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Chronic cough is defined as the sole or predominant 
symptom and lasting for more than 8 weeks, with a normal 
chest X-ray (1). The four common causes of chronic cough 
are cough-variant asthma (CVA), non-asthmatic eosinophilic 
bronchitis (NAEB), upper airway cough syndrome (UACS) 
and gastroesophageal reflux disease (GERD) (2).

Eosinophilic airway inflammation, which is observed 
in 30% to 50% of chronic cough patients, is a common 
feature of CVA, NAEB and UACS. The response to 
corticosteroid therapy in these patients is generally very 
good (3). CVA, an airway disorder characterized by type 
2-driven inflammation, is considered the most common 
cause of chronic cough (4). NAEB, another common cause 
of chronic cough, is characterized by airway eosinophilic 
inflammation without airway hyperresponsiveness (5). 
Previous studies F (6,7) have shown that the Th2 pathway 
also plays a role in NAEB.

However, eosinophilic infiltrates in the airways, 
blood eosinophilia and chronic cough may be the main 
characteristics of other conditions, that do not respond 
to corticosteroid therapy. Type 2-driven inflammation 
does not appear to be the main mechanistic pathway 
underlying eosinophilic airway inflammation. Making 
a clear diagnosis,  controll ing eosinophilic airway 
inflammation and managing cough can be difficult. In 
this editorial commentary, we describe (I) the possible 

uncommon causes of chronic cough associated with 
airway eosinophilia, (II) management of these uncommon 
causes of chronic cough and (III) mechanistic insights 
linking eosinophilic airway inflammation and cough. 
These uncommon conditions include (i) hypereosinophilic 
syndrome (HES), (ii) IgG4-related disease (IgG4-RD), (iii) 
Occupational eosinophilic bronchitis.

HES

HES is defined as unexplained sustained peripheral blood 
eosinophilia (>1,500 cells/mL for longer than 6 months) 
with evidence of organ damage due to eosinophilic 
infiltration but not other causes (8). HES can be categorized 
as primary (neoplastic) HES, secondary (reactive) HES, 
and other variants of HES (e.g., familial) (8). HE-related 
organ damage can occur in the upper and lower airways, 
lung and other organs (8,9). We reviewed the literature and 
found reports of eight cohorts of HES patients consisting of  
411 cases (10). Lung involvement ranged from 25% to 67% 
(37.77%), with the incidence of cough ranging from 10% to 
41% (23.11%). HES may be a rare and long-ignored cause 
of chronic cough. Most studies on blood eosinophilia and 
chronic cough have focused on primary HES.

Chronic cough associated with HES has been associated 
particularly with presence of the FIP1L1-PDGFRA fusion 
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gene (11). Recently, we reported (10) 2 patients with 
HES, eosinophilic airway inflammation, bronchial 
hyperreactivity and chronic cough, among which one 
was PDGFRA+, but the second patient was PDGFRA− 
HES with features suggestive of myeloproliferative 
neoplasm (MHES) (12,13) .  Both cases  had been 
previously misdiagnosed as CVA and failed to respond to 
anti-asthma treatment, including corticosteroid therapy. 
The patients’  severe prolonged cough and hyper-
eosinophils levels were successfully cured with imatinib. 
We had reviewed the literature and summarized nine 
cases of PDGFRA+ HES with chronic cough as the 
main or sole manifestation (10). The cause of cough 
in HES and FIP1L1-PDGFRA fusion gene or MHES 
patients may be associated with thickening of the 
basement membrane, goblet cell hyperplasia, airway 
eosinophilic inflammation or active mast cells (14,15). 
No allergic or nonallergic pathways seem to contribute 
to its pathogenesis. A molecular defect in the eosinophil 
lineage itself drives abnormal eosinophil expansion and 
activation (16). Then, the eosinophils migrate to the 
airway. It is unknown why only a minority of PDGFRA+ 
HES or MHES patients show involvement of the 
airway. The mechanisms underlying eosinophilic airway 
inflammation and bronchial hyperreactivity warrant 
further investigation. Therefore, we suggest a screen 
for the FIP1L1-PDGFRA fusion gene, particularly when 
only cough or other nonspecific symptoms are present 
in subjects with blood eosinophilia. For the patients with 
severe eosinophilia who are negative for the FIP1L1-
PDGFRA fusion gene, a possible diagnosis of MHES 
should be considered when patients have splenomegaly, 
e levated serum B12,  and/or Tryptase levels ,  and 
resistance to corticosteroid therapy.

IgG4-RD

Recently, we treated a patient with HES, eosinophilic 
airway inflammation and chronic cough, that was associated 
with high IgG4 levels. We report this case and reviewed 
all published cases in the literature in order to learn more 
about the features of IgG4-RD-associated cough and to 
determine how different from PDGFRA+ HES associated 
cough. Written informed consent was obtained from the 
patient for publication of this case report.

The patient was a 65-year-old male non-smoker who 
complained of sneezing, itchiness and a blocked or runny 
nose in March 2019. The symptoms usually started soon 

after exposure to cold air and improved after he took 
loratadine. He had no allergies, history of atopy or family 
asthma/atopy history. He then began to have nocturnal 
dry cough and was admitted to the respiratory ward 
of a local tertiary hospital last July with a complaint of 
chronic cough for 2 months. No dry rales were heard. His 
fractional exhaled nitric oxide (FeNO) level was 275 ppb, 
Total IgE was 495 IU/mL, and the patient was positive 
for dust mite IgE. Blood eosinophils were 4,480/µL and 
43.4%. Lung fields were normal on chest radiograph. 
Nasal topical corticosteroids, inhaled corticosteroids 
(ICS), long-acting beta2-agonists, antihistamines and  
8 mg of oral methylprednisolone significantly improved 
his symptoms. He was diagnosed with allergic rhinitis 
and CVA and discharged on 12 July 2019. Ten days after 
discontinuation of oral corticosteroid, his nocturnal 
dry cough recurred. Moreover, he began to exhibit 
dyspnoea, wheezing, fatigue, bitter taste, decreased 
appetite, moderate but poorly localized abdominal pain 
and distension. Painless purpura was noticed in the lower 
limbs. He was admitted again and followed up in that 
hospital. During the follow-up, he presented progressing 
blood eosinophilia of 2,100–3,600–5,400 eosinophils/µL,  
serum creatinine of 78–105–139 μmol/L, and direct 
bilirubin of 17.2–28–37.5 µmol/L; IgG of 22–38 g/L;  
and decreasing haemoglobin of 117–104–99 g/L. Anti-
nuclear antibodies and rheumatoid factors were positive. 
After one week of prednisone (40 mg daily) treatment, 
he was transferred to our hospital. Parasite infection, 
multiple myeloma, PDGFRA+ HES, MHES, lymphoma 
and other malignancies were excluded by PET-CT, bone 
marrow examination and other investigations. The patient’s 
FeNO was 219 ppb, and the sputum eosinophil percentage 
was 39%. The FEV1% was 117%, and the bronchial 
challenge test (Mch PD20 of 0.311 mg) was positive. The 
IgG4 level was very high at a level of 27.1 g/L (normal 
range, 0.08 to 1.4 g/L). In kidney biopsy, plasma cells, 
eosinophils and lymphocytes inflammatory infiltrates 
were prominent. Immunohistochemical studies showed 
mixed mononuclear inflammatory cells,  with 15% 
staining positive for IgG4. No small vessels or artery 
vasculitis was observed. This patient’s clinical features 
(elderly; male; symptoms of chronic cough, abdominal 
pain and fatigue) and the results of investigation 
(enlarged submandibular glands, progressive elevated 
IgG and bilirubin, high IgG4, kidney biopsy) were 
consistent with IgG4-RD, although some features 
were atypical. A high dose of ICS was given. He was 
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referred to a hospital in Macau, China, to receive anti-
IL-5-Rα treatment with benralizumab. He recovered 
very quickly from this treatment with relief of his 
symptoms including cough and with a reduction in his 
Prednisone dose. After 2 injections of benralizumab, 
his IgG4 level was 15.2 g/L, and his sputum eosinophil 
level was 0%, but his FeNO remained high (96 ppb). 
Haemoglobin, creatinine, direct bilirubin and IgG levels 
had improved. His IgG4 level, after 4 injections of anti-
IL-5Rα had been administered and the prednisone 
dose had been tapered to 15 mg daily, was 11.2. His 
symptoms remained almost completely relieved.

IgG4-RD is a recently recognized systemic disease. The 
median age of disease onset is between 61 and 70 years, and 
IgG4-RD predominates in males. Respiratory symptoms, 
including cough, exertional dyspnoea and chest pain, 
have been described in approximately one-half of patients 
with pulmonary IgG4-RD (17). It is commonly known 
that asthma often coincides with IgG4-RD (18-20).  
Two cohort studies (21,22) reported that cough was 
the main symptom of IgG4-related pulmonary disease. 
Nine case  reports  (18-20,23-28)  showed that  11 
patients (7 males and 4 females) with IgG4-RD had 
prolonged cough, with seven of them showing cough 
for over 1 year (18-20,23,24,27,28). Eosinophils were 
reported in 7 cases (18,19,23,25-28). In some cases (24), 
cough relieved by prednisone but recurred following 
corticosteroid discontinuation. At the 11th Japan Cough 
Symposium, Toyoshima Mikio (29) presented a lecture 
entitled “Is IgG4-related disease a cause of chronic 
cough?” during which he reported two cases of IgG4-RD  
with chronic cough for which Treg hyperreactivity was 
considered the underlying pathogenic driver of this 
disease. Although blood eosinophilia is common in 
IgG4-RD, airway eosinophilia has seldom been reported. 
Zhang et al. classified IgG4-RD into two subtypes on 
the basis of clinicopathological characteristics (30): 
proliferative and fibrotic. Patients with the proliferative 
subtype tend to have high serum concentrations of IgG4 
and IgE, hypocomplementemia, peripheral eosinophilia, 
and multi-organ disease, often accompanied by atopy and 
excellent response to treatment. Our case was consistent 
with the proliferative subtype and showed a good 
response to benralizumab, a new anti-eosinophil biologic 
agent. IL-5Rα as a treatment target for IgG4-RD  
with eosinophilia has not been previously reported 
(30,31). IgG4-RD is considered a Th2-predominant 
disease (32). Recent advances in this field have clarified 

the importance of  T fol l icular  helper  cel l s  (33) ;  
T follicular helper cells play a key role in the disease 
process through IgG4 class switching, plasmablast 
and plasma cell differentiation, and germinal centre 
formation. The role of eosinophil granulocytes in IgG4-
RD has also attracted increasing interest (34). In IgG4-
RD, peripheral eosinophilia increases with increasing 
sIgG4, and the presence of higher sIgG4 levels adds 
diagnostic value (35). However, the role of eosinophils in 
IgG4-RD remains unknown.

Occupational eosinophilic bronchitis

Occupational nonasthmatic eosinophilic bronchitis (NAEB) 
is characterized by the presence of chronic cough (lasting 
more than 3 weeks) that worsens at work and sputum 
eosinophilia [2.5% (36) or 3% (37) in the sputum], no evidence 
of airflow obstruction, AHR and normal PEF variability. 
Like occupational asthma, occupational NAEB may arise 
from occupational exposure. Occupational NAEB has been 
diagnosed after exposure to various agents or sensitizers, 
such as acrylates, natural rubber latex, mushroom spores, 
lysozyme, epoxy resin hardener, water-based metalworking 
fluids, isocyanate, flour and bucillamine (36-39). Most 
occupational eosinophilic bronchitis cases described in the 
literature came from Europe and United State. In Asia, 
only Japanese researchers reported tetrahydrophthalic 
anhydride (40) and mushroom spores (41) were causative 
agents.  Occupational NAEB patients do not have 
wheezing and dyspnoea, typically present in middle 
age, both male and female, with dry cough or a cough 
productive of small amounts of sputum. The upper 
airway symptoms are common, but smoking is unusual. 
The examination of induced sputum should be used in 
addition to the monitoring of spirometry and AHR for 
workers who have chronic cough in an occupational 
setting. The work-related change in sputum eosinophilia 
and FENO are related to exposure to the offending 
agent and confirms that this is occupational NAEB. 
Cough reflex to capsaicin increased. A proposed set of 
criteria for the diagnosis of occupational eosinophilic 
bronchitis was developed by Santiago Quirce (36), 
including (I) isolated chronic cough (lasting more than  
3 weeks) that worsens at work; (II) sputum eosinophilia 
42.5% in either spontaneous or induced sputum; (III) 
increases in sputum eosinophilia are related to exposure 
to the offending agent (either at work or after specific 
inhalation challenge in the laboratory); (IV) spirometric 
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parameters  are within normal l imits  and are not 
significantly affected by exposure to the offending 
agent; (V) absence of airway hyperresponsiveness to 
methacholine (PC20 416 mg/mL) both at work and away 
from work; 6. Other causes of chronic cough are ruled 
out. Once diagnosis has been established, exposure of the 
patient to the offending agent should completely stop. 
Unfortunately, it is not always possible for patients to 
spot exposure as employment opportunities carrying the 
same payment and job satisfaction may not be available. 
ICS treatment is almost invariably effective for cough 
and airway eosinophilia (42). It is not known why these 
patients do not have airway hyperresponsiveness despite 
the eosinophilic bronchial inflammation. Whether 
eosinophilic bronchitis can progress to typical occupational 
asthma remains unclear.

In summary, when evaluating patients with eosinophilia 
and chronic cough, determining the mechanism of airway 
eosinophilic inflammation may be difficult. The role 
of eosinophils as effector cells or bystanders in these 
conditions requires further research. The diagnosis and 
management of uncommon causes of chronic cough 
associated with airway eosinophilia requires frequent re-
evaluation, multidisciplinary discussion.
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