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aBsTRACT. The objective of the present study was to characterize Erysipelothrix sp. strains from recent erysipelas outbreaks in Japan.
Eighty-three (100%) strains were identified as E. rhusiopathiae, based on serotyping and spad PCR. Fifty (60.3%), 5 (6.0%), and 28
(33.7%) strains were isolated from animals with acute, subacute and chronic outbreaks, respectively, of which 79 (95.2%), 1 (1.2%),
and 3 (3.6%) belonged to serotypes la, 2a, and untypeable, respectively. Fifteen strains (including 3, 2, and 10 from acute, subacute,
and chronic cases, respectively) were sensitive to acriflavine, and showed high levels of virulence in mice; of which strains from acute
cases, and from subacute and chronic cases killed 100%, and 80 to 100% mice, respectively at challenge doses of 102 CFU per mouse.
Based on sequence analysis of a 432-bp hypervariable region in spad gene, 83 strains could be divided into 3 groups: (i) group 1 (3
strains of serotype la) had Ala-195 and Ile-203; (ii) group 2 (76 strains of serotype la and 3 of untypeable) had Asp-195 and Met-203;
and (iii) group 3 (one strain of serotype 2a) had Asn-195 and Ile-203. The results of the present study suggest that the serotype la

strains belonging to the group 2 might be widespread in pig populations in Japan.
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Erysipelothrix rhusiopathiae is a small Gram-positive
rod bacterium that causes erysipelas in swine and a variety
of diseases in other animals, as well as erysipeloid, a skin
disease of humans [25]. Since swine erysipelas (SE) reap-
peared as a clinical problem in pig populations in Japan and
in the Midwestern United States, it has been considered
as a reemerging disease that contributes substantially to
economic losses in the swine industry [1, 2, 5]. In Japan,
to protect against SE, strain Koganei 65-0.15 (serotype
la), which was attenuated by 65 passages on agar media
containing 0.15% of an acriflavine dye, has been used as
a seed strain for production of a live vaccine [16]. Later,
an intensive vaccination program with the live vaccine
decreased greatly the occurrence of SE [20]. However,
after 1985 despite extensive vaccination, about 2000 pigs
annually have been shown to have either acute or subacute
infection, and also about 2,000 pigs have been condemned
by meat inspection authorities each year due to the sub-
acute or chronic erysipelas. Therefore, the economic losses
caused by the acute, subacute, and chronic forms of ery-
sipelas are not negligible. A recent investigation describes
that some strains of E. rhusiopathiae isolated from chronic
SE are closely related to the live vaccine strain, which has
been arousing suspicion that the live vaccine might be the
cause of the increase in chronic erysipelas cases in Japan
[5]. Although several molecular biological methods such as
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randomly amplified polymorphic DNA (RAPD) typing [8,
11], ribotyping, restriction fragment length polymorphism
(RFLP) [5], and pulse-field gel electrophoresis (PFGE) [12,
13] have been used to differentiate Erysipelothrix spp., only
PFGE might differentiate the vaccine strain from field ones
[13, 15]. Thus, the development of timely, accurate, and
reliable diagnostic methods that can differentiate the vac-
cine strain from field ones is highly desired. Recent studies
have focused on characterization of strains based on their
spa type, whose gene encodes a surface protective antigen
(Spa) protein [2, 4, 9, 17]. The Spa proteins of E. rhusio-
pathiae can be classified into 3 molecular species, named
SpaA (produced by serovars la, 1b, 2, 5, 8, 9, 12, 15, 16,
17, and N), SpaB (produced by serovars 4, 6, 11, 19, and
21) and SpaC (produced by serovar 18) [6, 22, 23]. More
recently, a method for discrimination between the vac-
cine strain and the field ones was developed based on the
nucleotide sequencing of a 432-bp hypervariable region in
the spad gene, with the results being compared with those
obtained by RAPD typing, ribotyping, and RFLP in combi-
nation with acriflavine resistance and mouse pathogenicity
tests [10]. That study showed that spa4 sequence analysis is
in good agreement with those of genetic typing methods in
combination with biological tests and is easy to perform and
no ambiguity in the results obtained.

In the present study, the spad sequence analysis in com-
bination with serotyping, acriflavine resistance and mouse
pathogenicity tests were used to identify and characterize
recent field strains of E. rhusiopathiae from swine erysip-
elas outbreaks isolated from 2008 to 2011.

Three E. rhusiopathiae strains (Fujisawa, serotype la;
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ATCC 194147, 2b; and Koganei 65-0.15, serotype 1a) were
used as reference strains for acriflavine resistance test, and
analysis of the 432-bp hypervariable region in the spad
gene. The Fujisawa strain is a virulent official challenge
strain sensitive to acriflavine. The Koganei 65-0.15 strain
is an attenuated live vaccine strain resistant to acriflavine.

Seventy-eight Erysipelothrix sp. strains isolated from pigs
with erysipelas, and five strains isolated from sections of
spleen, kidney, and heart from 5 pigs with a clinical history
consistent with acute erysipelas submitted from pig farms,
where acute erysipelas was occurring were used in the pres-
ent study. Eighty-three strains were isolated from animals
with acute (septicemia), subacute (urticaria), and chronic
(arthritis, endocarditis, and lymphadenitis) erysipelas in
Akita, Ibaraki, Gunma, Nagano, Yamaguchi, Kumamoto,
Miyazaki, and Kagoshima prefectures during the years
2008-2011.

The procedure for isolating the bacteria was carried out as
described previously [20], with some minor modifications.
Brain heart infusion agar and broth supplemented with ka-
namycin (400 ug/ml) and gentamycin (25 ug/ml/) instead of
crystal violet (5 ug/m/) and sodium azide (0.03%) were used
for isolation of Erysipelothrix spp. from tissue samples.

The procedure used to determine the serotypes of the
isolates was similar to that described previously [7, 10,
19]. Briefly, colonies of each strain grown for 24 hr on agar
plates were harvested and suspended in the sterilized dis-
tilled water. Bacterial cells were washed 1 time with saline
and suspended in distilled water. The cell suspension was
autoclaved for 1 hr at 121°C, and centrifuged at 15,000 rpm
for 15 min. Rabbit antisera specific to serotypes 1 to 23 and
type N were made in the authors’ institute. The supernatant
was collected and probed with rabbit antisera against sero-
types la, 1b, 2a, and 2b of E. rhusiopathiae in 1% agarose
agar (Sigma-Aldrich Co. Inc., St. Louis, MO, U.S.A.) with
distilled water. After reacting for 16 hr at room temperature,
formation of the precipitation line was observed. Isolates
showing no precipitation line with these four sera were
then probed with the remaining antisera. Isolates showing
no precipitation line with any antisera were considered as
untypeable.

The acriflavine resistance test of 15 field strains (includ-
ing 14 of serotype la and 1 of 2a), and 3 reference strains
(Fujisawa, 1a; ATCC 194147, 2b; and Koganei 65-0.15, 1a)
of E. rhusiopathiae was carried out as described elsewhere
[5, 10].

The procedure used to determine pathogenicity of the 15
field strains (including 3, 2, and 10 from acute, subacute and
chronic cases, respectively), and 2 reference strains (Fuji-
sawa and Koganei 65-0.15) in mice was carried out accord-
ing to the procedure described elsewhere [21, 24]. Briefly, 5
or 10 4-week-old female ddY mice (Nippon SLC, Shizuoka,
Japan) were injected subcutaneously (s.c.) in the right ingui-
nal region with 0.1 m/ of approximately 10% colony-forming
units (CFU) of the recent field strains, and Fujisawa strain.
A group of 5 mice served as a nontreated control. Another
group of ten 4-week-old female ddY mice was inoculated
s.c. with 0.1 m/ of approximately 107 CFU of live vaccine

strain (Koganei 65-0.15). Mice were observed daily to de-
tect clinical signs of the disease for the subsequent 10 days.
The Japanese standards of Veterinary Biological Products
indicate that the vaccine strain will not kill mice but will in-
duce arthritis in more than 80% of animals at challenge dose
of 107 CFU per mouse. For classification of virulence levels
of E. rhusiopathiae strains, the strain that killed 100% mice
within 3 days was considered to have very high virulence,
and the strain that killed 80 to 100% mice within 4 to 5 days
was considered to have high virulence. The animals used
in the present study were cared for in accordance with the
guidelines for animal treatment of Nippon Institute for Bio-
logical Science, which conform to the standard principles of
laboratory animal care.

A 432-bp fragment of the N-terminal half of the spad
gene was PCR amplified and directly sequenced as described
previously [10]. Briefly, genomic DNA of E. rhusiopathiae
was prepared as previously described [22]. Primers Erko-
IF (5'-GTGAAACACCGTATTTTAGTA-3') and Erko-2R
(5'- TTCAAGAAGTTCCTGTAGTTT-3") are located at
nucleotide positions 502 to 522 and 933 to 913, respectively,
of the spaA gene were used to amplify the 432-bp fragment.
Polymerase chain reaction was performed as described else-
where [22] under the following conditions: a denaturation
step at 94°C for 3 min and then 30 cycles of denaturation at
94°C for 45 sec; annealing at 55°C for 1 min and extension
at 72°C for 2 min; and extension of 5 min for the final cycle.
Sequencing reactions of the PCR products were performed
with primers Erko-1F and Erko-2R. The DNA sequences
were analyzed as described previously [10, 22].

The isolated bacteria were subcultured in the BHI agar
and broth, and colonies with characteristics resembling
Erysipelothrix species were Gram stained and examined
microscopically. Suspected Erysipelothrix colonies were
then identified as E. rhusiopathiae by PCR with the use of
spaA-specific primers Erko-1F and Erko-2R.

Erysipelothrix sp. strains were isolated from the tissue
samples of 5 pigs with clinical symptoms of acute septicemia
erysipelas. Based on serotyping and spad PCR, all 5 strains
were identified as E. rhusiopathiae strains of serotypes la.
The strains submitted during the years 2008-2011 belonged
to serotypes la, 2a, and untypeable. Relationship between
the strains and disease forms is shown in Table 1. Among 83
strains, 79 strains (95.2%), 1 (1.2%), and 3 (3.6%) belonged
to serotypes la, 2a and untypeable, respectively; and 100%
of strains were E. rhusiopathiae.

Two reference strains (Fujisawa, 1a; and ATCC 194147,
2b) and the 15 recent field strains were sensitive to acrifla-
vine at concentration of 0.01%, whereas the live vaccine
strain, Koganei 65-0.15, was resistant to acriflavine at the
same concentration (Table 2).

Strain Fujisawa and 3 strains from acute cases killed
100% animals within 3 days, whereas 2 and 10 strains from
subacute and chronic cases, respectively, killed 80 to 100%
within 4 to 5 days at challenge dose of approximately 102
CFU per mouse (Table 2). Live vaccine strain, Koganei
65-0.15, induced arthritis in 100% mice.

The different nucleotide sequences in the 432-bp hyper-
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Table 1. Serotypes of the 83 E. rhusiopathiae field strains isolated
from erysipelas outbreaks during the years 2008 to 2011

No. of strains of serotype

Disease la 2a Untypeable? Total
Septicemia 50 50
Urticaria 3 2 5
Lymphadenitis 6 6
Endocarditis 5 5
Arthritis 15 1 1 17
Total 79 1 3 83

a) Strains untypeable with antisera against serotypes 1 to 23 and N.

Table 2. Mouse pathogenicity, acriflavine resistance of 15 E. rhusio-
pathiae strains

No. of strains for which mouse

Origin® Group® _pathogenicity was as follows® Acriflavine
— Hiah resistance?)
ery hig 18
Septicemia 1 1 S
2 2
Urticaria 2 2 S
Lymphadenitis 2 1 S
Endocarditis 2 1 S
Arthritis 2 7 S
3 1 S

a) Two and four strains associated with subacute (urticaria) and chronic
(arthritis) infections, respectively, originated from slaughterhouses,
whereas 1, 1, and 4 strains also from chronic cases (lymphadenitis,
endocarditis, and arthritis, respectively) originated from pig farms.

b) Strains were grouped based the spad sequence similarities of hyper-
variable region.

¢) Five or ten mice each received a subcutaneously injection of 10> CFU
of strain Fujisawa and the field strains. Vey high, all mice died within
3 days; high, 80 to 100% mice died within 4 to 5 days after challenge.

d) S, sensitive to 0.01% acriflavine. Vaccine strain is resistant to 0.01%
acriflavine.

Table 3.
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variable region of spad gene of 83 field strains, and the high
virulent strain Fujisawa compared with the corresponding
sequence of the attenuated live vaccine strain, Koganei 65—
0.15 are shown in Table 3. Based on the sequence analysis of
spaA gene, 83 strains could be divided into 3 groups; group
3 consisted of 1 strain of serotype 2a, group 2 consisted of
76 and 3 strains of serotype la and untypeable, respectively;
and group 1 consisted of 3 strains of serotype la. The strains
of group 1 had 2 nucleotide differences with those of strains
of group 2 (positions 584 and 609) and of strains of group
3 (positions 583 and 584). These nucleotide differences
resulted in amino acid differences as follows: (i) groups
1 had Ala-195 and Ile-203; (ii) groups 2 had Asp-195 and
Met-203; and (iii) group 3 had Asn-195 and Ile-203. Strains
of groups 1, 2, and 3 also showed 2 nucleotide differences
each with that of Fujisawa at positions 584 and 769; 583 and
769; and 609 and 769, respectively, which induced amino
acid exchanges at positions 195, 203, and 257. Strains of
groups 1, 2, and 3 had only one nucleotide difference with
that of Koganei 65-0.15 (live vaccine strain) at postions 583,
584, and 609, respectively, which also induced amino acid
exchanges at positions 195, and 203.

It was reported that serotyping is useful for understanding
the epidemiology of an outbreak, for preparing vaccines for
the control of the disease, and for serological monitoring of
infected herds [18]. Many previous investigations show that
most strains of E. rhusiopathiae from pigs with SE fall into
serotypes la, 1b and 2 [1, 3, 5, 14, 18, 25]. Our observa-
tion that the presence of a high rate (95.2% of 83 strains) of
serotype la among E. rhusiopathiae strains isolated from SE
outbreaks from 2008 to 2011 is consistent with data from a
recent report where 79.6% of 44 strains of serotype la were
found in the isolates originating from swine erysipelas out-
breaks in the Midwestern United State from the years 1999—
2001 [13]. However, our results agree partially with those

Substitutions in nucleotide and amino acid in a 432-bp hypervariable region on the spad gene of 83 E.

rhusiopathiae strains and Fujisawa strain compared with the corresponding sequence of the vaccine strain Koganei

65-0.15
) Substitutions in nucleotide (amino acid position)®
Z;g?i; or Prefecture  No. of strains  Serotype Nucleotide Nucleotide Nucleotide
(aa 195) (aa 203) (aa 257)
Koganei 65-0.15 la GAT (Asp) ATT (Ile) ATT (Ile)
Fujisawa la GAT (Asp) ATT (Ile) CTT (Leu)
Group 1 Kumamoto 2 la GCT (Ala) ATT (Ile) ATT (Ile)
Yamaguchi 1 la
Group 2 Miyazaki 2 la
Kagoshima 3 la
Nagano 35 la
Gunma 31 la GAT (Asp) ATG (Met) ATT (Ile)
Ibaraki 2 la
Akita 3 la
Nagano 3 Untypeable
Group 3 Nagano 1 2a AAT (Asn) ATT (Ile) ATT (Ile)

a) Asp, aspartic acid; Ala, alanine; Asn, asparagine; Ile, isoleucine; Leu, leucine; Met, methionine.
b) Underlined letter, nucleotide different from those at the same position; and underlined word, amino acid different from

those at the same position.
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obtained previously [1, 3, 5, 14, 18]. Those studies found
high rates of serotypes la and 2 from pigs with erysipelas
from 2007-2009 in Iowa (40.7% and 49.2% of 59, respec-
tively), from pigs affected with erysipelas in Japan from the
years 1983—-1993 (40.4% and 34.3% of 1046, respectively)
[18], from the years 1992-2002 (47.6% and 31.8% of 800,
respectively) [5], and from 1994-2001 (28.8% and 47% of
66, respectively) [14]. The current results, taken together
with previously described observations of other groups,
strongly suggest that serotype la has continued to remain to
be the serotype commonly isolated from pigs affected with
erysipelas in the world. The great difference in occurrence
rates between serotypes 1 and 2 (95% versus 1.2%) among
strains isolated from SE outbreaks from 2008 to 2011 was
unexplained.

Our observation that strains with nucleotide and amino
acid sequences in the 432-bp hypervariable region of spa4
gene different from those of the live vaccine strain, Koganei
65-0.15, were virulent for mice is consistent to data from
a recent report by Nagai et al. [10]. Those investigators
examined biological and genetic characteristics of 16 E. rhu-
siopathiae strains (including 10 strains of serotype la, and
6 of 1b) isolated from 2001 to 2002 from chronic (arthritis)
cases in the Chubu area, and showed that (i) three strains
of serotype la showing an identical nucleotide sequence to
the live vaccine strain seem to be closely related to the live
vaccine strain; and (ii) strains of serotype la or 1b showing
the nucleotide sequence of spad gene different from that of
the live vaccine were virulent for mice and considered to be
wild-type strains. In this study, except that 3 strains serotype
la from South of Japan (Kumamoto and Yamaguchi prefec-
tures) had 1 nucleotide substitution at position 584; 76 and
3 strains of serotype la and untypeable, respectively, from 7
prefectures of Japan (Miyazaki, Kagoshima, Nagano, Gun-
ma, Ibaraki, Miyagi, and Akita) had 1 nucleotide substitution
at position 609 compared with the nucleotide sequence of
the vaccine strain Koganei 65-0.15. Nucleotide sequences
of 79 strains of serotype la found in the present study were
different from those reported previously [10], in which 3,
5, and 2 strains had 0, 1, and 2 nucleotide substitutions, re-
spectively, at position 591, 711, 729, 796 or 911 (with 1-nu-
cleotide substitution); 511 and 638; 555 and 773 compared
with the corresponding sequence of the live vaccine strain
Koganei 65-0.15. The present results suggest that 83 strains
of E. rhusiopathiae could be divided into 3 groups, based
on their spad sequence similarities: (i) group 1 (including 3
strains serotype la) with Ala-195 and Ile-203 was shown to
be causing acute septicemia erysipelas on pig farms in South
of Japan, (ii) group 2 (including 76 and 3 strains of serotypes
la and untypeable, respectively) with Asp-195 and Met-203
was shown to be causing acute, subacute, and chronic cases
on pig farms in many prefectures of Japan, and (iii) group 3
(including 1 strain of serotype 2a) with Asn-195 and Ile-203
was shown to be causing chronic arthritis case in a farm in
Nagano prefecture. Our results show that the serotype la
strains of group 2-SpaA might be widespread in pig popula-
tions in Japan.

Our findings that strains isolated from chronic SE had

high levels of virulence in mice are consistent with data
reported previously. Imada et al. [5] showed that 21 of 50
strains (42%) of serotype la isolated from pigs with chronic
cases between 1992 and 2002 have high levels of virulence
at challenge doses of 10* CFU per mouse [5]. In 2008, Nagai
et al. [10] reported that 8 of 16 (50%) isolated from pigs
with chronic arthritis cases have high levels of virulence at
challenge dose of 107 CFU per mouse [10]. Recently, Ozawa
et al. [14] found that 39 of 55 (70.9%) isolated from pigs
with chronic cases from 1994 to 2001 have high levels of
virulence at challenge dose of 108 CFU per mouse [14]. In
the present study, 10 strains (including 9 of serotype 1a, and
1 of serotype 2a) from pigs with chronic cases, which had
biological and genetic characteristics different from the live
vaccine strain showed high levels of virulence at challenge
doses of approximately 10> CFU per mouse. The findings,
together with data reported by other investigators support the
idea that the majority of chronic strains not related to the live
vaccine strain have high levels of virulence in mice.

The most important advantage of nucleotide sequence
analysis of a 432-bp hypervariable region in the spad gene
demonstrated here is its simplicity and applicability to screen
more samples at the same time. The results show that se-
quence analysis also parallelled the mouse pathogenicity and
the acriflavine resistance tests for discrimination of the live
vaccine strain from E. rhusiopathiae field strains. It has been
reported that the sequence analysis is easy to perform and no
ambiguity in the results obtained, affords the same results
irrespective of the laboratory involved, and can screen more
samples at the same time [10]. Results of the present study
demonstrate that (i) most strains of E. rhusiopathiae (95.2%
of 83) isolated from recent erysipelas outbreaks belonged to
serotype 1a; (ii) based on similarities of amino acid sequenc-
es of the 432-bp hypervariable region in the spad gene, 83
strains could be divided into 3 groups, (iii) none of 83 field
strains is vaccine strain. Currently, to fully understand the
relations between strains associated with swine erysipelas
outbreaks, studies on PFGE profile and on the protection by
currently available vaccines in the swine model using recent
isolates are under way.
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