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R E S E A R C H  L E T T E R

Non-asthmatic eosinophilic bronchitis is characterized by 
proximal airway eosinophilic inflammation as compared with 
classic asthma and cough variant asthma

To the Editor,
Non-asthmatic eosinophilic bronchitis (NAEB) is a common cause 

of chronic cough.1 NAEB involves eosinophilic airway inflammation, 
which manifests as sputum eosinophilia similar to that in cough vari-
ant asthma (CVA), in which cough presents as the sole manifestation, 
or in classic asthma (CA) which is characterized by wheezing, dys-
pnoea and cough.1 However, NAEB lacks the airway hyperrespon-
siveness associated with asthma. The mechanism underlying these 
different clinical features remains unclear. A few studies have inves-
tigated pathological changes in the airways of patients with NAEB.2 
A higher degree of mast cell infiltration was showed in the airway 
smooth muscle of asthmatic patients than that of NAEB,3 indicating 
that the site and degree of inflammatory cell infiltration may differ 
between NAEB and asthma. However, biopsies in previous studies 
were taken at a single site within the airway, and this may have pre-
vented a full view of the differences in both the proximal airway and 
the periphery airway. Whether the degree of inflammation at differ-
ent sites within the airway was different between NAEB and asthma 
remains unknown.

In this study, 24 patients with NAEB, 20 patients with CVA, 20 
patients with CA and 8 healthy control (HC) subjects were recruited 
from the First Affiliated Hospital of Guangzhou Medical University. 
NAEB was preliminarily diagnosed when patients have chronic cough 
(lasting ≥8  weeks) as the sole symptom, sputum eosinophil count 
≥2.5%, without airflow obstruction and airway hyperresponsive-
ness. CVA was initially diagnosed if patients present chronic cough 
as the sole symptom and evidence of airway hyperresponsiveness. A 
diagnosis of CA was made based on variable respiratory symptoms 
such as wheeze, shortness of breath, chest tightness and/or cough, 
and evidence of airway hyperresponsiveness. All of subjects were 
non-smokers, and none of them were taking corticosteroids or ex-
periencing a respiratory tract infection within the previous 4 weeks. 
Each subject took two visits. During the first visit, demographic and 
clinical data were recorded. Serum total IgE, skin-prick tests to com-
mon allergens, spirometry, bronchial provocation tests and induced 
sputum tests for differential cell counts were performed. During the 
second visit, fibreoptic bronchoscopy was conducted with broncho-
alveolar lavage fluid (BALF) collected. Bronchial mucosal biopsies of 
the carina of trachea, the left superior and inferior lingular segment 
carinae and the anterior basal segment of the right inferior lobe were 

obtained from each patient. The final diagnosis of patients was con-
firmed if they respond to etiological treatment.

Each group of patients had participants of similar age and gender 
ratio (Table S1). There were no significant differences in the duration 
of disease, serum IgE, the proportion of atopy and the blood eosin-
ophil counts between NAEB, CVA and CA, while subject with CA or 
CVA showed significant declines in FEV1% and MMEF% relative to 
NAEB and HC.

Sputum eosinophil counts of NAEB (13.9%  ±  13.0%), CVA 
(19.9% ± 17.5%) and CA (35.8% ± 20.1%) were significantly higher 
than that of HC (0.4% ± 0.3%, all p <  .05), while the BALF eosin-
ophil counts of NAEB (2.8%  ±  4.5%) were comparable to that of 
HC (0.5%  ±  0.5%) and were significantly lower than that of CVA 
(14.0% ± 20.4%, p < .05) and CA (11.7% ± 9.9%, p < .05).

The density of submucosal infiltrating eosinophils, mast cells and 
lymphocytes at the left lingular segment was significantly higher in 
the CA, CVA and NAEB than in the HC (Table 1, Figure S1). The den-
sity of eosinophils and lymphocytes at the inferior lobe submucosa 
of NAEB [0.0 (0.0–18.1) cells/mm2, 145.5 (101.2–261.0) cells/mm2] 
was significantly lower than that in CVA [16.9 (0.0–136.3) cells/mm2, 
280.4 (182.1–320.4) cells/mm2] and CA [24.1 (1.6–78.4) cells/mm2, 
262.2 (147.0–371.9)  cells/mm2]. No significant differences in the 
density of mast cells at the submucosa of carina, lingular segment 
or inferior lobe were found among NAEB, CVA and CA, while mast 
cell infiltration in the smooth muscle layer of the inferior lobe was 
more severe in CA than that in NAEB [51.4 (29.3–71.7) cells/mm2 vs. 
0 (0–21.2) cells/mm2, p < .05]. (Figure 1, Figure S2). Regarding lon-
gitudinal comparison in NAEB, the density of infiltrating mast cells 
and lymphocytes at both the carina and lingular submucosa was sig-
nificantly higher than that at the inferior lobe submucosa (Table 1).

Compared with CA or CVA, NAEB showed thinner basement 
membrane at the lingular segment [(6.5  ±  2.2  μm or 6.0  ±  1.5  μm) 
vs. 4.0 ± 1.3 μm, both p < .05] and at the inferior lobe [(6.7 ± 2.7 μm 
or 6.3 ± 2.0 μm) vs. 3.7 ± 1.3 μm, both p <  .05]. Within the NAEB 
group, the basement membrane thickness at the carina of the trachea 
(5.2 ± 1.7 μm) was significantly larger than that at the lingular segment 
and at the inferior lobe. There were no significant differences in the 
basement membrane thickness or the density of infiltrating eosino-
phils, mast cells or lymphocytes in the three parts of the airway either 
within or between the CA and CVA groups. (Table 1, Figure S3).
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Eosinophil counts in sputum, BALF and submucosa were mod-
est but significantly positively correlated with submucosal mast cell 
counts and basement membrane thickness (Figure S4). A significant 
positive correlation was also found between submucosal mast cell 
counts and basement membrane thickness. Negative correlations 
were observed between spirometry indices (FEV1% predicted, 
MMEF% predicted) and the basement membrane thickness, the eo-
sinophils in sputum, BALF and submucosa.

NAEB was generally diagnosed based on eosinophilia in induced 
sputum which reflected eosinophilia in the central airway. The in-
flammation in peripheral airways and alveolar airspace could well be 
justified by BALF. In our data, the BALF eosinophil counts in NAEB 
were significantly lower than that in CVA and CA, despite similar 
sputum eosinophil counts between NAEB and CVA, suggesting that 
the eosinophilic inflammation in the peripheral airways of NAEB 
seemed milder. In contrast, there was no significant difference in the 
BALF eosinophil counts between the NAEB and asthmatic patients 
in previous reports.2 It is not clear what caused these conflicting re-
sults, which may be related to the different population selected or 
environmental factors. Our previous study found that traffic-related 
air pollution could induce non-allergic eosinophilic inflammation of 
airways.4

Like asthma, NAEB was shown to be co-involved with multiple 
inflammatory cells in the bronchial tissues, including eosinophils, 
mast cells and lymphocytes. It is well known that inflammation af-
fects both proximal and peripheral airways in asthmatics. In this 
study, no significant difference was observed in the inflammatory 
cell infiltration in the airway submucosa between the carina of the 
trachea and the lingual segment in NAEB, while the inflammatory 
cell density was significantly decreased in the right inferior lobe 
submucosa, suggesting that the degree of airway inflammation in 
NAEB gradually decreased from the main bronchus to the periph-
eral airway. Mast cells could cause airway obstruction, bronchial 

mucus production and airway mucosal edema.5 More mast cells 
were observed in the distal airways of asthmatic patients than in 
non-asthmatic controls.6 Mast cells were found at greater density 
within the smooth muscles and mucous glands in the distal airways. 
Our data showed that mast cells in the bundles of airway smooth 
muscles of the right inferior lobes of asthmatics were substantially 
more numerous than that in NAEB. These findings were consistent 
with a previous report from Brightling et al.3 However, no significant 
difference in the density of mast cells was found among NAEB, CVA 
or CA, in either the airway submucosa or the smooth muscle layer 
in the tracheal carina and the lingular segment. Significant positive 
correlations between airway mast cells and airway eosinophils were 
found in our data, which conformed to the concept of “allergic ef-
fector” unit formed by mast cells and eosinophils.7 The bidirectional 
interactions between mast cells and eosinophils play an important 
role in the pathogenesis of asthma. We found that the density of 
mast cells and eosinophils in the airway submucosa and the smooth 
muscle layer in the inferior lobe to be lowest in NAEB among these 

Key Messages

1.	Non-asthmatic eosinophilic bronchitis and asthma have 
similar degree of eosinophilic inflammation in proximal 
airway.

2.	Inflammation gradually decreased from the main bron-
chus to the peripheral airway in non-asthmatic eosino-
philic bronchitis.

3.	The milder peripheral airway eosinophilic inflammation 
and airway remodelling were showed in non-asthmatic 
eosinophilic bronchitis.

TA B L E  1  Inflammatory cells in submucosa of carina, lingular segment and inferior lobe

HC NAEB CVA CA

Eosinophil

Carina NA 15.2 (1.8–44.1)a 65.5 (0.0–277.0)b 27.7 (8.9–80.0)a,b

Lingular segment 0.0 (0.0–1.9)a 16.0 (3.3–55.3)b 28.2 (4.0–80.9)b,c 80.3 (3.3–148.0)c

Inferior lobe NA 0.0 (0.0–18.1)a 16.9 (0.0–136.3)b 24.1 (1.6–78.4)b

Mast Cell

Carina NA 45.0 (36.8–54.7)a* 38.5 (22.1–55.5)a 31.8 (21.6–43.4)a

Lingular segment 6.2 (4.1–9.2)a 43.5 (22.2–50.5)b* 32.4 (12.7–63.3)b 52.7 (33.9–70.5)b

Inferior lobe NA 24.0 (13.3–41.3)a 35.3 (20.2–70.9)a 38.4 (22.1–58.0)a

Lymphocyte

Carina NA 285.4 (148.4–519.8)a* 256.8 (193.7–452.2)a 216.0 (172.5–317.0)a

Lingular segment 97.1 (75.7–143.7)a 269.8 (169.2–615.3)b* 288.3 (185.0–520.6)b 232.6 (163.8–374.0)b

Inferior lobe NA 145.5 (101.2–261.0)a 280.4 (182.1–320.4)b 262.2 (147.0–371.9)b

Note: Data are presented as median (interquartile range) cells/mm2. NA, not available; each alphabet denotes a subset of different disease categories 
whose column data do not differ significantly from each other at the .05 level.
*Compared with the anterior basal segment of right inferior lobe in the same disease categories, p < .05.
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diseases. Milder peripheral airway inflammation may account for the 
absence of bronchial hyperresponsive in NAEB.

NAEB showed a lower level of fibrin and basement membrane 
thickness at the lingular segment and at the inferior lobe than 
asthma. In addition, the basement membrane thickness was sig-
nificantly correlated with the level of eosinophil counts in sputum, 
BALF and the bronchial submucosa, indicating that the thickness of 
basement membrane was likely to be related to eosinophilic inflam-
mation. Airway remodelling in asthmatics is associated with airway 
eosinophilia.8 Activated eosinophils disrupt airway epithelium by 
synthesizing and releasing toxic proteins such as major basic pro-
teins, eosinophil cationic proteins and neurotoxin. Activated eosin-
ophils could also secrete TGF-β1 and PDGF to promote fibroblast 
migration, proliferation and phenotypic differentiation, which play 
an important role in the process of tissue remodelling after injury.8 
Imbalance between damage and repair, especially excess repair, 
could lead to remodelling of the airway structure, which is a risk fac-
tor of bronchial hyperresponsiveness.9

It is difficult to collect specimens from small airways through 
fibreoptic bronchoscopy. In the strictest sense, the three sampling 
sites of our data were all from the proximal airway rather than the 
peripheral airway. However, the trend of inflammation in the proxi-
mal and peripheral airways could be extrapolated from gradual and 
in-depth local changes. In addition, the different inflammatory cell 
patterns in BALF and sputum also indicated the differences between 
peripheral airway and proximal airway inflammation to some extent.

In conclusion, NAEB showed a degree of inflammation of the 
proximal airway similar to that of CVA and CA, while the degree of 
inflammatory cell infiltration and basement membrane thickness 
in the peripheral airway of NAEB gradually decreased. The milder 
degree of eosinophilic inflammation and the less marked airway 

remodelling of the peripheral airway may account for the absence of 
bronchial hyperresponsiveness of NAEB.

KE Y WORDS
airway inflammation, asthma, cough variant asthma, non-asthmatic 
eosinophilic bronchitis, peripheral airway
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F I G U R E  1  Mast cell counts (cells/mm2) 
in smooth muscle layer of biopsies taken 
from different sites of airway. Values are 
median (interquartile range). *refers to 
p < .05. CA, classic asthma; CVA, cough 
variant asthma; HC, healthy controls; 
NAEB, non-asthmatic eosinophilic 
bronchitis
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Figure  S1 Pathological  pictures  of  airway  mucosa  from  the  left  superior  and  inferior  lingular

segment carinae in four groups (A-D). Hematoxylin eosin stain (200X). A: classic asthma, B: cough

variant  asthma,  C:  non-asthmatic  eosinophilic  bronchitis,  D:  healthy  control.  Eosinophils  (black

arrows).
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Figure S2. Mast cell in smooth muscle layer of biopsies taken from the anterior basal segment of the

right inferior lobe (A-C). AA1(400X). A: classic asthma, B: cough variant asthma, C: non-asthmatic

eosinophilic bronchitis. Mast cells (black arrows).

2

B

C

A



Figure S3. Basement membrane thickness (μm) measured in biopsies taken at the 3 different airway

sites.  Values  are  means  ±  (standard  deviation);  *  refers  to  P <0.05.  NAEB:  non-asthmatic

eosinophilic bronchitis; CVA: cough variant asthma; CA: classic asthma; HC: healthy controls.
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Figure  S4.  Correlation  among  clinical  data,  indices  of  inflammatory  infiltration  and  mucosal

remolding in all subjects. The color depth represents correlation coefficient. The deeper color means

the  higher  correlation  coefficient;  red  color  means  positive  correlation  while  blue  color  means

negative correlation. * refers to P<0.05. B-Lym: BALF lymphocyte; S-Eos: sputum eosinophil; B-

Eos:  BALF eosinophil;  TMC-B: submucosal  infiltrating mast  cell  at  lingular  segment;  MMC-B:

smooth muscle layer infiltrating mast cell at lingular segment. TMC-C: submucosal infiltrating mast

cell  at  right inferior lobe; BM-A: basement  membrane at  carina; BM-B: basement membrane at

lingular segment; BM-C: basement membrane at right inferior lobe; MMC-C: smooth muscle layer

infiltrating mast  cell  at  right  inferior  lobe;  TLym-C: submucosal  infiltrating lymphocyte at  right

4



inferior lobe; TEos-C: submucosal infiltrating eosinophil at right inferior lobe; TEos-A: submucosal

infiltrating  eosinophil  at  carina;  TEos-B:  submucosal  infiltrating  eosinophil  at  lingular  segment;

MMC-A:  smooth  muscle  layer  infiltrating  mast  cell  at  carina;  TLym-A:  submucosal  infiltrating

lymphocyte at carina; TLym-B: submucosal infiltrating lymphocyte at lingular segment; FEV1%:

Forced expiratory volume in one second, % predicted; MMEF%: maximal mid-expiratory flow, %

predicted; S-Lym: sputum lymphocyte; TMC-A: submucosal infiltrating mast cell at carina.
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Table S1. Demographic and clinical data

HC NAEB CVA CA P value
Number of subjects 8 24 20 20
Age (year) 41.6±10.2 34.0±9.9 41.2±10.5 37.9±11.2 0.152
Male 3 (60.0%) 17 (70.8%) 7 (35%) 11 (55.0%) 0.091
Duration (months) N/A 54.0 (27.0- 120.0) a 9.5 (4.0- 33.8) b 15.0 (8.3- 51.0) b 0.01
Atopy 0 (0) a 16 (66.7%) b 9 (45.0%) b 17 (85.0%) b <0.001
Serum total IgE 

(KU/L)

32.0 (23.5- 44.9)

a
96.5 (32.5- 190.5) b

49.4 (34.1- 181.6)

a,b

129.5 (109.6-

180.8) b
0.002

Blood eosinophils 

(×109/L)

0.18 (0.14- 0.22)

a
0.20 (0.12- 0.39) a,b 0.20 (0.11- 0.33) a,b 0.32 (0.29- 0.50) b 0.015

FEV1 predicted, % 101.8±3.3 a 100.6±10.3 a 94.2±9.0 b 85.6±5.5 b <0.001
FEV1/FVC (%) 83.5±2.7 a 82.6±5.7 a 75.9±7.4 b 80.8±7.7 a,b 0.005
MMEF predicted, % 80.3±10.1 a 75.4±18.3 a 62.4±15.7 b 41.2±14.7 b 0.006
CA, classic asthma; CVA, cough-variant asthma; HC, healthy control; NAEB, nonasthmatic eosinophilic bronchitis. Data were

shown as mean ± standard deviation, frequency (percentage) or median (interquartile range). Each subscript letter denotes a subset

of different disease categories whose column data do not differ significantly from each other at the 0.05 level.
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