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We found antibodies to leptospires in 25 (18%) of 141
wild boars from Berlin (95% confidence interval 12—25). Se-
ropositivity was associated with chronic interstitial nephritis
(odds ratio 10.5; p = 0.01), and leptospires were detected in
kidney tissues. Wild boars represent a potential source for
human leptospirosis in urban environments.

eptospira spp. are endemic to many domestic and

wild animals, which may shed the pathogen in urine
(1). Humans may acquire potentially fatal leptospirosis
through contact with urine-contaminated water or soil. In
Germany, =50 cases of leptospirosis are reported each year,
mostly related to recreational and residential exposures (2).
Among wildlife species, rodents are considered to be the
most important reservoirs for leptospirosis in rural and ur-
ban environments (3,4). Contact with water contaminated
with rodents’ urine (usually inadequately treated sewage)
is a well-known risk factor for leptospirosis. In wild boars
(Sus scrofa) in Europe and the United States, antibodies
against Leptospira spp. serovar Pomona—the main sero-
group that infects domestic swine—have been frequently
detected (5,6). During the past decades, the population den-
sity of this game species has increased substantially (7,8).
Subsequently, boar migration to urban areas and close con-
tact with humans has been noted. At present, an estimated
5,000 wild boars live in urban and suburban areas of Berlin.
Although boars are known to be susceptible to leptospiro-
sis, data on the prevalence of the disease in synanthropic
wild boars and the possible implications for human health
are absent. Our objective was to assess the potential role of
wild boars as a reservoir for leptospirosis in an urban envi-
ronment. In addition, we examined their role in transmis-
sion of Leptospira spp. to city residents with occupational
exposure to wild boars.

The Study
The survey was conducted in Berlin, which has an
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area of 891.7 km? and a population of 3.4 million. The
study area is mostly urban (56%) and contains industrial,
commercial, and residential buildings; the other portions
are forest (17.9%), green space (14.5%), and water (6.6%).
The southwestern study area partially merges with the
adjacent city of Potsdam.

Serum and kidney tissue samples were collected from
wild boars killed in the study area for population control
during fall and winter 2005-06. Wild boars were categorized
according to age (determined by teeth; shoats <l year,
yearlings 1-2 years, adults >2 years), sex, and location of
death. For antibody detection, microscopic agglutination
test was conducted with a panel of 12 leptospiral serovars; a
titer >100 was considered positive (Table 1). For histologic
investigation, the tissues were fixed in 10% formalin;
embedded in paraffin; and stained with hematoxylin and
eosin, Masson trichrome, or Warthin-Starry silver according
to standard protocols. Chronic interstitial nephritis and
resultant renal fibrosis, the characteristic lesions of renal
leptospirosis in animals (9), were the criteria used to classify
renal infection. Selected tissue samples were further studied
by classic PCR targeting the leptospiral outer membrane
lipoprotein LipL32 (10). The amplification products were
confirmed by direct sequencing.

To assess seroprevalence among city residents, in April
2006 we enrolled 84 municipal hunters from Berlin. A
standardized questionnaire was used to assess demographic
information (age, sex), frequencies of contact with wild
boars, and use of gloves during boar evisceration. Serum
samples were collected from all hunters and analyzed as
described above. Univariate odds ratios (OR), prevalence
ratios (PR), and 95% confidence intervals (95% CI) were
calculated by using SPSS 14 software (SPSS Inc., Chicago,
USA). A p value <0.05 was considered significant.

During the 2005-06 hunting season, municipal hunters
in the study area shot 294 wild boars. A total of 219 (74%)
blood samples and 77 (26%) kidney specimens were
collected from the boars. Of these, 78 (36%) blood samples
had to be excluded from analysis because of insufficient
quality (i.e., clotting). Of the 141 remaining serum
samples, antibodies against pathogenic leptospires were
found in 25 (18%) (95% CI 12-25). Of these 25 positive
samples, 10 demonstrated cross-reactivity with antigens
of other serovars. Among the samples without cross-
reactivity, Leptospira spp. serovar Pomona (n = 6) and
serovar Bratislava (n = 4) were most frequently identified
(Table 1). Titers of Leptospira-positive serum samples
varied from 100 through 800. Although not statistically
significant, seropositivity was highest in animals from the
southwestern part of the study area (Figure 1; Table 2).
Seropositivity was also higher in adult animals (p = 0.02)
but was unrelated to sex (p = 0.6). A total of 29 kidney
specimens were examined histologically, 17 of which were
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Table 1. Characteristics and titers of antibodies to leptospires of 25 seropositive wild boars, Berlin, fall/winter, 2005-06

Boar characteristics

Leptospira spp. serovar®

Sext  Age,yf Place of death§ Australis Autumnalis Bratislava Copenhageni Grippotyphosa Pomona Pyrogenes
M Adult 1 - - 100 - - - 100
M Adult 1 - - 100 - - - -
F Adult 1 - - 100 - - - 100
M Adult 1 - 100 800 200 200 800 -
M Yearling 1 - - 200 - 100 100 -
M Adult 1 - - 200 - - 200 -
M Yearling 1 - - 200 - 100 400 -
F Yearling 1 - - 100 - - 100 -
M Shoat 1 - - - - - 400 -
M Adult 2 - - - - - 100 -
F Shoat 2 - - - - - 100 -
F Yearling 3 - - 100 - - - -
F Adult 3 - - - - - 200 -
F Yearling 3 - - - - 100 - -
F Yearling 3 - - 100 - 100 400 -
F Adult 3 - - - - - - 100
F Adult 3 100 - 100 - - - 100
M Yearling 3 - - - - - 400 -
NK Yearling 4 - - 100 - - - -
F Shoat 4 - - - - - - 100
F Adult 5 - - 100 - - - -
M Shoat 6 - - 100 - - - 100
F Shoat 7 400 - - - - - -
F Shoat 7 - - - - - 800 -
M Adult 7 - - — — — — 100

*Microscopic agglutination test panel included Leptospira interrogans serovars Australis, Autumnalis, Bataviae, Bratislava, Copenhageni, Hardjo,
Icterohaemorrhagiae, Pomona, and Pyrogenes; Leptospira borgpetersenii serovar Tarassovi; and Leptospira kirschneri serovar Grippotyphosa. A titer of

>100 or above was considered positive. The highest titers are shown.
TNK, not known.

1Shoat, <1y; yearling, 1-2 y; adult >2 y.

§Numbers correspond to areas shown in Figure 1.

from seropositive boars. Of these 17, 15 (88%) showed
moderate to severe chronic lymphoplasmacytic interstitial
inflammation (Figure 2), compared with 5 (42%) from the
12 seronegative boars (OR 10.5; 95% CI 1.3-110.4; p =
0.01). Leptospires were detected by silver staining in 3
(30%) of 10 specimens from seropositive wild boars with
chronic interstitial nephritis (5 of the 15 specimens were
unsuitable for silver staining) and were confirmed by PCR
in 2 of the leptospire-positive samples. However, among
84 municipal hunters (96% males, mean age 51 years)
antibodies to leptospires were not detected. Sixty-one
(73%) hunters shot >10 wild boars per season. Of these, 51
(72%) used gloves, at least on occasion, compared with 6
of the 17 hunters (35%) who shot <10 boars per year (PR 2;
95% CI 1.2-3.4; p<0.05).

Conclusions

Our study describes a newly discovered urban focus
of leptospirosis among wild boars in Berlin. The high
frequency of porcine Leptospira spp. serovars Pomona and
Bratislava, the association of chronic interstitial nephritis
with positive results of the microscopic agglutination test,
and the demonstration of leptospires in kidney specimens
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all indicate that wild boars act as a maintenance host
for Leptospira spp. in this urban area. A relatively high
prevalence of leptospirosis was observed in the southwestern
districts of the city, which are particularly rich in freshwater
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Figure 1. Map of Berlin showing the regional distribution, numbers
of wild boars killed during the 2005-06 hunting season (n = 141),
and numbers of wild boars seropositive for antibodies against
Leptospira spp. (red). Districts are numbered from 1 to 7 (with
permission from the Senate Department of Urban Development,
Berlin) and correspond to numbers in Tables 1 and 2.
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Table 2. Locations of wild boars seropositive for Leptospira spp.,
Berlin, fall/winter, 2005-06*

Districtt % Boars 95% CI
1. Zehlendorf/Wannsee 27 15-44
2. Spandau 10 3-29
3. Tegel/Reinickendorf 21 11-38
4. Pankow/Mahrzahn/Hellersdorf 22 6-55
5. Koépenick 9 2-38
6. Lichterfelde/Steglitz/Charlottenburg 16 1-27
7. Potsdam 18 6-41
Total 18 12-25

*Seropositivity determined by microscopic agglutination test. Cl,
confidence interval.
TNumbers correspond to areas shown in Figure 1.

lakes intensively used for recreational activities by urban
inhabitants. The relevance of this finding to human health
was demonstrated by a recent case of severe leptospirosis
in this area of Berlin; the patient had had contact with fresh
water, which was most likely contaminated by wild boar
urine (11).

In contrast to findings of a study from Austria (12), we
found no antibodies to leptospires in hunters. Although this
finding may be related to the regular use of gloves by highly
exposed persons, it also indicates that the transmission of
leptospirosis from wild boars to humans, although present,
occurs at a considerably low rate. However, the epidemic
potential of infections like leptospirosis that have a basic
reproduction number close to 0 (i.e., that are minimally
transmissible within human populations) is largely
determined by the number of introductions from the animal
hosts. Thus, among other contributing factors (e.g., human

and smission to
A

parenchyma from wild boar seronegative
for Leptospira spp. (hematoxylin and eosin [HE] staining). B)
Kidney from a seropositive wild boar, showing chronic interstitial
nephritis (HE staining). Inset: silver-stained leptospire (arrow) within
the tubulus epithelium of the kidney (Warthin-Starry, oil x1,000).
C) Normal renal parenchyma (Masson trichrome staining). D)
Kidney with severe interstitial fibrosis (green) as a result of chronic
interstitial nephritis in a wild boar seropositive for Leptospira spp.
(Masson trichrome staining). Scale bars represent 50 um.
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sympatric populations of susceptible domestic animals),
the ongoing increase in wild boar populations, and the
shift from sylvatic to synanthropic occurrence of this game
species might lead to increased leptospirosis in humans.

From a public health perspective, surveillance of
leptospirosis incidence, prevalence, and serovar distribution
in wild boars and humans (especially in potential high-risk
groups with recreational freshwater contact) is necessary
to establish the direction and the significance of this
newly discovered potential exposure route. Additionally,
physicians and public health authorities should be aware
that bodies of fresh water in areas populated with wild
boars may be contaminated with Leptospira spp., even if
typical indicators, like rat infestations or contamination
with sewage, are absent.
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