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A B S T R A C T

Leptospirosis is an important zoonotic bacterial disease caused by Leptospira spp. Earlier studies from North
Khorasan province (Iran) reported the presence of Leptospira in wild canines and rodents. To date, there is no data
on the seroprevalence of leptospirosis among humans in this province. This study was performed to determine the
prevalence of human leptospiral infection among people with different occupations. The study was conducted in
urban and rural areas of the province. Among the serum samples collected from 278 subjects, 3 (1.1%) showed
positive reaction with titer of 1:100 by the microscopic agglutination test (MAT). Positive reactions were detected
against Leptospira interrogans Canicola and L. interrogans icterohemorrhagic and all these samples were from
livestock farmers (n ¼ 3/106, 2.7%). The current study revealed that, though Leptospira infection is low in North
Khorasan province, regular monitoring of the livestock and the farmers are important.
1. Introduction

Leptospirosis is a zoonotic bacterial disease caused by different
serovars of Leptospira spp and it is one of the most important zoonotic
diseases with a worldwide distribution (Ullmann and Langoni, 2011).
The incidence of infection among humans is higher in tropical regions as
compared with people in temperate regions. Disease transmission occurs
in both developed and developing countries and human infections can
result from direct contact with infected animal or from exposure to
urine-contaminated water or soil (Abdollahpour et al., 2016; Rafiei et al.,
2012; Ullmann and Langoni, 2011). Due to nonspecific signs and clinical
symptoms, leptospirosis often remains unrecognized. Zoonotic infections
including leishmaniasis and leptospirosis were reported among rodents
and wild canines (fox, jackal, and wolf) in North Khorasan province, Iran
(Ab Rahman et al., 2018; Arzamani et al., 2018).

To the best of our knowledge, there has not yet been an extensive
study on the sero-epidemiology of leptospirosis among humans in the
North Khorasan Province of Iran. This study was performed to determine
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the prevalence of leptospiral infection among people with different oc-
cupations to better understand the epidemiology of the disease in the
province, especially when there is report on the presence of Leptospira
among rodents and wild canines in the region of study.

2. Materials and methods

2.1. Study area

This cross-sectional study was conducted from January to December
2018 in urban and rural areas of the North Khorasan Province which has
a temperate climate and a cold winter.

2.2. Inclusion and exclusion criteria

Adult healthy workers (aged �18 years) with the risk of contact with
animals’ fresh biological exudates (urine, feces, fetus) and environments
contaminated by those sources included in the study. Informed consent
h@nkums.ac.ir (H. Ghasemzadeh-moghaddam).
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was obtained when the workers were not pregnant, had any diseases, and
had no hospitalization records in the past six months.

2.3. Study population and blood sample collection

The current study was conducted among different occupational
groups, including those who have close contact with animals and
contaminated environment. The study subjects comprised of livestock
farmers, abattoir staff, butchers, veterinarians, rice-field workers, miners,
and sewage system workers. Since the occupational group who may have
high risk for leptospirosis were selected for the study, no further risk
factors were investigated in the present study. According to the occu-
pation and number of people living in each region, samples were
collected from 3-10 healthy individuals for each category.

A total of 278 blood samples were collected. Socio-demography such
as age, gender, and occupation of each subject was also obtained. Five ml
of blood was collected aseptically from each subject, centrifuged at 3000
g for 10 min, corresponding serum samples were stored at -20 �C in a
micro-tube. The collected sera were transferred to the Leptospira Research
Laboratory of Veterinary Research and Teaching Hospital, University of
Tehran for further analysis under cold chain management.
Table 1. Occupation of participants and their geographic distribution in North Khora

County Occupation

Livestock farmers Abattoir staff Butcher Rice worker

Bojnurd 15 10 4 11

Mane & Samalqan 15 7 3 26

Raz & Jargalan 29 1 7 0

Shirvan 7 20 14 0

Jajarm 31 3 4 0

Farouj 12 2 6 0

Total (%) 109 (39.2) 43 (15.4) 38 (13.7) 37(13.3)

Table 2. Leptospiral serovar distribution among the age groups.

Age groups Negative Serovars

Icterohae

15–29 31 0

30–44 125 1

45–59 79 0

60–74 34 1

more than 75 6 0

275 2

Table 3. Occupational distribution of leptospiral infection.

Occupation MAT

Negative

Livestock farmers 106

Abattoir staff 43

Butcher 38

Veterinarian 33

Rice worker 37

Further cases 10

Miner 5

Sewage worker 3

Total 275

2

2.4. Microscopic agglutination test (MAT)

All serum samples were subjected to MAT to determine the leptospira
exposure through antibody titers (Niloofa et al., 2015; Sakhaee et al.,
2010). The standard MAT in a duplicated format was carried out as
described before by Sakhaee and Abdollah pour (2011). A seven to ten
days culture of different serogroups of Leptospira interrogans in liquid
medium (GRA-Sina) was used as antigen. All serum samples were serially
diluted in phosphate buffer solution (PBS), starting from 1 in 50 dilution,
using 2-fold dilution (1 in 100, 200, 400, 800 and 1600). Then, 10 μL of
serum dilution was added to 10 μL of appropriate antigen in 96 well plate
and incubated at 30 �C for 90 min. Upon completion of incubation, the
sample from each well was transferred to a microscopic slide and
examined under dark-field microscope (Olympus B�50). One antigen
control and two (positive and negative) standard serum controls were
used for each 96 well plate (Sakhaee and Abdollah pour, 2011). Samples
with 50% agglutination were considered positive. All samples were
tested against nine leptospiral antigens (L. interrogans Hardjo, L. inter-
rogans Tarasovi, L. interrogans Australis, L. interrogans Icterohaemorrhagiae,
L. interrogans Pomona, L. interrogans Grippotyphosa, L. interrogans Autum-
nalis, L. interrogans Canicola, and L. interrogans Ballum).
san province.

Total No. (%)

Veterinarian Further cases Miner Sewage worker

11 0 5 3 59(21.2)

1 0 0 0 52 (18.7)

6 7 0 0 50 (18.0)

8 1 0 0 50 (18.0)

0 1 0 0 39 (14.0)

7 1 0 0 28 (10.1)

33 (11.9) 10 (3.6) 5 (1.8) 3 (1.1) 278 (100)

Total

morrhagiae Canicola

0 31

1 127

0 79

0 35

0 6

1 278

Total

Positive

3 (2.7%) 109

0 43

0 38

0 33

0 37

0 10

0 5

0 3

3 (1.1%) 278



Figure 1. Illustration of the rate of leptospiral positive reactions among humans using MAT (bold font) and ELISA (normal font) in different geographic regions
of Iran.
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2.5. Statistical analysis

The SPSS software, v. 16 was used for statistical analysis. Differences
per group were tested for significance with chi-square test with Yates
correction based on the result of a normality test. p-Values of<0.05 were
considered to be significant.
2.6. Ethical clearance

Sample collection was performed according to the rules and regula-
tions set by the Ethical Committee of North Khorasan University of
Medical Sciences (IR.NKUMS.REC.1395.426.).

3. Results

Table 1 shows data for the samples that were collected from six
different counties. The mean age of the study population was 44 � 13
years (16–80 yrs) (Table 2). Among the investigated people 84.9% (n ¼
236/278) were male and 15.1% (42/278) were female.

Serum samples reacted positively to L. interrogans Canicola,
L. interrogans Icterohaemorrhagiae and the highest frequency were detec-
ted for L. interrogans icterohemorrhagic (Table 2). In three out of 278
(1.1%) samples, a positive serological reaction was detected at a titer of
1:100 (Table 2). Two positive reactions were among female livestock
3

farmers (n ¼ 2/42, 4.7%) and one was in male (n ¼ 1/236, 0.4%). No
significant difference was observed between male and female for
acquiring the infection when chi-square statistic with Yates correction
was used (P ¼ 0.89). Positive reactions to L. interrogans Canicola and
L. interrogans Icterohaemorrhagiae was seen in 30–44 and 60–74 years old
livestock farmers (Tables 2 and 3). The above 60 years old livestock
farmer with positive reaction was female.

4. Discussion

In the current study, the serological prevalence of specific antibodies
against leptospiral antigens among different occupational risk groups
was investigated by using the reference serological methodMAT (Niloofa
et al., 2015). Using one technique may be a drawback for study when the
enzyme-linked immunosorbent assay (ELISA) increases the chance of
identification of acute infections (Niloofa et al., 2015). By the way ELISA
and MAT already illustrated the high correlation for detection of lepto-
spiral antibodies (Niloofa et al., 2015; Sakhaee et al., 2010). Prevalence
of infection (1.1%) was found to be low in comparison to other parts of
Iran where an average rate of 19.7% and 27.8% among people have been
reported in different studies by using MAT and ELISA, respectively
(Khalili et al., 2020). Among the Iranian different counties, Chahar
Mahaal and Bakhtiari province in the west, had the highest number of
seropositive cases (48 %) (Ebrahimi et al., 2003) while the lowest
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prevalence was documented in Gilan province (2%) (Noorimanesh et al.,
2016). The rate of positive reactions from the geographical regions close
to those included in the current study, by using MAT, was 15.79% in
Khorasan Razavi, in the North east (Sakhaee E and Abdollah pour, 2011)
(Figure 1). The rate of positive reactions from other places were 4.7%
(Khalili et al., 2014), 13.3% (Imandar et al., 2011), 24% (Maleki, 2014),
30% (Babakhani et al., 2016), when the same technique was used
(Figure 1).

When ELISA was used, the rate of positive reactions from the
geographical regions close to those mentioned in the current study was
14%–18% (Babamahmoodi et al., 2009) (Alikhani et al., 2016) in
Mazandaran province, followed by 10.4% in Golestan province (Javid
et al., 2012). A rate of up to 23.3% seropositivity was reported from other
parts of Iran by using ELISA (Alavi and Khoshkho, 2014), (Mobarez et al.,
2017) and (Esmaeili et al., 2016) (Figure 1).

The serological prevalence reported in the present study is much
lower when compared to several other tropical countries for example
38.5% among Indian mine workers (Parveen et al., 2016), 33.6% among
wet market workers from Kuantan, Malaysia (Ab Rahman et al., 2018),
34.8% among municipal service workers in Selangor, Malaysia (Samsu-
din et al., 2015), 15.8% among fishing communities in Tanzania (Mgode
et al., 2019). However, in the United states of America, only 2.5% of
veterinarians were reported to be serologically positive (Whitney et al.,
2009).

Low positive reaction here in comparison to other geographical re-
gion can be described by climate factors. The current study region has the
long period of cold temperature and low amount of rainfall especially
during autumn. Climatic factors play important role in acquiring lepto-
spiral infection as human and rodent activity is affected by low temper-
ature (Bi et al., 2002). Rodent activities are known to increase during by
rainy season, hot and autumnal periods (Joshi et al., 2017).

Among the Leptospira serovars tested in the current study, positive
reaction was observed for L. interrogans Canicola and L. interrogans Icter-
ohaemorrhagiaewhich is in accordance with the results reported from the
neighboring provinces Mazandran and Korasan Razavi (Babamahmoodi
et al., 2009) (Sakhaee and Abdollah pour, 2011).

In another investigation conducted to determine the existence of
Leptospira species in rodents in North Khorasan Province showed 33%
positive reaction against one or two serovars, with most prevalent sero-
var as L. Pomona and the least as Icterohemorrhagic (Darvish et al., 2016).

Farm workers, fishermen, sewage workers, miners and veterans were
found to be the highest-risk groups for leptospirosis from earlier studies
(Ab Rahman et al., 2018; Joshi et al., 2017; Mgode et al., 2019; Parveen
et al., 2016; Samsudin et al., 2015; Whitney et al., 2009), while we found
livestock farmers (2.7%) as the most leptospiral sero-prevalent group.

5. Conclusion

The current study revealed the presence of leptospiral infection
among livestock farmers in the North Khorasan province of Iran.
Although less sero prevalent, leptospirosis is an endemic disease in North
Khorasan province. Hence, regular monitoring, improvement in the
public awareness and observance of hygienic standards by high-risk
group are vital in reducing the future rate of infection in the region.
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