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Erysipelothrix spp. genotypes, serotypes, and surface protective antigen types associated
with abattoir condemnations

Joseph S. Bender, Christa K. Irwin, Hui-Gang Shen, Kent J. Schwartz, Tanja Opriessnig1

Abstract. The objective of the current study was to investigate characteristics of Erysipelothrix spp. from
slaughter condemnations. Specimens from 70 carcasses with lesions suspect for swine erysipelas were collected
at an abattoir in Iowa from October 2007 to February 2009. Erysipelothrix spp. were isolated from 59 of 70
carcasses (84.3%). Abattoir inspectors classified lesions as acute, subacute, or chronic; 8 of 8 (100%) were
acute cases, 31 of 32 (96.9%) were subacute cases, and 20 of 30 (66.6%) were chronic cases that were isolation
positive. The following serotypes were identified: 1a (40.7%; 24/59), 2 (49.2%; 29/59), 7 (1/59), 10 (1/59), 11
(1/59), and untypeable (5.1%; 3/59). Serotypes 1a and 2 were identified in pigs with acute, subacute, or chronic
clinical manifestations, whereas serotypes 7, 10, and 11 were only present in chronic cases. Fifty-seven of the
59 isolates were determined to belong to E. rhusiopathiae, and 2 of 59 of the isolates were determined to be E.
tonsillarum by multiplex real-time polymerase chain reaction. Surface protective antigen (spa) A was detected
in all E. rhusiopathiae isolates but not in E. tonsillarum serotypes 7 and 10. The results of the present study
indicate that E. rhusiopathiae serotypes 1a and 2 continue to be commonly isolated from condemned pig
carcasses and that spaA is the exclusive spa type in U.S. abattoir isolates. Interestingly, E. tonsillarum, thought
to be avirulent for swine, was isolated from systemic sites from 3.4% of the carcasses that were negative for E.
rhusiopathiae, indicating the potential importance of this genotype in erysipelas pathogenesis.
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Members of the genus Erysipelothrix are facultative
anaerobic, slender, Gram-positive, rod-shaped bacteria
that cause swine erysipelas. The clinical disease associated
with Erysipelothrix spp. is called erysipelas in birds and
mammals or erysipeloid in humans.24 Current taxonomy
recognizes the genus Erysipelothrix with 2 species, each
with differentiable serotypes: Erysipelothrix rhusiopathiae
(serotypes 1a, 1b, 2, 4, 5, 6, 8, 9, 11, 12, 15, 16, 17, 19, 21,
N) and Erysipelothrix tonsillarum (serotypes 3, 7, 10, 14,
20, 22, 23).15,17,19 Two proposed Erysipelothrix spp.
consisting of serotypes 13 (E. sp. strain 1) and 18 (E. sp.
strain 2) have been described.13,15,19 In addition, another
proposed species, Erysipelothrix inopinata, has also recently
been described.21 Acute septicemia in U.S. swine is typically
associated with serotype 1a.24 Subacute and chronic cases
are typically associated with serotype 2; however, all
clinical forms of erysipelas can be induced experimentally
in susceptible pigs with serotypes 1a or 2. Other serotypes
have less clinical significance in pigs.23,24 Recent investiga-
tions have focused on the surface protective antigen (spa) of
Erysipelothrix spp. as a highly immunogenic and protective
antigen.8,20 To date, 4 different spa types have been
described and identified in Erysipelothrix spp. references
strains banked several decades ago, which include spaA,
spaB1, spaB2, and spaC.8,14,20 A cross protection study
reported complete protection with homologous spa but
only partial protection was observed with heterologous spa
strains.20 Recently, it was determined that a certain spa
type is not confined to a specific serotype.5

Economic losses associated with swine erysipelas are
from increased numbers of deaths, treatment costs,
vaccination costs, and slower growth of diseased pigs.23

In addition, financial loss associated with abattoir con-
demnations or lesion trimming is of economic significance.
The U.S. Department of Agriculture (USDA) and USDA
Food Safety Inspection Service (FSIS) collect data related
to swine abattoir condemnations on an annual basis. Swine
erysipelas continues to be ranked as one of the top 10
causes for swine carcass condemnations (Courtesy of Jackie
Lenzy, USDS FSIS, FOIA-2008-000440). Few studies have
investigated isolates obtained from condemned car-
casses.6,18 The objective of the current study was to confirm
the presence of Erysipelothrix spp. in condemned carcasses
and to characterize the isolates obtained from a regional
abattoir in the Midwestern United States.

Tissue specimens (tonsil, skin, kidney, liver, and spleen)
from a total of 70 individual cases representing 70 different
farm sites were collected from October 2007 to February
2009 by the veterinary inspector-in-charge at a single
regional abattoir in Iowa. Utilizing previously described
criteria, cases suggestive of swine erysipelas were visually
identified and classified as acute, subacute, or chronic.24

Tissue specimens were collected, labeled, and frozen at
220uC in individual specimen bags. Frozen samples were
transported to the Iowa State University Veterinary
Diagnostic Laboratory (Ames, Iowa) and tested.

Bacterial isolation was accomplished by utilizing a
previously described selective broth enrichment and media
technique.1,12,22 Standard laboratory methods (Gram
staining, hydrogen sulfide production) were used to

confirm Erysipelothrix spp. All isolates were serotyped by
using an agar gel precipitation test as previously de-
scribed.9,11,25 One isolate from all culture-positive carcasses
was additionally characterized by using a multiplex real-
time polymerase chain reaction (PCR) assay to determine
the Erysipelothrix spp. genotype as previously described13

with the following modification: the addition of primer (59-
CCTTATATCTTTAGCAGGTGATCTAG-39) for Ery-
sipelothrix spp. strain 2 was incorporated to increase the
sensitivity of the assay.14 All isolates were also evaluated by
using a multiplex real-time PCR assay to identify the spa
types (spaA, spaB1, spaB2, and spaC).14

The isolation results of 70 condemned cases collected at
the regional abattoir are summarized in Table 1. Of 70
cases examined, 84.3% (59/70) were found to be culture
positive for Erysipelothrix spp. Moreover, of 350 tissue
specimens cultured, which included tonsil, skin, kidney,
liver, and spleen, 58.9% (206/350) were positive. In 11.9%

(7/59) of the carcasses, all 5 tissues collected from the same
carcass were culture positive; in 39.0% (23/59), 4 of 5 tissues
from the same carcass were culture positive; in 37.3%

(22/59), 3 of 5 tissues from the same carcass were culture
positive; and in 8.5% (5/59) and 5.1% (3/59), 2 or 1 of the 5
tissues collected from the same carcass were culture
positive, respectively. Overall, the highest isolation success
was observed with tonsils for which 75.7% (53/70) of the
samples were positive for Erysipelothrix spp.

All isolates recovered from different tissues of the same
carcass were found to belong to the same serotype. The
most common serotype was serotype 2 identified in 49.2%

(29/59) of the carcasses, followed by serotype 1a identified
in 40.7% (24/59) of the carcasses. Other serotypes detected
were serotype 7 (1 isolate), serotype 10 (1 isolate), serotype
11 (1 isolate), and untypeable (3 isolates). Serotypes 1a and
2 were generally identified in tissues from pigs with acute,
subacute, or chronic clinical manifestations, whereas
serotypes 7, 10, and 11 were only identified in cases with
a chronic presentation (Table 1). Previous investigations
reported an association of serotype 1a with acute disease
manifestation and an association of serotype 2 with
subacute or chronic disease manifestation. In the current
study, both serotypes 1a and 2 were found to be present in

Table 1. Number of Erysipelothrix spp. isolation–positive
cases by lesion stage with associated serotypes.

Presentation

Successful

isolation Serotype Genotype

Spa

type

Acute 8/8 Serotype 1a (5/8) E. rhusiopathiae A
Serotype 2 (3/8) E. rhusiopathiae A

Subacute 31/32 Serotype 1a (15/31) E. rhusiopathiae A
Serotype 2 (14/31) E. rhusiopathiae A
Untypeable (2/31) E. rhusiopathiae A

Chronic 20/30 Serotype 1a (4/20) E. rhusiopathiae A
Serotype 2 (12/20) E. rhusiopathiae A
Serotype 7 (1/20) E. tonsillarum ND*
Serotype 10 (1/20) E. tonsillarum ND
Serotype 11 (1/20) E. rhusiopathiae A
Untypeable (1/20) E. rhusiopathiae A

* ND 5 isolates were negative for spaA, B1, B2, and C.
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all 3 clinical presentations of erysipelas. Consistent with
previous reports is the finding that serotypes 1a and 2 are
the most common serotypes associated with disease.4,11,16

Fifty-seven of 59 isolates belonged to E. rhusiopathiae
(including the untypeable isolates), and 2 of 59 isolates were
found to be E. tonsillarum, which was isolated from the
spleen (serotype 7) or from spleen, liver, and kidney (serotype
10). Spa typing revealed that 97% (57/59) of the isolates were
positive for the spaA type, which also includes all 3
untypeable isolates. Two isolates of E. tonsillarum (serotypes
7 and 10) were found to be negative for the spaA type as well
as for other spa types. To the authors’ knowledge, the present
study is the first to determine the spa type in recent
Erysipelothrix spp. isolates recovered from field cases of
swine erysipelas. On the basis of reference strain analysis, it is
speculated that spa types associated with swineherds are
likely highly conserved; however, additional field isolates
need to be screened to prove the speculation. Results of the
present study are consistent with previous observations
associating serotypes 1a and 2 with spaA.3

The culture results from the current study confirm that
84.3% (59/70) of the carcasses were appropriately con-
demned as swine erysipelas at a regional abattoir. On the
basis of USDA and/or FSIS data collected from 2003 to
2008, the predominant cause for postmortem swine
condemnation in the United States was septicemia
(15.5%) followed by arthritis (4.1%). However, the number
of swine condemnations classified as septicemia or arthritis
that may actually be caused by Erysipelothrix spp. is
unknown, because the criteria of gross lesions are not
etiologic specific and because a previous work demon-
strated difficulties differentiating the acute stage of swine
erysipelas from other causes of septicemia.10 Bacterial
causes of arthritis in Canadian slaughter hogs were
investigated in 1992, and E. rhusiopathiae was identified
as the most common bacterial pathogen (45%) isolated
from arthritic joints.2 For these reasons, the full economic
and public health impact of swine erysipelas may be greatly
underestimated. Because of constraints at the abattoir,
condemnations as a result of septicemia or arthritis not
highly suspected of swine erysipelas were not included in
the present study. With the development and validation of
improved diagnostics assays, additional investigation into
cases of septicemia or arthritis condemned without classic
diamond-skin lesions is warranted.

The 3 E. rhusiopathiae isolates found positive for spaA
type were untypeable by utilizing serotyping techniques.
Earlier studies have indicated that serotype N strains lack
a type-specific antigen; as a result, they fail to induce
antibody production in rabbits, which were used for
producing typing antisera.7,25 This could be the probable
reason for lack of visible precipitation lines while perform-
ing the agar diffusion test in the current study. Therefore, it
can be concluded that the isolates that were untypeable in
the present study may likely belong to serotype N.

An unexpected finding was the presence of E. tonsillarum
(serotypes 7 and 10) in 2 cases condemned for chronic
erysipelas. Interpretation of the importance of E. tonsil-
larum is difficult as it can be frequently isolated from tonsils
of normal swine,24 and it is reported to be of little

pathologic significance.17 A 1987 study demonstrated that
strains belonging to E. tonsillarum serotype 10 induced
generalized urticarial skin lesions after intradermal inocu-
lation; however, E. tonsillarum serotype 7 induced no
clinical signs or macroscopic lesions.17 In the current study,
E. tonsillarum was the only pathogen (E. rhusiopathiae was
not detected) isolated from internal organs (spleen, liver,
and kidney) of the 2 condemned cases, suggesting that E.
tonsillarum may be more important in pigs than previously
speculated. The spa PCR was negative for spaA, spaB1,
spaB2, and spaC on the E. tonsillarum isolates recovered
from the carcasses, which is consistent with previous
studies.20 Additional investigations to determine the full
impact of E. tonsillarum strains is warranted. Recent
evidence of the immunogenic properties of the spa protein
suggests this virulence factor may better predict pathoge-
nicity than the serotype of the isolate.

Constraints at the abattoir prevented trace-back of
condemned cases to the farm of origin; therefore, it remains
unknown if the condemned carcasses had been vaccinated
against erysipelas. Commercial killed and attenuated-live
vaccines are derived from serotype 1a.11 It can be
speculated that a pig vaccinated with a product containing
serotype 1a should be protected against serotypes 1a and 2
on the basis of previous studies using homologous spa
types.20 The E. tonsillarum isolates were found to contain
no spa types, suggesting a mechanism for a lack of
protection from currently available vaccines. Future
investigations of swine erysipelas should include spa typing
of vaccines if utilized on site, recognizing that immuniza-
tion failures also occur for other reasons.

Results of the current study indicate that cases of
suspected swine erysipelas condemned at an abattoir were
appropriately classified. In addition, the majority of
isolates recovered indeed belong to E. rhusiopathiae
serotypes 1a and 2. In contrast to previous studies,
however, the presence of these serotypes was demonstrated
in carcasses with lesions at all stages (acute, subacute, and
chronic). Furthermore, an important novel finding in this
study is the association of E. tonsillarum strains with
condemned tissue specimens. On the basis of the findings,
E. tonsillarum may play a more significant role than
previously suspected. Alternatively, the findings could be
due to carcass contamination. Investigations at additional
abattoirs in the United States are necessary, as results of the
present study are based on condemnations at a single
abattoir by utilizing a single inspector.

Acknowledgements. The authors thank Dr. Howard
Lindaman for assistance procuring samples. This study was
supported by the Pork CheckOff Dollars from the National
Pork Board, the Iowa Livestock Health Advisory Council,
and Schering-Plough Animal Health.

References

1. Bender JS, Kinyon JM, Kariyawasam S, et al.: 2009,
Comparison of conventional direct and enrichment culture
methods for Erysipelothrix spp. from experimentally and
naturally infected swine. J Vet Diagn Invest 21:863–868.

Case Reports 141

 by guest on January 15, 2014vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/
http://vdi.sagepub.com/


2. Hariharan H, MacDonald J, Carnat B, et al.: 1992, An
investigation of bacterial causes of arthritis in slaughter hogs.
J Vet Diagn Invest 4:28–30.

3. Imada Y, Goji N, Ishikawa H, et al.: 1999, Truncated surface
protective antigen (SpaA) of Erysipelothrix rhusiopathiae
serotype 1a elicits protection against challenge with serotypes
1a and 2b in pigs. Infect Immun 67:4376–4382.

4. Imada Y, Takase A, Kikuma R, et al.: 2004, Serotyping of 800
strains of Erysipelothrix isolated from pigs affected with
erysipelas and discrimination of attenuated live vaccine strain
by genotyping. J Clin Microbiol 42:2121–2126.

5. Ingebritson AL, Roth JA, Hauer PJ: 2010, Erysipelothrix
rhusiopathiae: association of Spa-type with serotype and role
in protective immunity. Vaccine 16:2490–2496.

6. Johnston KM, Doige CE, Osborne AD: 1987, An evaluation
of nonsuppurative joint disease in slaughter pigs. Can Vet J
4:174–180.

7. Kucsera G: 1973, Proposal for standardization of designations
used for serotypes of Erysipelothrix rhusiopathiae. Int J Syst
Bacteriol 23:184–188.

8. Makino S, Yamamoto K, Murakami S, et al.: 1998, Properties
of repeat domain found in a novel protective antigen, SpaA,
of Erysipelothrix rhusiopathiae. Microb Pathog 25:101–109.

9. Mansi W: 1958, Slide gel diffusion precipitin test. Nature
181:1289–1290.

10. Miniats OP, Spinato MT, Sanford SE: 1989, Actinobacillus
suis septicemia in mature swine: two outbreaks resembling
erysipelas. Can Vet J 30:943–947.

11. Opriessnig T, Hoffman LJ, Harris DL, et al.: 2004,
Erysipelothrix rhusiopathiae: genetic characterization of mid-
west US isolates and live commercial vaccines using pulsed-
field gel electrophoresis. J Vet Diagn Invest 16:101–107.

12. Packer RA: 1943, The use of sodium azide (NaN3) and crystal
violet in a selective medium for Streptococci and Erysipelo-
thrix rhusiopathiae. J Bacteriol 46:343–349.

13. Pal N, Bender JS, Opriessnig T: 2010, Rapid detection and
differentiation of Erysipelothrix spp. by a novel multiplex real-
time PCR assay. J Appl Microbiol 108:1083–1093.

14. Shen HG, Bender JS, Opriessnig T: 2010, Identification of the
surface protective antigen (Spa) types in Erysipelothrix spp.

reference strains and diagnostic samples by Spa multiplex real-
time and conventional PCR assays. J Appl Microbiol
109:1227–1233.

15. Takahashi T, Fujisawa T, Tamura Y, et al.: 1992, DNA
relatedness among Erysipelothrix rhusiopathiae strains repre-
senting all twenty-three serovars and Erysipelothrix tonsil-
larum. Int J Syst Bacteriol 42:469–473.

16. Takahashi T, Nagamine N, Kijima M, et al.: 1996, Serovars of
Erysipelothrix strains isolated from pigs affected with erysip-
elas in Japan. J Vet Med Sci 58:587–589.

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

18. Takahashi T, Zarkasie K, Mariana S, et al.: 1989, Serological
and pathogenic characterization of Erysipelothrix rhusio-
pathiae isolates from tonsils of slaughter pigs in Indonesia.
Vet Microbiol 2:165–175.

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

20. To H, Nagai S: 2007, Genetic and antigenic diversity of the
surface protective antigen proteins of Erysipelothrix rhusio-
pathiae. Clin Vaccine Immunol 14:813–820.

21. Verbarg S, Rheims H, Emus S, et al.: 2004, Erysipelothrix
inopinata sp. nov., isolated in the course of sterile filtration of
vegetable peptone broth, and description of Erysipelotricha-
ceae fam. Nov. Int J Syst Evol Microbiol 54:221–225.

22. Wood RL: 1965, A selective liquid medium utilizing antibi-
otics for isolation of Erysipelothrix insidiosa. Am J Vet Res
26:1303–1308.

23. Wood RL: 1984, Swine erysipelas: a review of prevalence and
research. J Am Vet Med Assoc 184:944–949.

24. Wood RL: 1999, Erysipelas. In: Diseases of swine, ed. Straw
BE, D’Allaire S, Mengling WL, et al., 8th ed., pp. 419–430.
Iowa State University Press, Ames, IA.

25. Wood RL, Harrington R Jr: 1978, Serotypes of Erysipelothrix
rhusiopathiae isolated from swine and from soil and manure of
swine pens in the United States. Am J Vet Res 39:1833–1840.

142 Case Reports

 by guest on January 15, 2014vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/
http://vdi.sagepub.com/



