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ABSTRACT

Background

Leptospirosis is a zooanthroponosis with natural out-
breaks, of great significance for public health worldwide.
According to data from the latest ECDC report, there are
765 confirmed cases of leptospirosis in Europe. Human
cases of leptospirosis in Bulgaria have been reported
since 1952. A trend towards a decrease in the number
of registered cases of leptospirosis in our country has
been observed in the last two decades. This study was fo-
cused on the analysis of circulating serovars of the genus
Leptospira and their distribution, and epidemiological
characteristics of laboratory confirmed cases of human
leptospirosis for a ten-year period (2014-2023). It was
interesting to reveal the relationship between clinical
symptoms, transmission mode and sources of infection,
and to assess the status of the problem in our country.
Material and methods

A total of 1152 samples suspected of leptospirosis col-
lected from all regions of the country, were tested by
MAT analysis. Of them, paired blood samples (at the
beginning of the infection and during the convalescent
phase) were taken from 62 patients and were examined
by PCR (nested and real time). Suspensions of live ser-
ovars from 9 different Leptospira serogroups known to
circulate in Bulgaria were used as antigens.
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Results

Average annual incidence of the disease was
0.16/100,000 population. The overall case fatality rate
was 4.3 % in this period. Analysis of case distribution
according to sex showed a high predominance of male
patients -75/93 (80.65%), from the age group 50-59
years. Serogroup Icterohaemorrhagiae had the leading
aetiological role in 2015-2023, but in 2014 Sejroe was
the most commonly detected serogroup. The highest
incidence was observed in the district of Sofia city, and
far fewer cases were registered in Shumen, Montana,
Bourgas and Pleven. The monthly distribution of lepto-
spirosis cases showed that most of the cases appeared
in summer and fall with a peak incidence in late sum-
mer and early autumn. Analysis of the possible mode
of transmission showed that the infection was acquired
mainly through occupational exposure (70.67% of
cases), mostly livestock farming. Rats were the main
risk factor to contract leptospirosis during this period
(38.67% of cases). Data analysis showed that 44.08% of
the patients suffered from severe disease (Weil’s dis-
ease). Acute renal failure, diagnosed in 36.56% , was
the main cause for fatality, which was noted also in the
previous studies. Anicteric cases (55.91%) had a milder
course, in most cases shown to occur as a self-limiting
flu-like infection.

Conclusions

The results from this ten-year period show that lepto-
spirosis in Bulgaria is an infection with limited distribu-
tion, but the risk of leptospirosis should not be under-
estimated. The development of real-time PCR method
for rapid diagnosis of leptospirosis is very important for
the diagnosis of individual cases or during outbreak sit-
uations.
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INTRODUCTION

Leptospirosis is one of the most important zoonotic bac-
terial infections worldwide (1, 2). It most commonly af-
fects resource-poor populations, resulting in significant
morbidity and many deaths. The infection is estimated
to cause one million cases and around 58 900 deaths
annually, with a case fatality rate of 6.85% (3). Lepto-
spirosis is a zooanthroponosis with natural outbreaks
and of great significance for public health worldwide.
The disease is more common in temperate and tropical
regions. According to the latest ECDC report, there are
765 confirmed cases of leptospirosis in Europe for 2022
(4).

Various wild and domestic animal species serve as
maintenance hosts. Humans are accidental hosts of the
infection. While between maintenance hosts infection

42



HUMAN LEPTOSPIROSIS IN BULGARIA - EPIDEMIOLOGICAL ANALYSIS OF THE INFECTION, 2014-2023

is spread by direct contact, humans can be infected ei-
ther by direct contact with urine or tissues of infected
animal, or indirectly - with contaminated water (1).
Human cases of leptospirosis in Bulgaria have been re-
ported since 1952 (5). In recent years, leptospirosis re-
mains one of the important diseases for public health,
reported as an emerging infection in many countries.
In Bulgaria, the average annual morbidity of leptospi-
rosis for the period 2009-2013 was significantly lower
- 0.13/100 000, and the average mortality was 0.016%,
in comparison to the period 2006-2009 when the cases
of leptospirosis were 0.18 / 100 000. A decreasing trend
of registered cases of leptospirosis in our country has
been observed.

This study was focused on the analysis of circulating
serovars of the genus Leptospira and their distribution,
and epidemiological characteristics of laboratory con-
firmed cases of human leptospirosis for a ten-year peri-
od (2014-2023). It was interesting to reveal the relation-
ship between clinical symptoms, mode of transmission
and sources of infection and to assess the status of the
problem in our country.

METHODS

Epidemiological Data

This study was based on all reported laboratory con-
firmed cases of human leptospirosis in Bulgaria for 10
years, from 2014 to 2023. Confirmed case of leptospi-
rosis was defined as a patient with clinical evidence of
leptospirosis and laboratory confirmation of infection.
All cases were laboratory confirmed in the National ref-
erence laboratory of Vector-borne infections, at the Na-
tional Center of Infectious and Parasitic Diseases, Sofia,
Bulgaria.

Patients with confirmed leptospirosis were analyzed
using questionnaires that included data such as age,
sex, location, month of onset. In addition, data from
epidemiological investigation concerning the possible
source of infection and mode of transmission as well as
symptoms of manifestation of the disease evaluated by
infectious diseases specialists were inclu.

Microscopic agglutination test

All patients were diagnosed with the reference meth-

Table 1. Praimers using in nested PCR

od for serological diagnosis and identification of the in-
fecting Leptospira serovar, the microagglutination test
(MAT), following established protocols (7). Suspensions
of live serovars from 9 different Leptospira serogroups
known to circulate in Bulgaria were used as antigens:
serogroup Australis (serovar Bratislava Jez Bratislava);
Autumnalis (serovar Nikolaevo); Ballum (serovar Bal-
lum); Bataviae (serovar Bataviae van Tienen); Canicola
(serovar Canicola); Icterohaemorrhagiae (serovar Co-
penhageni); Pomona (serovar Pomona); Sejroe (serovar
Sejroe); Tarassovi (serovar Tarassovi Perepelicin) and
Semaranga (serovar Patoc). Serum samples were tested
first at 1:100 dilution and positive sera were further ex-
amined for reactivity to the detected Leptospira serovar
at 2-fold dilutions starting with 1:100. The end point titer
was the highest dilution of serum at which 50% aggluti-
nation occurred. In the current Bulgarian case definition,
a titer 1:400 is used for laboratory confirmation. All pa-
tients had titers of agglutinins above 400, in some cases
as higher as above 12 800. Titer of the specific antibod-
ies was processed in the positive sera subsequently (6).

DNA detection by nested PCR

PCR method based on the amplification of the rrs genes
(16S) of leptospires (8). Leptospira DNA extraction us-
ing Dneasy Blood & Tissue Kit (QAIAGEN Gmbh, Ger-
many), were performed. Four oligonucleotide primers
(BIONEER, Korea) were used (Table 1). This method
was applied to Leptospira interrogans in blood samples
from patients taken in the initial phase of infection, be-
fore antibiotic treatment was started. The size of the
first round products was 331 bp, from the second round
—289 bp.

Nested PCR reaction was performed using a commer-
cial kit lllustra Ready-To-GO PCR Beads, GE Healthcare.
The PCR reaction conditions are described by Merien et
all (8). PCR reaction was fulfilled in DNA thermal cycle
2720 (Applied biosystems).

DNA extracted from L. interrogans serovars: copenha-
geni, pomona and canicola (18 day cultures) was used
as a positive control. The amplified products were ana-
lyzed electrophoretically on a 1.5% agarose gel. Elec-
trophoretic analyses were performed on an Electro-
phoresis Power Supply EPS 301 apparatus (Amersham

Primers Nucleotide sequence 5' to 3' Product size in bp
Lepto A 5-GGCGGCGCGTCTTAAACATG-3'

Lepto B 5-TTCCCCCCATTGAGCAAGATT-3' 331 bp
Lepto C 5-CAAGTCAAGCGGAGTAGCAA-3'

Lepto D 5-CTTAACCTGCTGCCTCCCGTA-3' 289 bp
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Fig 1. Distribution of the number positive patients for leptospirosis
tested by MAT test.

Biosciences). Visualization of amplified products and
molecular markers were recorded on a UV-transillumi-
nator (MS -Major Science- UVDI).

DNA detection by real time PCR.

Isolated DNAs were stored at -20°C. A real-time PCR
assay using a TagMan probe targeting lipL32, which is
present only in pathogenic Leptospira spp. The modified
primer set of LipL32-45F (5'-AAG CAT TAC CGC TTG TGG
TG-3') and LipL32-286R (5'-GAA CTC CCA TTT CAG CGA
TT-3') were selected to amplify a fragment of 242 bp,
which was detected by the probe, LipL32-189P (FAM-5'-
AA AGC CAG GAC AAG CGC CG-3'-BHQ1) (9, 10). Target
genes, primer sequences, and FAM fluorescently labe-
led probes applied for species identification Leptosira
interrogans were used as described (9).The volume of
the real-time PCR reaction was 20 pl, containing a mix
of the following: 10 pl MM 2x, praimers- For 1 pl, Rev
1 ul, PrQ,5 pl, HO 3,5 ul and 4ul of extracted DNA. A
kit Eurx Tagman gPCR for amplification were use. PCR
reaction conditions are described by Stoddard et all (9).
Real-time PCR was performed with Gentier Real-Time
PCR System 96E.

RESULTS
Occurrence of leptospirosis in Bulgaria

A total of 1152 samples suspected of leptospirosis col-
lected from all regions of the country for the period
from 2014 to 2023, were tested by MAT analysis. Anti-
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Fig 3. Average annual morbidity of leptospirosis per 100
000 for the period 2014-2023.
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Fig 2. Distribution of number positive patients for
leptospirosis by PCR (nested and real time).

bodies against Leptospira were detected by MAT in 93
(8.07%) of the investigated samples (Fig. 1).

Paired blood samples (at the beginning of infection and
during the convalescent phase) taken from 62 patients
with a clinical diagnosis of leptospirosis were examined.
In 41/62 samples taken in the acute phase of infection
(66.13%), leptospira DNA was detected by PCR (Fig. 2).
These samples were previously tested by MAT, and the
results were compared. Using PCR analysis, we were
able to detect Leptospira interrogans DNA in blood
samples of patients who died before seroconversion.
The average annual incidence of the disease was
0.16/100,000 population (range 0.59-0.01/100,000)
(Fig. 3). The average annual mortality from leptospirosis
per 100 000 for this period was very low. Not a single
deceased patient was registered over the years: 2015,
2016, 2017, 2018, 2020, 2021 (Fig. 4). The overall case
fatality rate was 4.3 % (4 patients).

The aetiological agent in fatal cases was serogroup
Icterohaemorrhagiae and acute renal failure was pro-
posed as the cause of death.

Analysis of case distribution according to sex showed
high predominance of male patients -75/93 (80.65%)
over female 18/93 (19.35%). The most affected age
groups were 50-59 years 32/93 (34.41%), 60-69 years
(20.43%) and 40-49 years (18.28 %), and then 30-39
years (16.13%) (Fig. 5).
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Fig. 4 Annual average mortality of leptospirosis per 100 000

for the period 2014-2023
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Fig 5. Age distribution of serologically positive patients
for leptospirosis for the period 2014-2023.

Leptospira serogroups in aetiology

Leptospira serovars belonging to 7 different serogroups
caused infection during the 10-year study period (Table.
2). Serogroup Icterohaemorrhagiae had the leading role
in aetiological structure in 2015-2023. However, in 2014
Sejroe was the most commonly detected serogroup.

The overall proportion of serogroup Icterohaemorrha-
giae was 53.76% (50/93 cases), the overall proportion
of serogroup Pomona was 23.65% (22/93) and of sero-
group Sejroe was 13/93 (13.98%) for the whole study
period (Table 2). Serogroup Tarassovi was less com-
mon, causing a total 5 cases (5.38%). In fact, all cases
caused by serogroupTarassovi were detected in 2014.
Serogroups Autumnalis, Australis and Bataviae were
extremely rare (1/93), giving proportions of 1.08%, re-

spectively.

Eighteen of 28 Regional Health Inspectorates H(RHI)
reported serologically confirmed cases of leptospirosis.
Distribution of Leptospira serogroups according to dis-
tricts is shown in Fig. 6.

The highest incidence was observed in the district of
Sofia city, where 16 clinical cases from 93 in the coun-
try (17.2%) for the entire study period were registered,
followed by Gabrovo — 12 cases (12.9%) and Lovech -
9 cases (9.68%). Six cases were registered in each of
the districts Shumen, Montana, Bourgas and Pleven,
for this period and 5 cases - in the districts Vratsa and
Yambol (Fig. 6). One case (1.08%) per year was reported
in each of the areas of Blagoevgrad, Sofia region and
Sliven. Serogroup Icterohaemorrhagiae was registered
in almost all districts, with the highest number of cas-
es in Sofia city, Pleven and Bourgas. Serogroup Pomona
was detected in the areas of Lovech, Shumen, Vratsa
and Gabrovo. Serogroup Australis was registered only
in Lovech and serogroup Autumnalis- only in Shumen
(Fig. 6).

Monthly distribution of leptospirosis cases showed that
most of the cases appeared in summer and fall with a
peak incidence in August-September-October (Fig. 7).
However, leptospirosis patients were detected through-
out the year. Serogroup Icterohaemorrhagiae was found
from May to December, serogroup Pomona — from Jan-
uary to October and serogroup Sejroe — throughout the

Table 2. Proportions of Leptospira serogroups in the aetiological structure of human leptospirosis in Bulgaria,

2014-2023.
Years Leptospira serogroups number of cases/total cases per year (%)
Icterohaemorrhagiae Pomona Sejroe Bataviae Tarassovi Autumnalis | Australis
5/30 o 10/30 5/30 1/30 1/30
2014 (16.6%) 8/30 (16.6%) (33.3%) (16.6%) (3.33) (3.33)
2015 4/11 4/11 2/11 1/11
(36.36%) (36.36%) (18.18%) | (9.09%)
8/12 4/12
2016 (66.66%) (33.33%)
2/5 2/5 1/5
2017 (40%) (40%) (20%)
14/15 1/15
2018 (93.33%) (6.66%)
4/6 2/6
2019 (66.66%) (33.33%)
2/3 1/3
2020 (66.66%) (33.33%)
3/3
2021
(100%)
6/6
2022 (100%)
2/2
2023 (100%)
Total 50/93 22/93 13/93 1/93 5/93 1/93 1/93
(53.76%) (23.65%) (13.98%) | (1.08%) (5.38%) (1.08%) (1.08%)
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year. Serogroup Tarassovi was recorded mostly in Au-
gust (5 cases) and only in 2014 after the heavy floods in
Central Bulgaria.

In fact, in 2014, the most diverse spectrum of leptos-
pira serogroups was observed, namely (/cterohaemor-
rhagiae, Pomona, Autumnalis, Australis, Tarassovi and
Sejroe). Only serogroups Icterohaemorrhagiae and Po-
mona have been proven in the last 5 years.
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Fig 7. Seasonal distribution of leptospirosis cases, 2014-2023

2\ seiroe 0 Autumnalis

D Australis

Epidemiological data
Data on the possible modes of transmission and sourc-

es of infection were available for 75 patients with lepto-
spirosis (80.65%).

Analysis of the possible mode of transmission showed
that infection was acquired mainly through occupation-
al exposure: 53 (70.67%) cases were associated with
livestock farming; 38 (50.67%) with work in carpentry
workshops, and a total of 13 (17.33%) — with work in
a slaughterhous. The second most frequent mode of
transmission was by recreational exposure: 13 (17.33%)
patients including swimming in lakes and open reser-
voirs; 7 (9.33%) fishing — 6 (8%); at the third place were
activities related to additional factors - 9 (12%) (Table 3).
Analysis of possible source of infection revealed that
rats was the main risk factor to contract leptospirosis
during 2014-2023 — 29/75 (38.67%) cases (Table 3).
Twenty six (17+9)/75 (34.67%) patients were infected
through direct or indirect contact with domestic ani-
mals (swine, goats and sheep). Overall, feed from the
warehouses was the third common source of infection
—for 10 (13.33%) cases.

Twenty (26.67%) of the patients were exposed to sever-
al risk factors — livestock farming, presence of rodents
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Table 3. Possible sources of infection and mode of transmission of cases of
leptospirosis in Bulgaria for 2014-2023.

Mode of transmission PI?‘[(LZI;tS Sources of infection Pr?t(loe/or;ts
Activity Contact with:

I. Related to occupation 1.Rats 29 (38.67%)
1. Livestock production 38 (50.67%) 2.Swine 17 (22.67%)
2. Work in carpentry workshop 8 (10.67%) 3.Sheep and goats 9 (12%)
3. Securing the farm 2 (2.67%) 4. Feed from warehouses 10 (13.33%)
4. Working in a slaughterhous 5 (6.67%) 5.Sewage 5 (6.67%)
Total 53 (70.67%) 6.Unknown source 5 (6.67%)
I1. Recreational Activities Total 75 (100%)
1. Swimming in lakes and open reservoirs 7 (9.33%)

2. Fishing 6 (8%)

Total 13 (17.33%)

I11. Additional factors

1. Contaminated food 5 (6.67%)

2. Contaminated water 4 (5.33%)

Total 9 (12%)

Summary 75 (100%)

in houses and/or working places, consumption of food
contaminated with rodent excreta, etc.

Clinical data

The clinical spectrum of symptoms was analyzed in all
patients (n=93) with leptospirosis (Fig. 8). A lot of com-
binations of symptoms were observed. Data analysis
showed that 44.08% (41/93) of these patients suffered
from severe disease (Weil’s disease), probably because
the majority of benign forms remained undiagnosed.
Fever and myalgia were the most frequently reported
symptoms in 56 (60.22%) and in 52 (55.91%) patients,

neck stiffness . 4
anuria I 10
rash Ee—— 11
diarrhea I 10
splenomegaly ———— 13

respectively. Jaundice and hepatomegaly were observed
in 41 (44.09%) and 34 patients (36.56%), respectively.
The disease was accompanied by nausea in 35 patients
(37.63%), hepatomegaly and oliguria in 34 (36.56%), ar-
thralgia — in 31 (33.33%) and vomiting — in 29 (31.18%).
Acute renal failure, diagnosed in 34/93 (36.56%) patients,
was the main cause for fatality, which was noted also in
the previous studies (5,11). Rarely, the disease manifest-
ed as rash, anuria and neck stiffness (Fig. 8). Anicteric
cases (n=52, 55.91%) had a milder flu-like course, while
all icteric cases manifested as severe diseases, meaning
that clinical jaundice is an important predictive marker.

abdominal pain T 73
conjunctival inection NTTETEEEEEEEEEEEEEEE——————
vomiting I 2O
arthralgia I 3]
cliguria M 3
hepatomegaly ITTEEEE——— 1.
nausea M 15
(LR ________________JET]
jaundice IE—— (] 1
myalgia | 52
temperature I 56

o 10

20

30 &0 50 [

B number of patients
Fig.8 Clinical spectrum of the symptoms in the infected with

leptospirosis for the period 2014-2023
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DISCUSSION

Human leptospirosis is an officially notified infection
in Bulgaria. In this study, all clinically and laboratory
confirmed leptospirosis cases in Bulgaria for a 10 year
period were analyzed. Compared with previous years
(5,11,12), the incidence of leptospirosis showed a
marked decline, from 53 reported cases in 1999 (0.64/
100 000) to 6 cases in 2013 (0.08/ 100 000). However, in
2014, a fivefold increase was observed, with 30 report-
ed cases (0.42/100 000) compared to 2013.

The average morbidity decreased to 0.18 / 100000 for
the period 2006-2009 (11) and 0.19/100,000 popula-
tion for the period 2010-2014 (12). In the last 4 years,
the incidence has decreased very sharply -0.05/100 000
for 2023. The decline of leptospirosis cases in 2020, fol-
lowed by an increase in the number of cases in 2021,
may be associated with the changes in population be-
haviors during the COVID-19 pandemic (e.g. less trav-
el and more limited or impaired surveillance activities
during the first year of the pandemic) (19).

There has been a decrease in the number of deaths
compared to previous studies (12). Many European
countries reported a decrease in leptospirosis notifica-
tions in the second half of the 20th century in relation
to a decline in the number of agricultural workers and
improvement of living standards. This trend has been
registered in Germany, France, the Slovak Republic and
Denmark (13). In Bulgaria, we detected peak in human
leptospirosis cases only in 2014, which correlated well
with a heavy rainfall and floods in central Bulgaria. Ger-
many also reported increased incidence of leptospirosis
cases in 2014 and attributed it to the warm and humid
climate (14).

All 93 registered confirmed leptospirosis cases analyz-
ed in the study occured on the territory of Bulgaria. In
accordance with previous investigations in Bulgaria as
well as with numerous studies from Europe and Asia
(15-18), our study showed that the disease affected
mainly men of working age. The average male/female
ratio among cases was 4:1. Distribution by sex of pa-
tients with leptospirosis in the country was comparable
to similar studies from Italy, Germany, France (18, 19).
In this study, the age groups of 50-59 years (34.41%)
were mainly affected. Such observations were also
made in a similar study in Greece (21). This is probably
related to the share of increased outdoor activities out-
side professional activities. In Denmark, however, a sim-
ilar study was found that the most affected age group
was of adult men aged 40-49 years (13).

Most leptospirosis cases in Bulgaria for the last 10 years
occurred in late summer and early autumn as has been
alsoreported from Europe, more specifically in Denmark
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(19, 20). Obviously, appropriate combination of optimal
temperature and rainfall at this time supports efficient
survival of leptospirae in the environment. However, in
Bulgaria, leptospirosis cases could occur throughout the
year. About 66% (61/93) of leptospirosis cases occured
during the months July, August and September. A slight
shift of the peak towards the beginning of summer was
observed as compared to previous studies (11,12).
Serovars belonging to 7 different serogroups caused
infection during the 10-year study period. Serogroup
Icterohaemorrhagiae had the leading role in the ae-
tiological structure during 2010-2013 in our country
(12). Similar findings about the leading role of this se-
rogroup have been reported in Denmark and Portugal
(13, 20). In recent years, domestic cases registered in
the Azores have had a significant impact on the total
number of cases and the high notification rate reported
by Portugal. The Azores is considered an endemic area
for leptospirosis. It has subtropical climate and harbors
a high density of rats, both favorable for the transmis-
sion of leptospirosis (13). However, according to this
study, in 2014 Sejroe was the most commonly detected
serogroup, while for the period 2015-2023 the leading
role in the etiological structure had serogroup Ictero-
haemorrhagiae . The overall proportion of serogroup
Icterohaemorrhagiae was 53.76% (50/93 cases). A sig-
nificant increase in cases caused by this serogroup was
observed - 33.8%, as compared to previous studies (12).
The overall proportion of serogroup Pomona was 22/93
(23.65%), a slight decrease compared to previous stud-
ies (25%) was observed (12). Serogroup Sejroe was de-
tected only in 2014, 2015, 2017, with the total percent-
age for the period amounting to 13/93 (13.98%). This
serogroup was the second most frequently detected,
found in 21.43% of cases in previous investigation in our
country (22).

Serogroup Tarassovi was less common, causing a total
of 5 cases (incidence 5.38%). In fact, all cases caused by
serogroup Tarassovi were detected in 2014. Serogroups
Australis, Autumnalis and Bataviae were extremely rare
1/93 (incidence 1.08% resp). In the current study, an
increase in the number of leptospirosis cases was ob-
served in the areas of Sofia, Pleven and Gabrovo, as
compared to previous studies (11, 12, 22), with sero-
group Icterohaemorrhagiae mainly occurring in these
areas. In the districts of Lovech and Shumen, a slight
increase in the number of cases was also observed, but
the leading serogroup was Pomona (22). In Yambol dis-
trict, the same trend was observed, but serogroup Se-
jroe had the leading role there. One case of serogroup
Australis serovar Bratislava was detected in the Lovech
region (i.e. in Central Bulgaria). However, according to
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published data, cases of leptospirosis with this sero-
group are characteristic of coastal regions, for example
in Turkey (23).

All patients were infected on the territory of Bulgaria.
Data analysis showed a rising trend of the cases asso-
ciated with occupational activities in the ten-year peri-
od and decrease of those associated with recreational
activities. These data differ from the previous studies
in our country (22). In Bulgaria, before 1990, the dis-
ease was relatively common among rice workers and
miners (5). In the following years, along with the radical
economic changes in Bulgaria, these professions fad-
ed and nowadays most occupationally exposed people
are livestock farmers, followed by workers in carpentry
workshops and slaughterhouses. Notably, the occupa-
tional risk was higher for farmers breeding pig than for
farmers breeding cattle. Fishing and bathing in lakes
with stagnant water accounted for 17.33% of the infec-
tions. The overall distribution of cases by transmission
mode did not change substantially over the study peri-
od, contact with animals being the most frequent mode
in all years. Studies in some European countries have
observed this trend of increasing occupationally-re-
lated cases of leptospirosis (19). Contact with animals
was the most frequent transmission mode in Slovenia
(90.5%), Portugal (76.5%), Spain (52.6%) and Austria
(52.4%). On the contrary, in Romania, infections were
associated with recreational water contact in 76.3% of
cases (13). Nowadays, contract leptospirosis in Bulgaria
through recreational activities (fishing and bathing) is
less likely than through occupational activities. This is
in concordance with previous studies for Bulgaria (12).
This is because the main age group engaged in animal
husbandry is a men 50-59 years old, while more young
people under 30 are engaged in swimming and fishing.
Although the mode of transmission of leptospirosis for
fishermen in Bulgaria and fish farmers in Denmark (24)
is different, the source of infection is similar.

Contact with rodents, mainly rats, was another common
source of infection as concluded from the results of our
study (38.67 %). Patients reported having rodents in
their farms and country houses. Generally, leptospirosis
was contracted more frequently through indirect con-
tact with animal excretions (via contaminated water,
soil, or food) and less commonly through direct contact
with animal urine or tissues (1, 2). House mice also play
a significant role in the transmission of infection. For ex-
ample, a significantly high transmission risk from house
mice was observed in Portugal emphasizing the need to
develop integrated control programs to reduce the risk
of human disease (15). Several studies in Europe have
reported the role of wild and domestic animals as driv-

ers of leptospirosis, which has led to various animal spe-
cies, in particular rodents, being described as a source
of human infection (18). In this study, another risk fac-
tor was revealed - improper food storage and possibil-
ity for contamination with excreta of rodents - 6.67%,
which is a fairly low percentage compared to some
European countries: Lithuania (75.0%) and Slovakia
(29.0%) (18,19). During the study period, the infection
was detected in only 6.67% of slaughterhouse workers.
In contrast, in New Zealand, the incidence of leptospi-
rosis is highest among agricultural and slaughterhouse
workers. Meat processing work involving the removal of
offal is at high risk, with infected animals spraying urine.
Interventions are therefore being developed in the Pa-
cific Islands, which include adjustments to occupational
practices and promotion of animal vaccination (25).

It is known that the majority of leptospiral infections
are either subclinical or result in very mild illness and
recover without any complications. However, a small
proportion develop various complications due to in-
volvement of multiple organs and systems. In such
patients, the clinical presentation depends on the pre-
dominant organs involved and the mortality rate can
be about 40% or more (16). Furthermore, analysis of
the clinical signs and symptoms of registered leptospi-
rosis cases in Bulgaria 2014-2023 showed prevalence
of the severe Weil’s disease over flu-like forms of the
disease. The most likely explanation is that the majority
of milder forms were not clinically recognized. The se-
vere form of leptospirosis was usually accompanied by
jaundice and oliguria. In about one third of the patients,
acute renal failure was established (36,56%). As in the
previous years, acute renal failure was the main cause
of death in fatal cases (5). Fever and jaundice were
the most frequently reported symptoms. There was a
decrease in the percentage of patients with jaundice
compared to previous studies - from 73.68% to 44.08%
(22). The pathogenesis of severe leptospirosis is poorly
understood, however, it is thought to be due to a form
of vasculitis. Although jaundice is a prominent feature,
death often results from complications of acute kidney
injury, myocardial involvement or pulmonary haem-
orrhage (26). Myalgia is the leading symptom in the
current study, which coincides with previous studies in
Bulgaria - 55.91% (11, 22). Myalgia can be severe, and
usually involves the calves, abdomen (mimicking acute
abdomen) and paraspinal muscles (resulting in men-
ingism) (26). The percentage of patients with headache
increased from 36.84% to 40.86%, and the percentage
of those with conjunctivitis decreased from 42.11% to
29.03% compared to previous studies (22). Rash was
observed in 11.83% of the patients, which is higher
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than in previous studies - 4.41% (12). Although rare,
some manifestations of leptospirosis are important and
should not bestated - meningitis, pneumonia, endocar-
ditis. In contrast, a study in Greece reported that mainly
pulmonary involvement and hemorrhage were associ-
ated with disease severity. This is due to the subtropical
Mediterranean climate with mild and wet winters that
characterize the country (21). Anicteric cases (n=52,
55.91%) had a milder course, in most cases shown to
occur as a self-limiting flu-like infection. An increase in
this percentage is observed compared to previous sur-
veys for the country (32.1%) (12).

Symptoms are dependent on certain known and un-
known factors, such as immune status, and it is thought
that the causative serovar might play a role. This makes
it hard to distinguish from other diseases such as influ-
enza, hepatitis, viral haemorrhagic fevers, or enteric
disease, resulting in mis- or under-diagnosis (4). This
fact, together with the subclinical nature of the disease
in animals and people and the need of technically de-
manding laboratory tests to diagnose the disease, has
led to a lack of awareness of leptospirosis and therefore
the focus should be on addressing this problem in the
future.

CONCLUSION

Leptospirosis in Bulgaria, located in the temperate cli-
mate region of southeastern Europe, is endemic with a
low incidence but with significant fatality rate. Analyz-
ing the results from this ten-year period, we can con-
clude that leptospirosis in Bulgaria is an infection with
limited distribution, but the risk of leptospirosis should
not be underestimated. More efficient measures for ro-
dent control are needed since contact with rodents was
shown to be an important risk factor.

The wide spectrum of clinical symptoms of the disease,
the development in some cases of severe infection
leading to a fatal outcome, requires the search for new,
more reliable methods for laboratory diagnostics. Early
initiation of adequate and effective treatment is essen-
tial, which reduces the risk of developing vasculitis and
pulmonary hemorrhage. Development of real-time PCR
for rapid diagnosis of leptospirosis is very important
both for the individual cases or during outbreak situ-
ations.

There are currently no reliable scoring systems or pre-
dictive models to determine which patients with lep-
tospirosis are likely to develop severe disease. This is
an area for future research. This study provides useful
information as a starting point for further research on
leptospirosis in Bulgaria and the problems associated
with this infection.
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