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Virulence determinants, antimicrobial susceptibility, and
molecular profiles of Erysipelothrix rhusiopathiae strains
isolated from China

Yi Ding1,2,*, Dongmei Zhu1,2,*, Jianmin Zhang3, Longsheng Yang4, Xiangru Wang1,2,5,6, Huanchun Chen1,2,5,6

and Chen Tan1,2,5,6

The aim of this study was to understand the epidemiology, serotype, antibiotic sensitivity, and clonal structure of Erysipelothrix

rhusiopathiae strains in China. Forty-eight strains were collected from seven provinces during the period from 2012 to 2013. Pulse-field

electrophoresis identified 32 different patterns which were classified into clonal groups A–D. Most pulsed-field gel electrophoresis

(PFGE) patterns were observed in clonal complex A and B, suggesting high diversity of genetic characterization in these two predominant

clonal complexes. Antibiotic sensitivity test shows that all the stains were susceptible to ampicillin, erythromycin, and cefotaxime, and

resistant to kanamycin, cefazolin, sulfadiazine, and amikacin. Erythromycin and ampicillin are recommended as first-line antibiotics for

treatment of E. rhusiopathiae in China. The high variation in PFGE pattern among the main clonal groups shows that the E. rhusiopathiae

in China may originate from different lineages and sources instead of from expansion of a single clonal lineage across different regions.
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INTRODUCTION

Erysipelothrix are gram-positive, rod-shaped, facultative anaerobic

bacteria. Based on phylogenetic relatedness, Erysipelothrix spp. can

be categorized into Erysipelothrix rhusiopathiae (serovars 1a, 1b, 2, 4,

5, 6, 8, 9, 11, 12, 15, 16, 17, 19, 21, and N), Erysipelothrix tonsilarium

(serovars 2, 7, 10, 14, 20, 22, and 23), Erysipelothrix sp. strain 1 (serovar

13), Erysipelothrix sp. strain 2 (serovar 18), and Erysipelothrix inopi-

nata, a novel species that was recently isolated from sterile-filtered

vegetable broth.1–4 These Erysipelothrix species are ubiquitous in nat-

ure and can cause diseases in a variety of animals including swine,

humans, poultry, sheep, cattle, and wild animals. The diseases caused

by these species are called erysipelas in animals and erysipeloid in

humans.5 Humans can be infected with pathogens from the pigs.6

Swine erysipelas is caused by E. rhusiopathiae, which enters the

bloodstream through the tonsils and other lymphoid tissues of the

alimentary canal. It is estimated that 30%–50% of healthy pigs carry

E. rhusiopathiae in the tonsils. The carriers serve as a reservoir for

acute erysipelas outbreaks and may not have clinical signs.7 The

clinical presentation of swine erysipelas are usually manifested as

acute septicemia or chronic disease characterized as endocarditis

and polyarthritis.8

Swine erysipelas appears worldwide and causes economic loss to the

swine industry.9 Within the Chinese swine industry, the occurrence of

erysipelas has significantly decreased since the 1990s due to intensifica-

tion and improved management of the industry. It only occasionally

occurs in small farms. However, since 2010, we have observed an

increase in the number of cases of erysipelas submitted to the

Huazhong Agricultural University Clinical Microbiology Laboratory.

In addition, other research groups have reported similar trends in

China.10 Whether this increased occurrence of swine erysipelas is due

to the development of antimicrobial resistance or extension of a specific

lineage is not clear, because information regarding the molecular char-

acteristics and antibiogram of E. rhusiopathiae remains limited. To the

best of our knowledge, molecular epidemiology of E. rhusiopathiae has

not been conducted in China.

In the present study, 48 strains of E. rhusiopathiae isolated from

diseased pigs in China in 2013–2014 were subject to antimicrobial

susceptibility testing, virulence gene typing, and pulsed-field gel elec-

trophoresis (PFGE) genotyping to improve our understanding of the

virulence traits and molecular profile of E. rhusiopathiae in China.

MATERIALS AND METHODS

The 48 E. rhusiopathiae strains were collected from liver, spleen, and

blood samples of pigs with a clinical history of acute septicemia by the

Clinical Microbiology Laboratory at Huazhong Agricultural

University during 2012–2013. These samples were from Southern
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and Central China, including Zhejiang, Hunan, Hubei, Anhui,

Guangdong, Henan, and Jiangsu provinces. Each sample was collected

from different pigs and strains with typical morphological character-

istics of E. rhusiopathiae were picked from each plate. The strains were

identified as E. rhusiopathiae on the basis of polymerase chain reaction

and cellular morphology; growth in gelatin; positive reactions in triple

sugar iron agar slants for glucose, lactose, and arabinose fermentation

by arginine dihydrolase; and negative reaction for catalase, oxidase,

urease, nitrate reduction, mannose, and sucrose fermentation, as

described by Wang et al.11

Pulsed-field gel electrophoresis (PFGE)

The total DNA of E. rhusiopathiae was purified using protocol described

previously.12 DNA was digested with a mixture of XbaI, 0.1% bovine

serum albumin, and buffers (Takara Biotechnology, Dalian, China) at

37 6C for 8 h. Digested DNA plugs was loaded in 1% agarose gels and run

in an contour-clamped homogeneous electric field (CHEF-DRIII; Bio-

Rad, Shanghai, China) for 22 h at 14 6C and 6 V with pulse times from an

initial 2.2 s to a final 64 s. The gel was subsequently stained by ethidium

bromide for detecting PFGE patterns.

Antimicrobial susceptibility testing

Susceptibility to ampicillin, erythromycin, cefotaxime, norfloxacin, cefa-

zolin, sulfadiazine, amikacin, polymyxin, tetracycline, doxycycline, lin-

comycin, and levofloxac in was evaluated by microdilution technique,

according to the protocol of the Manual of Antimicrobial Susceptibility

Testing described by Stephen et al.13 Quality control was performed with

Staphylococcus aureus (ATCC29213) and Streptococcus pneumonia

(ATCC49619). The breaking point of the minimum inhibitory concen-

tration (MIC) was cited from the Clinical and Laboratory Standards

Institute.14

Detection of virulence-associated genes

The presence of capsule synthesis gene (cpsA-C), neuraminidase

(nanH.1 and nanH.2), hyaluronidase (hylA-C), surface protective

antigen (spa), adhesion, rhusiopathiae surface protein (rspA and

rspB), and nine putative virulence genes, including patatin-like

phospholipase A and B (locus tag: ERH_0072 and ERH_00334,

respectively; GenBank assembly accession: GCA_000270085.1),

phospholipase/carboxylesterase family protein A and B (locus tag:

ERH_0083 and ERH_0347, respectively; GenBank assembly acces-

sion: GCA_000270085.1), lysophospholipase A, B, and C (locus tag:

ERH_0148, ERH_1214, and ERH_1433, respectively; GenBank

assembly accession: GCA_000270085.1), cardiolipin synthetase,

and phospholipase D was investigated using primers described in

Supplementary Table S1. Polymerase chain reaction (PCR) was

carried out in a 25 mL mixture containing 1 mL DNA, 0.5 mL each

primer, 2.5 mL 103 Ex Taq buffer, 2 mL dNTP mixture, 19.25 mL

deionized distilled water, and 0.25 mL Ex Taq DNA polymerase

(Takara, Dalian, China). Each PCR test was repeated for three

times.

Data analysis

The PFGE patterns were analyzed with BioNumerics software version

6.5 (Applied Maths, Kortrijk, Belgium). A dendrogram was calculated

using the unweighted pair group method using arithmetic averages

(unweighted pair group method with arithmetic mean (UPGMA)),

dice coefficient, and 1.5% optimization with 1.5% band position tol-

erance. Strains with similarities .70% had eight band differences and

were clustered in a clonal complex. Comparisons between different

complexes were tested by Fisher’s exact test (two-tailed), if a signifi-

cant result between different complexes was found, comparisons

between each complex and all other complexes combined were sub-

sequently tested as well. A P value , 0.05 was considered significant.

RESULTS

Molecular characterization of E. rhusiopathiae

PFGE resulted in 32 distinct patterns from 48 E. rhusiopathiae strains

(Figure 1). Dendrogram analysis showed that, at 30% divergence, four

clonal groups (A–D) were identified. Twenty-five patterns were

observed in clonal complexes A and B, suggesting a high diversity of

genetic characterization in these two predominant clonal complexes.

Clonal complex A accounted for 48% (23/48) of all strains, with a

similarity of 78%–96%. Clonal complex B accounted for 35%

(17/48) of strains, with a similarity of 84%–97.5%. Only two strains

were classified into clonal group C and showed 83% similarity. Clonal

group D included six strains, which showed five different PFGE pat-

terns. Strains with similar PFGE patterns were recovered from differ-

ent provinces and at different times. Strains 1231 and 13002 shared the

same PFGE pattern, but strain 1231 was isolated from Hunan province

in 2012 and strain 13002 from Hubei province in 2013. Similarly,

strain 1210 isolated from Jiangsu province in 2012 also had the

same PFGE pattern as that of strain 13007 isolated from Hubei prov-

ince in 2013. PFGE pattern of strain 13001, 13005, and 13006 was

isolated from samples from Hubei and Henan provinces during the

same period.

Antimicrobial susceptibility

The MICs of 13 antibiotics for the 48 strains are shown in Table 1. All

the stains were susceptible to ampicillin, erythromycin, and cefotax-

ime, whereas all were resistant to kanamycin, cefazolin, sulfadiazine,

and amikacin. Differences in antimicrobial susceptibility were

detected for gentamicin (47/48 resistant), tetracycline (29/48 resist-

ant), doxycycline (18/48 resistant), lincomycin (37/48 resistant), nor-

floxacin (37/48 resistant), and levofloxacin (34/48 resistant). With

regard to multi-resistance profiles, all strains grouped into 15 resist-

ance phenotypes were resistant to at least five of the ten antimicrobials

tested. Thirteen strains were resistant to all six antibiotics mentioned

above. Most of them were in clonal complex A (n 5 8), followed by

clonal complexes D (n 5 3) and B (n 5 2), and none was found in

clonal complex C. There was no difference in antimicrobial suscept-

ibility pattern among the clonal complexes.

Virulence-associated genes

A total of 21 virulence-associated genes were screened by PCR in this

study (Supplementary Table S2). The number of virulence genes

detected in E. rhusiopathiae ranged from 16 to 21. Strains with all

tested virulence genes were evenly distributed among the clonal com-

plexes. Two strains with the fewest virulence genes (n 5 16) were in

clonal complex A, which was the most predominant clonal complex.

Capsule polysaccharide synthesis gene (cps-A, B and C), spaA, rspA,

nanH. 2, patatin-like phospholipase, lysophospholipase, phospholi-

pase/carboxylesterase, and phospholipase/carboxyl esterase family

genes were detected in all E. rhusiopathiae strains. Various virulence

gene detection rates were observed for the rest of the genes. Among

them, phospholipase D and adhesin genes were detected in fewest

strains, with detection rates of 63% (30/48) and 77% (37/48), respect-

ively. The virulence gene profiles followed no specific pattern and were

independent of the four clonal complexes.
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DISCUSSION

E. rhusiopathiae is an opportunistic pathogen that can cause acute

septicemia or chronic endocarditis and polyarthritis in pigs.7

Diseases caused by E. rhusiopathiae generally occur sporadically in

China. Nevertheless, we observed an increased frequency of E. rhusio-

pathiae isolation from diseased pigs after 2010. This increasing trend

highlights the importance of understanding the molecular epidemi-

ology of E. rhusiopathiae. However, there is no previous report about

the molecular epidemiology of E. rhusiopathiae in China. We therefore

genotypically and phenotypically characterized 48 E. rhusiopathiae

strains from seven provinces of Southern and Central China, to pro-

vide a basis for surveillance of this disease in the future.
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Figure 1 Phylogenetic analysis of PFGE profiles obtained for 48 isolates of E. rhusiopathiae. Dendrogram was calculated using the UPGMA method and dice

coefficient. Isolates with similarities .70% have eight band differences were considered as closely related and were clustered in a clonal complex, and shown on the

left. The strain number, date of isolation, and farm location are indicated on the right.
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PFGE is one of the most discriminative typing methods, which

provides important insight into population structures of many patho-

gens, including E. rhusiopathiae.15,16 Our data showed 32 distinct

PFGE patterns from 48 E. rhusiopathiae strains. These PFGE patterns

were classified into four clonal complexes (A–D). The majority of

strains and patterns fell into clonal complexes A and B. The high

variation within these predominant clonal complexes indicates that

most of the swine erysipelas is not closely related. Therefore, E. rhu-

siopathiae in China may originate from different lineages and sources

instead of expansion of a single clonal lineage across different regions.

This corresponds to the pathogenic trait of E. rhusiopathiae as an

opportunistic pathogen that causes sporadic disease in immunocom-

promised hosts.13 However, three PFGE patterns from strain 1231,

13002, 1210, 13007, 13001, 13005 and 13006 were found in different

provinces during different times. These clones may spread through

trade between these regions or they may possess advantageous traits

that facilitate their spread and recurrence.

The antibiotic susceptibility test showed that our strains were all

susceptible to ampicillin, erythromycin and cefotaxime, a third-genera-

tion cephalosporin. As cefotaxime are not drug intended for use in food

animals, ampicillin and erythromycin should be the first choice for the

treatment of swine erysipelas in China. Susceptibility of our strains to

ampicillin is in line with previous reports in Japan and North

America.12,17,18 However, resistance to erythromycin was found in

5.8%–6.1% of strains isolated from Japan but not from our collection

of E. rhusiopathiae strains.17,18 The difference in erythromycin resistance

in these countries may be due to frequent use of erythromycin for

treatment of porcine bacterial respiratory diseases in Japan but not in

the swine industry in China.19 All E. rhusiopathiae strains were resistant

to cefazolin, sulfadiazine, amikacin and kanamycin and showed

high resistance to gentamicin 98% (47/48), followed by tetracycline

60% (29/48), doxycycline 38% (18/48), lincomycin 77% (37/48), nor-

floxacin 77% (37/48) and levofloxacin 71% (34/48). Resistance to these

antibiotics was in agreement with previous reports by other research

groups in Japan, North America and Brazil.12,20,21 Only few strains in

Brazil was reported to be resistant to fluoquinolones and cefazolin has

not been reported before. However, all the E. rhusiopathiae strains in this

study were resistance to cefazolin and .70% of strains were resistant to

norfloxacin and levofloxacin, which are fluoquinolones. The high res-

istance to these antibiotics indicates over- or misuse of these classes of

antibiotics in bacterial infections in swine production in China.

Also, to understand better the virulence potential of our study strains,

we characterized 21 virulence-associated genes, including nine putative

phospholipase genes and 12 well-characterized and accepted genes:

major surface protective antigen (spaA), capsule polysaccharide gene

(cpsA-C), rhusiopathiae surface protein (rspA and rspB), hyaluronidase

(hylA-C), neuraminidase (nanH.1 and nanH.2), and adhesin, and nine

phospholipase genes predicted to be potentially involved in intracellular

survival.14 The results showed a high detection rate of the above genes in

our E. rhusiopathiae strains. Eleven genes (cpsA–C, spaA, rspA, rspB,

hylA, nanH. 2, patatin-like phospholipase B, lysophospholipase C, and

phospholipase/carboxylesterase family genes A and B) were detected in

all strains and 30% (15/48) of strains possessed all the virulence genes

tested in this study. Phospholipase D and adhesin genes were detected in

the fewest strains, with detection rates of 63% (30/48) and 77% (37/48),

respectively. The low detection rate of these two genes may have been

because they are not essential for the pathogenesis of E. rhusiopathiae, or

because of the presence of genes with similar function in the genome.

Different detection rates were observed for virulence genes hylC, hylA,

nanH.1, patatin-like phospholipase A, lysophospholipase A and B,

adhesin, and cardiolipinsynthetase; however, there was no correlation

between these genes and clonal complexes.

The results of this study could not provide a definitive answer for

the current increasing trend of swine erysipelas in China. However, the

high variation in phylogenetic characteristics of strains from different

regions shows that the increasing trends are caused by strains of vari-

ous clonal lineages from multiple sources. One explanation for this

result is failure to use vaccines. There are three kinds of killed bacterins

and two kinds of live-attenuated vaccines for swine erysipelas available

in China. However, because of the low occurrence of swine erysipelas

after the 1990s, many of the swine farms have not included E. rhusio-

pathiae vaccine in routine regimens. Another explanation may be

concurrent virus infection, such as with porcine parvovirus, porcine

reproductive and respiratory syndrome virus, and porcine circovirus

type 2. These viruses impair the immune system of pigs and either

provide a chance for opportunistic pathogens like E. rhusiopathiae to

infect pigs or reactivate latent infection.
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Table 1 Distribution of MICs for the 50 E. rhusiopathiae strains

Number of strains with MIC (mg/mL)

Antibiotics ,,0.0625 0.0625 0.125 0.25 0.5 1 2 4 8 16 32 64 128 ..128

MIC (mg/mL) on the

break point of resistancea

Number of resistant

strains (%)

Kanamycin 48 64 48 (100%)

Gentamicin 1 2 21 13 11 4 47 (98%)

Ampicillin 33 12 3 0.5 0 (0%)

Erythromycin 13 3 25 7 1 0 (10%)

Cefataxime 8 8 20 9 3 64 0 (100%)

Cefazolin 48 32 48 (100%)

Norfloxacin 1 10 15 13 8 1 16 37 (77%)

Levofloxacin 2 12 23 6 2 2 1 4 34 (71%)

Sulfadiazine 48 512 48 (100%)

Amikacin 48 64 48 (100%)

Tetracycline 3 3 3 3 7 5 9 10 5 16 29 (60%)

Doxycycline 2 5 5 1 1 3 13 6 12 16 18 (38%)

Lincomycin 2 4 5 1 1 2 20 9 3 1 2 37 (77%)

a Resistant strains include intermediate resistant and resistant strains from CLIS.13
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Science and Technology of China and the Program of Introducing Talents of

Discipline to Universities (NO B12005).

1 Takaahshi T, Fujisawa T, Benno Y et al. Erysipelothrix tonsillarum sp. Nov. isolated
from tonsil of apparently healthy pigs. Int J Syst Bacteriol 1987; 37: 166–168.

2 Takahashi T, Fujisawa T, Tamura Y et al. DNA relatedness among Erysipelothrix
rhusiopathiae strains representing all twenty-three serovars and Erysipelothrix
tonsillarum. Int J Syst Bacteriol 1992; 42: 469–473.

3 Takeshi K, Makino S, Ikeda T et al. Direct and rapid detection by PCR of Erysipelothrix
sp. DNAs prepared from bacterial strains and animal tissues. J Clin Microbiol 1999;
37: 4093–4098.

4 Verbarg S, Rheims H, Emus S et al. Erysipelothrix inopinato sp. nov., isolated in the
course of sterile filtration of vegetable peptone broth, and description of
Erysipelotrichaceae fam. nov. Int J Syst Evol Microbiol 2004; 54: 221–225.

5 Wood RL. Specificity in response of vaccinated swine and mice to challenge exposure
with strains of Erysipelothrix rhusiopahiae of various serotypes. Am J Vet Res 1979;
40: 795–801.

6 Floristan U, Feltes RA, Gomez A, Vidaurrazaga C. Erythematous-violaceous lesion on
the leg of researcher in the contact with swine. Enferm Infecc Microbiol Clin 2009;
27: 365–366.

7 Wood RL, Henderson LM. Erysipelas. In: Straw BE,Zimmerman JJ,D’Allaire S, Taylor
DJ (eds.) Diseases of swine. 9th ed. Ames, IA: Blackwell, 2006: 629–638.

8 Wood RL. Erysipelothrix infections. In: Beran GW, ed. Handbook of zoonoses. Section
A: bacterial, rickettsial, chlamydial, and mycotic. 2nd ed. Boca Raton, FL: CRC Press,
1994: 83–91.

9 Fidalgo SG, Wang Q, Riley TV. Comparison of methods for detection of Erysipelothrix
spp. and their distribution in some Australian seafoods. Appl Environ Microbiol 2000;
66: 2066–2070.

10 Kwok AHY, Li Y, Jiang J, Jiang P, Leung FC. Complete genome assembly and
characterization of an outbreak strain of the causative agent of swine erysipelas –
Erysipelothrix rhusiopathiae SY1027. BMC Microbiol 2014; 14: 176.

11 Wang Q, Chang BJ, Riley TV. Erysipelothrix rhusiiopathiae. Vet Microbiol 2010; 140:
405–417.

12 Opriessing T, Hoffman LJ, Harris DL, Gaul SB, Halbur PG. Erysipelothrix
rhusiopathiae: genetic characterization of Midwest US isolates and live commercial

vaccines using pulsed-field gel electrophoresis. J Vet Diagn Invest 2004; 16:
101–107.

13 Rankin ID. MIC testing. In: Coyle MB (ed.) Manual of antimicrobial susceptibility
testing. Washington, DC: American Society for Microbiology, 2005: 53–62.

14 Clinical and Laboratory Standards Institute. Methods for antimicrobial dilution and
disk susceptibility testing of infrequently isolated or fastidious bacteria; approved
guideline, 2nd ed. M45-A2: 20–21. Wayne, PA: CLSI, 2010. Available at http://
shop.clsi.org/microbiology-documents/M45.html.

15 Ogawa Y, Ooka T, Shi F et al. The genome of Erysipelothrix rhusiopathiae, the
causative agent of swine erysipelas, reveals new insights into evolution of firmicutes
and the organism’s intracellular adaptations. J Bacteriol 2011; 193: 2959–2971.

16 Maslow JN, Slutsky AM, Arbeit RD. Application of pulsed-field gel electrophoresis to
molecular epidemiology. In: Persing DH, Smith TF, Tenover FC, White TJ (eds.)
Diagnostic molecular microbiology: principles and applications. Washington, DC:
American Society for Microbiology, 1993: 563–572.

17 Takahashi T, Sawada T, Ohmae K et al. Antibiotic resistance of Erysipelothrix
rhusiopathiae isolated from pigs with chronic swine erysipelas. Antimicrob Agents
Chemother 1984; 25: 385–386.

18 Takahashi T, Sawada T, Muramatsu M et al. Serotype, antimicrobial susceptibility,
and pathogenicity of Erysipelothrix rhusiopathiae isolates from tonsils of apparently
healthy slaughter pigs. J Clin Microbiol 1987; 25: 536–539.

19 Ozawa M, Yamamoto K, Kojima A, Takagi M, Takahashi T. Etiological and biological
characteristics of Erysipelothrix rhusiopathiae isolated between 1994 and 2001 from
pigs with swine erysipelas in Japan. J Vet Med Sci 2009; 71: 697–702.

20 Yamamoto K, Kijima M, Yoshimura H, Takahashi T. Antimicrobial susceptibilities of
Erysipelothrix rhusiopathiae isolated from pigs with swine erysipelas in Japan, 1988–
1998. J Vet Med B Infect Dis Vet Public Health 2001; 48: 115–126.

21 Coutinho TA, Imada Y, Barcellos DE, Oliveira SJ, Moreno AM. Phenotypic and
molecular characterization of recent and archived Erysipelothrix spp. isolated from
Brazillian swine. Diagn Microbiol Infect Dis 2011; 69: 123–129.

This work is licensed under a Creative Commons Attribution 4.0 Unported

License. The images or other third party material in this article are included in

the article’s Creative Commons license, unless indicated otherwise in the credit line; if the

material is not included under the Creative Commons license, users will need to obtain

permission from the license holder to reproduce the material. To view a copy of this license, visit

http://creativecommons.org/licenses/by/4.0/

Supplementary information of this article can be found on the Emerging Microbes and Infections’s website: http://www.nature.com/emi.

Molecular epidemiology of E. rhusiopathiae
Y Ding et al

5

Emerging Microbes and Infections

http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/emi

	Title
	Table  Table 1 Distribution of MICs for the 50 
	References

