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ABSTRACT

Background and objective: Neutrophilic inflamma-
tion has been implicated in non-eosinophilic asthma
(NEA) in adults, but little is known about NEA in
children/adolescents. We assessed clinical and inflam-
matory characteristics of NEA in adolescent asthma.
Methods: Airway inflammation, sputum endotoxin,
airway hyper-reactivity, atopy and lung function were
assessed in 77 adolescents with asthma and 68 without
asthma (12-17 years). Asthma was identified on the
basis of wheeze and asthma history.

Results: The proportion of NEA (sputum eosinophils
<2.5%) was 54%. In this group, atopy, sputum
neutrophil, eosinophil, eosinophil cationic protein
(ECP), endotoxin, neutrophil elastase and IL-8 levels
were not different from those without asthma. In con-
trast, eosinophilic asthma (EA) was associated with
atopy and sputum ECP and IL-8. The majority of NEA
had no evidence of inflammation; only 14% had
neutrophilia (261% neutrophils), compared with 11%
of EA, and 15% of those without asthma. Small differ-
ences in FEV, (NS) were found between EA and NEA, but
symptom prevalence and severity was not different
(63% of EA and 52% of NEA were classified moderate to
severe).

Conclusion: NEA is common in adolescent asthma
and has similar clinical characteristics as EA.
Neutrophils do not appear to play a role in NEA in ado-
lescents, and underlying mechanisms may not involve
airway inflammation.
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SUMMARY AT A GLANCE

Our study suggests that many adolescents with
stable asthma do not appear to correspond to the
conventional notion that asthma is ‘an inflamma-
tory disorder of the airways’. In the absence of
overt inflammation, the mechanisms responsible
for asthma symptoms in a large proportion of ado-
lescent with asthma remain unknown.

Abbreviations: AHR, airway hyper-reactivity; EA, eosinophilic
asthma; ECP, eosinophil cationic protein; FEV,, forced expiratory
volume in 1s; ICS, inhaled corticosteroids; IL, interleukin; ISAAC,
International Study of Asthma and Allergies in Childhood; MGA,
mixed granulocytic asthma; MMP, matrix metalloprotease; NA,
neutrophilic asthma; NE, neutrophil elastase; NEA, non- eosino-
philic asthma.

INTRODUCTION

Asthma is often considered an allergic disease involv-
ing TH,-mediated eosinophilic airways inflamma-
tion.! However, there is increasing evidence that non-
allergic mechanisms may also be important. We have
previously proposed that ‘only’ 50% of asthma cases
are attributable to eosinophilic airway inflammation,
and that non-eosinophilic asthma (NEA) may be due
to neutrophilic inflammation.? Other studies also
suggest a role for neutrophils in adult NEA as reflected
by increased airway neutrophil levels and associated
chemokines including interleukin (IL)-8, neutrophil
elastase (NE), matrix metalloprotease (MMP)-9,*5
increased gene expression of innate immune recep-
tors and sputum bacterial endotoxin.® However,
neutrophilic inflammation in NEA is not always
present,” indicating that neutrophils may be impor-
tant in only a proportion of NEA. In particular, we
have previously observed that no overt evidence of
either eosinophilic or neutrophilic airway inflamma-
tion in over 30% of adults with asthma.?
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Non-eosinophilic asthma in adolescents

Studies in adults have suggested that eosinophilic
asthma (EA) is associated with increased severity® and
exacerbation frequency’ compared with NEA
although this is not always observed.*” Those with
NEA also appear less atopic, have normal sub-
epithelial layer thickness and poor short-term
response to inhaled corticosteroids (ICS).> Thus, EA
and NEA may represent distinct phenotypes with
potentially different causes and treatment strategies.

There are similar conflicting data in the limited
number of studies of NEA in children or adolescents.
In particular, EA is associated with reduced lung func-
tion,' increased airway hyper-reactivity (AHR)" and
uncontrolled asthma' in some studies, but other
studies find no significant clinical differences
between EA and NEA.'*!* Equivocal findings have also
been reported regarding the importance of
neutrophils in childhood NEA.*"

The aims of this study were to assess: (i) the impor-
tance of NEA in adolescents; (ii) the contribution of
airway neutrophils, associated inflammatory media-
tors and bacterial endotoxin (previously associated
with neutrophilic inflammation in adults®) in adoles-
cent NEA; and (iii) whether EA and NEA in adoles-
cents differ with regard to atopy, lung function, AHR,
medication use and severity.

METHODS

Study population

We recruited students aged 12-17 years who previ-
ously participated in the ISAAC Phase III survey.”
Positive respondents to both of the following ques-
tions were invited: ‘Have you had wheezing or whis-
tling in the chest in the past 12 months?, and ‘Have
you ever had asthma? (n =244); random samples
without respiratory symptoms were also invited
(n =595). Those who agreed to participate (136 with
and 134 without symptoms) completed a second
questionnaire based on the ISAAC Phase III survey.
Approval was obtained from the Wellington Ethics
Committee (00/03/010). Written consent was
obtained from the participants and their parents.

Asthma definition

Using data from the second questionnaire, we defined
asthma based on a positive response to both of the
questions above, and/or asthma medication use in
the past 12 months. Of the 77 with asthma for whom
we had sputum data (see below), 61 had a positive
response to all three questions, 71 had a positive
response to the wheeze and asthma questions but did
not use asthma medication; six used asthma medica-
tion and had reported asthma. Those subjects
without asthma had no wheezing/whistling in the
chest or asthma medication in the last 12 months, no
asthma history and no nocturnal cough in the last 12
months apart from that associated with respiratory
infection. Sixteen subjects were excluded because of
ambiguous questionnaire responses, and eight sub-
jects were unable to be re-contacted.
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Classification of asthma severity

Severity was defined by wheezing attack frequency
per year (mild intermittent, 0-3; persistent-moderate,
4-12; severe, > 12), sleep disturbance due to wheeze
(mild, <1 night/week; moderate, >1 night/week), daily
symptoms in last 2 weeks (moderate), daily use of 3,
agonist (moderate), and forced expiratory volume in
1 s (FEV,) (mild, >80% predicted; moderate, >60% and
<80%; severe, <60%) following 2008 Global Initiative
for Asthma guidelines (for observational studies
rather than clinical management).” Asthma severity
was assigned according to the highest severity class
for any parameter.

Study procedures

All participants underwent a standard clinical assess-
ment. Those who had a respiratory infection within 4
weeks returned at a later date. Atopy was defined as a
positive skin prick test to at least one of eight aller-
gens, and lung function was measured following
standard procedures (Supplementary Appendix S1).°
Eleven subjects were unable to perform adequate
spirometry, and 11 were excluded because of
B.-agonist use within 6 h prior to assessment.

Combined bronchial provocation and sputum
induction using 4.5% saline were conducted as previ-
ously described (Supplementary Appendix S1)."' Sub-
jects with sputum eosinophils >2.5% were classified
as EA with the remainder classified as NEA.?! Further
phenotyping on the basis of sputum neutrophils
>61% was also conducted.? Seventy-eight (35%) sub-
jects failed to provide an adequate sputum sample;
therefore, complete data were available for 77 with
asthma and 68 without asthma.

Eosinophil cationic protein (ECP) and IL-8 in
sputum supernatant were measured by enzyme-
linked immunosorbent assay (R&D Systems, Minne-
apolis, MN, USA). Active NE was measured using
n-methoxysuccinyl-1-alanyl-1-alanyl-prolyl-1-valyl-p-
nitroanilide (Sigma, St Louis, MO, USA). Endotoxin
was measured using the Limulus Amebocyte Lysate
assay (Kinetic QCL; BioWhittaker, Walkersville, MD,
USA). These assays have previously been validated for
assessment of induced sputum.®

Statistical analysis

Lung function was summarized as mean values with
95% CI. Cell counts, inflammatory markers and endo-
toxin were expressed as median values with 25th/75th
percentiles. Chi-square and ¢-tests were performed to
test differences in prevalence and mean levels,
respectively. The Wilcoxon rank-sum test was used for
non-parametric data. Prevalence OR were calculated
using logistic regression for analyses involving
dichotomous outcomes; linear regression analyses
were used for continuous outcomes. The population-
attributable fraction was calculated to assess the pro-
portion of asthma attributable to eosinophilia. Data
were analysed using SAS (SAS Institute, Cary, NC,
USA) and STATA 11 (Statacorp, College Station, TX,
USA).
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RESULTS

Those with asthma and those without did not differ
with regards to age, sex and ethnicity, but those with
asthma had, as expected, a small but significantly
reduced FEV, and FEV,/FVC (forced vital capacity),
and significantly increased prevalence of atopy and
AHR (Table 1). Approximately 13% of subjects with
asthma were classified as severe, 44% as moderate
and 43% as mild.

Fifty-four per cent (n = 42) of subjects with asthma
had sputum eosinophil levels <2.5% and were desig-
nated NEA, with the remaining 46% designated EA.
Eosinophil and ECP levels were significantly higher in
EA than NEA or without asthma (Fig. 1a; Table 2), and
those with EA were more likely to be atopic (Table 3).
Eosinophil levels were similar in NEA and those
without asthma (Fig. 1b). Neutrophil levels were not
significantly different between those with asthma and
those without (Supplementary Fig. Sla), or between
EA and NEA (Supplementary Fig. S1b).

Thirty-one subjects with asthma (40%) had EA in
the absence of raised neutrophils, and 10 (13%) had
sputum neutrophil levels >61%. Of these, 6 (8%) were
classified as neutrophilic asthma (NA) and 4 (5%)
mixed granulocytic asthma (MGA). The remainder
(n = 36; 47%) had no evidence of granulocytic inflam-
mation, and were classified as paucigranulocytic
asthma. Supplementary Table S1 shows the inflam-

Table 1 Characteristics of study population
No asthma Asthma
n=68 n=77

Age (SD) 15.0 (1.04) 15.1 (1.01)
Male 72.1% 76.6%
Ethnicity

European 75.0% 68.8%

Non-European 25.0% 31.2%

Lung function

FVC %-predicted 101.1% (12.0) 102.3% (12.8)

(Mean, SD)
FEV; %-predicted 100.9% (11.4) 96.4% (11.9)*
(Mean, SD)
FEV+/FVC %-predicted 100.2% (7.6) 94.4% (7.9)**
(Mean, SD)
Atopy' 36.8% 80.5%**
Airway hyper-reactivity* 7.6% 49.4%**
Asthma severity
Mild — 42.9%
Moderate — 44.2%
Severe — 13.0%
Asthma persistence
Intermittent — 53.2%
Persistent — 46.8%

*P<0.05; **P<0.01.

'Positive SPT against one or more common allergens.

#>156% drop in FEV, from baseline following a 4.5% saline
challenge.

FEV;, forced expiratory volume in 1's; FVC, forced vital capac-
ity; SPT, skin prick test.

Respirology (2016) 21, 460-466

CR Brooks et al.

matory and clinical characteristics of those with
asthma stratified accordingly. Due to the small
numbers of NA and MGA, further analyses were con-
ducted using the NEA and EA classifications only.
Lung function in NEA was marginally (non-
significantly) higher than in EA (Table 3). Similarly,
AHR, asthma medication use and most symptoms
were lower in NEA, but differences were small and not
statistically significant. Although EA were slightly
more likely to use ICS (Table 3), there were no signifi-
cant differences in sputum eosinophil percentage
when those with asthma were stratified by recent ICS
use (Supplementary Fig. S2). The prevalence of
moderate-to-severe asthma was similar between both
groups (63% and 52% in EA and NEA respectively),
with 9% of EA classified as severe compared with 17%
of NEA (not significant (NS); Table 3). The EA group
was more likely to have persistent asthma, although
this was not significant (Table 3). Severity was not
associated with eosinophils or neutrophils in all sub-
jects with asthma or EA or NEA respectively (data not

a 1.49 0.00
(0.00-11.11)

(0.00-0.24)

% Eosinophils

b 0.00 0.00 12.50
(0.00-0.24)  (0.00-1.03)  (5.7-19.25)

B Fkke
60+ NS —

% Eosinophils
L ]

204 .e®

Figure 1 Sputum eosinophil percentages in adolescents with (a)
asthma and no asthma and (b) no asthma, non-eosinophilic
asthma and eosinophilic asthma (expressed as median (25th—
75th percentile)) (*** P<0.0001; NS, not significant).
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Table 2 Markers of inflammation and endotoxin levels in sputum

No asthma All asthma Eosinophilic asthma  Non-eosinophilic asthma
n =68 n=77 n=35 n=42

Total eosinophils (x 10*/mL) 0.0 (0.0-3.8) 28.1 (0.0-228.7)** 229.9 (89.3-385.7)** 0.0 (0.0-6.8)"

Total neutrophils (x 10¥mL)  262.4 (49.0-716.0) 216 (40.6-941.8) 242.6 (74.0-1233.7) 170.1 (28.8-856.4)
ECP (ng/mL) 9.0 (2.1-34.3) 44.6 (9.6-193.8)** 168.1 (70.3-231.9)** 12.1(3.4-49.8)"

NE (ug/mL)* 43.8 (43.8-337.2) 43.8 (43.8-193.8) 43.8 (43.8-43.8) 43.8 (43.8-316.6)

IL-8 (ng/mL) 117.8 (36.1-342.0)  190.5 (52.1-715.9) 295 (94.8-1008.8)* 163 (46.9-466.3)
Endotoxin (EU/mL) 1.4 (0.7-2.8) 1.2 (0.6-3.0) 1.4 (0.6-3.0) 1.1 (0.5-2.3)
Squamous cells (%) 7.6 (4.1-23.0) 13.9 (3.4-26.5) 5.9 (1.4-14.8) 22.9 (6.1-31.2)"
Columnar epithelials (%) 0.0 (0.0-0.0) 0.2 (0.0-0.7)** 0.2 (0.0-1.0) 0.2 (0.0-0.6)

Expressed as median (25th-75th percentile).

*P<0.05; **P<0.01 with asthma versus the reference population.

P < 0.01 non-eosinophilic versus eosinophilic asthma.

*NE limit of detection = 43.8 ug/mL; no asthma, 66% non-detectable; all asthma, 68% non-detectable; EA, 80% non-detectable; NEA,

57% non-detectable.

EA, eosinophilic asthma; NE, neutrophil elastase; NEA, non-eosinophilic asthma.

shown). Despite this, sputum eosinophils were
inversely associated with lung function, reaching sta-
tistical significance for total eosinophils and FEV,
%-predicted (P < 0.05; Supplementary Table S2).

Mediators associated with granulocytic inflamma-
tion (ECP, NE and IL-8) were inversely associated with
FEV,/FVC-%-predicted, but not with other lung func-
tion variables (Supplementary Table S2). Although
undetectable in 62% (n =90) of samples, NE corre-
lated with neutrophils, but not with eosinophils (Sup-
plementary Table S3). No differences in NE levels were
found between EA, NEA and non-asthma subjects,
although both NA and MGA were associated with
increased NE levels (Supplementary Table S1; NS).
However, IL-8 was elevated in EA, but not in NEA
(Table 2). Despite this, IL-8 was correlated with both
eosinophils and neutrophils. ECP was strongly corre-
lated with eosinophils (Supplementary Table S3), and
both were associated with atopy and AHR (Sup-
plementary Table S2). No differences were found in
sputum endotoxin levels for any of the studied sub-
groups (Table 2), and while endotoxin was weakly cor-
related with NE (r=0.17; P<0.05) (Supplementary
Table S3), it was not associated with lung function,
atopy or AHR (Supplementary Table S2). Associations
were similar when analyses were restricted to only
subjects with asthma, but results were generally no
longer significant. Adjusting analyses for asthma
status, ICS use or using a lower cut-off (54%) to define
airway neutrophilia? did not significantly alter the
results.

DISCUSSION

NEA was slightly more common than EA and those
with NEA had marginally higher lung function, fewer
symptoms and lower AHR, but differences were not
statistically significant. The proportion of moderate-
to-severe asthma in both groups was also similar.
Neutrophil levels were not increased in NEA, and no
significant differences in inflammatory markers were
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found between NEA and those without asthma. Thus,
despite similar symptoms and clinical characteristics
to those observed in EA, there was no evidence of
overt airway inflammation in NEA.

Fifty-four per cent of subjects with asthma had no
raised sputum eosinophils, and the proportion of
asthma attributable to eosinophilia (PAR) was only
43%, which is comparable with previous studies in
adults*® and children.?**# ICS use may have sup-
pressed airway eosinophils and therefore contributed
to the low EA prevalence.?* However, given that 68%
of the NEA group had not used ICS in the last 2 weeks,
and we saw no difference in sputum eosinophil levels
between those who had used ICS in the last 2 weeks
and those who had not, ICS use is unlikely to explain
these findings. Indeed, this suggests that a substantial
proportion of asthma in adolescents is not associated
with appreciable airway eosinophilia.

Although neutrophilic bronchitis is associated with
viral exacerbations® and ICS use in adults,* we found
no evidence that neutrophils are involved in stable
NEA in adolescents with highly comparable
neutrophil levels between NEA, EA and non-asthma
subjects. To our knowledge, only two studies have
shown evidence of neutrophilic airway inflammation
in childhood asthma, but neutrophil percentages
(median levels 8.3%' and 18%') were considerably
lower than in healthy reference populations.?® Other
studies have also suggested that NA in children is
rare.'®!'” Thus, neutrophilic involvement may be less
important in childhood/adolescent asthma com-
pared with adult asthma, where it may be associated
with smoking and occupational exposures.

In the absence of granulocytic inflammation, the
causes of NEA remain unclear. It is possible that
eosinophilic inflammation is present at other airway
sites,”” or that the cut-off used for eosinophils
(>2.5%)*" has misclassified some asthma subjects as
NEA. However, this is unlikely given that in 62%
of NEA sputum eosinophils were absent.
Misclassification of asthma status or inclusion of sub-
jects with asthma in remission may also have

Respirology (2016) 21, 460-466
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Table 3 Differences in clinical characteristics between eosinophilic and non-eosinophilic asthma subjects

Eosinophilic asthmatics

Non-eosinophilic

asthmatics (NEA), NEA versus EA

(EA), n=35 n=42 n=77
Mean (SD) Mean (SD) A %-predicted (95% Cl)

Lung function

FVC %-predicted 102.0 (14.1) 102.5 (11.8) 0.5 (-5.4-6.4)

FEV: %-predicted 93.8 (10.6) 98.6 (12.5) 4.8 (-0.5-10.1)

FEV1/FVC %-predicted 92.5(7.3) 96.1 (8.1) 3.6 (0.01-7.1)*

% % OR (95% ClI)

Atopy’ 100.0 64.3 undefined®
Airway hyperreactivity* 57.1 42.9 0.5 (0.2-1.2)
Asthma medication

No asthma medication in last 12 months 0.0 23.8 undefined®

ICS in the last 12 months 74.3 54.8 0.4 (0.1-1.2)

ICS in the last 2 weeks 48.6 31.0 0.6 (0.2-1.5)

B2-agonist in the last 12 months 100.0 69.1 undefined®

B2-agonist > once a day in last 2 weeks 65.7 42.9 0.4 (0.2-1.1
Wheezing attacks in the last 12 months % % %

0-3 times 60.0 66.7 1.7 (0.6-4.6)

4-12 times 31.4 16.7 0.4 (0.1-1.4)

>12 times 8.6 16.7 1.3(0.3-6.0
Sleep disturbance due to wheeze in last

12 months (nights/week)

Never 54.3 66.7 2.1 (0.8-5.6)

<than once a week 40.0 31.0 0.6 (0.2-1.7)

>once a week 5.7 2.4 0.4 (0.0-5.2)
Speech limited by wheeze in last 12 months 28.6 19.1 0.5 (0.2-1.6)
Asthma severity

Mild 37.1 47.6 1.8 (0.7-5.0)

Moderate 54.3 35.7 0.5 (0.2-1.3)

Severe 8.6 16.7 1.3 (0.3-6.0)
Asthma persistence

Intermittent 48.6 57.1 1.5 (0.6-3.9)

Persistent 51.4 42.9 0.7 (0.3-1.8)

Analyses were adjusted for age, sex and ethnicity.
*P<0.05; **P<0.01.
"Positive SPT against one or more common allergens.

¥>15% drop in FEV; from baseline following a 4.5% saline challenge.
SOR were undefined because either all or none of the subjects in the EA group were positive for the specific symptom or condition.
FEV,, forced expiratory volume in 1's; FVC, forced vital capacity; ICS, inhaled corticosteroids; OR, odds ratio; SPT, skin prick test.

occurred. Indeed, assessing asthma in adolescents is
challenging as they often have ‘normal’ lung function
and/or show little response to B-agonists.”® Nonethe-
less, previous studies have shown that self-reported
symptoms compare well with objective markers of
asthma,” and our definition of asthma using the
ISAAC questionnaire shows high sensitivity and
specificity for physician-diagnosed asthma® and
bronchial hyper-responsiveness.®* Also, the preva-
lence of moderate-to-severe symptoms was
similar between EA and NEA. Thus, although
misclassification cannot be excluded, it appears
unlikely to be a major issue. Our results therefore
suggest that in a substantial proportion of adolescent
asthma, symptoms may be caused by alternative non-
inflammatory mechanisms, which may have neuro-
genic or structural origins,* and which may occur in
the absence of ongoing airway inflammation in
asthma.**

Respirology (2016) 21, 460-466

We observed no significant clinical differences
between EA and NEA in agreement with previous
reports.'** However, as with adults,*® there are also
reports showing that eosinophilic inflammation is
associated with greater severity and lung function
deficits in childhood asthma.'®'? Furthermore, Lee
et al. showed that sputum eosinophils or neutrophils
in EA or NEA, respectively, were associated with
increased severity.” In contrast, we found that granu-
locytes in either EA or NEA were not associated with
severity; and-moderate-to-severe symptoms had
similar prevalence in both phenotypes. In fact, con-
trary to some previous reports, severe symptoms were
more common in NEA than EA, although this did not
reach statistical significance.

We found a significant inverse association between
eosinophils and FEV;-%-predicted, but no associa-
tions with other lung function parameters were
observed. We also observed a positive (non-

© 2015 Asian Pacific Society of Respirology
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significant) association between neutrophils and
FEV,-%-predicted and FEV,/FVC-%-predicted. The
mechanisms for this are unclear. The lack of a clear
association between lung function and airway inflam-
mation may be due to lung function in younger sub-
jects with asthma being less strongly associated with
symptoms compared with adults.?

Increased sputum ECP was detected in EA and cor-
related with eosinophils, as shown previously.? Simi-
larlyy, NA and MGA were associated (NS) with
increased levels of NE and IL-8 (Supplementary Table
S1), as previously described.? Finally, endotoxin levels
did not differ between the groups studied, in contrast
with previous findings of increased endotoxin levels
in adult NA.° Indeed, sputum endotoxin levels in this
study were >100 fold lower than previously reported
in adults. The higher levels in adults may represent
increased airway bacterial colonization during
natural ageing.*

We observed a significantly higher percentage of
sputum squamous cells in NEA compared with EA.
The basis for this is unclear. It is possible that the
reduced inflammatory infiltrate in NEA resulted in
squamous cells simply representing a larger percent-
age of cells overall. In support, we have previously
found reduced squamous cells in groups with
neutrophilic inflammation.?

A limitation of this study was that only one test per
participant was conducted. Some repeated sputum
induction studies in adults indicated that NEA is
reproducible.** In contrast, other studies, including
two in children, suggest that inflammatory pheno-
types are prone to temporal variability,'>!” with some
showing a role for ICS treatment in phenotype
changes?* Despite these findings, we observed NEA in
patients with and without ICS treatment and eosino-
philic airway inflammation can persist in patients
with ICS-controlled asthma,' suggesting that EA and
NEA can occur independent of ICS treatment. None-
theless, we cannot exclude that temporal changes
may have affected our results.

In summary, NEA represented approximately 50%
of adolescent asthma and was not associated with
neutrophilic inflammation or other markers of
inflammation. Therefore, targeting therapeutic inter-
ventions solely towards inflammation in NEA may not
be effective in a large proportion of adolescents with
asthma; indeed, it is possible that absence of inflam-
mation may underlie the poor response to ICS previ-
ously observed in >30% of asthma subjects.*” Our
study adds to previous data®*’ challenging the para-
digm that asthma is universally an inflammatory dis-
order.! Further research on mechanisms underlying
NEA is necessary to guide the development of more
effective therapies (and control measures) for NEA,
which makes up a considerable proportion of child-
hood and adolescent asthma.
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Appendix S1 Methods

Figure S1 Sputum neutrophil percentages in (a) asthma and
non-asthma adolescents and (b) non-asthma, non-eosinophilic
asthma and eosinophilic asthma (expressed as median (25th—
75th centile)) (NS, not significant)

Figure S2 Sputum eosinophil percentages in adolescents with
asthma when stratified on the basis of inhaled corticosteroid use
in (a) the previous 2 weeks or (b) the previous year (expressed as
median (25-75th centile))

Table S1 Clinical characteristics and sputum markers of inflam-
mation in the four inflammatory phenotypes previously
described.® *P < 0.05; **P < 0.01 EA versus PGA (n too small for
NA and MGA). “Neutrophil elastase limit of detection = 43.8 nug/
mL; EA, 90% non-detectable; NA, 50% non-detectable; MGA, 0%
non-detectable; PGA, 58% non-detectable.

Table S2 Associations between cell, cytokine and endotoxin
levels in sputum and clinical characteristics. Analyses were
adjusted for age, sex and ethnicity.

Table S3 Correlations between cell, cytokine, and LPS levels in
sputum. *P < 0.05; **P<0.01.
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