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Abstract. Objectives and Design: Cough is a common
symptom in idiopathic pulmonary fibrosis that is difficult to
treat and has a major impact on quality of life. We tested the
hypothesis that the cough and increased cough reflex sensi-
tivity seen in patients with idiopathic pulmonary fibrosis
may be due to airway inflammation in a prospective, cross-
sectional study.

Subjects and Methods: We measured the induced sputum
inflammatory cell profile and cell-free supernatant inflam-
matory mediator concentrations in 15 patients with idiopath-
ic pulmonary fibrosis, 17 healthy controls and 15 patients
with chronic obstructive pulmonary disease.

Results: Both the geometric mean sputum differential
eosinophil cell count and median eosinophilic-cationic-pro-
tein concentration were significantly higher in patients with
idiopathic pulmonary fibrosis than controls (2.1% vs 0.3 %;
p <0.001 and 1.1 mg/ml versus 0.2 mg/ml; p = 0.03 respec-
tively). There were no significant differences in sputum
eosinophil counts and eosinophilic-cationic-protein concen-
trations between patients with idiopathic pulmonary fibrosis
and chronic obstructive pulmonary disease. Sputum
leukotriene-B4 concentrations were significantly lower in
patients with idiopathic pulmonary fibrosis (p =0.03) and
chronic obstructive pulmonary disease (p = 0.008) compared
to controls.

Conclusions: ldiopathic pulmonary fibrosis is characterised
by the presence of active eosinophilic airway inflammation
raising the possibility that airway inflammation may con-
tribute to symptoms such as cough.

Key words: Idiopathic pulmonary fibrosis — cryptogenic
fibrosing alveolitis — chronic obstructive pulmonary disease —
eosinophils — cough

Correspondence to: S. Birring

Supported by: Supported by a grant from the British Lung Foundation
and University Hospitals of Leicester NHS Trust. S.S.B. is a British
Lung Foundation clinical research fellow.

Introduction

Idiopathic pulmonary fibrosis (IPF), also known as crypto-
genic fibrosing alveolitis is one of the idiopathic interstitial
pneumonias that typically presents insidiously, with the grad-
ual onset of breathlessness [1]. Although breathlessness is
the most recognised symptom, non-productive cough is
reported in up to 86% of patients with IPF. This can be
refractory to antitussive therapy and significantly impairs
quality of life [2]. The mechanism of cough in IPF is unclear,
but traction of airways secondary to reduced lung compli-
ance and stimulation of pulmonary cough receptors by alve-
olar inflammation are thought to be possible mechanisms [3].
However, increased capsaicin cough reflex sensitivity in
patients with IPF [4] suggests that cough may arise from air-
way abnormalities since cough receptors are most concen-
trated in the upper airways [5]. Airway cough receptors can
be activated by both inflammatory and mechanical stimuli
[5], and several inflammatory mediators have been implicat-
ed in the pathogenesis of cough which include histamine,
prostaglandin E, (PGE,), cysteinyl leukotrienes (cystLTs;
LTC,, LTD, and LTE,), eosinophilic cationic protein (ECP)
and interleukin 8 (IL-8) [6, 7]. However, most studies inves-
tigating inflammatory mechanisms in IPF have been limited
to the lung parenchyma and distal airways.

In this study, we tested the hypothesis that there is large
airway inflammation in patients with IPF by studying the
inflammatory cell profile and inflammatory mediator con-

Abbreviations:

IPF: Idiopathic pulmonary fibrosis

COPD: chronic obstructive pulmonary disease
FEV, = forced expiratory volume in 1 second
FVC: forced vital capacity

SE: standard error

SD: standard deviation

PG: prostaglandin

Cyst-LT: cysteinyl-leukotriene

ECP: eosinophilic cationic protein

IL: interleukin

HRCT: high resolution computerised tomography
UIP: usual interstitial pneumonia
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centrations in induced sputum from patients with IPF com-
pared to healthy control subjects. We also recruited patients
with chronic obstructive pulmonary disease (COPD) as a dis-
ease control group, since it is a condition in which cough,
heightened cough reflex sensitivity and large airway inflam-
mation has been well described [8].

Methods

Subjects

Fifteen consecutive patients with IPE, 15 patients with COPD and 17
healthy controls were recruited from Glenfield Hospital outpatient clin-
ics and from healthy volunteers between 2001 and 2002. The diagnosis
of IPF was based on clinical and radiological criteria [9]. All patients had
a suggestive clinical history, presence of fine inspiratory basal crackles
and a high resolution CT scan (HRCT) confirming the presence of pul-
monary fibrosis, with predominant reticular or honeycomb pattern dis-
tributed preferentially to the lung bases and subpleural regions. Patients
with predominant ground glass patterns or those with features of dis-
eases other than usual interstitial pneumonia (UIP) were excluded.
Patients with a history of asbestos exposure, fibrogenic drug therapy or
clinical evidence of an underlying connective tissue disease were also
excluded. Normal subjects were asymptomatic, had no history of respi-
ratory disease and had normal spirometric measurement [10]. Patients
with COPD had symptoms of chronic airflow obstruction and fulfilled
lung function criteria as set out by the NHLI/WHO Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guidelines [11]. Patients
with COPD had post-bronchodilator forced expiratory volume in one
second/forced vital capacity (FEV,/FVC) <70% and no substantial
improvement in FEV, after taking 2.5 mg nebulized albuterol (< 15% or,
if FEV, <1.2 L, <200 mL improvement) or following a corticosteroid
trial (2-week course of 30 mg prednisolone daily, or 2 months high dose
inhaled corticosteroids, with reassessment of symptoms and spirome-
try). No subjects had respiratory tract infection within the past 6 weeks,
and no symptoms or past history of atopic disease. Patients with IPF and
COPD were clinically stable for at least 2 months and had not received
oral or inhaled corticosteroids or immunosuppressive therapy within two
months prior to the study. Written consent was obtained from all patients
and the protocol for this study was approved by the Leicestershire
Research Ethics Committee.

Protocol and clinical measurement

Subjects attended on two occasions. At the first visit we assessed
patient records, pulmonary function tests and chest radiography.
Patients with IPF had lung function tests with a benchmark (P K Mor-
gan, Chatham, UK) and lung volumes assessed by the helium dilution
method. At the second visit subjects rated cough severity on a previ-
ously validated 100mm horizontal visual analogue scale [12], had
spirometric measurement and sputum induction using methods that
have been described previously [13, 14]. Sputum free of salivary cont-
amination was selected and was mixed with four times its volume of
0.1% dithiothreitol. From the induced sputum sample, a differential
cell count was obtained from a cytospin preparation stained with
Romanowski’s stain and a total cell count was determined using a
haemocytometer. The cell-free supernatant was stored at —80°C until
analysis. Cell counting was performed by an experienced observer
blind to the subject’s clinical characteristics.

Mediator measurements

The concentration of mediators were determined in sputum supernatant
by competitive enzyme immunoassays for Histamine (Immunotech,
Marseille, France), PGE2 (R&D systems, Oxon, UK), cystLTs (Cay-
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man Chemical, Ann Arbor, MI), Leukotriene B4 (R&D systems, Oxon,
UK) and sandwich enzyme linked immunosorbent assay for IL-8
(Pharmingen, San Diego). The concentration of ECP was measured by
fluoroimmunoassay (Unicap; Pharmacia, Milton Keynes, UK). The sen-
sitivity of the assays were: Histamine: 50x 107 ng/ml, PGE,:
8.25% 1073 ng/ml, cystLTs: 13x 103 ng/ml, LTB,: 19.4x 1073 ng/ml,
ECP: 18 x 1073 ng/ml and IL-8: 0.8 x 10-* ng/ml. The intra-assay coef-
ficient of variability of the assays were 5 to 10 % and the interassay coef-
ficient of variability were 3—15% across the range of concentrations
measured.

Analysis

Subject characteristics were described using descriptive statistics and
expressed as means (standard deviation). The primary end points were
inflammatory cell total and differential counts in sputum. Secondary
endpoints were sputum mediator content. Comparisons across the three
groups and between groups were undertaken using the Kruskal-Wallis
test and the Mann-Whitney-U test and ANOVA and unpaired t-tests for
non parametric data and parametric data respectively. Sputum differen-
tial eosinophil counts were log-transformed and described as geometric
mean (log SEM). Total cell counts were expressed as cells per gram of
sputum. A value of p < 0.05 was taken as being statistically significant.

Results

The subject characteristics and spirometry measurements are
as shown (Table 1). All patients with IPF and 12 (80%) of
patients with COPD reported symptoms of cough. Patients
with IPF had a mean (SE) FEV, of 2.1(0.1)L, FVC 2.6(0.2)L
and mean (SE) % predicted residual volume of 54(4) %, total
lung capacity 71(5) %, diffusing capacity for carbon monox-
ide (DLco) 60(4)% and carbon monoxide diffusion coeffi-
cient (Kco) 89(8)%. Twelve (80%) patients with IPF had
HRCT features of honeycombing, 6(40%) had traction
bronchiectasis and all had subpleural reticular changes. No
patients with IPF had HRCT features of emphysema. There
were significant differences in the sputum differential and
total eosinophil counts between the 3 groups (p < 0.001 and
p=0.002 respectively; ANOVA; Table 2). The geometric
mean sputum differential eosinophil cell count was signifi-
cantly higher in patients with IPF (2.1%) compared to
controls (0.3 %: mean difference 8.0 fold, 95% confidence
interval of difference 3.1 to 20.5; p <0.001) but not COPD
(2.3%; Table 2). There was a similar increase in geometric
mean absolute eosinophil cell counts (10°%) per gram of spu-
tum in patients with IPF (22.9) compared to controls (1.1:
mean difference 21 fold, 95 % confidence interval 0.3 to 138;
p = 0.003) but not COPD (19.7). Nine (60%) patients with
IPF and 8 (53%) with COPD had a sputum differential
eosinophil cell count greater than 1.9% (upper limit of nor-
mal range in our laboratory) [13]. Both differential and
absolute eosinophil counts were significantly raised in
COPD compared to normal subjects (p<0.001 and
p = 0.003 respectively), but there were no other differences
in sputum differential or absolute cell counts between groups
(Table 2).

The median concentration of ECP was significantly
higher in patients with IPF (1.1 mg/ml) than controls
(0.2 mg/ml; 95% confidence interval of difference 0.01 to
1.5; p=10.03; Table 3, Fig. 1). The concentration of sputum
ECP in patients with IPF did not correlate significantly with
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Table 1. Subject characteristics.

Normal IPF COPD

Number 17 15 15
Male (%) 13 (76) 10 (67) 11 (73)
Age (years) 67 (5) 68 (9) 71(5)
Smoking status (%)

Never 29 27 0

Former 71 73 80

Current 0 0 20
Symptom VAS score (mm)

Breathlessness 0 59 (24) 50 (31)
Cough 0 40 (29) 40 (32)
FEV, % predicted 105 (13) 82 (15)* 43 (12)*
FVC % predicted 105 (12) 84 (15) * 62 (17) *
FEV,/FVC (%) 78 (4) 80 (7) 51 (8)*

Mean (SD); IPF: idiopathic pulmonary fibrosis; COPD: chronic ob-
structive pulmonary disease (GOLD stages 2—4); Symptom VAS: visu-
al analogue score (0—100 mm-worst symptom); FEV: Forced expirato-
ry volume in 1 s; FVC: Forced vital capacity; *p < 0.001 vs normals by
unpaired t-test.

Table 2. Sputum differential cells counts.

Normal IPF COPD
TCC 1.3(0.2) 2.4(0.6) 2.0 (0.6)
Squamous cells (%) 10 (3) 7(3) 6(2)
Viability (%) 74 (5) 68 (7) 70 (6)
Differential cell counts (%)
Neutrophils (%) 68.7(42) 769(2.4) 754(6.1)
Eosinophils* (%) 0.3(0.1) 2.1(0.2)*  2.3(0.1)*
Lymphocytes (%) 1.0 (0.2) 0.5(0.2) 0.6 (0.1)
Macrophages (%) 27.8(4.1) 159(23) 17.7(5.8)
Epithelial cells (%) 2.2(0.5) 2.5(0.8) 2.5(1.1)
Absolute cell counts (10%/g)
Neutrophils 899 (196) 1996 (559) 1741 (571)
Eosinophils® 1.1 (0.3) 23(0.3) 20 (0.3)
Lymphocytes 12 (3) 6(2) 16 (6)
Macrophages 302 (64) 280 (63) 250 (101)
Epithelial cells 30 (9) 51(23) 27 (9)

Data expressed as mean (SEM) except where indicated; # Geometric
mean (log SEM); TCC: Total cell count X 10%ml; Absolute cell counts
(10%) per gram of sputum; *p < 0.001 vs normals by unpaired t-test.

Table 3. Sputum mediator concentrations.

Normal IPF COPD
LTB, (ng/ml) 6.3 (9.5) 3.4 (3.3)* 1.5 (0.8)**
Histamine (ng/ml) 2.0(142) 8.0(9.3) 243 (94)**
IL-8 (ng/ml) 11.3(154) 19.9(46.7) 58.4 (103)**
PGE, (ng/ml) 1.5 (L.5) 1.2 (1.5) 1.7 (1.6)
Cyst-Leukotrienes (ng/ml) 1.5 (4.3) 1.9 (3.1) 1.7.(3.3)
ECP (mg/ml) 0.2 (0.3) L1(L7)*  0.4(1.8)

Median (interquartile range); ECP: eosinophilic cationic protein; PG:
Prostaglandin; IL: Interleukin; *p <0.05; **p <0.01 versus normal
subjects by Mann-Whitney-U test.
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Fig. 1. Horizontal lines represent median concentrations (ng/ml) of
Histamine, Leukotriene B, (LTB,), prostaglandin E, (PGE,), cysteinyl-
Leukotrienes (cys-Leukotrienes), interleukin-8 (IL-8) and eosinophilic
cationic protein (ECP; mg/ml). Subjects with idiopathic pulmonary
fibrosis (IPF); chronic obstructive pulmonary disease (COPD).
*p <0.05; **p < 0.01 versus normals by Mann-Whitney-U test.
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sputum eosinophil count (absolute or differential), cough
visual analogue score or forced vital capacity. There were
significant differences in LTB, concentrations between the
3 groups (p = 0.008, Table 3, Fig.1). The median LTB, con-
centration was significantly lower in patients with IPF (3.4
ng/ml) and COPD (1.5 ng/ml) than normals (6.3 ng/ml; IPF
vs normals: 95 % confidence interval of difference 0.5 to 6.4
ng/ml; p = 0.03; COPD vs normals: 95% confidence inter-
val of difference 1.7 to 7.9 ng/ml; p = 0.008; Table 3, Fig. 1).
There were significant differences in histamine and IL-8
concentrations between the 3 groups (p =0.03 and p = 0.02
respectively). The median histamine and IL-8 concentrations
were significantly higher in patients with COPD (24.3 and
58.4 ng/ml respectively) than normals (histamine: 2.0 ng/ml;
95% confidence interval of difference 1.4 to 78.1 ng/ml;
p=0.006; IL-8; 11.3 ng/ml; 95% confidence interval of
difference 4.5 to 90.2 ng/ml; p = 0.02). There were no other
differences in mediator concentrations between groups
(Table 3, Fig. 1).

Discussion

This study has addressed in detail the inflammatory cell and
mediator profile in induced sputum from patients with idio-
pathic pulmonary fibrosis. We have demonstrated for the
first time that patients with IPF have a sputum eosinophilia
and raised sputum eosinophilic cationic protein concentra-
tion compared to normal controls and similar to that seen in
patients with chronic obstructive pulmonary disease. Our
findings are consistent with the hypothesis that IPF is asso-
ciated with active airway inflammation.

We chose to measure airway inflammation and estimate
airway mediator production using induced sputum since this
is a non-invasive, simple [15], safe [16], and responsive
method [17], and previous studies have shown that sputum
eosinophil counts and mediator concentrations can be mea-
sured repeatably [14, 15]. We have measured a wide spec-
trum of mediators with the potential to activate the cough
reflex by a variety of mechanisms. Whilst it is unclear if spu-
tum eosinophils originate from the bronchi or alveoli,
induced sputum is thought to examine an airway compart-
ment distinct from that sampled with nasal biopsies,
bronchial wash, bronchoalveolar lavage and bronchial and
transbronchial biopsies [18]. The inflammatory cell profile
of our sputum samples was typical of that found in induced
sputum, and distinct from that found in BAL [19] suggesting
that the sputum eosinophils originated from the airways. Fur-
ther studies should include bronchial and transbronchial
biopsies to determine the site of eosinophilic inflammation in
patients with IPF.

Our findings contrast to previous studies using induced
sputum to investigate airway changes in IPF [20—23]. Beeh
et al found no significant difference in sputum eosinophil
differential cell counts in patients with IPF compared to
healthy controls [21]. However, most patients with IPF in that
study were immunosuppressed with oral corticosteroids, aza-
thioprine or cyclophosphamide. Hope-Gill et al found a non-
significant increase in sputum eosinophil counts in patients
with IPF compared to controls and a significant increase in
sputum neutrophil counts [23]. However, they did not use age
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and smoking history matched controls [23]. This is important
since we have previously shown that neutrophils numbers in
sputum increase with age [24]. A BAL neutrophilia [25] and
eosinophilia [26] has been reported in IPF, which is associat-
ed with a poor response to treatment and a greater decline of
lung function [27] but these studies did not measure sputum
cell counts.

IPF is a disease of unknown cause, which predominately
affects the lung parenchyma resulting in interstitial fibrosis.
A common and disabling symptom in IPF is cough. Cough
receptors are most concentrated in the upper airways [5],
which suggests that cough may originate in the bronchi. In
support of this, it has been demonstrated that patients with
IPF have heightened cough sensitivity to inhaled capsaicin,
and that this is not simply a result of reduced lung volume
[4]. A potential explanation for this observation is the pres-
ence of airway inflammation, but there has never been a
detailed immunohistological study of the airways of patients
with this disease. Since IPF may result from the lung
response to inhaled agents [28] and is associated with smok-
ing [29], it is plausible that it could also affect the airways.
We found a significant sputum eosinophilia in patients with
IPF compared to controls and 60 % of patients had a sputum
differential eosinophil count above the normal range [13].
Eosinophilic cationic protein was significantly raised in the
sputum of patients with IPF compared to controls suggesting
that this inflammation is active. The sputum eosinophila in
patients with IPF was comparable to that found in patients
with COPD, a condition in which the presence of airway
inflammation is well established. No patient with IPF had
HRCT or physiological features of emphysema or COPD so
it is unlikely that the sputum eosinophilia seen in patients IPF
was due to the presence of concomitant COPD. Our data
therefore provides evidence of eosinophilic airway inflam-
mation in patients with IPF and raises the possibility that
cough may result from airway inflammation as seen in
patients with a chronic cough due to an eosinophilic bron-
chitis [7].

In this study, we did not find a correlation between dif-
ferential or absolute sputum eosinophil count and cough
visual analogue score. This might simply be because sputum
eosinophils and their products may be markers of airway
inflammation but not directly involved in the cough response.
However, there is also a poor relationship between other mea-
sures of cough such as cough reflex sensitivity and cough
symptoms [30], suggesting that this may result in part from
the subjective nature of self-reported symptoms. The assess-
ment of cough is hampered by a striking paucity of well-val-
idated outcome measures, in particular ambulatory cough
recorders [31]. Future studies need to incorporate objectives
measures of cough such as cough recorders when they are
available.

COPD and IPF have some common risk factors (occupa-
tional dust exposure and smoking) [29, 32]. Our findings
suggest that these conditions are associated with similar air-
way inflammation. We did not confirm earlier reports that
COPD is associated with sputum neutrophilia [33, 34],
although previous studies in COPD have not used an age-
matched control group. This together with the fact that our
patients were stable and free from recent exacerbations like-
ly explains why we could not detect a difference in sputum
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neutrophilia between COPD and normal subjects in this
study. In this study we also measured histamine concentra-
tions and report for the first time that they are clearly elevat-
ed in patients with COPD compared to normal subjects, sug-
gesting on-going mast cell or possibly basophil activation in
this disease [35]. Previous studies have found elevated spu-
tum LTB, concentrations during COPD exacerbations [36]
but we found lower concentrations of sputum LTB, in stable
COPD. The explanation for this is not clear. Lastly, although
neutrophil cell counts were not elevated in patients with IPF
or COPD in this study, we did not measure neutrophil activa-
tion markers in sputum supernatants which needs to be con-
sidered in future studies.

In summary we have found that patients with IPF have a
sputum eosinophilia. Our findings raise the possibility that
eosinophils may contribute to the sensitisation of the cough
sensory pathway in IPF airways through the release of toxic
mediators including ECP. Since cough responds to treatment
with steroids in some patients with IPF, it will be of great
interest to assess whether response to steroids correlates with
sputum eosinophil counts as has been shown in COPD.
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