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Abstract: In recent years, Brucella suis has been sporadically reported in Italy in domestic and wild
swine. Since standard serological tests can determine false positive results, the development of
alternative tests with improved sensitivity and specificity is rather essential. We analyzed 1212 sera
collected at slaughterhouse from healthy pigs belonging to 62 farms of North-Central Italy. Sera
were tested by Rose Bengal Test, Complement Fixation Test, and subsequently by a Dot Blot (DB)
and Western Blot assays (WB). Only one serum resulted positive to all tests, indicating that swine
brucellosis has a very limited spread. DB and WB could represent a support to the available serological
tests; however, further studies to validate these tests are needed. In the presence of reemerging
diseases, a prompt and continuous monitoring design is necessary to acquire epidemiological
information for the subsequent application of specific health emergency plans.
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1. Introduction
Swine brucellosis is primarily caused by Brucella suis (B. suis) [1]. B. suis can be divided into five
biovars of which 1, 2, and 3 are the most relevant for pigs and are globally distributed [2,3]. Brucellosis
caused by Brucella suis biovar 2 (B. suis bv. 2) is emerging in Europe, and although this biovar is not
pathogenic for humans, it could be a cause of reproductive failure in pigs, which results in important
economic losses for the swine industry [2,4–7].
Wild boars and hares represent reservoir hosts for B. suis bv. 2; these animals are the main sources
of infection for domestic pigs, contributing to the spreading of the disease [2,8]. Moreover, wild boars
and hares imported for hunting purposes could represent sources of introduction of the pathogen in
infection-free areas [8,9]. Recently, B. suis bv. 2 was reported for the first time in wild boars [9,10] and
later it was reported in swine in different Italian regions [11,12].
Serology plays an important role in brucellosis surveillance and eradication [13]. Nowadays,
according to World Organization for Animal Health (OIE) [14], several validated serological tests are
available for brucellosis diagnosis in swine: Rose Bengal Test (RBT), Fluorescence Polarisation Assay
(FPA), Complement Fixation Test (CFT), and Indirect/Competitive Enzyme-Linked Immunosorbent
Assay (I/C ELISA). All these serological tests are routinely used and are based on the detection of
antibodies against the smooth lipopolysaccharides (sLPS) of smooth strains. Although these serological
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tests are globally validated, each of them shows limitations, especially for the screening of individual
animals, in particular in swine serum samples [14].
Particularly, it is well documented that antibodies against Yersinia enterocolitica O:9 cross-react with
Brucella sLPS antigens [15]. Y. enterocolitica O:9 is particularly widespread in swine populations [16]
and represents a frequent cause of false positive serological reactions (FPSR) [13,14]. For these reasons,
several authors developed different immunoblotting methods in order to improve sensitivity and
specificity of the serological diagnosis [17–19].
The aim of this survey was to evaluate the diffusion of Brucella spp. in domestic pigs of
North-Central Italy by a serological investigation of samples collected at the slaughterhouse from
healthy animals employing standard methods and immune assays.
2. Materials and Methods
From September to December 2015, 1212 swine blood samples were collected at slaughterhouses
from healthy animals belonging to 62 different farms located in five different Italian regions: 33 in
Lombardy (660 sera), 15 in Tuscany (274 sera), 7 in Emilia Romagna (138 sera), 5 in Veneto (100 sera),
and 2 in Piedmont (40 sera) (Table S1). When it was feasible, from each farm, sera from 20 pigs were
collected. Blood samples were quickly transported in refrigerated condition; obtained sera were stored
at −20 ◦ C until processed.
All collected sera were screened for anti-brucella antibody by Rose Bengal Test [14]. The sera from
farms in which at least one positive sample was present were also analyzed by Complement Fixation
Test [14] and by Dot Blot assay (DB). Antigens prepared from a smooth strain of B. abortus W99 were
produced by “Istituto Zooprofilattico della Lombardia e dell’Emilia Romagna Bruno Ubertini, Brescia”
and by “Istituto Zooprofilattico Sperimentale dell’Abruzzo e del Molise G. Caporale, Teramo” for CFTs
and for RBTs, respectively.
Antigen employed in DB was Brucellergene OCB (Rhône-Mérieux, Lyon, France), produced
from Brucella melitensis rough strain B115. DB was performed according to Iovinella et al. [20],
with modifications. The antigen (2 µL) was adsorbed on a 0.45 µm size nitrocellulose membrane
(Thermo Fisher Scientific, Waltham, MA, USA) and incubated overnight in 3% semi-skimmed
milk, 0.05% Tween 20, 100 mM phosphate buffer saline, pH 7.5. The membrane was exposed to
serum samples at different concentrations (1:50, 1:100, 1:200), with different incubation times (15, 30,
and 45 min) and with or without heat treatment at 58 ◦ C ± 2 ◦ C for 60 min. Afterwards, the membrane
was incubated for 1 h at Room Temperature (RT) with a horseradish peroxidase (HRP)-conjugated
polyclonal Rabbit anti-Pig IgG-(H+L) antibody (Bethyl Laboratories, Montgomery, TX, USA) diluted
1:10000. The reaction was detected by Immun-Star™ WesternC™ Kit (Biorad Laboratories, Richmond,
CA, USA) using a Nikon D5100 camera [21]. Sera scored positive by DB were subsequently analyzed by
Western Blot assay (WB) according to Iovinella et al. [20]. The Brucellergene total protein content was
measured by Qubit 2.0 Fluorometer (Invitrogen, Waltham, MA, USA). Ten micrograms of Brucellergene
total protein were loaded into 12% T and 7.5% T, 2.6% C separating polyacrylamide gels (1.5 mm
thick); a 10–250 kDa pre-stained protein Sharpmass™ V plus protein MW marker (Euroclone, Milan,
Italy) was used. Sodium Dodecyl Sulphate - PolyAcrylamide Gel Electrophoresis (SDS-PAGE) was
performed at 20 mA/ gel at 15 ◦ C using SE 260 mini vertical electrophoresis (GE Healthcare, Little
Chalfont Buckinghamshire, UK). Gels were stained in Coomassie brilliant G colloidal solution, scanned
by an Epson Perfection V750 Pro, and elaborated by Image J software (National Institutes of Health,
Maryland, USA) [22]. Proteins were transferred on the nitrocellulose membrane by ECL TE 70 PWR
Semi-dry transfer unit (GE Healthcare) at 75 mA for 4 h and 30 min. The membrane was processed as
described for DB; serum concentration, incubation time and heat treatment were chosen on the basis of
DB results (1:200, 30 min, and heat treatment at 58 ◦ C ± 2 ◦ C for 60 min, respectively). In order to avoid
false positive serological reactions (FPSRs) due to Y. enterocolitica O:9, a hyperimmune anti-Yersinia
rabbit serum was also tested both by DB and by WB using Goat anti-Rabbit IgG (H+L)-HRP conjugate
(Biorad laboratories) as secondary antibody.
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All employed antigens were provided by “Istituto Zooprofilattico Sperimentale dell’Abruzzo e
del Molise G. Caporale, Teramo”.
3. Results
Among 1212 serum samples, only one serum resulted positive to RBT and CFT (titer 1:4
corresponding to 20 International Complement Fixation Test Units for milliliter—ICFTU/mL) and
was confirmed by Dot Blot assay. A second serum that was negative to RBT resulted positive to CFT
(titer 1:4 corresponding to 20 ICFTU), but it scored negative when tested by Dot Blot. Both these
sera obviously belonged to the same farm, located in South Tuscany (Siena province). The best DB
experimental conditions were: serum dilution 1:200 at 30 min of incubation (Figure S1, Table S2). Heat
treatment of sera was useful for the interpretation of the negative samples. The positive serum was
also confirmed by WB (Figures S2 and S3); this test highlighted a band of 53.5 kDa corresponding to
the one with the same molecular weight and the same relative mobility (Rm) observed by SDS-PAGE.
Hyperimmune anti-Yersinia rabbit serum resulted negative in both assays (Figure S4, Table S3).
4. Discussion
Brucella suis biovar 2 has been recently introduced in Italy [9–12]. This bacterium is generally
considered a pathogen only for swine that represent, along with wild boars and hares, the most
important host for this biovar [2]. However, human infection caused by B. suis biovar 2 has been
described in France in immuno-compromised hunters [23]. Furthermore, rare cases of asymptomatic
infection have been reported in Europe in ruminants after exposure to infected wild boars [24,25].
For these reasons, a constant serological monitoring of wild and domestic swine populations could be
essential in order to acquire as much epidemiological information as possible.
In Italy, pig farms are mainly located in the central and northern parts of the country [26];
consequently, the improvement of swine health monitoring in this area is advisable. To the best of
our knowledge, there is only one report on the seroprevalence of Brucella spp. in breeding pigs in
Central-North Italy [11].
Our survey aimed to increase the epidemiological information concerning swine brucellosis in this
geographical area. Based on our results, swine brucellosis seems to have a very limited spread. In fact,
only one sample resulted positive. One serum resulted positive to CFT but not to RBT and DB. CFT is
more specific than RBT, but it is not capable of eliminating the FPSR problem, and can be recommended
only as a complementary test, especially in swine, as suggested by WHO [14]. To consolidate the
obtained serological results and to exclude possible cross-reactions with other bacteria, two different
kinds of antigens were employed: one based on LPS (RBT and CFT) and the other one of protein nature
(DB and WB). In our study, therefore, only the serum that resulted positive to all tests employed was
considered as positive.
The positive serum came from a free ranged farm of “cinta senese” pigs, in South Tuscany (Siena
province), a region characterized by the presence of many wild boars [27] and close to the area where
B. suis bv. 2 was reported in pigs for the first time [11]. A retrospective investigation highlighted that
the positive herd was a free ranged farm of “cinta senese” pigs, where animals could frequently come
into contact with wild boars.
Although serological tests cannot discriminate among Brucella species, it seems plausible to
assume that B. suis bv. 2 could be involved in this case, considering also that Tuscany is free from
bovine and ovine brucellosis.
Brucellergene was previously employed in swine for in vitro serological test, such as ELISA [13],
and for in vivo skin test [7], showing significant performance, especially in term of specificity and in
the ability to distinguish FPSR. Moreover, Brucellergene is safe to handle, standardized, and, in some
countries, commercially available. For these reasons, it was chosen as an antigen for confirmatory tests.
Our results confirm its validity and ease of use in swine brucellosis serological diagnosis.
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WB assay resulted useful to confirm and support traditional serology, as also reported previously
by other authors [17–19]. However, WB execution requires specialized and trained personnel, it is
time consuming, and previous work has showed that its sensitivity is low [28]. In this perspective, DB,
although its sensibility is probably low, is less time consuming, easier to perform, and applicable to a
higher number of samples in comparison to WB. In our study, WB confirmed the results obtained by
DB. However, before this method could be applied to support conventional serological tests, such as
RBT and CFT, it would be necessary to perform more accurate investigations to precisely evaluate and
define its specificity and sensitivity.
5. Conclusions
Despite the recent reports, swine brucellosis seems to have a limited diffusion in the investigated
area. However, considering the possible hazard for farmed animals, especially swine, and the possible
risk for humans, a continuous monitoring plan is advisable. In light of the considerable number of
animals to test, slaughterhouses represent the best places for sampling. Serology is a useful and valid
tool to obtain epidemiological data, but the development of methods with increased performance
characteristics is required. DB and WB could represent possible candidates for this purpose, but,
on the other hand, it is necessary to perform additional studies to fully validate those experimental
approaches in order to evaluate their performances and usefulness.
Supplementary Materials: The following are available online at http://www.mdpi.com/2306-7381/5/4/86/
s1, Table S1: Farms included in this study; Figure S1: SDS-PAGE of Brucellergene antigen; Figure S2: Dot
Blot at different experimental condition: a = serum without heat treatment; b = serum after heat treatment;
1:100 and 1:200 = sera dilution in PBS; 450 , 300 , and 150 = sera incubation times in minutes; + serum and − serum
= positive and negative sera, respectively; Table S2: Optical density measured from Dot Blot assay from different
experimental conditions; Figure S3: Dot Blot of different sera: P+ = positive serum; P+/− = serum positive to
CFT and negative to RBT; P− = negative serum; R Yersinia + = rabbit serum positive to Yersinia enterocolitica
O:9; R Yersinia − = SPF rabbit serum; Table S3: Optical density measured from Dot Blot assay of different serum
samples; Figure S4: Western Blot analysis: proteins of Brucellergene were separated by SDS-PAGE and blotted on
nitrocellulose membrane using a semidry system. +: positive serum; −: negative serum.
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