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Abstract

Background: Staphylococcus aureus (S. aureus) can behave both as a harmless commensal and as a pathogen. Its significance in
the pathogenesis of chronic rhinosinusitis (CRS) is not yet fully understood. This study aimed to determine serum antibody re-
sponses to specific staphylococcal antigens in patients with CRS and healthy controls, and to investigate the correlation between
specific antibody response and severity of symptoms.

Methodology: Serum samples from 39 patients with CRS and 56 healthy controls were analysed using a protein microarray to
investigate the antibody response to S. aureus specific antigens, with a focus on immunoglobulin G (IgG) directed toward stap-
hylococcal components accessible to the immune system. Holm-Bonferroni corrections were applied in all analyses. Information
about growth of S. aureus in nares and maxillary sinus was taken from a previous study based on the same individuals. Clinical
symptoms were assessed using a scoring system.

Results: IgG antibody levels toward staphylococcal TSST-1 and LukF-PV were significantly higher in the CRS patient group com-
pared to healthy controls, and levels of anti-TSST-1 antibodies were significantly higher in the CRS patient group with S. aureus in
maxillary sinus than in controls. There were no correlations between the severity of symptoms and levels of serum anti-staphylo-
coccal IgG antibody levels for LukF-PV and TSST-1.

Conclusions: TSST-1 and LukF-PV could be interesting markers for future studies of the pathogenesis of CRS.
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Introduction Network (GAZLEN) @, Its cause is not known, but studies have
Chronic rhinosinusitis (CRS) is a common disease that affects suggested the involvement of Staphylococcus aureus . In
about 10% of the European population, according to a large normal maxillary sinuses, S. aureus is rare and is usually regarded

questionnaire study by the Global Allergy and Asthma European  as an insignificant finding, but the bacteria have been reported
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in more than 25% of patients with CRS &, About 20% (range:
12-30%) of the population persistently carries S. aureus in the
nares, and approximately 30% (range: 16-70%) of the rest are
intermittent carriers 7%, Beyond being a harmless commensal, S.
aureus is able to cause various diseases ranging from mild to se-
vere and even fatal conditions. There is an impact of S. aureus in
other chronic inflammatory diseases, such as atopic dermatitis ©
19 and asthma ", It has been proposed that in ulcerative colitis
a preexisting CRS may affect the colitis by swallowing of sinusitis
derived S. aureus antigens '?. The bacteria display a wide arsenal
of virulence factors that can contribute to the pathogenesis of
an infection 3. Superantigens such as toxic shock syndrome
toxin-1 (TSST-1) and enterotoxins have been suggested to play a
role in CRS, especially in CRS with nasal polyposis (CRSWNP) 13,

In this study, we focused on IgG antibodies directed against
specific components of S. aureus, such as surface adhesins and
secreted toxins, which are of benefit in host defence against
staphylococcal infections. Humoral immune deficiency has been
shown to be a common condition in patients with medically
refractory CRS 19, The individual antibody profile might be

of importance for the clinical course/severity of CRS. A review

by Van Belkum et al. concluded that there is a need for further
studies of host factors that might be able to mitigate the effects
of staphylococcal toxins in disease 7. The aim of the present
study was to use protein microarray technology to evaluate
antibody responses to specific staphylococcal antigens, especi-
ally towards enterotoxins, in serum from patients with CRS and
healthy controls. Another aim was to investigate the correla-
tion between severity of symptoms and the specific antibody
response. Given knowledge of anti-staphylococcal IgG antibody
responses to S. aureus antigens in CRS patients and healthy
controls, it might be possible to identify specific biomarkers that
could be useful in future studies of the course of the disease and
its treatment.

Materials and methods

Patients and controls

Forty-two patients with CRS and 57 healthy controls were
included between 2004 and 2010. Two physicians specializing
in otorhinolaryngology (UT and SH) performed all inclusion
procedures. All patients had been diagnosed with CRS for more
than 1 year (range 1-9 years: median: 3 years) prior to inclusion.
The CRS diagnosis was based on history, clinical examination,
and CT scans according to the definitions and guidelines of the
position paper on rhinosinusitis '® prepared by the Academy of
Allergology and Clinical Immunology (EAACI) and approved by
the European Rhinologic Society (ERS), although that paper was
published after the inclusion procedure for this study had star-
ted. Healthy volunteers were invited to participate in the study
when visiting the Orebro travel consultation clinic between
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2004 and 2006. All participants in both groups were legally of
full age (> 18 years) and provided written informed consent to
participate in the study. All procedures performed in this study
were in accordance with the ethical standards of the national
research committee and with the 1964 Helsinki declaration. The
study was approved by the regional ethical review board in Up-
psala, Sweden (ref: 2005:011/1).

Sample collection and microbiological analyses

Blood samples were collected from patients and controls, and
serum was frozen pending further analysis. Information about
growth of S. aureus in nares or maxillary sinus was available from
a previous study ®. Information about age, gender, acetylsali-
cylicacid (ASA) intolerance, asthma, nasal polyp, and smoking
habits was collected. Sampling techniques and handling of
specimens have been described previously ©. In brief, bacterial
samples were collected from the nares and maxillary sinuses

of the patients, and from the nares of the healthy controls
using a cotton-tipped aluminium swab (Copan, Brescia, Italy)
passing the nasal cavity and placed into the sinus through

the enlarged sinus ostium under visual control. This swab is of
bendable aluminium and can be pre-curved, allowing it to be
carefully inserted into the maxillary sinus. When collecting the
maxillary sinus samples, care was taken to avoid contamination
from contact with the nose wall. The culturing procedure and
further species verification of bacterial growth were perfor-
med in accordance with routine diagnostic procedures at the
Department of Laboratory Medicine, Clinical Microbiology,
Orebro University Hospital. All controls and patients filled in a
6-parameter symptom score questionnaire from the Swedish
Rhinologic Society, with answers given on a visual analog scale
(VAS) comprising a stepless line symbolizing the range between
“absence of symptoms” and “worst symptoms possible”. This pro-
cedure was used in order to avoid clustering of scores around

a preferred numeric value. A ruler was used to convert the
respondents’ markings to the corresponding numbers between
0 (no symptoms) and 10 (worst symptoms possible). Variables
used were nasal congestion, frequency of nasal secretion, loss
of smell, facial pain or pressure, coughing, and quality of life (in
terms of fatigue). A total score was summed for each individual,
with a maximal (worst) value of 60 points.

Microarray based immunoglobulin analysis

Serum samples were analysed using a protein array comprising
61 different S. aureus specific antigens covalently linked to the
array surface. Information about the antigens can be extracted
from Kloppot et al. ™ and Selle at al. ?%. The S. aureus specific
antigens were immobilized using different concentrations
ranging from 0.01-0.5 mg/ml. The protein arrays were read out
using an ArrayMate and the data were analyzed using Icono-
Clust software (both by Alere Technologies GmbH, Germany).
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Table 1. Demographic data for 42 patients with chronic rhinosinusitis (CRS) with nasal polyposis (CRSWNP) and CRS without nasal polyposis (CRSsNP)

and 57 healthy controls. Significant values (a=0.05) are expressed in bold.

Characteristics CRSwWNP* CRSsNP**
n=24 n=18

Age, mean 53 (34-77) 52 (36-82)
Male/female 13/11 4/14
ASA intolerance, n 7 (29%) 4 (22%)
Asthma 9 (37%) 3 (17%)
Exposed to smoking 4(17%) 6 (33%)
daily
No previous sinus 21 (87%) 15 (83%)
surgery
Mean score on 6-item 382 35, grex

VAS (max 60 points)

All CRS All controls*** P-value (all CRS vs. all

n=42 n=57 controls)
52.5(34-82) 50 (20-74) 0.49

17/25 26/31 0.612

11 (26%) 3 (5%) 0.007

12 (29%) 5 (9%) 0.01

10 (24%) 6 (10%) 0.1

36 (86%) 0 (0%) 0.00001
37.8 9.7 <0.00001

*one serum missing, **two sera missing, ***one serum missing, **** two symptom scores missing

During read-out, relative signal intensities of defined regions
(at predefined spot coordinates) on the Staph-Toxin-Array were
determined. The normalized intensities (NI) of the spots were
determined as NI = 1-(M/BG), where M is the average intensity
of the spot and BG is the intensity of the local background.
Hence, NI values ranged between 0 (no signal) and 1 (maximal
intensity). Version 5.1 of the GraphPad Prism software package
was used to visualize the protein array data as described else-
where. It should be noted that the absorbance units for specific
antigens could only be used to compare groups for the same
antigen, and not for a comparison between different antigens,
because different serum dilutions were applied for testing
against different antigens.

Statistical analysis

The participants’ demographic characteristics, symptom scores,
and antibody measurements are presented using descriptive
statistical methods. Continuous data are summarized as mean

+ SD or as median with corresponding interquartile range (IQR)
where suitable, and categorical data are presented as percen-
tages. Differences between groups were tested using Student’s
t-test or the Mann-Whitney U-test or the Kruskal-Wallis test for
continuous data where suitable, and using a 2 test or Fisher’s
exact test for categorical data. Spearman’s correlation coefficient
was used to evaluate the relationship between symptom scores
and serum IgG levels. Holm-Bonferroni correction was applied
to control for false discovery rate in multiple hypothesis tests ©".
A two-sided p-value < 0.05 was considered statistically signifi-
cant. All statistical analyses were conducted in version 22 of IBM
SPSS Statistics. Figures for visualization of multivariate data were
produced using MATLAB R2018a.

Results
Initially 43 patients with CRS and 58 healthy controls were

enrolled. Of the controls one was excluded due to an age below
18 years and one patient was excluded due to having titanic
dental implants reaching the maxillary sinus. For determining
anti-staphylococcal IgG antibody responses to S. aureus anti-
gens, sera were available from 39 of 42 CRS patients and 56 of
57 healthy controls; the remaining four sera were lost during
processing. Demographic data are given in Table 1. Asthma and
ASA intolerance were both significantly more frequent in the pa-
tient group. There was no information available about previous
antibiotic treatment prior to inclusion, but none had antibiotics
at the time of inclusion. Three patients had 7 days of oral corti-
costeroid treatment before surgery and inclusion in study. There
were no patients with immunosuppressive disease in either
group. Most of the patients had regular ongoing treatment with
saline rinsing of the nose combined with nasal corticosteroids.

To study the S. aureus specific adaptive immune response, we fo-
cused on IgG antibodies directed toward staphylococcal compo-
nents exposed to the immune system such as secreted proteins
and antigens exposed on the surface of the bacteria, entero-
toxins (TSST-1, SEB, SEC, SEI, SEK, SEL, SEM, SEQ), other secreted
factors (Sbi, LukF-PV, HIgA, HigB, HIgC, Hlb, SplA, SpIB), and cell
wall associated proteins (IsaA, Plc, Efb-C, SCIN). When comparing
S. aureus specific serum IgG levels for all patients with CRS and
all healthy controls, regardless of growth of S. aureus, we found
statistically significant higher IgG antibody levels to LukF-PV
(adjusted p=0.038) and TSST-1 (adjusted p=0.02) in CRS patients
than in healthy controls. Antibody levels to SCIN differed
between the two groups, but the difference was not statistically
significant after Holm-Bonferroni correction (adjusted p=0.792)
(Figure 1). No gender differences were found in antibody levels.
Serum anti-TSST-1 levels were also statistically significantly
higher for patients with S. aureus present in sinus compared to
controls (adjusted p=0.02), but antibodies to LukF-PV did not
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Figure 1. Anti-staphylococcal IgG relative intensity of selected S. aureus-specific antibodies in serum of 39 patients with CRS (p) and 56 healthy con-

trols (c), including 22 CRS patients with growth of S. aureus in maxillary sinus (pS) and 17 controls with S. aureus in nares (cS), using the Staph-Toxin-

Array. TSST-1 and LukF-PV remained significant after Holm-Bonferroni correction as shown.
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Figure 2. A) Multivariate visualization of anti-staphylococcal IgG levels in serum from 95 individuals (39 CRS patients and 56 controls) using glyph

plots to show the signal intensities of staphylococcal enterotoxin antibodies (TSST-1, SEB, SEC, SEI, SEK, SEL, SEM, SEQ) in the Staph-Toxin-Array. B) An

example showing the principle behind a glyph plot. Each glyph represents one individual, and each spoke shows the proportional antibody level of

one enterotoxin. The outer dashed perimeter connecting the spokes shows the maximum antibody levels for the antigens found for all controls and

patients and the inner perimeter shows the minimum values.

show a significant difference after correction with Holm-Bonfer-
roni correction (adjusted p=0.057) (Figure 1). When comparing
anti-staphylococcal IgG antibody levels in serum from CRS pa-
tients with growth of S. aureus in both maxillary sinus and nares
and from controls with growth of S. aureus in nares, there was no
significant difference for any specific antigen. None of the S. au-
reus specific IgG levels in serum from CRS patients with growth
of S. aureus in maxillary sinus differed significantly from the
corresponding levels in CRS patients without growth of S. aureus
in maxillary sinus. Furthermore, when comparing anti-staphy-
lococcal IgG antibody levels in serum of controls with versus
without growth of S. aureus in nares, there were no significance
differences for any specific antigens, although some differen-
ces were very close to significance (SEM, SCIN, LukF-PV). When
comparing anti-staphylococcal IgG antibodies for CRSWNP,
CRSsNP and Controls there was statistically significant raised
LukF-PV (p=0.04, adjusted for multiple comparisons) but not for
TSST-1 (adjusted p=0.08) or other antigens. In this comparison,
CRSsNP showed the highest medians and controls the lowest.
S. aureus specific IgG levels did not differ significantly between
patients with CRSWNP and those with CRSsNP who displayed
growth of S. aureus in their maxillary sinus. However, there was
a significantly higher level of anti-staphylococcal IgG directed
to LukF-PV (adjusted p=0.02) in individuals (CRS and controls)
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with S. aureus in nares compared with those without growth of
S. aureus in nares. The anti-staphylococcal IgG response for the
20 analysed specific antigens was generally higher in the patient
group for each antigen, but the difference was not significant
(Figure 1). When comparing anti-staphylococcal IgG response in
CRSWNP, CRSsNP, and controls dependent on whether the indi-
vidual had ASA intolerance, asthma, and exposure to smoking,
respectively, no significant differences were found. A multiva-
riate visualization of IgG levels in serum for all CRS patients and
controls using a glyph plot showed highly variable levels of
relative intensity for specific anti-staphylococcal IgG antibody in
both healthy individuals and patients with CRS, and no group-
specific pattern could be seen (Figure 2). For 37 patients and 56
controls, both a serum sample and an individual self-reported
VAS score were available. Scatter plots of serum antibody levels
to TSST-1 and LukF-PV versus symptom score are shown in Fi-
gures 3 (patients and controls) and 4 (patients with and without
growth of S. aureus in maxillary sinus). Spearman’s correlation
was used to assess the relationship between VAS score and anti-
body levels for TSST-1 or LukF-PV, and as expected, patients had
higher symptom scores than controls (p=0.00001). There was a
weak correlation between antibody levels and symptom scores
(Figures 3 and 4).
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Figure 3. Scatter plot of serum antibody levels for TSST-1 and LukF-PV
versus symptom score for CRS patients and healthy controls (Spearman’s
correlation coefficient rho). Anti-LukF-PV in CRS patients and symptom
score shows rho =0.113, p=0.507. Anti-TSST-1 in CRS patients and symp-
tom score shows rho = 0.113, p=0.507.

Discussion

CRS is a significant health problem ??. The cause of the disease is
not fully understood, and it is considered to be multifactorial;
probably the result of a complex interaction between host,
environment, and microbes. S. aureus has been suggested to
have an influence on the pathogenesis ?. A large meta-analysis,
based on 12 case-control studies and a total of 340 cases and
178 controls, concluded that S. aureus superantigens may be a
risk factor for the persistence and severity of CRSWNP ©. It is
known that anti-staphylococcal antibody levels in serum
contribute to protection, modification of the course, and
reduced risk of complications of staphylococcal infections @24,
but little is known about their role in chronic inflammatory
disease. A previous study showed highly elevated antibodies in
nasal polyps in CRS compared to uncinate tissue from healthy
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Figure 4. Scatter plot of serum antibody levels for TSST-1 and LukF-PV
versus symptom score for CRS patients with and without S. aureus in
sinus (Spearman’s correlation coefficient rho). Anti-LukF-PV in CRS
patients with S. aureus in sinus shows rho=-0.026, p=0.91. Anti-TSST-1 in
CRS with S. aureus in sinus shows rho=-0.197, p=0.381.

controls ®. In another study by the same group, local autoanti-
bodies in CRSWNP were elevated ©®. The understanding of the
pathophysiology of CRS involve complex immunology. CRSWNP
and CRSsNP seem to have different endotypes, with inflamma-
tion mediated as Th2 and Th1 reaction #”-2%, There is evidence
for the involvement of S. aureus in CRSWNP, altering the cytokine
response toward a Th2 reaction with eosinophilia, polyclonal
local IgE production 239, |n the present study, we focused on
IgG to investigate whether patients with CRS had different
serum IgG antibody response to specific staphylococcal
antigens than healthy controls, and especially toward staphylo-
coccal enterotoxins. We also investigated the correlation
between severity of symptoms and specificimmune response.
We found statistically significantly higher anti-staphylococcal
IgG levels for LukF-PV and TSST-1 in CRS patients than in



controls. In addition, when comparing specific anti-staphylococ-
cal IgG antibody levels in CRS patients with growth of S. aureus
in maxillary sinus versus healthy controls, we found statistically
significant higher IgG levels toward TSST-1 in the CRS patients.
In a previous study we showed a significantly higher presence of
S. aureus in the nares of CRS patients than in controls, as well as
a high presence of S. aureus in both maxillary sinus and nares of
patients with CRS ©. The immune system in CRS cases might be
more exposed to TSST-1 and LukF-PV than the immune system
in controls, resulting in a stronger IgG response. However, the
presence of S. aureus in maxillary sinus did not have any impact
on the anti-staphylococcal IgG levels in serum from CRS
patients. There was no significant difference in antibody levels
toward any of the tested staphylococcal antigens for CRS
patients with and without growth of S. aureus in maxillary sinus
or controls with and without S. aureus in nares. This finding
could indicate a low importance of S. aureus in maxillary sinus
for the disease. A probable stimulator for serum immunoglobu-
lin B could be the presence of S. aureus in nares. We used
Holm-Bonferroni correction to strengthen our comparisons of
multiple variables. The lowest p-values for differences in IgG
levels in our comparisons, though not always significant after
statistical correction, were found for TSST-1, LukF-PV, SCIN, Plc,
and enterotoxins. It could be hypothesized that a larger study
size might have resulted in significant differences. Panton-Va-
lentine leukocidin (PVL) is a pore-forming cytotoxin composed
of two components, LukF-PV and LukS-PV. These two compo-
nents bind to neutrophilic cells causing lysis. PVL is associated
with primary skin infection and necrotizing pneumonia ", but
its role in chronic diseases such as CRS has not been evaluated.
TSST-1 and staphylococcal enterotoxins act as superantigens.
Van Belkum et al. showed that increased antibody levels exist in
individuals persistently colonized with S. aureus 2. Our study
used one-time sampling, and so it was not possible to investi-
gate the effect of persistent colonization. In general, we found
higher levels of anti-staphylococcal IgG antibodies in serum
from patients with CRS compared to healthy controls, and also
in CRS patients with growth of S. aureus in maxillary sinus
compared to healthy controls, which could reflect more
persistent colonization in patients with CRS or a presence of S.
aureus strains more prone to produce antigens that promote
antibody response. However, previous staphylococcal infection
could affect the serum level of antibodies. We found highly
variable levels of specific anti-staphylococcal IgG antibody levels
towards staphylococcal antigens in both healthy individuals and
patients with CRS, and as can be seen in the glyph plot (Figure
2), no contexture of immunoglobulin composition was repeti-
tive for these groups. One limitation is that we do not know how
specific anti-staphylococcal antibodies varies over time in a
normal population. A retrospective study investigating the role
of specific antibody deficiency in 129 CRS patients with
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medically refractory CRS ©* found low baseline anti-pneumo-
coccal antibody levels in 72% of the patients, and of these 11.6%
of these showed an inadequate response to vaccination with
23-valent unconjugated pneumococcal vaccine. Studies
regarding anti-staphylococcal IgG antibody levels toward
specific staphylococcal antigens in CRS are limited. A recent
meta-analysis including 1418 individuals with CRS from 13
studies reported that 23% of patients with difficult-to-treat CRS
and 13% of individuals with recurrent CRS had immunoglobulin
deficiencies *. We found generally higher antibody levels
toward S. aureus antigens in CRS cases than controls. S. aureus
specific IgG levels did not differ significantly between patients
with CRSWNP and CRSsNP. A larger study size would have made
it possible to investigate any differences in IgG levels between
patients with CRSWNP and those with CRSsNP. What effect
LukF-PV and TSST-1 have in the paranasal mucosa is not clear.
IgE response to superantigens has been shown locally in nasal
polyps. IgE production results in an allergic response to
staphylococcal antigen, eosinophilic leukocyte reaction and Th2
cytokine mediated reaction. The presence of IgG is interpreted
as reflecting exposure to a specific antigen and a readiness of
the immune system to protect. Much research has been done in
the field of CRS, S. aureus and superantigens by Bernstein et al.
and Bachert et al. suggesting an impact of S. aureus in CRS *3*
3%, The raised levels of TSST-1 and LukF-PV antibodies might
indicate a relevance of these enterotoxins in the pathogenesis of
CRS disease. It is interesting that it is the staphylococcal antigens
TSST-1 and PVL, according to the significant antibodies demon-
strated in the present study, that the CRS patients actually have
been exposed to and display a immune response against.
especially since these exotoxins display superantigenic proper-
ties and may induce and maintain chronic inflammation.
Holm-Bonferroni correction for multiple comparison was
applied to all data to control for false discovery rate in multiple
hypothesis tests, and this strengthens our findings. We used a
6-parameter symptom score for CRS patients and controls to
evaluate severity of symptoms correlated to anti-staphylococcal
IgG levels. A similar symptom score has been used in a previous
study ©9. Not surprisingly, the patients had a significantly higher
symptom score than controls. The scoring of symptoms was
considered as a measure of severity of disease. There were no
correlations between symptom score and IgG levels for LukF-PV
or TSST-1 when comparing values from all patients and controls,
and the presence of S. aureus in sinus had no impact on severity
of symptoms. Additional clinical data such as information on
antibiotic therapy for the patients and/or administration of corti-
costeroids or antibiotic therapy for the control group would
have been of value, as these factors might have affected the
results. The presence of staphylococcal antigens in or at the
mucous membranes of the sinonasal tract could be an valuable
aspect for future investigation, as could analyses of local
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cytokine and IgG antibody response to TSST-1 and LukF-PV in
the mucosa.

Conclusions

Anti-staphylococcal IgG antibody levels to TSST-1 and LukF-PV
were significantly higher in CRS patient group than in healthy
controls. The levels of anti-TSST-1 antibodies were also signi-
ficantly higher in the CRS patients group with S. aureus in the
maxillary sinus than in controls. There were no correlations
between the severity of symptoms and serum anti-staphylococ-
cal IgG antibody levels for LukF-PV and TSST-1, respectively, that
could be explained by existing CRS disease. There was no cor-
relation between severity of symptoms and S. aureus growth in
the maxillary sinus for the CRS group. A larger study size would
be desirable. Anti-TSST-1 and anti-LukF-PV could be interesting
markers for future studies of CRS and the raised levels of antibo-
dies specific to TSST-1 and LuUKF-PV might indicate a relevance of
these enterotoxins in the pathogenesis of CRS disease.
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