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     INTRODUCTION 

 Leptospirosis is a widespread zoonotic disease that is caused 
by spirochetes of the genus  Leptospira.  The pathogenic spiro-
chetes are shed in the urine of host animals and human infec-
tion can occur through either direct or indirect contact with 
urine of the infected animals. 1  Leptospirosis varies in severity 
from a mild influenza-like illness to severe and fatal forms. The 
diagnosis of leptospirosis is confirmed by laboratory inves-
tigations based on the serologic response of the host to the 
infecting organism or by observing the organism from clinical 
specimens in culture. 1  Although recently developed molecular 
techniques are promising, 2,  3  serologic analysis continues to be 
the standard for diagnosis of leptospirosis. 

 The first report of human leptospirosis in Iran was by Rafyi 
and Magami in 1968. 4  However, the current distribution of 
leptospirosis of Iran has not reported. The northern provinces 
of Iran, particularly Guilan and Mazandaran, are ideal areas 
for transmission of  Leptospira  because of their humid cli-
mate, high population densities, and rural agricultural (mostly 
rice farming) and fishing activities. Moreover, most farmers 
in these regions keep domestic animals in their houses and 
rodents are abundant. 

 Leptospirosis is a frequently missed diagnosis because clini-
cal symptoms of infection are easily confused with those of 
other diseases common in Mazandaran Province, such as influ-
enza and viral hepatitis. Thus, leptospirosis remains under-
diagnosed in this region. Diagnostic confirmation of cases is 
usually made by using serologic tests (enzyme-linked immu-
nosorbent assay 5  (ELISA) and indirect immunofluorescent 
antibody test) (IFAT). 6–  8  In addition, on the basis of clinical 
evidence, the number of leptosiprosis cases has increased in 
northern of Iran, including some fatal cases. Therefore, the 
present investigation was conducted to determine the preva-
lence of circulating  Leptospira  species and the frequency of 
the primary  Leptospira  species in suspected cases of human 

leptospirosis in Mazandran Province in Iran by using a 
recently developed nested polymerase chain reaction (PCR)/
restriction fragment length polymorphism (RFLP) analysis 
and sequencing analysis. 

   MATERIALS AND METHODS 

  Study areas and sample collection.   Mazandaran Province is 
in northern Iran located on the southern coast of the Caspian 
Sea ( Figure 1 ). It is one of the most densely populated provinces 
of Iran (population = 2,922,432 in 2006). It has a moderate 
and humid temperate climate with a plenty of annual rainfall. 
Mazandaran Province is one of the main tourism areas of Iran, 
providing a range of activities from fishing, bathing, canoeing, 
foraging for mushrooms, and hunting. Rice farming, other 
agriculture, fishing, and cattle husbandry are the main activities 
in the flat region of this province. In addition to domestic animals, 
some wild animals live near villages and may carry  Leptospira  
infection. Thus, climate, environment, and socioeconomic 
conditions are suitable for human leptospirosis in this region. 

  We collected 119 blood samples from persons suspected 
of having leptospirosis (based on physician diagnosis and the 
World Health Organization guidelines for diagnosis, surveil-
lance, and control of this disease) from different parts of the 
province during the transmission season (April–October) in 
2007. The suspected patients had a history or clinical mani-
festations of leptospirosis such as fever and headache or 
body aches associated with jaundice 2–3 days prior to sam-
pling. These patients were admitted to the general hospitals 
in different parts of Mazandaran Province. Demographic and 
clinical information was obtained by patient interviews. Two 
milliliters of venous blood was collected in sterile tubes, serum 
was separated from the blood samples, and samples were 
stored at −20°C and then transferred to the main laboratory in 
Tehran. Prior to sample collection, written informed consent 
was obtained from all human adult participants and from the 
parents or legal guardians of children. This study was reviewed 
and approved by the Ethical Review Committee of Research 
in Pasteur Institute of Iran. 

   Indirect immunofluorescent antibody test.   Antibodies against 
 Leptospira  were detected by IFAT 6–  8  as a routine diagnostic test 
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at the Amol Research Center (branch of the Pasteur Institute 
of Iran), which is located in Mazandaran Province. The 
 Leptospira  antigen from  L. interrogans  was prepared from 
culture. Briefly, 1 mL of each culture containing  Leptospira  
was centrifuged at 12,000 × rpm at 4°C for 10 minutes. The 
pellet was washed with phosphate-buffered saline (PBS), pH 
7.4, and resuspended in 1 mL of PBS. Ten microliters of this 
solution was applied to the wells of clean microscope slides 
and dried at room temperature. After drying, the slides were 
kept at −20°C until use. The frozen slides were removed from 
freezer and left in a wet chamber to thaw. They were then 
dried and fixed in cold acetone for 10 minutes. Each well on 
the slides were covered with 20 μL of a 1:10–1:1,280 diluted 
human serum sample sera and incubated in the wet chamber 
for 30 minutes. After the slides were washed three times with 
PBS, pH 7.4, the spaces between the wells were dried, each 
well was covered with 25 μL of the fluorescein-conjugated 
anti-human polyvalent IgG (diluted 1:100), and slides were 
incubated in the wet chamber for 30 min. After the slides were 
washed three times again with PBS, coverslips were placed 
on each slide and slides were examined under a fluorescence 
microscope (E200; Nikon, Tokyo, Japan) at magnification of 
×200. Serum samples obtained from healthy persons (n = 15) 
and two known positive serum samples from humans infected 
with  Leptospira  were used as negative and positive controls, 
respectively. 

   Nested PCR and PCR/RFLP for 16S ribosomal RNA 
gene amplification.   Leptospiral genomic DNA was extracted 
from suspected human serum samples as described. 9  The 
DNA was air-dried, dissolved in TE buffer (10 mM Tris-
HCl, pH 8.0, 0.1 mM EDTA), and kept at −20°C until use. 
The DNA was quantified by agarose gel electrophoresis and 
spectrophotometrically by calculating the A 260 /A 280  ratios and 
the A 260  values to determine protein impurities and DNA 
concentrations.  Leptospira  DNA was amplified by using the 
primers previously described. 9  These primers amplified all 
pathogenic and non-pathogenic  Leptospira  species. For the 
primary and secondary PCR amplification, DNA and the PCR 

product (1 μL) obtained in the primary reaction were used as 
the template, respectively. 

 The PCR was performed in a total volume of 25 μL contain-
ing 2 mM MgCl 2 , 200 μM dNTP mixture (Invitrogen, Carlsbad, 
CA), 1 unit of Taq polymerase (Invitrogen), and a pair of prim-
ers (10 pmol each) for both nested PCRs. The cycling condi-
tions for both reactions were 94°C for 5 minutes; 30 cycles at 
60°C for 2 minutes, 72°C for 1.5 minutes, and 94°C for 1 minute; 
60°C for 2 minutes; and 72°C for 15 minutes. A negative con-
trol containing all the components of the reaction mixture 
without DNA was used in all nested PCRs. Secondary ampli-
fied DNA fragments were separated by electrophoresis on 2% 
agarose gels and visualized on an ultraviolet transilluminator 
after staining with ethidium bromide. 

   Restriction endonuclease analysis of PCR-amplified 
products.   All secondary PCR products (second nested PCR) 
were separately digested with  ApoI  (Invitrogen) according 
to the manufacturer’s instructions. DNA fragments separated 
by electrophoresis were visualized on an ultraviolet transil-
luminator after staining with ethidium bromide. 

   Sequencing analysis.   In this study, a 331 basepairs of 16S 
ribosomal RNA gene sequences were used for differentiation 
of  Leptospira  species. Amplified fragments were gel-purified 
by using a DNA purification kit (Qiagen, Hilden, Germany) 
according to the manufacturer’s instructions. Direct sequencing 
of DNA fragments was performed in both directions for each 
PCR product by using the dideoxy chain termination procedure 
(Chemistry V3.1; Applied Biosystems, Foster City, CA) and the 
3730XL DNA analyzer (Applied Biosystems) at a sequencing 
service (MilleGen, Labege, France). The forward and reverse 
primers of the first nested PCR amplification were used for 
sequencing. Nucleotide sequences reported in this study are 
available in the European Molecular Biology Laboratory, 
GenBank, and DNA Data Bank of Japan databases accession 
numbers GQ501005–GQ501010. 

   Statistical analysis.   The chi-square test was used to 
analyze the qualitative variables between leptospirosis and 
non-leptospirosis groups with respect to clinical signs and 
symptoms and risk exposures.  P  values < 0.05 was considered 
significant. Odds ratios and 95% confidence intervals were 
used to estimate the association of exposures with the risk for 
leptospirosis. Statistical analysis was performed by using SPSS 
software version 15.0 for windows (SPSS Inc., Chicago, IL). 

    RESULTS 

  Epidemiologic features.   The median age of participants 
with suspected leptospirosis was 40 years (range = 13–78 
years) and 95 (79.8%) of 119 were men. There were only 2 
cases of school age children (13 and 14 years of age) who had 
been exposed to stagnant water on a farm. Risk factors for all 
participants are shown in  Table 1 . All positive cases diagnosed 
by PCR were patients who had contact with animals, had high-
risk occupational activities, and had been exposed to water 
contaminated with urine of infected animals ( P  < 0.05) ( Table 1 ). 
In Mazandaran Province, it is common for agricultural workers 
to reside in small urban areas and to travel to farms to work. 
Among confirmed leptospirosis cases detected by PCR, 51 
(85%) of 60 were residents in urban areas with occupations 
in rural settings, exposure to rodents, dogs, or livestock, and 
contact with contaminated water of a farm with urine of 
infected animals. The most likely source of infection and the 

 F igure  1.    Map of Iran showing study sites. M = Mazandaran 
Province.    
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mode of exposure among persons infected with  Leptospira  
were contaminated water and direct contact with livestock or 
their urine ( P  < 0.05) ( Table 1 ). 

        Clinical features.   From the clinical data available for 119 
suspected cases, different symptoms were observed ( Table 2 ). 
All suspected patients had fever, headache with myalgia, and 
other symptoms compatible with this disease. A total of 72 
(60.5%) of 119 of suspected cases were hospitalized, and 42 
(58%) of these persons were diagnosed as having leptospirosis 
by PCR. Confirmed cases of leptospirosis diagnosed by PCR 
were predominantly in adult men (76.6%) ( Table 1 ); median 
age = 44 years (range = 21–73 years). The most common 
reported symptoms among these men were fever and chills 
(93.3%), myalgia (81.7%), and jaundice (53.3%) ( Table 2 ). All 
studied patients recovered after treatment with antibiotics. 

        Indirect immunofluorescent antibody test.   Antibodies 
against  Leptospira  were detected in 35 (29.4%) of 119 patients. 
Of these patients, 28 (80%) were greater than 30 years of age 
and 29 (82.8%) were male patients. Of these 35 patients with 
suspected cases, 11 had an anti- Leptospira  antibody titer of 
1:80, 16 had a titer of 1:160, 7 had a titer of 1:320, and 1 had 
a titer of 1: 640 ( Table 3A      ). The remaining cases had an anti-
 Leptospira  antibody titers < 1:80. 

   Nested PCR/RFLP analysis of clinical samples in suspected 
cases.   Nested PCR confirmed that 60 (50.4%) of 119 samples 
harbored  Leptospira  infections ( Table 3B ), and RFLP analysis 
confirmed that all positive cases had a pathogenic  Leptospira  
species. All 15 samples from healthy persons were negative. 
Comparison of result of PCR and IFAT assays showed that 
the PCR diagnosed 41 (34.4%) of 119 more infected cases 
with Leptospira species than IFAT (Table 3B). However, 16 

(13.4%) of 119 positive cases diagnosed by the IFAT were 
negative by the PCR and did not identify any  Leptospira  DNA 
in the samples ( Table 3B ). 

   Sequencing.   In the present study, 44 (73.3%) of 60 confirmed 
leptospirosis amplified products were subjected to sequencing 
analysis. All samples were sequenced and data confirmed the 
PCR/RFLP results. BLAST analysis of 16S ribosomal RNA 
gene sequences from human samples confirmed  Leptospira  
infection. Fourteen sequenced samples were diagnosed as 
leptosiprosis by PCR and IFAT. However, 30 (68.1%) of 44 
samples confirmed by PCR showed a negative titer (< 1:80). 
Sequence alignment identified  L. interrogans ,  L. kirschneri , 
and  L. wolffii  species among 44 confirmed cases.  Leptospira 
kirschneri  and  L. wolffii  species were detected only in samples 
that showed positive results in the PCR. 

 On the basis of sequencing analysis, six allelic forms were 
identified (LPM-1–LPM-6). Alignment of the six allelic forms, 
of which one of each group were used and submitted to 
GenBank, are shown in  Figure 2 . BLAST analysis based on 
E values showed that LPM-1 (n = 1) has 99% identity with 
 L. interrogans  serovars Kremastos (FJ154564) and Canicola 
(FJ154561); LPM-2 (n = 1) has 99% similarity with  L. kirsch-
neri  serovars Pomona (FJ154559) and Cynopteri (FJ154546); 
LPM-3 (n = 1) has 99% identity with  L. interrogans  serovars 
Kremastos (FJ154564), Canicola (FJ154561), and Pomona 
(FJ154544); LPM-4 (n = 1) has 99% identity with  L. interro-
gans serovar  Kremastos (FJ154564), Canicola (FJ154561), and 
Pomona (FJ154544); LPM-5 (n =33) has 99% identity with 
 L. interrogans  serovars Kremastos (FJ154564) and Canicola 
(FJ154561); and LPM-6 (n = 7) has 99% identity with  L. wolffii  
(EF025496) and  L. licerasiae  serovar Varillal (EF612288). 

 T able  2 
  Clinical findings of clinically suspected cases of leptospirosis, northern Iran*  

Clinical findings

PCR-confirmed diagnosis (n = 60) PCR-negative diagnosis (n = 59)

 P No. (%) positive NA No. (%) negative NA

Fever and chills 56 (93.3) – 50 (84.7) 5 (8.5) 0.877
Myalgia 49 (81.7) 4 (6.6) 43 (72.8) 4 (6.8) 0.193
Jaundice 32 (53.3) – 17 (28.8) 5 (8.5) 0.019
Respiratory symptoms 11 (18.3) – 8 (13.5) – 0.477
Renal insufficiency 19 (31.6) – 6 (10) 2 (3.4) 0.005
Hemorrhage 8 (13.3) – 8 (13.5) – 0.971
Meningeal signs 5 (8.3) – 8 (13.5) – 0.361
Abdominal pain 4 (6.6) – 4 (6.8) – 0.980
Headache 6 (10) – 1 (1.7) – 0.054
Nausea 4 (6.6) – 3 (5) – 0.714
Rash 5 (8.3) – 5 (8.5) – 0.978

  *   NA = not available.  

 T able  1 
  Risk factors for suspected cases of leptospirosos, northern Iran*  

Variable

PCR-confirmed diagnosis (n = 60) PCR-negative diagnosis (n = 59)

 P Odds ratio (95% CI)No. (%) positive NA No. (%) negative NA

Age > 30 years 48 (80) – 41 (69.5) 6 (10) 0.732 –
Male sex 46 (76.6) – 49 (83) – 0.386 –
Exposure to rodents 15 (25) – 10 (17) 5 (8.5) 0.404 –
Exposure to dogs 13 (21.6) – 14 (23.7) 5 (8.5) 0.593 –
Exposure to livestock 27 (45) – 13 (22) 4 (6.8) 0.016 2.643 (1.184–5.90)
Exposure to contaminated water 32 (53.3) – 15 (25.4) 5 (8.5) 0.006 2.971 (1.359–6.496)
Farmer 50 (83.3) – 24 (40.6) 7 (11.9) 0.0001 5.833 (2.44–13.93)

  *   NA = not available; CI = confidence interval.  
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     DISCUSSION 

 This investigation represents the first molecular epidemio-
logic study of human leptospirosis in Mazandaran Province in 
Iran, an area in which leptospirosis is endemic. To date, limited 
data exist on the human leptospiral infections in Iran. The pre-
liminary aim of this investigation was to study and evaluate 
the presence and prevalence of  Leptospira  species in serum 
samples of suspected cases in humans in Mazandaran Province 
by using recently developed nested PCR/RFLP methods and 
sequencing analysis. 

 On the basis of epidemiologic features, our data indicated 
that males are affected more than females, which is consistent 
with data reported in other studies. 10–  14  The PCR showed that 
confirmed cases were also more likely to have symptoms such 
as jaundice and renal insufficiency than non-confirmed cases 
( P  < 0.05). In addition, disease was also related to exposure 
to contaminated water or animals and patients’ occupational 
activities ( P  < 0.05). The major occupational risk was among 
rice farming and cattle husbandry workers. Among the exam-
ined cases, 18.5% (22 of 119) used drinking water from wells and 
52% of them had confirmed cases of infection with  Leptospira  
diagnosed by PCR. Therefore, drinking water from wells could 
be considered as one of the infection sources in these areas. 

 Our results also confirm the presence of high transmis-
sion risks for leptospirosis in Mazandaran Province, partic-
ularly during the warm and rainy season (April–October), 
which supports survival of leptospires outside the animal host. 
This finding is consistent with the season of rice cultivation 
and the time that visitors come from other parts of Iran to 
Mazandaran Province. Therefore, the classic history of fever, 
headache, myalgia with jaundice, and renal insufficiency in 
suspected cases that have been in contact with rice fields dur-
ing April–October could indicate leptospirosis in Mazandran 
Province. 

 Clinical misdiagnosis and the absence of earlier clinical rec-
ognition of leptospirosis may have contributed to the lack of 
reports of this disease and may have masked the true state of 
leptospirosis in Mazandaran Province. Definitive laboratory 
diagnosis of leptospirosis requires detection of the organism 

in a clinical specimen. In the present study, IFAT and a sensi-
tive nested PCR assay were used to evaluate diagnostic meth-
ods for human leptospirosis. The IFAT is only able to detect 
circulating antibodies 7–10 days after the onset of disease. 
Maximum titers are observed by the third or fourth weeks, 15  
and patients remain seropositive for IgG for variable length of 
time up to 2 years. 16–  19  

 The PCR identified 60 (50.4%) of 119 cases of leptospirosis 
in Mazandaran Province, and serologic analysis identified 35 
(29.4%) of 119 cases. Of these 35 serologically confirmed cases, 
16 (45.7%) had no genomic DNA of  Leptospira  and showed 
false-positive results by PCR. Because all samples were col-
lected 2–4 days after the onset of the disease, results suggested 
that the PCR is capable of detecting circulating leptospires 
during the first week of the disease before antibodies are 
detected in the blood. Our data indicate that the PCR was an 
efficient tool for early diagnosis of leptospirosis and was able 
to detect leptospiral DNA in serum samples before circulating 
antibodies could be detected by serologic analysis. Therefore, 
we recommended that the PCR should be used with the IFAT 
(or other serologic methods) in Mazandaran Province. 

 On the basis of sequencing analysis,  L. interrogans  (n = 36), 
 L. kirschneri  (n = 1), and  L. wolffii  (n = 7) species were 
detected among samples tested. Although large epidemiologic 
surveys in different disease-endemic regions would be useful 
in understanding the epidemiology of leptospirosis, the pres-
ence of  L. wolffii  in clinical samples must be also considered 
in control strategies in disease-endemic regions. Control strat-
egies for the disease include improvements in environmental 
hygiene, control of rodents, and vaccination of domestic ani-
mals and persons with occupational and recreational risks of 
acquiring the disease. However, vaccination may be only par-
tially effective because of the presence of several  Leptospira  
serovars. Therefore, there is little or no cross-protection 
among serotypes, and vaccinated animals become carriers of 
the organisms. 

 Successful vaccination requires epidemiologic studies to 
provide knowledge of different  Leptospira  species and sero-
vars that might cause the disease in a given population. In 
addition, there is evidence of a changing pattern of infections 
by various  Leptospira  serovars, 20–  22  which would affect the con-
trol of the disease. Therefore, correct identification of serovars 
and species is important. Most research has focused on devel-
oping techniques to correctly detect infecting serovars, but our 
findings reinforce the notion that precise detection of infec-
tious species should be considered an important issue in the 
epidemiology of the disease. 

 The presence of different  Leptospira  species in Caspian 
provinces of Iran (Mazandaran in this study and Guilan) 9  is 
alarming both epidemiologically and clinically. Therefore, fur-
ther studies are needed to analyze specimens from human and 
animal cases of infection with  Leptospira . In addition, it is epi-
demiologically important to determine the serogroups and 
serovars because such information will be essential in design-
ing prevention strategies, such as rodent control measures 
and avoiding contaminated water and soil. Furthermore, it is 
important to increase awareness about leptospirosis among 
physicians in Iran and to strengthen laboratory capacity for its 
diagnosis in infected patients. Increasing knowledge, particu-
larly in farmers, about leptospirosis and how to protect oneself 
from the pathogen (e.g., use of protective clothing, avoiding 
exposure to water or soil contaminated with urine of infected 

 T able  3A 
Serological and PCR diagnosis of leptospirosis   by IFAT and PCR, 

northern Iran*  
Titer IFAT+/PCR– IFAT+/PCR+ Total

1:80 6 5 11
1:160 7 9 16
1:320 3 4 7
1:640 – 1 1
Total 16 19 35

  * IFAT = indirect immunofluorescent antibody test; PCR = polymerase chain reaction.  

Table 3B
Serological and PCR diagnosis of leptospirosis 

No. (%) PCR+ IFAT+

19 (16) + +
41 (34.4) + –
16 (13.4) – +
43 (36.2) – –
Total = 119 60 35

* PCR = polymerase chain reaction; IFAT = indirect immunofluorescent antibody test.
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animals, knowledge of the route of transmission) must be con-
sidered important factors for disease control. 

 Received December 2, 2009. Accepted for publication January 18, 2010. 
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 F igure  2.    Partial 16S ribosomal RNA nucleotide sequences alignment of the six allelic forms, showing one representative sequence from 
each group. Sequences were compared with  Leptospira interrogans  serovar Canicola (AY996798). The representative allelic forms are LPM-1 
(n = 1), which has 99% identity with  L. interrogans  serovars Kremastos (FJ154564) and Canicola (FJ154561); LPM-2 (n = 1), which has 99% 
identity with  L. kirschneri  serovars Pomona (FJ154559) and Cynopteri (FJ154546); LPM-3 (n = 1), which has a 99% identity with  L. interrogans  
serovars Kremastos (FJ154564), Canicola (FJ154561), and Pomona (FJ154544); LPM-4 (n = 1), which has 99% identity with  L. interrogans  sero-
var Kremastos (FJ154564), Canicola (FJ154561), and Pomona (FJ154544); LPM-5 (n =33), which has 99% identity with  L. interrogans  serovars 
Kremastos (FJ154564) and Canicola (FJ154561); and LPM-6 (n = 7), which has 99% identity with  L. wolffii  (EF025496) and  L. licerasiae  serovar 
Varillal (EF612288). // indicates conserved sequences and dots and dashes indicate identical residues and deletions, respectively.    


