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Isolation of specific serotypes of Streptococcus suis from the tonsils, nasal cavities, and genital tract is
difficult, since low-pathogenic serotypes and untypeable strains also inhabit these sites. An immunomagnetic
separation (IMS) technique for the selective isolation of S. suis serotypes 2 and 1/2 was standardized.
Superparamagnetic polystyrene beads (immunomagnetic beads or IMB) were coated with either a purified
monoclonal antibody (MAb) directed to a capsular sialic acid-containing epitope or purified rabbit immuno-
globulin G (polyclonal antibody [PAb]), both specific for S. suis serotypes 2 and 1/2. The amount of antibodies
required for optimum coating of the beads, the number of IMB required for optimum bacterial recovery, and
the nonspecific carryover were considerably higher with the MAb-IMS technique than with the PAb-IMS
technique. The sensitivity of the IMS technique was 101 CFU/0.1 g of tonsil. The presence of serotype 1/2
bacteria did not considerably affect the recovery rate of a serotype 2 strain and vice versa. To validate the
technique, PAb-coated beads were used to study 192 tonsils from animals from S. suis serotype 2- or 1/2-
infected herds. Results showed that significantly more positive tonsils were detected by the IMS technique than
by the standard procedure. This method represents an innovative and highly sensitive approach for the
isolation of S. suis serotypes 2 and 1/2 from carrier animals.

Streptococcus suis is an important swine pathogen and is a
causative agent of many pathological conditions, such as men-
ingitis, endocarditis, arthritis, polyserositis, and pneumonia
(10). It has been isolated from a large variety of animal species,
and it is also an important zoonotic agent for people in contact
with swine or pig by-products (8). Thirty-five capsular types
have been described, with 2 and 1/2 being among the most
prevalent serotypes recovered from diseased animals (7). Pigs
carrying pathogenic S. suis serotypes and/or strains are known
to be the source of infection for naive herds. Piglets born to
sows with uterine and/or vaginal infections are either born
infected or become infected at, or soon after, birth (22).

Isolation of specific S. suis serotypes from the tonsils, nasal
cavities, and genital tract is difficult, since low-pathogenic se-
rotypes and untypeable strains also inhabit these sites (13).
Traditional microbiological techniques present low sensitivity,
since the colony morphologies of different S. suis serotypes and
of untypeable strains and other streptococcal species are very
similar. Selective isolation of S. suis serotype 2 with antibody-
containing selective media has been described; however, re-
sults obtained with this technique may vary depending on the
concentration of antibodies used and, in addition, cross-reac-
tions with other serotypes complicate the diagnosis (14, 16).
An indirect immunofluorescence test has also been used to
visualize S. suis serotype 2 on tonsilar smears (20, 21), but its
specificity is probably low, since several antigens are common
to all known S. suis serotypes (24). Moreover, the latter tech-
nique cannot differentiate serotype 2 from serotype 1/2. The
lack of reliable methods is probably responsible for reports of
tonsillar carrier rates varying from 0 to 100% (3). Identification
of infected animals or herds by serology has also been disap-
pointing (4).

The immunomagnetic separation (IMS) method allows the
specific recovery of target bacteria from highly heterogeneous
suspensions (23). This method has recently been used for the
selective isolation of Actinobacillus pleuropneumoniae serotype
1 from swine tonsils (5). The aim of this study was to develop
and to standardize an immunomagnetic separation technique
for the selective isolation of S. suis serotypes 2 and 1/2 from
tonsils of carrier animals.

MATERIALS AND METHODS

Bacterial strains and antibodies. S. suis reference strains (18) of serotypes 2
(S735), 1/2 (2651), 3 (4961), 7 (8074), and 8 (14636), used to standardize the IMS
technique, were from our collection. Growth conditions on blood agar, Todd-
Hewitt broth (THB), or Todd-Hewitt agar (THA) plates (Difco Laboratories,
Detroit, Mich.) have been described elsewhere (9). Production of anti-S. suis
serotype 2 rabbit polyclonal antibodies (PAb) was carried out as previously
reported (9). These antibodies are specific for S. suis serotype 2, are mainly
directed against the capsular polysaccharide, and are routinely used for serotyp-
ing of field strains (9). They also recognize common capsular epitopes presented
by serotype 1/2 strains (9). Monoclonal antibody (MAb) Z3, an immunoglobulin
G2b (IgG2b) directed to a sialic acid-containing epitope which is shared by
serotypes 2 and 1/2, was also used (2). IgG fractions were purified by using
protein A (PAb) or G (MAb) columns and were measured as described previ-
ously (11).

Standardization of the IMS technique. Two IMS techniques, one with a PAb
and another with an MAb, were standardized. Superparamagnetic polystyrene
beads or immunomagnetic beads (IMB) precoated with sheep anti-rabbit or
sheep anti-mouse IgG (Dynabeads M-280; Dynal, Oslo, Norway) were used. The
optimal concentration of S. suis serotype 2-specific PAb or MAb IgG antibodies
to be used to coat the IMB was determined with different concentrations of IgG
incubated with 6 3 107 to 7 3 107 IMB/ml for 3 h at room temperature on the
Dynal sample mixer (Dynal) to avoid settling of the beads. Using a particle
concentrator (MDC-M; Dynal), the beads were magnetized and retained on one
side of the tube and were then washed twice in 1 ml of phosphate-buffered saline
(PBS) with 0.1% bovine serum albumin (BSA) for 30 min each time with
agitation at room temperature. The coated IMB were then resuspended to
obtain the original concentration in 100 ml of PBS–0.1% BSA at 4°C. A volume
of 20 ml of each of the different IgG/bead ratios was added to 1 ml of a
suspension of low (103) or high (106) numbers of S. suis serotype 2 or 1/2
bacteria. An incubation period of 30 min at room temperature with agitation was
followed by two washings of 10 min each in PBS–0.05% Tween. The IMB were
plated on THB-agar, and viable counts were determined. Temperature of incu-
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bation and number of washings were previously standardized to optimize target
recovery.

To evaluate the optimal IMB concentration, different numbers of coated IMB
were added to 1 ml of 103 S. suis serotype 2 or 1/2 bacteria and a procedure
similar to that described above was done. Since tonsils are commonly colonized
by more than one serotype of S. suis, the carryover effect (recovery of nontar-
geted microorganisms) was verified by testing the PAb and MAb-coated IMB
with a suspension of 106 CFU of S. suis serotypes 3, 7, and 8 per ml in THB.

Sensitivity of the IMS technique. The effect of S. suis serotype 1/2 on the
recovery rate of serotype 2 (and vice versa) was evaluated. To better identify, in
these experiments, the recovery of the targeted S. suis (serotype 2 or 1/2),
streptomycin-resistant (Sr) variants of the reference strains of these serotypes
were used (2). Tenfold dilutions of S. suis serotype 2Sr or 1/2Sr (from 105 to 101)
were added individually to different tubes. A suspension of a streptomycin-
sensitive strain of serotype 1/2 or 2 (105 to 106 CFU/ml), depending on the
experiment, was added to each tube. To evaluate the effect of other serotypes of
S. suis (normally present in tonsils) on the recovery rate of serotype 2 or 1/2,
similar experiments were done with the streptomycin-sensitive reference strains
of S. suis serotypes 3, 7, and 8. The IMS protocol described above, using the PAb
or MAb and the optimal IgG and IMB concentrations (see Results), was used.
Viable counts were determined on THA plates supplemented with 0.9 g of
streptomycin per ml to isolate only targeted serotype 2 or 1/2, depending on the
experiment. To evaluate total bacterial growth, samples were also cultured on
nonsupplemented THA plates.

To evaluate the sensitivity of the IMS technique with tonsils, S. suis serotype
2- and 1/2-negative tonsils were used. Tonsil pieces were cut and processed as
described previously (5), with the modification of avoiding searing the surface
with a hot spatula. The supernatants of the vortex-mixed S. suis tonsils were
filtered (5), and 10-fold dilutions of S. suis serotype 2 or 1/2 (depending on the
experiment, with concentrations of 104 to 101) were added to the different tubes.
The artificially inoculated tonsil supernatants were then processed by using the
IMS protocol presented above. Viable counts were determined on blood agar
plates. Colonies recovered were confirmed as being S. suis serotype 2 or 1/2 by
serotyping using the coagglutination test (6).

Validation of the IMS technique. For the validation of the IMS technique, 24
and 168 tonsils from herds which presented clinical disease due to S. suis sero-
types 1/2 and 2, respectively, were randomly collected at the slaughter house and
stored at 220°C. Isolation of S. suis serotypes 2 and 1/2 from each tonsil was
carried out by the IMS technique and the standard procedure. For the IMS
technique, 0.3 g of each tonsil was taken and then reduced to small pieces with
a scalpel and added to 3 ml of PBS–0.1% BSA. After vortex mixing and filtration
of the supernatants, IMS was performed by using the standardized protocol
presented above. For the standard procedure, parallel incisions were made and
samples were taken by using cotton swabs, which were then inoculated on blood
agar plates supplemented with the selective reagent SR126 (Oxoid Canada,
Nepean, Ontario) (13). For both methods, the count and a description of the
types of colonies on each plate were noted. A maximum of five alpha-hemolytic
colonies per plate were randomly selected and tested by the coagglutination test
(6) using sera against serotypes 1 and 2, as well as a negative serum (negative
control). Serotype 2- or 1/2-positive strains were biochemically confirmed as
being S. suis by using the following tests (9): absence of growth in 6.5% NaCl, a
negative Voges-Proskauer test, and production of amylase.

RESULTS

Standardization of the IMS technique. For each step, the
mean of at least three independent assays is presented. Unless
otherwise specified, the results presented are those obtained
with serotype 2 since similar results were obtained with S. suis
serotype 1/2 (data not shown). The highest number of bound S.
suis serotype 2 bacteria was observed from concentrations of
1.5 and 25 mg/ml for the PAb and MAb, respectively (Fig. 1A
and B). A good recovery rate was obtained with both high and
low numbers of bacteria.

Optimum bead concentrations for the serotype 2 strain were
1.4 3 107 and 5.6 3 105 when MAb- and PAb-coated IMB
were used, respectively (Fig. 2).

A higher carryover was observed with MAb-coated IMB
than with PAb-coated IMB, probably due to nonspecific bind-
ing of bacteria to the beads, especially for serotypes 3 and 8
(Table 1). This was confirmed when experimentally contami-
nated tonsils were tested (see below). The nonspecific car-
ryover observed with the PAb-coated beads can also be ex-
plained by recognition of noncapsular epitopes by the PAb.

Sensitivity of the IMS technique. Since both PAb and MAb
are able to recognize serotypes 2 and 1/2, the effect of inter-

ference of one serotype on the recovery rate of the other
serotype using the IMS technique was investigated. To differ-
entiate serotype 2 from serotype 1/2 colonies, streptomycin-
resistant strains were used as targeted strains and streptomy-

FIG. 1. Recovery of S. suis serotype 2 with an initial count of 103 CFU (})
or 106 CFU (3) using IMB coated with different concentrations of S. suis
serotype 2- and 1/2-specific MAb Z3 (A) or PAb IgG (B).

FIG. 2. Recovery of S. suis serotype 2 (initial count of 103 CFU) using
different concentrations of IMB coated with serotype 2- and 1/2-specific MAb Z3
(}) or PAb IgG (3).
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cin-containing medium was used for bacterial isolation. The
presence of high numbers of serotype 1/2 bacteria did not
affect the recovery rate of S. suis serotype 2 when PAb-coated
(Table 2; P . 0.1, Student’s unpaired t test) or MAb-coated
(data not shown) IMB were used. Even when a low number of
serotype 2 (101) and a high number of serotype 1/2 (106) CFU
was used, no significant difference in the recovery of serotype
2 bacteria was observed in the presence or in the absence of the
contaminants. However, in medium without streptomycin, col-
onies belonging to both serotypes could be recovered. Since
both colonies are present on the plates and a restrictive num-
ber of colonies are routinely subcultured, an overgrowth of
colonies of serotype 1/2 would statistically prevent the isolation
of those of serotype 2. Similar results were obtained for the
isolation of serotype 1/2 in a high concentration of serotype 2
strains (data not shown). The presence of other serotypes did
not affect the recovery of the targeted serotype of S. suis (Table
2; P . 0.1, Student’s unpaired t test), independently of the
antibody used.

When experimentally contaminated tonsils were tested, the
number of contaminants (bacteria different from S. suis or S.
suis not belonging to serotype 2 or 1/2) was between 10 and 100
times higher with MAb-coated IMB than with PAb-coated
IMB and this was true for both serotype 2- (Table 3) and
1/2-infected tonsils (data not shown). This confirmed previous
results showing a higher carryover of other serotypes by MAb-
coated IMB. For artificially serotype 2-inoculated tonsils, the
detection limit of the IMS technique was at least 101 CFU/0.1
g of tonsil with PAb- and MAb-coated IMB. In fact, 100% of
the original inoculum could be recovered at this concentration
(Table 3).

Validation of the IMS technique. Since higher concentra-
tions of IgG and beads are needed and the number of contam-
inants (carryover) is considerably higher, there was no advan-
tage in using MAb-coated IMB for validation of the technique.

Tonsils from infected herds were therefore processed by using
the standardized IMS technique (with PAb-coated IMB and
isolation on blood agar plates) and the standard procedure
using isolation on selective media.

Of the 24 tonsils from the S. suis serotype 1/2-infected herd,
46% were positive and none was negative by both the IMS
technique and the standard procedure (Table 4). In fact, all of
the tonsils were positive by the IMS technique. Fifty-four per-
cent of tonsils were positive by the IMS technique alone. The
total percentage of S. suis serotype 1/2-positive tonsils detected
by the IMS technique (100%) was significantly higher than that
obtained with the standard procedure (46%) (P , 0.001; chi-
square test). S. suis serotype 2 was also isolated more fre-
quently with the IMS technique alone than with the stan-
dard procedure alone (three and one positive tonsils,
respectively). In fact, the single tonsil which was positive
only by the standard procedure was heavily infected with S.
suis serotype 2 and most of the colonies selected with the
IMS technique in this particular tonsil belonged to this
serotype.

When 168 tonsils from a herd infected with S. suis serotype
2 were tested, 8% were positive and 23% were negative by both
the IMS technique and the standard procedure for the isola-
tion of serotype 2 (Table 4). Sixty-eight percent of tonsils were
positive by the IMS technique alone, whereas only 1% (two
tonsils) were positive by the standard procedure but negative
by the IMS technique. In this herd, the total percentage of S.
suis serotype 2-positive tonsils detected by the IMS technique
(76%) was also significantly higher than that obtained with the
standard procedure (9%) (P , 0.001; chi-square test). Finally,
more serotype 1/2-positive tonsils were also detected in this
herd by the IMS technique (27%) than with the standard
procedure (5%).

The number of nonrelated microorganisms isolated by the
IMS technique in nonselective medium was considerably re-
duced compared to that isolated in selective medium by the
standard procedure with tonsils from both of the herds tested
(Table 5). In addition, in positive tonsils, the ratio of the
number of positive colonies to the total number of colonies
tested was significantly higher with the IMS technique than
with the standard procedure. For example, in the serotype
2-infected herd, 65% of the colonies tested (492 positive col-
onies among 759 colonies tested) and 3% (16 positive colonies
among 539 colonies tested) belonged to serotype 2 according
to the IMS technique and the standard procedure, respectively.
In the case of the serotype 1/2-infected herd, all of the colonies
recovered from 19 of the 24 serotype 1/2 IMS-positive tonsils
were identified as S. suis serotype 1/2.

TABLE 1. Carryover of S. suis serotypes 3, 7, and 8a on serotype
2- and 1/2-specific PAb and MAb IgG-coated IMB

Serotype

Mean no. (6 SE) of heterologous S. suis CFU/ml
recovered with IMB coated with:

PAb MAb

3 37 6 4 332 6 239
7 1 6 1 0 6 0
8 48 6 10 147 6 83
2b (1.6 6 0.3) 3 105 (9.4 6 2.0) 3 105

a Initial inoculum, 105 to 106 CFU/ml.
b Positive control.

TABLE 2. Effect of the presence of high concentrations of different contaminantsa on the immunomagnetic isolation of S. suis serotype 2
using PAb IgG-coated beads

Initial inoculum
size (no. of S.
suis serotype 2

bacteria)

No. of S. suis serotype 2 CFU/ml recovered

Without
contaminantsb

In presence of S. suis serotype:

1/2 3 7 8

4.0 3 105 (1.6 6 0.4) 3 105 (1.9 6 0.5) 3 105 (1.9 6 0.1) 3 105 (2.1 6 0.1) 3 105 (1.6 6 0.4) 3 105

4.0 3 104 (3.0 6 2.0) 3 104 (2.1 6 1.3) 3 104 (2.1 6 0.8) 3 104 (3.2 6 1.8) 3 104 (2.6 6 0.7) 3 104

4.0 3 103 (3.0 6 1.0) 3 103 (1.4 6 0.4) 3 103 (3.0 6 1.8) 3 103 (2.0 6 0.3) 3 103 (2.9 6 1.3) 3 103

4.0 3 102 (3.6 6 1.8) 3 102 (2.5 6 1.2) 3 102 (1.7 6 0.6) 3 102 (2.2 6 1.2) 3 102 (1.5 6 0.4) 3 102

4.0 3 101 (1.7 6 1.2) 3 101 (2.1 6 1.4) 3 101 (2.0 6 0.5) 3 101 (2.3 6 1.5) 3 101 (3.3 6 2.8) 3 101

a At 105 to 106 CFU/ml.
b Bacteria different from S. suis serotype 2. Not significantly different from recovery in the presence of S. suis serotype 1/2, 3, 7, or 8 (P . 0.1, Student’s unpaired

t test).
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DISCUSSION

The IMS technique described previously for isolation of A.
pleuropneumoniae from tonsils uses PAb-coated beads (5).
Since PAb often exhibit unwanted cross-reactions and are
more difficult to prepare in a reproducible form and, on the
other hand, MAbs are more specific, PAb- and MAb-coated
IMB were compared. The amount of antibodies required for
optimum coating of the beads was 20 times higher with purified
MAb than PAb IgG. Antibodies did not seem to aggregate,
since no decrease in the recovery rate was observed with a high
concentration of antibodies, as observed for Listeria monocy-
togenes (25). Surprisingly, MAb-coated IMB presented a sig-
nificantly higher carryover than PAb-coated beads when tested
with pure cultures of heterologous serotypes of S. suis and with
artificially inoculated tonsils (Tables 1 and 2). Since MAb Z3 is
highly specific for capsular epitopes of S. suis serotypes 2 and
1/2, this carryover can be mainly related to nonspecific binding
of bacteria to the beads. Interestingly, the IMS technique with
MAb-coated IMB required 100 times more magnetic beads
than the PAb-IMS technique to keep the same sensitivity (Fig.
2). A higher number of beads would lead to a greater surface
area to which nonspecific bacteria would be able to bind. The
fact that such a high concentration of beads is needed to
maintain an acceptable recovery rate is probably a conse-
quence of the sparse distribution of the recognized epitope.
The low carryover obtained with PAb-coated IMB is probably
due to the fact that the rabbit antibody response was mainly
directed to the capsule. The same antibodies are routinely used
for capsular serotyping, and a low level of cross-reaction with
other serotypes is observed (6).

Since the serotype 2 capsular antigenic fraction of serotype
1/2 is indistinguishable from that presented by serotype 2,
immunomagnetic isolation of serotype 2 S. suis without the
simultaneous isolation of serotype 1/2 strains would be unex-
pected. In fact, serotype 1/2 strains contain a type 2 antigen
fraction identical to that of serotype 2 strains since all antibody
activity against the type 2 antigen was removed from anti-
serotype 2 and anti-serotype 1/2 sera by absorption with sero-
type 1/2 and 2 strains, respectively (17). Both of the antibodies
used in this study strongly recognized serotype 2 as well as
serotype 1/2 strains. However, enough antibodies seem to coat
the beads since the presence of serotype 1/2 does not signifi-
cantly affect the recovery of a serotype 2 strain. Although both
serotypes would be recovered if present in the samples, it is not
possible to differentiate them on a primary culture plate. Since
a limited number of colonies are subcultured, the predominant
serotype would have more chances to be isolated from the
plates. This was confirmed in the validation, since in the few
cases where the targeted serotype (for example, serotype 2)
was isolated by the standard procedure but not by the IMS

technique, tonsils were heavily infected by the other serotype
(in this case, serotype 1/2). This led to a concentration of the
predominant serotype by the IMS technique, whereas in the
standard procedure the positive colony was randomly selected.
In contrast to the work of Mortlock (15) and in agreement with
that of Gagné et al. (5), no differences in IMS sensitivity were
found when pure cultures and artificially inoculated samples
were used (data not shown).

The validation with tonsils from infected herds showed that
the IMS technique is significantly more sensitive than the stan-
dard procedure. In addition, nonselective medium can be used
and subculture of colonies consumes little time since the num-
ber of contaminants per plate is considerably lower with the
IMS technique. Results showed that herds with clinical disease
due to S. suis present a very high prevalence of the concerned
serotype (100 and 77% of the positive animals in serotype 1/2-
and 2-infected herds, respectively). The reported prevalence of
carrier animals in the S. suis serotype 2-infected herd would
have been significantly lower if only the standard procedure
(9%) instead of the IMS technique (76%) had been used. The
relatively low prevalence of the heterologous serotype (for
example, that of serotype 2 in the serotype 1/2-affected herd)
should not be taken into consideration, since the high preva-
lence of the target serotype probably prevented the isolation of
its counterpart by the IMS technique, as mentioned before. In
another study and using the same IMS technique, the preva-
lence of serotype 2 strains in a herd without a history of clinical
cases due to this serotype was 30% (unpublished data).

One of the main concerns in modern swine production is to

TABLE 3. Sensitivity of the IMS isolation technique obtained with
artificially S. suis serotype 2-inoculated tonsils using PAb and MAb

IgG-coated IMB

Mean initial
no. of S. suis

serotype 2
CFU/0.1 g of
tonsil 6 SE

Mean no. of CFU/0.1 g of tonsil 6 SE

PAb-IMB MAb-IMB

S. suis
serotype 2

Contam-
inantsa

S. suis
serotype 2

Contam-
inantsa

(4 6 2) 3 103 (4 6 2) 3 103 101 (4 6 3) 3 103 103

(4 6 2) 3 102 (4 6 2) 3 102 ,101 (3 6 2) 3 102 102

(4 6 2) 3 101 (9 6 8) 3 101 101 (7 6 3) 3 101 102

a Bacteria different from S. suis serotype 2.

TABLE 4. Recovery of S. suis serotypes 1/2 and 2 from tonsils by
the IMS method with PAb IgG-coated beads and the

standard procedurea

Isolation results
obtained by

IMS/SPb

No. (%) of tonsils positive

Herd affected by S. suis
serotype 1/2c

Herd affected by S. suis
serotype 2d

Serotype
1/2

Serotype
2

Serotype
1/2

Serotype
2

1/1 11 (46) 0 (0) 6 (3.5) 13 (8)
1/2 13 (54) 3 (13) 38 (23) 115 (68)
2/1 0 (0) 1 (4) 1 (0.5) 2 (1)
2/2 0 (0) 20 (83) 123 (73) 38 (23)

Total for IMS 24 (100)e 3 (13) 44 (26)e 128 (76)e

Total for SP 11 (46) 1 (4) 7 (4) 15 (9)

a Animals originated from herds presenting clinical signs associated with S.
suis serotype 2 or 1/2.

b SP, standard procedure.
c A total of 24 tonsils were tested.
d A total of 168 tonsils were tested.
e P , 0.001, chi-square test.

TABLE 5. Distribution of contaminants (normal flora) recovered
from tonsils of infected herds by the IMS method with PAb

IgG-coated beads and the standard procedure

No. of CFU/plate
No. (%) of tonsils positive by:

SPa IMS

0 0 (0) 15 (8)
1–30 11 (6) 78 (41)

31–300 21 (11) 68 (35)
.300 160 (83) 31 (16)

a SP, standard procedure.
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possess reliable tools for the detection of specific infectious
agents to prevent their entry into a naive herd through the
introduction of carrier animals. Lack of these reliable methods
for important S. suis serotypes led researchers to get contra-
dictory results. For example, pathogenic S. suis was first con-
sidered to spread only horizontally among nursery pigs, with no
evidence of vertical transmission (12). However, vertical trans-
mission of the infection has recently been reported (1, 19). The
IMS technique developed in this study will allow more reliable
epidemiological studies of colonization by and transmission of
this pathogen. Moreover, viable bacteria are recovered with
this technique, which may also facilitate testing of antimicro-
bial sensitivity and virulence, as well as molecular epidemio-
logical studies. It would also be possible to adapt the technique
to the recovery of other important serotypes of S. suis by
changing only the specificity of the antibody used.
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