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Characterization of Erysipelothrix rhusiopathiae strains isolated from acute swine
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ABSTRACT. Recently, a series of acute swine erysipelas outbreaks occurred in Eastern China. Eight strains isolated from cases of septicemia
were determined as serotype la, and 4 of the isolates were resistant to acriflavine. One isolate strain named HX130709 was attenuated on
agar media containing acriflavine dye. The 432-bp hypervariable region in spad gene of the field and attenuated strains were amplified
and sequenced. It was further compared with the vaccine strain G4T, and thus, the eight field strains can be divided into four spaA-types.
The partial spad gene analysis also showed that no point mutations occurred among different archived passages of HX130709 during the
attenuation. Results of pulsed-field gel electrophoresis showed that eight distinct patterns with 22 to 30 DNA fragment bands were produced
from field strains, and twelve distinct patterns with 23 to 27 DNA fragment bands were produced from different passages of the attenuated
strains. Mouse pathogenicity test showed that the mortality of the mice infected with 10* CFU field strains was 100% and the attenuation
of strain HX 130709 occurred between 46 and 50 passages. All the field and attenuated strains were highly sensitive to B-lactam antibiotics,
tetracyclines and macrolides. So, we can make conclusions that the acute swine erysipelas outbreaks in Eastern China were caused by
serotype la E. rhusiopathiae strains with different biochemical characteristics, and the virulence of serotype la E. rhusiopathiae strains is

unrelated with some point mutations in 432-bp hypervariable region of the spad gene.
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Erysipelothrix rhusiopathiae (E. rhusiopathiae) is a small
gram-positive, slender and straight or slightly rod bacterium
that causes erysipelas in swine and a wide spectrum of dis-
eases in other animals, like sheep, some fishes, reptiles and
birds. E. rhusiopathiae is also an important pathogen with
respect to erysipeloid, a skin disease in humans [22]. This
bacterium has been isolated in most parts of the world, from
sick and healthy animals (pork, seafood and chicken) and
even from the environment they lived [1, 3]. Among the 15
serotypes of E. rhusiopathiae, serotypes la, 1b and 2 are the
most important agents affecting swine industry [2, 5, 8, 14,
17, 22].

Due to the importance of swine erysipelas, vaccines with
killed organisms and attenuated live vaccines were devel-
oped. In 1932, an acriflavine-resistant attenuated live vac-
cine was developed in Japan. This vaccine strain Koganei
65-0.15 (serotype 1a) was attenuated by 65 passages on agar
media containing 0.15% of an acriflavine dye [15]. Though
outbreaks of acute septicemia or subacute urticaria of erysip-
elas have decreased dramatically by using the live vaccine, a
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chronic form of erysipelas found during meat inspections in
slaughterhouses has been increasing [11]. After 1985, about
2,000 pigs annually have been shown to have either acute
or sub-acute infections [19]. In the United States, erysipelas
cases were recorded with increasing frequency in both vac-
cinated and non-vaccinated pigs during the summer of 2001
[13]. Since swine erysipelas reappeared as a clinical prob-
lem in pig populations in Japan and the Midwestern United
States, it has been considered as a reemerging disease that
contributes substantially to economic losses in the swine
industry [1, 2, 8].

It has been demonstrated that pulsed-field gel electropho-
resis (PFGE) can be used to differentiate E. rhusiopathiae
strains [12, 13]. Recent studies have focused on characteriza-
tion of strains based on their spa type, whose gene encodes a
surface protective antigen (Spa) [7, 9, 16]. The Spa proteins
of E. rhusiopathiae can be classified into 3 molecular spe-
cies, named SpaA (produced by serovars la, 1b, 2, 5, §, 9,
12, 15, 16, 17 and N), SpaB (produced by serovars 4, 6, 11,
19 and 21) and SpaC (produced by serovar 18) [18]. More
recently, a method for discrimination between a Japanese
vaccine strain and the field strains was developed based on
the nucleotide sequencing of a 432-bp hypervariable region
in the spad gene [11].

In 2009, sporadic outbreaks of acute swine erysipelas oc-
curred, and one strain of E. rhusiopathiae was isolated from
Siyang county of Jiangsu province. However, a wave of
acute swine erysipelas outbreaks was seen in Eastern China,
and seven other E. rhusiopathiae strains were isolated since
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the summer of 2013. In the present study, the spad sequence
analysis in combination with serotyping, PFGE, acriflavine
resistance, mouse pathogenicity and antimicrobial suscep-
tibility tests were used to identify and characterize recent
field strains of E. rhusiopathiae from acute swine erysipelas.
Then, one strain HX130709 was attenuated by 55 passages
on agar media containing a gradually increasing concentra-
tion (0.0025% to 0.03%) of acriflavine dye and sequenced
every five passages to see if any mutations occurred in the
hypervariable region of spad gene during the attenuation.

MATERIALS AND METHODS

Bacteria isolation: BHI-T 80 agar: BHI-T 80 agar and
broth were used for isolation of E. rhusiopathiae strains from
tissue samples. The strains were identified and confirmed as
E. rhusiopathiae by polymerase chain reaction (PCR) [18]
after Gram stain and microscopic examination. All strains
were isolated from cases of acute swine erysipelas causing
sudden death of fattening pigs and postpartum sows in 2009
(1 strain) and 2013 (7 strains) and were named after the iso-
lation districts and time (Table 1).

G, T, strain (serotype 1a), a widely used commercial vac-
cine in China, was used as a reference attenuated strain with
acriflavine resistance.

Serotyping: Serotyping was done on all the 8 field E. rhu-
siopathiae strains as described previously with some modi-
fications [21]. All the culture supernatants were prepared
following the schedule provided by Dr. Tanja Opriessnig
(Veterinary Diagnostic Laboratory, College of Veterinary
Medicine, lowa State University, Ames, lowa, U.S.A.). In
brief, a pure culture was grown at 37°C for 48 hr in 30 m/
of BHI broth (Binhe Microorganism Reagent, Hangzhou,
China) supplemented with 10% bovine serum (Tianhang
Biological Technology, Deqing, China). The culture was
treated with formalin solution (final concentration of 1%)
(Xilong chemical corporation, Shantou, China), held at
room temperature for 24 hr, harvested by centrifugation
and washed three times in 1 x PBS buffer containing 5%
formalin. Washed cells were suspended in 1 m/ of distilled
water and autoclaved at 121°C for 45 min. The supernatant
was collected and delivered to Dr. Tanja Opriessnig’s lab for
the agar gel precipitation test. Reactions were recorded after
24 hr.

Analysis of the 432-bp hypervariable region in the
spaA gene of different strains: Primers Erko-1F (5'-GT-
GAAACACCGTATTTTAGTA-3') and Erko-2R  (5'-
TTCAAGAAGTTCCTGTAGTTT-3') were used to amplify
the highly variable region of the spad gene [11]. Briefly, ge-
nomic DNA of E. rhusiopathiae strains was prepared using
bacterial DNA Kit (OMEGA, Norcross, GA, U.S.A.). Poly-
merase chain reaction (PCR) was performed as described
elsewhere [18] under the following conditions with some
modifications: PrimeSTAR HS DNA Polymerase (7aKaRa,
Tokyo, Japan) was used to perform PCR; a denaturation step
at 94°C for 3 min followed by 35 cycles of denaturation at
94°C for 45 sec; annealing at 55°C for 30 sec and extension
at 72°C for 30 sec; and final extension of 5 min. For each

strain, PCR was performed three times, and each time, the
PCR products were ligated with the pMD19-T Simple Vec-
tor (TuKaRa), and then, three colonies of each ligation prod-
uct were sent to Invitrogen (Life Technologies, Shanghai,
China) for sequencing. The DNA sequences were analyzed
as described previously [11].

Pulsed-field gel electrophoresis: Chromosomal DNAs
from the strains were digested with Smal, and PFGE was
performed 3 times according to Opriessnig et al. [13].
Electrophoresis was carried out for 23 hr at 14°C and 6 V
with pulse times from an initial 1.2 sec to a final 30 sec.
PFGE patterns were detected by UV transillumination after
staining by SYBR Gold nucleic acid gel stain (S11494, Life
technologies). A lambda ladder PFG marker (N0340s, NEB,
Ipswitch, MA, U.S.A.) was used as DNA size standard.

Acriflavine resistance test: The acriflavine resistance of all
the eight strains was examined by streaking strains onto agar
plates containing 0.04, 0.03, 0.02, 0.015, 0.01, 0.075, 0.005,
0.0025, 0.00125 or 0% acriflavine (Aladdin, Shanghai,
China). The acriflavine agar plates were prepared by adding
1% acriflavine (dissolved in distilled water) to the sterilized
basal medium (BHI-T 80 agar). The isolates were cultivated
in 3 m/ BHI-T 80 broth overnight at 37°C and were then
streaked onto the agar plates. The vaccine strain (G4T()
was also streaked onto each plate as a positive control. The
growth on the plates was observed after incubation at 37°C
for 48 hr. Acriflavine resistance was determined by the high-
est concentration at which a strain showed almost the same
growth as on the agar that did not contain acriflavine [8, 9,
11].

Attenuation of strain HX130709: Strain HX130709a (de-
rived from strain HX130709) was attenuated by 55 passages
on BHI-T 80 agar containing a gradually increasing concen-
tration (0.0025% to 0.03%) of acriflavine dye. Bacteria were
collected and stored under —70°C every five passages during
the attenuation. Finally, the 432-bp partial spad genes of all
the archived strains were amplified for sequence analysis,
and the virulence of each archived strain was confirmed in
mice.

Mouse pathogenicity tests: One hundred and sixty-five
female ICR mice of six-week-age were purchased from the
Laboratory Animal Centre of Nantong University (Nantong,
China). The animals were cared for in accordance with the
Guide for the Care and Use of Laboratory Animals (1996,
published by National Academy Press, NW, Washington,
DC, U.S.A.). The animal experiments were approved by
the Institutional Animal Care and Ethics Committee of
Nanjing Agricultural University (Approval No. IACEC-
NAU-20100902).

Actotal of 90 female ICR mice of six-week-age were given
subcutaneous injections in the right groin with 10* colony
forming units (CFU)/ 0.1 m/ of the isolates or the vaccine
strain. A group of 10 mice served as an untreated control.
Since a positive correlation between the isolate’s CFU and
OD value had been built in advance (data not shown), the
number of bacteria injected into each mouse was almost
the same. Mice were observed every 12 hr to detect clinical
signs of the disease for the subsequent 14 days [8].
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Table 1. Strains used in the study and eight field strains isolated from cases of septicemia causing acute death of
fattening pigs and postpartum sows in Eastern China
Strains Date Isolated Area Isolated GenBank Accession Serotype Country of
number Isolation
Serotype 1a (Fujisawa) unknown unknown AB259652.1 la Japan
G,4T g unknown unknown KJ645072 la unknown
SY091027 27/10/2009 Siyang KJ645080 la China
NZ130701 01/07/2013 Nanzhang KJ645073 la China
HX130709 09/07/2013 Hexian KJ645074 la China
XC130710 10/07/2013 Xuancheng KJ645075 la China
SH130723 23/07/2013 Sihong KJ645076 la China
YC1308209 20/08/2013 Yancheng KJ645077 la China
YC130828% 28/08/2013 Yancheng KJ645078 la China
YC1311159 15/11/2013 Yancheng KJ645079 la China

a) Isolates YC130820, YC130828 and YC131115 were originated from three different farms in Yancheng.

Another 60 female ICR mice of six-week-age were given
subcutaneous injections in the right groin with 10* CFU/ 0.1
m/ of the isolate strain HX130709 (F0) and different pas-
sages of the attenuated strain HX130709a (FS5, F10, F15,
F20, F25, F30, F35, F40, F45, F50 and F55). A group of 5
mice served as an untreated control. Mice were observed as
above.

Antimicrobial susceptibility test: Each isolate was cul-
tured in 3 m/ BHI-T 80 broth overnight at 37°C. Then, 0.1
m/ of the bacterial culture of each isolate was dropped onto
BHI-T 80 agar, after which, antibiotic susceptibility discs
(Binhe Microorganism Reagent) were put onto the BHI-T
80 agar. The diameter of the bacteriostatic circle was mea-
sured after incubation at 37°C for 24 hr. The susceptibility
was determined according to instructions of the Clinical and
Laboratory Standards Institute (CLSI) [4].
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Fig. 1.
schematic representation of 8 different PFGE

RESULTS

Serotyping and acriflavine resistance: All the eight E.
rhusiopathiae isolates were determined to be serotype la
(Fig. 1), which was finished by the laboratory of Dr. Tanja
Opriessnig (Veterinary Diagnostic Laboratory, College of
Veterinary Medicine, Iowa State University). The results
of the acriflavine resistant test are shown in Table 2. Out
of the total 8 isolates, 3 (37.5%) showed culture growth on
the BHI-T 80 agar containing 0.02% acriflavine, which was
identical to the growth of G,T strain (positive control).

Sequence analysis of the 432-bp hypervariable region in
the spaA gene: According to Nagai et al. [11], different nu-
cleotide substitutions in the 432-bp hypervariable region on
the spad gene of the eight E. rhusiopathiae field strains and
the Japanese official challenge strain Fujisawa comparing
with the vaccine strain G4T, are shown in Table 3. Accord-
ing to the different substitutions, spad can be divided into

spaA Resistance

Strains Serotype type to acriflavine

YC130828  1a c S
YC131115  1a b R
XC130710  1a d R
SH130723  1a b R

G,Tyo 1a v R
Nz130701  1a a S
HX130709  1a b S
YC130820  1a a S
SY091027  1a a R

Genetic relationship between 8 E. rhusiopathiae field isolates and 1 vaccine strain and

patterns obtained after restriction digestion with

Sma 1. The classification and divergence of isolates were calculated by the unweighted pair
group method with averages from the PFGE results. At 5% divergence, 3 PFGE groups (A-C)
were present; group A was subgrouped into A1/A2 at 3.5% divergence.
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Table 2. Acriflavine resistance of E. rhusiopathiae field isolates
and vaccine reference strains

Strain MIC of Acriflavine Ac.riﬂavine

(% W/v) resistance®
SY091027 0.02 R
NZ130701 0.005 S
HX130709 0.0025 S
XC130710 0.02 R
SH130723 0.02 R
YC130820 0.0025 S
YC130828 0.005 S
YCI131115 0.0175 R
G,4Ty( (vaccine) 0.02 R

a) Resistant (R) or sensitive (S) to 0.01% acriflavine.

four spad-types. No nucleotide substitutions in the 432-bp
hypervariable region on the spad gene of all the archived
attenuated strains were found comparing with the parental
strain HX 130709 (Table 4).

PFGE and data analysis: Eight distinct PFGE patterns
with 22 to 30 DNA fragment bands were produced from the
genomic DNA of the 8 isolate strains and 1 vaccine strain
G,T; with Smal digestion (Fig. 2). Strains XC130710 and
SH130723 shared the same PFGE pattern. Genetic relation-
ships among the isolates were compared, and the dendogram
analysis was done (Fig. 1). Based on the dendogram analy-
sis, 3 PFGE groups (A-C) were present at 5% divergence. At
3.5% divergence, group A was subgrouped into A1/A2. Most
of the isolates (6/9) were within group A including the vac-
cine strain G4T,,. Resistance to acriflavine and spad-types
showed no specific patterns and were randomly distributed.

Table 3. Substitutions in nucleotide and amino acid in a 432-bp hypervariable region on the spaA gene of 8
E. rhusiopathiae field strains compared with the corresponding sequence of the vaccine strain G4T,

Substitutions (position [nucleotide], amino acid®)

Substitution No. of nucleotide

Pattern/strain 384(A)  590(T)  609(T) 769 (A) 885 (A) substitutions P44 TYPe
D>A I>T >M >L NS

Pattern 1

NZ130701 C 1

YC130820 C 1

SY091027 C 1

Pattern 2

HX130709 G 1 b

SH130723 G 1 b

YCI131115 G 1 b

Pattern 3

YC130828 C G 2 c

Pattern4

XC130710 C G 2 d

Reference strain

Fujisawa® C 1

a) Original amino acid > substituted amino acid; NS=no amino acid mutation; G=glycine; D=aspartic acid;
N=asparagine; A=alanine; I=isoleucine; T=threonine; M=methionine; L= leucine; E=glutamic acid. b) Japanese

official challenge strain.

Table 4.

Nucleotide substitutions in a 432-bp hypervariable region on the spaA gene of 11 E. rhusiopathiae

strains during the attenuation compared with the corresponding sequence of the original strain HX 130709

Concentration of Number of Bacteria collected No. of nucleotide

acriflavine (% w/v) passage for spaA sequencing substitutions spaA type
0.0025 F1-F4
0.00375 F5-F7 F5 0 b
0.005 F8-F10 F10 0 b
0.0125 F11-F12
0.02 F13-F27 F15, F20, F25 0 b
0.0225 F28-F38 F30, F35 0 b
0.025 F39-F45 F40, F45 0 b
0.0275 F46-F48
0.03 F49-F55 F50, F55 0 b
Reference strain
HX130709 FO b
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Fig. 2.

PFGE patterns produced from 8 erysipelas field isolates and 1
vaccine strain digested with Sma 1. Lanes: 1, G4T,; 2, NZ130701;
3, HX130709; 4, XC130710; 5, SH130723; 6, YC130820; 7,
YC130828; 8, SY091027; 9, YC131115; M, Lambda ladder PFG
marker (N0340s, NEB).

Data analysis of the homogeneity of the PFGE patterns
showed that these 9 strains shared over 92.1% identity with
each other.

The PFGE patterns produced from the genomic DNA of
the 12 archived strains during the attenuation with Smal
digestion are shown in Supplemental Fig. 1. The PFGE pat-
terns of these 12 strains were very similar with each other.
A few changes of patterns occurred between strains F10
and F15, but strains F15-F55 almost shared the same PFGE
pattern. Based on the dendogram analysis, 2 PFGE groups
(A-B) were present at 5.8% divergence (Fig. 3). Most of the
strains (9/12) belonged to group A in which these 9 strains
shared over 99.5% identity with each other.

Pathogenicity towards mice: The results of the pathoge-
nicity towards mice are shown in Figs. 3 and 4. Regardless
of'the acriflavine resistance, PFGE patterns or spa4 types, all
the 8 isolates and the early passages of the attenuated strains
(F5, F10, F15, F20, F25, F30, F35, F40 and F45) showed
high levels of virulence in mice. All mice died within 5 days
after receiving subcutaneous injections of 10* CFU of the
strains, while all those injected with the attenuated strains
(G4T;p, F50 and F55) and PBS survived for the end of the
experiment.

Antimicrobial susceptibility: Diameters of the bacterio-
static circles of the 8§ isolates, vaccine strain G,T}, and the

attenuated strain HX130709a (F55) against the 15 antimicro-
bial agents are shown in Table 5. All the strains were highly
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Fig. 3.  Genetic relationship among the 12 archived E. rhusiopathiae strains during the attenuation and their pathogenicity towards mice. The
classification and divergence of the strains were calculated by the unweighted pair group method with averages from the PFGE results (Supple-
mental Fig. 1). At 5.8% divergence, 2 PFGE groups (A-B) were present. Most of the strains (9/12) were within group A in which these 9
strains shared over 99.5% identity with each other. Each mouse in different groups was injected with 0.1 m/ PBS and 10* CFU strains FO-F55,
respectively. Mice were observed daily to detect clinical signs of the disease for the subsequent 14 days. Only 3 groups survived for the end of
the experiment after receiving subcutaneous injections of 10* CFU of strains F50 and F55 and PBS, while other groups injected with 10* CFU
of strains FO-F45 died within 5 days.
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159 DISCUSSION
Swine erysipelas used to be widely spread twenty years
-e- NZ130701 . . . .
= - HX130709 ago in China, which was later well controlled due to the wide
£ —a XC130710 use of antibiotics. In the present study, all the eight E. rhu-
? -+ SH130723 siopathiae isolates were from cases of septicemia and were
£ ~- YC130820  determined to be serotype 1a.
E -e- YC130828 Th Aavi : has b d fth
2 - SY091027 e acriflavine resistance has been used as one of the
& GTyp tools for discriminating the vaccine strain from field isolates
-+ PBS because the live vaccine strain could grow in media contain-
- ing at least 0.02% acriflavine, while the field strains are

T 1
0 50 100 150

Hours Elapsed

Fig. 4. Pathogenicity of the 8 E. rhusiopathiae field strains towards
mice. Each mouse of the untreated control group received a
subcutaneous injection of 0.1 m/ PBS in the right groin and was
observed every 12 hr as others. Almost every mouse injected with
10* CFU E. rhusiopathiae field strains died within 72 hr, while all
mice injected with 10* vaccine strain G,T;, and PBS survived for
the end of the experiment.

sensitive to PC-G, AMP, CEZ, CTX, EM, ROXM and AMO.
Half of the isolates (HX130709, XC130710, SH 130723 and
YC131115) were resistant to SM, TC, DOXY and LCM, and
the other isolates (NZ130701, YC130820, YC130828 and
SY091027) were moderately resistant to these antibiotics.
KM and SXZ showed no activity against any of the strains.

Compared with strain HX130709, the attenuated strain
HX130709a (F55) was much more sensitive to these antibi-
otics, except for KM, SXZ, ERFX and CIP.

Table 5.
HX130709a

usually sensitive to acriflavine. Some acriflavine-resistant E.
rhusiopathiae strains have been isolated from slaughter pigs
affected by chronic arthritis [8, 9, 14]. It’s worth mentioning
that among the eight E. rhusiopathiae strains isolated from
septicemia cases in this study, 3 (37.5%) virulent isolates
(SY091027, XC130710 and SH130723) showed culture
growth on the BHI-T 80 agar containing 0.02% acriflavine
as the vaccine strain G4T  did.

Borrathybay et al. [6] proved that SpaA plays an important
role in enhancing the virulence of E. rhusiopathiae strains. A
method for discrimination between a Japanese vaccine strain
and the field strains was developed based on the nucleotide
sequencing of a 432-bp hypervariable region in the spad
gene [11]. In this study, spad gene analysis showed that
no mutations occurred among different passages of strain
HX130709a comparing with the parental strain HX130709,
which further confirmed that the virulence of serotype la E.
rhusiopathiae strains isolated from acute swine erysipelas
outbreaks in Eastern China is unrelated with some point
mutations in the hypervariable region of the spad gene.

Prevalence of Met-203 type spad variant in E. rhusio-
pathiae isolates is increasing in Japan [20]. Interestingly,

Antimicrobial susceptibility testing results of 8 E. rhusiopathiae field strains, the vaccine strain G4T;, and the attenuated strain

Antibiotical

Diameter of bacteriostatic circle (mm)®

No. of resistant

susceptibility 6T NZ XC SH YC YC YC SY HX HX strains (%)
discs® 47100130701 130710 130723 130820 130828 131115 091027 130709  130709a

PC-G 40/S 42/8 42/S 40/S 38/S 39/S 42/S 38/S 40/S 54/S

AMO 40/S 39/S 42/S 40/S 39/S 40/S 42/S 40/S 43/S 55/S

AMP 36/S 38/S 36/S 34/S 38/S 36/S 40/S 34/S 36/S 46/S

CEZ 32/S 35/8 35/S 34/S 34/S 32/8 36/S 33/S 34/S 41/

CTX 37/S 36/S 36/S 42/8 34/S 34/S 38/S 33/8 37/S 47/S

SM 17/S 12/1 6.5/R 6.5/R 14/1 14/1 6.5/R 12/1 6.5/R 23/ 4 (40)

KM 6.5/R 6.5/R 6.5/R 6.5/R 6.5/R 6.5/R 6.5/R 6.5/R 6.5/R 6.5/R 10 (100)

TC 26/S 30/S 9/R 10/R 27/S 27/S 12/R 26/S 14/R 39/S 4 (40)

DOXY 25/1 30/S 11/R 14/R 25/1 26/1 18/R 27/1 15/R 36/S 4 (40)

EM 32/S 35/S 33/S 34/S 24/ 32/S 30/S 35/S 39/S 44/S

ROXM 30/S 31/8 31/ 30/S 22/1 30/S 29/ 27/S 30/S 42/

LCM 36/S 338 11.5/R 14/R 6.5/R 32/S 9/R 30/S 13/R 42/S 5(50)

SXZ 6.5/R 6.5/R 10/R 8/R 6.5/R 6.5/R 6.5/R 6.5/R 6.5/R 10/R 10 (100)

ERFX 36/S 6.5/R 16/1 11/R 17/1 19/1 12/R 34/S 15/1 10/R 4 (40)

CIp 30/S 6.5/R 20/1 18/1 18.5/1 18.5/1 17/1 36/S 18/1 16/1 1(10)

a) penicillin (PC-G), amoxicillin (AMO), ampicillin (AMP), cefazolin (CEZ), cefotaxime (CTX), streptomycin (SM), kanamycin (KM), tetracycline
(TC), doxycycline (DOXY), erythromycin (EM), roxithromycin (ROXM), lincomycin (LCM), sulfisoxazole (SXZ), enrofloxacin (ERFX) and cipro-
floxacin (CIP). b) The diameter of antibiotic susceptibility discs is 6.35 + 0.50 mm. S=susceptible; I=intermediate; R=resistance.
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four of the eight isolates in our study belonged to Met-203
type, and the other four field isolates belonged to Ala-195
type (Supplemental Table 1). A further study should be car-
ried out to investigate the prevalence of Met-203 type spad
variant in E. rhusiopathiae isolates in China.

Based on the dendogram analysis, the nine strains shared
over 92.1% identity with each other, showing no correlations
with spad-type and resistance to acriflavine (Fig. 1).

Results of the drug susceptibility test showed that all the
strains were highly sensitive to a variety of antibiotics, such
as PC-G, AMP, CEZ, CTX, EM, ROXM and AMO, and
also resistant to KM and SXZ, which well explained why
swine erysipelas was easy to control with the use of antibiot-
ics. However, nearly half of the isolates showed resistance
to LCM, SM, TC, DOXY, SXZ and ERFX, because these
antibiotics were widely added in the pig feeds in China [23].

With the emergence of new types of E. rhusiopathiae
strains which are resistant to the widely used antibiotics,
vaccines seem to be a better choice in controlling swine ery-
sipelas. However, attenuated vaccine strains carry the risk of
regaining their virulence thus, posing a hazard to susceptible
swine, and the inactivated vaccines are rarely used because
of the higher vaccination cost [22]. So, it is extremely ur-
gent to develop more effective and safer subunit or gene
engineering vaccines with virulence factor. However, the
attenuation mechanism of E. rhusiopathiae strains remains
unknown. Though spad gene analysis showed that no muta-
tions occurred during the attenuation, the mutations prob-
ably occurred in different important points of genome. So,
all the archived strains (F5, F10, F15, F20, F25, F30, F35,
F40, F45, F50 and F55) and the original strain HX130709
(FO) were analyzed using PFGE to detect whether any ge-
nome changes occurred during the attenuation. The PFGE
patterns of the above 12 strains were very similar with each
other (Supplemental Fig. 1). A few changes of the PFGE
patterns occurred between strains F10 and F15, but strains
F15-F55 shared over 99.5% identity with each other (Fig. 3).
Surprisingly, though strains F15-F55 shared almost the same
PFGE patterns, only strains F50 and F55 were avirulent (Fig.
3). This indicates the attenuation occurred between F46 and
F50 and the mutations of Smal Restriction Enzyme cutting
site in the genome of the stains did not lead to any change of
the virulence. It’s possible that the mutations in the genome
which directly lead to virulence loss cannot be detected
by PFGE with Smal digestion. In this case, comparing the
entire genome of wild strain and the attenuated strain may
be a good way to understand the attenuation mechanism.
But, there is also another possibility that the strain virulence
was decreased during the attenuation mainly by phenotype
changes instead of genotype changes [10].

In this study, we conclude that the acute swine erysipelas
outbreaks in Eastern China were caused by serotype la E.
rhusiopathiae strains with different biochemical characteris-
tics, and the virulence of serotype la E. rhusiopathiae strains
is unrelated with some point mutations in hypervariable
region of the spad gene. Meanwhile, the attenuated strain
HX130709a was obtained from a highly virulent clinical
strain HX 130709 after 55 passages on agar plates containing

acriflavine. Also, its virulence had been confirmed in mice,
which lays the foundation for a further study of virulence
factor of E. rhusiopathiae with proteomics and transcrip-
tomic technologies.
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