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We developed a practical and easy two-step multiplex PCR assay to aid in serotyping of Streptococcus suis. The assay accurately
typed almost all of the serotype reference strains and field isolates of various serotypes and also identified the genotypes of cap-
sular polysaccharide synthesis gene clusters of some serologically nontypeable strains.

Streptococcus suis is an important zoonotic pathogen that causes
meningitis, septicemia, endocarditis, and other diseases in pigs

and humans. S. suis strains have been classified into 35 serotypes
(serotypes 1 to 34 and 1/2, which reacts with both serotype 1 and 2
typing sera) (1–4) on the basis of antigenic differences in their
capsular polysaccharide (CP) (5). Serotyping of S. suis is one of the
most useful methods to understand the epidemiology of a partic-
ular outbreak and monitor the prevalence of potentially hazard-
ous strains. However, serotyping with all 35 typing antisera is
time-consuming, and preparing the antisera is not easy due to the
high cost and labor associated with its production. Additionally,
cross-reactions in coagglutination tests with typing antisera and
the presence of autoagglutinating strains increase the difficulty of
serotyping in some cases. Therefore, the development of more
practical and easier serotyping methods is desired.

CP synthesis (cps) genes are clustered on a single locus of the
chromosome in S. suis (6, 7). We recently sequenced and analyzed
the cps gene clusters of all 35 serotype reference strains (8) and
reported that 31 (serotypes 3 to 13 and 15 to 34) possessed sero-
type-specific genes, while the cps gene clusters of serotypes 1 and
14 and serotypes 2 and 1/2 were almost identical in each pair (8).
Liu et al. (9) recently developed multiplex PCR assays to target
serotype-specific cps genes for the molecular serotyping of S. suis.
In their method, the reference strains of 33 serotypes (serotypes 1
to 31, 33, and 1/2) were sorted into their respective serotypes by
three multiplex PCR assays, although serotypes 1 and 1/2 were not
distinguished from serotypes 14 and 2, respectively (9). In addi-
tion, 84 isolates from a patient and clinically healthy pigs, which
covered 20 serotypes, were correctly assigned serotypes predicted
by coagglutination tests, except for those of a new serotype (sero-
type 21/29) (9). However, these methods have not yet been vali-
dated using field isolates from diseased pigs as well as nontypeable
ones by the coagglutination test. Moreover, serotypes 32 and 34
were not included as targets for typing, because the reference
strains of these serotypes have been reclassified as Streptococcus
orisratti (10). In addition to the serotype 32 and 34 reference
strains, those of serotypes 20, 22, 26, and 33 were also recently
suggested to be removed from the taxon of S. suis (11). However,
whether all isolates of these serotypes actually belong to a species
that is different from S. suis remains unclear. From a diagnostic

point of view, the isolates of these serotypes recovered from dis-
eased pigs are still identified as S. suis (12).

In the present study, we developed a novel method to type the
35 cps gene clusters of S. suis and validated its usefulness with 483
isolates from diseased and healthy animals and human patients,
which covered 30 serotypes. With our methods (cps typing), we
determined cps types, which were numbered corresponding to the
serotypes, using only two multiplex PCRs (Fig. 1). The first PCR
(grouping PCR) detected cps genes conserved in multiple sero-
types and classified the tested strains into seven cps groups. The
second PCR (typing PCR) detected cps genes specific to the respec-
tive serotypes of each group and identified the cps type of the
strain.

The target cps genes, primer sequences, and predicted product
size(s) of each PCR are shown in Table 1. Target genes were se-
lected on the basis of the clustering analysis data of all cps gene
products reported previously (8). Universal primers for the am-
plification of 16S rRNA genes (13) were used as internal controls
for all reactions. The genomic DNA of strains/isolates was ex-
tracted as described previously (for determination of the sensitiv-
ity of PCR assays) (8) or using InstaGene Matrix (Bio-Rad, Her-
cules, CA) following the manufacturer’s instructions. All PCR
mixtures contained 1� Qiagen multiplex master mix (Qiagen,
Hilden, Germany) and 0.2 �M each primer. The PCR conditions
were as follows: an initial activation at 95°C for 15 min followed by
30 cycles of denaturation at 94°C for 30 s, primer annealing at
60°C (for grouping PCR) or 58°C (for typing PCR) for 90 s, and
extension at 72°C for 90 s, and then a final extension at 72°C for 10
min. The 483 putative S. suis isolates used to validate the devel-
oped assays were isolated from diseased pigs (394 isolates), clini-
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cally healthy pigs (60 isolates), diseased cows (2 isolates), healthy
cows (17 isolates), a diseased sheep (1 isolate), and patients (9
isolates). All isolates tested were positive for the gdh-PCR assay
(data not shown), which specifically detects the glutamate dehy-
drogenase genes of S. suis strains, including the reference strains of
serotypes 20, 22, 26, and 32 to 34 (14). All isolates were also sero-
typed by coagglutination tests in the reference laboratory (Univer-
sity of Montreal) as previously described (15).

Our cps typing assigned all serotype reference strains, including
those of serotypes 32 and 34, to the expected cps types. However,
serotypes 1 and 1/2 could not be distinguished from serotypes 14
and 2, respectively, which is consistent with previous observations
with the reported molecular serotyping method (9) (Fig. 1). Al-
though the developed methods accurately assigned nearly all field
isolates (341/357; 95.5%) to the cps types predicted from their
serotypes, 16 of them were not typed by cps typing (Table 2). These

FIG 1 Scheme of cps typing using a two-step multiplex PCR assay and the PCR products amplified from 35 S. suis serotype reference strains. The first PCR
(grouping PCR) classified the tested strains into 7 groups (cps groups I to VII). Numbers and sizes of grouping PCR products amplified from strains of each cps
group and the electrophoresis image are shown in the upper panel. Approximately 1.5-kbp bands that appeared in all grouping PCR assays are the internal control
products (16S rRNA gene products). Only the internal control products were amplified from cps group VII strains. The strains classified by grouping PCR were
then subjected to the second PCR (typing PCR) using primers specific to the respective cps groups in order to identify the cps type of each strain. Number and size
of typing PCR products amplified from all S. suis serotype reference strains and the electrophoresis images are shown in the bottom panels. Approximately
1.5-kbp bands that appeared in all typing PCR assays are the internal control products (16S rRNA gene products). The serotypes of reference strains are indicated
below the lanes. All PCR products were electrophoresed on a 2% agarose gel (100 V, 40 min), stained with ethidium bromide, and photographed under UV light.
Lanes M show DNA molecular weight markers (in thousands [k]) (100-bp DNA ladder; Bioneer, Daejeon, South Korea).
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nontypeable isolates may have mismatch sequences in their
primer sites or may be novel cps types that cross-react with known
typing sera. All PCR assays were repeated on three different occa-
sions using representative strains/isolates from all serotypes and
nontypeable isolates to confirm the reproducibility, and the same
results were obtained (data not shown). The detection limit of the
assays determined using reference strains was 1 to 100 pg of puri-
fied DNA/reaction (equivalent to approximately 4 � 102 to 4 �
104 copies of chromosome), which was comparable to or slightly
better than those of the reported method (9).

A total of 52 of the 126 nontypeable isolates by coagglutination
tests (41.3%) were typed by cps typing (Table 2). Three of them
(NL146, NL194, and NL290) had been confirmed to be acapsular
by transmission electron microscopy analysis (16). Furthermore,
we found that they had mutations in their cps2 gene clusters but
still retained the target genes (cps2I and cps2P) for cps typing (ref-
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TABLE 2 Results of serotyping and cps typing of the 483 isolates tested

Serotype using
antiserum

No. of
isolates

cps type(s) using PCR assays
(no. of isolates)

1 11 1 or 14 (9), NT (2)a

1/2 33 2 or 1/2 (33)
2 95 2 or 1/2 (95)
3 19 3 (19)
4 24 4 (21), NT (3)a

5 8 5 (8)
6 6 6 (6)
7 12 7 (12)
8 24 8 (24)
9 29 9 (26), NT (3)a

10 3 10 (3)
11 3 11 (2), NT (1)a

12 2 12 (2)
13 1 NT (1)a

14 15 1 or 14 (15)
16 17 16 (17)
17 2 17 (2)
19 3 19 (3)
21 2 21 (2)
22 2 NT (2)a

23 8 23 (8)
24 4 24 (4)
25 1 25 (1)
27 1 27 (1)
28 8 28 (8)
29 4 29 (4)
30 6 30 (2), NT (4)a

31 6 31 (6)
33 7 33 (7)
34 1 34 (1)
Nonserotypeableb 126 2 or 1/2 (9),c 3 (2),c 5 (2),c 7

(1),c 9 (6),c 10 (3),c 11
(3),c 12 (3),c 15 (4),c 16
(1),c 21 (1),c 23 (1),c 25
(1),c 28 (3),c 29 (1),c 30
(2),c 31 (9),c NT (74)d

a Isolates that were typeable by coagglutination tests with typing sera but nontypeable
(NT) by cps typing PCR assays.
b Nonserotypeable isolates, include autoagglutinating, multiagglutinating, and
nonagglutinating strains.
c Isolates that were typeable by cps typing PCR assays but not by the coagglutination
test.
d Isolates that were nontypeable by either coagglutination tests or cps typing PCR assays.
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erence 16 and our unpublished data). Bacterial cells of these three
isolates showed autoagglutination, and their antigens extracted by
autoclaving did not react with any typing antisera (data not
shown). Many of the other 49 nontypeable isolates also showed
similar characteristics (data not shown). Thus, these isolates
might also be acapsular due to mutations in the cps genes, such as
NL146, NL194, and NL290, although we cannot rule out the pos-
sibility that some of them are encapsulated and have different
antigenicity from the strains of the known 35 serotypes. Although
CP was believed to be essential for the virulence of S. suis (6, 17,
18), the biological significance of the acapsular phase in the patho-
genesis of S. suis infection has been proposed recently (16, 19).
Many acapsular S. suis isolates have been recovered from porcine
cases of endocarditis (16). Therefore, the typing methods devel-
oped are also considered to be useful for epidemiological studies
of acapsular strains by enabling determination of the genotypes of
the cps gene clusters.

Some isolates were regarded as nonserotypeable in our valida-
tion tests due to multiagglutinating characteristics with several
typing sera. Liu et al. (9) recently identified serotype 21/29 isolates
that react with both serotype 21 and 29 typing sera and demon-
strated that one of the isolates had a mosaic cps gene cluster con-
sisting of serotype 21 and 29 cps gene homologues. Therefore, this
may also have occurred in our multiagglutinating isolates, and
novel cps gene clusters may have been generated. Furthermore, 74
isolates in this study could not be typed by either serotyping or
PCR-based cps typing. These isolates may be acapsular because of
a large deletion in the cps gene clusters, including the target genes.
Most of them had strong hydrophobic and autoagglutinating
characteristics, strongly suggesting that they are nonencapsulated
(12). However, a few strains were weakly hydrophobic, implying
that they have completely new cps gene clusters. So far, the CP
structures have been determined only for serotypes 2 and 14 (20,
21), and cps gene clusters of most of the nonserotypeable isolates
have not been analyzed yet. Further analysis, including structure
determination of the CPs and cps gene clusters of S. suis strains
with different antigenicity, may provide insights into the evolu-
tion of S. suis CP as well as the relationship between cps types and
serotypes.

The presence of many different serotypes in the S. suis popula-
tion suggests the continuous and ongoing evolution of cps gene
clusters in this species. Therefore, all reported molecular serotyp-
ing methods, including ours, should lead to improvements in the
typing of more field strains. A few serotyped isolates were assigned
to the expected serotypes by our method, but could not be typed
by the method developed by Liu and colleagues (9), and vice versa
(data not shown). However, the presence of a number of nonse-
rotypeable isolates that can be assigned to the cps types in this
study, as well as the consistent results of cps typing with serotyping
that were observed in most of the tested isolates, including those
from many clinical cases, strongly suggest that the developed cps
typing methods are practical and can further contribute to the
diagnosis and epidemiological studies of S. suis infections.
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