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ARTICLE INFO ABSTRACT
Article history: Background: Sensitization to Staphylococcus aureus enterotoxins (SEs) augments eosinophilic inflammation
Received for publication April 30, 2017. in asthma. Recent epidemiologic studies demonstrate that sensitization to SEs is increased in healthy

Received in revised form June 29, 2017.

o smokers; however, there is no evidence on the association between sensitization to SEs and eosinophilic
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inflammation in smokers with asthma.
Objective: To clarify the role of SEs on clinical indexes, including eosinophilic inflammation and lung
function in smokers with asthma.
Methods: The frequency of atopic sensitization to SEs was examined in adult patients with asthma. In
current or ex-smokers with asthma, the association of sensitization to SEs with eosinophilic inflammation,
airflow limitation, or treatment steps was determined. Clinical indexes were examined at the first visit, and
treatment steps were assessed 6 months after enrollment.
Results: Overall, 23 current smokers, 40 ex-smokers, and 118 never smokers with asthma were enrolled. The
frequency of sensitization to SEs, but not to other aeroallergens, was significantly higher in current, ex-, and
never smokers, in decreasing order. In current or ex-smokers with asthma, patients with sensitization to SEs
exhibited higher serum levels of total and specific IgE to aeroallergens, higher blood eosinophil counts,
greater airflow limitation, and more severe disease 6 months later than those without sensitization to SE. A
longer smoking abstinence period was associated with serum specific IgE levels to SEs, and 3 years was the
best cutoff of abstinence period to predict the absence of sensitization to SEs.
Conclusion: Sensitization to SEs is increased in smokers with asthma, and it may be a marker of eosinophilic
inflammation and severe asthma in smokers with asthma.
Trial Registration: umin.ac.jp Identifier: UMINO00007818.

© 2017 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction pathophysiologic findings of asthma and chronic rhinosinusitis
with nasal polyposis.' > SEs induce human dendritic cells to un-
dergo a type 2 cell polarization by acting as superantigens* and
promote type 2 or eosinophilic inflammation in both in vitro* 7 and
in vivo studies.®? Huvenne et al'® found that the concomitant
application of ovalbumin and SE type B (SEB) facilitated sensitiza-
tion to ovalbumin and eosinophilic airway inflammation. Further-

Staphylococcus aureus is an opportunistic human pathogen and a
commensal on human skin. It is frequently found in the nose.
Accumulating evidence on S aureus enterotoxins (SEs) in allergic
conditions suggests that the sensitization to SEs modifies the

Reprints: Hisako Matsumoto, MD, PhD, Department of Respiratory Medicine, more, SEs induce the production of their specific IgE antibodies, and
Graduate School of Medicine, Kyoto University, 54 Kawahara-cho, Shogoin, Sakyo- sensitization to SEs is associated with asthma severitymz and type
ku, Kyoto 606-8507, Japan; E-mail: hmatsumo@kuhp.kyoto-u.ac.jp. 2 or eosinophilic inflammation, particularly in late-onset asthma or

Disclosures: Authors have nothing to disclose.

mingly intrinsi hm revealed in human ies.
Funding Sources: This study was partly supported by grant JP16K19450 from the ]Sze?d g ); .t SdC. ant al'_: as re eiﬁlelf u al dStll:d es .
Grants-in-Aid for Scientific Research (KAKENHI) program of the Japan Society of the pidemiologic studies from Europe an orea revealed that sensi-

Promotion of Science. tization to SEs was significantly associated with asthma in the

13,14

http://dx.doi.org/10.1016/j.anai.2017.08.001
1081-1206/© 2017 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:hmatsumo@kuhp.kyoto-u.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.anai.2017.08.001&domain=pdf
www.sciencedirect.com/science/journal/10811206
http://dx.doi.org/10.1016/j.anai.2017.08.001
http://dx.doi.org/10.1016/j.anai.2017.08.001
http://dx.doi.org/10.1016/j.anai.2017.08.001

T. Nagasaki et al. / Ann Allergy Asthma Immunol 119 (2017) 408—414 409

(N =276)

Patients with asthma who newly visited the asthma clinic at Kyoto
University Hospital between October 2013 and October 2015

Patients with abnormal radiographic findings or with other intrapulmonary
comorbidities, except for chronic obstructive pulmonary disease
(such as interstitial pneumonia, nontuberculous mycobacteria, and lung cancer)

Excluded:

(n=15)

Patients who did not provide consent to undergo blood test at the first visits (n = 66)

Excluded:

Patients who smoked for <5 pack-years (n = 9)
Ex-smokers who had stopped smoking for <3 mo (n = 5)

Excluded:

A

(n=181)

Patients with asthma who were enrolled in this study

Lost to follow-up (n=0)

Analyzed (n=181)

Figure 1. CONSORT flow diagram.

general population.””'® More importantly, current smoking was
associated with the frequent sensitization to SEs in epidemiologic
studies.'>!®

It is well known that smoking increases airway inflammation,
particularly neutrophilic inflammation, in patients with
asthma.””~'® Moreover, exposure to SEB alone induces neutrophilic
inflammation in animal models?’; however, when considering the
frequent sensitization to SEs in smokers in the general population,
it is plausible that sensitization to SEs is increased in smokers with
asthma and may augment IgE or eosinophilic inflammation. This
finding is supported by previous studies’>"*> demonstrating that
not only neutrophilic but also IgE or eosinophilic inflammation is
increased in the airways of smokers with asthma. Therefore, the
effects of sensitization to SEs in smokers with asthma remain un-
known. In this study, we aimed to clarify the role of sensitization to
SEs in smokers with asthma by assessing the frequency of sensiti-
zation to SEs in current and ex-smokers with asthma and the effects
of sensitization to SEs on inflammation and disease severity.

Methods

Adult patients with asthma who had never smoked or had
smoked for more than 5 pack-years were enrolled at their first visit
to the asthma clinic at Kyoto University Hospital between October
2013 and October 2015, irrespective of their treatment condition.
Asthma was diagnosed according to the American Thoracic Society
criteria.”> Ex-smokers were determined as those who had stopped
smoking for at least 3 months. Patients who had abnormal radio-
graphic findings and other pulmonary diseases, except for chronic
obstructive pulmonary disease (COPD), as comorbid conditions
were excluded. The smoking status and presence of allergic rhinitis,
atopic dermatitis, and sinusitis were based on self-reported ques-
tionnaires and medical history interview and/or examination per-
formed by specialists. The study protocol was approved by the
Ethics Committee of Kyoto University, and oral consent was ob-
tained from all patients.

At their first visit, the patients underwent a workup examina-
tion that included questionnaires, a physical examination, blood
tests, chest radiography, fractional exhaled nitric oxide measure-
ment, and spirometry. Serum total and specific IgE levels against
common aeroallergens, including mixed grass pollens (orchard
grass, sweet vernal grass, Bermuda grass, timothy grass, and reeds),
mixed molds (Penicillium, Cladosporium, Aspergillus, Candida,
Alternaria, and Helminthosporium), weed, house dust mite, Japanese
cedar pollen, cat dander, and dog dander, were measured using
ImmunoCAP (Phadia, Tokyo, Japan). The patients were considered
atopic when serum specific IgE levels to one or more aeroallergens
were 0.35 UA/mL or higher. Sensitization to SEs (ImmunoCAP) was
determined when specific IgE levels to SEs were 0.10 UA/mL or
higher.!? Fractional exhaled nitric oxide level was measured at a
constant exhalation flow rate of 50 mL per second using a chem-
iluminescence analyzer (NOA 280, Sievers, Boulder, Colorado),**
according to the current guidelines.”® Prebronchodilator and
postbronchodilator (inhalation of 200 ug of salbutamol), forced
vital capacity (FVC), forced expiratory volume in 1 second (FEV1),
and the forced expiratory flow between 25% and 75% (FEF25%-75%)
were measured using a ChestGraph HI-801 spirometer (Chest MI
Corp, Tokyo, Japan), according to the guidelines of the American
Thoracic Society.”® The treatment steps were assessed according to
the Global Initiative for Asthma (GINA) 2016 guidelines 6 months
after enrollment. The sample size was determined based on the
means (SDs) of the serum total IgE levels in patients with and
without sensitization to SEs in our previous study.'* Overall, 60
current or ex-smokers with asthma were estimated to be necessary
to detect the differences in serum total IgE levels between patients
with and without sensitization to SEs with a 1-sided « of .05 and a
power of 0.80.

Statistical analyses were performed with JMP system, version 12
(SAS Institute Inc, Cary, North Carolina). Two or three groups were
compared using the Wilcoxon rank sum test, Kruskal-Wallis test, x*
test, or Fisher exact test, as appropriate. The Spearman correlation
coefficient was used to analyze the associations among the data. A
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Table 1

Patient Characteristics®

Characteristic Current smokers Ex-smokers Never smokers P value” P value®
(n = 23) (n = 40) (n=118)

Sex, F/M 11/12 12/28 93/25 <.001 <.001
Age at enrollment, y 58 (11) 59 (14) 52 (18) .16 .06
[31-75] [34—84] [14—-87]

Age at asthma onset, y 43 (23) 45 (24) 41 (24) .53 33
[1-74] [0—80] [0—86]

Disease duration, y 15 (19) 13 (19) 11 (15) .66 36

Duration after smoking cessation, y NA 15.7 (12.7) NA NA NA
Pack-years 35(21) 27 (23) NA NA NA
Body mass index 23.8 (3.9) 24.5 (3.6) 234 (4.3) .15 .08
Atopy, % 65 73 72 .79 .76
Allergic rhinitis, % 50 44 47 .92 .98
Atopic dermatitis, % 5 11 17 .30 .15
Sinusitis, % 20 9 10 43 .65
Blood eosinophils, /uL 287 (190) 428 (470) 267 (289) .08 .03
Blood neutrophil, /uL 4,671 (2,293) 4,220 (3,381) 4,030 (1,800) 22 .57
Total serum IgE, IU/mL 200 (5—11,000) 125 (5—3,200) 120 (5—3,900) .57 34
Sensitization, %
SEA 48 25 18 .007 .02
SEB 52 33 25 .04 .047
Both SEA and SEB 35 23 14 .04 03
Either SEA or SEB 65 35 31 .006 04
Mixed molds 22 10 14 A4 36
House dust mite 35 43 50 35 18
Cat dander 13 18 15 .89 91
Dog dander 17 25 19 .70 66
Japanese cedar pollen 39 50 58 23 14
Mixed grass pollens 22 21 25 .84 57
Weed 13 8 12 71 80
FeNO, ppb 41 (61) 60 (50) 44 (49) 002 13
FEV;, % predicted 89.1(23.7) 91.7 (25.4) 94.0 (23.2) .66 36
FEV4/FVC, % 71.0 (11.1) 72.9 (10.9) 76.8 (11.2) 007 002
FEF,5% 75%, % predicted 57.7 (33.2) 60.1 (30.6) 69.9 (31.0) .06 .02
Airway reversibility, % 3.8 (11.3) 7.3 (9.9) 4.5 (7.9) .26 .40
Daily doses of ICS, ug® 534 (201) 468 (411) 488 (363) .08 91
GINA treatment step 1/2/3/4/5 0/0/6/17/0 1/8/11/15/5 5/12/28/65/8 .09 .83

Abbreviations: FEF,sy. 755 forced expiratory flow between 25% and 75%; FeNO, fractional concentration of exhaled nitric oxide; FEV;, forced expiratory volume in 1 second; FVC,
forced vital capacity; GINA, Global Initiative for Asthma; ICS, inhaled corticosteroid; NA, not applicable; SEA, Staphylococcus aureus type A; SEB, Staphylococcus aureus type B.

?Data are presented as mean (SD) or mean (SD) [range] except for pack-years and IgE.

PThree groups were compared.

“Current or ex-smokers vs never smokers.

dcalculated as weight in kilograms divided by square of height in meters.
€Equivalent to fluticasone propionate.

receiver operating characteristic (ROC) analysis was performed to
determine the cutoff of the smoking abstinence period to predict
the absence of sensitization to SEs. The data were expressed as
means (SDs). P < .05 was considered significant.

Results

Overall, 181 patients with asthma were enrolled (Fig 1), 63 of
whom were current or ex-smokers. Twenty-six patients had
been enrolled in our previous study. The clinical characteristics
of current smokers, ex-smokers, and never smokers with asthma
are presented in Table 1. A higher proportion of current or ex-
smokers were men and had higher blood eosinophil counts
and lower FEV{/FVC and FEFy54 7594 than never smokers. The
frequency of sensitization to SE type A (SEA) and/or SEB was
significantly higher in the current smokers (65%), ex-smokers
(35%), and never smokers (31 %), in decreasing order (P =
.006) (Fig 1 and Fig 2). Particularly, current smoking was a risk
factor for sensitization to SEA and/or SEB, with an odds ratio of
3.99 (95% CI, 1.52—11.2; P = .005) compared with never smoking
and 3.05 (95% CI, 1.03—-9.57; P = .04) compared with ex-
smoking, after adjusting for sex, age at enrollment, and GINA
treatment step 4 and 5 at 6 months after enrollment. Mean-
while, the frequencies of sensitization to other aeroallergens did
not significantly differ among the 3 patient groups. The

frequencies of comorbidities (atopic dermatitis, allergic rhinitis,
and sinusitis) were not different among the 3 patient groups or
between patients with and without sensitization to SEs.

Subsequently, our analysis was confined to current or ex-
smokers. Sensitization to SEA and SEB was associated with
higher serum total IgE levels and greater frequency of sensiti-
zation to other aeroallergens, including molds, house dust mite,
dog dander, and weed (Table 2 and Table 3). These findings
were also observed when current or ex-smokers with asthma
were stratified according to the sensitization status to both SEA
and SEB or either SEA or SEB (eTable 1 and eTable 2). Current or
ex-smokers with sensitization to SEB exhibited higher blood
eosinophil counts and greater airway reversibility than those
without sensitization to SEB (Table 2). Lower FEV; and FEV{/FVC
at enrollment and higher frequencies of GINA treatment step 5
at 6 months after enrollment were significantly associated with
sensitization to SEA (Table 3) and marginally with sensitization
to SEB (Table 2). The specific IgE levels to SEA (p = 0.33, P =
.008) and SEB (p = 0.28, P = .03) were weakly but significantly
associated with GINA treatment steps 6 months after enrollment
(Fig 2 and Fig 3). Characteristics of never smokers with asthma
stratified according to the sensitization status to SEB and SEA
(eTable 3) are also presented in the online supplement.

Finally, in the analysis of current or ex-smokers, a longer dura-
tion after smoking cessation was significantly associated with
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Figure 2. Frequencies of sensitization to Staphylococcus aureus enterotoxin A (SEA) and/or S aureus enterotoxin B (SEB) in current smokers, ex-smokers, and never smokers

with asthma. Plus sign indicates positive; minus sign, negative.

lower specific IgE levels to SEA and marginally for specific IgE levels
to SEB (Table 4). None of the other aeroallergen specific IgE levels
were associated with the smoking abstinence period. An ROC curve
analysis revealed that 3 years after smoking cessation was the best

Table 2
Patient Characteristics Stratified According to Sensitization to SEB in Current or Ex-
smokers With Asthma®

cutoff for predicting the absence of sensitization to SEA or SEB in
current or ex-smokers with asthma, with a sensitivity of 0.71 and
specificity of 0.66 (Fig 3 and Fig 4). The area under the ROC curve
was 0.675.

Table 3
Patient Characteristics Stratified According to Sensitization to SEA in Current or Ex-
smokers With Asthma®

SEB(—) (n =38) SEB(+)(n=25) Pvalue SEA(—) (n =42) SEA(+)(n=21) Pvalue
Sex, F/M 15/23 8/17 .55 Sex, F/M 17/25 6/15 .35
Age at asthma onset, y 43 (25) 46 (21) 77 Age at asthma onset, y 45 (25) 43 (20) .63
[0—-80] [3-74] [0—80] [3-72]
Age at enrollment, y 59 (12) 58 (13) .93 Age at enrollment, y 59 (12) 57 (13) .65
[31-84] [34—77] [31-84] [34-77]
Disease duration, y 16 (22) 12 (14) 98 Disease duration, y 14.5 (21.1) 13.6 (14.6) .55
Current or ex-smokers, % 29/71 48/52 12 Current or ex-smokers, % 29/71 52/48 .06
Pack-years 20 [5.3—114] 23 [6.5-82.3] .69 Pack-years 20 [5.3—-114] 30 [6.8—70] .38
Duration after smoking cessation,y 11.3 (12.3) 7.9 (13.0) .09 Duration after smoking cessation, y 12.0 (12.7) 5.8 (11.5) .01
Allergic rhinitis, % 41 54 31 Allergic rhinitis, % 47 45 .87
Atopic dermatitis, % 6 13 .64 Atopic dermatitis, % 8 10 .79
Blood eosinophils, cells/L 303 (281) 488 (511) .03 Blood eosinophils, cells/L 338 (275) 455 (566) .60
Blood neutrophil, cells/L 4435 (3,564) 4307 (1,981) 48 Blood neutrophil, cells/L 3,866 (1,297) 5,422 (4,804) 17
Total serum IgE, IU/mL 57 [5—600] 510 [76—11,000] <.001 Total serum IgE, IU/mL 83 [5—1,098] 510 [19—11,000] <.001
Sensitization, % Sensitization, %
Mixed molds 3 32 .002 Mixed molds 5 35 .004
House dust mite 29 56 .03 House dust mite 31 57 .045
Cat dander 11 24 15 Cat dander 14 19 .63
Dog dander 8 44 .001 Dog dander 12 43 .005
Japanese cedar pollen 37 60 .07 Japanese cedar pollen 43 52 A7
Mixed grass pollens 14 32 .08 Mixed grass pollens, % 14 35 .06
Weed 0 24 .003 Weed 0 29 <.001
FEV;, % predicted 95.3 (23.0) 83.9 (25.9) .07 FEV;, % predicted 974 (22.5) 774 (23.8) .002
FEV4/FVC, % 74.1 (9.7) 69.3 (12.2) .09 FEV,/FVC, % 74.8 (9.5) 66.9 (12.0) .006
FEF,5% 754 % predicted 63.7 (31.5) 52.3(30.5) 15 FEF,54 754, % predicted 66.7 (30.7) 442 (27.7) .005
Airway reversibility 3.8(9.7) 9.4 (10.9) .04 Airway reversibility 4.6 (8.4) 9.0 (13.6) 12
Daily doses of ICS, ug” 433 (332) 583 (361) .03 Daily doses of ICS, ug® 418 (282) 642 (423) .02
GINA treatment step 5, % 3 16 .08 GINA treatment step 5, % 2 19 .04

Abbreviations: FEF,sy.75% forced expiratory flow between 25% and 75%; FeNO,
fractional concentration of exhaled nitric oxide; FEV;, forced expiratory volume in 1
second; FVC, forced vital capacity; GINA, Global Initiative for Asthma; ICS, inhaled
corticosteroid; SEB, Staphylococcus aureus type B (plus sign, positive; minus sign,
negative).

?Data are presented as mean (SD) or mean (SD) [range] except for pack-years and
IgE.

PEquivalent to fluticasone propionate.

Abbreviations: FEF,sy 754 forced expiratory flow between 25% and 75%; FeNO,
fractional concentration of exhaled nitric oxide; FEV;, forced expiratory volume in 1
second; FVC, forced vital capacity; GINA, Global Initiative for Asthma; ICS, inhaled
corticosteroid; SEA, Staphylococcus aureus type A (plus sign, positive; minus sign,
negative).

?Data are presented as mean (SD) or mean (SD) [range] except for pack-years and
IgE.

PEquivalent to fluticasone propionate.
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Figure 3. Association between specific IgE levels to a Staphylococcus aureus enterotoxin A (SEA) (A) or S aureus enterotoxin B (SEB) (B) and the Global Initiative for Asthma
(GINA) treatment steps 6 months after study enrollment in current or ex-smokers with asthma.

Discussion

To the best of our knowledge, this is the first study to find that
among patients with asthma, sensitization to SEs, but not other
aeroallergens, was more common in current or ex-smokers than in
never smokers. In addition, sensitization to SE augmented IgE or
eosinophilic inflammation, airflow limitation, and treatment in-
tensity in current or ex-smokers with asthma. Notably, sensitiza-
tion to SEs decreased in association with a longer smoking
abstinence period.

The overall frequency of sensitization to SEs in the present
study was 48%, which was similar to that in patients with asthma
in the GA2LEN study (41%)'° and the results presented by Bachert
et al (41%).% In this study, the frequency of sensitization to SEs in
current or ex-smokers was significantly higher than that in never
smokers with asthma; its frequency in current smokers with
asthma increased to 65%, whereas the frequency of sensitization to
other aeroallergens did not differ between current or ex-smokers
and never smokers with asthma. These findings are consistent
with findings of the general population in the GA2LEN study,
which demonstrated that compared with never smokers, current
smokers were more frequently sensitized to SEs, with an odds
ratio of 2.02, but not to house dust mite or other tested
aeroallergens.””

Although the mechanisms underlying the increased frequency
of sensitization to SEs in current or ex-smokers with asthma
remain unclear, 2 potential mechanisms should be discussed: (1)
increased type 2 proinflammatory responses of epithelial cells to
microorganisms in smokers with asthma, which may be repre-
sented by increased thymic stromal lymphopoietin levels in the
airways,”>?”?8 and (2) increased colonization of S aureus in the

Table 4
Associations Between Specific IgE Levels and Duration After Smoking Cessation in
Current or Ex-smokers With Asthma

Variable Correlation coefficient P value
SEA -0.31 .01
SEB -0.22 .08
Mixed molds —0.04 .76
House dust mite —0.02 .89
Cat dander 0.06 .64
Dog dander 0.02 .88
Japanese cedar pollen —0.01 .94
Mixed grass pollens —0.01 .94
Weed -0.07 .57

Abbreviations: SEA, Staphylococcus aureus type A; SEB, Staphylococcus aureus type B.

airways. Cigarette smoke disrupts the bronchial epithelial barrier,
leading to increased S aureus colonization on epithelial cells,
which may serve as a reservoir of SEs by the formation of bio-
films,>® induces SEs penetration into subepithelial layers, and in-
creases stimulation of T cells.>° However, the influence of current
smoking on S aureus nasal colonization in healthy individuals
yielded conflicting results. Bogaert et al’! found that active and
passive smoking were risk factors for nasal colonization in chil-
dren aged 1 to 19 years, whereas Andersen et al*’> found that
current smoking reduced risk of S aureus nasal colonization in
middle-aged and elderly twins. Therefore, the effects of smoking
on S aureus colonization and responses to S aureus in the lower
airways of patients with asthma should be clarified in future
studies.

As expected, current or ex-smokers with sensitization to SEs
were more frequently sensitized to other aeroallergens, and they
had higher serum total IgE levels and eosinophil counts than those
without sensitization to SEs. These data agree with the findings of
various clinical studies' #*3 and mice models®'? of allergic
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Figure 4. Receiver operating characteristic curve analysis of the period after
smoking cessation for the absence of sensitization to Staphylococcus aureus
enterotoxin A or S aureus enterotoxin B.
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asthma, and they may be explained by its nature of super-
antigens.>'? Notably, current or ex-smokers with asthma who were
sensitized to weed were all sensitized to SEs as well, but the
mechanism underlying this sensitization remains unknown.
Sensitization to SE was clinically associated with airflow limitation
and GINA treatment step 5 at steady-state conditions in current or
ex-smokers with asthma in the present study. Therefore, sensiti-
zation to SE may play an important role in smokers with asthma
and could be a potential marker of type 2 or eosinophilic inflam-
mation and severe disease in this population.

Although the effect of sensitization to SEA and SEB on clinical
indexes exhibited similar trends in current or ex-smokers with
asthma, higher blood eosinophil counts and greater airway
reversibility were associated with sensitization to SEB. In contrast,
airflow limitation, severe asthma, and a shorter smoking absti-
nence period were associated with sensitization to SEA alone.
Although the specific mechanisms behind these associations
remain unknown, similar results were observed in previous
studies. SEB augmented type 2 or eosinophilic inflammation in
animal models®!® and sensitization to SEA alone was associated
with poor asthma control'*** in patients with asthma, not
restricted to smokers with asthma. Vulnerable conditions with
impaired barrier integrity may be necessary to establish sensiti-
zation to SEA, when considering that the rate of transcytosis of SEA
was several-fold slower than that of SEB in a study using intestinal
epithelial cells.** Therefore, sensitization to SEA, rather than SEB,
would be a potential marker of severe disease in current or ex-
smokers with asthma.

One of our important findings was that patients with a longer
duration after smoking cessation had lower levels of SE specific IgE,
particularly, SEA specific IgE. Furthermore, we observed that 3
years of smoking abstinence was the cutoff for predicting the
absence of sensitization to SEs. These associations were not
observed for other aeroallergens. It is possible to speculate that
impaired airway barrier integrity and an overproduction of mucin
that binds SA®> may be normalized after smoking cessation, which
reduces the burden of SEs. A small study recently found that
smoking abstinence for 3 months did not alter the microbial di-
versity in the lower airways of patients with asthma.>® Therefore, it
may take several years to detect a change in the lung microbial
communities and to be desensitized to SEs after smoking cessation.
In fact, it took 2 years after smoking cessation to normalize CD4*
cell counts” and goblet cell hyperplasia.>®

Our study has several limitations. First, we did not provide
microbiological data, including S aureus colonization in the lower
airways. Second, smoking status and duration after smoking
cessation were based on a self-reported questionnaire. Therefore, S
aureus colonization and objective measures of smoking status, such
as cotinine levels, should be evaluated in future studies. Prospective
longitudinal studies that follow SE sensitization levels after smok-
ing cessation are warranted. Third, we included current or ex-
smokers with COPD as a comorbid condition of asthma. However,
the inclusion of patients with asthma-COPD overlap may not crit-
ically detract from our conclusion because patients with COPD were
sensitized to SEs with a frequency of 56%,>° indicating the presence
of a similar association between smoking and sensitization to SEs in
patients with COPD. Further studies are necessary to investigate the
role and specific mechanisms of sensitization to SEs in patients
with asthma-COPD overlap.

In conclusion, smoking may facilitate sensitization to SEs in
patients with asthma. Sensitization to SEs may be a key marker in
smokers with asthma, indicating the presence of IgE or eosinophilic
inflammation, airflow limitation, and severe disease.

Supplementary Data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.anai.2017.08.001.
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Supplementary Data

eTable 1
Patients Characteristics Stratified According to Sensitization to Both SEA and SEB in
Current or Ex-smokers With Asthma*®

Characteristic SEA/SEB overlap(—) SEA/SEB overlap(+) P value

(n = 46) (n=17)
Sex, F/M 19/27 4/13 19
Age at asthma onset, y 45 (24) 42 (22) 44
[0—80] [3-72]
Age at enrollment, y 59 (12) 57 (14) .74
[31-84] [34—77]
Disease duration, y 14 (20) 16 (15) 22
Current or ex-smokers, % 15/31 8/9 29
Pack-years 20 [5.3-114] 25 [6.8—70] .58
Duration after 11.0 (12.6) 7.0 (12.5) .09
smoking cessation, y
Allergic rhinitis, % 44 53 .52
Atopic dermatitis, % 7 12 .58
Blood eosinophils, /L 319 (271) 533 (603) A1
Blood neutrophil, /L 4,401 (3,258) 4,339 (2,330) >.99
Total serum IgE, IU/mL 72 [5—1,098] 720 [76—11,000] <.001
Sensitization, %
Mixed molds 4 41 .001
House dust mite 28 71 .002
Cat dander 13 24 31
Dog dander 11 53 <.001
Japanese cedar pollen 13 41 .02
Mixed grass pollens 22 38 12
Weed 0 35 <.001
FEV;, % predicted 94.8 (23.5) 79.9 (25.1) .03
FEV;/FVC, % 73.8(9.7) 67.8 (13.1) .06
FEF,5% 75% % predicted 63.3(31.4) 48.2 (29.3) .08
Airway reversibility 3.6 (9.0) 12.6 (11.6) .004
ICS daily maintenance dose, ug” 437 (307) 643 (416) .04
GINA treatment step 5, % 6 13 17

Abbreviations: FEF,sy.75% forced expiratory flow between 25% and 75%; FeNO,
fractional concentration of exhaled nitric oxide; FEV,, forced expiratory volume in 1
second; FVC, forced vital capacity; GINA, Global Initiative for Asthma; ICS, inhaled
corticosteroid; SEA, Staphylococcus aureus type A; SEB, Staphylococcus aureus type B
(plus sign, positive; minus sign, negative).

4Data are presented as mean (SD) or mean (SD) [range] except for pack-years and
IgE.

PEquivalent to fluticasone propionate.
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eTable 2
Patients Characteristics Stratified According to Sensitization to Either SEA or SEB in
Current or Ex-smokers With Asthma®

Characteristic SEA(—)/SEB(—) SEA(+) or SEB (+) P value

(n = 34) (n =29)
Sex, F/IM 13/21 10/19 .76
Age at asthma onset, y 42 (26) 47 (20) .60
[0—80] [3—74]
Age at enrollment, y 59 (12) 58 (13) .83
[31-84] [34—77]
Disease duration, y 17 (23) 11 (14) .62
Current or ex-smokers, % 8/26 15/14 .02
Pack-years 20 [5.3—114] 25 [6.5—82] .46
Duration after smoking cessation, y 12.6 (12.4) 6.9 (12.3) .01
Allergic rhinitis, % 55 52 .80
Atopic dermatitis, % 6 11 .53
Blood eosinophils, /L 325 (287) 438 (492) 24
Blood neutrophil, /L 3,777 (1,352) 5,096 (4,127) .047
Total serum IgE, [U/mL 57 [5—600] 380 [19—-11,000] <.001
Sensitization, %
Mixed molds 3 29 .008
House dust mite 32 48 .20
Cat dander 12 21 33
Dog dander 9 38 .007
Japanese cedar pollen 35 59 .06
Mixed grass pollens 15 29 .18
Weed 0 21 .007
FEV;, % predicted 98.6 (21.5) 81.5(25.2) .005
FEV4/FVC, % 754 (9.4) 68.4(11.6) .01
FEF;54 754 % predicted 68.0 (30.5) 48.9 (29.7) .01
Airway reversibility 5.0 (9.0) 7.3 (12.1) 34
ICS daily maintenance dose, ug” 409 (305) 591 (375) .02
GINA treatment step 5, % 0 17 .02

Abbreviations: FEF,sy.75% forced expiratory flow between 25% and 75%; FeNO,
fractional concentration of exhaled nitric oxide; FEV,, forced expiratory volume in 1
second; FVC, forced vital capacity; GINA, Global Initiative for Asthma; ICS, inhaled
corticosteroid; SEA, Staphylococcus aureus type A; SEB, Staphylococcus aureus type B
(plus sign, positive; minus sign, negative).

9Data are presented as mean (SD) or mean (SD) [range] except for pack-years and
IgE.

PEquivalent to fluticasone propionate.
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eTable 3
Patient Characteristics Stratified According to Sensitization to SEB and SEA in Never Smokers With Asthma®
Characteristic SEB(—) (n = 88) SEB(+) (n = 30) P value SEA(—) (n = 97) SEA(+) (n = 21) P value
Sex, F/M 69/19 24/6 .85 77/20 16/5 75
Age at asthma onset, y 40 (24) 43 (22) .54 41 (24) 41 (25) .83
[0—-86] [0-75] [0—-86] [3-75]
Age at enrollment, y 52 (18) 55 (17) 37 52 (17) 54 (19) 49
[16—87] [14-79] [17-87] [14-76]
Disease duration, y 11 (15) 11 (15) .86 11 (15) 13 (15) .20
Allergic rhinitis, % 47 46 .96 43 63 13
Atopic dermatitis, % 20 7 23 19 5 .14
Blood eosinophils, /L 225 (195) 390 (451) .06 244 (297) 373 (230) .003
Blood neutrophil, /L 3,958 (1,779) 4,243 (1,874) .62 4,029 (1,791) 4,037 (1,885) .62
Total serum IgE, IU/mL 81 [5—870] 430 [33-3,900] <.001 83 [5—790] 730 [39—3,900] <.001
Sensitization, %
Mixed molds 10 23 .07 11 24 13
House dust mite 42 73 .003 45 71 .03
Cat dander 13 23 15 12 29 .06
Dog dander 16 30 .09 14 43 .006
Japanese cedar pollen 49 83 .001 54 76 .06
Mixed grass pollens 20 40 .03 22 38 12
Weed 9 20 A1 10 19 .009
FEV,, % predicted 96.7 (22.7) 86.1(23.3) .03 96.7 (23.0) 81.7 (20.2) .007
FEV4/FVC, % 78.1 (9.5) 73.2 (14.6) .04 78.2 (10.2) 70.7 (13.5) .005
FEF,5% 754, % predicted 73.4 (30.6) 59.8 (30.4) .06 74.4 (30.6) 49.1 (24.3) <.001
Airway reversibility 3.9 (7.9) 6.0 (7.6) 13 3.5(7.8) 8.7 (6.9) <.001
ICS daily maintenance dose, ug” 471 (330) 503 (336) .62 464 (304) 549 (434) .58
GINA treatment step 5, % 6 10 42 5 19 .03

Abbreviations: FEF,s4 754, forced expiratory flow between 25% and 75%; FeNO, fractional concentration of exhaled nitric oxide; FEV;, forced expiratory volume in 1 second;
FVC, forced vital capacity; GINA, Global Initiative for Asthma; ICS, inhaled corticosteroid; SEA, Staphylococcus aureus type A; SEB, Staphylococcus aureus type B (plus sign,

positive; minus sign, negative).
“Data are presented as mean (SD) or mean (SD) [range] except for pack-years and IgE.
PEquivalent to fluticasone propionate.
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