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ABSTRACT

Sreptococcus suis capsular type 2
is still an important cause of eco-
nomic losses in the swine industry.
At the present time, vaccination of
pigs against this infection is gener-
ally carried out with autogenous
bacterins and results are equivocal.
In this study, the protective effect of
a live avirulent S. suis type 2 strain
(#1330) which had induced a good
protection in mice, was evaluated in
swine. The experiment was per-
formed in triplicate using 4 week-
old piglets. A total of 15 piglets
were vaccinated 3 times, 15 others
were vaccinated 2 times, and
15 piglets were injected 3 times with
sterile Todd-Hewitt broth. Using an
indirect ELISA, an increase in the
IgG response to S. suis antigens was
noted in 27 of the 30 vaccinated
piglets. On day 21 post-vaccination,
all animals were challenged intra-
venously with a virulent S. suis type
2 strain (#999). In the 2 vaccinated
groups, 26 animals were fully pro-
tected. Only 1 out of the 15 piglets
vaccinated 3 times developed mild
clinical signs. In the group vacci-
nated twice, 3 piglets showed clini-
cal signs and 1 of them died after
the challenge. In the control group,
7 animals died out of the 11 with
clinical signs of infection. In conclu-
sion, a protective immunity was
observed in swine when using strain
1330. However, more studies are
needed to assess the use of a live
S. suis strain in a vaccine for pigs.

RESUME

Les infections dues a Sreptococ-
cus suis serotype 2 sont toujours

une cause importante de pertes
economiques pour l'industrie por-
cine. Jusqu'a maintenant, la majo-
rite des essais de vaccination ont ete
effectue's avec des bacterines auto-
genes et les resultats sont tres miti-
ges. Cette tetude avait pour objectif
d'evaluer la capacite d'une souche
vivante et avirulente de S. suis type
2 (#1330) d'induire une protection
chez le porc. Cette souche souche
avait auparavant induit une protec-
tion chez la souris. Dans la presente
etude, comportant trois experiences
repetees avec des porcelets ag's de
quatre semaines, un nombre total
de 15 porcelets ont ete vaccines
trois fois, 15 autres ont ete vaccines
deux fois et 15 porcelets ont requ
trois injections du bouillon de cul-
ture sterile Todd-Hewitt. A l'aide
d'un test ELISA indirect, une aug-
mentation du titre d'anticorps
contre les antigenes de S. suis a ete
notee chez 27 des 30 porcelets vac-
cines. Au jour 21 post-vaccination,
tous les animaux ont requ, par voie
intra-veineuse, une injection de defl
avec une souche virulente de S. suis
serotype 2 (#999). Dans les deux
groupes d'animaux vaccines,
26 porcelets sur 30 ont ete protege's
completement. Parmi ceux ayant
requ trois doses du vaccin, un seul
porcelet a manifeste des signes
cliniques. Dans le groupe d'ani-
maux vaccines deux fois, trois
porcelets ont presente des signes
cliniques et l'un d'eux est mort
apres l'injection de defi. Dans le
groupe des temoins, 11 animaux ont
presente des signes cliniques et sept
d'entre eux sont morts. En conclu-
sion, une immunite protectrice a ete
observee chez l'espece porcine lors
de l'utilisation de la souche 1330
comme vaccin. Toutefois, d'autres

etudes sont necessaires avant de
permettre l'utilisation d'une souche
vivante de S. suis comme vaccin.

INTRODUCTION

Streptococcus suis is an important
pathogen of swine causing mainly
septicemia, meningitis and endocardi-
tis. Serotype 2 is the most common
capsular type recovered from cases of
meningitis in weaned pigs in the
United Kingdom, North America and
the Netherlands (1-3). It is also asso-
ciated with various types of infections
in different animal species, as well as
in humans (4,5). Economic losses due
to S. suis are important and conven-
tional control measures, such as vac-
cination, have so far given unsatisfac-
tory results (6). Holt et al (7) found
that numerous repeated vaccinations
with inactivated cells were needed to
induce a good protection. Injections
of purified capsular polysaccharides
in pigs failed to induce adequate pro-
tection (8) and poorly encapsulated
strains appeared to be as immuno-
genic as fully encapsulated ones (9).
However, passive and active immu-
nization using different cell wall pro-
teins succeeded in protecting mice
against the infection (10-12). A few
S. suis capsular type 2 strains were
recently shown to be avirulent in pigs
as well as in the mouse model of
infection (13). One of them, strain
1330, harbored a highly immunogenic
135 kDa protein which is also present
in virulent isolates. It succeeded in
inducing a complete protection in
mice against the experimental infec-
tion with virulent strains (14). The
purpose of this study was to monitor
the protective effect of vaccination
with S. suis avirulent strain 1330 and
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TABLE I. Evaluation of antibody response and protection induced by vaccination of piglets with the live avirulent Streptococcus suis serotype
2 strain 1330

Vaccination Mean of titer No. of sick pigsb/ No. of dead pigsc/ No. of pigs with S. suis in tissuesd/
Experiment protocol increasea No. of challenged pigs No. of challenged pigs No. of challenged pigs

1 3 doses 5.4 0/5 0/5 0/5
2 doses 3.5 0/5 0/5 0/5
control 0 4/5 4/5 4/5

2 3 doses 8.5 0/5 0/5 0/5
2 doses 2.5 2/5 1/5 1/5
control 0 4/5 2/5 3/5

3 3 doses 8.8 1/5 0/5 0/5
2 doses 1.8 1/5 0/5 0/5
control 0 3/5 2/5 2/5

a Value represents mean antibody titer increase of animals from 1 group
b Nervous signs, lameness, and decubitus for more than 12 h were considered
c Number of euthanized animals showing decubitus or nervous signs for more than 12 h
dBacteriological analyses following post-mortem examination; presence of S. suis in at least 1 organ or in blood

to study the antibody response in the
natural host.

MATERIALS AND METHODS

BACTERIAL STRAINS AND GROWTH
CONDITIONS

Two S. suis capsular type 2 strains
were used in this study. Strains 999
and 1330 were isolated from pig tis-
sues in the laboratory of clinical bac-
teriology of the Faculty of Veterinary
Medicine, University of Montreal.
They were identified as S. suis capsu-
lar type 2 using a procedure already
described (2). These strains had previ-
ously been tested with an experimen-
tal mouse model of infection and in
pigs (12,15) and their virulence esti-
mated as follows: 999 highly virulent
and 1330 avirulent. For each strain,
3-4 colonies from a 24 h culture on
blood agar plates (5% bovine blood)
were inoculated in Todd-Hewitt broth
(THB) (Difco Laboratories, Detroit,
Michigan, USA) and grown over-
night. From this broth, 500 ,uL were
added to 50 mL of fresh medium and
grown without agitation at 37°C with
5% CO2 until the desired absorbance
(540 nm), or number of bacteria, was
reached.

IMMUNIZATION OF PIGS

Upon their arrival, all pigs were
tested serologically for the presence
of antibodies against S. suis serotype
2 antigens. Using an ELISA assay,
piglets with low levels of antibodies
were kept for the study. Fifteen
4 week-old crossbred piglets were
alloted to each of 3 separate, but
identically designed experiments
(Table I). In each experiment, pigs

were divided into 3 groups of 5 ani-
mals and immunizations were carried
out via the intra-muscular route. In
group 1, 5 piglets were injected
3 times with 109colony forming unit
(CFU) of strain 1330 (days 0, 7 and
14). In group 2, 5 other piglets were
injected 2 times with the same bacte-
rial concentration (days 0 and 14). In
group 3, 5 control animals were
injected 3 times with sterile THB
(days 0, 7, 14). Between days 0 and
21, pigs were examined twice daily to
detect clinical signs of infection.
Seven days before the first immuniza-
tion and 7 d after the last immuniza-
tion, 2 mL of blood were collected in
order to evaluate the antibody
response to S. suis capsular type 2 cel-
lular proteins by ELISA and to some
specific S. suis proteins by Western
blot. Guidelines from the Guide to the
Care and Use of Experimental Ani-
mals from the Canadian Council on
Animal Care were followed during
the experiment.

EXPERIMENTAL INFECTION AND
ASSESSMENT OF CLINICAL SIGNS

Pigs were challenged on day 21 by
intravenous injection of 108 CFU of
strain 999 as described by Quessy
et al (13). Experimental infection was
carried out for a period of 10 d and
clinical signs were monitored twice
daily for 1 h. Recorded clinical signs
included lameness, persistent lateral
or ventral decubitus, fever (> 40.5°C),
as well as nervous signs such as inco-
ordination, paddling, and opistho-
tonos. Pigs in decubitus or manifest-
ing nervous signs for more than 12 h,
were euthanized for ethical reasons. A
necropsy was performed on these ani-
mals and tissues such as blood, lung,

liver, spleen and brain were cultured
for the presence of S. suis according
to a procedure already described (2).
Remaining pigs were euthanized after
the 10 d period and submitted for
necropsy, where special attention was
paid to the immunization site in order
to detect any lesions caused by intra-
muscular injection of the vaccinal
strain.

SDS-PAGE

Twenty-five milliliters (mL) of an
overnight culture of the strain 999
were centrifuged (12 500 x g) for
20 min and resuspended in 1 mL of
K2HPO4 (0.1 M, pH 7.0), processed in
a French Press (16) (SLM, Amico,
Urbana, Illinois, USA) (Mini-cell,
20 000 PSI, 3 times), treated with
lysozyme (5 mg mL-') for 4 h at 37°C
and centrifuged again (12 500 x g) for
20 min at 4°C. Cellular proteins pre-
sent in the supernatant were har-
vested, mixed with equal volume of
solubilization buffer, boiled 4 min
and processed in 10% polyacrylamide
vertical slab gels (with 4.5% stacking
gels) (17). Gels were stained with
Coomassie blue or transferred to
nitrocellulose.

WESTERN BLOT ANALYSES

Following SDS-PAGE, material
was transferred to the nitrocellulose
membrane by electroblotting in a
transblot apparatus (Bio-Rad, San
Francisco, C) with methanol-Tris-
glycine buffer for 1 h at 100 volts
(18). Non-reacting sites on nitrocellu-
lose membrane were blocked for 1 h
with casein 2% (w/v). The membrane
was incubated for 1 h with 1:200 (v/v)
dilutions of each pig serum before and
after vaccination. After washing, the
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membrane was incubated for 1 h with
a peroxidase conjugated goat anti-pig
IgG (Jackson Immuno Research,West
Grove, Pennsylvania, USA). After
washing, the presence of bound anti-
gens was visualized by reacting the
nitrocellulose membrane with 0.06%
4-chloro-1-naphtol (Sigma) in cold
methanol mixed to 0.02% H202
in Tris-NaCl. Apparent molecular
weights were calculated by compari-
son with standards of known molecu-
lar weight (Bio-Rad).

SEROLOGICAL RESPONSE OF PIGS
FOLLOWING VACCINATION

Porcine sera were tested using
an ELISA procedure. Flat-bottom
polystyrene microtiter plates (NUNC
Immunoplates, Copenhagen, Denmark)
were coated at 4°C for 18 h with
0.4 jig of protein extract (strain 1330)
in 100 mL of 10 mM phosphate
buffer, pH 7.4 (PBS) per well. Then,
100 mL of PBS containing 0.3% (w/v)
of casein and 0.005% (v/v) of Tween
20 (Sigma) were added and left 1 h at
room temperature in order to block
free sites; plates were then washed
3 times. Pig sera were diluted serially
in PBS, added in 100 ,uL amounts to
appropriate wells and incubated for
1 h at room temperature. Serum from
an axenic pig was used as negative
control. The positive control was an
anti-strain 999 hyperimmune pig
serum obtained from a pig after 6 con-
secutive immunizations with inacti-
vated bacteria. Well contents were
discarded and the plates washed. A
volume of 100 jiL of goat anti-pig
IgG conjugated to horseradish peroxi-
dase (Jackson Immuno Research)
diluted 1:2000 in PBS was added to
each well and left for 1 h at room tem-
perature. The plates were washed and
100 ,uL of 0.4 mM 2,2'-azino-bis (3-
ethylbenz-thiazoline-6-sulfonic acid)
(Sigma) dissolved in 0.05 M citrate
buffer (pH 4.0) with 0.5 M H202 were
added to each well. The absorbance
was measured after 30 min of incuba-
tion at 22-23°C. Optical density was
corrected by substraction of back-
ground binding in control wells
(coated with PBS). ELISA titers were
estimated as the highest dilution that
gave an increase in light absorbance
at 414 nm (A414) more than twice the
mean of the corresponding blank val-
ues (without antibody but with conju-
gate and substrate). Increase in anti-
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Figure 1. Comparison of the IgG response of pigs to Streptococcus suis proteins before (a) and
after (b) immunization with the live avirulent strain 1330 by Western blot analysis. Piglets
were immunized 3 times (lanes 1 and 2) and 2 times (lanes 3 and 4). Sera from control animals
after they received 3 immunizations with sterile Todd-Hewitt broth (lanes 5 and 6). Results
using antisera from animals selected from experiment 1 are shown; data were similar in
experiments 2 and 3. Western blots were performed after transfer from a 12.5% polyacry-
lamide gel loaded with virulent strain 999 proteins.

body titer was calculated using this
formula: titer obtained on day 21
divided by titer obtained on day 0.
The mean of titer increase was calcu-
lated using this formula: total titer
increase for each animal in the same
group divided by the total number of
pigs in this group.

RESULTS

IMMUNIZATION AND SEROLOGICAL
RESPONSE OF PIGS

None of the pigs showed lameness,
decubitus or nervous signs following
immunization with the vaccinal strain
of S. suis. Necropsy did not reveal any
detectable lesions at the immunization
site. In the first experiment, a 5.4 fold
mean elevation in antibody titer
against S. suis antigens was observed
in pigs that received 3 doses of
vaccine (Table I). Antibody titers
between 40 000 and 80 000 were
observed in these animals, while in
animals vaccinated twice, antibody
titers varied between 10 000 and
40 000, which corresponds to a
3.5 fold increase. In the control group,
titers ranged from 5 000 to 10 000. A
similar increase in the mean titer was
observed in the 2 other experiments.

WESTERN BLOT ANALYSES

Western blot analyses carried out
on sera from immunized pigs, before
and after vaccination, showed an
apparent increase in the IgG response

against the virulent strain 999 cellular
proteins (Figure 1 for experiment 1).
An IgG response was observed
against high molecular weight pro-
teins and against proteins of approxi-
mately 40 and 70 kDa (Figure 1).
Western blot analyses performed on
sera in experiments 2 and 3 gave simi-
lar results (data not shown).

EXPERIMENTAL INFECTION

In the 3 experiments, when chal-
lenged by an intravenous injection of
virulent strain 999, 1 out of the
15 pigs vaccinated 3 times and 3 out
of the 15 pigs vaccinated twice
showed clinical signs compatible with
S. suis infection. In contrast, 11 out of
the 15 control pigs manifested lame-
ness, decubitus or nervous signs.
Finally, 1 out of the 30 immunized
pigs and 9 out of the 15 control pigs
died (Table I). Lesions attributed to
S. suis infection were observed and
the microorganism was recovered
from at least one organ or in blood
from all animals having shown decu-
bitus and/or nervous signs. Pathologi-
cal lesions, and isolation of S. suis
were recorded in only one of the other
pigs (Table I).

DISCUSSION

Previous attempts to protect pigs
against S. suis type 2 infection, either
by injection of formalin killed bacte-
ria (6,7,19) or purified capsular
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material (8), have given equivocal
results. However, Holt et al (9) using
live cultures of S. suis induced a pro-
tective response in pigs after 8 con-
secutive immunizations. On the other
hand, Quessy et al (14) succeeded in
protecting mice against S. suis
serotype 2 infection after only 2 injec-
tions with the live avirulent strain
1330. This strain, when incubated in
intra-peritoneal chambers in rats, did
not show any increase in the thickness
of its capsular material (20). In con-
trast, when grown in similar condi-
tions, an increase in the thickness of
the capsular material was noted for
virulent strains and was accompanied
by a better resistance to killing by
porcine polymorphonuclear leuko-
cytes (12). In mice, it was previously
demonstrated that immunization with
the avirulent strain 1330 led to the
production of IgG recognizing many
proteins of different virulent strains
(14).
A persistent high-level bacteremia

usually precedes the onset of bacterial
meningitis (21). Thus the ability of a
bacteria to induce and maintain a bac-
teremia is a major determinant of
pathogenicity (22). In this kind of
infection, humoral immunity plays an
important role. Moreover, the impor-
tance of humoral immunity in the
pathogenesis of S. suis infection was
confirmed by Holt et al who found
that the protective response was
serum-mediated and associated with
both IgM and IgG (23). Presence of
antibodies and particularly IgG at the
bacterial surface could increase
recognition and then stimulate uptake
by phagocytes (24). However, the out-
come of interactions between bacteria
and phagocytes is important in deter-
mining the level of bacteremia and the
incidence of meningitis (25). Since
replication of virulent strains of
S. suis within murine macrophages
was shown by Williams (22), cellular
immunity could also be determinant.
Thus, in a live vaccine, organisms act
as endogenous antigens and tend to
trigger a response dominated by cyto-
toxic T-cells (26). In contrast, inacti-
vated organisms, act as exogenous
antigens and stimulate a response
dominated by helper T-cells (26). If
S. suis can survive inside phagocytes,
both types of immunity would be
required to eliminate all bacteria.
Since activation is important in

the control of organisms inside
phagocytes, the control of S. suis
infections would be improved with
T-cell-mediated immune response,
along with antibodies. Live bacteria
are much more capable of activating
phagocytes than inactivated organ-
isms (26). The fact that a 1.8 fold
increase in mean titer protected ani-
mals in the 3rd part of our assays
would indicate that cellular immunity
would have contributed, in a large
proportion, to the protection observed.

In conclusion, protection against
S. suis type 2 infection was observed
in pigs after 2 or 3 vaccinations with
the live avirulent strain 1330. This
protection seems to be related to the
presence of antibodies against some
of S. suis cellular proteins and to cel-
lular immunity. However, more stud-
ies are needed to assess the use of a
live strain of S. suis in a vaccine for
pigs.

ACKNOWLEDGMENTS

We would like to thank Nathalie
Guay for her assistance with animals.
This work was supported in part by a
grant from the Conseil de Recherche
en Sciences Naturelles et en Genie du
Canada (#OGPIN-030) and Diagnos-
tics Biovet (St-Hyacinthe, Quebec).

REFERENCES

1. CLIFTON-HADLEY, FA. Streptococcal
meningitis in pigs. Pig News Info 1989;
10: 9-12.

2. HIGGINS R, GOTTSCHALK M. An
update on Streptococcus suis identifica-
tion. J Vet Diagn Invest 1990; 2: 249-252.

3. VECHT U, ARENDS JP, VAN DER
MOLEN EJ, VAN LEENGOED LAMG.
Differences in virulence between two
strains of Streptococcus suis type 2 after
experimentally induced infection of new-
born germ-free pigs. Am J Vet Res 1989;
50: 1037-1043.

4. ALEXANDER TJL. Streptococcus suis:
An update. Proc Pig Vet Soc 1992; 21:
50-60.

5. ARENDS JP, ZANEN HC. Meningitis
caused by Streptococcus suis in humans.
Rev Infect Dis 1988; 10: 131-137.

6. BLOUIN C, HIGGINS R, GOTTS-
CHALK M, SIMARD J. Evaluation of
the antibody response in pigs vaccinated
against Streptococcus suis capsular type 2
using a double-antibody sandwich
enzyme-linked immunosorbent assay. Can
J Vet Res 1994; 58: 49-54.

7. HOLT ME, ENRIGHT MR, ALEXAN-
DER TJL. Immunization of pigs with

killed cultures of Streptococcus suis type
2. Res Vet Sci 1990; 48: 23-27.

8. ELLIOTT SD, CLIFTON-HADLEY F,
TAI JY. Streptococcal infection in young
pigs. V. An immunogenic polysaccharide
from Streptococcus suis type 2 with partic-
ular reference to vaccination against strep-
toccocal meningitis in pigs. J Hyg Camb
1980; 85: 275-285.

9. HOLT ME, ENRIGHT MR, ALEXAN-
DER TJL. Immunization of pigs with live
cultures of Streptococcus suis type 2. Res
Vet Sci 1988; 45: 349-352.

10. HOLT ME, ENRIGHT MR, ALEXAN-
DER TJL. Protective effect of sera raised
against different fractions of Streptococcus
suis type 2. J Comp Pathol 1990; 103:
85-94.

11. GOTTSCHALK M, HIGGINS R,
JACQUES M, DUBREUIL D. Production
and characterization of two Streptococcus
suis capsular type 2 mutants. Vet Micro-
biol 1992; 30: 59-71.

12. QUESSY S, DUBREUIL JD, CAYA M,
LETOURNEAU R, HIGGINS R. Com-
parison of pig, rabbit and mouse IgG
response to Streptococcus suis serotype 2
proteins and active immunization of mice
against infection. Can J Vet Res 1994; 58:
220-223.

13. QUESSY S, DUBREUIL JD, CAYA M,
HIGGINS R. Discrimination of virulent
and avirulent Streptococcus suis capsular
type 2 isolates from different geographical
origins. Infect Immun 1995; 63:
1975-1979.

14. QUESSY S, DUBREUIL JD, HIGGINS
R. Immunization of mice against Strepto-
coccus suis serotype 2 infections using a
live avirulent strain. Can J Vet Res 1994;
58: 299-301.

15. BEAUDOUIN M, HIGGINS R, HAREL
J, GOTTSCHALK M. Studies on a
murine model for evaluation of virulence
of Streptococcus suis capsular type 2 iso-
lates. FEMS Microbiol Lett 1992; 99:
111-116.

16. SIMONS KR, MORTON RJ, MOSIER
DA, FULTON RW, CONFER AW. Com-
parison of the Pasteurella haemolytica Al
envelope proteins obtained by two cell dis-
ruption methods. J Clin Microbiol 1989;
27: 248-254.

17. LAEMMLI UK. Cleavage of strutural
proteins during the assembly of the head of
bacteriophage T4. Nature (London) 1970;
227: 680-685.

18. TOWBIN H, STAEHELIN T, GORDON
J. Electrophoretic transfer of proteins from
polyacrylamide gels to nitrocellulose
sheets: Procedure and some applications.
Proc Natl Acad Sci (USA) 1979; 76:
4350-4354.

19. RIPLEY PH. Vaccines against streptococ-
cal meningitis. Pig Vet Soc Proc 1983; 10:
25-39.

20. QUESSY S, DUBREUIL JD, JACQUES
M, MALOUIN F, HIGGINS R. Increase
of capsular material thickness following
in vivo growth of virulent Streptococcus
suis serotype 2 strains. FEMS Microbiol
Lett 1994; 115: 19-26.

21. MOXON ER, OSTROW PT. Haemo-
philus influenzae meningitis in infant rats:
Role of bacteremia in pathogenesis of

278



age-dependant inflammatory responses in
cerebrospinal fluid. J Infect Dis 1977; 153:
303-307.

22. WILLIAMS AE. Relationship between
intracellular survival in macrophages and
pathogenicity of Streptococcus suis type 2
isolates. Microbiol Pathol 1990; 8:
189-196.

23. HOLT ME, ENRIGHT MR, ALEXAN-
DER TJL. Studies of the protective effect

of different fractions of sera from pigs
immune to Streptococcus suis type 2 infec-
tion. J Comp Pathol 1989; 100: 435-441.

24. WESSMAN GE. Biology of the group E
streptococci: A review. Vet Microbiol
1986; 12: 297-328.

25. MOXON ER, GOLDTHORN JF,
SCHWARTZ AD. Haemophilus influen-
zae b infection in rats: Effect of splenec-
tomy on bloodstream and meningeal inva-

sion after intravenous and intranasal inocu-
lations. Infect Immun 1980; 27: 872-875.

26. TIZARD, IR. Vaccination and Vaccines.
In: Tizard IR, ed. Veterinary Immunology:
An Introduction. Philadelphia, W.B. Saun-
ders Company, 1996: 251-284.

279


