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500ml x 14 breaths/min x 1440min = 

10.080 liter / day

The lung in IEI

Size of a tennis court



Prevalence of Asthma worldwide



Asthma*

Lung function: 
• documented expiratory airflow limitation

• Positive bronchodilator reversibility (>12% or >200ml from baseline) OR
• Positive exercise challenge test (fall in FEV-1 of >10% and 200ml from baseline) OR
• Positive bronchial challenge test (fall in FEV-1 >20% from baseline after methacholine or

histamine)
• Documented excessive variability in lung function

• average daily diurnal PEF variability > 10-13% OR
• Variation in FEV-1 in lung function >12% and 200ml (outside of resp. infection)

• according to GINA 
(Global initiative for Asthma). 
www.ginasthma.org

Chronic inflammation of the airways.

Clinic: wheeze, shortness of breath,
chest tightness, cough



Data from 30 different PID centers worldwide including 8450 adult and pediatric patients

Data from USIDNET registry including 2332 adult and pediatric patients

Occurrence of atopic diseases in PID patients:
FA: food allergy
AR: allergic rhinitis
BA: bronchial asthma
AD: atopic dermatitis



Pulmonary manifestations of IEI:

: IEI associated with eosinophilia



Type 2 inflammation in IEI:

Smith KL. Front. Immunol. 2022

~20% of IEI patients from USIDNET registry
show features of type2 inflammation



Inhalative therapies in Asthma
ICS

(inhalative corticosteroids)

LABA
(long-acting beta agonists)

LAMA
(long-acting muscarinic antagonists)

BASIC

Leukotriene
modifiers,
Biologicals

Asthma difficult to treat
usually express either:
- Very strong type 2 

(eosinophilic) 
inflammation

- Neutrophilic
inflammation



Neutrophilic and eosinophilic inflammation in asthma:

50% 50%



Eosinophilic / type 2 inflammation:



Neutrophilic (non-eosinophilic) inflammation:

• Steroid-resistent

• Late onset

• More often in obese patients

• Related to smoking



Eosinophilic and non-eosinophilic
inflammation of Asthma in IEI patients:

50%

50%

?%

?%



Biomarkers of type 2 inflammation: What and
where to look at?

Blood eosinophils?

Sputum eosinophils?

IgE in serum?

Blood neutrophils?

Cytokines in sputum?

Serum periostin?

Eosinophil-derived Neurotoxin?



Biomarkers of type 2 inflammation: What and
where to look at?

Blood eosinophils?

Sputum eosinophils?

IgE in serum?

Blood neutrophils?

Cytokines in sputum?

Serum periostin?

Eosinophil-derived Neurotoxin?

In systemic inflammatory disorders levels of eosinophils in peripheral
blood show a reasonably good correlation with eosinophils in sputum.

Suitable biomarkers of type 2 inflammation work in patients with IEI 
depend on the underlying pathomechanism.

E.g. IgE useless in relevant antibody deficiency disorders.
Role and correlation of eosinophils in blood, sputum and tissue need

to be established.
Intracellular cytokine staining of IL-4, IL-5 may work?



Biologics in Asthma treatment:



Biologics in Asthma treatment:

Efficacy of biologics in type 2 inflammation correlate well with levels of eosinophils in 
peripheral blood (>150/µl).

What is the current evidence for the use of biologics in PID patients with asthma?

Considering the high costs of treament, which patients should be prioritized?



Nelson RW, Front Immunol 2022

Linking atopic disease
with IEI

• disorders of barrier function
• decreased T-cell receptor

repertoire
• regulatory T cell (Treg) 

dysfunction
• cytoskeletal abnormalities
• aberant TCR signaling
• altered cytokine signaling



Evidence for specific treatment of type 2 
inflammation in IEI:

Very few case reports on 
patients with AD HIES (STAT3 

LOF):

Dupilumab: 7x
Omalizumab: 2x
Mepolizumab: 0
Benralizumab: 0



Use of Dupilumab (anti-IL-4/IL-13) in AD HIES:



Neutrophilic and eosinophilic inflammation in asthma:



Neutrophilic and eosinophilic inflammation in asthma:

- underlying pathomechanisms are well defined in IEI patients
- Increasing knowledge on the type of inflammation in IEI

- clinical evidence and experiences of different treatments are still very limited in IEI



monogenic versus polygenic

Monogenic: Polygenic:

high genetic
contribution

low genetic
contribution

single mutation
in one gene hundreds of variants

in many genes

large genetic
effect each variant has

a small genetic effect

rare
common

high penetrance
low penetrance

no or very small
environmental influence

environment is a 
key determinant

IEI Allergy?



Toit G et al. N Engl J Med. 2015;372(9):803–813. 
Winters A et al. JACI. 2019;143(6):2326–2339.
Nelson R et al. Front Immunol. 2022;27;13:860821.



MALT1 (mucosa-associated lymphoid tissue lymphoma translocation gene) :

AR disorder: (S)CID with high IgE and eosinophilia

MALT1 rs57265082: carriers in the avoidance group were at increased risk for developing peanut allergy (OR 11)

Toit G et al. N Engl J Med. 2015;372(9):803–813. 
Winters A et al. JACI. 2019;143(6):2326–2339.
Nelson R et al. Front Immunol. 2022;27;13:860821.



Curr Opin Allergy Clin Immunol. 2022 
Dec 1;22(6):335-342.

Persistent respiratory trouble? Don‘t stop
looking…



Bronchiectasis:

REVIEW Open Access

Geographic variation in the aetiology,
epidemiology and microbiology of
bronchiectasis
Ravishankar Chandrasekaran1, Micheál Mac Aogáin1, James D. Chalmers2, Stuart J. Elborn3,4

and Sanjay H. Chotirmall1*

Abstract

Bronchiectasis is a disease associated with chronic progressive and irreversible dilatation of the bronchi and is
characterised by chronic infection and associated inflammation. The prevalence of bronchiectasis is age-related and
there is some geographical variation in incidence, prevalence and clinical features. Most bronchiectasis is reported
to be idiopathic however post-infectious aetiologies dominate across Asia especially secondary to tuberculosis.
Most focus to date has been on the study of airway bacteria, both as colonisers and causes of exacerbations.
Modern molecular technologies including next generation sequencing (NGS) have become invaluable tools to
identify microorganisms directly from sputum and which are difficult to culture using traditional agar based
methods. These have provided important insight into our understanding of emerging pathogens in the airways of
people with bronchiectasis and the geographical differences that occur. The contribution of the lung microbiome,
its ethnic variation, and subsequent roles in disease progression and response to therapy across geographic regions
warrant further investigation. This review summarises the known geographical differences in the aetiology,
epidemiology and microbiology of bronchiectasis. Further, we highlight the opportunities offered by emerging
molecular technologies such as -omics to further dissect out important ethnic differences in the prognosis and
management of bronchiectasis.

Keywords: Bronchiectasis, Microbiome, Mycobiome, Pseudomonas aeruginosa, Fungi, Aspergillus spp.

Background
Bronchiectasis is a major chronic pulmonary disease
characterised by infection, inflammation and a perman-
ent, irreversible dilatation of the bronchial wall. The
interaction of chronic infection, exacerbations and in-
flammation drive a vicious cycle resulting in lung injury
to the bronchi and lung parenchyma. This model pro-
posed by Cole is not well understood in terms of the
underlying biology but includes deficits in mucociliary
clearance and innate and adaptive immunity (Fig. 1).
There is amplification of injury processes following ana-
tomical damage to the bronchi leading to progressive
worsening of pulmonary physiology and symptoms with
associated increase in exacerbations [1]. The host

immune response to infection is primarily neutrophilic
and neutrophil derived proteases are deleterious and re-
sult in further pulmonary damage amplifying a recurrent
cycle [2] (Fig. 1).

Literature search strategy
A PUBMED review of all articles mentioning the key-
word “bronchiectasis” in combination with “epidemi-
ology” or “microbiology” published between 1997 and
2017 was performed. As bronchiectasis in Cystic Fibrosis
(CF) represents a separate disease entity in its own right,
retrieved articles dealing exclusively with CF-associated
bronchiectasis were excluded, as were original articles
without radiological confirmation of bronchiectasis.
Studies of both adult and paediatric populations were
considered and appropriately included.
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Common treatment approaches
in bronchiectasis:

Curr Opin Allergy Clin Immunol. 2022 Dec 1;22(6):335-342
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Xie B et al. Am J Emerg Med. 2020 Dec;38(12):2713-
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Bilton D et al. Thorax. 2014 Dec;69(12):1073-9.

Bilton D et al. Chest. 2013 Jul;144(1):215-225. 

Airway clearance in (non-CF) bronchiectasis:

• Any physical exercise helps
• Offer physiotherapy
• Encourage to clear the lungs
• Metaanalysis on inhalation of (hypertonic) saline

solution is does not favour 0,9% vs. 3% vs. 6%
• Expectorants (NAC) or Mannitol inhalation show no

clear benefit
• Negative data for DNase



Double-blind, placebo-controlled, randomized
trial on low-dose azithromycin prophylaxis in
patients with primary antibody deficiencies
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attributable to treatment were calculated with a linear mixed-model analysis.
HRQoL measures at T1, T2, and T3 were compared by using the Mann-
Whitney U test. Data were analyzed by using group sequential testing that
allowed ‘‘spending’’ a little of the a value at each interim analysis such
that the total type I error did not exceed .05 at the end of the study.

Statistical analyses were performedwith the statistical package SPSS (IBM
SPSS Statistics for Windows, version 25.0; IBM, Armonk, NY). This trial is
registered with the Agenzia Italiana del Farmaco (Clinical Trials no. European
Clinical Trials Database [EUDRACT] 2011-004351-39).

RESULTS
Between November 2012 and December 2016, 90 patients

were enrolled. One patient withdrew consent after randomization,
and 89were randomized at T0 and included in the analysis; 45 and
44 participants were allocated to the placebo and azithromycin
arms, respectively (Fig 1). Randomization yielded 2 comparable
groups for variables considered potential confounders (Table II).
The mean cumulative period of observation was 25.8 months
(95% CI, 23.4-28.0 months) in the azithromycin group and
25.5 months (95% CI, 23.5-27.6 months; P5 .429) in the placebo
group. At 1 year (T2), 40 patients were in the placebo group and
35 were in the azithromycin group; at 2 years (T3), 35 patients
were in the placebo group and 33 were in the azithromycin group.
At the end of the study (T4), 34 patients were in the placebo
group, and 32 were in the azithromycin group. During the study
period, groups remained comparable for IgG trough serum levels
(F 5 1.486, P 5 .231), PAD diagnosis, and age between patient

groups (see Fig E1 and Table E2 in this article’s Online Reposi-
tory at www.jacionline.org).

A total of 677 respiratory exacerbations occurred during the T1
to T3 period: 262 among the participants allocated to the
treatment group and 415 among those in the placebo group
(Table III). The incidence rate of exacerbations in the azithromy-
cin group was 3.6 episodes per patient-year (95% CI, 2.5-4.7 ep-
isodes per patient-year), and that in the placebo group was 5.2
episodes per patient-year (95% CI, 4.1-6.4 episodes per patient-
year; P 5 .020). A post hoc analysis showed that the risk of res-
piratory exacerbations was reduced among participants receiving
azithromycin (hazard risk [HR], 0.5; 95% CI, 0.3-0.9; log-rank
P 5 .033; Fig 2, A). The difference remained significant after
adjustment by means of Cox regression in a model, including
sex, FEV1, age, and study center. The number needed to prevent
1 respiratory exacerbation was 7.0 (95% CI, 3.3-59.1). The HR of
having a respiratory exacerbation did not differ in the run-out
period in the 2 study arms (HR, 1.0; 95% CI, 0.6-1.8; log-rank
P 5 .895; Fig 2, B). Three of 45 participants receiving placebo
and 10 of 44 participants receiving azithromycin were free from
exacerbations during the study period (P5 .039), yielding an ab-
solute risk reduction of 16.1% (95% CI, 1.7% to 30.4%). Time to
first exacerbation did not differ in the 2 study arms (134.0 days
[95% CI, 61.5-207.5 days] vs 104.3 days [95% CI, 67.3-
141.3 days], P 5 .236).

A total of 45 hospitalizations for any cause occurred during the
study period, 32 (71%) of which occurred in the placebo group.
The rate of hospitalization per patient-year was 0.1 episodes (95%
CI, 0.1-0.2 episodes) in the intervention group and 0.3 episodes
(95% CI, 0.2-0.5 episodes) in the placebo group (P5 .014, Table
III). The HR of having a hospitalization in the azithromycin group
was 0.5 (95% CI, 0.2-1.1; Gehan-Breslow P 5 .040; Fig 2, C).

The number of additional courses of antibiotics to treat
respiratory exacerbations was lower in the intervention group
than in the placebo group (2.3 [95% CI, 2.1-3.4] vs 3.6 [95% CI,
2.9-4.3]; P5 .004; HR, 0.6 [95% CI, 0.4-1.0]; log-rank P5 .020;
Fig 2,D). This effect was lost during the run-out period (HR, 1.01;
95% CI, 0.6-2.1; log-rank P 5 .746). The mean time to the first
antibiotic course was shorter in the placebo group (intervention:
181.5 days [95% CI, 23.5-239.5 days] vs placebo: 122.4 days
[95% CI, 123.5-239.5 days], log-rank P 5 .046, Table III). Nine
(21%) patients in the azithromycin arm and 2 (5%) patients in
the placebo arm did not take additional antibiotic courses during
the study period (P 5 .030). Changes in percent predicted FEV1

over time were not different for patients receiving placebo
compared with those receiving azithromycin (F 5 1.486,
P 5 .231).

After starting azithromycin, decreased counts of absolute
peripheral blood WBCs and neutrophils were observed in the
intervention arm than in the placebo arm (F5 4.55,P5.0367 and
F 5 4.64, P 5 .035, respectively). No changes were observed in
lymphocyte and eosinophils counts (Fig 3).

In the azithromycin and placebo arms bacteria were identified
at baseline in 33.3% and 37.5% of samples, respectively
(P 5 1.000). During the study period, a cumulative number of
139 sputum samples from 27 participants receiving azithromycin
and 165 sputum samples from 30 patients receiving placebo were
collected. Bacteria were identified in 35.2% and 42.4% of sam-
ples, respectively (P 5 .124, Table III). Haemophilus influenzae,
Streptococcus pneumoniae, Pseudomonas aeruginosa, and Kleb-
siella pneumoniae were detected in 10%, 7%, 10%, and 2% of

TABLE II. Baseline characteristics of the intention-to-treat

population

Azithromycin
(n 5 44)

Placebo
(n 5 45) P value

Age (y), mean (SD) 45.0 (14.9) 45.0 (14.0) .895
Sex, no. (%)

Female 23 (52) 26 (58) .602
Male 21 (48) 19 (42) .602

Diagnosis, no. (%)
CVID 38 (86) 35 (78) .409
XLA 6 (14) 10 (22) .409

Chronic pulmonary
diseases, no. (%)
COPD (all stages) 22 (50) 23 (51) .543

Stage I 6 (14) 3 (7) .283
Stage II 9 (20) 10 (22) .522
Stage III-IV 7 (16) 10 (22) .313

Bronchiectasis 36 (82) 40 (89) .260
Asthma 5 (11) 6 (13) .516

FEV1 (% predicted),
mean (SD)

71 (28) 76 (23) .391

Blood data, mean (SD)
WBC (cell/mm3) 6758.4 (2595.7) 7429.2 (3262.9) .166
Neutrophils (cell/mm3) 4325.2 (2025.9) 4793.4 (2585.9) .195
IgG (mg/dL) 767.1 (298.4) 731.0 (234.9) .292
IgA (mg/dL) 32.0 (59.9) 28.9 (106.3) .441
IgM (mg/dL) 36.7 (69.0) 63.3 (146.7) .165

HRQoL assessment,
mean (SD)
SF-36, PCS (%) 40.4 (11.6) 44.1 (11.4) .458
SF-36, MCS (%) 39.5 (14.9) 43.0 (11.8) .310
SGRQ, total (%) 34.7 (16.9) 30.8 (18.9) .165

Data are expressed as numbers (percentages) or means (SDs).
MCS, Mental Component Summary; PCS, Physical Component Summary.
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Use of macrolides in PAD and in COPD

Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 4.   Exacerbations: forest plot of relative e"ects for each class comparison. Values less than 1 favour the first
names class.

 
Table 8 shows rank statistics for the three antibiotic classes and
for control (placebo or standard therapy). The highest ranked class
was macrolide, with a median rank of 1 (95% CrI first to second),
followed by quinolone (95% CrI second to third). Tetracycline was
the worst ranked treatment for this outcome (95% CrI first to
fourth). Although control (placebo or standard therapy) was ranked
third, it had a 95% CrI of second to fourth, and a similar mean rank
to tetracycline (3.1 versus 3.6), which reflected that the HR showed

no clear evidence of a di"erence between tetracycline and control
(placebo or standard therapy) (HR 1.29, 95% CrI 0.66 to 2.41) (Figure
4; Table 8).

Figure 5 represents the rank probabilities of each antibiotic class
and control (placebo or standard therapy). The vertical axis shows
the probability of being ranked best (first) to worst (fourth). The
probability of macrolides being ranked first was 0.97 (Figure 5).

 

Prophylactic antibiotics for adults with chronic obstructive pulmonary disease: a network meta-analysis (Review)
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Janjua et al. Cochrane Database of Systematic Reviews 2021
Milito et al. JACI 2019



Inhalative treatment and management with
concurrent bronchiectasis

1. SABA (short-acting beta agonist)

2. Saline solution (0,9% -6%)

4. LAMA/LABA/ICS

3. Improved mucociliary clearance

Additional elements of bronchiectasis management:
- Microbiological sputum surveillance (colonization with Pseudomonas aerug. or NTM?)
- Pulmonary physiotherapy, exercise and use of portable mucus clearance device
- Sufficient IgG levels
- Antimicrobial prophylaxis (macrolides, TMP/SMX) -> check cQT time (ECG) and NTM before



Neutrophilic and eosinophilic inflammation in 
bronchiectasis:



Neutrophilic and eosinophilic inflammation in 
bronchiectasis (in non-IEI patients):

20% 80%



Anti-IL5 and anti-IL5Rα therapy for
clinically significant bronchiectasis with
eosinophilic endotype: a case series

To the Editor:

Bronchiectasis is a chronic and often progressive disease, which frequently is associated with significant
symptom burden, requiring intensive treatment. Regardless of the multiple potential underlying
aetiologies, the vicious cycle of airway inflammation, structural airway damage, impaired mucus clearance
and airway pathogen acquisition is the crucial pathogenic pathway for the progression of disease [1].

Although inflammation in bronchiectasis has been classically regarded as neutrophilic, it is increasingly
recognised that eosinophils may play a role in the disease. Allergic bronchopulmonary aspergillosis
(ABPA) is an example of a common cause of bronchiectasis that is primarily eosinophilic. Small studies
suggest that a significant number of patients have airway eosinophilia even after exclusion of patients with
underlying ABPA and asthma. TSIKRIKA et al. [2] found that among 40 patients with bronchiectasis
excluding asthma and ABPA, 30% in total had sputum eosinophilia, defined as >3% cells. This supports
the possibility that there may be an eosinophilic endotype of bronchiectasis, although published data on
the prevalence and clinical significance of airway and systemic eosinophilia in bronchiectasis remain
limited [2, 3].

Mepolizumab, a humanised monoclonal antibody, reduces eosinophil counts in blood and tissues by
blocking interleukin (IL)-5, a key eosinophil cytokine, and preventing its binding to eosinophil surface
receptors [4]. In patients with severe eosinophilic asthma, add-on mepolizumab treatment resulted in a
decrease of exacerbation frequency, reduced symptom burden, improved of quality of life (QoL) and,
moreover, had an oral corticosteroid (OCS)-sparing effect [4–8].

The use of mepolizumab for eosinophilic chronic obstructive pulmonary disease (COPD) was associated
with a lower annual rate of moderate or severe exacerbations [9, 10]. Benralizumab is a biological drug
blocking the α-chain of the IL-5 receptor (IL5Rα), which leads to an antibody-dependent cell-mediated
cytotoxicity. The use of benralizumab resulted in a reduction in exacerbations and OCS use in patients
with severe eosinophilic asthma [11], but add-on benralizumab was not associated with a lower annualised
rate of COPD exacerbations [12]. Overall, there is a considerable overlap between different eosinophilic
diseases (allergic and eosinophilic asthma, eosinophilic granulomatosis with polyangiitis (EGPA), allergic
bronchopulmonary aspergillosis/mycosis (ABPA/M)) as well as conditions that may be associated with
significant peripheral eosinophilia (asthma–COPD overlap syndrome (ACOS), eosinophilic COPD). It has
been recognised that not only the clinical phenotype of severe asthma may have different underlying
endotypes [13]; recently, one pilot study of four patients with severe uncontrolled asthma and concomitant
bronchiectasis showed the efficacy of mepolizumab in terms of exacerbations, forced expiratory volume in
1 s (FEV1) in blood as well as sputum and nasal eosinophils [14]. The aim of the present retrospective
case series was to study the effect of anti-eosinophilic therapy using anti-IL5 and anti-IL5α monoclonal
antibodies in patients with the primary diagnosis of bronchiectasis and a consistent eosinophil endotype
defined by a reproducible peripheral eosinophila ⩾300 cells·µL−1 at baseline or before initiation of
long-term OCS therapy.

Overall, 450 patients, accounting for 1392 consultations, had been in regular follow-up at the Adult
Bronchiectasis Clinic of the Hannover Medical School (Hannover, Germany) between January 2016 and

@ERSpublications
Patients with clinically significant bronchiectasis featuring an eosinophilic inflammatory endotype
who were treated with add-on mepolizumab or benralizumab showed a significant improvement of
FEV1, symptom burden and quality of life http://bit.ly/2AZvBLm

Cite this article as: Rademacher J, Konwert S, Fuge J, et al. Anti-IL5 and anti-IL5Rα therapy for clinically
significant bronchiectasis with eosinophilic endotype: a case series. Eur Respir J 2020; 55: 1901333 [https://
doi.org/10.1183/13993003.01333-2019].
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Anti-IL5 and anti-IL5Rα therapy for
clinically significant bronchiectasis with
eosinophilic endotype: a case series

To the Editor:

Bronchiectasis is a chronic and often progressive disease, which frequently is associated with significant
symptom burden, requiring intensive treatment. Regardless of the multiple potential underlying
aetiologies, the vicious cycle of airway inflammation, structural airway damage, impaired mucus clearance
and airway pathogen acquisition is the crucial pathogenic pathway for the progression of disease [1].

Although inflammation in bronchiectasis has been classically regarded as neutrophilic, it is increasingly
recognised that eosinophils may play a role in the disease. Allergic bronchopulmonary aspergillosis
(ABPA) is an example of a common cause of bronchiectasis that is primarily eosinophilic. Small studies
suggest that a significant number of patients have airway eosinophilia even after exclusion of patients with
underlying ABPA and asthma. TSIKRIKA et al. [2] found that among 40 patients with bronchiectasis
excluding asthma and ABPA, 30% in total had sputum eosinophilia, defined as >3% cells. This supports
the possibility that there may be an eosinophilic endotype of bronchiectasis, although published data on
the prevalence and clinical significance of airway and systemic eosinophilia in bronchiectasis remain
limited [2, 3].

Mepolizumab, a humanised monoclonal antibody, reduces eosinophil counts in blood and tissues by
blocking interleukin (IL)-5, a key eosinophil cytokine, and preventing its binding to eosinophil surface
receptors [4]. In patients with severe eosinophilic asthma, add-on mepolizumab treatment resulted in a
decrease of exacerbation frequency, reduced symptom burden, improved of quality of life (QoL) and,
moreover, had an oral corticosteroid (OCS)-sparing effect [4–8].

The use of mepolizumab for eosinophilic chronic obstructive pulmonary disease (COPD) was associated
with a lower annual rate of moderate or severe exacerbations [9, 10]. Benralizumab is a biological drug
blocking the α-chain of the IL-5 receptor (IL5Rα), which leads to an antibody-dependent cell-mediated
cytotoxicity. The use of benralizumab resulted in a reduction in exacerbations and OCS use in patients
with severe eosinophilic asthma [11], but add-on benralizumab was not associated with a lower annualised
rate of COPD exacerbations [12]. Overall, there is a considerable overlap between different eosinophilic
diseases (allergic and eosinophilic asthma, eosinophilic granulomatosis with polyangiitis (EGPA), allergic
bronchopulmonary aspergillosis/mycosis (ABPA/M)) as well as conditions that may be associated with
significant peripheral eosinophilia (asthma–COPD overlap syndrome (ACOS), eosinophilic COPD). It has
been recognised that not only the clinical phenotype of severe asthma may have different underlying
endotypes [13]; recently, one pilot study of four patients with severe uncontrolled asthma and concomitant
bronchiectasis showed the efficacy of mepolizumab in terms of exacerbations, forced expiratory volume in
1 s (FEV1) in blood as well as sputum and nasal eosinophils [14]. The aim of the present retrospective
case series was to study the effect of anti-eosinophilic therapy using anti-IL5 and anti-IL5α monoclonal
antibodies in patients with the primary diagnosis of bronchiectasis and a consistent eosinophil endotype
defined by a reproducible peripheral eosinophila ⩾300 cells·µL−1 at baseline or before initiation of
long-term OCS therapy.

Overall, 450 patients, accounting for 1392 consultations, had been in regular follow-up at the Adult
Bronchiectasis Clinic of the Hannover Medical School (Hannover, Germany) between January 2016 and
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Overall, mepolizumab and benralizumab were well tolerated. One patient with underlying OCS-dependent
eosinophilic asthma experienced bilateral pneumonia requiring hospitalisation 10 days after first
application of mepolizumab. Another patient with EGPA developed chronic parotitis after being treated
with mepolizumab for several months. However, in both subjects these events were rated by the treating
physician as unrelated to treatment with mepolizumab, but rather related to the underlying condition.

Overall, patients with clinically significant bronchiectasis featuring an eosinophilic inflammatory endotype,
who did not respond to standard bronchiectasis treatments and were treated with add-on mepolizumab or
benralizumab showed a significant reduction of blood eosinophils as well as a significant improvement of
FEV1, symptom burden and QoL. Moreover, we observed a trend towards a reduced annualised
exacerbation frequency. Our results suggest that monoclonal anti-IL5 or anti-IL5Rα antibodies may be
promising add-on anti-eosinophilic treatment options for this extensively pretreated patient population.

Our results are in line with earlier studies showing a reduction of exacerbations with the use of
mepolizumab or benralizumab in patients with eosinophilic asthma and eosinophilic COPD [5, 8, 10, 11,
19]. In addition, CHUPP et al. [6] described an increase in QoL and a decrease in symptom burden, similar
to our findings. Our study has several limitations. First, the sample size was small and the observation
period was comparatively short so that exacerbation frequency had to be annualised. However, it might be
expected that our results would have been even more impressive after 12 months of treatment. Second, the
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Role of neutrophils and neutrophil proteases:
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Figure 2. Airway remodeling in asthma related to neutrophilic inflammation. Airway remodeling 
in asthma is a characteristic feature of chronic asthma. LTB4, IL-8, LTB4, and TNF-΅ are elevated in 
an asthmatic airway and are related to airway remodeling. LTB4, IL-8, and TNF-΅ induce airway 
smooth muscle cell proliferation and migration. IL-8 and IL-17 upregulate MUC5A and MUC5B 
expression in epithelial cells. Abbreviations: IL, interleukin; LTB4, leukotriene B4, TNF-α; Tumor 
necrosis factor α, BLT1/2: leukotriene B4 receptor 1/2, IL-17R: IL-17 receptor, TNFR: TNF receptor, 
ASMCs: airway smooth muscle cells. 

6.1. Leukotriene B4 
In severe asthma, leukotriene B4 (LTB4) is increased in sputum, BALF, exhaled 

breath condensate, urine, and arterial blood [209]. LTB4 is a chemoattractant mediator of 
neutrophils [210] and has been found to recruit eosinophils in a guinea pig model 
[211,212]. The relationship between LTB4 and airway remodeling has not been fully stud-
ied, but BLT1 and BLT2 are expressed on HASM cells. LTB4 has been shown to induce 
HASM cell migration and proliferation in vitro [213]. Therefore, LTB4 might be involved 
in airway remodeling in asthma.  

6.2. IL-8  
IL-8 is increased in sputum or BALF from patients with severe asthma and is in-

versely correlated with %predicted FEV1 and sputum neutrophil counts [23,24,59,214–
216]. A recent study showed that IL-8 in BALF was the only cytokine that distinguished 
controlled from uncontrolled asthma among 48 evaluated cytokines [216]. IL-8 has been 
shown to induce HASM cell proliferation and migration [217–219], to stimulate mucin 
secretion [220], and to upregulate MUC5A and MUC5B in goblet cells [221]. YKL-40 has 
been shown to induce IL-8 in bronchial epithelial cells and to cause HASM cell prolifera-
tion and migration [222]. Therefore, IL-8 might be related to severe neutrophilic asthma 
and airway remodeling in asthma.  

6.3. TNF-΅  
TNF-΅ is a proinflammatory cytokine related to neutrophilic asthma. In vitro, TNF-

΅ induced airway smooth muscle migration and proliferation [223], extracellular matrix 
deposition, subepithelial fibrosis, and inflammatory cytokine secretion [224,225]. In a 
mouse model, TNF-΅ was involved in glucocorticoid insensitivity in neutrophilic inflam-

Figure 2. Airway remodeling in asthma related to neutrophilic inflammation. Airway remodeling
in asthma is a characteristic feature of chronic asthma. LTB4, IL-8, LTB4, and TNF-↵ are elevated in
an asthmatic airway and are related to airway remodeling. LTB4, IL-8, and TNF-↵ induce airway
smooth muscle cell proliferation and migration. IL-8 and IL-17 upregulate MUC5A and MUC5B
expression in epithelial cells. Abbreviations: IL, interleukin; LTB4, leukotriene B4, TNF-↵; Tumor
necrosis factor ↵, BLT1/2: leukotriene B4 receptor 1/2, IL-17R: IL-17 receptor, TNFR: TNF receptor,
ASMCs: airway smooth muscle cells.

6.1. Leukotriene B4
In severe asthma, leukotriene B4 (LTB4) is increased in sputum, BALF, exhaled breath

condensate, urine, and arterial blood [209]. LTB4 is a chemoattractant mediator of neu-
trophils [210] and has been found to recruit eosinophils in a guinea pig model [211,212].
The relationship between LTB4 and airway remodeling has not been fully studied, but
BLT1 and BLT2 are expressed on HASM cells. LTB4 has been shown to induce HASM cell
migration and proliferation in vitro [213]. Therefore, LTB4 might be involved in airway
remodeling in asthma.

6.2. IL-8
IL-8 is increased in sputum or BALF from patients with severe asthma and is inversely

correlated with %predicted FEV1 and sputum neutrophil counts [23,24,59,214–216]. A
recent study showed that IL-8 in BALF was the only cytokine that distinguished controlled
from uncontrolled asthma among 48 evaluated cytokines [216]. IL-8 has been shown to
induce HASM cell proliferation and migration [217–219], to stimulate mucin secretion [220],
and to upregulate MUC5A and MUC5B in goblet cells [221]. YKL-40 has been shown
to induce IL-8 in bronchial epithelial cells and to cause HASM cell proliferation and
migration [222]. Therefore, IL-8 might be related to severe neutrophilic asthma and airway
remodeling in asthma.

6.3. TNF-a
TNF-↵ is a proinflammatory cytokine related to neutrophilic asthma. In vitro, TNF-↵

induced airway smooth muscle migration and proliferation [223], extracellular matrix de-
position, subepithelial fibrosis, and inflammatory cytokine secretion [224,225]. In a mouse
model, TNF-↵ was involved in glucocorticoid insensitivity in neutrophilic inflammation
in asthma, which may induce chronic inflammation and lead to airway remodeling [226].
In vitro, miR874, which may be associated with the development of asthma, has been
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segmented stages [21]. These vesicles (markers: albu-
min, CD45, Mac-1/CD11b, and CD13) are enriched in
numerous proteins also present in the cell membrane,
including phagocytic, chemoattractant and cytokine
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of NADPH oxidase, and plasma proteins [3,22]. Like
specific and GG granules, the release of the content of
SV is restricted to the plasma membrane [21] and is
thought to facilitate neutrophil adherence to the acti-
vated vascular endothelial cells (EC), the initial step in
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Fig. 1. Main constituents of neutrophil granules and secretory vesicles. The list depicts the most abundant proteins in human resting

neutrophils. There are some species differences. For example, while mouse neutrophils contain most of these proteins, azurocidin, a-
defensin 3, and Cap57 are specific for human neutrophils. In contrast, mouse neutrophils harbor abundant expression of neutrophil granular

protein, high-mobility group 1, heat-shock protein A8, and chitinase-like protein 3 [4]. In human neutrophils, specific and gelatinase granules

exist as a continuum bearing markers of SG (lactoferrin+, gelatinase!), gelatinase granules (lactoferrin!, gelatinase+), and hybrid granules

(lactoferrin+, gelatinase+) [3]. A fourth granule type, ficolin 1-enriched granules have also been described [19].
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Treatment of neutrophilic inflammation:

Cathepsin C (dipeptidyl peptidase 1 - DPP1), is an important cysteine protease that mediates the maturation
process of neutrophil serine proteases (NSPs) and participates in the inflammation and immune regulation process

associated with polymorphonuclear neutrophils.
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Asthma and COPD: localized immunodeficiencies?

Dose response between serum IgA levels and exacerbations

Among the subgroup in the lowest decile of IgA serum levels (<120mg/dL) lower IgA levels
were significantly associated in adjusted models, in a dose-response fashion, with higher num-
ber of exacerbations (Fig 2); each 10mg/dL decrement in serum IgA was associated with 0.24
more exacerbations over follow-up (Č 0.24, 95% CI 0.023, 0.47, p = 0.03). The use of a cutoff of
near the 5th percentile (100mg/dL) did not change these observations. Introduction of a qua-
dratic term into this model did not result in a statistically significant coefficient nor a signifi-
cantly higher likelihood ratio when testing nested models, supporting the assumption of
linearity of IgA among those in the lowest decile. Characteristics of participants having IgA
level120 and>120 did not differ significantly (see S1 Table in online “Supporting
Information”).

Discussion

In this analysis, a novel association was found between subnormal serum IgA levels (70 mg/dL)
and prospective risk for COPD exacerbations. Supporting this finding, a significant negative

Fig 2. Unadjusted association of IgA with follow-up exacerbations among lowest decile IgA(0–120 mg/dL).

https://doi.org/10.1371/journal.pone.0194924.g002

Serum IgA and COPD exacerbation risk

PLOS ONE | https://doi.org/10.1371/journal.pone.0194924 April 12, 2018 6 / 10

SPIROMETRICS study
N: 1049 COPD patients

exacerbations was not significant (IRR 1.14, 95% CI 0.50 to 2.58, p = 0.8). Sensitivity anal-
ysis performed excluding the one individual with levels of IgA consistent with deficiency
did not change these findings.

Fig 1. Distribution of serum IgA by gender.

https://doi.org/10.1371/journal.pone.0194924.g001

Table 2. Association of subnormal serum IgA (<70 mg/dL) with exacerbations.

Unadjusted analysis Adjusted analysis⇤

Effect size 95% CI p-value Effect size 95% CI p-value

Dichotomous Exacerbations (Logistic regression, OR) 1.47 (0.65, 3.30) 0.353 1.26 (0.52, 3.04) 0.614

Dichotomous severe exacerbations (Logistic regression, OR) 3.20 (1.44, 7.10) 0.004 3.37 (1.44, 7.88) 0.005

Neg binomial exacerbations (IRR) 1.80 (0.89, 3.64) 0.099 1.71 (1.02, 2.88) 0.043

Neg binomial severe exacerbations (IRR) 0.66 (0.31, 1.42) 0.288 1.14 (0.50, 2.58) 0.757

⇤Adjusted for age, gender, race, baseline FEV1 percent predicted, current smoking status, batch, follow-up time.

https://doi.org/10.1371/journal.pone.0194924.t002

Serum IgA and COPD exacerbation risk

PLOS ONE | https://doi.org/10.1371/journal.pone.0194924 April 12, 2018 5 / 10
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RR for moderate/severe airway hyperresponsiveness in young
(<45 years) asthma patients (n: 234). Korean J Intern Med 2017;32:137-145
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Geographic variation in the aetiology,
epidemiology and microbiology of
bronchiectasis
Ravishankar Chandrasekaran1, Micheál Mac Aogáin1, James D. Chalmers2, Stuart J. Elborn3,4

and Sanjay H. Chotirmall1*

Abstract

Bronchiectasis is a disease associated with chronic progressive and irreversible dilatation of the bronchi and is
characterised by chronic infection and associated inflammation. The prevalence of bronchiectasis is age-related and
there is some geographical variation in incidence, prevalence and clinical features. Most bronchiectasis is reported
to be idiopathic however post-infectious aetiologies dominate across Asia especially secondary to tuberculosis.
Most focus to date has been on the study of airway bacteria, both as colonisers and causes of exacerbations.
Modern molecular technologies including next generation sequencing (NGS) have become invaluable tools to
identify microorganisms directly from sputum and which are difficult to culture using traditional agar based
methods. These have provided important insight into our understanding of emerging pathogens in the airways of
people with bronchiectasis and the geographical differences that occur. The contribution of the lung microbiome,
its ethnic variation, and subsequent roles in disease progression and response to therapy across geographic regions
warrant further investigation. This review summarises the known geographical differences in the aetiology,
epidemiology and microbiology of bronchiectasis. Further, we highlight the opportunities offered by emerging
molecular technologies such as -omics to further dissect out important ethnic differences in the prognosis and
management of bronchiectasis.

Keywords: Bronchiectasis, Microbiome, Mycobiome, Pseudomonas aeruginosa, Fungi, Aspergillus spp.

Background
Bronchiectasis is a major chronic pulmonary disease
characterised by infection, inflammation and a perman-
ent, irreversible dilatation of the bronchial wall. The
interaction of chronic infection, exacerbations and in-
flammation drive a vicious cycle resulting in lung injury
to the bronchi and lung parenchyma. This model pro-
posed by Cole is not well understood in terms of the
underlying biology but includes deficits in mucociliary
clearance and innate and adaptive immunity (Fig. 1).
There is amplification of injury processes following ana-
tomical damage to the bronchi leading to progressive
worsening of pulmonary physiology and symptoms with
associated increase in exacerbations [1]. The host

immune response to infection is primarily neutrophilic
and neutrophil derived proteases are deleterious and re-
sult in further pulmonary damage amplifying a recurrent
cycle [2] (Fig. 1).

Literature search strategy
A PUBMED review of all articles mentioning the key-
word “bronchiectasis” in combination with “epidemi-
ology” or “microbiology” published between 1997 and
2017 was performed. As bronchiectasis in Cystic Fibrosis
(CF) represents a separate disease entity in its own right,
retrieved articles dealing exclusively with CF-associated
bronchiectasis were excluded, as were original articles
without radiological confirmation of bronchiectasis.
Studies of both adult and paediatric populations were
considered and appropriately included.
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Treatment options of bronchiectasis in IEI:
Standard antiobstructive therapy

(SABA/LABA/LAMA)
Localized anti-inflammatory therapy

(ICS)

Systemic
anti-inflammatory therapy

(macrolide antibiotics) Systemic
antimicrobial prophylaxis

(macrolide antibiotics)

IgRT
Ig inhalation?

Improve mucociliary
clearance

Avoid smoking

If possible avoid systemic
anti-inflammatory therapy

(steroids)

Biologics for
eosinophilic type?

DPP1-inhibition?



Thank you for your attention

Email: leif-gunnar.hanitsch@charite.de
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Is this picture giving sound
evidence that Pharao Menes died
around 2800 BC of a wasp sting
anaphylaxic shock after trying to

conquer Great Britain?


