
Serological Investigation of Wild Boars (Sus scrofa)
and Red Foxes (Vulpes vulpes) As Indicator Animals
for Circulation of Francisella tularensis in Germany

Peter Otto,* Valerie Chaignat,* Diana Klimpel, Roland Diller,
Falk Melzer, Wolfgang Müller, and Herbert Tomaso

Abstract

Tularemia outbreaks in humans have recently been reported in many European countries, but data on the
occurrence in the animal population are scarce. In North America, seroconversion of omnivores and carnivores
was used as indicator for the presence of tularemia, for the European fauna, however, data are barely available.
Therefore, the suitability of wild boars (Sus scrofa) and red foxes (Vulpes vulpes) as indicators for the circulation of
F. tularensis in Germany was evaluated. Serum samples from 566 wild boars and 457 red foxes were collected
between 1995 and 2012 in three federal states in Central Germany (Hesse, Saxony-Anhalt, and Thuringia). The
overall rate of seropositive animals was 1.1% in wild boars and 7.4% in red foxes. In conclusion, serological
examination of red foxes is recommended, because they can be reliably used as indicator animals for the
presence of F. tularensis in the environment.
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Introduction

Francisella tularensis is a Gram-negative highly
contagious bacterium. This zoonotic pathogen has been

isolated from a wide range of animals that can be affected or
play a role as reservoir (Ellis et al. 2002). Small rodents and
lagomorphs are highly susceptible to F. tularensis, whereas
omnivores and carnivores usually only seroconvert and re-
main healthy (Gese et al. 2004, Bischof and Rogers 2005).
Various ticks, hematophagous insects, amoeba, and protozoa
may be reservoirs and vectors (Gordon et al. 1983, Wicki et al.
2000, Gurycova et al. 2001, Keim et al. 2007, Zhan et al. 2009,
Goethert and Telfort 2010, Kreizinger et al. 2013). In Europe,
tularemia is exclusively caused by F. tularensis subsp. ho-
larctica and mainly transmitted by contact with infected
brown hares (Lepus europaeus) (Mörner et al. 1988, Anon-
ymous 2000, Strauss and Pohlmeyer 2001, Anonymous 2002,
Pikula et al. 2004, Keim et al. 2007, Splettstoesser et al. 2009,
Gyuranecz et al. 2010). Transmission occurs by dermal and
mucosal contact, orally, through contaminated aerosols, or by
arthropod bites. In humans, the disease occurs in various
clinical forms depending on the route of infection and the

infectious dose. Systemic disease can have a fatal outcome.
Although tularemia is a rare disease in Europe, outbreaks in
humans have been reported in many countries, and individ-
uals undertaking outdoor activities are particularly at risk
(Tärnvik et al. 2004, Hofstetter et al. 2006, Larssen et al. 2006,
Wik 2006, Komitova et al. 2010, Grunow et al. 2012). The often
uncharacteristic signs and symptoms of tularemia in combi-
nation with low disease awareness can result in delayed or
incorrect therapy (Komitova et al. 2010). In Germany, be-
tween 2005 and 2012, 130 human cases were reported to the
Robert Koch Institute (Berlin, Germany) (SurvStat, http://
www3.rki.de/SurvStat, 10.07.2013) with increasing numbers
of cases per year. Tularemia is an autochthonous zoonosis in
Germany, but imported cases have also been described
(Schubert et al. 2011). However, studies on the natural reser-
voir and vectors and the resulting potential exposure of the
human population are only fragmentary and practically in-
comparable (Kaysser et al. 2008, Splettstoesser et al. 2009,
Decors et al. 2011, Kuehn et al. 2013).

Cultivation of F. tularensis and detection of Francisella-
specific antigens or DNA by enzyme-linked immunosorbent
assay (ELISA) or PCR assay are standard procedures to
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diagnose tularemia in infected animals. Many animal spe-
cies do not develop clinical signs of disease, and bacteremia
lasts only for a short period. Thus, there is little chance to
obtain a positive result by antigen or DNA detection. Ac-
cordingly, testing for seroconversion is more adequate to
ascertain previous exposure to the pathogen. Several sero-
logical methods can be used to detect antibodies against
F. tularensis, such as ELISA (Porsch-Özcürümez et al. 2004,
Schmitt et al. 2005), micro- or tube agglutination assay
(Dedek et al. 1986, Dedek et al. 1990, Sato et al. 1990), and
western blot assay (Schmitt et al. 2005). These procedures are
established for human (Anonymous 2007) and animal sam-
ples (Mörner 2012). Schmitt et al. (2005) and Porsch-
Özcürümez et al. (2004) demonstrated that the combination
of ELISA and western blot assay is suitable for screening in
humans.

Carnivores and omnivores have been shown to be ade-
quate indicator animals for several zoonotic diseases, in-
cluding plague and tularemia (McKeever et al. 1958, Vest
et al. 1965, McCue and O’Farrell 1988, Miller et al. 2000, Ellis
et al. 2002, Bischof and Rogers 2005). In northwestern Ger-
many, antibodies to F. tularensis could be detected in only
one out of 1061 sera of wild boars (Sus scrofa) collected be-
tween 1977 and 1984 (Dedek et al. 1986), whereas in another
study, 3.1% of sera (n = 763) were positive between 1995 and
1996 (Al Dahouk et al. 2005). Red foxes (Vulpes vulpes) may
also become infected orally through consumption of infected
animals, contaminated water sources, and ectoparasites. In
the federal state of Brandenburg, Germany, 6.4–7.9% of wild
animals (red foxes, raccoon dogs, and wild boars) were
found seropositive between 2005 and 2009 (Kuehn et al.
2013).

Wild boars are routinely sampled in the frame of man-
datory screening programs (e.g., classical swine fever), and
red foxes are tested for rabies. Therefore, these animals are
also ideal candidates for use as indicator animals for the
circulation of F. tularensis in Germany. The present study
was performed in central Germany in the two federal states
of Hesse and Thuringia, where several cases of tularemia in
hares have been documented each year, and in Saxony-
Anhalt, where tularemia seems to be extremely rare (Müller
et al. 2013).

Material and Methods

Wild boar and red fox samples

A percentage of animals with anti-Francisella antibodies
above 2% ( p = 0.02) was considered typical for an endemic
area in which human cases can potentially occur. Fosgate
calculated the number needed to detect the disease with an
expected prevalence of 2% and 95% confidence to be 149
samples (Fosgate 2009). Serum samples obtained from wild
boars and red foxes were collected during the hunting seasons
2009–2012. A total of 407 fox samples were tested: 85 from
Hesse, 212 from Saxony-Anhalt, and 110 from Thuringia. In
total, 566 sera of wild boars were tested: 254 sera from Hesse,
204 from Saxony-Anhalt, and 108 from Thuringia. Further-
more, 50 red fox samples collected in Thuringia in 1995 were
also included in this study.

A two-fold serial dilution of a positive sample was tested in
the in-house ELISA and western blot assay to compare the
analytical sensitivity of both assays.

Brucella spp. and Yersinia enterocolitica–positive
swine samples

Cross-reactivity with Yersinia spp. and Brucella spp. was
evaluated with a Y. enterocolitica–positive swine sample ob-
tained by pooling sera from four experimentally infected an-
imals and 11 Brucella suis biovar 2 swine samples.

F. tularensis subsp. holarctica–positive swine samples

The sensitivity of the assays was assessed with serum
samples collected from four pigs immunized with whole-cell
antigens of F. tularensis subsp. holarctica. The isolates 06T0001
and 10T0014 were cultivated on cysteine heart agar and har-
vested from plates with phosphate-buffered saline (PBS). The
suspensions revealed optical densities of 0.51 and 0.53 at 600
(OD600 = 1.0), corresponding to an average of 8.0 · 107 colony-
forming units/mL. After inactivation for 10 min at 90�C, the
suspensions were mixed with aluminum hydroxide and in-
jected intramuscularly in two 3-week-old pigs. Three weeks
later, another four immunizations were performed at weekly
intervals. Blood samples were taken before immunization and
1 week after the last immunization.

Assays

The in-house ELISA was performed as published by
Porsch-Özcürümez et al. (2004) with some modifications.
Microplates (96-well; Polysorb; Nunc, Roskilde, Denmark)
were coated with 50 lL of a highly purified lipopolysaccha-
ride (LPS) fraction (micromun, Greifswald, Germany) from
the F. tularensis subsp. holarctica strain live vaccine strain
(LVS) with a concentration of 5 lg LPS/mL in carbonate
buffer (pH 9.0) overnight. The excess antigen was then re-
moved, and the wells were washed three times with wash-
ing buffer (0.01 M PBS, pH 7.3; 0.05% Tween 20). The washing
buffer was removed and 75 lL of blocking buffer (washing
buffer with 4% skimmed milk powder) were added to the
wells for 1 h at room temperature. The blocking buffer was
removed, and the plates were washed with washing buffer, as
described above. Serum samples were diluted 1:50 in dilution
buffer (washing buffer with 1% skimmed milk powder). A
total of 100 lL of each diluted serum sample was added to two
antigen-coated wells. After 1 h of incubation at 4�C, the
samples were removed and the plates were washed with
washing buffer. After that, Protein G conjugated with horse-
radish peroxidase (Millipore, Temecula, CA), diluted 1:5,000
in dilution buffer, was added to the wells. The plates were
incubated for 1 h at 37�C and then washed with washing
buffer. After removal of the buffer, 100 lL of o-phenyl-N-
diamine (Sigma-Aldrich Chemie, Taufkirchen, Germany) was
added to the wells. After 10 min, 50 lL of 2 M sulfuric acid was
used to stop the reaction. The OD was measured at 492 nm
using a TECAN Spectra Rainbow Thermo Microtiter
Plate Reader (Tecan Deutschland, Crailsheim, Germany). On
the basis of the distribution of values of OD, the cutoff
values were calculated for samples as follows: Mean OD
(Delta;E) – 3 · standard deviation (SD). Samples with a mean
OD492 value above 0.1 were considered as positive, and those
below this value as negative.

The western blot assay published by Schmitt et al. (2005)
was performed with slight modifications. Sodium dodecyl
sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) was
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performed using 4–12% Novex Tris-glycine gel (Invitrogen,
Karlsruhe, Germany). A 180-lL stock solution of LPS (mi-
cromun) was mixed with 180 lL of Laemmli buffer (Sigma-
Aldrich-Chemie). After boiling for 10 min, the mixture was
subjected to SDS-PAGE at 200 V for 1 h. The gel was soaked
for 10 min in Novex Tris-glycine transfer buffer (Invitrogen),
and the separated LPS was transferred to a 0.45-lm nitrocel-
lulose membrane (Invitrogen) using Novex Tris-glycine
transfer buffer at 30 V for 1 h. The remaining binding sites on
the membrane were blocked with blocking buffer (CANDOR,
Wangen, Germany) overnight at 4�C. The cut membrane
strips were incubated for 1.5 h at room temperature with se-
rum dilution at 1:25, but the positive serum was diluted at
1:200. After three rinses with washing buffer, the strips were
incubated for 1.5 h at room temperature with purified re-
comb� Protein A/G labeled with alkaline phosphatase (Pierce
Biotechnology, Rockford, IL) in a dilution of 1:5000. A nitro-
blue tetrazolium chloride/5-bromo-4-chloro-3-indolylpho-
sphate solution induced the color reaction.

Samples that reacted positive in ELISA were subsequently
tested in the western blot assay. Sera that demonstrated di-
vergent results in tularemia assays were tested for the pres-
ence of antibodies against Brucella spp. and Yersinia spp. The
presence of Brucella spp.–specific antibodies was determined
using the Svanovir� Brucella-Ab C-ELISA kit (Svanova Bio-
tech AB, Uppsala, Sweden). The recomLine Yersinia IgG 2.0 kit
(Mikrogen, Neuried, Germany) was used to detect the pres-
ence of antibodies against Yersinia spp. Both tests were per-
formed according to the manufacturer’s instructions.

Results

In Hesse, 4.8% of wild boars and 4.7% of red foxes were
positive for antibodies to F. tularensis; in Saxony-Anhalt, 2.0%
of wild boars and 11.3% of red foxes and in Thuringia, 1.9% of
wild boars and 3.8% of red foxes were positive (Fig. 1). The 50
fox samples from Thuringia collected in 1995 were all negative.
The distribution of the OD values obtained in the in-house
ELISA for red foxes and wild boars shown in Figure 2, A and B,
revealed that for both wild boars and foxes the respective fre-
quency distributions of OD values above 100 showed only
single events. For foxes and wild boars, the mean value (DE) of
all OD values below or equal to 100 was calculated to be 42.7
(SD = 20.1) and 38.7 (SD = 20.1), respectively. For seven red fox
samples, the western blot assay results were not confirmed in
the ELISA. One of them was positive for Brucella spp. and three
samples reacted with Yersinia spp. antigen.

Prior to immunization, the pigs were negative for Brucella,
Francisella, and Yersinia antibodies as assessed with ELISA.
One week after the last Francisella vaccination, specific anti-
body titers of 1:100, 1:200, or 1:500 were found in three ani-
mals, respectively. The ELISA displayed a higher analytical
sensitivity and detected one dilution step more than the
western blot assay (data not shown). The specificity and the
diagnostic sensitivity of the in-house ELISA were determined
to be 90.0% and 83.3% when compared with the western blot
assay. Brucella spp.– and Y. enterocolitca–positive swine sam-
ples did not react positively in the tularemia ELISA.

Discussion

Tularemia is a zoonotic disease in Europe, which is notifi-
able in Germany, because monitoring is considered necessary

for prevention and control of the disease. European brown
hares are the most affected animals, and contact with infected
animals is the main source of infection in humans. Hares are
highly susceptible to F. tularensis and usually die rapidly after
infection (Mörner and Sandstedt 1983, Mörner et al. 1988,
Decors et al. 2011), although a few chronic cases have been
reported (Runge et al. 2011, Hofer 2012). No seroposi-
tive hares could be found in the federal state of Schleswig-
Holstein, Germany (Frölich et al. 2003). However, in Lower
Saxony, F. tularensis subsp. holarctica was detected by PCR
and cultivation in 1.1% of the examined hares (Runge et al.
2011). Higher infection rates of 5.1% and 10.0% were found in
two serological studies in hares in Hungary (Gyuranecz et al.
2011) and in Mecklenburg-Western Pomerania, Germany,
respectively (Dedek et al. 1990).

In contrast to hares and rabbits, foxes and wild boars are
screened in monitoring programs for rabies and classical
swine fever, respectively. Therefore, serological samples are
readily available, and we investigated red foxes and wild
boars as indicators for the presence and circulation of F. tu-
larensis in three German federal states (Hesse, Saxony-Anhalt,
Thuringia; Fig. 1). In this study, the overall seropositivity was
determined to be 1.1% in wild boars and 7.4% in red foxes.
Looking at the results separately for the three regions, it is
notable that the results of wild boars differ only slightly (1.9–
4.8%), whereas strong differences are observed in foxes. In

FIG. 1. The number of examined (absolutely) and Franci-
sella-positive (relatively) red foxes (RF) and wild boars (WB)
in the central states Hesse, Saxony-Anhalt, and Thuringia,
Germany.
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Saxony-Anhalt, the highest detection rate in foxes was found
to be 11.3%. In this federal state, five human tularemia cases
were reported in the period 2005–2012, whereas in Hesse and
Thuringia only one case was reported in each federal state
(SurvStat, http://www3.rki.de/SurvStat, 10.07.2013). How-
ever, due to the small number of human cases, no conclusion
can be drawn with regard to a correlation between seroposi-
tive animals and the number of human cases.

A reason for the higher seropositivity of foxes in compari-
son to wild boars could be that foxes eat more voles and mice.

These rodents are highly susceptible to F. tularensis and play a
role as a natural reservoir of tularemia. The lack of detection of
Francisella antibodies in the Thuringian foxes from 1995 does
not change this assessment.

Al Dahouk et al. (2005) found a rate of 3.1% positive
animals in wild boars in the federal state of Mecklenburg-
Western Pomerania, and Kuehn et al. (2013) found 7.9% se-
ropositive foxes and 7.5% wild boars in the federal state of
Brandenburg. Conflicting results were reported for the time
from 1977 to 1984 by Dedek et al. (1986), with only one

FIG. 2. Optical density (OD) values obtained in in-house enzyme-linked immunosorbent assay (ELISA) for red foxes (A)
and wild boars (B). Cutoff is marked with a bold line.
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positive animal among 1061 wild boars. This may be ex-
plained by the use in this older study of a microagglutination
test, which has a much lower sensitivity than the ELISA used
in the more recent studies.

In all three studies, the occurrence of tularemia in the ani-
mal population was higher than the small number of reported
human cases might suggest. Between 1974 and 2005, 14, five,
and one human cases were reported in Hesse, Saxony-Anhalt,
and Thuringia, respectively (Grunow and Priebe 2007). Ac-
cordingly, the number of human cases is not necessarily
representative of the presence of tularemia in the natural
reservoir. Natural foci can be small, and Francisella cells are
also known to survive in the environment without leading to
outbreaks in human or animal populations (Sjöstedt 2007).
Runge et al. (2011) observed this phenomenon in a German
region with a high prevalence of tularemia in hares where no
human cases were reported. The results of the present study
suggest a similar situation in other German regions. However,
tularemia is a rare disease with often unspecific symptoms,
which may lead to underreporting in the human population
(Pohanka et al. 2011). The western blot assay used as confir-
matory assay was slightly less sensitive than the in-house
ELISA, and therefore some weak positive samples could not
be confirmed. However, the specificity of the in-house ELISA
was sufficient: No cross-reaction with Yersinia spp.– and
Brucella spp.–positive animal samples was observed. In con-
trast, some cross-reactions were observed in the western blot
assay. Of the seven samples displaying incongruent results in
tularemia tests, one was positive for Brucella spp. and three
were positive for Yersinia spp.

This study demonstrates that red foxes are more suitable
indicators for the presence of tularemia than wild boars,
and we recommend systematic screening to monitor the
geographic distribution and the activity of natural foci that
may lead to human infections. These data may stimulate the
awareness of physicians for tularemia in potentially af-
fected regions and may thus result in better diagnosis and
treatment.

Acknowledgments

The authors are thankful for the excellent technical work
done by Renate Danner, Wolfram Maginot, and Carola
Zmuda. We are grateful to Tonia Eckert, Tobias Eisengarten,
Bernd Gehrmann, Lothar Hoffmann, Annette Schliephake,
and Claudia Sauerwald for providing samples of foxes and
wild boars. We thank Peter Valentin-Weigand and Bruno
Garin-Bastuji for a Y. enterocolitica–positive swine sample and
11 Brucella suis biovar 2 swine samples, respectively.

Valérie Chaignat was financially supported by the Euro-
pean Community’s Seventh Framework Programme (FP7/
2007-2013) under grant agreement no. 261810.

Author Disclosure Statement

No competing financial interests exist.

References
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