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ABSTRACT

Leptospirosis is a zooanthroponosis with natural
foci. People become infected with leptospires
either directly from host animals or by means of
certain elements of the external environment.
Circulation of leptospires in nature is maintained
by reservoirs and supporting hosts. For the
first time in Bulgaria we applied nested PCR
in examining organs of murine rodents for the
presence of Leptospira spp. DNA. A total of 109
rodents were investigated after being collected
from 4 districts in Southern Bulgaria: Plovdiv,
Pazardzhik, Smolyan and Blagoevgrad. The
genome of Leptospira spp. was found in 5
species of rodents. Results show that Microtus
spp. is a potential carrier of leptospires, especially
in urban areas. The high rate of leptospiral
DNA-positive rodents captured in the region of
Pazardzhik confirms the activity of the epizootic
process in this natural focus, where epidemics
of benign leptospirosis have been recorded in
the past. The introduced method would help to
clarify the epidemiological links more quickly in
case of a leptospirosis outbreak in some regions.
Stronger measures are needed to combat rats,
murine rodents and their entry in warehouses,
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slaughterhouses and mass caterers, in order
to maintain the cleanliness of open-air ponds,
water sources and prevent contamination of food
products. Future studies in this area would enrich
the knowledge on the circulation of leptospires in
their reservoirs in more areas of our country.
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INTRODUCTION

Leptospirosis is one of the most widespread
bacterial zoonoses in the world. It is caused
by over 200 different serovars belonging to
several serogroups of the genus Leptospira
(1). Clinical presentation ranges from mild,
flu-like illness to severe symptomatology,
including Weil's syndrome with multiple organ
failure and often fatal pulmonary haemorrhagic
syndrome (13). Contact with stray animals,
rodents, poor sanitation, heavy rainfall and
flooding are the main risk factors in developing
countries, whereas recreational activities, such
as freshwater swimming, fishing or sporting
events are associated with clinical leptospirosis
in developed countries (7, 12). Rodents are
the main animal reservoir in urban settings,
with Rattus norvegicus primarily involved in
pathogenic Leptospira interrogans serovar
Copenhageni transmission (4, 5). Leptospirosis
is reported with high prevalence in the rodent
population of major cities in developed countries,
such as Baltimore in the USA (18), Tokyo in
Japan (5) and Copenhagen in Denmark (6).
Human leptospirosis is not a common infection
in countries with moderate climate, where
Bulgaria also falls, and is therefore often difficult
to recognise and treat. A study on pathogenic
Leptospira in the main reservoirs (rats and mice)
would contribute to the faster eradication of the
causative agents in their natural outbreaks. In
the past, large-scale bacteriological studies
have been carried out in Bulgaria with over 1500
animals, mainly rice mice (Micromys minutus),
water rats (Arvicola terrestris), common forest
mice (Apodemus sylvaticus), yellow-necked
mice (Apodemus flavicollis) and hedgehogs
(Erinaceus europaeus) (9).

However, for the last two decades no study has
been conducted on detection of leptospires in
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rodents. Furthermore, it would be valuable to
introduce for the first time a genetic method for
detection of leptospiral DNA in rodents.

The purpose of this study is to identify the
presence of Leptospira spp. DNA in rodent
organs for the first time in Bulgaria by using
nested PCR.

MATERIAL AND METHODS

One hundred and nine rodents were tested by
a nested PCR method. The specimens were
collected from districts in southern Bulgaria for the
period December 2012-December 2014. Species
of the captured rodents were determined by
using the identifier of Ts. Peshev (14). Following
dissection of the animals, the spleen was taken
and examined for the presence of leptospiral

DNA. Nine of the rodents were newborn and the
remaining 100 were adult specimens. Species
distribution of rodents and the areas where they
were captured are shown in Table 1.

Before examination organs of the rodents were
homogenised with Microtube Homogeniser “Bead
Bug” with a power of 40 W for 1 minute. Leptospira
spp. DNA was extracted and purified by DNeasy
Blood & Tissue kit (QIAGEN GmbH, Germany).
The obtained DNA products were subjected
to amplification. Four oligonucleotide primers
(BIONEER, Korea) were used with sequences
presented in Table 2 (11). DNA extracted from L.
interrogans serovars Copenhageni, Pomona and
Canicola (18-day cultures) were used as a positive
control. The amplified products were analysed by
electrophoresis on 1.5% agarose gel.

Table 1. Distribution of rodents tested by nested PCR by species and district in which they were

captured.

District

Pazardjik Smolyan

Species of rodent

Apodemus spp.

Microtus arvalis

Microtus spp.

Myodes glareolus

Mus musculus

Mus macedonicus

Crocidura
suaveolens

Sorex minutus

Micromys minutes

Total

Plovdiv

Blagoevgrad  Total
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Table 2. Primers used in the enzymatic amplification of the test samples from rodents.

Primers Nucleotide sequence 5’to 3’ Product in bp
Lepto A 5-GGCGGCGCGTCTTAAACATG-3
331 bp
Lepto B 5-TTCCCCCCATTGAGCAAGATT-3’
Lepto C 5-CAAGTCAAGCGGAGTAGCAA-3’
289 bp
Lepto D 5-CTTAACCTGCTGCCTCCCGTA-3’
RESULTS our country.

In the wild, besides rats, the main reservoirs
of Leptospira are the small murine rodents.
The relationship between certain species of
rodents with a specific serogroup of leptospires
is known. In the past, extensive studies have
been carried out in Bulgaria on the distribution
of leptospires and their reservoirs (9). However,
for the last 30 years there is no current data on
the spread of leptospires and their reservoirs in

Table 3. Distribution of rodents with Leptospira spp. DNA.

In our study Leptospira spp. DNA was detected
in 28.44% (31/109) of the rodents by nested
PCR. The genome of Leptospira spp. was found
in 5 species of rodents: Apodemus spp., Myodes
glareolus, Microtus arvalis, Microtus spp. —
belonging to the order Rodentia, and Sorex
minutes — belonging to the order Soricomorpha.
They originated from 3 of the surveyed areas:
Pazardzhik, Smolyan and Plovdiv (Table 3).

District Total number of Rodents, carriers of Infected rodents
captured rodents Leptospira spp. (%) from the total (%)
Pazardzhik 84 25/84 (29.8) 25/109 (22.94)
Smolyan 17 5/17 (29.4) 5/109 (4.59)
Plovdiv 7 1/7 (14.3) 1/109 (0.09)
Blagoevgrad 1 0 0
Total 109 31/109 31/109 (28.44)

Species distribution of rodents with Leptospira spp. DNA is presented in Fig. 1. The highest percentage of infected rodents
was found for Myodes glareolus — 42%, followed by Apodemus spp. — 33% and Microtus arvalis — 30%. In Pazardzhik was

captured 1 Sorex minutus which gave a positive result.

number investigated ™ number positive
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Figure 1. Species
distribution of rodents with
Leptospira spp. DNA.

M percent

20

Microtus
arvalis

Myodes
glareolus

Apodemus
spp.

Microtus

spp.
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The lowest percentage of infected rodents was percentage was found for Apodemus spp. — 13%

found for Microtus spp. — 20%. The percentage (11/84), followed by Myodes glareolus

- 8%

of infected rodents by species in the region of (7/84) and Microtus arvalis — 7% (6/84).

Pazardjik is presented in Fig. 2. The highest

Microtus arvalis I

Mpyodes glareolus I

%

Figure 2. Percentage of
infected rodents by species
in the region of Pazardzhik.

8%

Apodemus spp.

The percentage of adult specimens infected
with leptospiral DNA was 30% (30/100), and
of newborns — 11.11% (1/9). The percentage
of infected male rodents was 29.79% (14/47),
exceeding that of females — 27.42% (17/62).

DISCUSSION

In Bulgaria large-scale studies on natural
reservoirs of leptospirosis have been conducted
in the past (1958-1980) (9, 10). A relatively high
proportion of animals positive for leptospirosis
was established in Southwestern Bulgaria.
This indicates the presence of active natural
outbreaks. In the present study, rodents carrying
Leptospira spp. DNA were found in 3 areas.
The highest percentage of infected rodents was
found for the region of Pazardzhik — 22.94%.
Leptospira spp. genome was not detected in
the species Mus musculus and Microtus spp. In
Smolyan region 29.41% (5/17) were infected but
the number of captured rodents was quite small
(only 17). Leptospira spp. DNA was present
in the species Apodemus spp. and Myodes
glareolus. In Plovdiv region 1 of the captured
Microtus spp. was infected, whereas Mus
macedonicus specimens were not infected. In
Pazardzhik region the only captured specimen
of Sorex minutus was infected. The proportion of
captured rodents from this species is significantly
low — 0.9%, and therefore, it is not statistically
significant (Table 1).

The representatives of genus Apodemus are
found in wetlands in many regions of the country
but with low settlement density. Wild murine
rodents of the species Apodemus agrarius are a
reservoir of serogroup Pomona serovar Mozdok
(8). In the past, the highest infection rate was
found in Petrich (30.1%) and Srebarna Nature
Reserve (18.6%). Because of the low settlement
density, Apodemus species are not capable of
sustaining leptospires from this serogroup for
long time. Therefore, the infection rate of this
species found in our study is comparatively lower
— 33% (Fig. 1). The infection rate of Myodes
glareolus is higher —42.10%, probably due to
the more extensive distribution of this species,
especially in wet woodlands. Similar studies
have been conducted in a number of European
countries. In Croatia was found a high infection
rate of rodents from the species Apodemus
spp. and Myodes glareolus with Leptospira —
21.5% (16). In Palermo (ltaly), the percentage
of infected rodents captured near green areas
and a small river reached 40%. This was due
to the climate change in Sicily from dry and
hot to subtropical, with hot wet summer and a
sudden storm favouring the spread of pathogenic
leptospires (19).

In our country there are 2 species belonging to
the family Soricidae: Crocidura leucodon and
Crocidura suaveolens. In previous studies, there
were positive serological findings of leptospirosis

28



INVESTIGATION OF MURINE RODENTS FOR THE PRESENCE OF LEPTOSPIRA DNA BY NESTED PCR

in 1 outof 267 specimens of Crocidura suaveolens
(serogroup Icterohaemorrhagiae) (9). No infected
rodents of this species were found in the present
study. The overall percentage of infected rodents
in our study is close to that observed in France
— 34.7% (2), in Poland the rates were between
2 and 40% (17), while in Germany — 21% (15).
The high rate of infected rodents demonstrated
by this study indicates a risk of high level of soll
contamination with urine from these animals.
The close interaction between humans, animals,
water and soil also determines the possibility
of outdoor animal infestation. Considering the
significantly high percentage of infected Microtus
spp. rodents — 50% (Fig.1), although only a small
number of specimens were captured, it can be
concluded that this species is a potential carrier of
Leptospira, especially in urban areas. Secondary
habitats of Microtus spp. are farmland and
shallow-sloping terrains, and therefore it should
be taken into account their movement from dense
forests and meadows to urban grasslands and
the potential contamination affecting primarily
activities such as gardening.

CONCLUSIONS

The role of small rodents in the epidemiology of
leptospirosis is elusive and leaves some aspects
unclear. The relationship between reservoirs,
people and animals in the epidemiological
chain of this infection should be studied further,
especially at the molecular biology level. In the
future, it would be worthwhile to carry out a more
detailed study on detection of Leptospira in a
larger number of rodents from more areas of the
country.

The control of the disease in Bulgaria is limited
because our knowledge of the main aspects of
epidemiology, including the mode of transmission
of Leptospira among rat populations, remains
incomplete. In our country, after heavy rainfall
and floods, there was an increase in the number
of cases of leptospirosis in certain regions,
which is probably related to an increase in
the population of rodents (3). The results we
obtained confirm the circulation of Leptospira in
the reservoirs. The combination of heavy rainfall
and the accumulation of waste in deserted
buildings and riverbeds are a prerequisite for the

populations of rats and murine rodents to grow in
urban areas as well. Further research is needed
to provide new perspectives for epidemiological
surveillance.
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