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Abstract 

Background:  Respiratory involvement is common in immunoglobulin G4-related disease (IgG4-RD). However, 
severe asthma as the initial clinical manifestation of IgG4-RD is rare and  might be neglected by respiratory clinicians. 
We aimed to explore the clinical characteristics and prognoses of patients with immunoglobulin G4-related disease 
(IgG4-RD) manifesting as severe asthma.

Methods:  A retrospective analysis of the clinical characteristics and prognoses of patients with severe asthma who 
were eventually diagnosed with IgG4-RD was performed in the Peking Union Medical College Hospital from 2013 to 
2019.

Results:  Twelve patients (5males, 7 females) were included. The mean age at enrollment and age of asthma onset 
were 59.4 ± 10.1 and 53.8 ± 10.4 years, respectively. The mean duration of asthma symptoms was 5.7 ± 2.0 years. 
In all patients, the proportion (25.1 ± 10.3%) and count (2.0 ± 1.1) × 109/L of eosinophils in peripheral blood 
increased. Additionally, all patients exhibited elevated total immunoglobulin E [IgE, (1279.3 ± 1257.9) KU/L] and IgG4 
(9155.8 ± 9247.6) mg/dL. Bronchial wall thickening (n = 11) and mediastinal/hilar lymphadenopathy (n = 11) were 
major chest CT manifestations. All were pathologically diagnosed through surgical biopsy; submandibular gland 
(n = 8), supraclavicular lymph node (n = 2), stomach (n = 1), rashes (n = 1), lacrimal gland (n = 1) and thoracoscopic 
lung (n = 1) biopsies were performed. Asthma was well controlled by oral glucocorticoids (GCs), but some patients 
relapsed during tapering (n = 11). The refractory condition was controlled after increasing the dosage of GCs and add-
on immunosuppressants.

Conclusions:  For patients with middle age-onset severe asthma with elevated eosinophils, total IgE and IgG4 levels 
and available salivary gland ultrasound imaging, ruling out IgG4-RD is recommended. GCs used in combination with 
immunosuppressants is recommended to prevent relapse.
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Background
Severe asthma greatly affects the quality of life and sur-
vival of these patients [1]. Accordingly, it is important to 
identify the underlying disease and inappropriate treat-
ments to improve the prognosis of patients with severe 
asthma [1, 2]. Eosinophilic granulomatosis with polyangi-
itis (EGPA) and allergic bronchopulmonary aspergillosis 
(ABPA) are major differential diagnoses of adult severe 
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asthma patients with elevated eosinophils [1]. However, 
asthma-like manifestations are not rare in immunoglobu-
lin G4-related disease (IgG4-RD), and approximately 30% 
of patients with IgG4-RD will show elevated peripheral 
eosinophils and serum IgE levels [3].

IgG4-RD is a rare systemic autoimmune disease that 
has been gradually recognized and reported since 2003. 
Common clinical manifestations include autoimmune 
pancreatitis, Mikulicz disease, retroperitoneal fibrosis 
[3]. Nevertheless, IgG4-RD tends to be ignored by physi-
cians when asthma is the clinical manifestation at onset. 
In this study, a retrospective analysis of the clinical-radi-
ological-pathological characteristics of 12 patients with 
IgG4-RD whose initial manifestation was severe asthma 
was carried out to draw attention  and to  improve our 
understanding of this disease.

Materials and methods
Study design
Patients who met the following criteria were included: (1) 
adult (age ≥ 18  years old); (2) pathologically diagnosed 
with IgG4-RD from January 2013 to December 2019 at 
the clinics of the Department of Pulmonary and Critical 
Care Medicine at Peking Union Medical College Hospital 
(PUMCH); (3) severe asthma was the initial diagnosis or 
main complaint; and (4) regularly followed up at our clin-
ics and with complete follow-up data.

Definitions of severe asthma and IgG4‑RD
According to the 2014 International ERS/ATS guide-
lines [1], severe asthma is defined as asthma requiring 
treatment with medications of steps 4–5 by the Global 
Initiative for Asthma (GINA)’s recommendation for the 
previous year, i.e., high-dose inhaled corticosteroids and 
a long- acting β2-agonist (LABA), or leukotriene modi-
fier/theophylline, or continuous or near continuous sys-
temic glucocorticoids (GCs) for more than half of the 
previous year to avoid an “uncontrolled” status or to 
avoid remaining “uncontrolled” despite these medica-
tions. Patients with controlled asthma who were suffered 
from more than one exacerbation after tapering of these 
high doses of inhaled corticosteroids or systemic GCs 
were also diagnosed with severe asthma.

The diagnosis of IgG4-RD was confirmed according to 
relevant diagnostic criteria in 2011 [4, 5]: a. at least two 
pairs of classic organs with symmetrical swelling for more 
than 3  months; b. elevated serum IgG4 (> 1350  mg/L); 
and c. histopathological features including lymphocyte 
and IgG4+ plasma cell infiltration (IgG4+ plasma cells/
IgG+ plasma cells > 50%, and > 10 IgG4+ plasma cells/
high power field) with typical tissue fibrosis or sclero-
sis. Diagnosis was confirmed by meeting all of the above 
criteria and ruling out malignancies, other systematic 

connective tissue diseases, and other diseases that mimic 
IgG4-RD. In our study, the “classic organs” included lacri-
mal, parotid, submandibular, sublingual glands, and some 
minor salivary glands. The swelling of the classic organs 
was identified by color Doppler ultrasonography. “Sclero-
sis” was identified via tissue biopsy by pathologists. The 
detailed pathological features of typical tissue fibrosis or 
sclerosis were in accordance with the “explanatory notes” 
of comprehensive diagnostic criteria for IgG4-RD [5].

Data collection
Data including demographics, serum biomarkers, chest 
CT imaging and histopathologic findings were extracted 
from electronic medical records. The blood for the all 
subsequent laboratory analyses was drawn at the time 
when the patient was diagnosed with severe asthma and 
they were suspected to have secondary asthma. It had 
been at least 8 weeks since the most recent systemic GC 
administration. This study was approved by the institu-
tional review board of PUMCH (No. JS-2517). Informed 
consent was signed by the patients or their authorized 
family members.

Statistical analysis
Continuous values are expressed as the mean ± standard 
deviation (SD) or range, and categorical data are reported 
as the number of patients (percentage). SPSS (v. 21.0, 
SPSS Inc., Chicago, IL, USA) was used for data analysis.

Results
Clinical characteristics of enrolled patients
Twelve of 14 patients were enrolled in our study; two 
patients were excluded because they were lost to follow-
up after diagnosis, or no chest CT imaging was available. 
The general information about the 12 enrolled patients is 
summarized in Table 1. Five of the 12 included patients 
were male. The mean age was 59.4 ± 10.1 (range 41–75) 
years, the mean age at asthma onset was 53.8 ± 10.4 
(range 38–70) years, and the mean duration of severe 
asthma was 5.7 ± 2.0 (range 3–10) years before a final 
diagnosis of IgG4-RD was confirmed.

All 12 of the patients had cough and recurrent episodes 
of wheezing; 9 had clear sputum, and 3 had recurrent low 
fever, but there was no hemoptysis. There were 10 cases 
of recurrent allergic rhinitis, 9 cases of salivary gland 
ultrasound abnormalities (including swelling and abnor-
mal echo manifestations), 3 cases of lacrimal gland swell-
ing, 3 cases of dry mouth, and 2 cases of rash.

Serum biologic markers
Regarding the complete blood count (CBC) analy-
sis, one patient had an elevated white blood cell count 
(10.2 × 109/L) and four patients had a decreased 
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lymphocyte proportion (< 20%). All patients had elevated 
proportions (25.1 ± 10.3%, range 9.9–41.5%) and counts 
(2.0 ± 1.1 × 109/L, range 0.8–4.23 × 109/L) of eosinophils 
in their peripheral blood. The platelet count decreased in 
one patient (41 × 109/L). All patients had normal hemo-
globin levels.

Regarding total IgE, IgG, and IgG subtypes, all patients 
had elevated serum total IgE (1279.3 ± 1257.9 KU/L, 
range 239–4681 KU/L) and IgG4 (9155.8 ± 9247.6) mg/
dl (range 1570–28,700 mg/dl). The mean serum IgG was 
21.4 ± 9.5  g/L, and 6 patients had hyperglobulinemia 
(> 17 g/L).

Miscellaneous findings were as follows. All 12 patients 
were negative for antineutrophil cytoplasmic antibodies, 
Aspergillus fumigatus-specific antigen (m3) and a variety 
of other Aspergillus-specific antigen complexes (m2x). 
Seven patients had elevated C-reactive protein levels. 
Only four patients underwent serum complement anal-
ysis, with one having decreased levels. For all patients, 
pulmonary function tests showed obstructive ventilatory 
dysfunction, with confirmed reversible airflow limita-
tion. The mean fraction of NO in exhaled air (FeNO) was 
[(61.1 ± 24.8) ppb, range (30–101) ppb], a significant 
elevation.

Chest CT imaging and pathologic features
All patients underwent chest high-resolution CT 
(HRCT). Based on the mediastinal window, 11 patients 
had mediastinal/hilar LN enlargement (shorter diam-
eter > 1  cm), although no pleural or pericardial effusion 
was detected. Based on the lung window, 11 patients 
had multiple bronchial wall thickenings in different lung 
areas, 6 had scattered ground-glass opacities, and 2 had 
solid lung nodules. (Fig. 1A–H).

All patients underwent surgical biopsy, including sub-
mandibular gland (n = 8), supraclavicular LN (n = 2), 
stomach (n = 1), rashes (n = 1), lacrimal gland (n = 1) and 
thoracoscopic lung (n = 1) biopsies. Two patients had 
biopsies performed on two sites, one patient for stom-
ach and supraclavicular LN and the other patient for skin 
and supraclavicular LN. All pathological findings were in 
accordance with the microscopic manifestations of IgG4-
RD [4, 5].

Treatments and outcomes
All patients received systemic glucocorticoids (GCs) after 
the diagnosis of IgG4-RD: the initial dose was equiva-
lent to 0.8–1.2  mg/kg/day prednisone and was reduced 
after 2–3  weeks. Eleven patients experienced different 
extents of relapse after GCs were reduced to prednisone 
at 10–20 mg per day. Intensive treatments were adminis-
tered after relapse, including increasing doses of oral GCs 
and/or combining GCs with immunosuppressive agents 

(8 patients received cyclophosphamide per os and 3 
patients received Tripterygium wilfordii), were given after 
relapse. Remission was achieved after intensive treat-
ments in all patients. Furthermore, all patients received 
inhaled GCs and long-acting bronchodilators when oral 
prednisone was less than 15 mg per day.

In all patients, the proportion of eosinophils in the 
peripheral blood returned to normal after symptoms 
were controlled with systemic GCs. Although their 
symptoms disappeared with treatment, serum levels of 
IgG4 and total IgE returned to normal ranges in only 4 
and 3 patients, respectively.

Discussion
With the extensive administration of inhaled GCs and 
bronchodilators and the implementation of patient edu-
cation, the number of adult patients with severe asthma 
has decreased significantly. However, the condition is still 
an important factor leading to poor outcomes and even 
death, attracting much attention [1, 2, 6]. The 2014 ERS/
ATS guidelines on severe asthma indicate that severe 
asthma with elevated peripheral blood eosinophils should 
be differentiated from hypereosinophilic syndrome, aller-
gic pneumonia, EGPA or ABPA [1]. Our study shows 
that IgG4-RD can also manifest as severe asthma with 
elevated peripheral eosinophils. Such patients may have 
significantly elevated levels of IgG4 and total IgE, salivary 
gland involvement, mediastinal/hilar lymphatic enlarge-
ment and bronchial wall thickening on chest CT imaging. 
Although IgG4-RD can be well controlled by systemic 
GCs, it easily relapses when GCs are tapered. IgG4-RD 
should also be listed as hypereosinophilic severe asthma, 
and biopsy of the involved organ(s) is vital for the final 
diagnosis.

With the growing knowledge of IgG4-RD [5–8], res-
piratory system involvement was found to be common, 
occurring in approximately half of IgG4-RD patients 
from 2001 to 2019 [7, 9–12]. IgG4-RD can involve vari-
ous thoracic tissues and organs, such as the airway, 
pleura, lung, and intrathoracic LNs. As a result, clinical 
phenotypes differ among patients [7, 10, 12–22]. Indeed, 
since Ito et al. [23] reported that IgG4-RD can manifest 
as asthma, there have been other reports on asthma and 
IgG4-RD [13, 16, 24–26].

IgG4-RD is more common in males (M:F = 1.6:1) and 
in middle-aged or elderly patients [3], whereas refrac-
tory asthma may have a younger age of onset. According 
to the study by Bulow et  al. [2], the mean age of dis-
ease onset is approximately 25  years, and the majority 
of patients with severe asthma are female (59%). How-
ever, in our cohort, the average age of disease onset was 
53.8 ± 10.4  years, and there were more female patients 
(58.3%). Clinically, rather than solely considering severe 
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Fig. 1  A–H Chest CT features for the enrolled cases before administration with systemic glucocorticoids: mediastinal lymphadenopathy (A 
and B), mosaic attenuation sign (C), diffuse bronchial wall thickening (D), scattered solid or ground-glass nodule (E and F, respectively), diffuse 
peribronchiolar ground-glass opacities (G), and multiple bronchiectasis (H)
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asthma, it is necessary to be aware of the possibility of 
IgG4-RD and other systemic diseases manifesting as 
severe asthma in middle-aged and elderly people.

The head and neck, especially the eyes and salivary 
glands, are common sites of involvement in IgG4-RD 
(80%) [3]. In our study, 8 patients were diagnosed based 
on submandibular gland biopsies. Mikulicz’s disease, 
namely, IgG4-related lacrimal gland inflammation and 
sialadenitis, is a special phenotype of IgG4-RD [3, 27]; 
it mainly manifests as symmetrical lacrimal or salivary 
gland enlargement, and biopsies show typical pathologi-
cal findings of IgG4-RD. Matsui et al. reported that 28% 
of patients with Mikulicz’s disease develop asthma, and 
according to chest CT, mediastinal/hilar lymphadenopa-
thy (52%) is the most common radiological manifesta-
tion. Patients with lung involvement of Mikulicz disease 
have higher levels of serum total protein, IgG, IgG4, and 
IgE than patients with only lacrimal or salivary involve-
ment [13]. Of note, Baqir et  al. [16] paid special atten-
tion to the relationship between periorbital lesions and 
asthma in patients with IgG4-RD: 16 of 31 patients had 
asthma (52%), and their median age of asthma onset 
was 56 years old; patients with asthma had higher levels 
of serum IgG4; and the most common chest CT abnor-
malities were mediastinal/hilar LN enlargement and 
bronchial vascular bundle thickening. Furthermore, Ito 
et al. [23] reported that patients with IgG4-related auto-
immune pancreatitis manifesting as asthma also had 
high levels of serum IgG, IgG4, and IgE. In our study, all 
patients had elevated proportions and counts of eosino-
phils, elevated IgG4 and elevated total IgE. However, only 
50% of the patients had hyperglobulinemia, and many of 
them had elevated IgG1 and IgG2. Bronchial wall thick-
ening occurred in 91.7% of the patients in our study, 
and it is considered to be associated with refractory 
severe asthma. Nevertheless, our study also found that 
as many as 91.7% of patients exhibited mediastinal/hilar 
lymphadenopathy, which should arouse the attention 
of respiratory clinicans who normally work with severe 
asthma patients. These manifestations may be caused by 
the different clinical phenotypes between our patients 
and other reported IgG4-RD cases. However, sarcoido-
sis, mycobacterial infection, and other kind of malig-
nancy were the common causes of mediastinal/hilar LN 
enlargement and dyspnea. Endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS-TBNA) is 
an important examination for the differentiation. Overall, 
hypergammaglobulinemia, salivary gland or periorbital 
involvement, and mediastinal/hilar lymphadenopathy 
on chest CT might be the risk factors for an asthma-like 
phenotype in IgG4-RD.

For the vast majority of patients with IgG4-RD, symp-
toms were well controlled by systemic GCs. However, 

patients with multiple organ/system involvement and ele-
vated levels of IgE, IgG4, and eosinophils were prone to 
experience relapse during GC tapering [27]. Maintenance 
therapy with GCs combined with immunosuppressive or 
biological agents, e.g., rituximab, is generally required 
[16, 28, 29]. The recurrence rate in our study was as high 
as 91.7%, which may be related to factors such as multi-
system involvement and high IgE, IgG4, and eosinophil 
levels at diagnosis. Our study also found that regardless 
of symptom improvement, disease remission, and normal 
eosinophil levels with systemic GCs, serum total IgE and 
IgG4 levels remained elevated in most patients. Because 
of the small number of patients in our study, it remains 
unclear whether the abnormality of these biomarkers was 
related to disease relapse after GC reduction.

This study has several limitations. First, as the selected 
patients all had refractory asthma, elevated eosino-
phils, and pathologically confirmed IgG4-RD, selection 
bias existed. Second, as IgG4-RD is a rare disease, the 
sample size was small, even though refractory asthma 
occurs in 3–10% of patients with asthma [6]. Nonethe-
less, approximately 40% of patients with IgG4-related 
autoimmune pancreatitis experience allergies, but fewer 
than 30% of patients present with asthma [16]. Third, we 
did not routinely screen the diagnosis of IgG4-RD for all 
severe asthma patients. Pulmonary function tests and/or 
asthma-associated symptoms are not usually consulted 
for IgG4-RD patients. It is expected that further studies 
will screen severe or relapsing asthma patients for IgG4-
RD, and perform pulmonary function tests for Mikulicz’s 
disease or for IgG4-RD patients who were complained 
with cough or dyspnea etc.

Conclusions
In conclusion, for middle-aged patients with severe 
asthma, elevated eosinophils and total IgE levels, it is rec-
ommended that serum IgG4, salivary gland ultrasonogra-
phy and biopsy be performed to diagnose IgG4-RD. Once 
the diagnosis is confirmed, GCs combined with immuno-
suppressants are recommended.
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