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Abstract 

Introduction: Recently in Europe an increase in the population of red deer (Cervus elaphus), roe deer (Capreolus 

capreolus), and fallow deer (Dama dama) has been observed. Research on the prevalence of Leptospira infections in Polish 

cervids has been performed for the first time. Material and Methods: During 2014/2015 hunting season, 147 blood samples 

from red deer, roe deer, and fallow deer were collected. The animals originated from different geographical regions across 

Poland. Serum samples were tested by microscopic agglutination test (MAT) for the presence of specific antibodies to the 

following Leptospira serovars: Icterohaemorrhagiae, Grippotyphosa, Sejroe, Tarassovi, Pomona, Canicola, Bratislava, Hardjo, 

Ballum, Zanoni, Hebdomadis, and Poi. Results: Serum antibody titres specific to Grippotyphosa, Pomona, and Zanoni serovars 

were found; none of the sera were positive for any of the other serovars. Out of 147 serum samples only 7 were positive, which 

gave an overall prevalence of 4.8% in the tested animal population. Conclusion: The low Leptospira antibody titres along with 

the low number of positive serum samples in deer indicate that these animals may not act as significant reservoirs of Leptospira 

for either humans or animals in Poland.  
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Introduction 

Wildlife may play a role in the maintenance and 

spread of leptospirosis to domestic animals and 

humans by acting as reservoirs of Leptospira infection 

(8). Among many free-living game species in the 

natural environment, deer are the most common and 

important animals, and red deer, roe deer, and follow 

deer are known representatives of the Cervidae family 

in Polish forests. In the last decade, in Poland, the 

population of red deer has nearly doubled from 

100 000 animals in 2003–2004 to over 180 000 

individuals in the last two years. A similar situation 

has occurred in roe deer and fallow deer, where 

increase in their population from 600 000 to 800 000 

(2003–2004) and from 7500 to 20 000 (2013–2014) 

respectively was observed (21). The samples for this 

study were collected from animals in a woodland-

dominated area, which derives considerable economic 

benefits from hunting. In Poland, during 2014–2015 

hunting season, out of a population estimated at 

213 500 animals, 83 000 red deer were shot. In the 

case of roe deer and fallow deer the numbers were 

195 000 (out of 867 000) and 8 600 (out of 27 542) 

respectively (5).  
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Due to increasing populations of these animals, 

transmission of leptospirosis to people and other 

species is highly possible. The objective of our study 

was to determine the prevalence of Leptospira 

antibodies in deer population in 12 Polish provinces. 

To the best of our knowledge, so far no surveys on the 

epidemiological situation of leptospirosis in deer have 

been performed in Poland. 

Material and Methods 

A total of 147 blood samples were collected 

during 2014/2015 hunting season in Poland. The red 

deer (n = 103), roe deer (n = 37), and fallow deer  

(n = 7) sera were obtained from 12 of the 16 

provinces (Table 1). Blood was collected from the 

deer during evisceration; therefore no ethical 

committee approval was required. Samples were 

collected mainly from blood vessels in the neck area 

and occasionally from body cavities. Additionally, 

peritoneal fluid containing blood was collected. The 

samples were centrifuged at 5000 g for 20 min to 

remove the cellular components of blood, tissue 

debris, and bacterial contaminants. The obtained 

supernatant was used for serological testing. Animals, 

which were shot in the abdomen, were not included in 

the study. All samples were frozen at -18°C until 

analysis. 

Serum samples were tested by microscopic 

agglutination test (MAT) (17, 23) with the following 

12 Leptospira serovars: Icterohaemorrhagiae (strain 

RGA, representing serogroup Icterohaemorrhagiae), 

Grippotyphosa (strain Moskva V, serogroup 

Grippotyphosa), Sejroe (strain M84, serogroup 

Sejroe), Tarassovi (strain Perepelicyn, serogroup 

Tarassovi), Pomona (strain Pomona, serogroup 

Pomona), Canicola (strain Hond Utrecht IV, 

serogroup Canicola), Bratislava (strain S/820834, 

serogroup Australis), Hardjo (strain Hardjoprajitno, 

serogroup Sejroe), Ballum (strain MUS127, serogroup 

Ballum), Zanoni (strain Zanoni, serogroup 

Pyrogenes), Hebdomadis (strain Hebdomadis, 

serogroup Hebdomadis), and Poi (strain Poi, 

serogroup Javanica). The reference strains were 

provided by the Veterinary Sciences Division, AFBI, 

OIE Leptospira Reference Laboratory, Belfast, and by 

the Royal Tropical Institute-WHO/FAO Collaborating 

Centre for Reference and Research on Leptospirosis, 

Amsterdam. Each antigen was grown in a 10 mL 

volume of Ellinghausen-McCullough-Johnson-Harris 

(EMJH) medium at 28ºC. After 6–10 days’ growth 

(depending on the antigen), the antigens were adjusted 

to 1–2 × 108 cells/mL by cell count using a Helber 

counting chamber. The sera were initially scanned for 

antibodies to the antigens at a final dilution of 1:100. 

When there was evidence of agglutination, the 

relevant sera were end-point tested using doubling 

dilutions starting at a final serum dilution of 1:100 to 

1:25 600. The serological titre for each serovar was 

considered to be the highest dilution at which there 

was sufficient antibody present to agglutinate 50% or 

more of the antigen.  

For statistical and spatial analysis (maps), the 

STATISTICA (data analysis software system), 

version 10 (StatSoft, Inc.) and ArcGIS 10.3.1 for 

Desktop Standard (ESRI, Inc.) were used. Exact 

confidence intervals based on β-distribution were 

calculated. 

Results  

From a total of 147 serum samples, antibodies 

against particular Leptospira serovars were found in 

only seven samples (one serum sample reacted with 

two serovars, which produced eight positive 

reactions), resulting in overall prevalence at the level 

of 4.8% (0.95 CI: 1.9–9.6%) from 12 Polish provinces 

(Table 1). None of the sera had titres to serovars 

Icterohaemorrhagiae, Sejroe, Canicola, Bratislava, 

Hardjo, Ballum, Hebdomadis, or Poi. 

Seropositive samples from red deer, roe deer, and 

fallow deer were found in the following provinces: 

Dolnośląskie – 20.0% (0.95 CI: 2.5%–55.6%) (Zanoni 

with titre of 100 and Pomona with titre of 400); 

Podkarpackie – 13.3% (0.95 CI: 1.7%–40.5%) (one 

serum sample had antibodies against serovars Pomona 

and Grippotyphosa both with the same titre of 100); 

Zachodniopomorskie – 18.2% (0.95 CI: 2.3%–51.8%) 

(Zanoni with titre of 100 and Grippotyphosa with titre 

of 200); and Opolskie – 2.9% (0.95 CI: 0.1%–15.3%) 

(Grippotyphosa with titre of 100) (Fig. 1) while the 

other eight provinces were negative to the tested 

Leptospira sp. serovars.  

 

 
Table 1. Distribution of Leptospira interrogans antibody titres for seven positive red deer, roe deer, and fallow deer hunted during 2014–2015 

season in Poland 

 Number of antibody-positive samples (%)   

Serovar 1:100 1:200    1:400 Total 

Pomona 2     (1.4%) 0    1   (0.7%) 3    (2.0%) 

Grippotyphosa 2     (1.4%) 1   (0.7%) 0 3    (2.0%) 

Zanoni 2     (1.4%) 0    0 2    (1.4%) 
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Fig. 1. Geographical distribution of red deer, roe deer, and fallow deer in Poland in 

2015, as well as Leptospira interrogans serovars Grippotyphosa, Pomona, and Zanoni 
antibody-positive deer sampled from 2014 to 2015. DS - Dolnośląskie; KP - 

Kujawsko-Pomorskie; LB - Lubuskie; LD - Łódzkie; LU - Lubelskie; MA - 

Mazowieckie; MP - Małopolskie; OP - Opolskie; PD - Podlaskie; PK - Podkarpackie; 
PM - Pomorskie; SL - Śląskie; SW - Świętokrzyskie; WA - Warmińsko-Mazurskie; 

WP - Wielkopolskie; ZP - Zachodniopomorskie  

 
 

Discussion 

This study investigated the prevalence of 

pathogenic Leptospira sp. serovars in samples collected 

from red, roe, and fallow deer in different geographical 

areas across Poland. The animals tested showed  

a seroreactivity rate of 4.8% at a titre of 100 or higher. 

The antibody titres in the present study were low and 

never exceeded 400; in other studies the titres reached 

3200 (1). 

The epidemiological picture of these infections in 

several European countries is similar to our results.  

A comparable level of exposure was demonstrated in 

Croatia (6.0%) (20) and Italy (6.3%) (1). In Spain, 

Lavín et al. (15) reported an overall Leptospira sp. 

seroprevalence of 12.9% in fallow deer, but did not 

specify the most prevalent serovars, while Espí et al. 

(9) recorded a prevalence lower by half, with Pomona 

as the predominant serovar among fallow deer (5.8%), 

and serovar Muenchen (serogroup Australis) being the 

most frequent among Iberian red deer (2.6%).  

The most dominant serovars in Polish deer were 

Grippotyphosa and Pomona, which is consistent with 

other authors (1, 9). The exposure to these serovars is 

not surprising, considering the previous studies in 

Poland where Grippotyphosa and Pomona where also 

very common between horses, pigs (mainly serovar 

Pomona), and wild boars (3, 22, 24). Taking into 

account the low seroprevalence rate and exposure to 

different serovars it is likely that these infections are 

rather accidental because red, roe, and fallow deer all 

act as maintenance hosts for them. 

In Czech Republic, in the serological survey of 

4634 specimens of wild mammals, 12% were positive 

and from these 99% had antibodies to Grippotyphosa 

(21). Grippotyphosa was also reported as one of the 

most common causes of clinical leptospirosis in 

humans and dogs in Germany (6, 11, 12). Serovar 

Grippotyphosa is maintained by a number of small 

rodents in Europe: the common vole (Microtus arvalis) 

(4, 10, 14), muskrat (Ondatra zibethicus) (7), common 

hamster (Cricetus cricetus) (16), wood mouse 

(Apodemus sylvaticus), and yellow-necked mouse 

(Apodemus flavicollis) (19, 21). All of these occur in 

Poland (26) and it is likely that some of them constitute 

a natural reservoir of this serovar for domestic and wild 

animals.    

Leptospira belonging to serogroup Pomona is one 

of the most commonly identified in wild and domestic 

animals all over the world. It is a very heterogenic 
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group of organisms. Some of them, particularly 

serovars belonging to L. interrogans species such as 

serovar Pomona, have been shown to be significant 

domestic animal pathogens, maintained by pigs (8). 

However, serogroup Pomona strains clustered in  

L. kirschneri species, like serovars Mozdok and 

Altodouro, are maintained by small rodents, although 

they may also occasionally cause disease in domestic 

animals (2, 13, 18). Taking into account all the above 

data and the fact that bacteriological studies are limited 

in Poland, definitive comments on the epidemiology of 

serogroup Pomona infections in animals will require 

further investigations, as this can only be assessed by 

renal culture, which was not part of this study. 

In conclusion, the presented data confirm that 

there is a low number of Leptospira infections among 

deer in various European countries, including Poland. 

The results also indicate that deer is probably not  

an important vector in the spread of leptospirosis in 

humans, e.g. people working in the forest environment. 

Due to the low number of tested samples further 

inquiry into the prevalence of the infection among red, 

roe, and fallow deer is needed.  
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