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Background: Several studies have previously shown some fac-
torsthat modify the pathogenesis of perennial allergic rhinitis
(PAR). However, the association between bacterial colonization
and PAR has not been well under stood.

Objective: We sought to study the association between super -
antigen-producing Staphylococcus aureus and PAR.

Methods: S aureus colonization in the nasal cavity and its
super antigen production were studied in 65 patients with PAR
and 45 nonallergic control subjects. The nasal symptom scores
of the patients were evaluated. Furthermore, we examined the
response to staphylococcal enterotoxin B or toxic shock syn-
drometoxin 1 of peripheral blood lymphocytes from both
patients and control subjects by measuring proliferative
responses and production of cytokines (IFN-y, IL-4, and IL-5).
Results: Therate of nasal carriage of Saureusin the patients
(44%) was significantly higher than that of the control subjects
(20%, P < .01). Moreover, the rate of nasal carriage of super-
antigen-producing S aureus in the patients (22%) was signifi-
cantly higher than that of the control subjects (6.7%, P < .05).
The nasal symptom scores of the S aureus—positive patients
were significantly higher than those of the S aureus—negative
patients (P < .05), although there was no significant association
between symptom scores and superantigen production. Periph-
eral blood lymphocytes from the patients showed significantly
higher proliferative responses and were more likely to produce
T,» type cytokinesin response to superantigens (P < .01), but
the responses were not different among the patientswith S
aureus carriage and superantigen production.

Conclusion: This study suggests that PAR leads to a higher
carriagerate of Saureus, and nasal carriage of S aureus may
aggravate PAR. (J Allergy Clin Immunol 2000;105:449-54.)
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Abbreviations used
PAR: Perennial alergic rhinitis
PBL: Peripheral blood lymphocyte
RPLA: Reversed passive latex agglutination
SE: Staphylococcal enterotoxin
Sl:  Stimulation index
TN: Total nitrogen
TSST-1: Toxic shock syndrome toxin 1

Allergic rhinitis is an inflammation of the nasal
mucosa that is characterized by the infiltration of inflam-
matory cells and the release of inflammatory mediators.
Although the pathophysiologic mechanism of allergic
rhinitis is not well understood, there has recently been
much interest in the role of cytokines in allergic inflam-
matory reactions.1-3 Numerous in vitro studies have sug-
gested that T,,, type cytokines play an important role in
the pathogenesis of allergic inflammatory diseases.1.34
IL-4 isrequired for the production of IgE by inducing an
isotype switch in B cells, and this function of IL-4 is
inhibited by IFN-y.5 IL-5 stimulates the growth, differen-
tiation, and survival of eosinophils.6

Factors that modify the pathogenesis of allergic rhini-
tis have been reported to be environmental factors (tem-
perature, desiccation, and air pollution),” sex hormones,8
stress, and alcohol. Although for other atopic disorders,
including bronchial asthma and atopic dermatitis, it has
been reported that bacteria could play arole in the patho-
genesis of allergic inflammatory diseases,®12 there are
few reports regarding the association between bacterial
colonization and allergic rhinitis.1314 To our knowledge,
no data can be found in the literature concerning nasal
bacterial flora, such as Staphylococcus aureus. S aureus
is a representative constituent of bacterial flora in the
nasal cavity and a common pathogen. It produces sever-
a exotoxins with superantigenic properties, which have
been shown to induce inflammatory reactions.15

In this study, to gain insight into bacterial association,
we examined the nasal carriage of Saureus and its super-
antigen production. Furthermore, we investigated the in
vitro proliferative response and the production of 1FN-y,
IL-4, and IL-5 in response to stimulation with staphylo-
coccal enterotoxin (SE) B and toxic shock syndrome
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toxin 1 (TSST-1) in peripheral blood lymphocytes
(PBLs) from patients with perennial allergic rhinitis
(PAR) and nonallergic control subjects.

METHODS
Patients

Forty-five nonallergic healthy volunteers (control group) and 65
patientswith PAR (alergic group) caused by house dust mites (Der-
matophagoides pteronyssinus or Dermatophagoides farinae) were
enrolled in this study. The mean age of the subjects was 27.6 years
(range, 6-68 years; 8 children and 37 adults) in the control group
and 25.4 years (range, 8-66 years; 10 children and 55 adults) in the
allergic group. Peripheral venous blood was collected from 34
patients with PAR (24 with nasal carriage of S aureus [positive
group] and 10 without nasal carriage of S aureus [negative group])
and 15 nonallergic control subjects.

All subjects in the allergic group satisfied the following criteria:
(1) well-documented history of PAR for at least a year; (2) no his-
tory of asthma, atopic dermatitis, eczema, and urticaria; (3) no sea-
sonal deterioration during pollen season; (4) no chronic sinusitis of
the paranasal sinus and no previous sinus surgery, as determined by
history and radiography; (5) no nasa polyposis; (6) positive intra-
cutaneous skin test response (wheal diameter, >5 mm) to house dust
mite (concentration 1:1000 wt/vol, total nitrogen [TN] value of 0.66
pg/mL) glycerinated extracts (Torii Co Ltd, Tokyo, Japan) but neg-
ative skin test responses to other major alergensin Japan: Japanese
cedar (concentration 1:1000 wt/vol, TN value 0.62 pg/mL), orchard
grass (concentration 1:1000 wt/vol, TN value 3.426 pg/mL), and
short ragweed (concentration 1:1000 wt/vol, TN value 3.35 pg/mL)
glycerinated extracts (Torii Co Ltd; a volume of 0.02 mL of each
antigen was used for intracutaneous skin tests); (7) eosinophilia
(>5% of cells) in nasal smears; (8) no medical treatment, including
antibiotics and topical steroids, for nasal symptoms during the 4
weeks before enrollment; (9) no infection, including upper respira-
tory infection, during the 4 weeks before enrollment; and (10) no
previous immunotherapy.

The healthy volunteers in the control group had negative skin
test responses and had no history of alergic rhinitis, asthma, atopic
dermatitis, eczema, and urticaria

Informed consent was obtained from all adult patients partici-
pating in this study and from the parents of all children in this study.
This study was approved by an ingtitutional review board.

Study for nasal carriage of S aureus

Nasal culturing was performed on the first day of the collection
of daily symptom cards. Bacterial samples of the subjects were taken
as previously described!6 by using sterile cotton swabs moistened
with sterilized saline solution and rotated with gentle pressure
around each nostril, including the inferior turbinate. The samples
were inoculated on Salt Egg Yolk Agar plates (Nissui Pharmaceuti-
ca Co, Ltd, Tokyo, Japan). The plates were incubated at 37°C for 48
hours. After the incubation, identification of Saureus was done with
the standard microbiological method, including Gram staining,
growth on salt egg yolk agar, and agglutination by protein A and
clumping factor.1?

Detection of superantigenic staphylococcal
exotoxins

Three S aureus strains were examined in each alergic patient
and each control subject. After preliminary growth on the agar
plates, staphylococcal cultures were transferred to brain heart infu-
sion broth and cultured aerobically at 37°C for 20 hours by shak-
ing.18-20 The culture supernatant was centrifuged at 900g for 20
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minutes and sterilized by filtration (pore size, 0.45 pum). The
reversed passive latex agglutination (RPLA) for detection of staphy-
lococcal toxin, enterotoxins, and TSST-1 was carried out by using
SET-RPLA and TST-RPLA kits (Denka Seiken Co, Ltd, Tokyo,
Japan), as previously described.19-21 Briefly, latex particles coated
with specific rabbit 1gG against staphylococcal enterotoxins (SEA,
SEB, SEC, and SED) and TSST-1 were added to the culture super-
natants diluted from 2 to 256 times in 96-well V-type bottomed
plates left for 16 hours at room temperature and then inspected for
agglutination. The sensitivity of the kits was approximately 2
ng/mL staphylococcal enterotoxins or TSST-1.

Clinical evaluation

The nasal symptom scores (maximum of 9) were evaluated
according to the criteria of Okuda et a22 by using daily symptom
cards. In brief, 53 patients were asked to complete daily symptom
cards during the 14 days before the assessment of nasal symptom
scores. Some patients (12/65) were not eval uated by symptom score
because we did not ask them detailed questions about their condi-
tion, and they did not arrange return visits. The daily symptom card
included the number of sneezing attacks, the number of nose blows,
and the degree of nasal obstruction. A careful survey of the daily
card graded the 3 nasal symptoms (sneeze, rhinorrhea, and obstruc-
tion) on ascale of 0-3 (0, none; 1, mild; 2, moderate; and 3, severe)
according to severity. The average daily scores of the sum total of
the 3 scores were used as nasal symptom scores.

Cell culture and stimulation by
superantigens

PBLs were separated from heparinized venous blood by means of
density gradient centrifugation with a Lymphoprep Tube (NY COMED;
Pharma AS, Odo, Norway) and washed 3 times in sterile PBS. PBLsS
were cultured at aconcentration of 1 x 108/mL in RPMI-1640 medium
(Daigo) supplemented with heat-inactivated 10% FBS (56°C for 30
minutes; Gibco Laboratories, Grand Idand, NY), 2 mmol/L L-gluta
mine, and 50 pg/mL kanamycin sulfate. The cultureswereincubated in
both 24-well and 96-well, flat-bottomed, culture plates (FALCON;
Becton Dickinson, Franklin Lakes, NJ) a 37°C in a humidified atmo-
sphere with 5% CO,. The cultures were then stimulated with SEB or
TSST-1 (Toxin Techology, Inc, Sarasota, Fla) at concentrations ranging
from 1 to 0.0001 pg/mL or left unstimulated for both proliferation
assay and cytokine andysis. The supernatants were collected after 48
hours of culture and stored at —20°C until assayed.

PBL proliferation assay

PBLs (2 x 10° per 0.2 mL of culture medium) were added in trip-
licate to 96-well, flat-bottomed, culture plates. After 72 hours of SEB
or TSST-1 stimulation, thymidine incorporation was assessed by puls-
ing with 1 puCi of tritiated thymidine (Amersham Plc, Bucking-
hamshire, UK) per cell during the last 16 hours of culture. Cells were
harvested onto glass-fiber filter paper, and radioactivity was measured
by using a liquid scintillation counter (LSC-3100; Aloka Co, Tokyo,
Japan). The stimulation index (Sl) was calculated by the ratio of triti-
ated thymidine incorporation (cpm) of the mean of the stimulated/
unstimulated sample.

Cytokine production

The amounts of IFN-y, IL-4, and IL-5 in the cell culture super-
natants from 24-well, flat-bottomed, culture plates were measured by
commercialy available sandwich ELISA kits (Cytoscreen; Biosource
International, Camarillo, Cdlif), with alower limit of sensitivity of 4
pa/mL (IFN-y), 3 pg/mL (IL-4), and 4 pg/mL (IL-5). The acquired
optical density at 450 nm was adjusted to picograms per milliliter by
using our standard curve. All samples were run in duplicate.
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TABLE |. Nasal carriage rate of S aureus and symptom scores
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Allergic patients (n = 65)

Control subjects (n = 45)

Positive Negative Positive Negative
Nasal carriage of Saureus 29 (45%)" 36 9 (20%) 36
Carriage of superantigen-producing S aureus 14 (22%)* — 3 (6.7%) —
Symptom score 5.88+1.80 476+ 1.77

(n=24) (n=29)

*Significant difference versus control.

Statistical analysis

Data are expressed as the means + SEM. Statistical significance
was determined by using the Mann-Whitney U test, the x2 test, or
the 1-way ANOVA test. Significant differences were accepted when
P values were |ess than .05.

RESULTS
The carriage rate of S aureus in nasal cavity

Saureus was isolated from nose swabs in 29 (45%) of
65 patients with PAR and 9 (20%) of 45 control subjects
(Table I). The rate of patients with PAR was found to be
significantly higher than that of the control subjects, as
determined by using the x2 test (P < .01).

Superantigenic exotoxins produced by
S aureus

A %2 test showed that the rate of nasa carriage of S
aureus—producing superantigenic exotoxins of patientswith
PAR was 21.5% (14/65), which was significantly higher
than the 6.7% (3/45) found in the control subjects (P < .05,
Table 1). About haf of the patients (14/29) were colonized
by S aureus strains producing one or more exotoxins, where-
as 33% (3/9) of Saureusfrom the control subjects produced
detectable exotoxins. All of the culture supernatants were
agglutinated after dilution up to 256 times. The rates of cul-
ture supernatants containing the individual superantigenic
exotoxins were 13% for SEA, 54% for SEB, 13% for SEC,
and 20% for TSST-1 in patients with PAR. The rate of SEB
was the highest among the enterotoxins. Therefore the ensu-
ing experiments were performed by using SEB and TSST-1
as representative Saureus toxins.

Clinical evaluation

The nasal symptom scores of the 53 patients studied
ranged from 2 to 9, with amean of 5.26. The nasal symp-
tom scores were significantly higher in the Saureus—pos-
itive groups (n = 24; mean = SD, 5.88 + 1.80) compared
with the S aureus—negative groups (n = 29; 4.76 + 1.77;
P =.01; Tablel). The nasal symptom scores of the nasal
carriers of Saureus—producing SEB (n = 8), nasal carri-
ers of S aureus—producing superantigenic exotoxins
other than SEB (n = 6), and nasal carriers of Saureus not
producing superantigenic exotoxins (n = 10) were 5.86 +
1.13, 5.83 + 2.32, and 5.90 + 1.97, respectively. There
was no significant difference between the nasal symptom
scores of the 3 groups.

Proliferative responses of PBLs

The effects of SEB and TSST-1 on the proliferation of
PBLs from patients with PAR (n = 34) and control sub-
jects (n = 15) wereexamined (Fig 1, A). The proliferation
of PBLs from both patients and control subjects
increased in a dose-dependent fashion. When stimulated
with 1 pg/mL SEB and TSST-1, the SI of PBLs of
patients with allergic rhinitis (SI: SEB, 97.7 + 25.9;
TSST-1, 91.3 + 26.5) displayed a significantly greater
proliferation than that of the normal control subjects (Sl:
SEB, 55.3 £ 3.9; TSST-1, 52.3 + 4.2; P < .01). However,
there was no significant difference in tritiated thymidine
incorporation between the S aureus—positive and S
aureus—egative alergic groups at any toxin concentra-
tion (data not shown).

IFN-y production from PBLs after SEB and
TSST-1 stimulation

As shown in Fig 1, B, SEB and TSST-1 induced a
dose-dependent increase in IFN-y production by PBLs
obtained from normal control subjects over the range
of concentrations tested. Also, after stimulation with
SEB and TSST-1at 1 pg/mL, 29.1 + 9.0 and 29.3+ 7.8
ng/mL IFN-y, respectively, was measured in the aller-
gic group. PBLs from patients with PAR produced sig-
nificantly less IFN-y than that from the control subjects
in response to SEB and TSST-1 (P < .01). However,
there was no significant difference in IFN-y production
between the S aureus—positive and S aureus—negative
allergic groups at any toxin concentration (data not
shown).

IL-4 and IL-5 production from PBLs after SEB
and TSST-1 stimulation

As shown in Figs 1, C and D, SEB and TSST-1
induced a dose-dependent increase in IL-4 and IL-5 pro-
duction by PBLs from normal control subjects over the
range of concentrations tested. At 0.01, 0.1, and 1 pg/mL
SEB and TSST-1, PBLs from patients with PAR pro-
duced significantly higher levels of IL-4 than that from
control subjects (P < .01). Similar results were obtained
in the case of IL-5 (Fig 1, D). However, there were no
significant differences in IL-4 and IL-5 production
between the S aureus—positive and S aureus—negative
alergic groups at any toxin concentration (data not
shown).
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FIG 1. Effects of SEB and TSST-1 on tritiated thymidine incorporation of PBLs (A), IFN-y production (B), IL-4
production (C), and IL-5 production (D) from PBLs from allergic patients (n = 34) and normal control subjects
(n = 15). Statistically significant differences are indicated, as determined by the Mann-Whitney U test. Paired
values of allergic patients and control subjects are compared at each SEB and TSST-1 concentration. A, Lym-
phocyte proliferation. S| was calculated by the ratio of tritiated thymidine incorporation (cpom) of mean stim-
ulated/unstimulated samples. All samples were done in triplicate (*P < .05, **P < .01). B, IFN-y production (*P
< .05, **P < .01). C, IL-4 production (*P < .01). D, IL-5 production (*P < .01).

Cytokine production by PBLs from allergic
patients after SEB and TSST-1 stimulation for
the nasal carriage of S aureus—producing
SEB

Fig 2 shows the productions of IFN-y (Fig 2, A), IL-4
(Fig 2, B), and IL-5 (Fig 2, C) by PBLs from 34 patients
with PAR and 15 control subjects. The alergic patients
were divided into 4 groups as follows: nasal carriers of S
aureus—producing SEB (n = 8); nasa carriers of S
aureus—producing superantigenic exotoxins other than
SEB (n = 6); nasal carriers of S aureus not producing
superantigenic exotoxins (n = 10); and negative nasal
carriers of Saureus (n = 10). PBLs from all subjectsin
all groups showed cytokine (IFN-y, IL-4, and IL-5) pro-
duction to SEB and TSST-1, but not all cytokine levels
were elevated. However, the differences in the cytokine
productions were significant between the alergic and
control groups as mentioned above.

DISCUSSION

Although several studies have previously shown some
factors that modify the pathogenesis of allergic rhini-
tis,”:8 the association between bacteria colonization and
allergic rhinitis has not been well documented.1314 For
other atopic disorders, including bronchial asthma and
atopic dermétitis, there have been many reports on the
association with bacteria 10-12.23,24

In this study we focused on a representative bacterial
flora of the nasal cavity and showed the existence of a
higher carriage rate of S aureus (45%) in patients with
PAR in comparison with control subjects (20%). Further-
more, half of the allergic patients were colonized by S
aureus, producing identifiable superantigenic exotoxins,
enterotoxins, and TSST-1. The colonization of Saureusin
the nasal cavity varies according to the population stud-
ied. Previous studies have reported that the mean carriage
rate in the general population is 37.2%, with a range of
19.0% to 55.1%.25 There are many factors that may influ-
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ence the rate of Saureus nasal carriage. The adherence of
the bacteria is mediated by receptors on the cell wall for
fibronectin26 and laminin2” present on the mucosal
epithelia cells. The allergic nasal mucosa may provide
better nutrition and less host defense. The increased S
aureus carriage rate in PAR may be partly due to
increased hand-to-nose contact caused by blowing, pick-
ing, or rubbing. However, the reason for the higher car-
riage rates in patients with PAR is unclear in detail.

The nasal symptom scores were significantly higher in
the S aureus—positive groups compared with the S
aureus—negative groups (P = .0103). This observation
suggests that the nasal carriage of Saureusin PAR may
have an influence on the pathogenesis of alergic rhinitis
or may give rise to infectious rhinitis symptoms. Howev-
er, there was no significant difference between the nasal
symptom scores of the nasal carriage of S aureus—pro-
ducing superantigenic exotoxins group and the nasal car-
riage rate of the group with S aureus not producing
superantigenic exotoxins. It has been reported that SEB
and TSST-1 lead to a marked release of cytokines.15
However, our results suggested that production of super-
antigens from S aureus colonizing in the nasal cavity
does not influence the symptoms or otherwise that S
aureus in the nasal cavity may not produce superanti-
genic exotoxins in situ. This suggests that other staphy-
lococcal products may also be involved in PAR. Further
studies are a so needed to confirm whether Saureus pro-
duces superantigensin vivo in patients with PAR. Never-
theless, our finding of enhanced proliferation to SEB and
TSST-1 of PBLs from patients with PAR supports a
potential role for SEB and TSST-1 in the pathogenesis of
alergic rhinitis. It has been known for many yearsthat T
cells from patients with allergic disorders respond with a
reduced tritiated thymidine incorporation to mitogens
(eg, PHA or concanavalin A).28 In contrast to these find-
ings, stimulation of PBLs with the potent T-cell stimuli
SEB and TSST-1 resulted in a significantly increased T-
cell proliferation in patients with PAR compared with
cells from control subjects. We found that PBLs from
patients with PAR produced lower amounts of |FN-y and
larger amounts of IL-4 and IL-5 after stimulation with
SEB and TSST-1. T,,, type cytokines, IL-4 and IL-5, are
known to induce the IgE switching activity of B cellsand
eosinophilia.l-3 These findings suggested that staphylo-
coccal superantigens activated T cells and produced T,
type cytokines in PBLs of patients with alergic rhinitis
and therefore could promote local inflammation con-
tributing to the lesions of alergic rhinitis. Our findings
were similar to those reported regarding atopic dermati-
tis.29-31

As shown in Fig 2, we divided alergic patients into 4
groups according to superantigen production and exam-
ined cytokine productions from PBLs from 34 patients
with PAR and 15 normal control subjects. PBLs from all
subjectsin all groups showed elevated cytokine produc-
tion to SEB and TSST-1, with no significant differences
between the groups. When TSST-1 was added to PBL s of
alergic patients with nasal carriage of S aureus—produc-
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FIG 2. IFN-y (A), IL-4 (B), and IL-5 (C) production from PBLs from
allergic patients nasal carriage of S aureus—-producing SEB (n = 8),
nasal carriage rate of S aureus—-producing superantigenic exotox-
ins other than SEB (n = 6), nasal carriage rate of S aureus not pro-
ducing superantigenic exotoxins (n = 10), negative nasal carriage
rate of S aureus (n = 10), and control subjects (n = 15). For com-
parison of paired values, the 1-way ANOVA test was used.
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ing SEB, TSST-1 did cause the production of more IL-4
and IL-5 in SEB producers than control subjects, but it
was not different from SEB nonproducers. In this respect
the results regarding response of PBLs are consistent
with the grade of the nasal symptom.

Superantigen-induced upregulation of 1L-4 and IL-5
may be important in the pathogenesis of PAR. The resul-
tant T-cell proliferation and production of T,,, type pre-
dominant cytokines promotes local inflammation con-
tributing to the lesions of PAR. Furthermore, diminished
IFN-y production against staphylococcal superantigen
may |ead to an inappropriate elimination of Saureus that
persists in the nasal cavity of patients with PAR. There-
fore the nasal carriage rate of S aureus and superantigen
production could aggravate the pathogenesis of PAR.
Further studies are needed to determine whether antimi-
crobial treatment may have arolein PAR.

In conclusion, we have demonstrated that the rate of
nasal carriage of Saureus of patients with PAR was sig-
nificantly higher than that of control subjects, the nasal
symptom scores were significantly higher in the S
aureus—positive groups compared with the S aureus—neg-
ative groups, and PBLsfrom alergic patients were signif-
icantly more likely to produce T,,, type cytokines, IL-4
and IL-5, in response to both SEB and TSST-1. Therefore
PAR leads to a higher carriage rate of Saureus, and the
nasal carriage rate of S aureus may play arole in the
pathogenesis and promote local inflammation of PAR. In
addition to superantigens, Saureus can express protein A
and other toxins, which induce epithelial cell and immune
activations.32 In the future, additional analyses should
also examine the potential role of these factors as well
because S aureus, but not necessarily superantigen pro-
duction, correlated with severity of nasal symptoms.
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