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ABSTRACT: Five hundred sixty-two blood sam-
ples were collected from wild boars (Sus scrofa)
shot in six districts of Tuscany, central Italy, be-
tween 1997 and 2000. Sera were examined for
antibodies specific for Leptospira interrogans
by microagglutination test and Brucella spp. by
the Rose Bengal test and indirect enzyme-
linked immunosorbent assay. Thirty-four
(6.0%) samples tested positive for anti-Lepto-
spira antibodies, 29 (5.1%) sera were positive
for anti-L. interrogans serovar bratislava anti-
bodies (titres ranging from 1:10021:400), and
5 (0.9%) sera were positive for anti-
L.interrogans serovar icterohaemorrhagiae an-
tibodies (titres 1:100). All the examined sera
were negative for anti-Brucella antibodies.

Key words: Brucellosis, leptospirosis, serol-
ogy, Sus scrofa, wild boars.

The wild boar (Sus scrofa) is widely dif-
fuse in Tuscany, Central Italy. This wild
animal can leave its natural habitat to
come into contact with domestic animals.
For this reason, it is a potential source of
infectious diseases for domestic animals
sharing the same areas.

Seropositivity to Leptospira interrogans
infection has been previously demonstrat-
ed in wild boars in Italy (Farina and An-
dreani, 1970; Tagliabue and Farina, 1995;
Ponti et al., 1996; Tagliabue et al., 1996).
Even though data about leptospirosis in
wild boars are not common, significant se-
roprevalence (37%) to L. interrogans ser-
ovar bratislava has been observed in recent
years (Ponti et al., 1996). Seropositivity to
serovars icterohaemorrhagiae, sejroe, sax-
koebing, pomona, canicola, copenhageni,
and proechimys has also been detected in
this species (Farina and Andreani, 1970;
Ponti et al., 1996).

Brucella spp. infection is still present
among domestic animals living in limited
areas of Italy, and brucellosis has been
sporadically reported in Tuscany. Wild

boar is mainly susceptible to Brucella suis
biovar 1 and 2, but B. abortus and B. mel-
itensis infections can occur (Dedek, 1983;
Pannwitz, 1984; Wilhem and Zieris, 1987;
Robson et al., 1993; Godfroid et al., 1994).
In Italy, B. abortus and B. melitensis rarely
have been reported in domestic pigs, and
B. suis has never been isolated from these
animals. Brucella spp. were never isolated
from wild boars in Italy, but B. suis biovar
2 was isolated in southern Italy from a
male hare (Lepus europaeus) imported
from Hungary in 1995 (Quaranta et al.,
1995). A study to determine the seroprev-
alence of brucellosis in hares living in Tus-
cany provided negative results (Poli et al.,
1987). Hares coming from Eastern Eu-
rope, where brucellosis by B. suis biovar 2
is endemic, have been introduced to re-
stock hunting areas. This species could
represent a real source of B. suis biovar 2
infection for other animals sharing the
same habitats, particularly for wild boars.
Furthermore wild boars were also import-
ed from Eastern Europe during the last
decade.

A previous serologic investigation was
carried out by Giovannini et al. (1988) to
determine the presence of anti-Brucella
spp. seropositivity in 43 fallow deer (Dama
dama) and 20 wild boars shot in Tuscany.
Four wild boars and one fallow deer
showed a minimal reaction to the comple-
ment fixation test but were negative to the
plate agglutination test; these animals were
interpreted as non-specific reactors.

The purpose of this study was to inves-
tigate the seroprevalence of Leptospira sp.
and Brucella spp. infections in wild boars
from Tuscany, Central Italy.

Five hundred and sixty-two serum sam-
ples from wild boars shot during the hunt-
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FIGURE 1. Distribution of seropositivity to anti-
Leptospira interrogans antibodies in the examined ar-
eas of Tuscany (percentages within brackets).

ing seasons from 1997 to 2000 were ex-
amined. All the animals lived in wooded
areas of Tuscany. One hundred ninety-
nine of them were shot in the district of
Siena (438199N–118189E), 196 in the dis-
trict of Grosseto (428469N–11879E), 47 in
the district of Leghorn (438339N–108199E),
44 in the district of Pisa (438439N–
108249E), 41 in the district of Arezzo
(438289N–118359E), and 35 in the district
of Florence (438469N–118169E). Blood
samples were collected intracardially; sera
were separated by centrifugation and
stored at 220 C until used.

To detect anti-L. interrogans antibodies,
sera were tested by microagglutination
test. Serovars icterohaemorrhagiae (Bian-
chi strain), canicola (Alarik strain), pomona
(Mezzano strain), tarassovi (Jhonson
strain), grippotyphosa (Moscow V strain),
and bratislava (Riccio 2 strain) cultures
were used as live antigens. The cultures
were grown in Leptospira Medium Base
Ellinghausen-MacCullough-Johnson-Har-
ris (EMJH—Difco, Detroit, Michigan,
USA) at 30 C for 4–14 days. The microag-
glutination test was performed following
the procedure previously reported by Fai-

ne et al. (1999). Briefly, sera to be tested
were diluted 1:50 with sterile saline solu-
tion in wells of 96 U-shaped plates. The
same volume of antigen suspension was
added to each well and mixed by agitation.
Plates were incubated at 30 C for 2 hr. A
loopful of the suspension in each well was
was placed on a slide and examined for
agglutination using a darkfield microscope.
Sera with antibody titre $1:100 were con-
sidered positive and 2-fold serially dilu-
tions were tested to determine the end-
point titer.

To determine Brucella seropositivity, a
Rose Bengal test (RBT) and a homemade
indirect enzyme linked immunosorbent as-
say (ELISA) were employed. Brucella
abortus W99 colored with rose bengal was
used as antigen for RBT (Ciuchini and Fa-
rina, 1991), while the lipopolysaccharide
fraction of B. abortus W99 was employed
for ELISA. Antigens containing smooth
whole cells of B. abortus are usually em-
ployed to detect antibodies against B.
abortus, B. melitensis and B. suis, because
the three Brucella strains have the same
surface lipopolysaccharide (Hendry et al.,
1985; Alton et al., 1988).

The ELISA was performed in 96-well
plates coated with 50 ml/well of antigen di-
luted 1:100 in carbonate-sodium bicarbon-
ate buffer (pH 9.6) and incubated at 4 C
overnight. Plates were washed three times
with phosphate buffered saline at pH 7.4
with 0.04% Tween 80 (PBST) added and
dried by tapping firmly upside down on
adsorbent paper. Each serum sample was
diluted 1:200 in PBST and tested (50 ml/
well) in duplicate in antigen coated wells.
Plates were incubated at 37 C for 1 hr and
washed three times with PBST. Fifty ml of
rabbit anti-pig IgG peroxidase labeled sec-
ondary antibody (Sigma Chemical Com-
pany, St. Louis, Missouri, USA) diluted 1:
35,000 in PBST were added to each well.
Plates were incubated at 37 C for 1 hr,
washed three times with PBST, and once
with phosphate-citrate buffer (PCB, pH
5). Colorimetric reaction was developed by
adding 50 ml/well of substrate-chromogen
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solution (4% o-phenylene-diamine dihy-
drochloride in PCB and 0.04% hydrogen
peroxide) and stopped with 2N H2SO4.
Plates were read at 492 nm by a spectro-
photometer (Titertek Multiskan PLUS
MKII t, Flow Laboratories, Lugano, Swit-
zerland).

Forty serum samples of domestic swine,
which had no history of living in areas en-
demic for brucellosis and were completely
healthy by physical examination and labo-
ratory tests, were included as negative con-
trols for the standardization of ELISA test.
The optical density (OD) values of the
negative controls were used to calculate
the cutoff value. It corresponded to three
standard deviations above the average OD
values given by negative controls in 20
replicates and resulted 0.45. Blood serum
samples from five B. abortus biovar A3/6-
naturally infected domestic sows were em-
ployed as positive controls.

Thirty-four (6.0%) of the 562 sera ex-
amined scored positive for anti-L. inter-
rogans antibodies. Twenty-nine (5.1%)
samples were positive for anti-serovar bra-
tislava antibodies (20 samples at 1:100, 5
at 1:200, and 4 at 1:400). Of the 29 positive
wild boars, 10 (5.10%) lived in the district
of Grosseto, 10 (5.02%) in the district of
Siena, seven (20%) in the district of Flor-
ence and two (4.25%) in the district of
Leghorn. Five (0.9%) sera of wild boars
from the district of Arezzo were positive
for anti-serovar icterohaemorrhagiae anti-
bodies, all of them with a titre of 1:100.
No seropositive reactions to the other ser-
ovars were detected.

All serum samples were negative for
anti-Brucella spp. antibodies when tested
with both RBT and ELISA, whereas all
positive controls scored positive to RBT
and gave OD above the cutoff value (from
0.62 to 0.97).

The results of our study show the pres-
ence of Leptospira-seropositive wild boars
in Tuscany but with a low prevalence and
with low antibody titres. These data sug-
gest that Leptospira infection is endemic
in this wild species in Italy and confirm

previous studies performed on sera from
domestic and wild animals (Andreani et
al., 1995; Cerri et al., 1996; 2000). Most
seropositivity to L. interrogans was due to
the serovar bratislava; whereas positivity to
the serovar icterohaemorrhagiae was
found only in a lower percentage. The
presence of serovar bratislava-seropositive
wild boars suggests that this serovar is
spreading to other ‘‘ecological niches.’’ In
fact, leptospires such as L. interrogans ser-
ovar bratislava, belonging to the serogroup
Australis, may be spreading among other
species like horses, dogs, and domestic
swine as demonstrated by extensive sero-
logic investigations (Little, 1986; Farina,
1998; Cerri et al., 2000). Moreover, sero-
var bratislava was isolated from horses (El-
lis et al., 1983), sheep (Little et al., 1981;
Hathaway et al., 1983) and pigs (Little,
1986; Pritchard, 1986). Other serovars of
Australis serogroup, such as lora and
muenchen, were isolated from domestic
swine (Hartmann et al., 1975; Hathaway et
al., 1982).

Our data suggest that wild boars might
play a role in epidemiology of L. interro-
gans infections because the density of this
wild species is high in our areas and there
is an increasing possibility of contact with
domestic animals.

Results of serologic tests to detect anti-
Brucella spp. antibodies suggest absence
of this infection in wild boars of Tuscany.
A previous serologic survey carried out to
detect anti-Brucella spp. antibodies in 300
sera of fallow (Dama dama) deer living in
Tuscany in the natural preserve of San
Rossore gave similar results (Cerri et al.,
1996). Brucellosis in domestic animals is,
in fact, drastically reduced in the central
part of Italy due to instituted eradication
programs.

In conclusion, our study demonstrated
that wild boars appear to not play a major
role in the epidemiology of Leptospira sp.
and Brucella spp. infections, at least in It-
aly. But extensive bacteriologic investiga-
tions are needed to confirm the presence
or absence of these etiologic agents in wild
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boar populations. Moreover, the seroprev-
alence of B. suis biovar 2 in hares should
be accurately investigated, as these ani-
mals may represent a source of infection
to domestic pigs and wild boars.
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Società Italiana Scienze Veterinarie 57: 183–184.

CIUCHINI, F., AND R. FARINA. 1991. Sieroagglutina-
zione rapida al rosa bengala. In 18 progetto di
standardizzazione delle tecniche sierologiche per
la diagnosi delle brucellosi animali: Sieroagglu-
tinazione rapida con antigene al rosa bengala,
sieragglutinazione lenta in micrometodo, fissazio-
ne del complemento miniaturizzata, pp. 13–14.

DEDEK, J. 1983. Zur Epizootiologie der Schweine-
brucellose unter besonderer Berucksichtigung
von Erregerreservoiren. Monatshefte fur Veteri-
narmedizin 38: 852–856.

ELLIS, W. A., J. J. O’BRIEN, J. A. CASSELLS, AND J.
MONTGOMERY. 1983. Leptospiral infection in
horses in Northern Ireland: Serological and mi-
crobiological findings. Equine Veterinary Journal
15: 317–320.

FAINE, S., B. ADLER, C. BOLIN, AND P. PEROLAT.
1999. Leptospira and leptospirosis, 2nd Edition,
MediSci, Melbourne, Australia, 180 pp.

FARINA, R. 1998. Spirochete. In Trattato di Malattie
infettive degli animali, 2nd Edition, R. Farina
and F. Scatozza (eds.). UTET, Torino, Italia, pp.
361–389.

, AND E. ANDREANI. 1970. Leptospirosi degli
animali selvatici in Italia. Archivio Veterinario It-
aliano 21: 127–141.

GIOVANNINI, A., F. M. CANCELLOTTI, C. TURILLI, AND

E. RANDI. 1988. Serological investigations for
some bacterial and viral pathogens in fallow deer
(Cervus dama) and wild boar (Sus scrofa) of the

San Rossore Preserve, Tuscany, Italy. Journal of
Wildlife Diseases 24: 127–132.

GODFROID, J., P. MICHEL, L. UYTTERHAEGEN, C.
DESMET, F. RASSENEUR, F. BOELAERT, C. SSE-

GERMAN, AND X. PATIGNY. 1994. Brucellose en-
zootique a Brucella suis biotype 2 chez le san-
glier (Sus scrofa) en Belgique. Annales de Med-
icine Veterinaire 138: 263–268.

HARTMANN, E. G., B. BRUMMELMAN, AND H. DIK-

KENS. 1975. Leptospirae of serotype lora of the
serogroup Australis isolated fro the first time
from swine in the Netherlands. Tijdschr. Dier-
geneesk 100: 421–425.

HATHAWAY, S. C., T. W. A. LITTLE, AND A. E. STEVENS.
1982. Identification of Leptospira interrogans
serovar muenchen from a sow with a history of
abortion. The Veterinary Record 111: 100–102.

, , , W. A. ELLIS, AND J. MOR-

GAN. 1983. Serovar identification of leptospires
of the Australis serogroup isolated from free-liv-
ing and domestic species in the United kingdom.
Research Veterinary Science 35: 64–68.

HENDRY, D. M. F. D., M. J. CORBEL, R. A. BELL,
AND J. A. STACK. 1985. Brucella antigen produc-
tion and standardization. Agricultural Develop-
ment and Advisory Service. Ministry of Agricul-
ture, Fisheries and Food. Booklet 2499, p. 1.

LITTLE, T. W. A. 1986. Changes in our understand-
ing of the epidemiology of leptospirosis. In The
present state of leptospirosis diagnosis and con-
trol, W. A. Ellis and T. W. A. Little (eds.). Mar-
tinus Nijhoff Publishers, Dordrecht, Nether-
lands, pp. 149–173.

, B. N. J. PARKER, A. E. STEVENS, S. C. HATH-

AWAY, AND L. M. MARKSON. 1981. Inapparent in-
fection of sheep in Britain by leptospirosis of the
Australis serogroup. Research in Veterinary Sci-
ences 31: 386–387.

PANNWITZ, S. 1984. Serolische Ubersichtsuntersu-
chungen auf brucellose bei Wildschwein. Mon-
atshefte fur Veterinarmedizin 39: 627–630.

POLI, A., F. MANCIANTI, A. MARCONCINI, D. CERRI,
AND P. AGRIMI. 1987. Diseases of wild-living
hares (Lepus europaeus, Pallas) in Tuscany. Son-
derdruck aus Verhaundlungsbericht des 29 In-
ternationalen Symposiums uber die Erkrankun-
gen der Zootiere UK, Cardiff, pp. 341–346.

PONTI, M. N., A. V. MANIGA, P. CABRAS, S. PINNA,
AND G. SCANO. 1996. Monitoraggio sulla pre-
senza di alcune infezioni a carattere zoonosico
fra i cinghiali. Supplemento Ric. Biologia della
Selvaggina 24: 303–310.

PRITCHARD, D. G. 1986. Some examples of the use
of epidemiological techniques in the study of lep-
tospirosis. In The present state of leptospirosis
diagnosis and control, W. A. Ellis and T. W. A.
Little (eds.). Martinus Nijhoff Publishers, Dor-
drecht, The Netherlands, pp. 221–233.

QUARANTA, V., R. FARINA, A. POLI, D. CERRI, AND L.
PALAZZO. 1995. Sulla presenza di Brucella suis

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 29 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



722 JOURNAL OF WILDLIFE DISEASES, VOL. 39, NO. 3, JULY 2003

biovar 2 nella lepre in Italia. Selezione Veteri-
naria 36: 953–958.

ROBSON, J. M., M. W. HARRISON, R. N. WOOD, M.
H. TILSE, A. B. MCKAY, AND T. R. BRODRIBB.
1993. Brucellosis: Re-emergence and changing
epidemiology in Queensland. Medical Journal
Australia 159: 153–158.

TAGLIABUE, S., AND R. FARINA. 1995. Inchiesta sier-
oepidemiologica sulla diffusione delle leptospire
tra gli animali domestici ed alcune specie selva-
tiche. Selezione Veterinaria 36: 941–952.

, A. RAFFO, E. FONI, P. CANDOTTI, AND G.
BARIGAZZI. 1996. Anticorpi per Leptospira in-
terrogans in sieri di cinghiale (Sus scrofa)
dell’Appenino parmense. Supplemento alle Ri-
cerche di Biologia della Selvaggina 24: 631–635.

WILHELM, A., AND H. ZIERIS. 1987. Das Wild-
schwein (Sus scrofa) als primars naturrenservoir
fur Brucella suis. Verhandlungs bericht des Int.
Symp. Uber die Erkangunger der Zoostiere 27:
463.

Received for publication 30 June 2002.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 29 Apr 2024
Terms of Use: https://bioone.org/terms-of-use


