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ABSTRACT

Control of Streptococcus suis
infections and associated disease
have proven to be a difficult chal-
lenge under most farm conditions.
The objective of this study was to
experimentally expose young pigs
with a pathogenic strain of S. suis
serotype 2 as a means of controlling
the disease in a commercial swine
farm. Prior to the start of the study,
the pathogenic S. suis strain respon-
sible for mortality in the farm was
identified and used to experimen-
tally inoculate baby piglets. Over a
3-week period, groups of pigs were
selected (100 pigs/wk) and divided
into 2 groups: control (50 pigs/
week) and experimentally exposed
(50 pigs/week). Pigs in the experi-
mentally exposed group were inocu-
lated at 5 d old by tonsillar swab-
bing with the pathogenic S. suis
farm isolate. The effect of exposure
with this pathogenic strain was
evaluated during the nursery and
finishing stages and was based on:
morbidity (pigs with central ner-
vous signs (CNS) and/or lameness),
mortality and number of treatments
required by pigs that had either
CNS or lameness. The relative risk
(RR) of acquiring disease due to
S. suis infection was also calculated.
Results showed that morbidity in
the experimentally exposed groups
was lower than in the control group
and these results were statistically
different (P = 0.006). Experimen-
tally exposed pigs also showed a sta-
tistically significant reduction in
lameness problems (P = 0.012), but
not in CNS (P = 0.20) or mortality

(P = 0.59). Pigs in the control group
had an increased RR of 4.76, 8.77
and 2.7 for morbidity, to have lame-
ness or to have CNS signs, respec-
tively. In conclusion, experimental
exposure of young pigs with the
farm's pathogenic S. suis strain at a
young age, had a positive effect in
reducing clinical signs characteris-
tics of S. suis infection. This method
constitutes a novel approach to the
control of S. suis infections in swine
farms.

RESUME

Le controle des infections a Strep-
tococcus suis et des maladies asso-
ciees s'averent un defi de taille dans
la majorite des elevages. L'objectif
de l'etude etait d'exposer experi-
mentalement de jeunes porcs a un
isolat pathogene de S. suis serotype
2 comme moyen pour controler la
maladie dans un elevage commer-
cial. Avant le debut de l'etude, la
souche pathogene de S. suis respon-
sable de mortalite dans l'elevage fut
identifiee et utilisee pour inoculer
experimentalement de jeunes por-
celets. Pendant 3 semaines, des
groupes hebdomadaire de porcs
furent selectionne's (100 porcs/
semaine) et divises en deux groupes:
des animaux temoins (50 porcs/
semaine) et des animaux exposes
experimentalement (50 porcs/
semaine). Les porcs dans le groupe
expose experimentalement furent
inocules a l'age de 5 jours par badi-
geonnage des amygdales avec l'iso-
lat pathogene de S. suis provenant
de la ferme. L'effet d'une exposi-

tion a la souche pathogene fut
evalue durant le sejour des animaux
en pouponniere et en periode de
finition en se basant sur la morbi-
dite (porcs avec signes nerveux cen-
traux (SNC) ou boiterie), la morta-
lite et le nombre de traitements
requis par les porcs avec SNC ou
boiterie. Le risque relatif (RR) de
contracter une maladie due a une
infection par S. suis fut aussi cal-
cule. Les resultats ont demontre que
dans le groupe expose experimen-
talement la morbidite etait signi-
ficativement (P = 0,006) plus faible
que dans le groupe temoin et qu'il y
avait egalement moins de problemes
de boiteries (P = 0,012). Aucune dif-
ference significative ne fut observee
entre les deux groupes pour ce qui
est des SNC (P = 0,20) et de la mor-
talite (P = 0,59). Les porcs dans le
groupe temoin presentaient des RR
eleves de 4,76, 8,77 et 2,7 pour la
morbidite, le developpement de boi-
terie ou l'apparition de SNC,
respectivement. L'exposition expe-
rimentale en bas age de jeunes
porcelets 'a une souche pathogene
endogene a la ferme eu un effet
positif en reduisant les signes clini-
ques caracteristiques d'une infec-
tion par S. suis. Cette methode con-
stitue une approche nouvelle au
controle a la ferme des infections
par S. suis. Toutefois, compte tenu
du potentiel zoonotique de S. suis,
des precautions doivent etre prises
lors de la manipulation de ce micro-
organisme, surtout lorsque l'on met
en place des mesures de controle
dans des elevages commerciaux de
porcs.

(Traduitpar le docteur Serge Messier)
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INTRODUCTION

Disease caused by Streptococcus
suis is one of the most common prob-
lems observed in swine farms. The
disease affects mostly nursery pigs
causing meningitis, arthritis, sep-
ticemia and endocarditis (1). Pigs are
colonized by S. suis essentially at
birth (2). These strains, part of the
normal flora and isolated from respi-
ratory sites, tend to be very heteroge-
neous, even in closed populations,
representing various serotypes and
genotypes (3). In contrast, recent
molecular epidemiological studies
have shown that in closed swine pop-
ulations, there is a tendency for very
few strains to cause mortality, to be
established, and to persist over time
(3). Unlike commensal strains of the
normal flora, pathogenic strains are
found at a low prevalence at weaning
(4) and it has been hypothesized that
this could be a predisposing factor for
the latter onset of disease (5). Accord-
ing to this hypothesis, the problem
would be exacerbated by the adoption
of segregated early weaning (SEW)
techniques since pigs in these systems
are weaned early and separated from
the sow herd. This hypothesis states
that maternal immunity levels towards
these systemic strains are high at
weaning towards these systemic
strains, therefore interfering with the
colonization of baby piglets. How-
ever, a few sows in the group do shed
the organism and infect their litter. In
SEW systems as maternal immunity
decreases after weaning, the patho-
genic strains would be transmitted to
the non-colonized pigs, therefore
resulting in S. suis-induced disease. In
contrast, in conventional systems in
which pigs are weaned older, and
where piglets are under constant chal-
lenge from older pigs, colonization
would occur rapidly in the presence of
adequate maternal immunity, result-
ing in active immunity in the piglets.
As a result, in these conventional sys-
tems, most pigs are colonized under
maternal antibody protection, reduc-
ing the incidence of postweaning dis-
ease. If this hypothesis is correct,
early colonization of suckling pigs
with pathogenic strains in the pres-
ence of maternal immunity should
prove beneficial.
The mechanisms of protective

immune responses against S. suis

infection are not well understood.
Studies on its pathogenesis suggest
that in the early stages of the infec-
tion, S. suis invades the tonsils and is
phagocytosed by mononuclear cells.
Infected monocytes migrate to the
local lymph nodes and then to the
blood in order to reach the cerebral
spinal fluid after crossing the blood-
brain barrier (6,7). Therefore, it
appears that both cell and antibody-
mediated immune responses may be
necessary in order to resist the dis-
ease. Commercial bacterins, which
mainly stimulate antibody production
(8), do not seem to provide full pro-
tection against S. suis infection
(9,10). Vaccines using live strains
seem to give better results under
experimental conditions (1 1). How-
ever, success in using live vaccines in
commercial farms is uncertain, since
in the published experimental trials,
challenges were done intravenously,
which may not reproduce the original
form of the disease. An alternative
approach would be to inoculate live
S. suis strains onto mucosal sites in
young pigs, which should simulate
natural infection and a correspond-
ingly appropriate host response. This
would, therefore, result in disease
control under farm conditions.
The objective of this study was to

experimentally expose young piglets
to a pathogenic strain of S. suis sero-
type 2 as a means of controlling the
disease in a commercial swine farm.

MATERIALS AND METHODS

FARM

A 250-sow farm with Landrace X
Yorkshire commercial pigs was selected
for this study. The farm had a history
of clinical disease caused by S. suis
serotype 2 in the late nursery phase,
as well as the early stages of the fin-
ishing period. Mortality rates ranged
from 1% to 8%, with a large variabil-
ity between weekly groups of pigs.
Pigs in this farm were weaned at 15 d
and moved to an off-site nursery where
they stayed for 8 wk. After that, pigs
were moved to the finisher building
which was situated on the same site as
the nursery, but was managed as a
separate site. All weekly groups of
pigs were raised independently from
each other with strict all-in/all-out
measures between groups, thereby

avoiding mixing of pigs of different
ages. Rooms were also cleaned and
disinfected between groups of pigs.

Breeding stock was purchased from
a single source which had remained
constant since the farm was estab-
lished. The study farm was free from
both porcine reproductive and respira-
tory syndrome (PRRS) viruses and
Aujeszky's disease virus. Clinical
cases of Haemophilus parasuis,
Mycoplasma hyorhinis, hemolytic
Escherichia coli and Actinobacillus
suis had not been reported.

IDENTIFICATION OF THE PATHOGENIC
STRAINS

Prior to the start of the study, mor-
tality observed in the nursery and fin-
isher units was studied. Pigs that
showed clinical signs of either menin-
gitis or arthritis prior to death were
considered to be affected by S. suis.
Pigs with central nervous signs (CNS)
characterized by recumbency, convul-
sions and paddling were diagnosed as
having meningitis. Arthritis was clini-
cally characterized as lame pigs with
inflamed joints. Pigs with clinical
signs of disease of either meningitis
and/or arthritis were necropsied dur-
ing the preliminary farm visits. The
visits were conducted over a one-year
period. Samples were taken from
brain and joints as well as tonsils of
healthy pigs, incubated at 37°C on
blood agar plates (BAP) and identi-
fied using standard tests (12,13).
Streptococcus suis isolates were
serotyped by the coagglutination
method (14). Streptococcus suis
serotype 2 was isolated in pure culture
from the necropsied pigs. This organ-
ism was considered to be responsible
for the aforementioned clinical prob-
lems. By contrast, S. suis isolates
from tonsils were not serotype 2 and
were considered non-pathogenic.

In order to further characterize the
S. suis isolates collected during the
12 mo prior to the start of the study, a
comparison was done by genotyping
in an attempt to determine if these
isolates were all the same or if they
represented several different strains
responsible for the mortality (15,16).
Isolates were genotyped by Rep-PCR
as described elsewhere (4).

EXPERIMENTAL INOCULATION

Genetic analysis revealed that all
isolates recovered from necropsies
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had an identical genetic pattern.
Therefore, it was assumed that a sin-
gle strain of S. suis was responsible
for the mortality and clinical signs of
meningitis and arthritis observed in
the farm under study. Isolates recov-
ered from tonsils were genetically
heterogeneous and different from the
pathogenic strain.
The first S. suis isolate recovered

from the meninges of a dead pig was
used as the inoculum for the experi-
mental inoculation. This isolate was
grown overnight at 37°C in BAP, col-
lected the next day in phosphate-
buffered saline (PBS), and frozen in
vials at -80°C in 50% skim milk.
One of the vials was thawed and the
colonies were counted in order to
assess the number of cfu/mL and the
necessary dilution for the experimen-
tal exposure. The organism concentra-
tion was adjusted to 1 X 107 cfu/mL
prior to the start of the experimental
exposure.
The experiment was performed on

the farm of origin. Three groups of
pigs were selected weekly, exposed
experimentally to the pathogenic
S. suis strain and then observed
throughout the nursery and finisher
stages (3 trials). About 100 pigs were
included in each trial (Table I) and
divided into experimentally exposed
and control groups.

Pigs were randomly selected, ear-
tagged and exposed at about 5 d old in
the farrowing room. Pigs in trial 1
were experimentally exposed with
1 X 106 cfu/mL of the pathogenic
strain, using a nasal swab. The swab
was introduced approximately 2 cm
into each nostril. Pigs in trials 2 and 3
were exposed with 1 X 107 cfu/mL of
the same strain, using both nasal and
tonsillar swabbing, in order to get
more consistent colonization. Pigs
included in the experiment were
housed in pens with solid partitions at
all times, in order to prevent direct
contact with pigs not included in the
study. Pigs from both control and
experimentally exposed groups were
also housed in separated pens and not
mixed. Farm personnel were the same
throughout the study and did not
know which pens corresponded to the
control or to the experimentally
exposed pigs. Pigs were managed
according to the standard procedures
of the farm.

TABLE I. Streptococcus suis-related and total (in parenthesis) morbidity, mortality as well as
the number of pigs that showed CNS signs or lameness and the total number of treatments
administered during the duration of the experiment

Morbidity CNS signs Lameness Mortality Treatment
I st trial Control (n = 40) 1 (1) 1 (1) 0 (0) 0 (0) 1 (1)

Exposed (n=53) 1 (4) 0(0) 1 (1) 0(1) 2 (2)
2nd trial Control (n = 52) 4 (4) 2 (2) 2 (2) 1 (1) 8 (8)

Exposed (n = 54) 1 (1) 1 (1) 0 (0) 0 (0) 1 (1)
3rd trial Control (n = 53) 8 (9) 2 (2) 6 (6) 1 (2) 15 (15)

Exposed (n =52) 1 (2) 1 (1) 0 (0) 1 (2) 0 (0)
Total Control (n = 145) 13 (14) 5 (5) 8 (8) 2 (3) 24 (24)

Exposed(n= 159) 3 (7) 2 (2) 1 (3) 1 (3) 3 (3)
Numbers in parentheses are the totals for pigs exhibiting morbidity, mortality, CNS signs, and
lameness, as well as the total number of treatments administered over the duration of the
experiment

EVALUATION OF THE CARRIER STATE

Tonsillar swabs were taken in order
to confirm the carrier state of the pigs
and whether the pigs had been suc-
cessfully colonized. In each trial,
10 pigs were randomly selected from
each group and sampled before inocu-
lation and at 6, 14, 22, and 44 d post
inoculation. Swabs were plated onto
colistin-nalidixic acid plates and incu-
bated at 37°C overnight. Three
a-hemolytic colonies were selected
from each plate in trial 1 and 8
colonies were selected and reisolated
in trials 2 and 3. Isolates were further
subcultured and serotyped using an
immunofluorescence antibody test
(IFAT) against serotype 2, which pre-
viously had been standardized in the
laboratory. The optimal serum and
conjugate dilutions were determined
by checkerboard titration (results not
shown). Briefly, about three colonies
were resuspended in 20 ,uL of PBS on
a glass slide and fixed with acetone
for 10 min. Twenty-five microliters of
a serotype 2 polyclonal antiserum
produced in rabbits (dilution 1:75)
was added to the bacterial suspension.
Slides were incubated at 37°C for
30 min in a moist chamber. Slides
were then washed 3 times with PBS
and 25 ,uL of fluorescein labeled anti-
rabbit IgG (Sigma Chemical Co.,
St. Louis, Missouri, USA) (dilution
1:100) was added and incubated for
30 min at 37°C. Slides were rinsed
3 times with PBS and observed under
a fluorescence microscope. Serotype
2 isolates were viewed as cocci cov-
ered by a full, bright green, fluores-
cent capsule. Controls of this test
included the S. suis isolate used as
inoculum (positive control) and the
reference strain for serotype 1 (nega-
tive control). Serotype 2 IFAT-posi-

tive isolates were further confirmed
by the coagglutination method (14).

Following serotypification, all con-
firmed serotype 2 isolates were ana-
lyzed by Rep-PCR (4) and the genetic
pattern was compared to the farm-spe-
cific pathogenic strain used as the
inoculum for the experimental
exposure.

ISOLATION OF S. SUIS FROM DEAD PIGS

Attempts were made to isolate
S. suis throughout the experiment
from any pigs that died during the
study. Two pigs, one from the control
and one from the experimentally
exposed group, as well as 3 pigs from
the farm but not included in the study,
were necropsied and meningeal and
inflamed joint swabs were collected.
Isolated strains were characterized
and genotyped as described above.

PARAMETERS EVALUATED

The effect of the experimental
exposure of young piglets to a
pathogenic S. suis strain was evalu-
ated according to the following
parameters: 1) mortality, 2) morbid-
ity, and 3) number of antibiotic treat-
ments administered during the nursery
and finishing stages. Primary signs
recorded in morbidity included CNS
signs and/or lameness with clinically
inflamed joints. The number of antibi-
otic treatments was calculated as total
treatments per group and as number of
treatments per pig with clinical signs
of S. suis infection. Pigs were treated
according to the farm protocols and
pigs that showed signs of S. suis dis-
ease consisting of either CNS or
lameness, as described above, were
treated with injectable penicillin.
The relative risk (RR) was used to

indicate the likelihood of developing
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Figure 1. Genetic pattern of the S. suis pathogenic strains collected from the farm during the
study. bp - base pair. Lane M - molecular weight marker. Lanes 1 to 4- isolates collected
from 4 pigs during a 10-month period previous to the start of the study. Lanes 5 to 7 - iso-
lates collected from the tonsils of experimentally colonized pigs in trial 2. Lane 8 - isolate
recovered from a farm pig not included in the experiment that died during the study. These
patterns were obtained by Rep-PCR, using ERIC 1R and ERIC 2 primers in the reaction.

S. suis-related disease as defined by
pigs that had CNS signs and/or lame-
ness in the control group relative to
the experimentally exposed group. It
was calculated as the ratio of the inci-
dence of disease in the control group
(non-exposed) divided by the corre-
sponding incidence of disease in the
experimentally exposed group. The
RR was determined for morbidity,
number of pigs that showed CNS
signs, number of pigs that showed
lameness, and for mortality.

STATISTICAL ANALYSIS

Results were compared between the
experimentally exposed and control
groups. Data of S. suis-related disease
on morbidity, mortality, and pigs that
showed CNS signs and lameness was
analyzed. Results from the 3 trials
were pooled and analyzed using the
chi-squared test. The pig was consid-
ered to be the experimental unit since
the animals were individually identi-

fied and therefore they could be indi-
vidually monitored. Results were con-
sidered to be statistically significant
atP<0.05.

RESULTS

IDENTIFICATION OF THE PATHOGENIC
STRAINS

Eight pigs were necropsied during
the 10 mo prior to the start of the
study. Seven S. suis isolates were
recovered from 4 pigs during that
period. The primary sites of isolation
were the brain or joint capsule. Four
of the pigs did not yield S. suis at
necropsy, but they had been treated
with injectable penicillin upon early
signs of meningitis. These animals
died soon after treatment and other
pathogens were not isolated. Systemic
S. suis isolates were determined to
be serotype 2. Molecular analysis
demonstrated a single genetic pattern

among these isolates (Figure 1). This
uniformity suggested that all these
isolates belonged to a single strain of
S. suis, which was involved in the
mortality. This strain was established
in the farm and had persisted for at
least 1 y.

EXPERIMENTAL INOCULATION

Clinical signs were not observed in
the 5-day-old-piglets for at least 4 wk
following the experimental inocula-
tion. Results were recorded as total
numbers of pigs that had any sign of
disease and as number of pigs that had
signs compatible with disease caused
by S. suis (Table I). Results of mor-
bidity, mortality, as well as number of
pigs having CNS signs or lameness,
and number of total treatments, are
shown for each of the trials. Few pigs
in trial 1 were affected. In contrast,
control pigs in trials 2 and 3 had dis-
ease rates similar to values observed
in the farm prior to the start of the
experiment. A total of 14 control pigs
were affected during the 3 trials. One
pig died acutely without it being pos-
sible to determine the cause of death.
This animal was, therefore, excluded
from the study. Seven experimentally
exposed pigs were affected. While
clinical signs in 3 pigs were deter-
mined to be due to S. suis, 2 other
pigs were considered to be poor-
doers, another one died from castra-
tion complications, and another died
acutely without any apparent cause.

Since the 3 trials were independent
and the pigs studied in each of the tri-
als were different, the results were
grouped and analyzed together. The
number of pigs that had signs of dis-
ease related to S. suis in both control
and experimentally exposed groups,
were statistically different (P =

0.006). These disease signs were fur-
ther analyzed according to the main
signs observed, namely CNS or lame-
ness (Figure 2). Lameness was the
predominant sign with 5.5% (8 pigs)
in the control pigs, whereas < 1% (one
pig) was affected in the experimen-
tally exposed group. These results
were statistically significant (P =

0.012). Five pigs (3.4%) in the control
groups had CNS signs while only 2
pigs (1.2%) had CNS signs in the
experimentally exposed group. These
results, however, were not statisti-
cally significant (P = 0.20). Differ-
ences in the level of mortality were
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not significant between the groups
(P = 0.5086), despite a higher mortal-
ity in controls (1.3%) vs in the experi-
mentally exposed animals (0.06%).
However, mortality in the study pigs
was lower than in the contemporane-
ous groups on the farm (2.5%). Strep-
tococcus suis was isolated from joints
and meninges of one dead control pig.
Isolation was negative in one experi-
mentally exposed pig that had CNS
signs previous to death, probably due
to the treatment received. The S. suis
pathogenic strain was isolated in
3 pigs present in the farm that died at
the time of the experiment but not
included in the study (Figure 1). All
isolates had identical genetic patterns
to the farm pathogenic strain previ-
ously characterized, and used for the
experimental inoculation.
The RR of being affected with

S. suis for the control non-exposed
pigs was 4.76 times higher than for
the experimentally exposed animals.
The RR for control pigs to develop
CNS signs or lameness was 2.7 and
8.77, respectively.

Control pigs required more treat-
ments than the experimentally
exposed pigs. Twenty-four treatments
were required in the control group,
whereas only 2 treatments were
required in the experimentally
exposed group. The control group
required 2 treatments per affected ani-
mal, whereas animals in the experi-
mentally exposed group required only
one treatment.

EVALUATION OF THE CARRIER STATE

Evaluation of the carrier state was
performed by superficial tonsillar
swabbing. The farm's pathogenic
strain could not be isolated from the
tonsils of either the control or the
experimentally exposed pigs in trials
1 and 3; however, the strain was suc-
cessfully isolated in trial 2 from 3 dif-
ferent experimentally inoculated pigs
(Figure 1). These isolates were recov-
ered at 22, 34 and 44 d after the
experimental exposure. The pigs that
carried the inoculated strain in their
tonsils did not show any sign of
S. suis disease during the experiment.

DISCUSSION

Experimental exposure of healthy
animals with pathogenic strains as a

6%
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S
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ct

c)

4%

3% -

2% -

1% -

b

P-value: 0.012

CNS Lameness

E Control
U Exp.colonized

Figure 2. Percentage of pigs that showed either CNS signs or lameness with clinically
inflamed joints during the duration of the study. Differences in CNS results between control
and experimentally colonized pigs had a P-value equal to 0.20. Differences in lameness
between groups had a P-value equal to 0.012.

means of preventing disease is a new
concept for the control of S. suis
infection in pigs. In this study, 5-day-
old pigs were exposed to a specific
pathogenic strain of S. suis which was
responsible for the clinical disease in
the farm under study.

This study was based on 2 major
points: a) identification of a patho-
genic strain of S. suis specific for the
farm and responsible for the S. suis-
related disease; b) to expose young
piglets to this strain in order to stimu-
late an appropriate immune response
by simulating time when colonization
occurs in conventional systems.

This study was conducted to inves-
tigate alternatives to the control of
S. suis disease, since S. suis killed
vaccines are not efficacious under
field conditions (10).
Most pigs are colonized by S. suis

very early in their lives. The S. suis
strains that are found colonizing the
upper respiratory tract tend to be dif-
ferent from strains causing disease
(17). Field observations suggest that
colonization by non-virulent strains

does not provide protection against
disease, since pigs colonized by non-
virulent strains are still affected by
these specific strains. Most of the
studies that describe colonization by
S. suis do not differentiate between
common flora S. suis and pathogenic
strains. Two studies in which this dif-
ferentiation was performed showed
that pathogenic strains could be found
in the tonsils of pigs (17,18). How-
ever, in these studies, pigs were not
monitored individually and it was,
therefore, not possible to ascertain
whether a true asymptomatic carrier
state existed. In the present study,
pigs were monitored individually and
we showed that healthy animals can
carry the pathogenic strain in their
tonsils without being affected, there-
fore constituting a possible focus for
disease transmission.

In an effort to evaluate the effect of
the experimental exposure on disease,
tonsillar swabs were taken following
the experimental inoculation. Surpris-
ingly, the isolation rate of the patho-
genic strain from the tonsils of
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experimentally exposed pigs was very
low. However, prior studies had
shown that isolation of pathogenic
strains from the tonsils of healthy pigs
was difficult. In this study, one expla-
nation for this may have been that the
experimental exposure did not result
in colonization. This, however, is
unlikely, since tonsils are the normal
habitat for S. suis (18,19). More
likely, the pathogenic strain was pre-
sent in the pig, but it could not be
detected by superficial tonsillar swab-
bing. In an attempt to improve the
sensitivity of the bacteriological iso-
lation, up to 8 colonies were studied
per animal and per sampling. In the
3 pigs where the pathogenic strain
could be isolated, only one of the
8 a-hemolytic colonies analyzed was
the pathogenic strain and this strain
could not be isolated twice from the
same animal. This highlights the diffi-
culty in successfully achieving micro-
biological isolation from the tonsils,
which may result in misleading
results. These results are perhaps not
surprising as previous studies have
also shown that S. suis is more likely
to be found deep in the crypts of the
tonsils, so superficial swabbing of the
tonsillar surface may be inadequate
(19).
The experimental exposure of

young pigs with a pathogenic strain
reduced the number of pigs that
developed clinical signs of S. suis-
related disease. However, pigs in trial
1 did not show signs of disease in
either the control or experimentally
exposed groups. The cohort group of
pigs from the farm of the same age,
which was not included in the study,
did not show signs of disease either,
suggesting that this weekly group of
pigs that was selected for trial 1, was
a low disease group. Control pigs in
trials 2 and 3 showed signs of disease,
and experimental exposure to a patho-
genic S. suis strain had a positive
effect on limiting development of dis-
ease, resulting in higher morbidity in
the control group. Differences in the
number of pigs that showed lameness
were statistically significant, but dif-
ferences in CNS signs were not statis-
tically significant at P < 0.05. Differ-
ences in mortality were also not
statistically significant. Mortality in
the farm pigs not included in the
experiment was higher than in the
study pigs, suggesting that overall

disease in the study pigs was lower
than expected. Mortality caused by
S. suis is due to meningitis, and since
lameness with clinically inflamed
joints was the main sign observed,
mortality was expected to be low.
Only 3 pigs that showed signs of
meningitis died during the experi-
ment, and none of the arthritic pigs
died. Assessment of the RR also
showed that control pigs had a higher
likelihood of developing disease com-
pared to the experimentally exposed
pigs. Control pigs had almost 5 times
the risk of having S. suis-related clini-
cal signs, 2.7 times for showing CNS
signs and 8.77 times risk for having
lameness, than experimentally exposed
pigs. However, relative risk for mor-
tality was only 1.09, indicating that
the mortality was similar between the
control and experimentally exposed
groups. Therefore, exposure with the
pathogenic strain proved to be advan-
tageous in reducing the clinical signs
of the disease but not necessarily in
reducing the level of mortality.
The source of the pathogenic strain

in the control pigs that died remains
undefined. Control pigs were affected
by the same specific pathogenic
strain, even though they had not been
experimentally exposed. This sug-
gests that several sows were the most
likely source of infection. However,
since not all piglets were exposed dur-
ing lactation, they presumably did not
develop an appropriate immune
response, and by the time they
reached the nursery, the pigs carrying
the pathogenic strain may have
infected the naive pigs, resulting in
disease. By contrast, in the experi-
mentally exposed group, most of the
pigs were exposed to the pathogenic
strain when they were with the sow,
and in the presence of maternal immu-
nity, simulating what would occur
under natural conditions. After wean-
ing, the pigs would already carry the
strains and, therefore, would resist
further challenge with the same strain.
An immediate disadvantage for the

applicability of this procedure in com-
mercial swine farms would be that the
method for experimental inoculation
is cumbersome. Additional research is
necessary to create a more user-
friendly device for large-scale colo-
nization. In addition, since S. suis is
potentially zoonotic, its handling can
result in serious disease to humans. In

this study, special handling instruc-
tions and management procedures
were applied in order to prevent trans-
mission to the personnel in charge of
the pigs. The implementation of
safety measures using live S. suis
strains has to be carefully reviewed
and planned.

In conclusion, protection against
S. suis disease was observed in young
piglets that had been exposed to the
pathogenic strain responsible for the
mortality in the farm under study.
This study constitutes a novel
approach on how to control S. suis
infection in swine farms; however,
more studies are necessary in order to
further evaluate the problem and to
understand the pathogenesis and the
epidemiology of the disease caused by
S. suis.
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