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Summary

Staphylococcus aureus, a major source of nosocomial and community-
acquired infections, has a nasal carriage rate exceeding 25% in the human
population. To elucidate host—pathogen interactions pertaining to nasal
carriage, we examined the role of interleukin-1 (IL-1) in the colonization
of human nasal epithelial cells (NEC) by a nasal carrier strain and a
non-carrier strain of S. aureus. Using an organotypic model of the nasal
epithelium, we observed that inoculation with a non-carrier strain of
S. aureus induced production of IL-1 from NEC, but the expression of
this cytokine was significantly reduced when NEC were inoculated with a
carrier strain. Moreover, both IL-1a and IL-1f significantly decreased the
growth of the nasal carrier strain of S. aureus (P < 0-001, n =17 to
n = 25); however the growth of the non-carrier strain was unaffected.
Interestingly, it was found that several nasal carrier strains of S. aureus
form quorum-dependent biofilms, which can be partially inhibited when
preincubated with IL-10. Taken together these data suggest that, although
nasal carrier strains of S. aureus are sensitive to IL-1, they display a signif-
icant colonization advantage by both preventing the host from expressing

University of Central Florida, Orlando,
FL 32816, USA. Email: acole@mail.ucf.edu
Senior author: Alexander M. Cole

Introduction

Staphylococcus aureus is carried in the nasal passages of
approximately one-quarter of the human population, pre-
dominantly colonizing the moist squamous epithelium on
the septum adjacent to the nasal ostium."* Since its dis-
covery in the 1880s by Scottish surgeon Alexander Ogsten,
S. aureus has proved to be a major cause of nosocomial and
community-acquired infections and has become increas-
ingly resistant to conventional antibiotics.” ™

The success of nasal carrier strains of S. aureus in colo-
nizing the nasal epithelium depends upon their ability to
evade host innate immunity. In the nasal passages, innate
immunity consists of a diverse array of defensive strate-
gies including mechanical clearance by the mucociliary
escalator, detection of pathogens facilitated by pattern
recognition receptors and the elaboration of antimicrobial
peptides and proteins.” Defensive secretions are elaborated
in the form of cationic peptides such as lysozyme,
secretory leucocyte protease inhibitor (SLPI) and lacto-
ferrin (the three of which comprise the majority of the
natural antibiotic activity of nasal secretions) as well as
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calcitermin, o-defensins (human neutrophil peptides 1-3:
HNP 1-3) and human [-defensins (HBDs), of which
HBD-3 is the most effective defensin against S. aureus.®* '

The nasal carrier strain of S. aureus has evolved a
complex strategy to evade host innate immunity involving
bacterial determinants and permissive host elements.>''™*
Knowledge of host determinants includes our findings that
the nasal fluid obtained from nasal carriers of S. aureus is
defective in killing carrier strains but not laboratory strains
of S. aureus>'* We also ascertained that host nasal fluid
contains elevated levels of HBD-2 as well as HNP 1-3, indi-
cating that although subclinical infections are prevalent in
carriers of S. aureus, the innate immune response to this
infection is ineffective.”

Evidence of bacterial determinants of staphylococcal
nasal carriage includes our findings that the nasal carrier
strain of S. aureus circumvents some host innate mechan-
ical clearance mechanisms by colonizing a region of the
nasal passage devoid of cilia and subepithelial glands.?
Staphylococcus aureus also displays significantly greater
attachment to nasal epithelial cells (NEC) than a non-car-
rier strain and has been observed to delay its detection by
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bacterial pathogen recognition receptors, namely Toll-like
receptor 2, on naive NEC in comparison to a non-carrier
strain.’> We also noted that the nasal carrier strain com-
promised antibacterial effectors through a significant
reduction in the levels of HBD-2 and HBD-3 in compari-
son to a non-carrier strain in the initial stages of coloni-
zation."> However, we observed that the ability of the
nasal carrier strain of S. aureus to attach and proliferate
may be inhibited by interleukin-1 (IL-1) or by an IL-1-
derived pathway.

Previous studies by our group and others revealed that
certain chemokines can also serve an additional function
apart from chemotaxis: to directly inhibit bacterial
growth.””™"” In the current study, we expanded these
experiments to investigate whether IL-1 affects the coloni-
zation of NEC by a highly characterized nasal carrier strain
of S. aureus. We observed that naive NEC, inoculated with
a nasal carrier strain of S. aureus, expressed significantly
less IL-1B than an infection with its non-carrier counter-
part. The carrier strain was inhibited in subsequent plank-
tonic culture experiments by the addition of both IL-1a
and IL-1fB but not of other members of the IL-1 super-
family or other acute-phase cytokines. Most importantly,
we observed that nasal carrier strains of S. aureus elabo-
rated quorum-dependent biofilms, which was not appar-
ent in the non-carrier strain. The formation of a biofilm
by carrier strains of S. aureus was directly inhibited by the
addition of IL-lo. Taken together these studies suggest
that although IL-1 can play a part in the inhibition of the
growth of carrier strains of S. aureus, the ability of the
nasal epithelium to express these cytokines may be com-
promised by colonization with nasal carrier strains.

Materials and methods

Reagents

Functionally active, 99% pure cytokines IL-lo, IL-1f,
IL-1 receptor antagonist (IL-1Ra), IL-10, tumour necrosis
factor-o (TNF-a), all from R&D Systems Inc., Minnea-
polis, MN); IL-18 (MBL Co., Ltd, Woburn, MA) and
IL-33 (Peprotech, Rocky Hill, NJ) were received in a
lyophilized form and reconstituted in sterile phosphate-
buffered saline. Bovine serum albumin (BSA), which was
used as a stabilizer for cytokine preparations, was used as
control in all experiments at the same concentrations
found in the lyophilized preparations.

Bacterial strains and culture conditions

Staphylococcus aureus (SA) D30 which has been exten-
sively characterized, was originally isolated from the ante-
rior nares of a healthy donor, and served as the carrier
strain in the experiments herein.>'>'* Staphylococcus
aureus 930918-3, (from Ian Holder, Shriners Burn
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Hospital, Cincinnati, OH) served as the non-carrier strain
of S. aureus in these experiments and S. epidermidis was
kindly provided by Dr Robert I. Lehrer, University of Cal-
ifornia (Los Angeles).'™'® Other strains of S. aureus used
in the biofilm experiments included S. aureus 502A (an
intermittent carrier used in intervention studies in the
1960s), S. aureus D20, S. aureus D98 and S. aureus D85
(designated carrier strains).>'*!® Bacteria were cultivated
on trypticase soy agar (TSA, Bacto™; Becton Dickinson
and Company, Sparks, MD) and subcultured in tryptic
soy broth (TSB; Bacto™) from which stocks were pre-
pared. For all experiments, snap-frozen (—80°) stocks
were thawed rapidly and cultured at 37°. Levels of bacte-
rial inocula were estimated by measuring the absorbance
at 625 nm of a washed bacterial suspension in phosphate-
buffered saline (Mediatech Inc., Herndon, VA). An opti-
cal density at 625 nm of 0-1 approximated 2:0 x 107 col-
ony-forming units (CFU)/ml. Inocula were quantified by
spreading 10-pl aliquots of the liquid culture on TSA and
enumerating CFU, following 18 hr of incubation at 37°.

Broth culture experiments were performed typically
using 1 ml of growth medium (TSB or cell culture
growth medium; RPMI-1640; Mediatech Inc., with or
without 10% fetal bovine serum). Minimal cell culture
medium (RPMI-1640) was incubated to a final concentra-
tion of 10 ng/ml of cytokine together with very carefully
defined levels of bacteria (1000 CFU), using BSA as a
control.”*** The reactions were incubated at 37° for
18 hr using a rotary bacterial shaker at 250 rpm. The
resulting levels of bacterial growth were then assessed by
diluting the incubation to the appropriate levels in the
respective medium, spreading 10-pul aliquots on TSA and
incubating overnight at 37°. Resulting bacterial colonies
were counted manually and recorded as CFU.

Preparation of biofilms

Snap-frozen cultures of S. aureus were incubated in TSB
until they had reached stationary phase (6-8 hr), the
optical density at 625 nm was measured and aliquots of
the bacteria were added to BD Falcon Microtest™ 96-well
enzyme-linked immunosorbent assay (ELISA) plates (BD
Biosciences, Bedford, MA) and incubated at 25° for
3 days. Biofilms were washed with 0-85% NaCl and then
stained with crystal violet (1% for 20 min). The stain was
rinsed thrice with 0-85% NaCl, air dried and the plate
was imaged. To quantify biofilm production, 100 pl of
100% ethanol was added to solubilize the dye, and the
absorbance was measured at 620 nm.*

Organotypic NEC culture and stimulation

Human NEC (RPMI 2650, American Type Culture
Collection, Manassas, VA) were grown on porous colla-
gen-coated cell culture inserts, (Transwell® COL, 24-mm

e223



G. A. Quinn et al.

diameter, polyester, 0-4-pum pore size; Corning Inc., Corn-
ing, NY). Cell culture medium consisted of Dulbecco’s
modified Eagle’s minimal essential medium (DMEM;
Mediatech Inc.) with high glucose (45 g/l) and sodium
pyruvate (110 mg/l), supplemented with penicillin
(100 U/ml), streptomycin (100 pg/ml), r-glutamine
(584 mg/l; Irvine Scientific, Santa Ana, CA) and 10%
(v/v) fetal bovine serum (Gemini Bio-Products, West
Sacramento, CA). Cells were seeded onto Transwell
inserts with antibiotic-supplemented media but subse-
quent changes of media used antibiotic-free DMEM. Cells
were cultivated for 4 days in 5% CO, at 37° until conflu-
ence was achieved, the media being replaced every day.
On the fourth day the organotypic cell layer was exposed
to the air-liquid interphase and cultivated for an addi-
tional 4 days. For experimental procedures, organotypic
cell layers were inoculated with 3 x 10° CFU and incu-
bated for 0-30 hr at 37° in 5% CO,. Using the Trypan
blue exclusion method, viability of NEC after incubation
with bacteria was determined to be > 95%.

Quantification of IL-1f/IL-1Ra by ELISA

The apical surface of NEC and the basolateral superna-
tants were analysed by commercial ELISA for the presence
of IL-1B using the BD Opt EIA™ kit (Pharmingen, San
Diego, CA) and IL-1Ra detection kit (R&D Systems Inc.)
according to the manufacturers’ protocols. The concentra-
tions of cytokines in the media were quantified by com-
parison with a standard curve generated using the
appropriate recombinant human cytokine.

Statistical analysis

Statistical analyses were performed using GRAPHPAD PRISM 4
software (Hearne Scientific Software Pty. Ltd, Melbourne,
Vic., Australia). The CFU analyses were performed on
three to 25 independent experiments with a minimum of
three replicates for each experiment. Numerical values for
CFU were transformed to log;, values for graphical repre-
sentation purposes because these values were skewed. A
two-tailed Student’s t-test was used to analyse the raw
data (i.e. compare group means), assuming unequal vari-
ances. For the analysis of IL-1B/IL-1Ra peptides by
ELISA, control baseline values were subtracted from
experimental values.

Results

NEC express reduced levels of IL-13 and IL-1Ra when
infected with the nasal carrier strain of S. aureus

To ascertain the levels of IL-1p expressed upon staphylo-
coccal infection, we inoculated NEC layers with nasal
carrier and non-carrier strains of S. aureus and mea-
sured the expression of IL-loo and IL-1B by ELISA at
various time-points between 0 and 30 hr. The results
indicated that the levels of IL-loo and IL-1f expressed
in the apical medium from naive NEC were significantly
higher in the non-carrier strain of S. aureus compared
with the carrier strain after 30 hr incubation, (IL-1a,
P =0-007, n=4, Fig. la; IL-1B P =0:003, n=3,
Fig. 1b). Equally it was observed that the level of IL-1B

@ 8 © 15
ns E —{ll— Carrier
| —{— Carrier - ’I =f=}= Non-carrier ,E
s 6 = f£=}= Non-carrier / < 10} ==@== SE p
> 5[ ==@==SE /7 > ’
R & 4
sz ¢ = /’
O 2 shk I_ g
2 ',‘ .-"--.___ Figure 1. Nasal epithelial cells (NEC) express
" ‘ -'i reduced levels of interleukin-1or (IL-1at), IL-1B
0 and IL-1 receptor antagonist (IL-1Ra) when
0 Time (h 20 infected with the nasal carrier strain of Staphylo-
Time (hr) fme (r) coccus aureus. The NEC layers were cultured at
the air-liquid interphase in an antibiotic-free
(b) 25 = (d) 500 Carrier medium and inoculated wiFh 3 ><.103 + 342
—{— Carrier E —E'-. Non-carrier E (mean = SEM) colony forming units (CFU)
20 =={=}= Non-carrier / — —-@- SE - per layer of NEC for a period of up to 30 hr.
E -=-4-- SE " %’ - The organisms used were S. aureus, the carrier
2 = strain (D30), the non-carrier strain (930918-3);
g g 2501 I’ and S. epidermidis (SE). Levels of (a) IL-1a (b)
= 4 IL-1B were assessed by enzyme-linked immuno-
sorbent assay from the apical surface of the
NEC. Levels of (¢) IL-1B and (d) IL-1Ra were

0 10 20 30
Time (hr)

e224

Time (hr)

assessed from the basolateral cell culture super-
natant. The results represent mean + SEM of
three or four separate experiments.

© 2008 Blackwell Publishing Ltd, Immunology, 128, e222-e229



at the basolateral surface was also reduced during infec-
tions by the carrier strain when compared with expres-
sion levels during infection by the non-carrier strain
(P =0-009, n=4, Fig. 1c). The typical volume of the
NEC layers was 45-2 mm? (surface area of cells) x 0-015
(average depth of cells) = 0-678 mm’ or 0-678 pl. Simi-
lar volume estimates can be used for apical surface
fluid, the in vivo depth of which has been estimated to
be approximately 0-015 mm. Considering that apical
and basolateral samples were diluted in approximately
1 ml of buffer, then the values indicated in Fig. 1 would
be multiplied by 1475. The levels of IL-1 noted in our
experiments were comparable with those found
in vivo.”> The carrier strain of S. aureus elicited low
expression of proinflammatory IL-loo and IL-1B from
NEC in comparison with the non-carrier strain, so we
postulated that there may be a concomitant decrease in
the level of the anti-inflammatory IL-1Ra. Surprisingly,
it was observed that the non-carrier strain of S. aureus
induced expression of significantly higher levels of
IL-1Ra than the nasal carrier strain after 20 hr incuba-
tion (P = 0-006, n = 4, Fig. 1d).

Levels of the acute-phase cytokine TNF-o were also
measured after incubation of the carrier and non-carrier
strains of S. aureus on NEC layers using the same proto-
col but there were no significant differences between the
two different strains of S. aureus (data not shown). Levels
of IL-1a, IL-1B and IL-1Ra were significantly reduced
during infection by the nasal carrier strain of S. aureus so
we investigated whether these cytokines had any direct
effect on the growth of the nasal carrier or the non-
carrier strain of S. aureus.
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The growth of the nasal carrier strain of S. aureus is
significantly inhibited by IL-1o and IL-1f3 but not by
other members of the IL-1 family or other acute-
phase cytokines

Previous studies from our laboratory and others have
shown that certain chemokines can inhibit bacterial
growth."”™” To draw direct comparisons with these pub-
lished experiments, we replicated their protocols
exactly.”>**** Our results indicated that the nasal carrier
strain of S. aureus used in these experiments was inhib-
ited by 10 ng/ml IL-la, (P < 0-001, n = 25) and to a
lesser extent by IL-1B, (P < 0-001, n = 17, Fig. 2a).

Further tests using the same conditions revealed that
other members of the IL-1 superfamily, IL-1Ra, IL-18 and
IL-33, had no significant effects on the growth of the car-
rier strain of S. aureus, nor did other acute-phase cyto-
kines, TNF-o. and IL-10, (n = 3-25, Fig. 2b). When we
compared the growth of the carrier and non-carrier
strains of S. aureus in the presence of IL-lo (10 ng/ml),
we found that this cytokine did not affect the growth of
the non-carrier strain of S. aureus (P =062 n =3,
Fig. 2¢). Other investigators have reported that IL-1p can
enhance the growth of selected strains of Gram-positive
and Gram-negative bacteria so the antimicrobial effect
might be strain specific.”******°

We have determined that growth of the carrier strain is
inhibited by IL-1a and IL-1P in liquid media at moderate
inocula but not by other members of the IL-1 family nor
by the acute-phase cytokine TNF-o. Since this pheno-
menon was demonstrated by the planktonic growth form
of the carrier strain of S. aureus, we questioned whether
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Figure 2. The growth of the nasal carrier strain of Staphylococcus aureus is significantly inhibited by interleukin-1ot (IL-1ot) and IL-1f. The S. aur-

eus carrier strain was incubated in serum-free cell culture medium with (a) IL-1at and IL-1P and (b) other related cytokines including IL-1 recep-

tor antagonist (IL-1Ra), IL-18, IL-33, IL-10 and tumour necrosis factor-o. (TNF-01) and (c) compared with the non-carrier strain and IL-1a for a

period of 20 hr. Bacteria were subsequently enumerated on trypticase soy agar. The results represent the mean + SEM where n represents the

number of independent experiments n = 17 to n = 25 for (a), n = 3 to n = 22 for (b) and n = 4 to n = 25 for (c). P values were calculated using

a two-tailed unpaired f-test with a 95% confidence interval. #the inoculum and *P < 0-001.
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it would be exhibited by surface-associated sessile growth
forms such as those found in biofilms.

Biofilm formation by the carrier strain of S. aureus is
significantly greater than that of the non-carrier strain

We have previously demonstrated that when the nasal
carrier strain of S. aureus was incubated with nasal fluid
from a carrier of S. aureus, the bacteria expressed an
electron-dense layer after 2 hr which covered the peptido-
glycan, as seen with transmission electron microscopy.” It
was notable that the non-carrier strain under the same
conditions did not form an electron-dense layer. We pos-
tulated that this layer might represent the initial stages of
biofilm formation by the carrier strain of S. aureus. To
test this theory, we incubated both the carrier and non-
carrier strains of S. aureus in 100 pl TSB for 3 days at 25°
in a range of inocula in 96-well ELISA plates as indicated
in the Materials and methods section. After 3 days of
incubation, we observed that the carrier strain of S. aur-
eus had formed a robust biofilm, which was not apparent
in the non-carrier strain (Fig. 3). The carrier strain bio-
film appeared to be a concentration-dependent pheno-
menon because wells with 8 x 10° CFU/well and higher
showed a rapid decline in biofilm formation and inocula
lower than this showed gradual diminishment of biofilm
production. Other authors have used ethanol as a means
of stimulating biofilm production; however, in these
experiments we observed that maximal biofilm produc-
tion could be achieved by a simple reduction in the incu-
bation temperature to 25°.** Importantly, this reflects the
temperatures encountered in the anterior nasal passages,
which range down to 25°.%

Biofilm formation by the carrier strain of S. aureus is
significantly inhibited in the presence of IL-1a

To assess biofilm formation under the effects of IL-1, we
added a series of concentrations of IL-1a, the most potent
inhibitor of the planktonic form of the nasal carrier strain
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Figure 3. Carrier but not non-carrier strains of Staphylococcus aureus
elaborate a biofilm. Both the nasal carrier strain and the non-carrier
strains S. aureus were inoculated into trypticase soy broth in 10-fold
serial dilutions of stock starting at 8 x 107 colony-forming units
(CFU) in a total volume of 100 pl. Biofilms were visualized after
3 days by the addition of crystal violet.
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of S. aureus, to each inoculum of the carrier strain of
S. aureus. The inhibition of biofilms was quantified as
described in the Materials and methods section. The
results revealed that IL-1o inhibited the formation of bio-
film by the carrier strain of S. aureus at an initial inocu-
lum of 2 x 10° CFU compared to the BSA control
(Fig. 4a). This inhibition by IL-la was even more
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Figure 4. Biofilm formation by the nasal carrier strain of Staphylo-
coccus aureus is inhibited by interleukin-lor (IL-1at). A reduction in
the biofilm formation of the nasal carrier strain was observed by the
preincubation with various concentrations of IL-1a compared with a
control. The figures represent a triplicate of experiments where an
initial biofilm inoculum of a total number of bacteria at (a)
2% 10° colony-forming units (CFU), (b) 2 x 10° CFU and (c)
2 x 10* CFU. The panels to the right of each graph are representa-
tive treated and control wells. Biofilm concentration was quantified
by staining with crystal violet and measuring the absorbance at
620 nm.
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remarkable when the initial inoculum of the carrier strain
was reduced to 2 x 10° CFU/well (Fig. 4b) and 2 x 10*
CFU/well (Fig. 4c). Although we used a higher concentra-
tion of IL-1o in experiments involving the inhibition of
biofilm in the carrier strain of S. aureus, we also used a
correspondingly higher inoculum of bacteria. Collectively,
these results suggest that although IL-1a can prevent bio-
film formation by nasal carrier S. aureus, this strain
retains its ability to colonize nasal epithelia, probably
through its aforementioned ability to suppress IL-1
expression.

To draw broader conclusions from the results above,
we conducted the experiment above on several other
strains of S. aureus, namely D20, D98, D85 and 502-A
(Fig. 5). The first three strains have been reported as
carrier strains while 502-A has been termed an intermit-
tent carrier strain.>'*' Under similar conditions, the
non-carrier strain did not produce biofilm. The results
further confirmed that the addition of IL-la to carrier
strains of S. aureus was responsible for the inhibition of
biofilm formation (Fig. 5). Moreover this observation
seemed to hold true irrespective of the level of inoculum.
This reflects the results obtained from the nasal carriage
strain D30 and strengthens our claim that IL-1a is likely
to be responsible for the inhibition of nasal carriage
strains of S. aureus in vitro.
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Discussion

We examined the biological relevance of the direct innate
IL-1-mediated host response to a nasal carrier strain of
S. aureus. We demonstrated that the growth of a carrier
strain of S. aureus was inhibited by the addition of IL-1a
and IL-1P. Moreover, we also observed that NEC inocu-
lated with a carrier strain of S. aureus expressed signifi-
cantly lower levels of both IL-1ot and IL-1B compared to
inoculation with a non-carrier strain. Indeed, the ability
of S. aureus D30 to prevent IL-1 upregulation in NEC
suggests that this IL-1-sensitive strain has evolved a
mechanism by which it can colonize the nasal epithelial
surface.

The observation that IL-lo, IL-1B and IL-1Ra are
downregulated in naive NEC, which have been inocu-
lated with the carrier strain of S. aureus, during the early
stages of infection, is paralleled in previous experimental
work in this laboratory that demonstrated a similar
downregulation of the antimicrobial peptides HBD-2 and
HBD-3 by the carrier strain of S. aureus.”” From an
infection perspective, it logically follows that by blocking
the IL-1 receptor, the carrier strain of S. aureus can
effectively compromise the IL-1-based proinflammatory
processes such as production of antimicrobial peptides,
proinflammatory cytokines and chemokines, recruitment
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Figure 5. Biofilm formation by other strains of
Staphylococcus aureus are inhibited by inter-
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of neutrophils and mobilization of other effector cells to
the site of infection. The manipulation of the initial
innate immune response may be part of a wider strategy
of the carrier strain of S. aureus to sustain its infectious
capacity.

Before the current report, several other studies have
suggested that IL-1P can increase bacterial growth of cer-
tain selected strains of bacteria in the culture med-
ium.*>*"*>?7 Using the same methodologies as reported
for these observations of IL—IB,ZO’ZZ’24 we have demon-
strated that a nasal carrier strain of S. aureus can instead
be inhibited by IL-1a and IL-1B. The group of Kanangat
noted that IL-1 bound to the surface of S. aureus and
used this observation as part of their hypothesis to
explain an increase in the growth of the strains used in
their experiments.”' The group of McLaughlin also noted
a strain-specific phenomenon between two species of
S. aureus in relation to their growth kinetics upon the
addition of IL-1.** The reasons for inhibition of the nasal
carrier strain growth by IL-1 may be simply the result of
strain variability, as proposed by McLaughlin, or it could
be a multifactorial process involving inoculum  size,
amount, availability of nutrients in media or binding of
IL-1 to the bacterial surface, possibly changing the kinet-
ics of growth.”” For our studies, changes in bacterial
growth kinetics in the presence of IL-1 were probably
strain specific because we did not observe a difference in
growth between the carrier and non-carrier strains in the
absence of IL-1.

In the course of these experiments we also noted that
the carrier strain of S. aureus and several other nasal car-
rier strains of S. aureus form biofilms. This is of prime
importance in the process of nasal colonization because it
has been reported that some biofilm-producing strains of
S. aureus show survival rates against antibiotics > 500
times the level that is effective against planktonic popula-
tions, and they might, therefore, elaborate biofilms to
subvert the natural antimicrobial polypeptides present on
the host’s nasal mucosa.” The influence of IL-1o on the
inhibition of biofilms formed by several carrier strains
may suggest an unexplored dynamic which requires
further investigation.

In conclusion, we note that although IL-1 plays an
important role in the inhibition of a nasal carriage strain
of S. aureus, this host innate defence mechanism is effec-
tively compromised by immunoevasion strategies of the
nasal carrier strain.
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