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Occupational nonasthmatic eosinophilic bronchitis:
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SUMMARY

Background: Nonasthmatic eosinophilic bronchitis (NAEB) is an important cause of chronic cough, since it is pre-
sent in 10-15% of patients referred for specialist investigation. The syndrome 1s considered a variant of occupation-
al asthma when it develops as a consequence of occupational exposure, hence it should be considered in the spectrum
of work-related airway diseases. Objectives and Methods: The aim of this paper was to update and expand the
previous reviews on the clinical and pathophysiological features of NAEB and analyze available data on the occu-
pational causes of the disease. Literature on the topic between the years 1990 and 2010 was reviewed with a Med
Line search. Results: The disease is probably underdiagnosed and an occupational origin was demonstrated only in
isolated cases, probably due to the rarity of the disease and the lack of systematic evaluation of bronchial inflamma-
tion. Conclusions: In view of the current knowledge on this condition and the development of techniques to evalu-
ate bronchial inflammation, occupational NAEB cannot be neglected any more and has been rightly included in the
spectrum of occupational respiratory disorders.

RIASSUNTO

«LLa bronchite eosinofila non asmatica professionale: lo stato dell'arte». Introduzione: La bronchite eosinofila ¢
una importante causa di tosse cronica, e viene considerata una variante dell’asma professionale quando si sviluppa a
seguito di esposizione lavorativa, e deve pertanto essere considerata nello spettro delle patologie respiratorie correlate
al lavoro. Sono sempre maggiori le evidenze del ruolo dei fattori occupazionali nello sviluppo della tosse cronica.
Tuttavia, il loro reale contributo nella genesi di questa condizione non & mai stato indagato in maniera sistematica,
e sono stati riportati solo una serie di casi isolati. Scopo del lavoro: Scopo di questo lavoro é un aggiornamento sulle
caratteristiche cliniche e fisiopatologiche della bronchite eosinofila, ed una analisi dei dati attualmente presenti in let-
teratura sugli aspetti professionali della patologia. Risultati: La bronchite eosinofila é una condizione probabilmente
sottodiagnosticata e la sua relazione con lattivita lavorativa é stata dimostrata solo in casi isolati, probabilmente
per la rarita della patologia e la mancata sistematica valutazione dell’infiammazione bronchiale. Conclusioni: Le
attuali conoscenze sulla bronchite eosinofila e lo sviluppo e la diffusione di tecniche per la valutazione della infiam-
mazione bronchiale, impongono che questa condizione non venga piit trascurata nella valutazione clinica quotidia-
na, anche in considerazione del fatto che ¢ stata di diritto inclusa tra le patologie respiratorie professionali.
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INTRODUCTION

In 1989 Gibson et al. (17) described a group of 7
non-smoker subjects with corticosteroid-responsive
chronic cough producing sputum, all of whom had
normal lung function tests and methacholine air-
way responsiveness. These subjects showed
eosinophilic inflammation in the induced sputum,
hence the term eosinophilic bronchitis without asth-
ma (17) or nonasthmatic eosinophilic bronchitis
(NAEB) (11).

This condition was subsequently recognised as
an important cause of chronic cough, since it is
present in 10-15% of patients referred for specialist
investigation (4, 10). Over the last 20 years there
has been a growing interest in assessing airway in-
flammation in patients with chronic cough, en-
couraged by the development of easy-to-perform,
non invasive methods to assess airway inflamma-
tion (25, 31, 34). One of the most interesting ob-
servations was that airway inflammation with
eosinophils occurs not only in asthma but also in
patients with isolated chronic cough without the
abnormalities of airway function that characterize
asthma. NAEB is defined as chronic cough in pa-
tients with no symptoms or objective evidence of
variable airflow obstruction, normal airway respon-
siveness and sputum eosinophilia. NAEB is con-
sidered a variant syndrome of occupational asthma
(OA) when it develops as a consequence of occu-
pational exposure (3, 43), hence it should be con-
sidered in the spectrum of work-related airway dis-
eases (42).

The aim of this paper was to update and expand
the previous reviews on the clinical and pathophys-
iological features of NAEB and analyse available
data on the occupational causes of the disease. Lit-
erature on the topic between the years 1990 and
2010 was reviewed via a Med Line search. Data on
occupational NAEB come mostly from a number
of case reports and only one cross-sectional study
has been reported to date, hence most of the data
on epidemiology, pathogenesis, management and
therapy were derived from papers on non-occupa-
tional NAEB. A brief analysis of all the case re-
ports on occupational NAEB is provided.

EPIDEMIOLOGY

There is increasing evidence of the involvement
of occupational substances in the development of
chronic cough (20). Studies in chronic cough pa-
tients (1, 10, 13) reporting the assessment of air-
way inflammation have shown that NAEB ac-
counts for 10 to 30% of cases referred for specialist
investigation. However, the burden of occupational
factors in this specific condition has not been
specifically investigated, and only a number of case
reports have been published.

PATHOGENESIS

In patients with NAEB, there is a clear dissocia-
tion between sputum eosinophilia and airway hy-
perresponsiveness. The physiopathology of NAEB
and the reason for the absence of airway hyperre-
sponsiveness in this disease remains unclear.

NAEB and asthma share many immunopatho-
logical features, including a similar content of spu-
tum (9,12) and biopsy eosinophilia, and a similar
degree of basement membrane thickening (8, 12).

The two conditions are both associated with in-
creased sputum concentrations of important effec-
tor mediators such as cysteinyl-leukotrienes and
eosinophilic cationic protein (12).

Conversely, an increased mast cell number in
airway smooth muscle in asthma but not in NAEB
was shown by Brightling et al. (8). The number of
airway smooth muscle mast cells was inversely cor-
related with airway hyperresponsiveness (8, 39).
Gibson et al. found a significantly higher number
of mast cells in bronchial brushings in subjects
with NAEB than in those with asthma (19). In
support of this, Brightling et al. (12) found that the
sputum concentrations of mast cell-derived auta-
coid mediators histamine and prostaglandin D,
(PGD.) were increased only in NAEB, suggesting
that mast cells activation in superficial airway
structures is a peculiar feature of this condition and
suggests the possibility that localisation of activat-
ed mast cells might differ in asthma and NAEB.

Sastre and co-workers (36) observed an inverse
relationship between prostaglandin E, (PGE,) and
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leukotriene C,; (LT'C,) concentrations in patients
with asthma and NAEB. Whereas LTC, levels
were more elevated in the asthmatic group, NAEB
patients had increased PGE, levels, suggesting that
the difference in airway function observed in sub-
jects with NAEB and asthma could be due to the
different ratio in the production of bronchocon-
strictor (LT'C,) and bronchoprotective (PGE,) lipid
mediators.

Interleukin-13 (IL-13) expression is increased in
bronchial submucosa, sputum, and peripheral
blood T-cells (5, 30, 35, 37) of subjects with asth-
ma compared to those with NAEB.

In summary, with the exception of the above re-
ported remarks, the immunopathology of NAEB
and asthma is very similar. This observation sug-
gests that these features of airway inflammation,
together with structural changes in the airway
wall, are regulated independently of airway hyper-
responsiveness (9). Thus, the key factors determin-
ing the different functional association of airway
inflammation in NAEB and asthma might be the
microlocalisation of mast cells into the airway
smooth muscle bundle, increased IL-13 expres-
sion, airway narrowing resulting in airway hyper-
responsiveness and variable airflow obstruction,
and an epithelial infiltration producing bronchitis
and cough.

Table 1 - Agents causing non-asthmatic eosinophilic bronchitis

NAEB AND OCCUPATIONAL EXPOSURE

Cases of NAEB have been reported in relation
to exposure to both HMW- (High Molecular

Weight) and LMW- (Low Molecular Weight) oc-
cupational allergens or sensitizers (table 1).

CASE REPORTS
HMW-agents
Natural rubber latex

A 31-year-old nurse, exposed to latex gloves for
15 years (33), 5 years after starting to use the
gloves presented with contact urticaria, rhinocon-
junctivitis and subsequently non-productive chron-
ic cough without wheezing or dyspnoea. Specific
inhalation challenge (SIC) with powdered NRL
gloves showed no changes in FEV,, but a pro-
nounced eosinophilia (90%) in the sputum was ob-
served 24 h after the latex challenge.

Lysozyme

Quirce diagnosed NAEB caused by lysozyme
(32) in a 54-year-old man who had been working

Causative agent Occupation Author and Reference
High-molecular-weight agents

Latex Nurse Quirce et al. (32)
Hypsizigus marmoreus Mushroom workers Tanaka et al. (41)
Lysozyme Baker Quirce et al. (34)
Flour Baker Di Stefano et al. (16)
Alfa-amylase and wheat flour Baker Barranco et al. (2)
Storage mites Baker Pala et al. (29)

Low-molecular-weight agents

Acrylates Weather strips worker
Chloramine Nurse

Formaldehyde Laboratory worker
Stainless steel Welder

Methylene diphenyl isocyanate Foundry worker
Epoxy resin hardener ND

Ammonium persulphate Hairdresser

Lemiere et al. (26)
Krakowiak et al. (24)
Yacoub et al. (44)
Yacoub et al. (44)

Di Stefano et al. (16)
Kobayashi (23)

Pala et al. (28)
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as a baker for 36 years. He suffered from non-pro-
ductive chronic cough with occasional wheezing,
but not dyspnoea, that worsened at work and sub-
sided during holidays. A differential cell count in
IS during a period of sick leave showed no
eosinophils, whereas 8% eosinophils were found af-
ter SIC with lysozyme.

Flour

Di Stefano and co-workers (16) described a 41-
year-old male baker, non-smoker, who had been
exposed to flour for 10 years. In the previous 2
years he had developed a non-productive chronic
cough without wheezing or dyspnoea. The cough
worsened at work and waned during holidays. Spu-
tum eosinophils percentage was 0% while asympto-
matic and increased up to 54% after flour SIC.

Alfa-amylase and wheat flour

Barranco et al. (2) described a 51-year-old non-
smoking woman who had been in charge of a bak-
ery-patisserie for 14 years, with an 8-year history
of persistent chronic cough and tenacious sputum,
but no wheezing or dyspnoea. The patient devel-
oped dry cough during SICs with fungal a-amy-
lase and wheat flour, but neither asthmatic reac-
tions nor changes in methacholine responsiveness
were observed 24 hours after SICs. The differential
sputum cell count increased from less than 2%
eosinophils to 33.3% 24 hours after SIC with a-
amylase, and to 12.4% 24 hours after SIC with
wheat flour. The patient was diagnosed with occu-
pational NAEB due to sensitization to fungal a-
amylase and wheat flour.

Storage mites

Our group described the first case of occupa-
tional NAEB due to storage mites in a 61-year-old
ex-smoker atopical man employed as a baker since
the age of 17, reporting 9 years later dry cough and
throat hoarseness when baking or going into the
flour storehouse. SIC with wheat flour with the oc-
cupational method (pouring the flour from one
dish to another) elicited dry cough without any

significant FEV; variation. Sputum eosinophils in-
creased from 1.8 pre- to 15.2% post-SIC. The of-
fending agent was identified by means of the ba-
sophil activation test (29).

LMW-agents
Acrylates

Lemiere et al. (26) reported a 50-year-old woman
employed for 2 years in an enterprise that produced
weather strips for vehicles. The job required her to
use glue containing cyanoacrylate and methacrylate.
Three months after starting the job she noticed
shortness of breath, chest tightness, wheezing, and
persistent dry cough, as well as nasal symptoms such
as a runny, stuffy nose and sneezing when at work.
SIC with glue showed IS increase in the eosinophil,
metachromatic cell and neutrophil counts.

Chloramine

Krakowiak and co-workers (24) described a 61-
year-old hospital nurse who developed a non-pro-
ductive chronic cough without wheezing or dysp-
noea ten years after starting work. She cleaned in-
struments with a chloramine-containing disinfec-
tant throughout this period. No nasal, eye or skin
symptoms at the workplace were reported. The
eosinophil percentage in IS increased both 6h and
24h after SIC with chloramine (8% and 11% re-
spectively) compared with baseline (1%).

Formaldehyde

Yacoub et al. (44) described a case of NAEB in a
38-year-old woman who worked in a laboratory for
10 years, examining biological samples and attend-
ing autopsies. Nine years after beginning this job
she reported chronic cough with off-white expec-
toration and chest tightness which exacerbated
during the night. On a control day sputum
eosinophilia was assessed at 2.8%. On the follow-
ing tow days, after exposure to evaporated
tormaldehyde for 30 and 120 minutes, IS
eosinophilia increased to 4.2 and 22.3%, respec-
tively, and a severe cough developed.
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Stainless steel

Yacoub and co-workers (44) described the case
of a 48-year-old man, employed for 12 years in an
enterprise that produced metal parts. His job was
to weld aluminium and mild steel and stainless
steel. Nine years after starting the job, cough with
reddish-brown expectoration, pharyngodynia,
wheezing and mild dyspnoea appeared. SICs were
performed in the laboratory and at the workplace.
On two control days, sputum eosinophilia assessed
8 h after exposure was 13.5 and 13.2% respectively.
Four days later, he welded stainless steel for 30
minutes and sputum eosinophilia increased to

50.8% by the end of the day.

Methylene diphenyl isocyanate

Di Stefano et al. (16) described the case of a 44-
year-old man who had worked in a foundry for 8
years exposed to methylene diphenyl isocyanate
(MDI). He had never had respiratory symptoms,
but then developed a non-productive chronic
cough without wheezing or dyspnoea. IS
eosinophils were 0% when not exposed and 60%

after SIC with MDI.

Ammonium persulphate

Our group described the first case of occupa-
tional NAEB due to ammonium persulphate in a
25-year-old woman working as a hairdresser since
the age of 20 years and handling ammonium per-
sulphate, who came under our observation for
work-related rhinitis and cough. SIC with ammo-
nium persulphate (27) elicited dry cough, without
any significant change in FEV,. Sputum induction
was unsuccessful both before and after specific in-
halation challenge. FeNO values significantly in-
creased after specific inhalation challenge, suggest-
ing a diagnosis of occupational NAEB due to am-
monium persulphate (28).

Epoxy resin hardener

A report on NAEB due to epoxy resin hardener
was found in the literature (23) but details are not
available because the original article is in Japanese.

Cross-sectional survey
Mushroom spores

In a cross-sectional health survey conducted on
69 mushroom farm workers who cultivated Hyp-
sizigus marmoreus, Tanaka et al. (41) found that 3
out of 42 subjects complaining of chronic cough at
the workplace had NAEB.

DiaGNoOsIS

The most obvious reason for recognizing a pa-
tient with cough caused by NAEB is that identifi-
cation of the disease and the offending agent may
lead to environmental and personal preventive
measures in order to prevent aggravation of the
disease.

As with other causes of cough, details of the na-
ture and timing of the cough are of limited help in
establishing a diagnosis of NAEB. Therefore, the
latter requires the assessment of lower airway in-
flammation after other causes of cough have been
excluded by clinical, radiological, and physiological
assessment (.e., spirometry and methacholine chal-
lenge test) (6). In addition, the diagnosis of occu-
pational NAEB requires the demonstration of the
link between the disease and workplace exposure
(figure 1).

According to the most recent findings, the diag-
nostic criteria proposed by Quirce (32) can be de-
tailed as follows:

* Clinical history of isolated persistent cough
(lasting more than 3 weeks) present solely at
work or that worsens at work and improving or
disappearing after a consistent period off
work.

* Sputum eosinophilia >3% either in spontaneous
or induced sputum (IS) strictly correlated to
workplace exposure. Increases in sputum
eosinophils related to exposure to the offending
agent should be firstly proved by IS performed
during a period at work and off work, and final-
ly confirmed by SIC. The best timing for the
collection of IS with respect to exposure to oc-
cupational agents is probably 7-24 hours after
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Diagnostic algorithm of non-asthmatic eosinophilic bronchitis (NAEB)

| Clinical history or work-related cough

.

Lung function evaluation

v v
At lab At workplace
'

}

PEF measurement
off-work vs at-work

Basal spirometry
Mch challenge
BD test

. }

No obstruction No significant
No hyperresponsiveness variation

v v

Exclusion of other causes of cough

|

Evaluation of bronchial inflammation off-work vs at-work |

}

Significant eosinophil increase

Documentation of exposure
(Safety data sheets)

Immunologic tests
(when available)

Suspected NAEB
\ | Specific inhalation challenge

No significant variation in lung function
Significant eosinophil increase

'

Confirmed NAEB |

Mch: methacholine; BD: bronchodilator; PEF: peak expiratory flow, SDS: safety data sheets.

Figura 1 - Diagnostic algorithm of non-asthmatic eosinophilic bronchitis (NAEB)

exposure (34). Airway inflammation should
ideally be measured by IS analysis (22,34).
Measurement of fractional exhaled nitric oxide
(FeNO) was proposed as an alternative to IS
tests (15,28), but its role in the diagnosis of
NAEB was not formally evaluated (34).

* Spirometric parameters within normal limits
and not significantly affected by exposure to
the offending agent (either at work or after
SIC). Spirometry, bronchodilator test and seri-
al peak expiratory flow measurement should be
performed as indicated for diagnosis of OA.

* Absence of airway hyper-responsiveness to

MCH challenge both at work and away from

work. Recently, Singapuri et al. (40) demon-
strated that patients with NAEB are not re-
sponsive to either direct or indirect bronchial
challenges. Besides MCH challenge test, man-
nitol and AMP may be used to further confirm
the diagnosis.

* Other causes of chronic cough ruled out.

A diagnosis of occupational NAEB requires that
all the criteria be fulfilled and the offending agent
identified by means of SPTs or sIgE, when avail-
able, and confirmed by SIC. The basophil activa-
tion test has recently been proposed as a new tool
in the diagnosis of occupational NAEB (29), but

its usefulness needs to be further confirmed.



OCCUPATIONAL NONASTHMATIC EOSINOPHILIC BRONCHITIS 23

NATURAL HISTORY

Few studies have examined the natural history of
NAEB because of the lack of large case series,
hence the prognosis of NAEB in terms of subse-
quent asthma, airway remodelling, and the devel-
opment of fixed airflow obstruction is unknown. A
10-year follow-up evaluation of 12 patients with
NAEB suggests that this condition is generally be-
nign and self-limiting (21). Conversely, the results
of another study on a larger series of patients seems
to demonstrate that the condition is rarely self-
limiting (4). Although airway remodelling is a fea-
ture of both asthma and NAEB, the consequent ef-
tect upon airway geometry is distinct, with airway
narrowing observed only in asthma (38). In spite of
this area of uncertainty, continued exposure might
induce chronic inflammation and, consequently,
aggravation of the disease in terms of chronic air-
way obstruction (7). Therefore, a benign prognosis
may be linked to the elimination of the causes that
elicited the disorder.

MANAGEMENT AND TREATMENT

When the onset appears to be related to an in-
haled allergen, occupational exposure or an identi-
fiable trigger, avoidance strategy is initially recom-
mended for the management of NAEB (7, 15).
When the offending agent has been identified,
complete avoidance seems to be effective both for
bronchial inflammation and symptoms (29).

Inhaled corticosteroids (ICS) is the main anti-
inflammatory treatment proposed for NAEB. Pa-
tients improve symptomatically and have a signifi-
cant fall in their sputum eosinophil count follow-
ing treatment with ICS (11, 18).

There are no data currently available to guide
the choice of which ICS should be used for the
treatment of NAEB, at which dose, and for how
long. The efficacy of inhaled corticosteroids re-
mains to be determined in placebo-controlled ran-
domized trials. Very occasionally, treatment with
oral corticosteroids are required to control symp-
toms and eosinophilic inflammation (6). Although
there may be thickened basement membrane and

other changes to suggest airway remodelling (8), it
remains unclear whether treatment for non-asth-
matic eosinophilic bronchitis should be discontin-
ued when symptoms resolve. The role of other po-
tential therapeutic agents such as antihistamines
and antileukotrienes needs to be fully explored (6).

CONCLUSIONS

The development of sputum induction has pro-
vided a safe non-invasive method for assessing air-
way inflammation. One of the most interesting
early observations made using this method was the
identification of a group of patients with sputum
eosinophilia identical or comparable to that seen in
asthma, but with normal airway function. The dis-
ease is probably underdiagnosed and an occupa-
tional origin has been demonstrated only in isolat-
ed cases, probably due to the rarity of the disease
and the lack of systematic evaluation of bronchial
inflammation. The latter could be due to IS analy-
sis technical factors (i.e. time consuming technique
requiring specific facilities available only in special-
ized centres). This restriction may be overcome by
FeNO measurement, an easy to perform method to
evaluate bronchial eosinophilic inflammation. Al-
though at present usefulness of FeNO measure-
ment in NAEB has been demonstrated in only one
report (28), in the near future it could be included
in the medical surveillance programme of workers
exposed to airborne sensitizers. NAEB is an in-
triguing disease because its pathophysiological fea-
tures challenge the conventional view of a direct
relationship between eosinophilic airway inflam-
mation and airway hyperresponsiveness, which is
thought to be one of the hallmarks of asthma, and
defies our knowledge of the true role of eosinophils
in airway disorders. In view of the current knowl-
edge on this condition and the development of
techniques to evaluate bronchial inflammation, oc-
cupational NAEB cannot be neglected any more
and has been rightly included in the spectrum of
occupational respiratory disorders (3, 42, 43).

NO POTENTIAL CONFLICT OF INTEREST RELEVANT TO
THIS ARTICLE WAS REPORTED
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