
JOURNAL OF CLINICAL MICROBIOLOGY,
0095-1137/97/$04.0010

May 1997, p. 1049–1053 Vol. 35, No. 5

Copyright q 1997, American Society for Microbiology

Virulent Strains of Streptococcus suis Serotype 2 and Highly
Virulent Strains of Streptococcus suis Serotype 1 Can Be

Recognized by a Unique Ribotype Profile
HILDE E. SMITH,1* MARTINE RIJNSBURGER,1 NORBERT STOCKHOFE-ZURWIEDEN,2

HENK J. WISSELINK,1 URI VECHT,1 AND MARI A. SMITS1

Departments of Bacteriology1 and Pathobiology and Epidemiology,2 DLO-Institute for
Animal Science and Health, 8200 AB Lelystad, The Netherlands

Received 30 October 1996/Returned for modification 8 January 1997/Accepted 5 February 1997

The ribotype profiles of 42 different Streptococcus suis strains were studied. These strains belonged to five
serotypes and differed in their virulence for pigs as well as in the expression of the muramidase-released
protein and the extracellular protein factor. For the ribotyping, chromosomal DNAs were digested with EcoRI
and were hybridized with a 1,066-bp ribosomal DNA probe. The hybridization patterns showed genetic
heterogeneity within and between the serotypes. Pathogenic strains of serotype 2 and highly pathogenic strains
of serotype 1 could be recognized by their unique ribotype profiles. Nonpathogenic strains showed a high degree
of genetic heterogeneity. Moreover, by comparing the 16S ribosomal DNA sequences of a number of S. suis
strains, we were able to design two DNA probes which specifically hybridized with S. suis strains.

Streptococcus suis is an important cause of meningitis, pneu-
moniae, septicemia, and arthritis in young pigs (6, 26) and can
cause meningitis in humans (1). Attempts to control the dis-
ease are still hampered by the lack of knowledge about the
epidemiology of the disease and the lack of effective vaccines
and sensitive diagnostics.
S. suis strains are usually identified and classified by their

morphological, biochemical, and serological characteristics
(13, 14, 26). Serological classification is based on the presence
of specific antigenic cell wall polysaccharides. At present, 35
different capsular types have been described (8, 9, 12, 19). In
The Netherlands, as well as in other countries in Europe, S.
suis serotype 2 is the most prevalent type isolated from dis-
eased pigs, followed by serotypes 1 and 9. Strains of serotype 2,
can differ in their virulence (25, 31). Pathogenicity in these
strains is associated with the synthesis of two proteins, mur-
amidase-released protein (MRP) and extracellular protein fac-
tor (EF) (28, 31). Three phenotypes can be distinguished: (i)
strains which synthesize both MRP and EF (MRP1EF1) and
which are pathogenic for young pigs, (ii) strains which synthe-
size MRP and enlarged forms of EF (MRP1EF*) and which
are weakly pathogenic, and (iii) strains which synthesize nei-
ther MRP nor EF (MRP2EF2) and which are nonpathogenic
for young pigs (28, 31).
Between and within the serotypes of S. suis, strains can be

genetically heterogeneous. Because rRNA sequences in bacte-
ria are highly conserved, analysis of strains by restriction frag-
ment length polymorphisms of genes encoding rRNA (ribotyp-
ing) can provide valuable information for taxonomic,
diagnostic, and epidemiological purposes (10, 18, 24, 33). Re-
cent data indicate that ribotyping could be used for the detec-
tion of genetic differences in S. suis isolates (2, 17). These
differences were not observed when serological or biochemical
tests were used (2, 17).
The 16S rRNA sequence of reference strain 6555 of S. suis

serotype 1 has been partially determined (3). A comparative
analysis of this sequence with the 16S rRNA sequences of 30
other species of the genus Streptococcus revealed that S. suis is
a genetically distinct species which displays no specific rela-
tionship to other streptococcal species (3). Moreover, it was
noted that in streptococcal species the highest variability is in
the V1 and V2 regions of their 16S rRNAs (3, 4). The se-
quences of the V1 region of the 16S rRNAs of the other S. suis
strains are yet to be determined.
In the present report we describe the results of the ribotyp-

ing of 42 different S. suis strains. These strains belonged to five
serotypes and differed in their pathogenicities for pigs as well
as in the production of MRP, EF, and EF*. Moreover, by
comparing the 16S ribosomal DNA sequences of a number of
S. suis strains, we were able to design two DNA probes which
specifically hybridize with S. suis.

MATERIALS AND METHODS

Bacterial strains and growth conditions. The S. suis reference strains were
obtained from M. Gottschalk, Faculté de Médicine Vétérinaire, Université de
Montréal, Saint-Hyacinthe, Québec, Canada. The various S. suis serotype 1, 1/2,
2, 4, and 9 strains were obtained from different sources (Table 1). Most strains
were obtained from the Animal Health Services, Boxtel, Deventer, The Neth-
erlands. These strains were isolated from the organs of diseased pigs. Other
strains were isolated from the tonsils of healthy pigs after slaughter. Strain 6230
(serotype 4) was obtained from L. Galina, Department of Large Animal Clinical
Sciences, University of Minnesota. The Streptococcus pyogenes, Streptococcus
uberis, and Streptococcus bovis strains were from the laboratory collection of the
DLO-Institute for Animal Science and Health.
The strains were grown in Todd-Hewitt broth (code CM189; Oxoid, Ltd.,

London, England) and were plated on Columbia agar blood base (code CM331;
Oxoid) containing 6% horse blood.
Serotyping. The S. suis strains were serotyped by the slide agglutination test

with serotype-specific antibodies (26).
Phenotyping. The strains were analyzed for the production of MRP and EF by

Western blotting (immunoblotting) and enzyme-linked immunosorbent assays.
For Western blot analysis proteins were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (15) with 4% stacking gels and 6% separating
gels. The separated proteins were transferred to nitrocellulose filters in a semidry
transfer cell (Bio-Rad Laboratories, Richmond, Calif.). To detect specific pro-
teins the blots were incubated with monoclonal antibodies directed against MRP
or EF (27). Bound antibodies were visualized with antirabbit sera conjugated
with alkaline phosphatase (Zymed Laboratories, San Francisco, Calif.) as de-
scribed by Sambrook et al. (20).
The presence of MRP, EF, and their variant proteins MRP*, MRPs (a variant
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of MRP with a lower molecular mass), and EF* in culture supernatants of S. suis
cultures was determined with MRP- and EF-specific double-antibody sandwich
enzyme-linked immunosorbent assays as described by Vecht et al. (27).
Pathogenicity. The pathogenicities of the S. suis strains were determined in

germfree pigs, as described before (28). Briefly, 5-day-old pigs were inoculated
intranasally with about 107 CFU of Bordetella bronchiseptica 92932. Two days
later the pigs were inoculated intranasally with S. suis (106 CFU for S. suis
serotypes 2 and 9 and 104 CFU for S. suis serotype 1). Pigs were monitored twice
daily for clinical signs of disease. Blood samples were collected three times a
week from each pig. The numbers of leukocytes were counted with a cell counter.
To monitor infection with S. suis and B. bronchiseptica, we collected nasopha-
ryngeal swab specimens and feces daily. The swabs were plated directly onto
Columbia agar containing 6% horse blood. After the pigs were killed, they were
examined for pathological changes. Tissue specimens from the central nervous

system, serosae, and joints were examined bacteriologically and histologically as
described previously (28).
Ribotyping. Chromosomal DNA was isolated and digested with restriction

enzymes as described by Sambrook et al. (20). DNA fragments were separated
on 0.8% agarose gels, and the fragments were transferred to Zeta-Probe GT
membranes (Bio-Rad Laboratories) as described by Sambrook et al. (20). We
used two different hybridization procedures. (i) The DNA on the blots was
hybridized overnight at 658C with a 1,066-bp 16S ribosomal DNA probe as
recommended by the supplier of the Zeta-Probe membranes. After hybridiza-
tion, the membranes were washed twice with a solution of 40 mM sodium
phosphate (pH 7.2), 1 mM EDTA, and 5% sodium dodecyl sulfate for 30 min at
658C and twice with a solution of 40 mM sodium phosphate (pH 7.2), 1 mM
EDTA, and 1% sodium dodecyl sulfate for 30 min at 658C.
(ii) The DNA on the blots was hybridized overnight at 428C with oligonucle-

otides specific for 16S rRNA domains V1 and V2 (see below) in a solution of 53
SSC (13 SSC is 0.15 M NaCl plus 0.015 M sodium citrate [pH 7.0]), 0.2% Ficoll,
0.2% polyvinylpyrrolidone, 0.2% bovine serum albumin, 2% sodium dodecyl
sulfate, and 100 mg of sheared salmon sperm DNA per ml. After hybridization,
the membranes were washed twice for 30 min each time at 428C in a solution of
33 SSC, 0.1% Ficoll, 0.1% polyvinylpyrrolidone, 0.1% bovine serum albumin,
and 5% sodium dodecyl sulfate.
Probes. As probes we used a 1,066-bp fragment from the 16S ribosomal DNA

region. To obtain this fragment, the chromosomal DNA of strain 10 was used as
a template in a PCR with the oligonucleotides 59-GGTTGCGCTCGTTGCGG
GAC-39 and 59-GAGAGTTTGATCCTGGCTCAGGA-39. These oligonucleo-
tides are located at positions 1113 to 1094 and 6 to 28, respectively (numbering
according to that used for Escherichia coli [5]) of the 16S rRNA sequence of S.
suis (3). The PCR product was labeled with [a-32P]dCTP (3,000 Ci/mmol; Am-
ersham Corp., Arlington Heights, Ill.) with a randomly primed labeling kit
(Boehringer, Mannheim, Germany). In addition, two oligonucleotides were used
as probes. The oligonucleotide 59-TGAAGTATCGTGCTTACACTAGACGG
ATG-39 is specific for the V1 region of the 16S rRNA sequence of S. suis and
corresponds to positions 70 to 98 (E. coli numbering [5]). The oligonucleotide
59-TAACAGTATTTACCGCATGGTAGATA-39 is specific for the V2 region of
the 16S rRNA sequence of S. suis and corresponds to positions 180 to 205 (E. coli
numbering [5]). The oligonucleotides were labeled with [g-32P]dATP (5,000
Ci/mmol; Amersham Corp.) as described by Sambrook et al. (20).
DNA sequence analysis. The 16S ribosomal DNA fragments were amplified in

a PCR by using chromosomal DNAs of various S. suis strains as templates. In
these reactions we used the primers 59-GAGAGTTTGATCCTGGCTCAGGA
-39 (positions 6 to 28; E. coli numbering [5]) and 59-GGTTGCGCTCGTTGCG
GGAC-39 (positions 1113 to 1094; E. coli numbering [5]). The PCR products
were purified by use of a QIAquick-spin PCR purification kit (Qiagen Inc.,
Chatsworth, Calif.), and the purified products were used for sequence analysis. In
this analysis the primers 59-GATCACCCTCTCAGGTAGGC-39 (positions 289
to 308; E. coli numbering [5]) and 59-GAGAGTTTGATCCTGGCTCAGGA-39
(positions 6 to 28; E. coli numbering [5]) were used. DNA sequences were
determined on a 373A DNA Sequencing System (Applied Biosystems, Foster
City, Calif.). Samples were prepared by use of a ABI/PRISM dye terminator
cycle sequencing kit (Perkin-Elmer, Foster City, Calif.).

RESULTS

Phenotypes and pathogenicity.We measured the expression
of MRP and EF in a number of S. suis strains belonging to
serotypes 1, 1/2, 4, and 9. Previously, we described that within
serotype 2 three phenotypically different strains (MRP1EF1,
MRP1EF*, and MRP2EF2) could be distinguished (28, 31)
(Table 1). After serotype 2, serotypes 1 and 9 are the most
prevalent types isolated from diseased pigs. Within S. suis
serotype 1, two phenotypically different strains could be dis-
tinguished (Table 1). Strains showing the first phenotype
(MRPsEF1) produced the 110-kDa EF and a protein of about
120 kDa which is highly homologous with MRP but which has
a lower molecular mass (29, 30). This smaller protein was
designated MRPs. Previously, we showed that the 136-kDa
MRP contains a number of amino acid repeats (21). Analysis
of the genes encoding MRP and MRPs by PCR and Southern
hybridization revealed that the differences in molecular mass
between MRP and MRPs resulted from differences in the
number of amino acid repeats (22). Strains showing the second
phenotype (MRP2EF2) produced neither MRP nor EF. The
MRPsEF1 strains of serotype 1 were highly pathogenic for
young germfree pigs and caused septicemia and acute death
within 48 h after intranasal inoculation (23). MRP2EF2 strain
6555 of serotype 1 was much less virulent, but it still induced

TABLE 1. Characteristics of S. suis strains

Strain Serotype MRPa EFa Sourceb Virulence for pigsc

6388 1 s 1 O HV
6290 1 s 1 CNS HV
6112 1 s 1 O HV
5637 1 2 2 T AV
6555Rd 1 2 2 U V

5673 1/2 * 2 T ND
5679 1/2 * 2 T ND
5928 1/2 * 2 U ND
5933 1/2 * 2 U ND
5934 1/2 * 2 U ND
5939 1/2 * 2 U ND
6233 1/2 * 2 L ND
6468 1/2 * 2 L ND
2492 1/2 2 2 L ND
5209R 1/2 2 2 U ND
5810 1/2 2 2 T ND
3305 1/2 2 2 T ND

D282 2 1 1 CNS V
3 2 1 1 CNS V
10 2 1 1 T V
17 2 1 * T WV
24 2 1 * H WV
28 2 1 * H WV
T15 2 2 2 T AV
12 2 2 2 T AV
16 2 2 2 T AV

5213R 4 s 2 T ND
5639 4 s 2 U ND
6080 4 s 2 L ND
6145 4 s 2 L ND
5997 4 s 2 U ND
6136 4 s 2 U ND
5638 4 2 2 U ND
5921 4 2 2 T ND
5920 4 2 2 U ND
6230 4 2 2 O ND
6473 4 2 2 CNS ND
6072 4 2 2 L ND

5973 9 * 2 CNS AV
6437 9 * 2 O AV
5218R 9 2 2 U AV
6207 9 2 2 T AV

a 1, protein is present; 2, protein is absent; *, variant of protein with a higher
molecular mass is present; s, protein with a lower molecular mass is present.
b Strains were derived from pigs unless they are designated with H or U. CNS,

central nervous system; T, tonsils; H, human; L, lungs; O, various organs; U,
source unknown.
c HV, highly virulent; V, virulent; WV, weakly virulent; AV, avirulent; ND, not

determined (23, 28, 31).
d R, reference strain.
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meningitis, polyarthritis, and occasionally, death 7 to 10 days
after inoculation. However, MRP2EF2 strain 5637 did not
induce any signs of disease (23).
Within S. suis serotype 9 we could also distinguish two phe-

notypically different strains (29, 30). Strains of the first pheno-
type (MRP*EF2) produced MRP-like proteins with molecular
masses of about 148 kDa. These strains did not produce EF.
Compared with the 136-kDa MRP, MRP* contained more
amino acid repeats (22). Strains of the second type
(MRP2EF2) produced neither MRP nor EF. The MRP*EF2

as well as the MRP2EF2 strains of serotype 9 proved to be
nonpathogenic for young germfree pigs after intranasal inoc-
ulation (29). After intravenous inoculation, however, the
MRP*EF2 strains could induce some signs of disease (29).
Strains of serotype 1/2 belonged either to an MRP*EF2

phenotype (molecular mass of MRP*, 140 kDa) or to an
MRP2EF2 phenotype. Strains of S. suis serotype 4 had either
an MRP2EF2 or an MRPsEF2 phenotype. The MRPsEF2

strains produced an MRP of about 125 kDa (30). The patho-
genicity of the serotype 1/2 and 4 strains for pigs has not been
tested so far.
Ribotypes. To determine the ribotype patterns of the various

S. suis strains, Southern blots of EcoRI-digested chromosomal
DNAs were hybridized with a 1,066-bp 16S ribosomal DNA
probe. The hybridization patterns showed genetic heterogene-
ity within and between the S. suis serotypes. Among the 42
strains analyzed, 15 different profiles were identified (Fig. 1;
Table 2). Surprisingly, the pathogenic MRP1EF1 strains of
serotype 2 and the highly pathogenic MRPsEF1 strains of
serotype 1 had identical profiles (profile A). Therefore, this
profile seemed to be specific for pathogenic strains producing
both MRP (or MRPs) and EF. The weakly pathogenic
MRP1EF* strains of serotype 2 showed similar profiles as well
(profile B). Profiles A and B looked very much alike, but they
differed in their high-molecular-mass bands.
All eight strains of serotype 1/2 with the MRP*EF2 pheno-

type showed identical profiles (profile I). However, this dif-
fered from the profile of the two MRP*EF2 strains of serotype
9 (profile F). Among the six MRPsEF2 strains of serotype 4,
two different profiles (profiles K and L) were identified. Strains
with an MRP2EF2 phenotype were very heterogeneous.
Among the 17 strains showing this phenotype, nine different
profiles were observed. The profiles of the two MRP2EF2

strains of serotype 1 differed from each other (profiles D and
E). However, profile E was shared with one of the MRP2EF2

strains of serotype 1/2.
16S rRNA sequences. We determined the nucleotide se-

quences of the V1 and V2 regions of the 16S ribosomal DNAs
of a number of S. suis strains belonging to serotypes 1, 2, and
9 and having different phenotypes and different ribotype pat-
terns. The nucleotide sequence of the 59 region of the 16S
ribosomal DNA of strain D282 (serotype 2, MRP1EF1) is
shown in Fig. 2. Analysis of the nucleotide sequences revealed
that the V1 and V2 regions of the various 16S rDNA sequences
were almost identical (data not shown). Moreover, the se-
quence of the V2 region was identical to the sequence de-
scribed by Bentley et al. (3). These data confirm that the 42
strains examined belong to the species of S. suis. Because
streptococcal species show high variabilities in the V1 and V2
regions of their 16S rRNAs, these regions could prove suitable
for use in designing DNA probes specific for S. suis strains.
Two oligonucleotides were selected and tested as probes on
EcoRI digests of chromosomal DNAs of various S. suis strains
and of an S. uberis, an S. bovis, and an S. pyogenes strain. Figure
3 shows that both probes discriminated between the S. suis
strains and the other streptococcal species. Therefore, these
probes may prove to be useful for identifying S. suis strains
both for diagnostic purposes and in epidemiological studies.

FIG. 1. Southern blots of chromosomal DNAs of various S. suis strains.
Chromosomal DNAs were digested with EcoRI and probed with a 1,066-bp
ribosomal DNA fragment. (A) Chromosomal DNAs of strains of serotypes 2, 1,
and 9. (B) Chromosomal DNAs of strains of serotypes 1/2 and 2 as well as
chromosomal DNAs of S. pyogenes (Spy), S. uberis (Sub) and S. bovis (Sbo)
strains. (C) Chromosomal DNAs of strains of serotypes 4 and 2 as well as
chromosomal DNAs of S. pyogenes (Spy), S. uberis (Sub), and S. bovis (Sbo)
strains. Strain designations are indicated above the lanes. The serotypes of the
strains, their phenotypes (synthesis of MRP, EF, and variants thereof), and their
ribotype profiles are indicated above the lanes. The molecular size markers
(MW) are indicated (in kilobases).
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DISCUSSION

The use of restriction fragment length polymorphism anal-
ysis for genes encoding rRNA (ribotyping) is an established
technique for studying relationships between microorganisms
(10, 18, 24, 33). Usually, it allows for the detection of different
strains of the same species (3, 10, 18, 24, 33). Therefore, this
method can be very useful for epidemiological and transmis-
sion studies. Recently, this technique was shown to be success-
ful in detecting genetic differences in S. suis strains that could
not be observed by serological and biochemical tests (2, 11,
17). The restriction endonuclease patterns of total chromo-
somal DNA has also been used to discriminate between S. suis
strains (16, 17). However, these patterns contained an abun-
dance of DNA bands which did not allow reliable comparisons
and conclusions to be made (17).
We previously described that two proteins, MRP (or MRPs)

and EF, are associated with pathogenic strains of S. suis type 2
as well as with highly pathogenic strains of S. suis type 1. In the
present work we showed that strains which synthesize both
MRP (or MRPs) and EF had a unique ribotype profile (profile
A). This profile was independent of the serotype of the strains.
These data suggest that these strains are very closely related
and may have originated from a common ancestor. Moreover,
these data suggest that ribotyping can be used to detect highly
pathogenic S. suis type 1 and pathogenic S. suis type 2 strains.
Compared with the highly pathogenic strains of serotype 1, the
reference strain 6555 had a reduced pathogenicity, but could
still cause disease in pigs (23). This strain did not synthesize
MRP or EF and had a different ribotype profile (profile E).
Profile E was also associated with one of the MRP2EF2

strains of serotype 1/2. The pathogenicity of this serotype 1/2
strain is as yet unknown.
Profile B seemed to be specific for MRP1EF* strains of

serotype 2. Profiles A and B looked very much alike, differing
only in the high-molecular-mass bands. MRP1EF* strains
were only weakly pathogenic for young pigs. Strains with an
MRP1EF* phenotype were predominantly isolated from hu-
man patients (26), suggesting that these strains are more

pathogenic for humans than for pigs. In humans the portals of
entry of S. suis are probably small infected wounds (1); in pigs
these are most probably the mucosae of the nasopharynges and
the palatine tonsils (7, 32). Therefore, the early pathogenesis
of S. suis infections in pigs and humans may differ.
Recently, Okwumabua et al. (17) described that nonpatho-

genic strains of S. suis serotype 2 could be distinguished from
pathogenic strains by ribotyping. In those studies, two non-
pathogenic strains (strains DH5 and 0891) and one pathogenic
strain (strain 86-3977B) were used. We compared the pub-
lished profiles of these strains with our ribotype profiles. The
profile of virulent strain 86-3977B seemed to be identical to
profile A, which was the profile of the MRP (or MRPs)- and

FIG. 2. Nucleotide sequence of the 59 end of the ribosomal DNA region of
S. suis D282 (serotype 2; MRP1EF1). The V1 and V2 regions are underlined.

FIG. 3. Southern blots of chromosomal DNAs of various S. suis strains and
S. pyogenes (Spy), S. uberis (Sub), and S. bovis (Sbo) strains. The chromosomal
DNAs were digested with EcoRI and probed with a DNA probe specific for the
V1 region of the 16S ribosomal DNA (A) and a DNA probe specific for the V2
region of the 16S ribosomal DNA (B). Strain designations are indicated above
the lanes. The serotypes of the strains, their phenotypes (production of MRP and
EF), and their ribotype profiles are indicated above the lanes. The molecular size
markers (MW) are indicated (in kilobases).

TABLE 2. Ribotype profiles

Serotype

Profile for strains with the following pathogenicity and phenotypea

HV, MRPsEF1
V

WV, MRP1EF*
AV ND

MRP1EF1 MRP2EF2 MRP*EF2 MRP2EF2 MRP*EF2 MRPsEF2 MRP2EF2

1 A3 E1 D1

2 A3 B3 C3

9 F2 G1,H1

1/2 I8 E1, J3

4 K4,L2 M2, N3, O1

a Different profiles are indicated with different capital letters. The superscript numbers indicate the number of strains analyzed. HV, highly virulent; V, virulent; WV,
weakly virulent; AV, avirulent; ND, not determined.
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EF-positive strains. The profiles of nonpathogenic strains DH5
and 0891 seemed similar to profile I (MRP*EF2 strains) ex-
cept for an extra band of about 5 kb. Overall, these data
support our observation that ribotype profile A is associated
with pathogenic serotype 2 strains. If it is the case that patho-
genic and nonpathogenic serotype 2 strains can be distin-
guished by their ribotype patterns, the method may prove to be
important in diagnosing S. suis serotype 2 infections and in
controlling the disease. Moreover, although not all pathogenic
S. suis serotype 1 strains will be detected by ribotyping, the
method could be used for the detection of the highly patho-
genic strains. In addition, the method can contribute to our
knowledge concerning the transmission and epidemiology of
diseases caused by S. suis.
The data presented here, as well as those presented previ-

ously (17), also indicate that a considerable genetic heteroge-
neity exists between and within S. suis serotypes and pheno-
types. The highest variability was observed between strains
with an MRP2EF2 phenotype. Since we consider MRP2EF2

strains to be nonpathogenic, these data are in accordance with
the results obtained by Beaudoin et al. (2), who showed that
isolates from clinically healthy pigs showed more heteroge-
neous restriction enzyme profiles than those from diseased
pigs.
Despite the heterogeneity in ribotype profiles, the sequences

of the V1 and V2 regions of the 16S ribosomal DNAs of a
number of S. suis strains were almost identical. On the basis of
these data we designed oligonucleotide probes complementary
to the V1 and V2 regions. Both probes specifically hybridized
to DNAs from S. suis strains. Therefore, these probes may be
useful as diagnostic tools in the future identification of S. suis
strains. However, since only a limited number of streptococcal
species was tested, a more comprehensive study is necessary to
determine the specificities of these probes.

REFERENCES

1. Arends, J. P., and H. C. Zanen. 1988. Meningitis caused by Streptococcus suis
in humans. Rev. Infect. Dis. 10:131–137.

2. Beaudoin, M., J. Harel, R. Higgins, M. Gottschalk, M. Frenette, and J. I.
MacInnes. 1992. Molecular analysis of isolates of Streptococcus suis capsular
type 2 by restriction-endonuclease-digested DNA separated on SDS-PAGE
and by hybridization with an rDNA probe. J. Gen. Microbiol. 138:2639–2645.

3. Bentley, R. W., J. A. Leigh, and M. D. Collins. 1991. Intragenic structure of
Streptococcus based on comparative analysis of small-subunit rRNA se-
quences. Int. J. Syst. Bacteriol. 41:487–494.

4. Bentley, R. W., and J. A. Leigh. Unpublished data.
5. Brosius, J., J. L. Palmer, J. P. Kennedy, and H. F. Noller. 1978. Complete
nucleotide sequence of a 16S ribosomal RNA gene from Escherichia coli.
Proc. Natl. Acad. Sci. USA 75:4801–4805.

6. Clifton-Hadley, F. A. 1983. Streptococcus suis type 2 infections. Br. Vet. J.
139:1–5.

7. Clifton-Hadley, F. A., and T. J. L. Alexander. 1980. The carrier site and
carrier rate of Streptococcus suis type 2 in pigs. Vet. Rec. 107:40–41.

8. Gottschalk, M., R. Higgins, M. Jacques, M. Beaudoin, and J. Henrichsen.
1991. Characterization of six new capsular types (23 through 28) of Strepto-
coccus suis. J. Clin. Microbiol. 29:2590–2594.

9. Gottschalk, M., R. Higgins, M. Jacques, K. R. Mittal and J. Henrichsen.
1989. Description of 14 new capsular types of Streptococcus suis. J. Clin.
Microbiol. 27:2633–2636.

10. Grimont, F., and P. A. D. Grimont. 1986. Ribosomal ribonucleic acid gene

restriction patterns as potential taxonomic tools. Ann. Inst. Pasteur Micro-
biol. 137B:165–175.

11. Harel, J., R. Higgins, M. Gottschalk, and M. Bigras-Poulin. 1994. Genomic
relatedness amoung reference strains of different Streptococcus suis sero-
types. Can. J. Vet. Res. 58:259–262.

12. Higgins, R., M. Gottschalk, M. Boudreau, A. Lebrun, and J. Henrichsen.
1995. Description of six new capsular types (20 through 34) of Streptococcus
suis. J. Vet. Diagn. Invest. 7:405–406.

13. Hommez, J., L. A. Devrieze, J. Henrichsen, and F. Castryck. 1986. Identifi-
cation and characterization of Streptococcus suis. Vet. Microbiol. 16:349–355.

14. Killper-Balz, R., and K. H. Schleifer. 1987. Streptococcus suis sp. nov. nom.
rev. Int. J. Syst. Bacteriol. 37:160–162.

15. Laemmli, U. K. 1970. Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature 227:680–685.

16. Mogollon, J. D., C. Pijoan, M. P. Murtaugh, E. L. Kaplan, J. E. Collins, and
P. P. Cleary. Characterization of prototype and clinically defined strains of
Streptococcus suis by genomic fingerprinting. J. Clin. Microbiol. 28:2462–
2466.

17. Okwumabua, O., J. Staats, and M. M. Chengappa. 1995. Detection of
genomic heterogeneity in Streptococcus suis isolates by DNA restriction
fragment length polymorphisms of rRNA genes (ribotyping). J. Clin. Micro-
biol. 33:968–972.

18. Owen, R. J. 1989. Chromosomal DNA fingerprinting: a new method of
species and strain identification applicable to microbial pathogens. J. Med.
Microbiol. 30:89–99.

19. Perch, B., K. B. Pedersen, and J. Henrichsen. 1983. Serology of capsulated
streptococci pathogenic for pigs: six new serotypes of Streptococcus suis.
J. Clin. Microbiol. 19:993–996.

20. Sambrook, J., E. F. Fritsch, and T. Maniatis. 1989. Molecular cloning: a
laboratory manual, 2nd ed. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y.

21. Smith, H. E., U. Vecht, A. L. J. Gielkens, and M. A. Smits. 1992. Cloning and
nucleotide sequence of the gene encoding the 136-kilodalton surface protein
(muramidase-released protein) of Streptococcus suis type 2. Infect. Immun.
60:2361–2367.

22. Smith, H. E., H. J. Wisselink, and U. Vecht. Unpublished data.
23. Stockhofe-Zurwieden, N., U. Vecht, H. J. Wisselink, H. van Lieshout, and

H. E. Smith. 1996. Comparative studies on the pathogenicity of different
Streptococcus suis serotype 1 strains, p. 299. In Proceedings of the 14th IPVS
Congress.

24. Stull, T. L., J. J. Lilipuma, and T. D. Edlind. 1988. A broad spectrum probe
for molecular epidemiology of bacteria: ribosomal RNA. J. Infect. Dis.
157:280–286.

25. Vecht, U., J. P. Arends, E. J. van der Molen, and L. A. M. G. van Leengoed.
1989. Differences in virulence between two strains of Streptococcus suis type
2 after experimentally induced infection of newborn germfree pigs. Am. J.
Vet. Res. 50:1037–1043.

26. Vecht, U., L. A. M. G. van Leengoed, and E. R. M. Verheyen. 1985. Strepto-
coccus suis infections in pigs in The Netherlands (part one). Vet. Q. 7:315–
321.

27. Vecht, U., H. J. Wisselink, J. Annakotta, and H. E. Smith. 1993. Discrimi-
nation between virulent and nonvirulent Streptococcus suis type 2 strains by
enzyme-linked immunosorbent assay. Vet. Microbiol. 43:71–82.

28. Vecht, U., H. J. Wisselink, M. L. Jellema, and H. E. Smith. 1991. Identifi-
cation of two proteins associated with virulence of Streptococcus suis type 2.
Infect. Immun. 59:3156–3162.

29. Vecht, U., H. J. Wisselink, F. H. Reek, N. Stockhofe-Zurwieden, and H. E.
Smith. 1996. Diagnosis of several capsular serotypes of Streptococcus suis by
phenotype and PCR and the relation with virulence for pigs. p. 298. In
Proceedings of the 14th IPVS Congress.

30. Vecht, U, H. J. Wisselink, and H. E. Smith. Unpublished data.
31. Vecht, U., H. J. Wisselink, J. E. van Dijk, and H. E. Smith. 1992. Virulence

of Streptococcus suis type 2 strains in newborn germfree pigs depends on
phenotype. Infect. Immun. 60:550–556.

32. Williams, M. D., G. H. K. Lawson, and A. C. Rowland. 1973. Streptococcal
infection in piglets: the pulatine tonsils as portals of entry for Streptococcus
suis. Res. Vet. Sci. 15:352–362.

33. Woese, C. R. 1987. Bacterial evolution. Microbiol. Rev. 51:221–271.

VOL. 35, 1997 RIBOTYPING OF S. SUIS STRAINS 1053


