
RESEARCH ARTICLE

Summary. The aim of this study was to analyze the genetic characteristics and virulence phenotypes of Streptococcus suis,
specifically, in clinical isolates of serotypes 2 and 9 (n = 195), obtained from diverse geographical areas across Spain. Pulsed-
field gel electrophoresis (PFGE) typing identified 97 genetic profiles, 68% of which were represented by single isolates,
indicative of a substantial genetic diversity among the S. suis isolates analyzed. Five PFGE profiles accounted for 33.3% of
the isolates and were isolated from 38% of the herds in nine different provinces, indicative of the bacterium’s widespread dis-
tribution in the Spanish swine population. Representative isolates of the most prevalent PFGE profiles of both serotypes were
subjected to multilocus sequence typing (MLST) analysis. The results indicated that serotypes 2 and 9 have distinct genetic
backgrounds. Serotype 2 isolates belong to the ST1 complex, a highly successful clone that has spread over most European
countries. In accordance with isolates of this complex, most serotype 2 isolates also expressed the phenotype MRP+EF+SLY+.
Serotype 9 isolates belong to the ST61 complex, which is distantly related to the widespread European ST87 clone. Also, in
contrast to most isolates of the European ST87 clone, which express the large variant MRP*, the majority of serotype 9 iso-
lates (97.9%) did not express the protein. [Int Microbiol 2009; 12(3):161-166]
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Introduction

Streptococcus suis is an important swine pathogen that is
widespread among the swine population worldwide and
endemic in most pig-rearing countries [4,11,21]. The
pathogen is responsible for severe clinical disease in pigs,

including meningitis, septicemia, arthritis, bronchopneumo-
nia, endocarditis, abortions, and abscesses [1,9]. The organ-
ism can be carried in the tonsils and nasal cavities of appar-
ently healthy animals, which plays an essential role in S. suis
transmission [9]. S. suis is also a zoonotic agent that can
cause meningitis, septicemia, arthritis, endocarditis, and a
toxic-shock-like syndrome in people in close contact with
infected pigs or pork-derived products [12]. 

Different capsular serotypes can be distinguished in S. suis,
designated as types 1–31, 33 and 1/2 [9]. Serotype 2 is the
most prevalent type associated with swine disease world-
wide, although other serotypes also cause disease in pigs
[1,8]. The distribution of the different serotypes changes
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depending on the geographical origin of the isolates. In
Europe. However, S. suis serotype 2 is the most prevalent
type isolated from diseased pigs in many countries. Serotype
9 is the most prevalent type in Germany, Belgium, and the
Netherlands [1,24] while serotypes 1 and 14 are the most
prevalent in the UK [8]. In Spain, serotype 2 has long been
the dominant serotype isolated from diseased pigs [13,21],
but serotype 9 has emerged as responsible for pig infections
[22]. 

Serotyping, however, is not sufficiently discriminative to
distinguish among S. suis isolates, and several molecular typ-
ing techniques are frequently used, sometimes in combina-
tion with virulence genotyping, to understand the population
structure and epidemiology of this bacterium [11,14,15,
18,23]. Research on the virulence-associated factors of this
pathogen usually focus on the muraminidase-released protein
(MRP), extracellular factor (EF), and suilysin (SLY)
[4,18,19,24]. These studies have confirmed the existence of
widespread clones of S. suis. Thus, serotype 2 strains of the
ST1 complex that are sly+ mrp+ ef+ are widespread across
Europe [20,24], whereas the majority of serotype 9 isolates
from Central Europe belong to the ST87 complex and
express a larger variant of MRP (MRP*) [19,24].

In the present study, the two most prevalent serotypes
of S. suis circulating in the Spanish swine population, clin-
ical isolates of S. suis of serotypes 2 and 9, obtained from
diverse geographical areas across Spain, were character-
ized with respect to their virulence-associated phenotypes,
pulsed-field gel electrophoresis (PFGE) and multilocus
sequence  (MLST) typing. The results further our under-
standing of the changes in the epidemiology of this
pathogen in Spain and facilitate investigations of the rela-
tionship between S. suis Spanish isolates and the prevalent
European clones.

Materials and methods

Streptococcus suis isolates. One hundred and ninety five S. suis
clinical isolates of serotype 2 (n = 101) and serotype 9 (n = 94) recovered
from diseased pigs during a 5-year period were used in this study. Isolates
were obtained from organs of diseased pigs with pneumonia (n = 48) and
systemic infections (meningitis, arthritis, or septicemia; n = 74, 15, and 58,
respectively) from 83 different herds located in 20 provinces of Spain.

Isolation, identification, and serotyping. S. suis was isolated on
Columbia agar containing 5% defibrinated sheep blood (bioMérieux, Spain)
and supplemented with colistin sulfate (10 μg/ml) and nalidixic acid (15 μg/ml)
(Oxoid, Basingstoke, Hampshire, UK). All agar plates were incubated under
oxic conditions at 37°C for 24 h. The resulting α-hemolytic, gram-positive
and catalase-negative cocci were biochemically identified by conventional
tests [13] and the Rapid ID32 Strept (bioMérieux) system according to the
manufacturer’s instructions. Biochemical identification was further con-

firmed by PCR amplification of a 688-bp glutamate dehydrogenase gene
fragment [16]. Capsular typing was performed by slide agglutination [5]
using specific rabbit antisera against the reference strains of serotypes 2
and 9 (kindly supplied by Dr. M. Gottschalk, Groupe de Recherche sur les
Maladies Infectieuses du Porc, GREMIP, Montréal, Canada).

Production of MRP, EF, and SLY proteins. The production of
MRP and EF proteins was determined by Western blotting, as previously
described [13], using monoclonal antibodies kindly supplied by Dr. H.J.
Wisselink (DLO-Institute for Animal Science and Health, Lelystad, the
Netherlands). The hemolytic activity of SLY was determined by a microti-
tration assay, as described previously [21].

PFGE typing. Genetic typing of S. suis isolates was done by PFGE after
genomic DNA digestion with Bsp120I, as described previously [23]. The
PFGE patterns were examined visually and similarities between restriction
endonuclease digestion profiles were expressed using the Jaccard similarity
index, with the numerical taxonomy program BioNumerics (Applied Maths
BVBA, Belgium). A similarity matrix was computed and transformed into
an agglomerative cluster using the unweighted pair group method with arith-
metic averages (UPGMA). Genetic diversity (GD) was calculated as the
ratio between the total number of PFGE patterns and the total number of iso-
lates [15].

Multilocus sequence typing (MLST). MLST was carried out as
described by King et al. [11]. MLST alleles and the resulting sequence types
(STs) were assigned through submission of the respective data to the S. suis
MLST database [http://ssuis.mlst.net]. The MLST complexes were analyzed
with eBURST [http://www.mlst.net] [6]. 

Statistical analysis. The chi-square test was used to analyze the rela-
tionship between S. suis PFGE profiles and capsular types, and the Fisher
test to determine the relationship between S. suis and virulence phenotypes.
Both analyses were carried out using the SPSS 12.0 software for Windows.
Differences were considered significant at P < 0.05.

Results and Discussion

The isolates examined in the present study were properly
identified by conventional tests and the Rapid ID 32 Strep
strips, and their biochemical identification further confirmed
by PCR. All of the isolates gave the expected amplification
product of 688 bp, specific for S. suis [16]. After PFGE typ-
ing, 97 profiles were identified (GD 0.50), most of them
(68%) represented by single isolates (Fig. 1) and thus indica-
tive of a substantial genetic diversity among the S. suis iso-
lates analyzed. Both serotypes exhibited similar GD values.
Isolates of serotypes 2 and 9 yielded 60 and 41 PFGE pro-
files, corresponding to a genetic diversity of 0.60 and 0.47,
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Fig 1. Dendogram showing the genetic relationship, based on UPGMA
cluster analysis, and the distribution of virulence factors of the
Streptococcus suis serotypes 2 and 9 isolates examined in this study. At a
65% similarity level, two main clusters (A and B) were observed, which
correlated (P < 0.05) with isolates of capsular types 9 and 2, respectively. 
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respectively (P > 0.05). This relatively large variety of geno-
types was not unexpected considering the large number of
herds from which the isolates were obtained and the diverse
geographical areas across Spain where the herds were locat-
ed. In addition, it is in agreement with the genomic variabil-
ity reported for this pathogen [23]. PFGE results suggested
distinct genetic backgrounds for both serotypes. At the 65%
similarity level, most of the isolates of serotypes 2 and 9
(93.4%) could be grouped within two main PFGE clusters
(Fig. 1A,B). Clusters A and B comprised 87 (92.6%) and 84
(83.2%) of serotype 9 and 2 isolates, respectively (P < 0.05). In
addition to differences in their genetic backgrounds, the isolates
of serotypes 2 and 9 differed in the expression of their viru-
lence-associated factors (Fig. 1). Phenotypes MRP+EF+SLY+

and MRP+EF+SLY- were the most frequently detected (33.7
and 20.8%, respectively) among the serotype 2 isolates,
while MRP–EF–SLY+ and MRP–EF–SLY– were the predomi-
nant phenotypes (64.9 and 31.9%, respectively) among iso-
lates of serotype 9. These differences between isolates of the
two serotypes with respect to the expression frequencies of
the most prevalent virulence phenotypes were statistically
significant (P < 0.05). 

Despite the genetic diversity observed, some of the PFGE
profiles of the two serotypes were more frequently isolated
than others. Thus, three PFGE profiles (13, 17, and 35; Fig. 1)
of serotype 9 and two serotype 2 (57 and 73; Fig. 1) account-
ed for 33.3% of the isolates examined. These five prevalent
PFGE profiles were isolated from 38.6% of the herds in nine
different provinces (Coruña, Segovia, Toledo, Sevilla,
Granada, Málaga, Jaén, Huesca, and Lleida), which is indica-
tive of their widespread distribution in the Spanish swine
population. Isolates of these prevalent PFGE profiles, select-
ed to represent isolates from different animals, diverse clini-
cal backgrounds, geographical areas, and herds, were sub-

jected to MLST analysis (Table 1). Nearly all serotype 2 iso-
lates were assigned to the allelic profile ST1. Only one iso-
late carried a different allele for the gen gki (encoding glu-
cose kinase) and was thus assigned to a new allelic profile
(ST124) representing a single-locus variant of ST1. Serotype
9 isolates were assigned to two new allelic profiles (ST123
and S125). The sequence of the novel allele and the allelic
profiles of novel STs identified in this study are available
[http://ssuis.mlst.net]. Based on the eBURST results with the
most stringent group definition [6], serotypes 2 and 9 isolates
were assigned to the ST1 and ST61 complexes, respectively
[11]. These MLST results lend further support to the distinct
genetic backgrounds of serotypes 2 and 9.  

The ST1 complex represents a highly successful clone
that has spread throughout most European countries [11,18].
Isolates of the ST1 complex typically express the phenotype
MRP+EF+SLY+ [11,24], which was also the most frequent
phenotype expressed by serotype 2 isolates in the present
study. Considering that Spain imports pigs from countries of
Central Europe, it was expected that isolates of serotype 9
would belong to the prevalent ST87 clone circulating in
Europe [11,18]. However, analysis of the allelic profiles of
the ST123 and ST125 genotypes indicated that they represent
a single-locus or double-loci variant/s of two Spanish
serotype 9 isolates of the ST61 complex detected in Spain
before 2002 [11] and share only three alleles with genotypes
comprising the ST87 complex [11,18]. Therefore, genotypes
ST123 and ST125 are distinct from the widespread European
ST87 clone. These genotypes differ also from isolates of the
ST87 clone regarding the expression of virulence factors.
Most serotype 9 isolates examined in the present study
expressed SLY (66%) and none expressed MRP and EF, in
accordance with previous data [1,3,18,24]. However, only
2.1% expressed the large variant MRP*, which is very low
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Table 1. Multilocus sequence types (STs) for selected isolates of the most frequently isolated PFGE profiles of Streptococcus suis
serotype 2 and 9

Locus

Serotype ST (No. of isolates) aroA cpn60 dpr gki mutS recA thrA ST complex

2 1 (12) 1 1 1 1 1 1 1 1

124a (1) 1 1 1 12 1 1 1 1

9 123a (8) 17 21 5 45 44 22 4 61

125a (9) 17 21 5 62b 44 22 4 61

aNovel STs identified in this study.
bNovel allele identified in this study. GenBank accession number FM878659.
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compared to serotype 9 isolates of other European countries,
the majority of which express the protein [18,19,24]. 

The comprehensive characterization of S. suis isolated
from diseased pigs in this study showed that the serotype 2
strains, which, according to the PFGE results, have a greater
distribution in the Spanish pig population, belong to the
widespread European ST1 clone, while the serotype 9 iso-
lates were derived from a clone (ST61 complex) previously
detected in Spain before 2002. This result suggests that the
increase in the number of cases of infections in pigs caused
by serotype 9 isolates in Spain [22] is related to the emer-
gence and dissemination of the ST61 clone among the pig
population. The absence of heterologous protection [10] and
the selective pressure imposed by increasing immunity to the
prevalent serotype 2 may have contributed to the spread of
the ST161 clone. These results could help to delineate effec-
tive measures for the prevention and control of S. suis infec-
tions affecting the Spanish swine industry.

Spain is one of several European countries that have ded-
icated intense efforts to research in veterinary sciences
[2,7,17]. It is also one of the largest pig-producing countries
in the world. Therefore, the results of the present study not
only contribute to understanding the recent changes in the
epidemiology of S. suis in Spain, but also to clarifying differ-
ences between S. suis isolates circulating elsewhere in
Europe. 

Acknowledgements. This work was funded by project AGL2003-
08848-C02-01/GAN of the Spanish Ministry of Science and Technology
(MCT). V.B. was the recipient of a PhD grant from MCT. We acknowledge
Dr. M. Gottschalk and Dr. H.J. Wisselink for kindly supplying the antisera
and monoclonal antibodies, respectively, used in this study. The authors also
thank Juncal Fernández-Garayzábal for her assistance in reviewing the
English manuscript.

References 

1. Allgaier A, Goethe R, Wisselink HJ, Smith HE, Valentin-Weigand P
(2001) Relatedness of Streptococcus suis isolates of various serotypes
and clinical backgrounds as evaluated by macrorestriction analysis and
expression of potential virulence traits. J Clin Microbiol 39:445-453

2. Alonso S, Mora A, Blanco M, et al. (2007) Fecal carriage of Escherichia
coli O157:H7 and carcass contamination in cattle at slaughter in north-
ern Italy. Int Microbiol 10:109-116

3. Berthelot-Hérault F, Morvan H, Kéribin AM, Gottschalk M, Kobisch M
(2000) Production of muraminidase-released protein (MRP), extracellu-
lar factor (EF) and suilysin by field isolates of Streptococcus suis cap-
sular types 2, 1/2, 9, 7 and 3 isolated from swine in France. Vet Res
31:473-479

4. Berthelot-Hérault F, Marois C, Gottschalk M, Kobisch MN (2002)
Genetic diversity of Streptococcus suis strains isolated from pigs and
humans as revealed by pulsed-field gel electrophoresis. J Clin Microbiol
40:615-619

5. Clifton-Hadley F, Alexander T (1988) Diagnosis of Streptococcus suis
infection in pigs. In Practice 10:185-187

6. Feil E, Li B, Aanensen D, Hanage W, Spratt B (2004) eBURST: infer-
ring patterns of evolutionary descent among clusters of related bacteri-
al genotypes from multilocus sequence typing data. J Bacteriol
186:1518-1530

7. Garrido ME, Bosch M, Bigas A, Badiola I, Barbé J, Llagostera M
(2008) Heterologous protective immunization elicited in mice by
Pasteurella multocida fur ompH. Int Microbiol 11:17-24

8. Gottschalk M, Segura M (2000) The pathogenesis of the meningitis
caused by Streptococcus suis: the unresolved questions. Vet Microbiol
76:259-272

9. Higgins R, Gottschalk M (2006) Streptococcal diseases. In: Straw BE,
Zimmerman JJ, D’Allaire S, Taylor DJ (eds) Diseases of swine, 9th ed.
Blackwell Pub., Iowa, USA, pp 796-883

10. Kebede M, Chengappa MM, Stuart JG (1990) Isolation and characteri-
zation of temperature-sensitive mutants of Streptococcus suis, efficacy
trial of the mutant vaccine in mice. Vet Microbiol 22:249-257

11. King SJ, Leigh JA, Heath PJ, Luque I, Tarradas C, Dowson CG,
Whatmore AM (2002) Development of a multilocus sequence typing
scheme for the pig pathogen Streptococcus suis: identification of viru-
lent clones and potential capsular serotype exchange. J Clin Microbiol
40:3671-3680

12. Lun Z, Wang Q, Chen X, Li A, Zhu XQ (2007) Streptococcus suis: an
emerging zoonotic pathogen. Lancet Infect Dis 7:201-209

13. Luque I, Tarradas C, Astorga R, Perea A, Wisselink HJ, Vecht U (1998)
The presence of muraminidase released protein and extracellular factor
protein in various serotypes of Streptococcus suis isolated from diseased
and healthy pigs in Spain. Res Vet Sci 66:69-72

14. Marois C, Le Devendec L, Gottschalk M, Kobisch M (2006) Molecular
characterization of Streptococcus suis strains by 16S–23S intergenic
spacer polymerase chain reaction and restriction fragment length poly-
morphism analysis. Can J Vet Res 70:94-104

15. Martínez G, Harel J, Lacouture S, Gottschalk M (2002) Genetic diversi-
ty of Streptococcus suis serotypes 2 and 1/2 isolates recovered from car-
rier pigs in closed herds. Can J Vet Res 66:240-248

16. Okwumabua O, O’Connor M, Shul E (2003) A polymerase chain reac-
tion (PCR) assay specific for Streptococcus suis based on the gene enco-
ding the glutamate dehydrogenase. FEMS Microbiol Lett 218:79-84

17. Orden JA, Domínguez-Bernal G, Martínez-Pulgarín S, et al. (2007)
Necrotoxigenic Escherichia coli from sheep and goats produce a new
type of cytotoxic necrotizing factor (CNF3) associated with the eae and
ehxA genes. Int Microbiol 10:47-55

18. Rehm T, Baums CG, Strommenger B, Beyerbach M, Valentin-Weigand
P, Goethe R (2007) Amplified fragment length polymorphism of
Streptococcus suis strains correlate with their profile of virulence-asso-
ciated genes and clinical background. J Appl Microbiol 56:102-109

19. Silva L, Baums CG, Rehm T, Wisselink H, Goethe R, Valentin-Weigand P
(2006) Virulence-associated gene profiling of Streptococcus suis iso-
lates by PCR. Vet Microbiol 115:117-127

20. Smith HE, Vecht U, Wisselink HJ, Stockhofe-Zurwieden N, Biermann
Y, Smits MA (1996) Mutants of Streptococcus suis types 1 and 2
impaired in expression of muramidase-released protein and extracellu-
lar protein induce disease in newborn germfree pigs. Infect Immun
64:4409-4412

SEROTYPES OF S. SUIS



166 INT. MICROBIOL. Vol. 12, 2009

21. Tarradas C, Borge C, Arenas A, Maldonado A, Astorga R, Miranda A,
Luque I (2001) Suilysin production by Streptococcus suis strains isolated
from diseased and healthy carrier pigs in Spain. Vet Rec 148:183-184

22. Tarradas C, Perea A, Vela AI, et al. (2004) Distribution of serotypes of
Streptococcus suis isolated from diseased pigs in Spain. Vet Rec
154:665-666

23. Vela AI, Goyache J, Tarradas C, et al. (2003) Analysis of genetic diver-
sity of Streptococcus suis clinical isolates from pigs in Spain by pulsed-
field gel electrophoresis. J Clin Microbiol 41:2498-2502

24. Wisselink HJ, Smith HE, Stockhofe-Zurwieden N, Peperkamp K, Vecht
U (2000) Distribution of capsular types and production of muramidase-
released protein (MRP) and extracellular factor (EF) of Streptococcus
suis strains isolated from diseased pigs in seven European countries. Vet
Microbiol 74:237-248 

BLUME ET AL


