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Analysis of serotypes, spaAd gene phylogeny and PFGE genetic
patterns of Erysipelothrix rhusiopathiae isolated between
2012 and 2015 in Jianghuai areas

WEI Wen-Tao! YAO Yan-Bin' LIU Quan-Xi' YANG Zhi-Peng'
WEI Jian-Zhong' SUN Pei' LIYu'*

(1. College of Animal Science and Technology, Anhui Agricultural University, Hefei, Anhui 230036, China)
(2. Anhui Institute of Generic Industrial Science and Technology in Livestock and Poultry, Hefei, Anhui 230036, China)

Abstract: [Objective] To study the serotypes, phylogeny of surface protective antigen A gene (spad),
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and molecular subtyping of Erysipelothrix rhusiopathiae isolated between 2012 and 2015 in Jianghuai
area. [Methods] We collected 42 clinically isolated Erysipelothrix rhusiopathiae strains. Agar gel
precipitation tests, PCR and sequence analysis methods, and pulsed-field gel electrophoresis were used
to investigate the serotypes, phylogeny of spad gene, and PFGE typing, respectively. [Results] All
42 strains belonged to serotype la. spad gene was 98.5% to 100% homologous to the reference strains.
The sequences showed that the mutations occurred from T to G and C to A at base 609th and 769th
respectively, and the corresponding amino acid showed mutations from Ile to Met as Met-203-type, and
Leu to Ile as Ile-257-type strains; PFGE revealed 8 different genotypes, with 88.8% to 100% similarity.
ER2 (54.8%) was the dominant PFGE genotype, and erysipelas attenuated vaccine strains (G4T10 and
GC42) were the same genotype strains. [Conclusion] Erysipelothrix rhusiopathiae serotype 1a was the
prevalent serotypes in Jianghuai area. The homology of the spad was high and had small variations. All
the isolates came from one clone strain. Met-203-type and Ile-257-type strains had high pathogenicity
and were the most prevalent pathogens type in Jianghuai area.

Keywords: Erysipelothrix rhusiopathiae, Serotypes, Surface protective antigen A gene, Pulsed-field
gel electrophoresis
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Table 1 Background information of 42 Erysipelothrix rhusiopathiae

Strain Origin isolated Time Source Strain Origin isolated Time Source
LA120609 2012.06.09 HF130820 2013.08.20
HF120827 2012.08.27 BB130822 b 2013.08.22
TL120914 2012.09.14 BZ130831 2013.08.31
MAS120915 2012.09.15 HF130921 2013.09.21
HF120919 a 2012.09.19 LA130925 2013.09.25
HF120922 a 2012.09.22 BB131008 b 2013.10.08
HS121019 2012.10.19 LA131010 2013.10.10
HF130201 a 2013.02.01 HF 140320 2014.03.20
HF130329 a 2013.03.29 SZ140326 2014.03.26
HF130415 2013.04.15 HF 140607 2014.06.07
BB130721 b 2013.07.21 LA140620 2014.06.20
AQ130724 2013.07.24 XC140709 2014.07.09
BB130724 b 2013.07.24 AQ140814 2014.08.14
AQ130725 2013.07.25 TL140918 2014.09.18
BB130725 b 2013.07.25 LA140929 2014.09.29
XC130727 2013.07.27 FY 141002 2014.10.02
HF130729 2013.07.29 AQ150411 2015.04.11
HN130805 2013.08.05 AQ150414 2015.04.14
AQ130807 2013.08.07 BZ150422 2015.04.22
HF130810 2013.08.10 FY150511 2015.05.11
BB130818 b 2013.08.18 LA150627 2015.06.27
a b A B
Note: a, b represent the strains were isolated from farm A and farm B.
(GCp, la ) (Brij-35)
K Merck SeaKem Gold Agarose
H9812 Lonza CHEF-DR I
Bio-Rad TProfessional Thermocycler
1.2 FZERFIFYEE PCR

(BHI) (BHIA)
LB Prime
STAR® Max DNA Polymerase pMDI19-T Sma
I Xba 1 TaKaRa
(Sarcosyl) (Sodium
deoxycholate) Solarbio

1.3 Im;E8

10%

1%

15 min

LE
(8]
30 mL BHI (37 g/L)
37°C 48 h
24h
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PBS 3 I mL
110 kPa 45 min 5 000 r/min
Dr. Tanja Opriessnig

5 min

1.4 spad R ENF
GenBank spaA
Pl S5-ATGAAAAAGAAAAAA
CACCTATT-3'" P2 5'-CTATTTTAAACTTCCATCG

TTC-3' 1 881 bp
DNA PCR PCR
(25 uL) Prime STAR® Max DNA Polymerase
12.5 uL (10 mg/L) 2 uL. (10 pmol/L)

0.5 uL. ddH,O 9.5 uL. PCR 95 °C
Smin 95°C1lmin 51 °C1min 72 °C 2 min

35 72 °C 10 min
pMDI19-T
DHS5a
LB PCR
GenBank DNAStar
MegEditSeq MEGA 4.1 NCBI
spaA ( 2

xR 2 BASHHE spad BERSEEIK

Table 2 spaA gene of Erysipelothrix rhusiopathiae
reference strains

Accession Strains name and Are(a (tim)e) and
No. serotype source
AB019124 Fujisawa (1a) (1998)
KF177344 GD1201 (-) (2013)
KJ660060 GD-GZ (1a) (2014)
EF635597 C43311 (2) (2007)
JF710589 MI1 (-) (2011)
KC661045 XY10.2 (-) (2010)
AB259653 422/1E1 (1b) (2006)
KR606305 ATCC 19414 (2) (2015)

Note: —: Non serotype.

1.5 PFGE &8

(CDC)
PulseNet [9]
151 ZHEALEE:
H9812
1.5 mL CSB (0.1 mol/L Tris-HCI 0.1 mol/L
EDTA pH 8.0) ODg19
1.3-1.4 200 pL 1.5 mL EP
37°C 10 min
152 HERBESEEY): 1xTE
1% SeaKem Gold Agarose 1% SDS
56 °C 200 puL
4 °C 1 g/L

0.1 mol/L EDTA
0.2% Sodium
37 °C

(0.006 mol/L Tris-HCl
I mol/L NaCl 0.5% Sarcosyl
deoxycholae 0.2% Brij 35 pH 8.0)
130 r/min 12h
0.5g/L K
EDTA 0.02 mol/L NaCl
55°C 130 r/min 20 h
IxTE 3
Sma 125 °C 7h
1% SeaKem Gold Agarose

(0.25 mol/L
pH 8.0)
55°C

1% Sarcosyl

15 min 0.5xTBE

H9812
K (20 g/L)

200 uL
20 uL
5 mL CLB
(0.05 mol/L Tris  0.05 mol/L EDTA 1% Sarcosyl
0.1 gL K pH 8.0) 55°C 130 r/min
2h Xba137°C 5h
153 BKEH: 0.5xTBE
14 °C 120°
6 V/icm 1.3s
45s 17h
6.5s 14h
154 BEREIIRELS 54
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1 mg/L 30 min 2.2 spad EEF5 5
30 min Tiff 42 40  spad
BioNumeries 1 881 bp HF120919
(version7.1) S7140326 1 821 bp G4Typ (la
(UPGMA) ) GCqp (la )spad 1761 bp
[10-11] PFGE 1 641 bp
1-3 99.9%-100% 37 100%
>85% M11 XY10.2 GD-GZ (la
4-6 50%-85% )  GDI201 GiTio (la )
7 <50% GCyqpp (la ) Fujisawa (la )
422/1E1  (1b )
2 HR545H 99.7%—100% ATCC19414 (2 )
21 MERETE c43311 2 ) 98.5%-99.1%
42 la (3

® 3 LKROBESERIMNSEEI spad EEZEERBE LR

Table 3 Homology of spad gene nucleotide sequence between 42 isolated strains and reference strains

S 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 999 999 999 999 100 999 999 100 100 999 999 99.8 99.8  99.0 98.5
2 0.0 999 999 999 999 999 999 999 999 998 99.8 99.8 99.7 99.0 985
3 0.0 0.1 999 999 999 999 999 999 999 998 99.8 99.8 99.7 99.0 985
4 0.0 0.1 0.1 999 999 999 999 999 999 998 99.8 99.8 99.7 99.0 985
5 0.0 0.1 0.1 0.1 99.9 999 999 999 999 99.8 99.8 99.8 99.7 99.0 985
6 0.0 0.0 0.0 0.0 0.0 999 99.9 100 100 999 999 99.8 99.8  99.1 98.8
7 0.0 0.1 0.1 0.1 0.1 0.0 100 999 999 99.8 99.8 999 99.8  99.0 98.6
8 0.1 0.1 0.1 0.1 0.1 0.1 0.0 999 999 999 998 99.9 99.8  99.0 98.8
9 0.0 0.0 0.0 0.0 0.0 00 00 0.1 100 999 999 99.8 99.8 99.0 985
10 0.0 0.0 0.0 0.0 0.0 00 00 0.1 0.0 99.9 999 99.8 99.8 99.0 985
11 0.1 0.2 0.2 0.2 0.2 0.1 02 01 01 0.1 99.8  99.7 99.7 989 984
12 0.1 0.2 0.2 0.2 0.2 0.1 02 02 01 0.1 0.2 99.7 99.7 989 984
13 0.2 0.2 0.2 0.2 0.2 02 01 01 02 02 0.3 0.3 99.8  99.1 98.5
14 0.2 0.3 0.3 0.3 0.3 02 02 02 02 02 0.3 0.3 0.2 99.0  98.6
15 1.0 1.0 1.0 1.0 1.0 0.9 1.0 1.0 10 1.0 1.1 1.1 0.9 1.0 98.0
16 1.5 1.6 1.6 1.6 1.6 1.2 1.4 12 15 15 16 16 1.6 1.4 2.1

spad .1 LA120609 37 2

HF 140607 3 SZ140326 4 TL140918 5 FYI150511 6 HF120919 7 G4T10 8 GC42 9 Mill
10 XY10.2 11 GDI1201 12 GD-GZ 13 Fujisawa 14 422/1E1 15 C43311 16 ATCC19414

Note: Nucleotide similarity of spad gene on the upper right and the divergence on the lower left; 1: LA120609 represent 37 strains of idential
spad gene sequence; 2: Strain HF140607; 3: Strain SZ140326; 4: Strain TL140918; 5: Strain FY150511; 6: Strain HF120919; 7: Strain
G4T10; 8: Strain GC42; 9: Strain M11; 10: Strain XY 10.2; 11: Strain GD1201; 12: Strain GD-GD; 13: Strain Fujisawa; 14: Strain 422/1E1;
15: Strain C43311; 16: Strain ATCC19414.
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Fujisawa 42 Val Phe G4Tho GCyy
spaA 609 bp T G 609 bp 203
203 Ile Met Met-203 Ile Ile-203 769 bp C
769 bp C A 257 A 257 Leu Ile
Leu Ile Ile-257 spaA M11
FY150511 203bp A G XY10.2 GD-GZ (la ) GDI1201
77 Gln Arg HF140607
347 bp A G 116 Asn GsTi1y (la ) GCp (la )
Ser SZ140326 803 bp G Fujisawa  (la) 422/1E1 (1b )
T 268 Arg Leu TL140918 C43311 (2 ) ATCC19414 (2 )
865 bp G T 289 (D

— Erysipelothrix rhusiopathiae strain LA120609 (KR559783)
— Erysipelothrix rhusiopathiae strain SZ 140326 (KR559812)

— Erysipelothrix rhusiopathiae strain TL140918 (KR559817)
— Erysipelothrix rhusiopathiae strain FY 150511 (KU214210)
69— Erysipelothrix rhusiopathiae strain HF140607 (KR559813)
I~ Erysipelothrix rhusiopathiae strain HF120919 (KR559787)

I~ Erysipelothrix rhusiopathiae strain XY10.2 (KC661045)

— Erysipelothrix rhusiopathiae strain M11 (JF710589)
80

— Erysipelothrix rhusiopathiae strain GD-GZ (KJ660060)

— Erysipelothrix rhusiopathiae strain GD1201 (KF177344)

81 ——— Erysipelothrix rhusiopathiae strain G,T,, (KR5598207)

—— Erysipelothrix rhusiopathiae strain GC,, (KR559821)

Erysipelothrix rhusiopathiae strain Fujisawa (AB019124)

Erysipelothrix rhusiopathiae strain 422/1E1 (AB259653)

Erysipelothrix rhusiopathiae strain C43311 (EF635597)

Erysipelothrix rhusiopathiae strain ATCC19414 (KR606305)

0.005 0.004  0.003 0.002 0.001
B 1 £2#%DBESSEE spad EEFIIRGEHELH

Figure 1 Phylogenetic tree based on spad gene sequence of the 42 isolated strains and reference strains
LA120609 spaAd 37 GenBank

Note: LA120609 represent 37 strains of idential spad gene sequence. The serial number in the bracket is GenBank accession number. The
scaleplate is evolutionary distance. The number at each branch points is the percentage supported by bootstrap.
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2.3 PFGE HE 3 Wk
42 2 26
(G4Tyo GCq)  Sma 1 15 20
20.5-336.5kb  12-14 ( 2 100% 80 2] 14
8 PFGE 234 la 2
ER1-ER8 ER2 54.8% 9 la
(23/42) ER7 21.4% (9/42) ERI1
la 2 [(13-14] 42
7.1% (3/42) ER6 ERS8 4.7% (2/42) ER3
la 2015 Zou
ER4 ERS 2.4% (1/42) [15]
88.8%-94.7% G4To GCy 100%
ER9 ER8 ( LA140929 FY141002 la
) (96.3%) ( 3)
G4Tho GCy 2
92.9%
spaA 42
- 1 0-1 37
— — o
- - -
- = B = 99.8%
- - - 42
- Nt e
. (la ) G4T10 (la
. - e ) GC4qp (la ) Fujisawa (la ) 422/1El
- (1b ) C43311 (2 ) ATCCl1%414 (2 )
o 98.5%-99.9% spad
la 1b 2
[16]
la 1b 2 spaAd
= = o B A R 47 S S S SpaA
B2 HoRASTED BHRIKPIHERRBIKER
Figure 2 Partial PFGE images of Erysipelothrix
rhusiopathiae To 4 20082011
1 8 13 H9812 2 G4TI10 3 GC42 4 95% Met-203
FY141002 5 AQ150411 6 AQ150414 7 BZ150422 le257 Uchi
9 FY150511 10 HF140320 11 LA150627 e[-”] chiyama
12 AQI30807 2008-2010
Note: 1, 8, 13: Salmonella H9812; 2: Vaccine strain G4T10; 3: 50% Met-203  Ile-257
Vaccine strain GC42; 4: Strain FY 141002; 5: Strain AQ150411; 6: Met-203
Strain AQ150414; 7: Strain BZ150422; 9: Strain FY150511; 10:
Strain HF140320; 11: Strain LA1506 27; 12: Strain AQ130807. Ile-257 4
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PFGE PFGE/Sma 1
90 95 100 Strain PFGE type Location  Time Farm
HN130805 ER1 Huainan 2013
HF130921 ERI1 Hefei 2013
LA130925 ERI1 Luan 2013
HF120827 ER2 Hefei 2012
TL120914 ER2 Tongling 2012
HF120919 ER2 Hefei 2012 A
HF120922 ER2 Hefei 2012 A
HS121019 ER2 Huangshan 2012
HF130415 ER2 Hefei 2013
BB130721 ER2 Bengbu 2013 B
BB130724 ER2 Bengbu 2013 B
BB130725 ER2 Bengbu 2013 B
94.7] XC130727 ER2 Xuancheng 2013
HF130729 ER2 Hefei 2013
AQI130807 ER2 Anging 2013
BB130818 ER2 Bengbu 2013 B
BB130822 ER2 Bengbu 2013 B
BZ130831 ER2 Bozhou 2013
BB131008 ER2 Bengbu 2013 B
94.2 HF140607 ER2 Hefei 2014
XC140709 ER2 Xuancheng 2014
AQ140814 ER2 Anqing 2014
94.0 TL140918 ER2 Tongling 2014
: AQ150411 ER2 Anqing 2015
AQ150414  ER2 Anging 2015
93.9 FY150511 ER2 Fuyang 2015
—— S7150422 ER3 Suzhou 2015
— S7140326 ER4 Suzhou 2014
- e b Ll om
Hefei
92.8 ~ HF130329 ER6 Hefei 2013 A
LA120609 ER7 Luan 2012
MASI120915  ER7 Maanshan 2012
947 AQ130724 ER7 Anging 2013
¥ AQI130725 ER7 Anging 2013
88.8 HF130810 ER7 Hefei 2013
HF130820 ER7 Hefei 2013
LA131010 ER7 Luan 2013
HF140320 ER7 Hefei 2014
85.1 JX150608 ER7 Jiangxi 2015
i B e
uan
FY141002  ERS Fuyang 2014
G4T10 ER9 Unknown  Unknown
2 GC42 ER9 Unknown  Unknown
B3 42 HREFSITES B PFGE 2 EBRER
Figure 3 PFGE genotype of 42 Erysipelothrix rhusiopathiae strains
LDsy 4.5-14.5 CFU/mL Zou PFGE
(3l DNA 1996  Feizabadi [
50%  Met-203 Ile-257
10° CFU/mL ( 8 ) 2001  Okatani ¥
100% 42 PFGE
100% Met-203  Ile-257 RAPD
39 (92.9%) [18]
8 LDs, spaAd PFGE
14.30-2.36x10> CFU/mL 42 8 PFGE
G4Tyo 0-2 >88.8%
GC42 Ile-203  Tle-257
Met-203  Ile-257 ER2

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




672 WA 384K Microbiol. China

2017, Vol.44, No.3

ER2
ER2
PFGE
B
2013 7 -10 6
6 PFGE
A
2012 9 2013 3 4
4 2012
2013 2 PFGE
PFGE

2013 1 28.8-33.3 kb

Opriessnig ! PFGE 90
4
PFGE
42
PFGE Opriessnig !
spaAd Met-203

Ile-257 Ile-203  Tle-257
609 bp

2 % 3 Wk

[1] Wang QN, Chang BJ, Riley TV. Erysipelothrix rhusiopathiae[J].
Veterinary Microbiology, 2010, 140(3/4): 405-417

[2] Bender JS, Shen HG, Irwin CK, et al. Characterization of
Erysipelothrix species isolates from clinically affected pigs,
environmental samples, and vaccine strains from six recent
swine erysipelas outbreaks in the United States[J]. Clinical and
Vaccine Immunology, 2010, 17(10): 1605-1611

[3] Borrathybay E, Gong FJ, Zhang L, et al. Role of surface
protective antigen A in the pathogenesis of Erysipelothrix
rhusiopathiae strain C43065[J]. Journal of Microbiology and
Biotechnology, 2015, 25(2): 206-216

[4] To H, Nagai S. Genetic and antigenic diversity of the surface

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[19]

protective antigen proteins of Erysipelothrix rhusiopathiael[J].
Clinical and Vaccine Immunology, 2007, 14(7): 813-820
Ye R, Shi LY, Wang P, et al. Brief introduction of pulsed-field gel
electrophoresis and its application in bacterial molecular
typing[J]. Chinese Journal of Vector Biology and Control, 2013,
24(2): 182-185 (in Chinese)
[J]. , 2013,
24(2): 182-185
Opriessnig T, Hoffman LJ, Harris DL, et al. Erysipelothrix
rhusiopathiae: genetic characterization of midwest US isolates and
live commercial vaccines using pulsed-field gel electrophoresis[J].
Journal of Veterinary Diagnostic Investigation, 2004, 16(2): 101-107
Sawada T, Hassanein R, Takahashi E, et al. Pathogenic and
genetic characterization of acriflavine resistant erysipelothrix
isolates from arthritic pigs[J]. Journal of Veterinary
Epidemiology, 2006, 10(1): 21-28
Ozawa M, Yamamoto K, Kojima A, et al. Etiological and biological
characteristics of Erysipelothrix rhusiopathiae isolated between
1994 and 2001 from pigs with swine erysipelas in Japan[J]. Journal
of Veterinary Medical Science, 2009, 71(6): 697-702
Okatani AT, Uto T, Taniguchi T, et al. Pulsed-field gel
electrophoresis in differentiation of Erysipelothrix species
strains[J]. Journal of Clinical Microbiology, 2001, 39(11):
4032-4036
Tenover FC, Arbeit RD, Goering RV, et al. Interpreting
chromosomal DNA restriction patterns produced by pulsed-field
gel electrophoresis: criteria for bacterial strain typing[J]. Journal
of Clinical Microbiology, 1995, 33(9): 2233-2239
Talon D, Cailleaux V, Thouverez M, et al. Discriminatory power
and usefulness of pulsed-field gel electrophoresis in
epidemiological studies of Pseudomonas aeruginosa[J]. Journal
of Hospital Infection, 1996, 32(2): 135-145
Xu KQ, Hu XF, Lu QY. Serotype identification of Erysipelothrix
rhusiopathiae isolated in different aera of China[J]. Jiangsu
Agricultral Science, 1982(6): 35-38 (in Chinese)

[J]. , 1982(6): 35-38
Bender JS, Irwin CK, Shen HG, et al. Erysipelothrix spp.
genotypes, serotypes, and surface protective antigen types
associated with abattoir condemnations[J]. Journal of Veterinary
Diagnostic Investigation, 2011, 23(1): 139-142
To H, Sato H, Tazumi A, et al. Characterization of Erysipelothrix
rhusiopathiae strains isolated from recent swine erysipelas
outbreaks in Japan[J]. Journal of Veterinary Medical Science,
2012, 74(7): 949-953
Zou Y, Zhu XM, Muhammad HM, et al. Characterization of
Erysipelothrix rhusiopathiae strains isolated from acute swine
erysipelas outbreaks in Eastern China[J]. Journal of Veterinary
Medical Science, 2015, 77(6): 653-660
Ingebritson AL, Roth JA, Haeur PJ. Erysipelothrix rhusiopathiae:
Association of Spa-type with serotype and role in protective
immunity[J]. Vaccine, 2010, 28(13): 2490-2496
Uchiyama M, Yamamoto K, Ochiai M, et al. Prevalence of
Met-203 type spad variant in Erysipelothrix rhusiopathiae
isolates and the efficacy of swine erysipelas vaccines in Japan[J].
Biologicals, 2014, 42(2): 109-113
Lu P, Huang XH, Li CF, et al. Isolation, identification and
characterization of Erysipelothrix rhusiopathiae in Anhui province[J].
Microbiology China, 2014, 41(9): 1822-1828 (in Chinese)
0. ,2014, 41(9): 1822-1828
Feizabadi MM, Robertson ID, Cousins DV, et al. Genomic
analysis of Mycobacterium bovis and other members of the
Mycobacterium tuberculosis complex by isoenzyme analysis

andpulsed-field gel electrophoresis[J]. Journal of Clinical
Microbiology, 1996, 34(5): 1136-1142

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



