprevalence of leptospiral antibodies and the distribution of serovars in livestock
breeders and farmers in Golestan province.
Methods: Seventy samples of serum collected from farmers and ranchers suspected of leptospirosis were examined using an
ELISA method for surveying Immunoglobulin M (IgM) anti-leptospiria. Also from samples, DNA was extracted and PCR was
performed using by primers for 16s rRNA. Demographic properties of positive patients were analysed.
Results: Chi-square statistical test shows a statistically significant difference between the gender and prevalence leptospirosis
(p-value = 0.004). Also, by examining the age, it was shown that 68.57% of patients are in the middleaged rang. According to
the results obtained from the study and investigation of blood serum IgM-and Immunoglobulin G (IgG) in people suspected of
leptospirosis, 3 cases of the patients had IgM higher than 11 and were known to be positive for leptospirosis. Also, by examining
the IgG level of patients, 5 cases had intermediate results, and 2 cases were found to be positive for IgG. The PCR results showed
that 41.42% of patients tested positive for the 16s rRNA.
Conclusion: Leptospirosis is a common disease among farmers, and in Golestan province, considering traditional farming
methods, it is considered an important infectious disease. Therefore, health and safety measures should be expanded to control
and prevent this disease. Also, by employing mechanised agricultural methods, the prevalence of leptospirosis in this region can
be significantly reduced.
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1 Introduction

Leptospirosis is a potentially fatal bacterial infection recognised
as an emerging zoonotic spirochetal disease and has major
impacts on both humans and animals (Harran et al. 2022; Haake
and Levett 2015). The disease is also considered as a re-emerging
global public health issue of worldwide importance, especially
in tropical and subtropical countries (Md-Lasim et al. 2021). The
exact number of human cases in the world is not precisely known
because of the lack of surveillance data worldwide. This disease is
caused by pathogenic spirochetes from the family Leptospiraceae
and from the genus Leptospira. The death rate of this disease
reaches more than 20%–25% in some areas (Cilia et al. 2021;
Md-Lasim et al. 2021).

The genus Leptospira is divided into two species, Leptospira
introgans (pathogenic) and L. biflexa (non-pathogenic), whose
pathogenic species cause disease with various clinical symptoms
in humans and animals (Becirovic et al. 2020). This disease is
considered an occupational disease due to direct transmission
from animals to humans, and people such as slaughterhouse
workers, farmers, livestock farms, veterinarians and veterinary
students who are exposed to direct contact with animals are
more at risk than others. Occupational contact covers 30%–
50% of human cases of leptospirosis (Becirovic et al. 2020;
Cook et al. 2017). This disease is one of the most important
infectious diseases shared between humans and animals, which
has various clinical symptoms. Rapid diagnosis of this disease
is very important because only early treatment is effective, and
delay in treatment leads to numerous and serious complications,
especially in the kidney, and can lead to the death of the patient
(Ellis 2015).

Leptospira are excreted from the blood in the first days of the
disease and from the urine after about 14 days. Isolation using
a specific culture medium requires 6 to 14 days and in some
cases up to 5 weeks. The serological response usually occurs
5 to 7 days and sometimes up to 10 days or more after the
onset of the disease (Ridzuan, Aziah, and Zahiruddin 2016).
Specific Immunoglobulin M (IgM) against surface antigens anti-
Leptospira can often be detected in the blood from the sixth day,
but Immunoglobulin G (IgG) appears 2 weeks after the beginning
of the infection and lasts for months (Sahimin et al. 2019). Using
of serological methods such as ELISA, which is a method with
quantitative and qualitative tests used to detect antibodies in
serum, and is a useful method for screening, which is useful
and very sensitive in seroepidemiological studies of leptospirosis
(Hartskeerl, Collares Pereira, and Ellis 2011; Sahimin et al. 2019;
Vernel-Pauillac et al. 2021). Maintaining the purity and stability
of the antigenic composition of Leptospira spp. reference strains
are crucial for accurate leptospirosis diagnosis. Sequencing the 16s
rRNA gene is a reliablemethod for themolecular characterisation
of bacterial species, including Leptospira spp. (Baimova et al.
2023).

Since the rapid diagnosis of this disease can help in the
prevention of the disease and has a significant role in the
health of society, therefore the purpose of this research is to
determine the frequency of anti-Leptospira antibodies in the
serum samples of farmers and ranchers working in Golestan
province.

2 Materials andMethods

2.1 Study Design and Population

A cross-sectional study was conducted in 2019 in the
Golestan province in the northeast region of Iran. The
study was granted ethical approval by the Research and
Ethics Committee at Golestan University of Medical Sciences
(IR.GOUMS.REC.1399.018). All the farmers involved voluntarily
signed the informed consent form after they were given a detailed
explanation about the procedure and adequate time to decide.
There are not any included and excluded criteria for this study.
Also, a questionnaire form was designed that included some
demographic and job information that was provided to the
people.

2.2 Blood Samples and Serologic Tests

Venous blood samples were tested for the presence of antilep-
tospiral antibodies using the ELISA method following standard
methods (Ridzuan, Aziah, and Zahiruddin 2016; World Health
Organization 2007).

The EDTA whole blood was centrifuged at 3000 rpm for
5 min to obtain plasma. 10 µL of the plasma was used for
IgM ELISA to detect anti-leptospiral antibody, while about
200 µL of plasma was used for DNA extraction and subsequent
detection. ELISA was carried out using the automated set of
analyser Washer 470 and Reader 270 (BioMérieux) and the
Leptospira IgM ELISA kit, EIA-4715 (DRG International Inc).
None of the plasma samples were excluded from ELISA analysis
because of anticipated interference due to sample properties
(cloudy lipemic samples) or too little volume to proceed with
DNA extraction. The procedure was performed and interpreted
according to the manufacturer’s instructions. For IgM ELISA,
all the samples were run in duplicates and checked whether
the replicates gave the same cutoff result. Besides the reading
OD by machine, the wells were checked visually with reference
to positive and negative control against a white background
and the intensity of color formed graded according to the kit
insert.

2.3 Extraction DNA and PCR

DNA was extracted from the plasma using the QIAamp DNA
Mini, 250 (Qiagen), following the manufacturer’s protocol. Inter-
nal positive and negative control samples were included in each
batch of DNA extraction procedure and PCR. In this study, a pair
of primers specific to 16s rRNA gene of the Leptospira pathogenic
was used, amplifying fragments of 650 nucleotides in length
(Hartskeel et al. 2001; Honarmand, Khoramizadeh, and Eshraghi
2009) (Tabe 1).

2.4 Statistical Analysis

Data were entered and analysed using IBM SPSS version 22. All
continuous variables were described using means and standard
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TABLE 1 Primer sequences and PCR conditions for amplification of 16s rRNA gene.

Target Primer (5’- 3’) Program PCR Ref

16s rRNA gene F: GAATCTCTCTTTTGATCTTCG-
R: GAGTTAGAGCTCAAATCTAAG

Initial denaturation 7 min
Denaturation phase 60 s

Annealing phase 60 s. 35 cycle
Extension phase 90 s
Final extension 10 min

Hartskeel et al. (2001),
Honarmand,

Khoramizadeh, and
Eshraghi (2009)

deviations. Frequencies and percentages were presented for
categorical variables. Seroprevalence of leptospirosis was
described with a 95% CI. The difference between categories was
considered statistically significant when the p-value was less
than 0.05 (Table 1).

3 Results

The frequency of participants in the study is different in terms
of gender, and male gender constitutes 67.14% of the subjects
under study, and the chi-square statistical test shows a statistically
significant difference between the participants’ gender (p =
0.004).

Also, by examining the age of the subjects, it was shown that
most of them are in the middle-aged age range (68.57%) and the
chi-square test showed two statistically significant differences
between the ages of the people suspected of leptospirosis (p <

0.001).

In relation to the education level, 88.57% of the participants
were illiterate, and their literacy level was below diploma, which
indicated that people suspected of leptospirosis had a lower
literacy level. By examining the frequency of underlying diseases
in the patients, it was found that 18.57% of the participants had
underlying diseases. And in this sense, the underlying disease
cannot play a role in the occurrence of symptoms suspected of
leptospirosis. It was also shown that suffering from suspected
leptospirosis is related to the number of years of working in
agriculture, and its prevalence in people with less than 5 years
of experience is 24.29%, and in people with 5 to 10 years of
experience, is 34.29%. And it was equal to 34.29% in people with
10 to 15 years of experience. However, there was no statistically
significant difference between the study participants in terms of
residence and type of agricultural land (p< 0.05) as mentioned in
(Tables 2 and 3).

According to the results obtained from the study and investigation
of blood serum immunoglobulin M and G in people suspected
of leptospirosis, 3 cases (4.29%) of the patients had IgM higher
than 11 and were known to be positive for leptospirosis. Also,
by examining the IgG level of patients, 5 cases (7.14%) had
intermediate results, and 2 cases (2.86%) were found to be positive
for IgG (Figure 1).

Among 70 samples of patients, 29 samples had a specific and
positive band, and the remaining samples did not have any bands
(Figure 2).

TABLE 2 Demographic characteristics of suspicious patients to
leptospirosis.

Variable Subgroups
Abundance

(%) p-value

Gender Male 67.14 0.004
Female 32.86

Age Teenager 0 >0.001
Young 20

Middle-aged 68.57
Oldster 11.43

Educational
degree

Illiterate 7.14 >0.001
Under diploma 81.43

Diploma 7.14
Associate degree 4.29

Habitat City 44.29 0.339
Village 55.71

Underlying
disease

Yes 18.57 >0.001
No 81.43

Number of
occupation
year

Less than 5 24.29 0.003
5–10 34.29
10–15 34.29

More than 15 7.14
Type of
agriculture
land

Rice field 54.29 0.473
Non-rice field 45.71

4 Discussion

Leptospirosis is a potentially fatal bacterial infection. This disease
is considered an occupational disease due to direct transmission
from animals to humans. The use of serological methods such as
ELISA, which is a method with quantitative and qualitative tests
used to detect antibodies in serum, is a useful method for screen-
ing, which is useful and very sensitive in seroepidemiological
studies of leptospirosis. The current study is a type of descriptive
and analytical study, and while investigating the prevalence of
leptospirosis in rice farmers in the province and subordinate
cities, we investigated the underlying factors and risk factors of
leptospirosis.

In studies conducted in Iran and the world, the prevalence of
Leptospira has been investigated. The prevalence of Leptospira
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TABLE 3 Frequency of risk factors in subjects under study.

Abundance (%) Abundance Subgroups Variable

35.71 25 Never Have you ever entered a paddy field with
bare feet?

Have you ever drank paddy field water?
Have you ever washed your hands and face

with paddy field water?

44.29 31 Sometimes (less than once a
week)

20 14 Always (more than once a week)
68.57 48 Never Have you ever washed your dishes with

paddy field water?
Have you ever washed your clothes with

paddy field water?

27.14 19 Sometimes (less than once a
week)

4.29 3 Always (more than once a week)
44.29 31 Never Have you ever entered a paddy field with

bare feet?
Have you ever drank paddy field water?

Have you ever washed your hands and face
with paddy field water?

44.29 31 Sometimes (less than once a
week)

11.43 8 Always (more than once a week)
55.71 39 Never Have you ever washed your dishes with

paddy field water?
Have you ever washed your clothes with

paddy field water?

40 28 Sometimes (less than once a
week)

4.29 3 Always (more than once a week)
58.57 41 never Have you ever entered a paddy field with

bare feet?
Have you ever drank paddy field water?

Have you ever washed your hands and face
with paddy field water?

35.71 25 Sometimes (less than once a
week)

5.71 4 Always (more than once a week)
57.14 40 Never Have you ever washed your dishes with

paddy field water?

FIGURE 1 The result of leptospirosis IgG and IgM test in farmers.

serovar Harjo and Gripotyphoza by Ebrahimi et al. is the highest
and the lowest prevalence, respectively. In addition, the level of
pollution inwomen is reported to be higher than inmen. The high
prevalence of leptospirosis in nomadic women is probably due to
their hardwork such as farming and animal husbandry, while our
study shows a high level of pollution in males (Ebrahimi, Nasr,
and Kojouri 2004). Leptospirosis has been documented among

slaughterhouse workers globally. Risk factors include smoking
and drinking on the job, as well as performing tasks like cleaning
offal. Cook et al. found that the seroprevalence of antibodies to
Leptospira spp. was 13.4%. Identified risk factors included having
wounds, smoking, eating at work, cleaning offal, and using a
borehole for personal water. At the slaughterhouse level, risk
factors included having a roof and drawing water from a well
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FIGURE 2 Amplification of 16s rRNA gene in leptospirosis isolates.
Lane M: 100 bp plus DNA ladder; Lanes 1–7: 16s rRNA amplicons of
leptospirosis isolates; Lane 8: negative control.

(Cook et al. 2017). The prevalence rate of Leptospira serovars in
this study is different from our results, although the results in
this study and the results obtained in our survey indicate a high
prevalence of Leptospira serovars.

Ellis et al. investigated the prevalence of leptospirosis in high-risk
groups in India, and out of 25 samples of rural farmers, 8 cases
(32%) were reported to be positive for leptospirosis (Ellis et al.
2015). Brockman et al. in Germany showed that people in water
sports (especially swimming) are susceptible to leptospirosis
and determined that the most common way of leptospirosis
transmission of these athletes is through wounds (Brockmann
et al. 2010). In another study, Ridzuan et al. revealed that a high
prevalence of leptospiral antibodies was found among oil palm
plantation workers, particularly among fruit collectors. The most
common infecting serovar identified in theseworkers was serovar
Sarawak. Also, the total seroprevalence of leptospiral antibodies
was 28.6% (Ridzuan, Aziah, and Zahiruddin 2016). Based on
the results above and the current study, it was determined that
the prevalence of antibodies in this study (6.89%) is lower than
in other studies, with most reports indicating negative results
among the participants in the study.

Another study in France shows that the epidemic condition of
leptospirosis changes under different weather conditions. Also,
a severe form of hepatonephritis was reported in the north of
France, which was caused by drinking water contaminated with
leptospirosis (Sahimin et al. 2019).

Hope et al. conducted a study that revealed that the prevalence of
anti-leptospiral IgM among neonates, as determined by ELISA,
was 4.3%. All affected neonates presented with lethargy and poor
feeding. Additionally, no pathogenic Leptospira species DNAwas
detected using qPCR (Hope et al. 2022). In the conducted study,
results showed that 29 out of 70 patients tested positive for the 16s
rRNA gene. Additionally, the ELISA results indicated that 4.29%
of the patients had IgM levels above 11 and were diagnosed as
positive for leptospirosis. Additionally, 10% of the farmers tested
positive for IgG, indicating past infection and the development of
immunity in their bodies.

The study conducted by Samsudin et al. revealed that sero-
prevalence of leptospirosis among healthy workers was 46.3%.
Detection of seropositivity was higher by MAT (46%) than ELISA
(15%). We observed high seropositivity among local workers
(49%), food handlers (49.5%), females (60.8%) and those aged
34 years and older (46.3%). The workplace places susceptible
individuals at risk of leptospirosis (Samsudin et al. 2018). Chin-
tana et al. (2014) reported that sera from some patients can
react with more than one serovar. This finding could be due
to cross-reaction among various serovars by different exposure
times. The highest antibody titer we found was 1 > 1600 for
serovar Patoc, in an 18-year-old food handler. The ELISA result
also showed the highest optical density (OD) for both IgM and
IgG antibodies, indicating that he may have had a true infection
although there was no sign or symptoms of leptospirosis during
the study period. The results of this study showed that suspected
leptospirosis infection was associated with the number of years
engaged in farming. The prevalence rate was 29.24% among those
with less than 5 years of experience, 34.29% among those with
5 to 10 years of experience, and 34.29% among those with 10 to
15 years of experience. Also, males constituted the most of the
individuals in the study. The chi-square statistical test indicated
a significant statistical difference between the genders of the
participants.

Leptospirosis is a widespread zoonotic disease that affects mul-
tiple organs in humans and can result in a range of clinical
outcomes. Prasad Dahal et al. reported that 178 serum samples
from patients suspected of leptospirosis were tested using the
Panbio IgM ELISA at the National Public Health Laboratory in
Kathmandu. Among these, 51 samples (28.65%) were positive
for the anti-Leptospira IgM antibody. Leptospirosis was more
prevalent among individuals in their 20s and 30s, who made up
56.86% of the total positive cases. Themajority of thosewho tested
positivewere farmers, followed by students and housewives. Both
animal and water contact appeared to significantly contribute to
disease transmission. The symptoms were non-specific, with the
most common being fever, headache, muscle pain, abdominal
pain, vomiting, jaundice and diarrhoea (Prasad Dahal et al.
2016). In line with the results of the above study, the results
of this study also showed that the frequency of IgM antibodies
in patients is higher, compared to IgG, but the frequency is
lower, compared to the previous study, as a larger population was
examined.

5 Conclusion

The use of serological methods such as ELISA, which is a
method with quantitative and qualitative tests used to detect
antibodies in serum, is a useful method for screening, which
is useful and very sensitive in seroepidemiological studies of
leptospirosis, and it can also be used for initial screening.
It is possible to prevent the disease by raising awareness
and training people at risk and personnel in the health and
treatment system of the region, preventing human contact
with contaminating things and vaccinating livestock and ani-
mals, and in case of diagnosis, quick and timely treatment is
possible.
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