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Abstract

Streptococcus suis is an important pathogen of swine, causing meningitis, arthritis, polyserositis, septicemia, and sudden death
in weaning piglets as well as fattening pigs. Recently, 3 molecular tests have been developed in our laboratory: a multiplex
polymerase chain reaction (m-PCR) assay for the detection of S. suis species and serotypes 2 and 1/2, and 2 molecular typing
methods, pulsed-field gel electrophoresis and an approach based on PCR amplification of a fragment of rRNA genes, including
a part of the 165 and 23S genes and the 165-23S rDNA intergenic spacer region (ISR), followed by restriction fragment length
polymorphism (RFLP) analysis (ISR-RFLP). In the present study, we used these tests to analyze tonsil samples from clinically
healthy pigs and to identify individual isolates of S. suis during epidemiologic investigations of 8 related herds with a history
of septicemia caused by S. suis serotype 2. Capsular typing showed that 58% of the strains were nontypable. Of the 17 serotypes
present, serotype 22 was the most prevalent. In the 7 farms without clinical signs on the day of sampling, we detected S. suis
serotype 2 or 1/2, or both, in less than 5% of the pigs by m-PCR or by bacteriologic culture. In the 8th farm, on which 2 pigs
had clinical signs of septicemia on the day of sampling, we detected S. suis serotype 2 or 1/2, or both, by m-PCR in the tonsils
of 40% of fattening pigs (21 wk old) that lacked symptoms. Molecular typing of the serotype 2 strains showed a common origin
of contamination in these herds, given that 1 pattern (C1) was detected in the isolates from 6 of the 8 herds. However, up to
4 patterns were associated with septicemia and sudden death. Several patterns of S. suis serotype 2 can be responsible for disease
in the same herd. These molecular tools may be useful for confident studies of the transmission of S. suis, thereby contributing
to the control of S. suis infection.

Résume

Streptococcus suis est un agent pathogeéne important du porc, responsable de pathologies sévéres : méningite, polysérosite, septicémie,
mortalité brutale. Récemment, trois méthodes moléculaires ont été développées, une réaction d’amplification en chaine par la polymérase
multiplexe (PCR-m) détectant a la fois I'espeéce S. suis et les sérotypes 2 et 1/2 ainsi que deux techniques de typage moléculaire, I'électrophorese
en champs pulsés et I'amplification par PCR d’'un fragment des genes de I’ ARNr suivie d’'une analyse par RFLP (ISR-RFLP). Ces tests ont été
appliqués pour analyser des prélevements d’amygdales de porcs cliniquement sains et pour différencier les isolats de S. suis. Cette étude a été
réalisée dans 8 élevages, épidémiologiquement liés et contaminés par S. suis sérotype 2. La sérotypie a montré que 58 % des souches étaient
non sérotypables. Parmi les 17 sérotypes détectés, le sérotype 22 était le plus fréquent. Dans 7 élevages, dont les animaux ne présentaient
pas de symptome le jour du prélévement, les sérotypes 2 etfou 1/2 ont été détectés, par PCR-m et culture bactérienne, dans moins de 5 %
des amygdales. Dans le huitieme élevage, hébergeant des porcs souffrant de septicémie le jour du prélevement, 40 % des animaux controlés
en fin d’engraissement (21 semaines d'ige) et ne présentant pas de symptome étaient porteurs de S. suis sérotype 2 etou 1/2 au niveau des
amygdales. Le typage moléculaire a mis en évidence I'existence d’une origine de contamination commune entre les élevages puisque un profil
moléculaire majoritaire (C1) a été détecté dans 6 élevages sur 8. Cependant, quatre profils différents ont été associés a une septicémie et/ou
une mortalité subite. Plusieurs profils de S. suis sérotype 2 peuvent étre responsables de pathologie dans un méme élevage. Ces techniques
peuvent étre utilisées, avec confiance, lors d’études de transmission de S. suis et peuvent contribuer au contréle de I'infection.

range of diseases in pigs, including meningitis, arthritis, pericar-

(Traduit par les auteurs)
Introduction

Streptococcus suis is well recognized worldwide as a swine patho-
gen of emerging clinical significance in most countries with an
intensive swine industry. It is a major pathogen in pigs, causing
loss to the swine industry of more than $300 million dollars annu-
ally in the United States (1). This pathogen is associated with a

ditis, polyserositis, septicemia, pneumonia, and sudden death (1).
Occasionally, S. suis causes serious zoonotic infections in humans,
where it has been associated with septicemia, meningitis, and
endocarditis (2-4). Recently, an outbreak in humans of disease due
to S. suis serotype 2 related to diseased pigs was reported from
China (5,6).
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Although 35 capsular types of S. suis (types 1 to 34 and type 1/2)
have been described (1), analysis of the sequences of their 16S ribo-
somal RNA (rRNA) and cpn60 genes has shown that serotypes 32
and 34 are distinct from the other S. suis serotypes and cluster with
S. orisratii (7). Virulence differs among and within the serotypes of
S. suis. Worldwide, serotype 2 is the S. suis serotype most frequently
isolated from diseased pigs, but other serotypes have also been
associated with disease in pigs (1). In France, serotype 2 is the most
prevalent capsular type, followed by serotypes 1/2,9,7, and 3 (8).

Clinically healthy pigs can carry S. suis in their nasal cavities,
tonsils, and upper respiratory tract, contributing to the dissemina-
tion of this pathogen (9), and S. suis may also colonize the genital
and alimentary tracts of pigs (10). Transmission of the infection
between herds usually occurs by the movement of healthy carrier
pigs (breeding gilts, boars, and weaners). Detection of clinically
healthy carrier pigs, which have an essential role in S. suis trans-
mission, requires the use of powerful new molecular techniques.
The main difficulty with bacteriologic isolation is to locate S. suis
colonies in multi-infected samples, such as tonsils, specimens that are
essential for detection of S. suis in live pigs. Several monoplex and
multiplex polymerase chain reaction (PCR) tests have been devel-
oped that allow the detection of S. suis species and, more specifically,
serotypes 2 (and 1/2), 1 (and 14), 7, and 9 (11-15). Other molecular
techniques are now available to compare different S. suis strains
within the same serotype, including ribotyping (16-21), arbitrarily
primed PCR (22-25), multilocus sequence typing (26), and pulsed-
field gel electrophoresis (PFGE) (27-29). These genetic tools can be
valuable for distinguishing individual isolates of S. suis to establish
the origin of the infection in a herd and to monitor the kinetics of
an outbreak. Recently, we developed an approach that is based on
PCR amplification of a fragment of rTRNA genes, including a part
of the 16S and 23S genes and the 165-23S rDNA intergenic spacer
region (ISR), followed by restriction fragment length polymorphism
(RFLP) analysis with Rsal and Mboll endonucleases (30). The ISR-
RFLP method is fast and simple, advantages conferred by the PCR
procedure, and has a discriminatory power greater than 0.95 and an
in vitro reproducibility of 100%.

To improve epidemiologic knowledge of S. suis species and
serotype 2 infection on 8 pig farms in France, we conducted the
present study, which had 2 objectives: to detect S. suis in tonsils and
environmental samples by bacteriologic isolation and by the use of
a multiplex PCR (m-PCR) and to differentiate the isolates by means
of PFGE and ISR-RFLP.

Materials and methods

Herds

We investigated 8 pig herds (breeders) with 108 to 500 sows, which
originated from the same nucleus farm and had a history of clinical
signs due to S. suis serotype 2. On 7 farms there had been episodes
of S. suis septicemia 6 mo before the visit, and on 1 farm (farm 5)
there were 2 cases of S. suis serotype 2 septicemia and sudden death
on the day of the visit. There was a particular pattern of expression
of S. suis infection in these 8 herds: septicemia and death occurred
only during the fattening period. Autogenous bacterins were used

routinely on farms 2, 3, 7, and 8. Farm 5 used an autogenous vaccine
after our visit.

Samples

During a single visit to each farm, the pigs were examined for
clinical signs, and samples were obtained by biopsy and by swab-
bing the entire surface of the tonsils of 60 animals that did not show
clinical signs and were not receiving antibiotic treatment: 15 sows
(five 1st- and 2nd-parity sows, five 3rd- and 4th-parity sows, and
five older sows with 5 or more parities), 15 pigs in the postweaning
section, and 30 pigs in the growing-finishing section (15 pigs aged
14 to 16 wk and 15 aged 20 to 22 wk of age, nearing the end of the
finishing phase). Blood samples were collected for bacteriologic
analysis. On farm 5, blood samples were collected for S. suis isolation
from the 2 pigs that died suddenly (out of 96 pigs in the fattening
room). Environmental samples taken in the gestation, postweaning,
and growing-finishing sections included samples of feces, feed,
drinking water, flies, dust, breeding material, and clothing, as well
as drag-swabs rubbed on the air system. All samples were placed
in 2 mL of sterile water supplemented with NaCl (8.5 g/L) (initial
suspension [IS]), as previously described (15).

Multiplex PCR and bacteriologic analyses

Each sample (or IS) was analyzed by m-PCR without culture and
by bacteriologic culture. The m-PCR test is based on amplification of
the gene coding for 165 TRNA of S. suis species and on amplification
of the cps2] gene, which is involved in the synthesis of the capsules of
S. suis serotypes 2 and 1/2. Direct DNA extraction and preparation
from biologic and environmental samples and m-PCR conditions
were as described previously (15).

For bacteriologic analyses, 10 L of each sample was placed on
selective Columbia medium supplemented with 5% sheep blood,
15 mg/L of nalidixic acid, and 10 mg/L of colistin. Next, the plates
were incubated overnight at 37°C in 5% CO,. Four S. suis-like colo-
nies were subcultivated on Columbia medium supplemented with
5% sheep blood, and identification was confirmed by m-PCR. One
positive colony per pig was serotyped by the coagglutination test,
with the use of 35 different type-specific hyperimmune sera (31).

Bacterial strains

We compared the strains isolated in this study from the tonsils
of clinically healthy pigs and from the blood samples of the 2 pigs
on farm 5 that died suddenly with 17 field strains of S. suis sero-
type 2 that had been isolated in connection with routine diagnostic
testing of blood from pigs with septicemia on farms 3 (7 strains),
5 (3 strains), 6 (2 strains), 7 (3 strains), and 8 (2 strains). Of the
latter 17 strains, 7 had been used to produce autogenous vaccines.

Molecular typing by PFGE and ISR-RFLP

Molecular typing of the S. suis isolates was performed by PFGE
as previously described (27) and by ISR-RFLP (27,30). Briefly, the
mixture used in the ISR-RFLP method contained PCR buffer (67 mM
Tris-HCI, 16 mM (NH,),SO,, 0.01% Tween 20, and 2.5 mM MgCl,
[pH 8.8]), 1.5 mM of each deoxyribonucleoside triphosphate
(Eurobio, Les Ulis, France), 400 nM of each primer, 2 units of Tag
DNA polymerase (Eurobio), and 5 pL of the DNA template in a
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Figure 1. Proportions of clinically healthy pigs positive for Streptococcus suis in tonsil biopsy (TB) and tonsil swab (TS) samples by culture (c) and
multiplex polymerase chain reaction (PCR) assay. Sows 1-2 — 1st- and 2nd-parity sows (n = 40); Sows 3-4 — 3rd- and 4th-parity sows (n = 40);
Sows 5+ — sows with 5 or more parities (n = 40); PW — pigs in the postweaning section (n = 120); F1 — fattening pigs aged 14 to 16 wk (n = 120);

F2 — fattening pigs aged 20 to 22 wk (n = 120).

total volume of 50 wL. Amplification was performed in a GeneAmp
PCR system 9600 (Applied Biosystems, Courtaboeuf, France). The
reaction procedure consisted of 40 cycles of amplification at 94°C for
30s, 60°C for 30 s, and 72°C for 5 min and a postelongation at 72°C
for 5 min. Next, 15 pL of the products (approximately 1714 pb) was
digested with either Rsal or Mboll as described by the manufactur-
ers (Amersham France, Les Ulis, France, and Roche Diagnostics,
Meylan, France). Products digested with Rsal were separated in
a 2.5% low-melting-point agarose gel in TBE buffer (90 mM Tris,
90 mM borate, and 2.5 mM ethylenediamine tetraacetic acid [pH 8])
for 2.5 h at a constant voltage of 125 V. Products digested with MbolIl
were separated in a 2% standard agarose gel in TBE bulffer for 2 h
at a constant voltage of 125 V. Patterns were detected by ultraviolet
transillumination after ethidium bromide staining. A “ladder” of
50 base pairs (Pfizer, Paris, France) was used as a molecular size
standard. The patterns were digitized and analyzed with use of
the Biogene package (Vilber-Lourmat, Marne la Vallée, France) as
previously described (27). The strains were compared according to
“combined” patterns (named C1 to C13) based on the results of both
PFGE and ISR-RFLP.

Statistical analysis

Laboratory results obtained for each farm were compared by the
Fisher exact test (1 = 5) or the chi-squared test (n > 5) of indepen-
dence in 2 X 2 tables. Statistical tests were performed with Systat
9.0 for Windows (Systat Software GmbH, Erkrath, Germany),
and differences were considered significant when the probability
(P-value) was less than 0.05.

Detection of S. suis in blood

All blood samples collected from clinically healthy pigs on the
8 farms tested negative by m-PCR and by bacteriologic analysis.
Strains 331 and 332 of S. suis serotype 2 were isolated from the 2 pigs
on farm 5 that died suddenly on the day of the visit.

Detection of S. suis in tonsils of clinically
healthy pigs

Both m-PCR and bacteriologic culture detected S. suis on all
8 farms, but with variable frequency (Figure 1). On average, 71%
of the tonsil biopsy samples and 81% of the tonsil swab sam-
ples from clinically healthy pigs were m-PCR positive, whereas
57% of the tonsil biopsy samples and 72% of the tonsil swab
samples yielded S. suis on culture. The difference between the
2 tests and between the 2 methods of sampling was significant
(P < 0.05). The prevalence of S. suis positivity was significantly
higher (P < 0.05) in the pigs or young sows than in the older sows
(parity = 5).

Of the 406 S. suis isolates recovered from the 8 herds, 90 were
from sows, 111 from weaned pigs, and 205 from fattening pigs
(102 aged 14 to 16 wk and 103 aged 20 to 22 wk). Nontypable strains
accounted for 237 (58%) of the 406 strains. Of the 17 serotypes of
S. suis identified in the tonsil samples (Table I), serotype 22 was the
most frequent, accounting for 14%, followed by serotypes 5, 11, 2,
and 27, at approximately 3% each.
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Table I. Distribution of Streptococcus suis serotypes isolated from tonsils

in 8 herds of pigs

Fattening pigs;

age (wk) All pigs
Sows  Weaned pigs 14to 16 20 to 22 tested
Serotype (n=90) (h=111) (n=102) (n=103) (n=406)
2 0 0 3 9 12
1/2 2 0 4 0 6
3 0 0 1 0 1
4 1 2 0 1 4
5 4 4 6 0 14
7 0 0 1 1 2
8 2 5 0 0 7
11 4 3 4 2 13
16 1 5 3 0 9
18 1 0 3 2 6
22 6 14 19 18 57
27 10 0 1 1 12
28 0 5 0 2 7
29 3 4 1 1 9
30 1 1 0 0 2
31 0 0 1 0 1
34 0 0 1 0 1
Autoagglutinable 1 4 0 1 6
Nontypable 54 64 54 65 237
16% TB-c
14% =T OTS-c
12% O TB-PCR
B TS-PCR
10% S-PC
8%
6%
I I8 i
0% A : : : N L

Sows 1-2 Sows 3-4 Sows 5+ PW
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Figure 2. Percentages of clinically healthy pigs positive for S. suis serotypes 2 and 1/2. Abbreviations as for Figure 1.

Detection of S. suis serotypes 2 and 1/2 in tonsils
of clinically healthy pigs

The proportions of clinically healthy pigs on the 8 farms whose
tonsil samples tested positive for S. suis serotype 2 or 1/2, or both,
by m-PCR and bacteriologic analysis are shown in Figure 2. In total,
15 strains were isolated (on farms 1, 2, 3, 4, 5, and 7), serotype 2 or
1/2, or both, being detected in 2.3% of the tonsil biopsy samples and
in 1.25% of the tonsil swab samples by bacteriologic analysis and in
less than 4% of the pigs by m-PCR. The difference in results obtained

with the 2 techniques was significant (P < 0.05), but there were no
significant differences among the sampling sites.

Weaned pigs had significantly higher rates of infection with
S. suis serotype 2 or 1/2, or both, than did sows (P < 0.05), and
older pigs in the fattening section had significantly higher rates of
infection with 1 or both of these serotypes than did younger pigs
(P < 0.05). On the 7 farms with chronic S. suis infection (all but
farm 5), less than 5% of the tonsil samples were positive for S. suis
serotype 2 or 1/2, or both. However, on farm 5, where pigs showed
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Table Il. Results of multiplex polymerase chain reaction (m-PCR) testing for S. suis species in the

environmental samples collected at the 8 farms

Farm Pig
number group n PCR+ Sample source (and number)
1 S 12 0
WP 15 2 Drinking water (2)
FP 17 0
Total 44 2
2 S 16 2 Feeding trough (2)
WP 19 7 Feed (1), drinking water (2), feces (1), dust (1), feeding trough (2)
FP 18 2 Feeding trough (2)
Total 53 11
3 S 12 3 Dust (1), feeding trough (2)
WP 12 5 Feed (2), feces (1), feeding trough (2)
FP 18 1 Feeding trough (1)
Total 42 9
4 S 12 2 Feed (2)
WP 19 1 Drinking water (1)
FP 13 5 Feed (1), litter (2), dust (1), clothes drag-swab (1)
Total 44 8
5 S 16 6 Feed (1), feeding trough (2), fly (3)
WP 15 8 Drinking water (3), dust (3), feeding trough (2)
FP 14 0
Total 45 14
6 S 12 6 Feed (2), feces (1), feeding trough (2), drag-swab on sow (1)
WP 12 0
FP 21 3 Drinking water (3)
Total 45 9
7 S 12 0
WP 13 1 Feed (1)
FP 15 0
Total 40 1
8 S 14 4 Feed (1), feeding trough (3)
WP 13 0
FP 14 0
Total 41 4
Total 354 58

S — sows; WP — weaned pigs; FP — fattening pigs; n — number of samples analyzed; PCR+ — number of

samples positive for S. suis species by m-PCR.

clinical signs on the day of the visit, the carrier prevalence of the
2 serotypes together was 40% in the pigs 20 to 22 wk old.

Detection of S. suis in environmental samples

Neither PCR nor culture demonstrated S. suis serotypes 2 and 1/2
in the environment of the pigs. However, 2 nontypable S. suis strains
were recovered from 2 drinking water samples in the postweaning
section of farm 1. These 2 isolates had an identical biochemical pro-
file (in the Api20 Strep system) that was different from that classi-
cally obtained from S. suis strains isolated in disease cases; however,
165 rDNA sequencing confirmed that they were members of the
species S. suis (9% identity; data not shown).

Using m-PCR, we recovered S. suis DNA (different from that of
serotypes 2 and 1/2) from at least 1 environmental sample from
each farm (Table II). In total, 58 of the 354 samples tested positive;
S. suis DNA was recovered from feed, drinking water, feces, litter,
and dust, as well as some flies (Musca domestica) captured on farm 5.
On farm 5, S. suis DNA was present in 14 of 45 samples. The PCR
results for this farm were significantly different from the PCR results
for farms 1, 7, and 8 (P < 0.05).

Genotyping of S. suis serotype 2 and 1/2

Using PFGE with Smal endonuclease and the ISR-RFLP method
with Rsal and Mboll endonucleases, we characterized 34 strains of

18 The Canadian Journal of Veterinary Research



Table Ill. Genetic diversity of 36 S. suis strains isolated from the 8 farms

Used in
Farm autogenous PFGE Rsal Mboll Combined
number Strain Serotype? Origin vaccine? pattern pattern pattern pattern®
1 347 2 T No P3 R31 M15 c2
348 1/2 T No P3 R31 M15 c2
349 2 T No P3 R31 M15 c2
350 2 T No P3 R31 M15 c2
351 NT E No P5 R43 M6 Cc3
352 NT E No P5 R43 M6 Cc3
2 353 1/2 T No P1 R24 M8 Cc1
3 311 2 S No P2 R27 M10 Cc4
330 2 S No P1 R24 M8 Cc1
336 2 S No P1 R28 M8 C5
337 2 S No P1 R24 M7 Cc6
338 2 S No P1 R24 M8 Cc1
340 2 S Yes P1 R24 M8 Cc1
341 2 S Yes P1 R24 M8 Cc1
354 2 T No P1 R24 M8 Cc1
4 355 1/2 T No P1 R10 M8 Cc7
289 2 S No P1 R24 M8 Cc1
326 2 S No P1 R24 M8 Cc1
331° 2 S No P1 R24 M8 Cc1
332¢ 2 S No P1 R24 M8 Cc1
342 2 S Yes P1 R38 M10 c8
356 2 T No P1 R24 M8 Cc1
357 2 T No P1 R5 M8 Cc9
358 2 T No P1 R16 M8 Cc10
359 2 T No P1 R24 M8 Cc1
360 2 T No P1 R24 M8 Cc1
361 2 T No P1 R24 M8 Cc1
362 2 T No P1 R24 M8 Cc1
6 320 2 S No P1 R24 M8 Cc1
345 2 S Yes P1 R24 M8 Cc1
7 288 2 S No P2 R38 M10 C11
343 2 S Yes P2 R10 M11 Cc12
344 2 S Yes P1 R24 M8 C1
363 2 T No P1 R24 M8 C1
8 297 2 S No P1 R24 M8 Cc1
346 2 S Yes P1 R24 M8 Cc1

PFGE — pulsed-field gel electrophoresis; T — tonsil; NT — nontypable; E — environment; S — septicemia.
@ Strains 331 and 332, as well as the tonsil and environment isolates, were collected in the current study;

the others strains were collected from earlier outbreaks.

b Obtained from the combined results with PFGE and ISR-RFLP (an approach based on PCR amplification of a
fragment of rRNA genes, including a part of the 16S and 23S genes and the 16S-23S rDNA intergenic spacer
region [ISR], followed by restriction fragment length polymorphism).

¢ These strains were isolated from blood samples of 2 pigs that died suddenly on the day of the visit to farm 5.

S. suis serotypes 2 and 1/2 and the 2 nontypable strains isolated from
the environment (Table III). Among the 34 strains of serotypes 2 and
1/2, 3 PFGE patterns were identified. With the ISR-RFLP method,
8 and 5 patterns were detected with the use of Rsal and Mboll,

respectively.

Ten “combined” patterns were identified among the 31 S. suis
isolates of serotype 2. The most common pattern, C1, was detected
on 6 farms (2, 3, 5, 6, 7, and 8) in 13 strains isolated from pigs with
septicemia and 7 tonsil samples from clinically healthy pigs. The
C1 pattern was also detected in 1 S. suis strain of serotype 1/2. The
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2 nontypable strains, isolated from environmental samples, had a
singular pattern (C3). Two strains from farms 5 and 7 used to pro-
duce autogenous vaccines did not have the C1 pattern.

In this study of S. suis typing among 8 herds, m-PCR was more
sensitive than bacteriologic culture. With multi-infected samples,
such as tonsil specimens, PCR facilitates detection of S. suis. The
PCR assay that we used detected and identified S. suis serotypes 2
and 1/2 among a-hemolytic colonies on blood agar medium (15).
The high sensitivity and specificity of m-PCR, as well as the presence
of an internal control, allow direct analysis of samples without a
culture step. The use of molecular biology techniques is essential for
identification of carrier pigs, which play an important epidemiologic
role in S. suis infection.

We also found that tonsil swabs were more sensitive than tonsil
biopsy for the detection of S. suis in live sows and growing pigs.
Tonsil swabbing is easier to perform and is not traumatic for the
pig. These results confirm those observed in experimentally infected
pigs (15). Recently, tonsil swabs were used to detect S. suis serotype
2 in live sows (32).

In the 8 herds, S. suis was detected by m-PCR in 81% of the tonsil
swabs on average; 58% of the strains were nontypable. The high
prevalence of nontypable S. suis strains isolated from tonsil samples
was previously reported by Han and colleagues (33), who found
26 strains to be nontypable among 55 isolates recovered from slaugh-
ter pigs in Korea. In Canada, Brisebois and associated (34) showed
that 79% of strains isolated from nasal cavities on 49 farms were
nontypable. These results suggest the existence of nonencapsulated
S. suis or more than 35 serotypes. In our study, 17 S. suis serotypes
were detected; serotype 22 was the most prevalent, and serotypes 5,
11, 2, and 27 next most prevalent. Serotype 2 is generally associated
with severe lesions, although some strains, belonging to less common
capsular types, such as serotypes 22 and 5, have been associated with
septicemia, meningitis, and sudden death (10,25,35-37). Serotype 34
(or S. orisratti) was recovered from 1 pig (Table I).

In the 7 herds with a history of S. suis serotype 2 infection but no
clinical signs on the day of investigation, we detected serotype 2 or
1/2, or both, in less than 5% of the tonsil samples. In the 8th herd,
in which pigs had clinical signs of disease on the day of sampling,
the carriage rate of these serotypes was 40% in the older fattening
pigs (20 to 22 wk old). In the 8 herds, disease was observed in the
fattening section. However, S. suis serotypes 2 and 1/2 were also
detected in tonsil samples from weaned pigs in 4 herds and from
sows in 2 herds. These results are in agreement with previous find-
ings that sows presumably infect their piglets during farrowing or
via the respiratory route after farrowing, or both (38). Since S. suis is
also found in the genital and digestive tracts, piglets may be exposed
during the birth process and suckling (1,10,38-40).

Several serotypes of S. suis (though not serotypes 2 and 1/2)
were detected in the environment in 58 of 354 samples in this study.
The presence of S. suis in the environment is probably transitory
(10). Nevertheless, S. suis serotype 2 has been shown to survive in
feces and dust at 25°C for 8 d and 24 h, respectively, and for 10 and
25 d at 9°C (41). Moreover, S. suis serotype 2 can be isolated from a

variety of animal species, especially mammalians, birds, and flies,
which may play an epidemiologic role in S. suis infection. Growing
pigs are generally susceptible. Depending on different factors, such
as the virulence of the strain, coexisting infection, environmental
factors affecting bacterial survival, and moving and mixing of ani-
mals, transmission of S. suis may occur. It is also known that S. suis
serotype 2 can be transmitted from diseased pigs to healthy pigs
through direct or indirect contact (1,10,42).

Our results confirm that serotyping is not sufficiently discriminat-
ing to differentiate S. suis strains (27,30). The PFGE and ISR-RFLP
methods have been shown to be more useful in genotyping S. suis
serotype 2 strains. Moreover, using these molecular methods, we
found that 56% of S. suis serotype 2 isolates had a common pattern
(C1), which was detected in 6 of the 8 farms. This finding suggests
that many isolates had a common origin of contamination. Isolates
with the C1 pattern were also detected in the nucleus herd, sug-
gesting transmission via the gilts (data not shown). In addition,
molecular typing of 17 strains, isolated from 13 herds of commercial
farms that were related to the 8 farms studied here, revealed that
S. suis with the C1 pattern was the most prevalent strain (data not
shown). Therefore, vertical transmission (nucleus herd to multiplier
herds to commercial farms) can be considered. Nevertheless, 10 pat-
terns were also detected in serotype 2, suggesting a multifactorial
origin of contamination.

Surprisingly, up to 4 genotypic patterns of serotype 2 were
observed for each farm, and up to 4 profiles were associated with
septicemia. In this regard, the molecular epidemiologic features of the
infection appear to be different from those described classically for
serotype 2. Indeed, it was previously reported that in closed infected
herds a single clone of S. suis was responsible for disease (23,35).

Therefore, a common autogenous vaccine prepared with a
Cl-pattern strain should be used with caution in a vaccination
program. Two strains isolated from diseased pigs on 2 farms were
different from the strain used to prepare the autogenous vaccine
used on those farms. Although a clear correlation between different
genotypic patterns and antigens has not been demonstrated, the
presence of multiple strains of S. suis serotype 2 in a single herd
might result in vaccination failures.

In conclusion, different strains of S. suis serotype 2 may be pres-
ent in a herd and responsible for clinical signs. Therefore, genotypic
characterization (with the use of PFGE, ISR-RFLP, or other molecular
typing methods) is essential to better understand S. suis infection by
identifying individual isolates of S. suis, establishing the origin of
the infection, and monitoring the kinetics of an outbreak.
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