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Description of 14 New Capsular Types of Streptococcus suis
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Fourteen new capsular types of Streptococcus suis (types 9 to 22) are described. All reference strains are

morphologically and biochemically similar to types previously described. Reference strain types 9 to 13, 15, 16,
and 22 were isolated from diseased pigs, whereas types 17 to 19 and 21 came from clinically healthy pigs; type
14 was isolated from a human case of meningitis, and type 20 was isolated from a diseased calf. The group T
streptococcus of de Moor has been included in the typing system as type 15. Two-way cross-reactions between
types 6 and 16 and a one-way cross-reaction between types 2 and 22 have been demonstrated. In addition,
several cross-reactions probably not due to capsular material were detected among different types by using the
coagglutination test. This test should not be used alone; weak or multiple positive reactions must be confirmed
by the capsular reaction test or the capillary precipitation test.

Streptococcus suis is an important swine pathogen iso-
lated in almost all countries where the pig industry is
developed. It has been associated mainly with bronchopneu-
monia and meningitis and less frequently with endocarditis,
arthritis, and other infections (2, 10, 18, 19, 25, 26, 28). It is
also known to cause meningitis in humans (1, 6, 30).

Originally defined as Lancefield groups R, S, RS, and T by
de Moor (7), strains of S. suis were later shown to share
antigens with group D streptococci (8). The capsule on S.
suis cells suggested a type-specific antigenicity, and groups
S, R, and RS were regrouped as S. suis types 1, 2, and 1/2,
respectively (8, 29). Recently, however, S. suis was shown
to be a genetically homogeneous species which is different
from other members of Lancefield group D (16). Until now,
the group T of de Moor, which is capsulated and defined
biochemically and genetically as S. suis, had been omitted.
In 1983, Perch et al. (23) presented six new types of S. suis
(types 3 to 8) isolated from diseased pigs, and they postu-
lated the existence of other types. Since then, untypeable
isolates (not associated with any of the nine published types)
have frequently been isolated from healthy and diseased pigs
(5, 13, 24, 26, 28; L. M. Wilkins, Proc. Am. Assoc. Swine
Pract. 1989, p. 365-367). The variety of new types mentioned
by several authors has introduced some confusion in the
literature (4, 24, 25; E. Sanford, Proc. Am. Assoc. Swine
Pract. 1989, p. 193-195). This study aims at clarifying the
present knowledge regarding S. suis typing and includes the
characterization of 14 new capsular types of S. suis.

MATERIALS AND METHODS

Bacterial strains and field isolates. Bacterial strains used in
this study included reference strains of S. suis types 1 to 8
and 1/2 (23) and 14 other strains representing proposed types
9 to 22. One of these fourteen strains was the de Moor group
T (7), which is proposed as type 15. The 13 other strains
were chosen because (i) they were biochemically S. suis
(22); (ii) they possessed the Lancefield group D antigen, as
demonstrated with a coagglutination reagent (Phadebact;
Pharmacia Diagnostic, Uppsala, Sweden); and (iii) they were
capsulated, as indicated by homogeneous growth in broth
(22), but untypeable with all antisera available. Descriptions
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of the 14 proposed reference strains, including their sources
of isolation and countries of origin, are given in Table 1.
Because of some particularities inherent in type 22, five field
isolates of this type were used along with the other strains.

Production of antisera. Antisera against all the reference
strains and field isolates were raised in rabbits. Antigens for
immunization were prepared as previously described (20).
When required, absorption of antisera was carried out with a
10% (wt/vol) suspension of cells for 2 h at 37°C.
Typing. Typing was based on three different techniques:

capsular reaction (Neufeld), capillary precipitation, and co-
agglutination tests. The capsular reaction test was carried
out as described earlier (20) and observed with a phase-
contrast microscope (magnification, x1,000). The capillary
precipitation test was performed with antigens extracted
with 0.066 N hydrochloric acid (23). Preparation of reagents
and the coagglutination technique were carried out as de-
scribed by Mittal et al. (21). The results of the latter test were
described semiquantitatively as 0, 1+, 2+, 3+, and 4+. Only
reactions of 2+ or higher were considered positive. One
strain of Enterococcus faecalis (ATCC 19433), representing
Lancefield group D, and a suspension of staphylococcal cells
coated with normal rabbit serum were used as controls.

Electron microscopy. Preparation for transmission micros-
copy was carried out as described previously (15). Capsular
material was stabilized with homologous and cross-reacting
heterologous antisera; normal rabbit serum was used as a
negative control. Thin sections were examined with an
electron microscope (Philips 201) at an accelerating voltage
of 60 kV.

RESULTS
Fourteen new capsular types (9 to 22) are described. All

strains had a colonial morphology, including alpha-hemo-
lysis on bovine blood agar, and a biochemical pattern similar
to that of S. suis.

In both the capsular reaction and the capillary precipita-
tion tests, clear and specific reactions were obtained for
types 9 to 15 and 17 to 21. With both of these techniques,
two-way cross-reactions between types 6 and 16 were de-
tected, and a one-way cross-reaction was detected with
serum produced against type 2 and the antigen from the
reference strain and field isolates of type 22. All these
cross-reactions were eliminated after absorption of antisera
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TABLE 1. Description of the 14 strains proposed as reference
strains for types 9 to 22 of S. suis

Strain no. Type Source of isolation Origin

22083 9 Diseased pig Denmarka
4417 10 Diseased pig Denmarka
12814 il Diseased pig Denmarka
8830 12 Diseased pig Denmarka
10581 13 Diseased pig Denmarka
13730 14 Diseased human The Netherlandsb
NCTC 10446 15 Diseased pig The Netherlandsc
2726 16 Diseased pig Denmarka
93A 17 Clinically healthy pig Canadad
NT77 18 Clinically healthy pig Canadad
42A 19 Clinically healthy pig Canadad
86-5192 20 Diseased calf United States'
14A 21 Clinically healthy pig Canadad
88-1861 22 Diseased pig Canadad

a K. B. Pedersen, State Veterinary Serum Laboratory, Copenhagen, Den-
mark.

b j. P. Arends, University of Amsterdam, Amsterdam, The Netherlands.
C C. E. de Moor (7) (type previously described as group T).
d R. Higgins, Faculty of Veterinary Medicine, University of Montreal,

Saint-Hyacinthe, Quebec, Canada.
' D. D. Johnson, Department of Veterinary Medicine, South Dakota State

University, Brookings.

and were related to capsular material. This suggested the
presence of common epitopes between these types, which
was confirmed by stabilization of the capsule with cross-
reacting heterologous antisera observed with electron mi-
croscopy (Table 2). Antiserum against type 16 stabilized
type 6 capsular material, and type 6 antiserum stabilized
type 16 capsular material. Also, the capsule of type 22 was
stabilized with the antiserum raised against type 2 but, in this
case, to a lesser extent than with the homologous antiserum
(Fig. 1). The capsule of type 2 was not stabiized by type 22
antiserum.
The coagglutination test with homologous antiserum gave

strong positive reactions for all types. This test revealed not
only the cross-reactions mentioned above but also several
other cross-reactions among a large number of types that
were not detected with the capsular reaction or the capillary
precipitation tests (Table 3). This suggests that capsular
antigens are not involved in these reactions. In addition, a
strong positive reaction obtained only with the coagglutina-
tion test using antiserum against type 22 and antigens of the
22 other types of S. suis, as well as antigens of E. faecalis,
suggests cross-reactions due to group D antigen (22). This

TABLE 2. Capsule thickness of S. suis reference strains for
types 6, 16, 2, and 22 stabilized with homologous and

heterologous antisera

Strain Type Antise.m Capsule
no. thickness (nm)û

2524 6 6 190-210
2524 6 16 190_210
2726 16 16 50-60
2726 16 6 40-50b
735 2 2 130-150
735 2 22 30-40C
88-1861 22 22 200-220
88-1861 22 2 9sl0

a Each value is based on 20 to 25 measurements per preparation.
b No capsular material was observed when normal rabbit serum was used.
c A similar capsular thickness was observed when normal rabbit serum was

used.

particular cross-reaction was eliminated after absorption of
the antiserum by E.faecalis, and the resulting antiserum was
specific for capsular material of type 22. Antisera raised
against five field isolates of the same type were successfully
absorbed in the same manner to eliminate multiple cross-
reactions. In all cases, the capsular material observed under
electron microcopy completely concealed the cells, as in the
case of pneumococci (27).

DISCUSSION

Among types 1, 2, 1/2, and 3 to 8, type 2 was most
frequently associated with infectious processes in pigs (5, 13,
28). Scandinavian reports showed a higher prevalence of
type 7 over other types, including type 2 (3, 23, 26).
Streptococci biochemically similar to S. suis but untypeable
with antisera against the known types have'been found in
tissues from diseased pigs (5, 13, 26, 28) as well as from
clinically healthy pigs (24; L. Brisebois, R. Charlebois, R.
Higgins, and M. Nadeau, Can. J. Vet. Res., in press).
Recent data from our laboratory indicate that more than 50%
of the isolates of S. suis retrieved from diseased pigs were
not capsular types 1 to 8 or 1/2 (R. Higgins, M. Gottschalk,
K. R. Mittal, and M. Beaudoin, Can. J. Vet. Res., in press).

Since the identification of all types of S.' suis is a prereq-
uisite for further studies on epidemiology, pathogenesis, and
control of the infection, the 14 new types identified and
characterized by us represent a significant addition to the
class of S. suis types. Type 15, previously known as de
Moor's'group T, has beefl included in the typing system. The
type 14 reference strain was isolated from a case of human
meningitis (1). More recently, we have isolated this capsular
type from diseased pigs in Denmark and Canada. This
confirms that S. suis type 2 and other capsular types are
potential agents of zoonosis (1, 30). The reference strain of
type 20 was isolated from a calf, and we have examined two
type 9 strains isolated from Bison bison with meningitis and
a lamb with endocarditis; this indicates that S. suis may be
pathogenic to a variety of animal species (14). Types 17 to 19
and 21 were isolated from the nasal cavities of clinically
healthy pigs, whereas the reference strains of the eight other
new types were isolated from 'diseased pigs, suggesting
differences in pathogenicity between types. Until now, types
17 to 19 and 21 have been isolated almost exclusively from
healthy pigs (data not shown). However, studies with more
strains are needed to validate such a hypothesis.

Cross-reactions due to capsular material have been de-
scribed for other bacterial species such as Streptococcus
pneumoniae (20). Cross-reacting capsular material in the S.
suis species has previously been reported only in type 1/2,
which shares antigens with both types 1 and 2 (22). The
capillary precipitation and the capsular reaction tests used in
this study allowed the detection of two-way capsular cross-
reactions between types 6 and 16, which may be removed by
absorption of the respective antisera. The finding of a
one-way capsular cross-reaction between types 2 and 22 is
interesting. As the capsular material of S. suis type 2 seems
to be implicated in its pathogenesis (9), the presence of
common epitopes on these two types may be an indication of
similar pathogenic properties. It is noteworthy that most
isolates of type 22 were retrieved from diseased pigs in pure
culture from multiple tissues (M. Gottschalk, R. Higgins,
K. R. Mittal, and M. Jacques, Abstr. Vth Int. Symp. World
Assoc. Vet. Lab. Diagn., Guelph, Ontario, Canada, 25 to 30
June 1989, 113). Isolates of type 22 may be incorrectly
identified as type 2 when only weak reactions are obtained.
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FIG. 1. Transmission electron micrographs of thin sections of ceils of S. suis 88-1861 (type 22) exposed to homologous antiserum (A) or
antiserum against type 2 (B) and stained with ruthenium red. Bar = 200 nm.

This might explain interlaboratory variations in the identifi-
cation of type 2 strains (24). Immunoelectron microscopy
showed stabilization of the capsular material of all cross-
reacting capsular types with both homologous and cross-
reacting heterologous antisera, confirming that capsular an-
tigens are indeed involved in these cross-reactions (15).
Of the three techniques used to identify S. suis, the

coagglutination test is the most frequently used in North
America (4, 10, 24, 25). However, this study showed that the

TABLE 3. Cross-reactions not due to the capsule among
different S. suis types detected by the coagglutination test

S. suis Antiserumb
capsular type (reaction strength)

1 14 (4+)
4 15 (4+), 17 (4+), 19 (4+)
9 19 (3+)
10 16 (2+)
il 12 (3+)
15 11 (3+), 16 (2+)
17 16 (3+), 18 (4+), 19 (4+)
18 16 (2+), 17 (4+), 19 (4+)
19 16 (2+), 17 (4+)
21 9 (2+)
All 22 (3+)

a Determined by the capsular reaction and capillary precipitation tests.
b Capsular types of strains against which the antisera were raised.
C With a 3-min reading. Only reactions measuring 2+ or stronger were

noted. E. faecalis had a cross-reaction of strength 3+ with antiserum against
S. suis capsular type 22.

cross-reactions detected with the coagglutination technique
among the 14 new types were not all due to cross-reacting
capsular material. Agglutinations due to cell components
other than the capsule may play a role. Surface fibrillar
structures (M. Jacques et al., submitted for publication) as
weil as hemagglutinins (17) of S. suis have recently been
described and would support this theory. Also, nonspecific
agglutinations among different streptococci were described
earlier (11, 12). Not only may the nonspecific agglutination
described here with reference strains occur, but other agglu-
tinations among field isolates (unpublished observations)
which would make absorption of antisera useless may also
occur. Our results indicate that the coagglutination test for
identification of S. suis should not be used alone. Weak or
multiple positive reactions must be confirmed by the capsu-
lar reaction test or the capillary precipitation test.

S. suis type 22 presented characteristics different from
those of other types. Although isolates belonging to this type
were weil encapsulated, as shown by electron microscopy,
antibodies raised in rabbits against five of these isolates were
directed against both cell wall antigens and capsular mate-
rial. As a consequence, the use of the coagglutination test to
identify this type requires absorption of serum with group D
antigens, whereas the other tests are not affected by this
particularity of type 22.

It is probable that other new types of S. suis will be found
in the near future. It is important to continue work with the
S. suis typing system, as incomplete epidemiologic studies
could impair further understanding of the pathogenesis and
control of the infection.
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