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A total of 122 Streptococcus suis serotype 2 strains were characterized thoroughly by comparing clinical and
pathological observations, ribotype profiles, and antimicrobial resistance. Twenty-one different ribotype pro-
files were found and compared by cluster analysis, resulting in the identification of three ribotype clusters. A
total of 58% of all strains investigated were of two ribotypes belonging to different ribotype clusters. A re-
markable relationship existed between the observed ribotype profiles and the clinical-pathological observations
because strains of one of the two dominant ribotypes were almost exclusively isolated from pigs with meningitis,
while strains of the other dominant ribotype were never associated with meningitis. This second ribotype was
isolated only from pigs with pneumonia, endocarditis, pericarditis, or septicemia. Cluster analysis revealed that
strains belonging to the same ribotype cluster as one of the dominant ribotypes came from pigs that showed
clinical signs similar to those of pigs infected with strains with the respective dominant ribotype profiles.
Furthermore, strains belonging to different ribotype clusters had totally different patterns of resistance to
antibiotics because strains isolated from pigs with meningitis were resistant to sulfamethazoxazole and strains
isolated from pigs with pneumonia, endocarditis, pericarditis, or septicemia were resistant to tetracycline.

The gram-positive bacterium Streptococcus suis is an organ-
ism of increasing importance in pig production all over the
world. Today 35 different serotypes of S. suis are described (9,
10, 13, 19). Most of the serotypes have been detected in healthy
pigs, but a few of the serotypes are very often associated with
clinical infections such as meningitis, septicemia, pneumonia,
endocarditis, pericarditis, and arthritis (6). S. suis serotype 2
has widely been reported to be the most pathogenic serotype,
but in Denmark the most prevalent pathogenic S. suis serotype
was, until recently, serotype 7 (19). However, since 1982 sero-
type 2 has been isolated more and more frequently from dis-
eased pigs, and today, S. suis serotype 2 is the dominant patho-
genic serotype in Denmark (1, 8).

Along with the increasing importance of S. suis serotype 2
infections in pig production, an intensive search for virulence
factors has been carried out (11, 14, 20, 21, 25, 28). Unfortu-
nately, this work has so far not revealed any true virulence
factors (22). Genotypic characterization of S. suis in general
has primarily been done by restriction endonuclease analysis
(3, 16) or ribotyping (4, 12, 18, 23, 24) and has revealed dif-
ferences and homologies at the serotype and the subserotype
levels. However, a thorough characterization of S. suis serotype
2 strains has never been performed.

In this study, four different collections of S. suis serotype 2
strains were investigated. The first collection consisted of 5
well-characterized avirulent strains, the second consisted of 18
strains isolated from Danish pigs from 1967 to 1982, the third
consisted of 16 strains isolated from humans from 1966 to
1989, and the fourth consisted of 83 stains isolated from Dan-
ish pigs from 1995 to 1997. In all, 122 strains were investigated
by ribotyping and for antimicrobial resistance, and possible
associations with clinical-pathological observations were exam-
ined.

MATERIALS AND METHODS

Bacterial strains and growth conditions. Five well-characterized avirulent
S. suis serotype 2 strains, strains 12, 18, 25, and T15 (4, 27, 29, 31) and strain
89-1591 (21a), were donated by Hilde Smidt, DLO-Institute for Animal Science
and Health, Lelystad, The Netherlands. Eighteen S. suis serotype 2 strains iso-
lated from pigs from 1967 to 1982 and 16 S. suis strains isolated from humans
from 1966 to 1989 were kindly donated by Susanne Sauer and Helle B. Konrad-
sen, Statens Serum Institut, Copenhagen, Denmark.

The remaining 83 strains were isolated from diseased pigs at the Danish
Veterinary Laboratory from 1995 to 1997 and were identified as S. suis.

Pathology and clinical disease. Detailed information about porcine-derived
strains collected during the period from 1967 to 1982 were, unfortunately, not
available.

The 83 strains isolated over the period from 1995 to 1997 were isolated from
pigs received at the Danish Veterinary Laboratory for routine diagnostic inves-
tigation. The observed pathological findings were compared with information on
the clinical symptoms presented by the veterinarians on standard forms following
submission of the material to the laboratory. Pigs with a history of central
nervous system symptoms were routinely investigated by histopathology. The
most significant pathological changes were registered as meningitis, pneumonia,
pericarditis, endocarditis, arthritis, and septicemia. Septicemia was diagnosed
only when S. suis serotype 2 strains were isolated from at least two different
organs and the anamnestic information was in accordance with septicemia.

Data for pigs for which there was insufficient material (e.g., only one organ)
and for which very limited information was available from the veterinarian were
excluded because no conclusion could be made concerning significant pathology,
history, or cause of death.

Isolation, identification, serotyping, and antimicrobial susceptibility testing.
Isolation, identification, serotyping, and antimicrobial susceptibility testing were
done as described previously (1, 2).

Extraction of DNA. All concentrations given below in parentheses are the final
concentrations. A total of 125 ml of Todd-Hewitt broth plus 5% horse serum that
had been inoculated and incubated overnight was centrifuged, and the pellet was
resuspended in 0.6 ml of 10% sucrose–50 mM Tris (pH 8.0). After the addition
of lysozyme (1.67 mg/ml) and EDTA (0.1 M), the suspension was incubated at
20°C for 30 min. The cell membrane was lysed by the addition of sodium dodecyl
sulfate (1.67%), and the liberated protein was degraded during a 2-h incubation
at 60°C with proteinase K (0.26 mg/ml). Nucleic acids were extracted with
phenol-chloroform and precipitated with ethanol.

Ribotyping. Approximately 15 mg of DNA was digested with 30 U of restric-
tion endonuclease at 37°C for 3 h. The DNA fragments were separated on a 0.7%
agarose gel. The gels were run overnight at 1.4 V/cm. The separated DNA
fragments were blotted onto a nylon membrane (Hybond; Amersham) by tradi-
tional Southern blotting and fixed with UV light.

Hybridization was done overnight in 23 SSC (13 SSC is 0.15 M NaCl plus
0.015 M sodium citrate) at 60°C. As probe, a sequence complementary to a
conserved region of the 16S gene (31) randomly labeled with digoxigenin (DIG)
was used. After hybridization the membrane was washed stringently with 0.13
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SSC at 60°C. The addition of anti-DIG–alkaline phosphatase conjugate and
substrate reaction with 5-bromo-4-chloro-3-indolyllphosphate toluidinium salt
and Nitro Blue Tetrazolium were done with the DIG Wash and Block Buffer Set
as described by the manufacturer (Boehringer-Mannheim).

Cluster analysis was done with GelCompar software, version 4.0 (Applied
Maths, Kortrijk, Belgium).

RESULTS

During the initial experiments the restriction endonucleases
BamHI, BglII, EcoRI, HaeIII, HindIII, and SmaI were used to
generate DNA fragment patterns. It was found that EcoRI
gave highly heterogeneous band patterns, facilitating segrega-
tion of the strains analyzed. All strains were also analyzed by
using HaeIII for restriction endonuclease analysis (data not
shown). On the basis of an investigation of all 122 isolates, 21
different ribotype profiles were detected, and 11 of these were
found repeatedly (Fig. 1). Of these 11 ribotype profiles, 2
(ribotypes 1 and 11) accounted for 58% of all isolates analyzed.

On the basis of cluster analysis, all identified ribotype pro-
files could be separated into two major clusters and one inter-
mediate cluster (Fig. 2). Cluster I consisted of four refound
ribotypes (ribotypes 1, 2, 3, and 4 in Fig. 1) and three unique
ribotypes. Cluster II consisted of three refound ribotypes (ri-
botypes 5, 6, and 7 in Fig. 1), while cluster III consisted of four

refound ribotypes (ribotypes 8, 9, 10, and 11 in Fig. 1) and
seven unique ribotypes.

Avirulent strains. When analyzing the collection of strains
previously described as avirulent (4, 27, 29, 31), three ribotype
profiles were observed. Strains 12, 18, and T15 all had the
ribotype 4 profile, strain 25 had the ribotype 3 profile, and
strain 89-1591 had a unique profile.

Strains isolated from pigs from 1967 to 1982 and from hu-
mans from 1966 to 1989. Among the 34 strains isolated from
humans and pigs, ribotype profiles were compared by species
of origin and MICs (Fig. 2). In total, eight ribotype profiles
were identified. Determination of the antimicrobial resistance
patterns revealed that a large fraction of the strains were re-
sistant to sulfamethoxazole. Two ribotype profiles were domi-
nant, because 74% (25 of 34) of the strains in these collections
were of ribotype profiles 1 and 2. Sixteen strains were isolated
from humans with clinical meningitis. Of these, 56% (9 of 16)
had the ribotype 2 profile and 13% (2 of 16) had the ribotype
1 profile, while the remaining strains had four different ribo-
type profiles. The strains originating from pigs had five differ-
ent ribotype profiles. Among these strains, 44% (8 of 18) shared
the ribotype 2 profile and 33% (6 of 18) shared the ribotype 1
profile. Of all the strains originating from humans or pigs and
isolated before 1989, 50% (17 of 34) shared the ribotype 2
profile. Ribotype 2 was seen only in the collections of strains
isolated before 1989.

Strains isolated from pigs from 1995 to 1997. For the 83
S. suis serotype 2 strains isolated at the Danish Veterinary
Laboratory, the ribotype profiles, MICs, and clinical-patholog-
ical observations were compared (Fig. 2). A total of 14 ribotype
profiles were identified. Two of the ribotype profiles (profile 1,
belonging to ribotype cluster I, and profile 11, belonging to
ribotype cluster III) were dominant because 76% (70 of 92) of
the strains had one of these two ribotype profiles. A total of
81% (26 of 32) of the strains in ribotype cluster I were isolated
from pigs with meningitis. None of the strains belonging to
ribotype cluster III originated from pigs with meningitis. All
strains in ribotype cluster III were isolated from pigs with
clinical pneumonia, pericarditis, endocarditis, or septicemia.

The MIC determinations indicated two patterns of resis-
tance. First, a few strains that were evenly distributed among
all ribotype profiles were resistant to multiple antibiotics (data
not shown). Detailed data on the antimicrobial resistance of all
strains will be reported elsewhere (2). Second, major differ-
ences were identified when the antibiotic resistance was com-
pared with the ribotype clusters. A vast majority of the strains
in ribotype cluster I were resistant to sulfamethoxazole, while
most strains in ribotype cluster III were resistant to tetracy-
cline.

DISCUSSION

S. suis is a very common infectious agent in pigs, and car-
riage rates of up to 100% among all pig herds have been re-
ported (17). However, because only a few of these infections
result in clinical disease (7), a majority of the S. suis strains
normally isolated from pigs are expected to be less virulent.
Furthermore, the existence of avirulent S. suis serotype 2 strains
has been demonstrated (30). Because the high carriage rates
complicate efficient control of S. suis, a test discriminating be-
tween avirulent and virulent S. suis serotype 2 strains would be
of high value. Ribotyping has been proposed as such a test
since the ribotype profiles of avirulent and virulent S. suis sero-
type 2 strains were claimed to be easily distinguished due to the
presence of specific bands (18).

During this study, five well-characterized avirulent strains

FIG. 1. Hybridization patterns of DIG-labeled 16S rRNA gene probes with
Southern-blotted EcoRI restriction fragments of DNA from strains of all 11
repeatedly observed ribotype profiles. DIG-labeled HindIII restriction fragments
were used as markers. Lanes B, C, D, and E, ribotype group I, ribotype profiles
1, 2, 3, and 4, respectively; lanes G, H, and I, ribotype group II, ribotype profiles
5, 6, and 7, respectively; lanes K, L, M, and N, ribotype group III, ribotype
profiles 8, 9, 10, and 11, respectively; lanes A, F, J, and O, marker DNA. The
numbers on the left are in base pairs.
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were analyzed by ribotyping. Surprisingly, the ribotype profiles
of these strains were found to be closely related to the ribotype
profiles of strains from diseased animals. Four of the avirulent
strains originated from The Netherlands, and three of these
strains had the ribotype 4 profile. Ribotype profile 4 mapped in
the middle of ribotype cluster I. The fourth of the avirulent
Dutch strains had the ribotype 3 profile, which was identical to
the ribotype profile of a strain isolated from a human patient
with clinical meningitis. The fifth avirulent strain, strain 89-
1591, was the only strain originating from Canada; thus, the
unique ribotype profile of this geographically distant strain was
not unexpected. In summary, the avirulent strains had ribotype
profiles very closely related to the ribotype profiles of virulent
strains, and one of the avirulent strains had a profile identical
to the profiles of virulent strains. Thus, this study did not find
that avirulent strains could easily be discriminated from viru-
lent strains by examination of the ribotype profiles.

When analyzing the collections of strains isolated before
1989, eight ribotype profiles were identified. Two of the ri-
botype profiles, profiles 1 and 2, represented 74% of the strains
in these collections. These two ribotype profiles have recently
been described as ribotype profiles A and B, respectively (23).
In the same paper ribotype profile A was described as the
profile for strains expressing the muramidase-released protein
(MRP) and the elongation factor (EF) protein, which were
formerly believed to be virulence factors (22, 28), while ribo-
type profile B was described as the profile for strains expressing
the proteins MRP and EF* (a high-molecular-mass version of
EF [29]). Strains with the MRP EF phenotype are believed to

be highly virulent, and strains with the MRP EF* phenotype
are believed to be moderately virulent.

It has previously been proposed that strains with ribotype
profile 2 (or ribotype profile B) are particularly infective for
humans (20). In this study, 16 strains isolated from humans
were analyzed, and 9 of these 16 strains had ribotype profile 2.
However, because ribotype profile 2 was also observed for 8 of
18 strains isolated from pigs, the rate of occurrence of strains
of human origin with ribotype profile 2 is not significantly
above the expected rate. Thus, this study does not support the
hypothesis that ribotype profile 2 (or ribotype profile B) is
more common among humans than among pigs.

When the strains isolated from diseased pigs from 1995 to
1997 were analyzed, it was observed that the Danish pig herds
are infected with at least 14 different S. suis serotype 2 ribo-
types. Furthermore, when the ribotype profiles were grouped
into different ribotype clusters (Fig. 2), a segregation of the
S. suis serotype 2 strains presently infecting Danish pigs be-
came obvious. A total of 76% of the strains had ribotype
profiles 1 and 11, which belonged to ribotype clusters I and III,
respectively. Furthermore, there is a clear association between
ribotype and clinical-pathological observations because 25 of
the 31 strains with ribotype profile 1 came from pigs with
meningitis. From the remaining six pigs only lungs were re-
ceived for autopsy. Thus, the complete pathological status of
these pigs is unknown. A strikingly different pattern was seen
when the strains with the ribotype 11 profile were analyzed,
because none of these strains were isolated from pigs with
meningitis. All strains with the ribotype 11 profile came from

FIG. 2. Dendrogram obtained from cluster analysis of EcoRI ribotype profiles among 117 S. suis isolates. The isolates included strains from pigs with different
clinical infections from 1967 to 1982 and 1995 to 1997, strains isolated from humans from 1960 to 1989, and avirulent strains. Ribotype nos. corresponds to the respective
ribotype profiles given in the legend to Fig. 1, and the remaining ribotype profiles (ss02 and 89-1591) are the ribotypes profiles observed only once. The antimicrobial
resistance expressed by more than 50% of the strains in a group are mentioned. Abbreviations: Tet, tetracycline; Sulfa, sulfamethoxazole. *, avirulent isolate. (The
correlation is by number of bands, using Jaccard coefficients with a maximum tolerance of 0.8% and a minimum surface of 0.0%. A total of 4 to 396 zones were used.
Clustering was done by the unweighted pair group method with arithmetic means.
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pigs with pneumonia, endocarditis, pericarditis, or septicemia.
A similar association between ribotype and clinical-pathologi-
cal observations has previously been described for Streptococ-
cus pyogenes. The reason for this was found to be virulence
factors (15, 26) or resistance to treatment with antibiotics (5).
Furthermore, a correlation between restriction fragment anal-
ysis and clinical signs has been suggested for S. suis (16).
Whether the association described here for S. suis is caused by
yet unknown virulence factors remains to be investigated.

The segregation of Danish S. suis serotype 2 strains into two
major ribotype clusters that were clearly associated with dif-
ferent clinical diseases became even more obvious when MIC
data were included. This also indicated that the Danish pig
herds are presently infected with two major ribotypes belong-
ing to different ribotype clusters. Nearly all strains in ribotype
cluster I were resistant to sulfamethoxazole and sensitive to
tetracycline, while strains in ribotype cluster III were resistant
to tetracycline. Some strains in ribotype cluster II were resis-
tant to tetracycline, while others were resistant to sulfamethox-
azole.

The observation that one of the dominant ribotypes, ri-
botype 1, was sensitive to tetracycline was quite unexpected
since tetracyclines have been used extensively in Danish pig
production. From 1988 to 1994 the use of active tetracyclines
increased from 3 to 31 tons per year and then decreased to
approximately 8 tons per year from 1995 to 1996. Despite this
level of use of tetracyclines in Denmark, ribotype 1 strains are
isolated very frequently and create severe problems in Danish
pig herds; thus, one could hypothesize that ribotype 1 strains
have a reservoir different from that of the other dominant
ribotype, ribotype 11, which is tetracycline resistant. Further-
more, the presence of different reservoirs could indirectly
cause the observed associations between ribotype profiles and
clinical-pathological observations because the clinical-patho-
logical observations could partly be a result of different infec-
tion routes. However, this hypothesis must be supported by
further work.

When the pig-derived strains isolated from 1967 to 1982 and
1995 to 1997 were compared, a progression from the preva-
lence of one ribotype cluster to the prevalence of another was
observed. Among the strains isolated from 1967 to 1982,
strains of ribotype cluster I predominated because 83% of all
strains originating from pigs belonged to ribotype cluster I. At
the same time, strains belonging to ribotype cluster II and
ribotype cluster III were only rarely isolated. Exactly the op-
posite was seen for the collection of strains isolated from 1995
to 1997. Among the strains in that collection 39% were of
ribotype cluster I and 52% were of ribotype cluster III.

The prevalence of S. suis serotype 2 strains belonging to
ribotype cluster III has thus increased remarkably since 1989.
While only two isolates obtained before 1989 belonged to
ribotype cluster III, 59% of the S. suis serotype 2 strains iso-
lated from pigs from 1995 to 1997 belonged to ribotype cluster
II. However, because the anamnestic data for strains isolated
from 1967 to 1982 are limited, a one-sided representation of
strains in this collection cannot be ruled out.

On the basis of the results of this study, it is concluded that
(i) virulent and avirulent S. suis serotype 2 strains can be very
closely related, (ii) most S. suis infections in Denmark are
caused by two dominant S. suis serotype 2 strains belonging to
different ribotype clusters, (iii) a clear relation between the
ribotype profile and antimicrobial resistance exists, and (iv) in
Denmark, ribotype profiles for S. suis strains are clearly asso-
ciated with clinical-pathological observations.

It is thus believed that ribotyping as described here can be
used very efficiently during epidemiological investigations. Fur-

thermore, on the basis of the ribotype profiles of infecting
S. suis serotype 2 strains found in pig herds, the types of clinical
problems that may occur can be predicted.
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