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1. Introduction
A worldwide distributed zoonotic disease, leptospirosis, 
is caused by spirochetes of the genus Leptospira (1) and 
has been recognized as a global public health concern in 
recent years. Annually, there are tens of millions of human 
cases worldwide, with fatality rates around 25% in some 
regions (2). Contamination of water, soil, grains, and crops 
with urine from either domestic or wild animals with 
persistent renal infections of Leptospira is the main source 
of infection for humans, while direct or indirect contact 
with a veterinarian or a wildlife scientist also accounted for 
human deaths (3–6).

 Leptospira, together with the genera Leptonema and 
Turneria, is a member of the family Leptospiraceae. The 
genus Leptospira is divided into 20 species based on DNA 
hybridization studies (7–9). More recently, molecular 
methods were described that divide the genus Leptospira 
into several species on the basis of DNA relatedness. One 
such gene used for genetic characterization of Leptospira 
was 16S ribosomal RNA (2). Nested polymerase chain 
reaction (PCR) was used to determine the presence of 
nonpathogenic and/or pathogenic Leptospira in wild and 
domestic animals (7,10,11). 

The first evidence for Leptospira in Turkey was 
reported in 1922 (12) and seropositivity rates of cattle in 
the northern and eastern Anatolia provinces Erzurum 
and Kars were reported as 12% and 30%, respectively 
(13). In another study, 8% seropositivity was found 
in 15,596 samples collected from 74 provinces. While 
82% of the serotypes were identified as L. interrogans 
serovar Hardjo, the remaining 18% were L. interrogans 
serovar Grippotyphosa (14). Seropositivity was found by 
microscopic agglutination test (MAT) in 8 (2.03%) of 395 
cattle in Elazığ, located in eastern Anatolia (15). Another 
study conducted in Kayseri, located in Central Anatolia, 
neighboring Kırşehir, found seropositivity in 609 (25.42%) 
and 433 (18.07%) of 2395 cattle serum samples by MAT 
and enzyme-linked immunosorbent assay (ELISA), 
respectively (16). Leptospirosis has often been implicated 
in rice harvesting and one study to evaluate the prevalence 
of Leptospira spp. in wild rats in Turkey reported a high 
prevalence of L. interrogans carriage in wild rats of our 
region (17). There are many studies on leptospirosis in 
animals in Turkey; however, studies on incidence and 
prevalence of leptospirosis in humans are limited though 
there are frequent publications on case series and sporadic 
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case presentations (18). Furthermore, leptospirosis has 
never been reported in Kırşehir. 

Hantaviruses are rodent-borne, enveloped RNA 
viruses with a diameter of 120 nm, belonging to the family 
Bunyaviridae (19). Each hantavirus is carried by a specific 
rodent or insectivore species and transmission to other 
species including humans is a “dead end” for the virus 
(20–22). Hantavirus infections were confirmed by indirect 
fluorescent-antibody (IFA) and immunoblotting in the 12 
cases of hemorrhagic fever with renal syndrome (HFRS) 
reported in the Black Sea region of Turkey in 2009 (10,23). 
Cowpox viruses are large, enveloped, linear double-
stranded DNA viruses, and are classified in the family 
Poxviridae (24). The cowpox virus has been isolated in 
many countries including Russia, Turkmenistan, northern 
Italy, and France. In Russia, the cowpox virus was isolated 
from laboratory rats, while it is endemic in European 
wild rodents (25,26). Laakkonen et al. reported the first 
serologic survey for rodent-borne viruses in their natural 
hosts in Turkey and found one (0.3%) of the rodents, 
an Apodemus sylvaticus from Trabzon Province, was 
seropositive for cowpox (10). No research was conducted 
on hantavirus infections seen in Kırşehir, a city located in 
Central Anatolia, Turkey.

In Kırşehir, people were admitted to hospitals with 
fever, myalgia, and headache, some with masses on their 
necks. Some of the patients were diagnosed with tularemia 
and clinical characteristics of the disease were discussed 
with the review of the literature. Mice around the location 
of the epidemic were implicated as the source of the 
infection and thus trapped and analyzed for the presence 
of Francisella tularensis. No evidence of the pathogen was 
found (27). Therefore, we focused on other infectious 
agents that may be transmitted from mice to humans 
and aimed to investigate the prevalence and genetic 
characteristics of Leptospira, hantaviruses, and cowpox 
viruses in Microtus hartingi.  For this purpose, nested 
PCR was used for detection of different pathogens and the 
results were validated by DNA sequencing. 

2. Materials and methods
2.1 Study area and sample collection 
The province of Kırşehir, with an area of 6665 km2 and 
located in the center of Anatolia, has a humid temperate 
climate with plenty of annual rainfall. Barley and wheat 
farming, river fishing, and cattle and/or sheep husbandry 
are the main activities in the region. The coordinates of 
this location are 38°50′–39°50′ north latitudes and 33°30′–
34°50′ east longitudes. Residents use water from wells 
or from the local streams for their daily needs (cooking, 
bathing, and washing clothes). There is no sewage system 
in some of the houses and the residents reported observing 
field rats in the grain storage or around their houses 
frequently. Forty-three animals were trapped alive from 

the fields in and around Kırşehir. The sampling method 
has been described previously. Conventional stained 
chromosomes of specimens were karyotyped based on the 
colchicine hypotonic citrate technique according to Ford, 
Hamerton, and Patton (27–29). There is no information 
about how many mice might live in this area. The study was 
carried out in a common study with Turkish Refik Saydam 
National Public Health Agency, Ankara, Turkey (27) and 
approved by the Local Ethical Committee of Kırıkkale 
University (25/09/2009). The kidneys were rinsed with 
sterile Dulbecco’s modified Eagle’s medium (DMEM) and 
stored at –20 °C until analysis.
2.2 DNA and RNA isolation and nested PCR
DNA was extracted from the kidneys using a spin column 
system (DNeasy Blood and Tissue Kit, Qiagen, Germany) 
according to the manufacturer’s instructions. First of all, 
successful isolation of DNA was controlled with PCR, by 
using primers microtus 1 and microtus 2, which amplified 
a 305-bp region within the Microtus cytochrome b gene 
(Table). The first round of nested PCR was carried out in 
a total volume of 50 µL to detect Leptospira spp. in field 
samples. Reaction mixes contained 5 µL of the template 
DNA, 2 U Taq DNA polymerase (Promega, USA), 5 pmol 
of each lepto 1F and lepto 1R primers (which were directed 
at the 16S ribosomal RNA gene of the Leptospira genome 
in order to amplify all Leptospira spp.), 200 mM dNTPs 
(Promega, USA), 10 mM Tris-HCl, 50 mM KCl, and 1.5 
mM MgCl2 (Promega, USA). The cycling conditions were 
95 °C for 2 min; 32 cycles of 95 °C for 30 s, 55 °C for 30 
s, and 72 °C for 30 s; and a final extension at 72 °C for 10 
min. In an attempt to increase the sensitivity of PCR, the 
second round of nested PCR was carried out using primer 
pairs nest 1 and nest 2, which amplified a 289-bp region 
within the 525-bp sequence of the 16S ribosomal RNA 
gene. Reaction conditions for the second round of nested 
PCR reactions were as follows: 95 °C for 5 min, followed 
by 28 cycles of 95 °C for 30 s, 56 °C for 30 s, 72 °C for 30 s, 
and finally a cycle of 72 °C for 10 min. 

To investigate hantaviruses in the samples, RNA was 
extracted from the kidneys using a spin column system 
(QIAamp Viral RNA Mini Kit, Qiagen, Germany) 
according to the manufacturer’s instructions. RNA 
samples were treated with RNase-free DNase (Qiagen, 
Germany). Random primers (1.25 mM random primers; 
Promega, Madison, WI, USA) were used in the first step 
of cDNA synthesis. For this purpose, 10 µL of the total 
RNA was combined with 1 µL (0.5 μg) of random primers 
and preheated at 70 °C for 10 min to denature secondary 
structures. The mixture was cooled rapidly, and 2 µL (100 
mM) of dNTPs, 5 µL of 5X RT buffer, 1 µL of M-MLV 
reverse transcriptase (200 IU/µL Promega, USA), and 8 
µL of H2O were added to a final volume of 25 µL. The RT 
reaction mixes were incubated at 37 °C for 60 min and 
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synthesis was ended by heating at 94 °C for 5 min. Initial 
RT-PCR reaction was carried out in a total volume of 50 
µL. The reaction mixes contained 5 µL of the generated 
cDNA, 2 U of Taq DNA polymerase (Promega, USA), 
10 pmol of HP1 and HP2, 200 mM dNTPs (Promega, 
USA), 10 mM Tris-HCl, 50 mM KCl, and 1.5 mM MgCl2 
(Promega, USA). The cycling conditions were 95 °C for 2 
min; 32 cycles of 95 °C for 30 s, 55 °C for 30 s, and 72 °C for 
30 s; and a final extension at 72 °C for 10 min. Nested RT-
PCR reaction was carried out in a total volume of 50 µL. 
The reaction mixes contained 5 µL of the template DNA, 
2 U of Taq DNA polymerase (Promega, USA), 10 pmol of 
MGP1 and MGP2, 200 mM dNTPs (Promega, USA), 10 
mM Tris-HCl, 50 mM KCl, and 1.5 mM MgCl2 (Promega, 
USA). The cycling conditions were 95 °C for 2 min; 32 
cycles of 95 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 s; 
and a final extension at 72 °C for 10 min.

To detect cowpox virus in samples, the first round of 
nested PCR was carried out in a total volume of 50 µL and 
the reaction mixes contained 5 µL of the template DNA, 
2 U of Taq DNA polymerase (Promega, USA), 5 pmol of 
each VTK1 and VTK2 primers, 200 mM dNTPs (Promega, 
USA), 10 mM Tris-HCl, 50 mM KCl, and 1.5 mM MgCl2 
(Promega, USA). The cycling conditions were 95 °C for 2 
min; 32 cycles of 95 °C for 30 s, 55 °C for 30 s, and 72 
°C for 30 s; and a final extension at 72 °C for 10 min. In 
an attempt to increase the sensitivity of PCR, the second 
round of nested PCR was carried out using the primers 
NTK1 and NTK2. Reaction conditions of the second 
round of nested PCR reactions were as follows; 95 °C for 5 
min, followed by 28 cycles of 95 °C for 30 s, 56 °C for 30 s, 

72 °C for 30 s and finally a cycle of 72 °C for 10 min.
All PCR reactions were carried out in a BO-PCR-5 

thermal cycler (Hamburg, Germany). InGenius LHR 
(Syngene, Cambridge, UK) was used to image PCR 
amplicons by using ethidium bromide stained 1.5% 
agarose gel electrophoresis. All primers used in this study 
are shown in the Table.
2.3 Nucleotide sequence analysis and accession numbers
Amplified fragments were purified from gel agarose 
using a Gene Clean III Kit (MP Biomedicals Europe, 
France) following the manufacturer’s instructions. Direct 
sequencing of the DNA fragments was performed using 
nest 2 primer for each PCR product in a commercial 
company (Iontek, İstanbul, Turkey). Gene sequences 
were compared by MEGA 4.1 Beta and ClustalW2 (www.
ebi.ac.uk/Tools/msa/clustalw2) analyzing software. The 
phylogenetic tree was generated by a neighbor joining 
method using MEGA software (version 4.1 Beta), which 
showed a geographic clustering of the sequences of 
Leptospira spp. The nucleotide sequences were deposited 
in the GenBank database under the accession numbers 
HM536963, HM536964, HM536965, HM536966, and 
HM536967. 

3. Results
Rodents trapped in Kırşehir Province were identified 
as Microtus hartingi when conventionally stained 
chromosomes of specimens were karyotyped. Observation 
of expected amplicon size of 305 bp, with primers microtus 
1 and microtus 2, confirmed Microtus spp. and success in 
isolation of the DNA (Figure 1A).  

Table. Primers used for PCR and nested PCR in this study.

Primer name                       Sequences Amplicon size Source of primers

microtus 1 5’-CCTGCACGTAGGACGAGGGGT-3’ 305-bp This study
microtus 2 5’-AGGTGGACTAATACGAGGGCGGT-3’ 305-bp This study

lepto 1F 5’-GGCGGCGCGTCTTAAACATG-3’ 525-bp Djadid et al. 2009 (7)
lepto 1R 5’-GTCCGCCTACGCACCCTTTACG-3’ 525-bp Djadid et al. 2009 (7)

nest 1 5’-CAAGTCAAGCGGAGTAGCAA-3’ 289-bp Mérien et al. 1992 (11)
nest 2 5’-CTTAACCTGCTGCCTCCCGTA-3’ 289-bp Mérien et al. 1992 (11)
VTK1 5’-ATGAACGGCGGACATATTCAGTTG-3’ 528-bp Thomas et al. 1990 (65)
VTK2 5’- TTATGAGTCGATGTAACACTTTCT -3’ 528-bp Thomas et al. 1990 (65)
NTK1 5’- ATAGCTCAATATAAATGCGTGAC-3’ 253-bp Chantrey, et al. 1999 (25)
NTK2 5’-GCATTTCATACACACAGCAGTTA -3’ 253-bp Chantrey, et al. 1999 (25)
MGP1 5’- AAAGTAGGTGITAYATCYTIACAATGTGG -3’ 445-bp Li  et al. 2007 (21)
MGP2 5’- GTACAICCTGTRCCIACCCC -3’ 445-bp Li  et al. 2007 (21)
HP1 5’- GAATCGATACTGTGGGCTGCAAGTGC -3’ 360-bp Li  et al. 2007 (21)
HP2 5’- GGATTAGAACCCCAGCTCGTCTC -3’ 360-bp Li  et al. 2007 (21)
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Leptospira was detected in 20 of the 43 (46.5%) 
Microtus hartingi kidney samples by observation of 
expected amplicon size of 270 bp (Figure 1B). All of the 
Leptospira positive samples were obtained from a region 
where humans had shown leptospirosis clinical signs.  

To determine the genetic types of circulating 
Leptospira in Central Anatolia, in the present study 5 
of the 20 positive samples were randomly selected and 
subjected to sequencing. The identity of the PCR products 
was also confirmed by sequencing and alignment revealed 
the presence of Leptospira spp. Approximately 270 bp 
sequences were obtained and used for basic local alignment 
search tool (BLAST) alignment. All new sequenced data 
were deposited in GenBank under accession numbers 
HM536963-67. Analysis of the 5 PCR positive sequences 
revealed a close relatedness to some uncultured Leptospira 
spp., L. interrogans serovar, and L. kirschneri serovar 
(Figure 2). Comparison of the 16S rRNA regions sequences 
HM536963-67 with some Leptospira sequences that are 
available from GenBank and generated phylogenetic tree 
are shown in Figure 2.

Positive signals for hantaviruses or cowpox viruses 
were not detected in any of the Microtus hartingi kidney 
samples analyzed with nested RT-PCR and PCR assays, 
respectively (data not shown).

4. Discussion 
The aim of veterinary and medical disciplines is to control, 
prevent, and eradicate diseases in animal and human 
populations. Early and accurate diagnosis therefore 
has a key role for developing effective strategies on this 
purpose. Another important point is the determination 
of contributing factors to the emergence of diseases, 

which may be of help for the development of large-scaled 
epidemiological surveys (30). Leptospirosis, showing 
mortality rate up to 25% in some outbreaks, is a worldwide 
tropical zoonotic disease that remains neglected due to the 
difficulty in diagnosis. The seroprevalence of leptospirosis 
in humans is reported to range from 2% to 12% in Turkey 
(18). Most of the wild and domestic animals that are 
infected with leptospirosis are potential disseminators of 
the disease to other animal species as well as to humans 
(9,31,32). Here we report the detection of Leptospira in 
Microtus hartingi for the first time by using nested PCR, 
thus providing an important measure of human risk for 
acquiring leptospirosis. Furthermore, Leptospira spp. 
carriage of Microtus hartingi was confirmed by DNA 
sequencing of the 16S rRNA gene (Figures 1 and 2). 

Previously, the samples obtained from Kırşehir were 
thought to belong to Microtus socialis (27). However, 
additional morphometric and karyological data of the 
specimens from Kırşehir were compared with those 
of specimens of Microtus guentheri and the Kırşehir 
specimens were determined to belong to Microtus hartingi. 
Distribution records of Microtus hartingi were found to be 
compatible with the previous reports (33–35). This is the 
first report on the presence of Microtus hartingi in this 
region and 46.5% of the analyzed animals were shown to 
be carriers of leptospirosis.

Initial case reports identified a hantavirus epidemic 
in February 2009 that involved 12 people in the cities of 
Bartın and Zonguldak near the Black Sea in the northwest 
of Turkey not far from Kırşehir Province (23). Laakkonen 
et al. (10) were the first to report cowpox and hantaviruses 
infections in wild rodents from the Black Sea region of 
Turkey, but they found cowpox only in one of Apodemus 
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Figure 1. Nested PCR was carried out on the kidneys of Microtus hartingi. Gel electrophoresis analysis of PCR 
amplification of Leptospira spp. in Microtus hartingi. A. Control of DNA isolation PCR was done on Microtus 
spp. cytochrome b gene in the kidney DNA samples. Lane 1 (negative sample), lane 2 (positive sample), lane 3 
(positive sample), and lane 4 (dH2O); lane M: DNA molecular length marker. (Shown: all samples from Microtus 
spp.). B. Detection of Leptospira spp. agarose gel electrophoresis of first round nested PCR analysis products 
from the kidney DNA samples. Lane 1 (negative sample), lane 2 (positive sample), lane 3 (positive sample), and 
lane 4 (dH2O); lanes M: DNA molecular length marker. C. Detection of an increase in the sensitivity of PCR for 
Leptospira. Agarose gel electrophoresis of nested-PCR analysis products from the kidney DNA samples is shown. 
Lane 1 (negative sample), lane 2 (positive sample), lane 3 (positive sample), and lane 4 (dH2O); lanes M: DNA 
molecular length marker.
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sylvaticus, Microtus roberty, Microtus rossiaemeridionalis, 
and Microtus guentheri lydius from a total of 330 various 
wild rodent samples analyzed. They also found the 
hantavirus in the Black Sea region. They did not, however, 
investigate these viruses in Microtus hartingi. Hantavirus 
and cowpox virus were not detected from Microtus 
hartingi samples analyzed by nested PCR and RT-PCR 
assays (data not shown). Laakkonen et al. (10) analyzed 
more diverse rodent species than those used in the present 
study and this might explain why we failed to detect any 
positivity for hantavirus or cowpox virus in Microtus 
hartingi. Nevertheless, this study is the first to investigate 
hantavirus and cowpox virus in Microtus hartingi.  

The province of Kırşehir has a humid temperate 
climate with plenty of annual rainfall. The sampling area 
lacks a sewage system and the residents use water for 
their daily needs either from wells or from local streams. 
After admittance of residents from the sampling areas to 
hospitals with fever, myalgia, headache, and some with 
masses on their necks (personal communication, Dr Sedat 
Kaygusuz), an investigation was conducted in the areas of 
the epidemic. We were informed by some villagers that 
rats are found frequently in the grain storages or around 
their houses. Once, they observed a dead rat in the water 
source due to a break in the water pipeline. Furthermore, 
they also observed rats around the location of epidemic. 
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Figure 2. The Phylogenetic tree for 16S ribosomal RNA gene of the Leptospira was inferred using ClustalW software. Pathogenic 
Leptospira: L. interrogans serovar Canicola (X55381), L. santarosai strain LT79 (AY461890.1), L. noguchii strain LSU1945 (AF157086.1), 
L. noguchii serovar CZ 214 (FJ154582.1), L. interrogans Amos (U92528.1), L. interrogans LDI-1 (FJ812169.1), L. interrogans MOR84GUF 
(DQ522208.1), L. interrogans M6906 (AF000667.1), L. interrogans PAD84D 1 (DQ522226.1), L. kirschneri serovar Agogo (DQ991476.1), 
L. kirschneri 3522C (AY631895.1), L. kirschneri serovar Cynopteri (FJ154546), L. kirschneri serovar Grippotyphosa (FJ154572), L. 
borgpetersenii strain M12 (AY149231.1), L. borgpetersenii serovar Castellon (FJ154579.1), L. weilii serovar Celledoni (FJ154580.1), L. 
weilii serovar Sarmin (DQ991489.1), L. interrogans serovar Icterohaemorrhagiae strain RGA (FJ154549.1), and L. alexanderi serovar 
L60 (AY631880.1). Saprophytic ‘free-living’ Leptospira: L. biflexa serovar Patoc (AY631876.1), L. biflexa strain LPI-6 (EU497663.1), L. 
meyeri serovar Ranarum (AY631878.1), L. wolbachii serovar Codice (AY631879.1), L. genomosp. 3 serovar WAZ (AY631897.1), and L. 
genomosp. 4 LT 1133 (AY631888). Intermediately pathogenic Leptospira: L. wolffii strain LDI-2 (FJ812170.1), L. wolffii strain LPI-4 
(EU497661.1), L. wolffii serovar Khorat H2(EF025496.1), L. inadai serovar Lyme strain 10 (AY631896.1), L. fainei serovar Hurstbridge 
(FJ154578.1), and L. licerasiae serovar Varillal CEH010 (EF612285.1). Leptospiral sequences from Microtus hartingi kidney samples 
in this study: L. interrogans serovar Kırıkkale 1 (HM536963), L. interrogans serovar Kırıkkale 2 (HM536964), L. interrogans serovar 
Kırıkkale 3 (HM536965), L. interrogans serovar Kırıkkale 4 (HM536966), and L. interrogans serovar Kırıkkale 5 (HM536967).
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Therefore, a total of 43 animals were trapped alive from 
fields in and around Kırşehir. Leptospirosis in humans is 
transmitted either by direct contact with infected animals 
or indirectly with exposure to materials contaminated with 
the urine of infected animals. Animal carriers may shed 
leptospires from months to years in their urine or even for 
extended periods which can be the entire lifespan of the 
animal. Many Leptospira strains appear to be well adapted 
to their natural hosts and in general they cause infection 
without clinical manifestations in the animals. Rodents 
have been recognized to be the most important and widely 
distributed reservoirs of leptospiral infection (36–40). To 
date, Microtus oeconomus, Mus musculus, Microtus arvalis, 
Apodemus agrarius, Apodemus sylvaticus, and Apodemus 
flavicollis have been reported to harbor leptospires in 
their kidneys. Leptospira spp. were also obtained from the 
kidneys of domestic rats (Rattus norvegicus and Rattus 
rattus), a spiny rat (Proechimys sp.), an opossum (Didelphis 
marsupialis), and 2 other marsupials along with four-eyed 
opossums (Philander andersoni and Philander opossum) 
from 3 different habitats (9,31,36–41). The present study 
demonstrated, for the first time, that Microtus hartingi can 
also be a reservoir of Leptospira spp. in Central Anatolia 
(Figures 1 and 2).  

Sunbul et al. (42) reported that 59 Rattus norvegicus 
rats that were trapped from the Black Sea region of Turkey 
were serving as a reservoir of L. interrogans as determined 
by PCR in sera, kidney, and brain tissues. They reported 
that 16 kidney samples (27.1%) and 10 brain tissue samples 
(16.9%) were positive for L. interrogans. Stanko et al. (39) 
found that 5 rodent species (Apodemus flavicollis, A. 
agrarius, A. microps, Clethrionomys glareolus, and Microtus 
arvalis) were positive for antibodies against Leptospira 
spp. O’Guinn et al. (43) found leptospirosis (1.3%) in A. 
agrarius while Gamage et al. (44) reported positivity in 13 
of 74 (17.5%) rodent kidney samples, which were identified 
as L. interrogans. Our study showed a higher percentage 
(46.5%) than previous reports, which highlights the risk 
of acquiring leptospirosis in animals and humans that are 
exposed to Microtus hartingi urine in their daily life. 

Leptospirosis caused by pathogenic Leptospira species 
results in significant economic losses in domestic animals. 
The seroprevalence of leptospirosis in cattle has been 
reported to be 10.4% to 42.8% in Spain (45,46), 23.3% 
in Portugal (47), 15.8% to 21.18% in India (48), 3% in 
Germany (49), 34.4% in Great Britain (50), 46.9% in Brazil 
(51), 62.8% in Mexico (52), and 27% in Iran (53). Among 
these studies, the most prevalent serovars identified were 
L. interrogans serovar Hardjo and L. kirchneri serovar 
Grippotyphosa. Studies carried out in Turkey showed that 
the seroprevalence of leptospirosis in cattle varies from 
0.85% to 33.63% (13,15,16,54–56). In a national survey, the 
seroprevalence of leptospirosis in cattle was found to be 

8.04% (57). Both in local studies and in the national survey, 
L. interrogans serovar Hardjo and L. kirchneri serovar 
Grippotyphosa were the most prevalent serovars, which 
could be attributed to the fact that cattle may have close 
contact with the reservoirs of these serovars. However, we 
did not evaluate the prevalence of leptospirosis in cattle of 
this region and there are no previous reports on this issue.

The secondary aim of this study was to perform PCR 
based on specific target sequences of the 16S rRNA gene 
(7,58,59). The randomly selected 5 of the 20 PCR positive 
samples were subjected to sequencing for analysis of 
genotypes. Although 16S rRNA gene sequencing cannot 
identify Leptospira at the species level, gene sequencing 
is more suitable than restriction fragment length 
polymorphism (RFLP) as it is a more labor force demanding 
and time-consuming technique. Nevertheless, the 16S 
rRNA gene proved to be a good molecular epidemiological 
marker for defining infected species in both humans and 
animals suspected of having  leptospirosis (7,11,60). 

Phylogenetic analysis of Leptospira revealed 3 classes, 
representing species that contain both pathogenic and 
nonpathogenic serovars as well as an intermediate 
group (61). These observations suggested an important 
biological difference in virulence between pathogenic 
and intermediate Leptospira. DNA sequencing has 
several advantages over other gene typing methods, 
since it is cheaper and more easily available. 16S rRNA 
gene sequencing has long been preferred as a typing 
method for molecular characterization of isolates and 
taxonomical applications. However, although 16S rRNA 
gene sequencing is a useful technique, it is not sufficient 
for discrimination of Leptospira strains at a species level 
due to the highly conserved nature of the gene. Vaccines 
based on recombinant poxviruses have proved successful 
in controlling diseases such as rabies. That kind of strategy 
will be useful for the prevention and control of leptospirosis 
(62–65). It was found that 16S rRNA gene sequences 
matched either their equivalent entries in GenBank or the 
sequences from the corresponding strains of L. interrogans 
serovar and L. kirschneri serovar (Figure 2). Further work 
is needed to evaluate these alternative strategies that are 
applied on quality-control testing of Leptospira reference 
strains.

In conclusion, we showed that Microtus hartingi may 
play a significant role in the transmission of Leptospira 
to humans and domestic animals. In order to control 
leptospirosis, improvement of environmental hygiene, 
control of rodents, and vaccination against Leptospira 
must be applied.



440

AZKUR et al. / Turk J Vet Anim Sci

References

1.	 Ahmed, N., Devi, S.M., De los Á Valverde , M., Vijayachari, 
P., Machang’u, R.S., Ellis, W.A., Hartskeerl, R.A.: Multilocus 
sequence typing method for identification and genotypic 
classification of pathogenic Leptospira species. Ann. Clin. 
Microbiol. Antimicrob., 2006; 5: 28.

2.	 Weisburg, W.G., Barns, S.M., Pelletier, D.A., Lane, D.J.: 16S 
ribosomal DNA amplification for phylogenetic study. J. 
Bacteriol., 1991; 173: 697–703.

3.	 Dutta, T.K., Christopher, M.: Leptospirosis—an overview. J. 
Assoc. Physicians India, 2005; 53: 545–551.

4.	 Ganoza, C.A., Matthias, M.A., Collins-Richards, D., Brouwer, 
K.C., Cunningham, C.B., Segura, E.R., Gilman, R.H., Gotuzzo, 
E., Vinetz, J.M.: Determining risk for severe leptospirosis 
by molecular analysis of environmental surface waters for 
pathogenic Leptospira. PLoS Med., 2006; 3: 308.

5.	 Ko, A.I., Goarant, C., Picardeau, M.: Leptospira: the dawn of the 
molecular genetics era for an emerging zoonotic pathogen. Nat. 
Rev. Microbiol., 2009; 7: 736–747.

6.	 Matthias, M.A., Ricaldi, J.N., Cespedes, M., Diaz, M.M., 
Galloway, R.L., Saito, M., Steigerwalt, A.G., Patra, K.P., Ore, 
C.V., Gotuzzo, E., Gilman, R.H., Levett, P.N., Vinetz, J.M.: 
Human leptospirosis caused by a new, antigenically unique 
Leptospira associated with a Rattus species reservoir in the 
Peruvian Amazon. PLoS Negl. Trop. Dis., 2008; 2: e213.

7.	 Djadid, N.D., Ganji, Z.F., Gouya, M.M., Rezvani, M., Zakeri, 
S.: A simple and rapid nested polymerase chain reaction-
restriction fragment length polymorphism technique for 
differentiation of pathogenic and nonpathogenic Leptospira 
spp. Diagn. Microbiol. Infect. Dis., 2009; 63: 251–256.

8.	 Seixas, L.D.S., de Melo, C.B., Leite, R.C., Moreira, É.C., 
McManus, C.M., de Castro, M.B.: Anti-Leptospira spp. 
agglutinins in ewes in the Federal District, Brazil. Trop. Anim. 
Health Prod.: 2011: 43; 9–11.

9.	 World Health Organization. Leptospirosis worldwide. Weekly 
epidemiological record, 2001: 76; 109–116.

10.	 Laakkonen, J., Kallio-Kokko, H., Öktem, M.A., Blasdell, K., 
Plyusnina, A., Niemimaa, J., Karataş, A., Plyusnin, A., Vaheri, 
A., Henttonen, H.: Serological survey for viral pathogens in 
Turkish rodents. J. Wildl. Dis., 2006; 42: 672–676.

11.	 Mérien, F., Amouriaux., P., Perolat, P., Baranton, G., Saint 
Girons, I.: Polymerase chain reaction for detection of Leptospira 
spp. in clinical samples. J. Clin. Microbiol., 1992; 30: 2219–2224.

12.	 Serif, H.: The morbus well cases Istanbul. Istanbul seririyati, 
1922; 2: 101.

13.	 Bulu, A.A., Dörterler, R., Özkan, O., Hoştürk, F.: Doğu 
Anadolu’nun bazı illerinde (Kars, Artvin, Gümüşhane, 
Erzurum) sığır ve koyunlarda Leptospirosis vak’aları, yayılışı, ve 
serotipleri üzerine araştırma. Etlik Veteriner Mikrobiyol. Derg., 
1990; 6: 49–60 (article in Turkish).

14.	 Özdemir, V.: Turkiye’de Leptospirosis’in dağılımı ve 
serotiplendirmesi üzerine bir çalışma. Congress First National 
Veterinary Microbiology, Ankara, 1994; 34 (article in Turkish).

15.	 Çetinkaya, B., Ertaş, H.B., Muz, A., Öngör, H., Kalender, H., 
Özdemir, V.: Determination of seroprevalence of Leptospirosis 
in cattle in Elaziğ. Turk. J. Vet. Anim. Sci., 1999; 3: 633–639.

16.	 Gumussoy, K.S., Özdemir, V., Aydin, F., Aslan, O., Atabek, E., 
Ica, T., Dogan, H.O., Duman, Z., Ozturk, A.: Seroprevalence 
of bovine leptospirosis in Kayseri, Turkey and detection of 
leptospires by polymerase chain reaction. J. Anim. Vet. Adv., 
2009; 8: 1222–1229.

17.	 Sunbul, M., Esen, S., Leblebicioglu, H., Hokelek, M., Pekbay, 
A., Eroglu, C.: Rattus norvegicus acting as reservoir of 
Leptospira interrogans in the Middle Black Sea Region of 
Turkey, as evidenced by PCR and presence of serum antibodies 
to Leptospira strain. Scand. J. Infect. Dis., 2001; 33: 896–898.

18.	 Saltoglu, N.: Leptospira enfeksiyonları: Türkiye ve Dünya’da 
durumu. J. Klimik, 2003; 70: 108–110 (article in Turkish).

19.	 Khaiboullina, S.F., Morzunov, S.P., St. Jeor, S.C.: Hantaviruses: 
molecular biology, evolution and pathogenesis. Curr. Mol. 
Med., 2005; 5: 773–790. 

20.	 Dearing, M.D., Dizney, L.: Ecology of hantavirus in a changing 
world. Ann. New York Acad. Sci., 2010; 1195: 99–112. 

21.	 Li, J., Zhao, Z.T., Wang, Z.Q., Liu, Y.X., Hu, M.H.: Nucleotide 
sequence characterization and phylogenetic analysis of 
hantaviruses isolated in Shandong Province, China. Chin. 
Med. J. Engl. Edition, 2007; 120: 825–830. 

22.	 Suzuki, A., Bisordi, I., Levis, S., Garcia, J., Pereira, L.E., Souza, 
R.P., Sugahara, T.K.N., Pini, N., Enria, D., Souza, L.T.M.: 
Identifying rodent hantavirus reservoirs, Brazil Emerg. Infect. 
Dis.: 2004; 10: 2127–2134.

23.	 Ertek, M., Buzgan, T.: An outbreak caused by hantavirus in 
the Black Sea Region of Turkey. Euro. Comm. Dis. Bull., 2009; 
14(20).

24.	 Essbauer, S., Pfeffer, M., Meyer, H.: Zoonotic poxviruses. Vet. 
Microbiol., 2010; 140: 229–236.

25.	 Chantrey, J., Meyer, H., Baxby, D., Begon, M., Bown, K.J., 
Hazel, S.M., Jones, T., Montgomery, W.I., Bennett, M.: Cowpox: 
reservoir hosts and geographic range. Epidemiol. Infect., 1999; 
122: 455–460.

26.	 Hazel, S.M., Bennett, M., Chantrey, J., Bown, K., Cavanagh, 
R., Jones, T.R., Baxby, D., Begon, M.A.: Longitudinal study of 
an endemic disease in its wildlife reservoir: cowpox and wild 
rodents. Epidemiol. Infect., 2000; 124: 551–562.

27.	 Kaygusuz, S., Arikan, O., Azkur, A.K., Simsek, H., Gazyagci, S., 
Muluk, N., Taner, M., Gozutok, S., Toyran, K., Meydaneri, E., 
Ediz, C., Erol, O., Cirpar, O.C., Ecemis, K., Celebi, B., Agalar, 
C., Ertek, M.: Epidemia of Tularemia in Central Anatolia. J. 
Anim. Vet. Adv.: 2010; 9: 1702–1706.

28.	 Ford, C.E., Hamerton, J.L.: A colchicines, hypotonic citrate, 
squash sequence for mammalian chromosomes. Biotechnic 
Histrochem., 1956; 31: 247–251.

29.	 Patton, J.L.: Chromosome studies of certain pocket mice, genus 
Perognathus (Rodentia: Heteromyidae). J. Mammal., 1967; 48: 
27–37.



441

AZKUR et al. / Turk J Vet Anim Sci

30.	 Çetinkaya, B., Ertaş, H.B., Öngör, H., Muz, A.: Detection of 
Leptospira species by polymerase chain reaction (PCR) in urine 
of cattle. Turk. J. Vet. Anim. Sci., 2000; 24: 123–130.

31.	 Levett, P.N.: Leptospirosis. Clin. Microbiol. Rev., 2001; 14: 
296–326.

32.	 Zakeri, S., Khorami, N., Ganji, Z.F., Sepahian, N., Malmasi, 
A.A., Gouya, M.M., Djadid, N.D.: Leptospira wolffii, a potential 
new pathogenic Leptospira species detected in human, sheep 
and dog. Infect. Genet. Evol., 2010; 10: 273–277.

33.	 Kryštufek, B., Bužan, E.V., Vohralík, V., Zareie, R., Özkan, B.: 
Mitochondrial cytochrome b sequence yields new insight into 
the speciation of social voles in south-west Asia. Biol. J. Linn. 
Soc. Lond., 2009; 98: 121–128.

34.	 Kryštufek, B., Vohralík, V., Zima, J., Koubínová, D., Bužan, E.V.: 
New subspecies of the Iranian Vole, Microtus irani Thomas, 
1921, from Turkey (Mammalia: Rodentia). Zool. Middle East, 
2010, 50: 11–20. 

35.	 Gözütok, S.: Taxonomic status of the genus Microtus (Schrank, 
1798) in Middle Anatolia Region (Mammalia: Rodentia). PhD 
Thesis. Kırıkkale University,  Kırıkkale. Turkey. 2010. 1–152. 

36.	 Ivanov, I.: Mus musculus and Microtus arvalis in the rice-fields 
areas as carriers of leptospirae. Folia Neuropathol., 1972; 14: 
219–222.

37.	 Kuiken, T., van Dijk, J.E., Terpstra, W.J., Bokhout, B.A.: The 
role of the common vole (Microtus arvalis) in the epidemiology 
of bovine infection with Leptospira interrogans serovar hardjo. 
Vet. Microbiol., 1991; 28: 353–361.

38.	 Özdemir, V., Erol, E.: Leptospirosis in Turkey. Vet. Record., 
2002; 150: 248–249.

39.	 Stanko, M., Prokopcáková, H., Peterková, J., Cisláková, 
L.: Relation between characteristics of the small mammal 
population and occurrence of Leptospira antibodies. J. Vet. 
Med. Int., 1997; 42: 355–360.

40.	 Treml, F., Nesnalová, E.: Serologic screening for the occurrence 
of Leptospira antibodies in small wild mammals. J. Vet. Med. 
Int., 1993; 38: 559–568.

41.	 Woods, F.N.: Leptospira interrogans in the Ballum serogroup 
from a vole, Microtus oeconomus (Pallas) in Alaska. J. Wildl. 
Dis., 1974; 10: 325–326. 

42.	 Sunbul, M., Esen, S., Leblebicioglu, H., Hokelek, M., Pekbay, 
A., Eroglu, C.: Rattus norvegicus acting as reservoir of 
Leptospira interrogans in the Middle Black Sea region of 
Turkey, as evidenced by PCR and presence of serum antibodies 
to Leptospira strain. Scand. J. Infect. Dis., 2001; 33: 896–898.

43.	 O’Guinn, M.L., Klein, T.A., Lee, J.S., Richards, A.L., Kim, H.C., 
Ha, S.J., Shim, S.H., Baek, L.J., Song, K.J., Chong, S.T., Turell, 
M.J., Burkett, D.A., Schuster, A., Lee, I.Y., Yi, S.H., Sames, W.J., 
Song, J.W.: Serological surveillance of scrub typhus, murine 
typhus, and leptospirosis in small mammals captured at firing 
points 10 and 60, Gyeonggi province, Republic of Korea, 2001–
2005. Vector Borne Zoonotic Dis., 2010; 10: 125–133.

44.	 Gamage, C.D., Koizumi, N., Muto, M., Nwafor-Okoli, C., 
Kurukurusuriya, S., Rajapakse, J.R.P.V., Kularatne, S.A.M., 
Kanda, K., Lee, R.B., Obayashi, Y., Watanabe, H., Tamashiro, 
H.: Prevalence and carrier status of leptospirosis in smallholder 
dairy cattle and peridomestic rodents in Kandy, Sri Lanka. 
Vector Borne Zoonotic Dis., 2011; 11: 1041–1047. 

45.	 Ellis, W.A., O’Brien, J.J., Neill, S.D., Ferguson, H.W., Hanna, J.: 
Bovine leptospirosis: microbiological and serological findings 
in aborted fetuses. Vet. Rec., 1982; 110: 147–150.

46.	 Guitián, F.J., García-Peña, F.J., Oliveira, J., Sanjuán, M.L., Yus, 
E.: Serological study of the frequency of leptospiral infections 
among dairy cows in farms with suboptimal reproductive 
efficiency in Galicia, Spain. Vet. Microbiol., 2001; 80: 275–284.

47.	 Collares-Pereira, M.: Bovine leptospirosis in cattle in Portugal: 
bacteriological and serological findings. Vet. Rec., 1991; 128: 
549–550.

48.	 Srivastava, S.K., Chaudhuri, P., Thangapandian, E., Mariya, R., 
Amutha, R.: Evaluation of recombinant Leptospira interrogans 
serovar canicola outer membrane proteins as diagnostic 
antigen. Indian J. Med. Microbiol., 2006; 24: 346–348.

49.	 Dräger, K.G., Jonas, D.: Serological prevalence of leptospirosis: 
a survey of pigs and cattle in Rheinland-Pfalz covering several 
years. Tierärtzliche Umschau, 1990; 45: 483–486.

50.	 Pritchard, D.G.: National situation of leptospirosis in the 
United Kingdom. In: Ellis, W.A., Little, T.W.A., Eds. Present 
State of Leptospirosis, Diagnosis and Control. Springer, New 
York. 1986; 221–233.

51.	 Lilenbaum, W., Souza, G.N.: Factors associated with bovine 
leptospirosis in Rio de Janeiro, Brazil. Res. Vet. Sci., 2003; 75: 
249–251.

52.	 Segura-Correa, V.M., Solis-Calderon, J.J., Segura-Correa, J.C.: 
Seroprevalence of and risk factors for leptospiral antibodies 
among cattle in the state of Yucatan, Mexico. Trop. Anim. 
Health Prod., 2003; 35: 293–299. 

53.	 Shafighi, T., Abdollahpour, G., Salehi, Z.T., Tadjbakhsh, H.: 
Serological and bacteriological study of leptospirosis in 
slaughtered cattle in north of Iran (Rasht). Afr. J. Microbiol. 
Res., 2010; 4: 2118–2121.

54.	 Kocabiyik, A.L., Cetin, C.: Bovine leptospirosis in south 
Marmara region of Turkey: a serological survey. Rev. Med. Vet., 
2004; 155: 606–608.

55.	 Aslantaş, Ö.: Determination of the seroprevalence of 
leptospirosis in cattle by MAT and ELISA in Hatay, Turkey. 
Turk. J. Vet. Anim. Sci., 2005; 29:1019–1024.

56.	 Şahin, M., Aydın, F., Özdemir, V., Genç, O., Güler, M.A.: 
Serological survey of bovine leptospirosis in Kars and Ardahan 
provinces. Turk. J. Vet. Anim. Sci., 2002; 26: 17–25.

57.	 Özdemir, V., Kaya, K.: Türkiye genelinde sığır leptospira 
serotiplerinin dağılımının saptanması ve leptospirozise karşı 
bir aşı denemesi üzerine çalışmalar. Etlik Veteriner Mikrobiyol. 
Derg., 2000; 11: 11–21 (article in Turkish).



442

AZKUR et al. / Turk J Vet Anim Sci

58.	 Léon, A., Pronost, S., Tapprest, J., Foucher, N., Blanchard, 
B., André-Fontaine, G., Laugier, C., Fortier, G., Leclercq, R.: 
Identification of pathogenic Leptospira strains in tissues of a 
premature foal by use of polymerase chain reaction analysis. J. 
Vet. Diagn. Invest., 2006; 18: 218–221. 

59.	 Shukla, J., Tuteja, U., Batra, H.V.: 16S rRNA PCR for 
differentiation of pathogenic and non-pathogenic Leptospira 
isolates. Indian J. Med. Microbiol.: 2003; 21: 25–30.

60.	 Turk, N., Milas, Z., Mojcec, V., Ruzic-Sabljic, E., Staresina, 
V., Stritof, Z., Habus, J., Postic, D.: Molecular analysis of 
Leptospira spp. isolated from humans by restriction fragment 
length polymorphism, real-time PCR and pulsed-field gel 
electrophoresis. FEMS Microbiol. Lett., 2009; 300: 174–179.

61.	 Perolat, P., Chappel, R.J., Adler, B., Baranton, G., Bulach, D.M., 
Billinghurst, M.L., Letocart, M., Merien, F., Serrano, M.S.: 
Leptospira fainei sp. nov., isolated from pigs in Australia. Int. J. 
Syst. Bacteriol., 1998; 48: 851–858.

62.	 Cerqueira, G.M., McBride, A.J., Queiroz, A., Pinto, L.S., Silva, 
É.F., Hartskeerl, R.A., Reis, M.G., Ko, A.I., Dellagostin, O.A.: 
Monitoring Leptospira strain collections: the need for quality 
control. Am. J. Trop. Med. Hyg., 2010; 82: 83–87.

63.	 Clarridge, J.E.: Impact of 16S rRNA gene sequence analysis 
for identification of bacteria on clinical microbiology and 
infectious diseases. Clin. Microbiol. Rev., 2004; 17: 840–862.

64.	 Morey, R.E., Galloway, R.L., Bragg, S.L., Steigerwalt, A.G., 
Mayer, L.W., Levett, P.N.: Species-specific identification 
of Leptospiraceae by 16S rRNA gene sequencing. J. Clin. 
Microbiol., 2006; 44: 3510–3516.

65.	 Thomas, I., Brochier, B., Languet, B., Blancou, J., Peharpre, 
D., Kieny, M.P., Desmettre, P.H., Chappuis, G., Pastoret, P.P.: 
Primary multiplication site of the vaccinia-rabies glycoprotein 
recombinant virus administered to foxes by the oral route. J. 
Gen. Virol., 1990; 71: 37–42.


