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ORIGINAL ARTICLE

PROTECTIVE EFFECT OF INTRANASAL VACCINATION WITH
NONTOXIC MUTANT TOXIC SHOCK SYNDROME TOXIN 1 AGAINST

STAPHYLOCOCCUS AUREUS INFECTIONS

K "N ' 1) D L' H 1) T k T ,,2) d Ak' N k 1)OU.]l anta, ong- lang u, a ao SUJl, an 10 a ane

Abstract Toxic shock syndrome toxin 1 (TSST-l) produced by Staphylococcus aureus is one of superantigenic
exotoxins and is best known for its involvement in toxic shock syndrome. To investigate whether an intranasal
vaccination with a nontoxic mutant TSST-1 (mTSST-l) can protect against systemic infection and nasal colonization
of S. aureus, mice were immunized with mTSST-1 plus a nontoxic mutant heat labile toxin (mLT) of Escherichia
coli. After an intravenous challenge with S. aureus. bacterial growth in the organs of immunized mice reduced and
the survival rate was significantly higher, compared with the naive mice. To evaluate the effect of vaccination with
mTSST-l against nasal S. aureus colonization. mice were challenged with S. aureus intranasally. The bacterial counts
in the nasal cavity of immunized mice were significantly reduced. Vaccination with mTSST-l plus mLT efficiently
induced anti-TSST-l antibodies in the sera and mucosal exudates. and increased anti-TSST-l IgA-secreting cells in
nasal-associated lymphoid tissues. These results indicate that an intranasal vaccination with mTSST-l plus mLT
could induce systemic and mucosal immune responses and provide protection against not only systemic infection but
also nasal colonization of S. aureus.
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INTRODUCTION

Infections caused by methicillin-resistant

Staphylococcus aureus (MRSA) have been the

most common nosocomial infections, resulting in

increased morbidity, mortality, length of hospital

stay, and health care costs ll
. The growing

prevalence of antibiotic resistant S. aureus strains

threatens the effectiveness of current strategies

for managing S. aureus infection and demonstrates

the need for other means of controlling and

preventing staphylococcal infections such as

immunotherapy.

S. aureus has been known to adhere and

colonize the mucosal epithelium, and anterior

nares are known as the major reservoir of S.

aureus. Previous studies showed that 80% of

S. aureus bacteremias were endogenous since

infecting bacteria were identical to organisms

recovered from the nasal mucosa2
.
3

). Elimination

and reduction of nasal carriage are thought to

be effective protection against systemic S. aureus

infection and be useful for the control of S.

aureus nosocomial infection. Mucosal antibodies

generated at the entry sites of bacteria might

play an important role in blocking bacterial

colonization, enhancing clearance, and preventing

systemic infection4
!. Currently, there is much

interest in the route of mucosal immunization

to protect against various pathogens that gain

entry into the host via mucosal tissues.

To design vaccines to protect against S.

aureus infection, various virulence factors

of this microorganism including capsular

polysaccharides5
), cell wall-associated proteins6

)

and toxins 7
.
8

) have been targeted. Toxic

shock syndrome toxin 1 (TSST-l) is one

of superantigenic exotoxins secreted by S.

aureus, and a major virulence factor in toxic

shock syndrome, staphylococcal scarlet fever

and neonatal toxic shock-like exanthematous

diseases9
). Several papers have shown that a

majority (88-95.8%) of S. aureus strains isolated

in Japanese hospitals carry the TSST-1 (tst)

gene 10
-
13

). Previous studies have reported that

a mutant TSST-1 (mTSST-1), the histidine at

position 135 was changed to alanine, negatively

affects the binding of TSST-1 to the T cell

receptors, shows less toxicity and still has

antigenicityJ4). Vaccination with mTSST-1

by intraperitoneal injection could protect

mice against challenge with lethal doses of

TSST-1 potentiated with lipopolysaccharide15
).

Subcutaneous immunization with mTSST-1 could

reduce the bacterial number in the organs and

increase survival rates of the mice challenged

with lethal doses of S. aureus14
).

In this study, we investigated whether an

intranasal vaccination with nontoxic mTSST-1

plus nontoxic mLT, a mutant heat labile toxin

(mLT) of Escherichia coli16
), could elicit the

protective effect against nasal and systemic S.

aureus infections. Our results showed that an

intranasal vaccination with mTSST-1 plus mLT

induced systemic and mucous immune responses

and provided protection against not only

systemic infection but also nasal colonization of

S. aureus.

MATERIALS and METHODS

Animals

BALB/c mIce, 5 to 8 weeks old, were

purchased from Clea Japan, Tokyo, Japan.

Mice were maintained under specific pathogen­

free conditions at the Institute for Animal

Experimentation, Hirosaki University Graduate

School of Medicine. The daily cycle consisted

of 12 h light and 12 h darkness, and food and

water were available at all times. All animal

experiments were carried out in accordance

with the Guidelines for Animal Experimentation

of Hirosaki University.

Bacterial strains and culture condition

To prepare the inocula for infection and

colonization experiments, a clinically isolated S.
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aureus 834 strain, which expresses TSST-1 and

staphylococcal enterotoxin C (SEC) 17) • was used.

and a non TSST-1 producing S. aureus clinical

isolate. 524 strain was also used to determine

bacterial counts in the organs after intravenous

infection. The bacteria were cultured at 37°C in

tryptic soy broth (BD Bioscience. Sparks. MD)

for 15 h. collected by centrifugation. washed with

sterile phosphate-buffered saline (PBS), and then

resuspended with sterile PBS. The bacterial

numbers were adjusted spectrophotometically

at 550 nm to an appropriate value. The E. coli

DH5 a strains containing pGXmTST or pGXTST

plasmid14) were used for preparing mTSST-1 and

recombinant TSST-1 (rTSST-1). respectively.

Expression and purification of rTSST-L mTSST-1

and mLT

Expression and purification of rTSST-1 and

mTSST-1 were performed as described by Hu

et aI 14
). Briefly, E. coli DH5 a cells containing

pGXmTST or pGXTST were cultured in 2

x YTA medium containing 100 .ug/ml of

ampicillin at 37°C with shaking. Then 0.5 mM

isopropyl-1- thio-,B -D-galactopyranoside was

added for inducing the expression of glutathione­

S-transferase (GST) -mTSST-1 and GST-TSST-1

fusion protein. The bacteria were cultured for

additional 3 h and collected by centrifugation,

the fusion proteins were extracted from bacterial

pellets by B-PER bacterial protein extraction

reagent (Piece, Rockford. IL). Purification of

fusion proteins and removal of the GST tag

were performed by using bulk GST purification

modules (Amersham Pharmacia Biotech.

Piscataway, NJ). The concentrations of the

resultant proteins were determined by Bradford

assay (Bio-Rad Laboratories. Hercules, CA). and

the purity was confirmed by SDS-PAGE. mLT

(LT H44A) was constructed by site-directed

mutagenesis, and purified from E. coli containing

plasmid encording mLT18
).

Intranasal immunization and S. aureus infection

Mice were anesthetized by an intraperitoneal

injection of Nembutal (Dainippon Pharmaceutical

Co., Osaka. Japan). For initial immunization. 10

.u g of mTSST-1 was mixed with 5 .u g of mLT

in 20 .ul of PBS, and then was administered

intranasally to external nares of a mouse.

Boost immunizations were performed 2 and 4

weeks after initial immunization with the same

manner. Control mice were injected with 5 .u g

of mLT or PBS alone. For systemic infection.

mice were challenged with 5 x 107 CFU of

TSST-1 producing or non-producing S. aureus

by intravenous injection on day 7 after the last

booster. For nasal colonization of S. aureus. mice

were anesthetized by NembutaL and then 20

.u I of inoculum which contained 109 CFU of S.

aureus was pipetted slowly onto the nares of a

mouse19
) on day 7 after the last booster.

Preparation of fecal extracts and bronchoalveolar

lavage fluids (BALF)

Fecal pellets (100 mg) were collected at 6 h

after challenge with 5 x 107 CFU of S. aureus by

intravenous injection and suspended in 1 ml of

PBS containing 0.1% sodium azide. Fecal pellets

were broken by sterile toothpick and vortexed

for 10 min, and then centrifuged at 2000 g for

5 min. The supernatants were collected as fecal

extracts20
). BALF was obtained 3 days after

challenge with 5 x 107 CFU of S. aureus by

intravenous infection or 109 CFU of S. aureus by

intranasal inoculation. For preparation of BALF,

a flexible polyethylene cannula was inserted into

the trachea and fixed with a ligature. BALF was

obtained by irrigation with 0.6 ml of PBS twice.

and to remove cellular debris. the recovered

wash was centrifuged at 300 g for 10 min.

Determination of bacterial numbers

On day 3 after an intravenous infection with

S. aureus, the bacterial nurnbers in the spleens

and livers were enumerated. An aliquot of organ
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was homogenized and diluted in serial 10-folds

with sterile PBS. One hundred j.11 of dilutions

were plated on tryptic soy agar (BD Bioscience).

Colonies were counted after 24 h of incubation at

37° C, and the bacterial number per organ was

calculated with the number of colony, dilution

and weight of organ. To evaluate S. aureus nasal

carriage, the nose areas were cleansed with 70

% ethanol to eliminate external skin colonization

by S. aureus, and the noses were surgically

removed. The excised nose was placed in 500

j.11 of PBS and then homogenized. The numbers

of S. aureus in nasal cavities were evaluated by

plating 100 j.11 of nasal suspension on mannitol

salt agar (Eiken Chemical Co., Tokyo, Japan),

whereas total bacteria in the nasal cavities were

evaluated by plating 100 j.11 of nasal suspension

on tryptic soy agar.

Assay of specific antibodies

Fecal samples and BALF were obtained as

described above. sera were obtained 3 days

after challenge with S. aureus by intravenous

injection. Antibody titers against TSST-1 and S.

aureus cell protein antibody in BALF, sera and

fecal samples were measured by enzyme-linked

immunosorbent assays (ELISAs) as described
previously14). The samples of serum, BALF and

fecal extracts were serially two-fold diluted with

10% Blockace (Dainippon Pharmaceutical) in

PBS. Antibody titers were defined as reciprocal

last dilutions that gave an optical density reading

at 490 nm of more than twice above the mean

OD of control wells containing 10 % Blockace in

PBS.

Spleen cell culture

The spleens of immunized mice and control

mice were aseptically removed on day 7 after

the last booster, and the spleen cells were

obtained by squeezing organs in RPMI 1640

medium (Nissui Pharmaceutical Co., Tokyo.

Japan). Each cell suspension was filtered through

stainless steel mesh (size 100), and erythrocytes

were lysed with 0.85 % NH4Cl. After washing 3

times with RPMI 1640 medium, 1 x 106 cells

were suspended in 1 ml of RPMI 1640 medium

supplemented with 10% fetal calf serum. 3%

L-glutamine (Wako Pure Chemical Industries,

Osaka. Japan), 100 U/ml of penicillin G, and 100

j.1 glml streptomycin in a 24 well culture plate,

and the culture were stimulated by addition of

100 nglml of rTSST-l. After 72 h incubation at

37°C in 5% CO2. the supernatants were collected

by centrifugation at 1500 g for 20 min. and

stored at - 80°C until the cytokine assays were

preformed.

Cytokine assays

The amounts of interferon- y (IFN- y)

and tumor necrosis factor- a (TNF- a) in the

supernatants of cell cultures were determined

by double-sandwich ELISAs as described
previously17.21).

Blood killing assay

Heparinized whole blood was obtained from

immunized and control mice on day 7 after the

last immunization. Whole blood killing assay

was performed as described previousll2l. Briefly,

200 j.11 of whole blood and 100 j.11 of S. aureus

suspension containing 3 x 104 CFU were mixed

in polyethylene tubes and incubated on a rotator

at 37°C . Samples were taken at 0 and 120 min

after incubation and serial 10 fold dilutions of

samples were made in PBS and plated onto

tryptic soy agar plates.

Preparation of nasal-associated lymphoid tissue

(NALT) cells

NALT cells were isolated from immunized

and control mice on day 7 after the last booster

as previously described 23). Prepared NALT

cells were released in RPMI 1640 medium

supplemented with 2% fatal calf serum and

filtered through stainless steel mesh (size 100).
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6

The cells were washed twice and resuspended

in RPMI 1640 medium supplemented with 10%

fetal calf serum, 3% L-glutamine, 100 Dlml of

penicillin G, and 100 .ug/ml of streptomycin.

NALT cells were used for analyzing anti-TSST-1

IgA production by ELISPOT assay.
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Protective effect of immunization with mTSST-l
on host resistance against systemic S. aureus
infection. (A) Immunized and control mice
were infected with TSST-I-producing S. aureus
834 strain or non-producing S. aureus 524
strain intravenously. The bacte:t;"ial numbers in
the spleens and livers were determined. Data
are means ± SO for 6 to 8 mice. The asterisk
represents a statistically significant difference
from a control (mLT alone) at P < 0.05. (B)
Survival rates of immunized mice and control
mice. Immunized and control mice were
intravenously infected with S. aureus. The animals
were monitored for 14 days after infection (the
number of animals of each group was 16-17).
The asterisk represents a statistically significant
difference from the control (mLT alone) at P <
0.05.

Fig. 1

RESULTS

Statistical analysis

Statistical analysis of bacterial counts in the

organs. cytokine titers and blood killing assay

were made by Student's t-test. For survival

experiments, the Kaplan-Meier method was used

to obtain the survival fractions, and significance

was determined by a log rank test. P < 0.05 was

considered significant.

ELISPOT assay

ELISPOT assay was performed according

to the manufacturer's instructions (Protein

Detector, KPL. Gaithersburg, MD). Briefly,

a 96-well plate with PVDF base was coated

overnight with 5 .u glml of rTSST-1 in coating

solution. Prepared NALT cells were added to

each well at a concentration of 2 x 105 cellsl

well and incubated for 24 h at 37°C in 5% CO2•

The plate was waShed and then incubated with

100 .ul of biotinylated goat anti-mouse IgA

(Santa Cruz Biotechnology, Santa Cruz, CA).

Streptavidin-horseradish peroxidase was added

to the washed plate and spots were developed

with True blue substrate. Positive spots were

counted with the aid of a dissecting microscope.

Effect of an intranasal immunization with

mTSST-1 against systemic S. aureus infection

To confirm the protective effect against

systemic S. aureus infection, the immunized

and control mice were challenged with

TSST-l producing or non-producing S. aureus

intravenously, and the bacterial counts in spleen

and liver were determined. In the challenge

with a TSST-1 producing S. aureus strain, the

bacterial numbers in the spleens and livers of

immunized mice were significantly fewer than

those in the organs of control mice, but in the

challenge with a non-TSST-1 producing strain,

significant differences were not shown between

the immunized and control mice (Fig 1A).

We further monitored the survival rates of
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immunized and control mIce for 14 days after

challenge. The survival rate of immunized mice

was 87.5% on day 3 after challenge and no

change of the survival rate was observed until

day 14 after challenge (p < 0.05). In contrast,

the survival rates of control mice administered

with mLT or PBS alone were 29.4%, 23.5%

respectively (Fig. IB).

Effect of an intranasal immunization with

mTSST-l against nasal S. aureus colonization

To evaluate the protective effect of

vaccination with mTSST-l against nasal

colonization of S. aureus in mice, we established a

nasal S. aureus colonization model by modifying

the previous method 19). mTSST-l-immunized

and control mice were challenged with S. aureus

intranasally, and the numbers of S. aureus in

nasal cavities were determined on days 1, 3 and

5 after inoculation. The numbers of S. aureus per

nose of the immunized mice were significantly

reduced compared with those of control mice on

days 1 and 3 (p < O.OD. However, there was no

Fig. 3 Antibody responses in the sera of immunized and
control mice. Serum samples from immunized
and control mice were obtained on day 3 after
infection. Anti-TSST-l antibody titers were
determined by ELISAs. Data are mean endpoint
titers ± SD for 6 to 8 mice.

significant difference between the immunized

and control n1ice on day 5 (Fig. 2).

Serum antibody responses

Serum samples were obtained from

immunized and control mice on day 3 after

challenge, and the titers of anti-TSST-l antibody

were determined. Significantly high titers of

anti-TSST-l IgGl, IgG2a, IgG2b, IgG3 and IgA

antibodies were detected in the sera of mTSST-l­

immunized mice compared with those of control

mice (Fig. 3). There was no significant difference

in IgM production between the immunized and

control mice.

Antibody responses in mucosal exudates

The BALF from immunized mice showed

significantly higher levels of anti-TSST-l IgA

production. Furthermore, the production of
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Fig. 5

Cytokine production in the spleen cells of

immunized and control mice in vitro

The IFN- y titers in the supernatants of

the spleen cell cultures from immunized and

control mice were determined (Fig. 5). The

significantly high titers of IFN- y were detected

in the cell cultures from the mice immunized

IgA in the BALF from intranasally infected

mice was higher than that from intravenously

infected mice (Fig. 4A). Anti-S. aureus cell

protein antibodies were substantially produced

in neither the immunized mice nor the control

mice (Fig. 4B). In fecal pellet extracts, the

higher titers of anti-TSST-l IgA were detected

III the immunized mice compared with those

of control mice, whereas the similar titers of

anti-So aureus IgA production was shown in both

the immunized and control mice (Fig. 4C). We

further analyzed the NALT cells secreting anti­

TSST-l specific IgA by ELISPOT. The nurnbers

of cells secreting TSST-l specific IgA in NALT

from the vaccinated mice were significantly

increased compared with those of control mIce

(Fig. 4D).

Intranasal
infection

Intranasal
infection

Anti-S. aureus

5

o

5

o

o

5

15

10

10

15

15

10

20

20

• PBS
CI mTSST·l+mLT
• mLT

Intravenous
infection

5

5

O ...ilIlliI......

5

o ...----...

~ 20
N

.PBS [::JmTSST-l+mLT .mLT

~ 20
N

Intravenous
~ 20 infection 20
N

f 15
B:w
>- 10

~
~
ca:

-f 15
GJ....
:t:i
>- 10

j
~
ca:

III 15
as....
:w 10

f.a
:t:ic
ca:

o

o

30

"~ 25

~ 20
loot

'0 15..
1: 10

§ 5
Z

B

A

o

c

4 Antibody responses in mucosal exudates of
immunized and control mice. Mice were
intranasally immunized with mTSST-l plus mLT,
mLT or PBS alone, and then infected with S.
aureus intravenously or intranasally. The titers
of anti-TSST-l antibody and anti-So aureus cell
protein antibody were determined by ELISAs.
(A) Anti-TSST-l antibody titers in the BALF
of mice infected intravenously or intranasally.
(B) Anti-S aureus cell protein antibody titers in
the BALF. (C) Anti-TSST-l antibody and anti-S
aureus cell protein antibody titers in fecal pellets
obtained from the mice infected intravenously.
Data are mean endpoint titers ± SD for 6 mice.
(D). Detection of anti-TSST-l IgA-secreting cells
CASCs) in NALT. NALT cells from immunized
and control mice were analyzed for anti-TSST-l
IgA-ASCs by ELISPOT. Data are mean from a
number of ASCs ± SD for 8 to 9 mice.

Fig.
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Fig. 6 Percentages of S. aureus killed by whole blood of
immunized and control mice. Blood killing was
represented by the percentage of killed bacterial
counts in each sample between the 0 min and 120
min after incubation. Result represents the mean
± SD for 8 to 9 mice. The asterisk represents a
statistically significant difference from the control
(mLT alone) at P < 0.05.

with mTSST-I intranasally compared with those

from the control mice (p < 0.05). Although

the titers of TNF- a III the cell cultures from

the immunized mice were slightly higher than

those in the cell cultures from control mice, the

significant difference was not shown between the

immunized and control mice (data not shown).

Bactericidal activity of blood from the immunized

and control mice

To determine whether leukocytes from mice

immunized with mTSST-I show the promoted

bactericidal activity, S. aureus killing assay with

whole blood was performed. The numbers of S.

aureus in the mixtures with the blood of mTSST­

I-immunized mice were significantly reduced

compared with those of control mice at 2 h (Fig.

6) .

DISCUSSION

S. aureus has been known to cause a diverse

spectrum of severe infections, and the nose

is regarded as the primary site of S. aureus

carriage, and this asymptomatic carriage of

S. aureus appears to play an important role in

the epidemiology and pathogenesis of S. aureus

infection 24J
• Recently, there is great interest in

developing mucosal vaccines against a variety

of microbial pathogens251
• Mucosal vaccination

can elicit both systemic and mucosal immune

responses, and prevent the infectious agent

from attaching and colonizing at the mucosal

epithelium. Mucosal immunization can also block

microbial toxins binding to epithelial and other

target organs25l
. Previous studies have shown

that intranasal vaccination against superantigens

produced by S. aureus could induce antibody

production in sera and mucous exudates, and

show protective efficacy against lethal dose

of toxins26l
• However, only a few studies on

protective effects of vaccination against mucosal

S. aureus infection and nasal colonization have

been reported27J
•

Our results showed that an intranasal

vaccination with mTSST-I plus mLT significantly

increased the survival rate of immunized mice

and reduce bacterial counts in spleen and

liver of these mice challenged with TSST-I

producing S. aureus but not non-producing

S. aureus. Although mTSST-I (HI35A) was

neither biologically toxic nor superantigenic

when tested with mouse. rabbit splenocytes and

human peripheral blood mononuclear cells, it

still retain immunological activity14l. Vaccination

with mTSST-I by intraperitoneal injections could

protect mice against a challenge of a lethal dose

of TSST-I potentiated with lipopolysaccharide28
).

Vaccination with mTSST-I by subcutaneous

injections could protect mice against a lethal

infection of S. aureus 14l
• Our present results

indicated that an intranasal vaccination with

mTSST-l plus mLT could protect against

systemic S. aureus infection as the same level

as the vaccination via the intraperitoneal or

subcutaneous route.

The efficacy to reduce nasal colonization of

intranasal vaccination with mTSST-l plus mLT
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was evaluated in a modified mouse model 191
.

The bacterial numbers in the nasal cavities

of vaccinated mice were significantly reduced

compared with those of control mice on day 1

and 3, but not day 5 after challenge (Fig. 2).

These results suggested that an intranasal

vaccination with mTSST-l plus mLT could

elicit potential efficacy to prevent S. aureus

nasal colonization. This efficacy might be due

to inhibition of S. aureus adhesion or attachment

to nasal mucosa, because the reduced bacterial

numbers in the noses of immunized mice

have been shown as early as next day after

the intranasal challenge, but not day 5 after

challenge.

£. coli LT is known to act as a strong mucosal

adjuvant that enhances immune responses to

mucosal co-administered bystander antigens.

However, the use of LT as an adjuvant for

mucosal vaccines is not feasible owing to its

toxicity. Nontoxic mutants of LT reportedly retain

the adjuvant property of LT161
• A mLT (H44A)

has been reported to be a potent adjuvant that

can induce antibody in both serum and mucosal

exudates, showing less toxic than native LT 16
). In

this study, we used mLT as a mucosal adjuvant

and evaluated the ability to induce systemic and

mucosal immunity of an intranasal vaccination

with mTSST-l. An intranasal vaccination

with mTSST-l plus mLT could induce high

titers of anti-TSST-l specific IgGl, IgG2a,

IgG2b, IgG3 and IgA antibodies in the sera

of immunized mice (Fig. 3), and the antibody

production induced by the intranasal vaccination

could be comparable to that induced by the

intraperitoneal or subcutaneous vaccination.

Previous studies indicated that the neutralizing

activities of antibodies to staphylococcal

superantigens could play an important role in

protective effects against systemic S. aureus

infection and lethal shock induced by these
superantigenic toxins8

, 14, 15.26). In this study, an

intranasal immunization with mTSST-l plus

mLT reduced bacterial counts III the organs

of mice challenged with TSST-l producing

but not non-TSST-l producing S. aureus. These

results suggested that the anti-TSST-l-specific

neutralizing activities of antibodies induced by

vaccination are involved in protection against

systemic infection caused by TSST-l producing

S. aureus. In addition, neutrophils are known

to play a crucial protective role in the early

phase of S. aureus infection29
!. In the present

study, the higher titers of IFN- y were detected

in the supernatants of spleen cell cultures of

immunized mice compared with those of the

control mice when the cells were stimulated with

rTSST-l (Fig. 5). Previously it was reported

that treatment of neutrophils with IFN- y was

shown to enhance phagocytosis and bacterial

killing30l
, to delay neutrophils apoptosis3U

, and to

increase the percentage of neutrophils able to

phagocytize S. aureus32l
• It was also reported that

the administration of anti-IFN- y monoclonal

antibody increased the bacterial numbers in

the organs on day 1 but reduced on day 4

after infection with a lethal dose of S. aureus,

indicating that IFN- y might play a protective

role in the early phase of S. aureus infection17
,32).

In this study, the results of a blood killing

assay showed that whole blood obtained from

the immunized mice significantly reduced the

numbers of S. aureus compared with those

from the control mice (Fig. 6). These results

suggested that the increased IFN-y production

might enhance the phagocytic and bactericidal

activities of neutrophils in the early phase of

systemic S. aureus infection. The neutralizing

activities of anti-TSST-l specific antibodies

and the up-regulated bactericidal activity

of neutrophils induced by vaccination with

mTSST-l could play an important role in the

protection against systemic S. aureus infection.

Anti-TSST-l IgA antibody in BALF and IgA­

secreting cells in the NALT of immunized mice

were significantly increased. The IgA production
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in fecal pellets was also slightly increased (Fig

4). These results are consistent with previous

reports that the intranasal immunization could

stimulate an immune response in respiratory

tracts, slightly evoking an immune response in

the gut25J
• IgA production in BALF was more

effectively induced by the intranasal challenge

than that by the intravenous challenge with S.

aureus (Fig 4). Various studies on the effects of

staphylococcal superantigens to mucosal epithelial

tissues have been reported: staphylococcal

enterotoxin A directly stimulated nasal epithelial

cells to produce cytokines33J
, TSST-1 caused

increase in mucosal permeability and traversed

the intact mucosa without disrupting tissue

integrity in vitro with the use of porcine vaginal

tissue 34J
, immune ,'cell activation and cytokine

release induced by superantigens can increase
epithelial barrier permeability34.35). Although

the relationship between TSST-1 produced onto

nasal mucosa and the attachment or adhesion

of S. aureus in nasal cavity is still unclear, it is

possible that the promoted secretion of anti­

TSST-1 IgA onto nasal mucosa could play an

important role in inhibiting adhesion of S. aureus

in nasal cavities of mice intranasally immunized

with mTSST-1 plus mLT.

In summary, our results demonstrated that an

intranasal vaccination with mTSST-1 plus mLT

induces effective antibody production in serum

and mucosal exudates, and elicits the protective

effect against not only systemic infection, but

also the nasal colonization of TSST-1 producing

S. aureus. An intranasal vaccination with

mTSST-1 plus mLT is considered to be useful for

controlling S. aureus infection.
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