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Objective/Hypothesis: The role of infectious
agents in the etiology of chronic rhinosinusitis with
nasal polyposis (CRSWNP) remains unclear. Recent
studies have provided indirect evidence of exposure
to staphylococcal exotoxins in the blood and polyp
tissue of patients with CRSwNP. These exotoxins
have the capacity to act as superantigens, bypassing
normal antigen processing and directly stimulating a
massive inflammatory response. The objective of the
study was to analyze mucus and polyp tissue samples
from patients with CRSwNP for the presence of
staphylococcal exotoxins. Study Design: Prospective
study. Methods: Tissue and mucus samples were ob-
tained from 42 patients undergoing endoscopic sinus
surgery for chronic rhinosinusitis and 11 normal con-
trol patients. Twenty-nine of 42 patients had chronic
rhinosinusitis with bilateral nasal polyposis, 2 had
antrochoanal polyps, and 11 had chronic rhinosinus-
itis without nasal polyps. Eleven patients without
chronic rhinosinusitis or polyps served as normal
control patients. Specimens were analyzed for the
presence of five staphylococcal exotoxins (SEA, SEB,
SEC, SED, and toxic shock syndrome toxin type 1
[TSST-1]) using enzyme-linked immunosorbent assay
(ELISA). Histological analysis of specimens and mean
eosinophil counts were correlated with the presence
of toxin. Results: At least one toxin was detected in 14
of 29 patients with bilateral nasal polyposis. Nine of
the 14 patients also had positive findings for addi-
tional toxins. The dominant histological pattern in
the CRSwNP patient group was polypoid mucosa

From the Division of Allergy and Immunology (A.T., L.C.G., L.S., R.S.),
Department of Medicine, and the Departments of Otolaryngology—Head
and Neck Surgery (x.A.S., D.B.C., R.C.K.) and Pathology (G.k.H.), Northwest-
ern University Feinberg School of Medicine, Chicago, Illinois, U.S.A.

Editor’s Note: This Manuscript was accepted for publication April
20, 2005.

Supported by the Ernest S. Bazley Grant to Northwestern Memorial
Hospital and Northwestern University Feinberg School of Medicine.

Send Correspondence to Robert C. Kern, MD, Department of Oto-
laryngology—Head and Neck Surgery, Northwestern University Feinberg
School of Medicine, 676 North St. Clair, Suite 15-200, Chicago, IL 60611,
U.S.A. E-mail:r-kern@northwestern.edu

DOI: 10.1097/01.m1g.0000168111.11802.9¢

Laryngoscope 115: September 2005
1580

with edema, which was found in both ELISA-positive
and ELISA-negative patients. Mean eosinophil counts
tended to be higher in ELISA-positive patients with
polyps compared with patients without toxin detec-
tion. No toxin was detected in the 11 specimens taken
from normal control patients. Only 1 of the 13 patients
with CRS without polyps had positive ELISA results
for toxin. Conclusion: The current study demon-
strates the presence of superantigen toxins in 14 of 29
patients with CRSwNP, with SEB and TSST-1 being
the most common. Further studies are necessary to
correlate the presence of toxin with the pathological
changes present in polyp tissue. Key Words: Chronic
rhinosinusitis, nasal polyps, superantigens, eosino-
phil, ELISA.
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INTRODUCTION

Chronic rhinosinusitis (CRS) is one of the most com-
mon health care problems in the United States, affecting
almost 15% of the population.! The Sinus and Allergy
Health Partnership defined CRS as a group of disorders
characterized by inflammation of the mucosa of the nose
and paranasal sinuses of at least 12 consecutive weeks’
duration.! This definition is purposely broad, encompass-
ing a wide range of clinical entities presenting with a
similar symptom complex. Approximately 20% of patients
with CRS exhibit bilateral nasal polyposis (NP), repre-
senting a group that is particularly refractory to both
medical and surgical (endoscopic sinus surgery) interven-
tion.? Furthermore, histological analysis of polyp speci-
mens reveals tissue eosinophilia and edema in the vast
majority of cases, suggesting that chronic rhinosinusitis
with nasal polyposis (CRSwNP) represents a distinct sub-
set of CRS with a more narrow range of causes.2 Recent
evidence has suggested that exotoxins secreted by coloniz-
ing Staphylococcus aureus are capable of triggering the
inflammatory infiltrate characteristic of CRSwNP
through their potential to generate a “superantigen re-
sponse.”3

Superantigens are powerful T-cell mitogens, which
are active at concentrations as low as 0.1 pg/mL, that are
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capable of subverting a normal acquired immune re-
sponse.4 Superantigens have the ability to activate up to
30% of the T-cell population in contrast to the conven-
tional antigen response, which activates only 0.01% of all
T cells. Superantigens bypass normal antigen processing
within antigen-presenting cells, binding directly to a re-
gion outside the peptide-binding groove of the major his-
tocompatibility complex (MHC) Class IT molecule. Supe-
rantigens also bind to the VB region of the T-cell receptor,
thereby bridging the MHC Class II molecule on the
antigen-presenting cell and the T-cell receptor, resulting
in massive proliferation and activation of the targeted
T-cells. Superantigens have been implicated in the patho-
genesis of diseases such as atopic dermatitis and asthma,
which have histopathological changes that are similar to
CRSwNP.5:¢ Furthermore, the observed pattern of cyto-
kine release with superantigen stimulation (interleukins
4, 5, and 13 [IL-4, IL-5, and IL-13] and others) should
theoretically be capable of generating the severe eosino-
philia and lymphocytic infiltration seen in CRSwNP.3.7
Staphylococcus aureus can secrete at least 19 differ-
ent exotoxins capable of functioning as superantigens.8
This organism has been cultured from the upper airways
of a high percentage of patients with CRSwNP.3 Evidence
for superantigens as disease modifiers in CRSwNP was
first described in 2001 by Bachert et al., who demon-
strated specific immunoglobulin E (IgE) to staphylococcal
toxins (SEA, SEB) in polyp tissues of 50% of patients with
CRSwNP. Staphylococcal toxin—specific IgE was also iden-
tified in the serum of a high percentage of patients with
CRSwNP; whether or not this was related to the concom-
itant presence of asthma was unclear.19:11 Nasal cultures
obtained from patients with CRSwNP have also revealed
a high incidence of toxin-secreting S. aureus strains.!2
Although the cultured bacteria secreted superantigenic
toxins in vitro, whether these exotoxins would also be
secreted in vivo was not clear. Flow cytometric studies on
the lymphocyte population derived from polyps demon-
strated clonal expansion of specific T-cell VB motifs, which
is the hallmark of a superantigen response.12-14
Currently, only indirect evidence exists regarding the
role of superantigens in the pathogenesis and disease
maintenance of CRSwNP. In general, these earlier studies
have demonstrated a host response indicative of superan-
tigen exposure. The present study used an enzyme-linked
immunosorbent assay (ELISA) (Toxin Technology, Sara-
sota, FL) to detect the common staphylococcal exotoxins
SEA, SEB, SEC1-SEC3, SED, and toxic shock syndrome
toxin type 1 (T'SST-1) in the polyp tissue and mucus of
patients with CRSwNP. The goal of the present study was
to test whether there is direct evidence for the presence of
staphylococcal superantigenic toxins in CRSwNP.

PATIENTS AND METHODS

Following approval by the Northwestern University Medi-
cal School Institutional Review Board committee, 42 patients
undergoing endoscopic sinus surgery and 11 normal control pa-
tients were recruited, with informed consent obtained for all
patients included in the study. Patients undergoing endoscopic
sinus surgery met the criteria for CRS as defined by the Sinus
and Allergy Health Partnership.2 The presence of bilateral nasal
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polyps was confirmed by office endoscopy and computed tomog-
raphy (CT) imaging. All patients scheduled for surgery failed
adequate trials of conservative medical therapy (prolonged anti-
biotic regimens, nasal steroid sprays, oral steroids, saline irriga-
tions, and decongestants) for control of symptoms. Sinonasal mu-
cus and polyp tissue samples were collected at the time of surgery
from the CRS group. Samples from the control group were col-
lected in the office setting. Polyp and mucus specimens were
processed for toxin detection (SEA, SEB, SEC, SED, and TSST-1)
using an ELISA technique. In addition, surgical tissue specimens
were embedded in paraffin, sectioned into 5-pum slices, and placed
on glass slides for routine pathological examination and hema-
toxylin and eosin (H&E) staining.

ELISA Procedure

Each plate was coated with 100 L of a 10-ug/mL solution of
purified anti-SET (SEA, SEB, SEC, SED, SEE) or anti-TSST-1
rabbit immunoglobulin G (IgG) in a coating buffer of 0.01 mol/L
sodium carbonate, pH 9.6. The plate was placed in a humid
chamber on a shaker for 12 to 18 hours at 37°C. The plate was
washed three times with phosphate-buffered saline (PBS) con-
taining 0.05% Tween-20 [PBS-Tween]). On the fourth wash, the
PBS-Tween was allowed to sit for 15 minutes, then discarded.
Standard solutions of SET and TSST-1 were made using PBS-
Tween. Six serial dilutions of the toxin standards ranging from 10
ng/mL to 0.32 ng/mL were generated as standards. A buffer blank
or negative control was assayed to account for any nonspecific
color reactions. All control and test samples were run in tripli-
cate. The plates were incubated on a shaker for 2 hours at 37°C.
The plates were then washed three times with PBS-Tween. After
washing, 100 uL of the conjugate (antitoxin) was added to each
well and incubated for 1 hour while shaking at 37°C. The plate
was then washed five times with PBS-Tween. After the final
wash step, 100 uL of the substrate solution was added to each
well. Fifteen minutes was allotted for the color to develop. The
reaction was then stopped with 25 uL of a 5% sodium dodecyl-
sulfate solution. The absorbance was read on a plate reader at
405 nm. Samples with a higher absorbance than the 0.32-ng/mL
standard, which were significantly higher (>50%) than the
blanks, were considered positive for that toxin. Each plate was
tested against three positive control samples run at 1.25 ng/mL,
0.63 ng/mL, and 0.32 ng/mL, respectively, and one negative con-
trol sample. The negative control sample (0 ng/mL) was made of
0.05% PBS-Tween. The ELISA kit that was used is commercial-
ized for the detection of the previously named staphylococcal
toxins in culture supernatants and test extracts with a sensitivity
limit of 31 pg/mL.

Microscopic Analysis

Surgical specimens were examined using a standard micro-
scope by one senior pathologist who was blinded to clinical data.
Sections were examined initially under low-powered view for the
areas with the highest eosinophil counts. Then, eosinophil counts
were obtained using an optical rectangle under high-powered
view (original magnification X400) from three distinct areas cor-
responding to those with the highest eosinophil infiltration. A
stage graticule was used to calculate the area of the field of view
at original magnification X400. The area of counted eosinophils
corresponded to a 0.16 X 0.12-mm rectangle with a field diameter
of 0.21 mm.

Surgical specimens were also evaluated for histological
changes seen in CRS and CRSwNP on H&E sections. Using
established methodology, changes were grouped into three dis-
tinct histopathological patterns: polypoid mucosa with edema
(PME), glandular hyperplasia (GH), and a mixture of the two.1?
Although some elements of both patterns were seen in all cases,

Seiberling et al.: Chronic Rhinosinusitis
1581



9plls ON 9pIls ON QZOQ:OC .WIO me sNonA ON ON 4 [} v

INd 1’62 dAjoduou ‘sHO BaN snon SOA SOA E| €e (87

HO Z dAjoduou ‘sHO BoN snonpy ON ON N e 0]

(INd<HD) PaxIN 0 dAjoduou ‘syH BaN snony ON ON 4 R 68
(HO<3INJ) PaXIN ! dAjoduou ‘sHO 1-1SS1 ‘g3s ‘vas snon ON SOA N 65 8¢
(BNd<HD) PaxIN 12 dAjoduou ‘sHO BoN snonpy ON SOA 4 4] .8
HD 0 QZOQ:OC .WIO me sNonA ON SOA 4 2S 9¢

lewIoN 0 dAjoduou ‘sHD BaN sSnon ON SOA N 25 Ge

ANd /'8 dAjoduou ‘sHO BoN snonpy ON ON 4 15 e

(INd<HD) PaxIN 70 dAjoduou ‘syH BaN snony ON ON N fle] e
HD €0 dAjoduou ‘sHO BaN snon ON ON N of ze

ANd Z dov BoN dAjod ON ON N 0¢ e

(HH<3ANJ) PaXIN Z dov BaN dAjod ON ON N [T 0¢
dnour sy9 dAjoduoN

ANd 18 sdAjod BoN snonuwy/dAjod ON SOA 4 SS 62

ANd 192 sdAjod 1-1SS1 ‘v3as dAjod ON SOA N €5 82

INd 0 sdAjod BaN snonwydAjod ON ON E| 1€ 12

ANd oLt sdAjog 1-1SS1 snonpy ON SOA 4 9z 9z

ANd 1’66 sdAjod g3s dAjod SOA SBA 4 9¢ G2

INd 18 sdAjod 1-1SS1 ‘V3AS/L-1SSL snonwydAjod ON ON E| 62 e

ANd .G sdAjog 1-1SS1 ‘v3as/a3s ‘vas snonwy/dAjod ON ON N 19 €2

ANd x4 sdAjod L-1SS1 dAjod ON ON N 09 44

JINd 9/ di/sdAjod BaN snon ON ON N 79 [

ANd Se sdAjog BaN dAjod ON ON N e 0c

HO A sdAjod BaN dAjod SOA SOA 4 ov 6l

INd /8 sdAjod BoN snonpy SOA ON E| 2l 8l

(ANd<HD) PaxIN 8zl sdAjog BaN dAjod SOA SOA N 9z Ll
(FND<HD) PaXIN G8 sdAjod BaN dAjod SOA SOA 4 LS 9l
apl|s ON apI|s ON sdAjod BaN snonip SOA SOA N 9 Sl

ANd 12 sdAjod g3s ‘vas snonpy SOA SOA N L. 14!

(HO<3ANJ) PaXIN 86 sdAjod L-1SS1 ‘g3s snonpy ON SBA 4 9z el
INd 901 sdAjod BaN snonpy SOA SOA E| €5 4!

(HO<3NJ) PaXIN 8% sdAjog BaN dAjod SOA SOA 4 9¢ Ll
ANd vel sdAjod g3s snonpy SOA SBA 4 e ok

HO 8l sdAjod BoN dAjod ON ON 4 9z 6

ANd vG1 sdAjog BoN snonpy ON ON N ve 8

(HH<3NJ) PexXIN 2s sdAjod a3s ‘g3as snonwy/dAjod ON SBA N ge .
(] 201 sdAjod g3s ‘vas snonwy/dAjod ON SOA N e 9

oioIqI4 S sdAjod BoN snonpy ON ON 4 95 S

3INd erl sdAjod g3s dAjod SOA SOA E| <] 1%

INd 82 sdAjod g3s dAjod ON ON 4 (514 >

ANd 14 sdAjog a3s ‘g3as dAjod ON ON N 19 2

(HO<3INJ) PEXIN /€ sdAjod BaN dAjod ON SBA 4 8y !
dnoin dNMSHD

(s)Buipuiy 4dH/ON (s)Buipuiy pajosieq UIxol uswioads ewiyisy SEIlET\V Japusn (A) oby "ON
[eolbojoisIH unog [iydouisol [eolbojoyred jslred

"S|Nsey YSIT3 PUe SolisLieloeIeyD [Bo1UND
I IgvL

Chronic Rhinosinusitis

Seiberling et al.:

Laryngoscope 115: September 2005

1582



Ry
()]
382 g
Iohel c
&
ILI_
=
o5 ©
£9 =
(72}
20
w
kD
oo o
oS¢ £
o
£2| 8§
©L
o
el
O
2
3
5| g
o pd
£
X
o
. ~
=3
w >
- c
Q2
- (e}
o
C
28
2 =
n
©
£
A =z
<
3
g 9
9
<C
<
3
c [T
Q
0]
>
o
[
> [sp]
<
o
>
[e]
o
(O]
£ |2
Q0 c
2.
TO | R ™
oz | O <

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Mucus

No

Yes

47

<
<

Laryngoscope 115:

Mucus

No

No

45

o]
<

Mucus

No

No

48

©o
<

Mucus

No

No

51

~
<

Mucus

No

Yes
Yes
Yes
Yes

30
37
43

[ee]
<

Mucus

No

[©]
<

Mucus

No

o
Yol

Mucus

No

34

—
o]

September 2005

Mucus

No

No

34
57

52
53

Mucus

No

No
CRSwNP, chronic rhinosinusitis with nasal polyposis; Neg, negative; PME, polypoid mucosa with edema; GH, glandular hyperplasia; TSST-1, toxic shock syndrome toxin type 1; CRS, chronic rhinosinusitis;

ACP = antrochoanal polyp; SEB, staphylococcal exotoxin; n/a, not applicable, HPF, high powered field.

specimens with an obvious predominance of PME or GH were
labeled as such. When both elements were commonly present on
the slide, specimens were labeled as mixed, with the predominant
feature noted (PME>GH or GH>PME).

RESULTS

Fifty-three patients (29 female and 24 male patients)
participated in the present study. The patients were di-
vided into three groups: patients with CRSwNP (CRSwNP
group) (n = 29), patients with CRS without polyps (non-
polyp CRS group) (n = 13), and the control group (n = 11).
The CRSwNP group consisted of 29 patients with bilateral
NP diagnosed by nasal endoscopy. The nonpolyp CRS
group consisted of 11 patients with nonpolyp CRS and 2
patients with antrochoanal polyps. The control group con-
sisted of 11 patients without signs or symptoms of CRS.
The average ages of the patients in the CRSwNP and
nonpolyp CRS groups were 45.2 and 45.5 years, respec-
tively. Thirty-eight percent (11 of 29) of the patients in the
CRSwNP group had asthma and 59% (17 of 29) had atopy
(Table I). In the nonpolyp CRS group, 38% of the patients
(5 of 13) had atopy and 1 patient had asthma.

Enzyme-Linked Immunosorbent Assay Results

Samples from 29 patients with CRSwNP, 11 control
patients, and 13 patients with CRS without polyps were
processed for toxin detection by the ELISA technique.
Samples from 15 patients were positive for toxin on the
ELISA testing, which consisted of 14 patients with
CRSwNP and 1 patient with nonpolyp CRS. In addition, 9
of those 15 patients were positive for more than one toxin.
In the CRSwNP group (n = 21) there were 12 polyp and 19
mucus specimens tested for the presence of toxin with the
ELISA kit. Ten of 20 polyp samples (50%) and 8 of 27
mucus samples (30%) were found to be positive for toxin.
There were no positive results in the control group (n =
11) (Table I). Using the x* test, our results showed a
statistically significant association between toxin detec-
tion and patients with CRSwNP (P < .002). There was no
significant difference between the control and the non-
polyp CRS groups (P > .05).

Eosinophils and Histological Findings

The mean eosinophil count was significantly higher
(P > .001) in the CRSwWNP group compared with the
nonpolyp CRS group (68.6 versus 4.1). In comparing the
degree of eosinophilic infiltration in polyp tissue between
patients with positive (n = 14) and negative ELISA (n =
15) results within the CRSwNP group, we found the mean
eosinophil counts to be 72 and 61, respectively. There was
a trend toward higher eosinophil levels in the patients
who tested positive for toxins, although this was not sta-
tistically significant (P = .33). In reviewing the histologi-
cal findings between the ELISA-positive and ELISA-
negative patients within the CRSwNP group, we found no
correlation between histological appearance and the pres-
ence of toxin. The dominant histological pattern in the
CRSwNP group was PME, which was found in both
ELISA-positive and ELISA-negative patients. In the polyp
group, histologically, 19 samples were categorized as pol-
ypoid in appearance (PME), 4 as mixed (PME>GH), 2 as
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mixed (GH>PME), and 2 as GH, and there were 2 samples
with unclassified changes. In specimens with positive
ELISA results, 12 were classified as PME and 2 as mixed
(PME>GH).

DISCUSSION

The “superantigen hypothesis” proposes that staph-
ylococcal exotoxins promote the development of the lym-
phocytic and eosinophilic mucosal infiltrate associated
with the presence of bilateral nasal polyposis.? In polyp
tissue, studies have demonstrated both specific IgE
against staphylococcal toxins and clonal expansion of
polyp T cells expressing specific VB motifs®-14. Taken to-
gether, the studies demonstrate evidence of both a con-
ventional and a superantigenic host response to staphylo-
coccal exotoxins in CRSwNP, indirectly suggesting
mucosal exposure. In the current study, “direct” evidence
for the presence of staphylococcal superantigens has been
demonstrated in the nasal cavity of 14 of 29 patients with
CRSwNP with the use of ELISA. Toxin was demonstrated
in only 1 of the 13 patients in the nonpolyp CRS group and
in none of the 11 normal control patients.

Staphylococcus aureus has been cultured from the
nasal cavity of more than 75% of patients with CRSwNP
but of only 25% of the general population. A large percent-
age of strains of S. aureus produce superantigenic toxins,
at least in vitro.!2 Polyp tissue analysis has supported a
superantigen effect in approximately 50% of cases of
CRSwNP using multiple techniques.®11.12 In the current
study of CRSwWNP, we detected toxin in 48% of the polyp
patients (14 of 29 patients) and in 7.7% of the nonpolyp
CRS patients (1 of 13 patients), with 9 of the 15 positive
patients demonstrating more than one toxin. The ELISA
technique used in the study was designed to detect the
seven most common staphylococcal toxins (SEA, SEB,
SEC1-SEC3, SED, and TSST-1). The incidence of expo-
sure is likely to be higher because the present study only
tested for the presence of 7 of the 19 known staphylococcal
superantigens. Furthermore, the detection limits of the
ELISA kit used in the present study range from 1.25 to
0.32 ng/mL.

Histological analysis of polyp tissue in the ELISA-
positive and ELISA-negative groups failed to reveal any
significant differences. However, a trend toward higher
eosinophil counts in the ELISA-positive group was de-
tected. In addition, the present study assessed only intact
eosinophils, possibly underestimating the total number in
the polyp tissue. Future studies analyzing both activated
and degranulated eosinophils may show a more signifi-
cant association with the presence of toxins.

The current study provides additional data in sup-
port of the superantigen hypothesis of CRSwNP. Although
evidence continues to mount supporting staphylococcal
superantigens as disease modifiers in CRSwNP, the pre-
cise role of toxins in polyp formation remains uncertain.
Specifically, the sinonasal tract is a site of interface with
the external environment wherein foreign antigens are
encountered and typically cleared.!” Superantigens,
which have the ability to bypass normal antigen process-
ing, would be capable of directly stimulating lymphocytes
already present in the mucosa. Histopathologically, the T
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helper-cell type 1/T helper-cell type 2 profile characteristic
of CRSwNP should, at least theoretically, be observed.
Moreover, the importance of T helper-cell type 2 immunity
across mucosal barriers in general heightens the potential
for a strong eosinophilic tissue response subsequent to
intranasal superantigen challenge.’® Nevertheless, the
relatively ubiquitous nature of toxin-secreting S. aureus
indirectly suggests that only a minor percentage of pa-
tients exposed to these exotoxins in the nose will develop
CRSwNP. Other as yet unknown genetic and/or environ-
mental factors are probably necessary to generate the
clinical disease. In apparent conflict with the superanti-
gen hypothesis, it has been suggested that fungi, which
are present as a normal contaminant of nasal mucus, may
trigger a hypersensitivity response mediating the forma-
tion of nasal polyps. From this perspective, CRSwNP
could be viewed as being analogous to inflammatory bowel
disease wherein the tolerance mechanisms toward com-
mensal organisms are impaired.’® Given the ubiquitous
nature of fungi, this hypothesis would also require addi-
tional environmental or genetic factors in addition to fun-
gal antigens for disease to manifest. Therefore, the two
hypotheses are not in direct conflict, and further work is
necessary to define the role of either agent in CRSwNP.

CONCLUSION

The present study provides direct evidence for the
presence of superantigens in the nasal cavity of patients
with CRSwNP. Our research is consistent with the possi-
bility of superantigens as etiological agents in the devel-
opment of bilateral nasal polyposis.
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