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Abstract

This study summarizes demographical and chronological
characteristics of human leptospirosis and reveals the spatial distribution of
this disease in the Autonomous Province of VVojvodina during the period
2009-2018, as well as examines possible relationships between the
occurrence of the disease and climatic factors. Additionally, it describes the
seroprevalence of the disease among domestic animals in the same area and
the same period. Pearson's correlation was used to explore correlations
between different meteorological factors and trends in time-series of human
cases. Overall 87 human cases of leptospirosis and five subsequent deaths
(Case Fatality Rate - CFR: 5.75%) were recorded in the ten-year period. The
average annual incidence rate was 0.45/100,000 (range: 0.16 -
1.50/100,000). The disease was more prevalent in males (M/F = 16.40 : 1),
with the majority of cases reported in August (N = 23; 26.44%), September
(N = 20; 23%) and October (N = 15; 17.24%). A statistically significant
weak positive correlation was observed between the mean monthly air
temperature and the number of human cases of leptospirosis of the same
month (r = 0.30, p < 0.01), and a statistically significant weak positive
correlation was found between the number of human cases and the sum of
precipitation in the previous month (r =0.27, p < 0.01). The average annual
seroprevalence among domestic animals in total was 1.13% (range: 0.23 -
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3.65%). Seropositivity of tested samples of cats, dogs, cattle, donkeys,
horses, sheep, pigs and goats was 25%, 9.50%, 8.55%, 6.25%, 1.59%,
0.25%, 0.18%, and 0.00, respectively. Human and animal leptospirosis
occurs continuously in Vojvodina, which implies the need for constant and
thorough monitoring of the epidemiological and epizootic situation of this
disease. Further, more comprehensive parallel studies in humans and
animals are needed as well as additional studies of living conditions of
animals on farms with leptospirosis, and more extensive studies that will
determine the influence of climatic/ environmental factors on the occurrence
of leptospirosis in VVojvodina.
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Kratak sadrzaj

Ova studija je imala za cilj da prikaze demografske i hronoloske
karakteristike humane leptospiroze, kao i prostornu raspodelu ove bolesti u
Autonomnoj Pokrajini Vojvodini, Srbija, u periodu izmedu 2009. 1 2018. godine i
da ispita moguce veze izmedu pojave bolesti i klimatskih faktora. Pored toga
opisuje seroprevalenciju leptospiroze medu domaéim zivotinjama u istom periodu
1 na istom podrucju. Pirsonov test korelacije je koriS§¢en za odredivanje korelacije
izmedu razli¢itih meteoroloskih faktora i trendova u vremenskim serijama
humanih slucajeva leptospiroze. U posmatranom desetogodisnjem periodu ukupno
je registrovano 87 slucajeva humane leptospiroze sa pet smrtnih ishoda (Letalitet:
5,75%). Prose¢na godiSnja stopa incidencije iznosila je 0,45/100.000 (opseg: 0,16
- 1,50/100.000). Bolest je ¢esc¢e registrovana kod osoba muskog pola (M/Z =
16,40:1), sa najve¢im brojem slucajeva prijavljenih u avgustu (N = 23; 26,44%),
septembru (N = 20; 23,00%) i oktobru (N = 15; 17,24%). ZabeleZena je statisticki
znacajna slaba korelacija pozitivnog smera izmedu srednje mesecne temperature
vazduha i broja humanih slu¢ajeva leptospiroze po mesecima (r = 0,30; p < 0,01) i
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statisticki znacajna slaba korelacija pozitivnog smera izmedu mesecnog broja
humanih sluéajeva i sume padavina u prethodnom mesecu (r = 0,27; p < 0,01).
Prosecna godi$nja seroprevalencija leptospiroze medu domacéim zivotinjama
iznosila je 1,13% (opseg: 0,23% - 3,65%). Seroprevalenca kod macaka, pasa,
goveda, magaraca, konja, ovaca, svinja i koza iznosila je 25%, 9,50%, 8,55%,
6,25%, 1,59%, 0,25%, 0,18%, 0,00, redom. Leptospiroza ljudi i zZivotinja se belezi
kontinuirano, $to ukazuje na potrebu stalnog i kvalitetnog pracenja epidemioloske
1 epizootioloske situacije ove bolesti. Potrebno je sprovodenje sveobuhvatnijih
uporednih studija karakteristika humane i animalne leptospiroze, kao i dodatnih
studija zivotnih uslova Zivotinja na farmama sa leptospirozom i opseznijih studija
koje ¢e utvrditi uticaj klimatskih i ekoloskih faktora na pojavu leptospiroze u
Vojvodini.

Kljuéne re¢i: Humana leptospiroza, leptospiroza zivotinja, zoonoze,
epidemiologija, seroprevalencija, jedno zdravlje.

INTRODUCTION

Leptospirosis is globally widespread zoonosis with a major impact on public
health in all continents except Antarctica (Adler and de la Pefia Moctezuma, 2010).
The causative agent of leptospirosis is spiral-shaped bacteria belonging to the genus
Leptospira, family Spirochetaceae (WHO, 2003). The disease belongs to the group
of natural-focal infectious diseases, with a large number of reservoirs among
domestic and wild animals (WHO, 2003). Rodents, especially rats are important
asymptomatic Leptospira renal carriers (Levett, 2001). Animal-human
transmission commonly occurs either by direct contact with the urine or tissues of
infected animals or indirectly, through urine-contaminated environment, by
penetrating through damaged skin or mucous membranes of eyes, mouth and nose
(Antonijevi¢, 2001; WHO, 2003). It is estimated that human leptospirosis can cause
1.03 million cases and 58,900 deaths each year, globally (Costa et al., 2015). The
incidence of human leptospirosis ranges between 0.1 — 1 cases/100,000 inhabitants
per year in temperate, non-endemic areas and between 10 — 100 cases/100,000 per
year in humid, tropical, endemic areas (Sethi et al., 2010). For all these aspects, the
"One Health" approach is of particular importance in solving problems related to
zoonoses and achieving better prevention and control of these diseases because it
includes multidisciplinary and multisectoral cooperation of different experts and
connects humans, animals, plants and their common environment (Rabozzi et al.,
2012).

The aim of this paper was to summarize the demographical and
chronological characteristics of human leptospirosis and to determine the locations
where the disease was identified, as well as to examine possible relationships
between the occurrence of the disease and climatic factors in the Autonomous
Province of VVojvodina (\Vojvodina), Serbia, for the period between 2009 and 2018.
We additionally described the seroprevalence of this disease among domestic
animals in the same area and the same period.

MATERIAL AND METHODS

Data collection
Surveillance data for human cases were obtained from the Registry of
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Communicable Diseases, Centre for Disease Control and Prevention, Institute for
Public Health of Vojvodina (IPHV), Novi Sad and analyzed retrospectively. The
sources of the data were individual case reports, epidemiological surveys and
annual reports of the IPHV for the observed ten-year period (2009-2018). For
notification of leptospirosis we used a case definition of the European Centre for
disease Prevention and control (ECDC, 2018). Veterinary data were obtained from
the Scientific Veterinary Institute “Novi Sad” and Veterinary Specialized Institutes
Sombor, Zrenjanin, Subotica and Pan¢evo. Meteorological data were obtained from
annual reports of the Republic Hydrometeorological Service of Serbia (RHMS,
2019). These data include the mean annual air temperatures (in degrees Celsius),
relative air humidity (in percent), the average annual precipitation (in mm) and
numbers of rainy days, provided by 12 measuring stations located in the territory of
Vojvodina. Demographic data was downloaded from the Statistical Office of the
Republic of Serbia website (RZS, 2014).

Laboratory procedures

Laboratory diagnosis of human leptospirosis was confirmed by microscopic
agglutination test (MAT) using the panels of Leptospira serovars or by polymerase
chain reaction (PCR) at the Scientific Veterinary Institute “Novi Sad”, specialized
Veterinary Institutes in Subotica, Sombor and Zrenjanin, and by the enzyme-linked
immunosorbent assay (ELISA) at the Institute of Public Health of Serbia (only
human samples from South Banat district). For MAT, a four-fold increase in
antibody titres in paired human serum samples or a single serum with titre > 1:100
in a patient with clinical presentation of leptospirosis were considered as positive.
Samples from pigs, cattle, sheep, horses, and goats were examined during the
regular monitoring of animal health ordered by the Annual program of measures
for each year on the territory of the Republic of Serbia (MAFWM). Dog and cat
samples were tested only if animals had leptospirosis-like symptoms in case of
travelling abroad to countries requesting such analysis. The detection of antibodies
to Leptospira in animals was performed using MAT (cut-off 1:100).

Data analysis

Descriptive analysis was used to summarize demographic and chronological
characteristics of human cases of leptospirosis, and by district of patient’s
residence. Annual incidence rate was calculated as the number of human cases per
100,000 individuals at risk for the observed period. Animal seroprevalence was
calculated as the percentage of test-positive animals among the total number of
tested animals. We used the Pearson's correlation to explore potential correlations
between different meteorological factors and trends in time-series of leptospirosis
cases. Analyses were performed using Stata, v16 (STATA StataCorp, College
Station, TX, USA) and Quantum GIS (QGIS) version 3.4 was used for mapping. A
p < 0.05 was considered statistically significant.

RESULTS
A total of 87 human cases of leptospirosis were recorded during the

observed ten-year period in VVojvodina. The average annual incidence rate was
0.45/100,000 (range from 0.16/100,000 in 2015 and 2018, to 1.50/100,000 in 2014)
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(Figure 1). All registered cases occurred sporadically. Only one case of human
leptospirosis was imported from neighbouring Croatia, while all others were
autochthonous.

Incidence rate/100,000

Figure 1. Incidence rate of human leptospirosis in VVojvodina, Serbia, in the period
2009-2018

The disease was more prevalent in males (M/F = 16.40:1). The age
distribution of human cases showed an age-specific incidence peak in the age group
40 - 49, followed by age groups > 60 and 50 - 59 years (1.74/100,000; 1.59/100,000
and 1.01/100,000, respectively) (Figure 2). Among males, the highest incidence rate
occurred in the age group 40 — 49 (1.74/100,000), while in females the incidence
peaked in the 50 — 59 age group (0.12/100,000). There were five deaths related to
leptospirosis, giving the overall case fatality rate (CFR) of 5.75%. Deaths occurred
more often in males (M/F = 4:1) and in the age group over 60 years (N = 3; 60%).



Arhiv veterinarske medicine, VVol. 14, No. 1, 1 - 14, 2021
Pustahija, T... et al.: Epidemiological characteristics of leptospirosis...

2
o
o
o 18
o
o 16
-
o 14
®
- 12
[.7]
o
=
c 1
o
G 0.8
| =
o 0.6
A
‘G 04
L)
(=%
& 0.2 I
3]
2 0 wE - =
0-9 10-19 20-29 30-39 40-49 50-59 60+

Age groups

m Male @mFemale

Figure 2. Distribution of human leptospirosis in Vojvodina, Serbia, in the period
2009-2018 by age and gender

Figure 3 reveals the incidence rate of leptospirosis per 100,000 inhabitants
across the districts of Vojvodina. Human leptospirosis was registered in all seven
Vojvodina districts, with the highest incidence rate in South Backa (0.88/100,000)
and West Backa (0.74/100,000).
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Figure 3. Distribution of human leptospirosis in Vojvodina, Serbia, in the period
2009-2018, by district of residence

The human leptospirosis revealed an extremely seasonal character with
majority of cases reported in August (N = 23; 26.44%), September (N = 20; 23%)
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and October (N = 15; 17.24%). There were no human cases registered in January
and February (Figure 4).
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Figure 4. Seasonal distribution of human leptospirosis and the mean air
temperature, the relative humidity, the sum of precipitation and the number of rainy
days per month in VVojvodina, Serbia, in the period 2009-2018

The correlation of the explored meteorological factors and the seasonality
of human leptospirosis is shown in Figures 4 and 5. A statistically significant weak
positive correlation was observed between the mean monthly air temperature and
the number of human cases of leptospirosis of the same month (r = 0.30, p < 0.01).
However, no significant correlation was found between the monthly number of
human cases of leptospirosis and the sum of precipitation and the relative humidity
by the same month (r=0.11, p = 0.25; r =-0.13, p = 0.17, respectively). In order to
account for a potential lag effect of these meteorological factors, we considered
one-month delay and found a statistically significant weak positive correlation
between the number of human cases and the sum of precipitation in the previous
month (r = 0.27, p < 0.01) and a significant weak negative correlation of human
cases with relative humidity in the previous month (r = -0.20, p = 0.02).
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Figure 5. Correlation between the mean monthly temperature and the human cases
of leptospirosis by month in VVojvodina, Serbia, for the period 2009-2018

During the observed ten-year period, a total of 220,875 domestic animals
were examined. Seroprevalence of leptospirosis varied considerably (Table 1). The
average annual seroprevalence was 1.13%, ranging from 0.23% (in 2017) to 3.65%
(in 2015). There were no seropositive goats, and the seroprevalence varied from the
lowest (0.18%) in pigs to the highest (25%) in cats.

Table 1. Seroprevalence of leptospirosis in domestic animals in VVojvodina, Serbia,
in the period 2009-2018

Animal vears
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total
E 28,130 23,112 25189 20,368 15,767 18,675 16,350 14,809 14,599 15,867 192,866
Pigs P 29 32 75 35 11 10 133 9 1 14 349
% 0.10 0.14 0.30 0.17 0.07 0.05 0.81 0.06 0.01 0.09 0.18
E 4231 2957 7,251 3,695 749 1,394 1,787 1,238 751 642 24,695
Cattle P 193 675 152 57 47 291 530 92 26 49 2,112
%  4.56 22.83 2.10 1.54 6.28 20.88  29.66 7.43 3.46 7.63 8.55
E 141 10 76 797 99 5 23 6 1 27 1185
Sheep P 1 0 0 0 0 0 0 0 0 2 3
% 0.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.41 0.25
E 183 177 184 86 152 61 52 83 66 86 1130
Horses P 0 0 2 1 1 0 1 10 0 3 18

% 0.00 0.00 1.09 1.16 0.66 0.00 1.92 12.05 0.00 3.49

1.59
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E 1 3 3 0 0 408 30 0 1 761
Goats P 0 0 0 0 0 0 0 0 0 0
% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
E 15 20 22 6 76 9 8 9 25 200
Dogs P 2 0 0 1 0 4 1 1 9 19
% 13.33 0.00 0.00 16.67 0.00 4444 1250 1111 36.00 10.00 9.50
E 0 0 0 0 0 6 7 0 3 16
Donkeys P 0 0 0 0 0 0 1 0 0 1
% 0.00 0.00 0.00 0.00 0.00 0.00 14.29 0.00 0.00 6.25
E 0 0 0 0 0 0 0 1 1 4
Cats P 0 0 0 0 0 0 0 0 0 1
%  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 50.00 25.00

E 32,701 26,279 32,725 24,952 16,843 20,558 18,257 16,146 15,447 16,949 22,0857

Total P 225 707 229 94 59 305 666 112 36

2,503

%  0.69 2.69 0.70 0.38 0.35 1.48 3.65 0.69 0.23

DISCUSSION

This study analysed the most important epidemiological and
epizootiological characteristics of leptospirosis in Vojvodina over a ten-year period.
As leptospirosis is an important public health problem, the analysis by “One health”
approach contributes to a better understanding of the disease dynamics. Thus, these
findings might be relevant for timely planning and improving prevention and
control measures against leptospirosis. To the best of our knowledge, this is the first
study that shows the frequency of leptospirosis in humans in parallel to animals at
the level of the entire Province, and the first one that analysed the seroprevalence
in domestic animals including data from all epizootic areas of Vojvodina.

The average annual incidence of human leptospirosis was 1.6 times lower
than that recorded during the previous 10-year period (2000 - 2009) in Vojvodina
(Risti¢ et al., 2010), and 1.7 times lower than the one registered in Serbia in the
period 2014 - 2018 (IPHS, 2018). On the other hand, the incidence of human
leptospirosis was three times higher compared to incidence registered in the
countries of the European Union (0.21/100,000 inhabitants) in the same period
(ECDC, 2019). The highest incidence rate of leptospirosis was registered in 2014,
when floods hit Serbia and the neighbouring countries. Some studies have already
pointed to the importance of heavy seasonal rainfall and floods in the triggering of
leptospirosis outbreaks, which is primarily related to sewage spills, which serve as
a source of food for rats (Reis et al., 2008; Lau et al., 2010; Allan, 2016). Also, wet
soil after floods allows Leptospira to survive longer (Desvars et al., 2011).

Similar to the results of several previously published studies (Holk et al.,
2000; Christova et al., 2003; Goris et al., 2013) we found that leptospirosis occurs
more frequently among males than in females. This could be explained by the fact
that males are in higher risk of the disease due to occupational exposure to the
source of infection and men are more likely to participate in activities such as
fishing and hunting than females. We further found that as many as 80% of all cases
of leptospirosis in VVojvodina were registered in age groups over 40, which is similar
to the demographic distribution reported in Bulgaria, Croatia and Germany

1.13
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(Christova et al., 2003; Jansen et al., 2005 Topic et al., 2010). Overall CFR was
slightly lower than that recorded in the Netherlands and Bulgaria (Christova et al.,
2003; Goris et al., 2013), but even four times higher than in neighbouring Croatia
(Habus et al., 2017). High CFR is a consequence of underestimation of leptospirosis
and recognition of mainly severe forms of the disease (hospitalized patients), in
which CFR may exceed 50% (Costa et al., 2015). The distribution of leptospirosis
across Vojvodina districts reveals the highest incidence rate in the Districts of South
Backa and West Backa. A possible explanation for that is the rich hydrographic
network of these parts of VVojvodina, which are suitable places for the survival of
Leptospira (Svircev et al., 2009). Seasonal characteristics of leptospirosis are
influenced by the intensity of contact with reservoirs, as well as with contaminated
surface waters and soil (IPHV, 2018). Our results showed a seasonal peak of the
disease in the summer and early autumn months (two thirds of cases were registered
in August, September and October). A similar pattern has been found in Italy,
Bulgaria, Croatia and other countries of the temperate climate zone (Ciceroni et al.,
2000; Christova et al., 2003, Habus et al., 2017). We further found a positive
correlation between the mean monthly air temperature and the monthly number of
leptospirosis cases in Vojvodina. This correlation is mostly driven by frequent
human outdoor activities, which include recreational activities (swimming and
water sport activities), farming and garden activities during warm months. These
activities increase the risk of human contact with contaminated water and reservoirs
of infection, primarily rodents. Similar to our results, the positive correlation
between human leptospirosis and rainfall in the previous month was established in
the study in Martinique (Lhomme et al., 1996). This can be explained by the length
of incubation period of the disease and the survival of the Leptospira for 1 - 2
months in the moist soil after rainfall.

The average annual seroprevalence of animal leptospirosis in Vojvodina
was 1.5 times higher than in the study conducted in South Backa district (1997 -
2001) (Grgi¢ et al., 2003) and nine times lower than that observed in Croatia in the
period 2009-2014 (Habus et al., 2017). Our results revealed a high percentage of
seropositivity in cattle, that is, seven to nine times higher than in previous studies
conducted in the South Backa District (Grgi¢ et al., 2005) and in the city of Belgrade
(Vojinovi¢ et al., 2014a). This could be due to the high population of rodents on
cattle farms, but also to the extended Program of animal health protection measures,
which also included the analysis of abortions as a new criterion from 2016.
Furthermore, the percentage of seropositive horses was noticeably lower than
previously demonstrated (Vojinovi¢ et al., 2009; Turk et al., 2013; Vera et al.,
2020). Although overall 0.18% of pigs tested positive for leptospiral infection, the
seropositivity was consistently maintained. This indicates the constant presence of
the disease among these animals, as previously reported (Grgi¢ et al. 2002,
Vojinovi¢ et al., 2014b). There were no goats tested positive for leptospirosis, and
seropositivity among sheep was low and registered discontinuously. This result is
probably due to the small number of samples compared to cattle and pigs, but also
to the fact that sheep and goats are more commonly kept in the open space then
objects indoor over the year.

This study has some limitations that should be taken into account when
interpreting our results. Firstly, the reported incidence rates of human cases are
underestimated due to the use of passive surveillance data. Insufficient recognition
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and diagnosis of the disease leads to the registration of mainly hospitalized cases.
Secondly, the overall number of examined pets (cats and dogs together) is still not
high enough to draw out the exact conclusion. There is no program or obligation
for testing these animals except if they are travelling abroad to the countries that
require such type of analysis. Thirdly, the number of sheep, goat and donkey
samples is pretty low compared to that of cattle and pigs, thus, the determined
seroprevalence values should be considered with caution. Actually, it can be stated
that the higher number of samples analyzed, the more credible information on
seroprevalence.

CONCLUSION

Human and animal leptospirosis continuously occurs in Vojvodina, which
implies the need for constant and thorough monitoring of the epidemiological and
epizootic situation of this disease.

As the disease is often neglected and underestimated, that is, diagnosed
mainly in hospitalized patients, education of physicians at all levels of health care
system should be carried out in order to recognize and detect the disease in a timely
manner. The presence of leptospirosis on cattle and pig farms should be considered
a significant public health concern. Detailed studies of living conditions of animals
on farms with leptospirosis have to be done, to establish whether there are other
elements, besides rodents, which contribute to the presence of the disease on our
farms. In order to develop the best prevention and control strategies against this
disease, better surveillance of human leptospirosis and better animal monitoring are
essential. Further, more comprehensive parallel studies in humans and animals are
needed, as well as additional research to determine the influence of climatic/
environmental factors on the occurrence of leptospirosis in VVojvodina.
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