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Impaired pneumococcal antibody response
in bronchiectasis of unknown aetiology

D.A. van Kessel*, H. van Velzen-Blad”, J.M.M. van den Bosch* and G.T. Rijkers’

ABSTRACT: As a defective anti-polysaccharide response can exist in the absence of an
immunoglobulin deficiency, a series of 26 patients with bronchiectasis of unknown aetiology was
vaccinated with a 23-valent pneumococcal polysaccharide vaccine. All patients suffered from
recurrent respiratory tract infections.

When measuring total antibody levels to pneumococcal serotypes 3, 4 and 9, a normal
polysaccharide antibody response was found in 22 patients. However, only 11 of these subjects
showed a normal pneumococcal antibody response within the IgA and/or IgG2 subclass, and thus
could be classified as true responders, while 15 patients did not respond in either the IgA class or
in the 1gG2 subclass.

When analysing differences between the responder (n=11) and nonresponder (n=15) groups,
the latter demonstrated higher frequencies of respiratory tract infections and more severe lung
pathology, as revealed by the presence of more bronchi visualised in the peripheral third of the
lung by high-resolution computed tomography scanning. Moreover, nonresponders needed
extensive lung surgery more often in order to control their disease (number of resected segments
eight versus five).

In conclusion, an important fraction of patients presenting with idiopathic bronchiectasis is
associated with a selective anti-polysaccharide response deficiency and this subgroup appears
to represent a more severe clinical phenotype. Therefore, it can be regarded as a separate clinical
entity with possible therapeutic targets.

In order to identify IgA and IgG2 anti-polysaccharide nonresponders, all patients presenting
with bronchiectasis of unkown aetiology should be immunised with a pneumococcal poly-
saccharide vaccine, and IgA and IgG2 isotype responses should be evaluated as well as the total
antibody response.

KEYWORDS: Antibody response, bronchiectasis, high-resolution computed tomography scan,
IgA, I9G2, pneumococcal polysaccharide

tion of bronchi, which is presently best

diagnosed by high-resolution computed
tomography (HRCT) of the chest [1]. Patients
with bronchiectasis can be asymptomatic, but
many suffer from recurrent respiratory tract
infections, with productive cough, dyspnoea
and occasionally haemoptysis. Disease severity
can range from mild disease requiring only
antibiotics on demand, to severe forms, which
may evolve into end-stage lung disease, ulti-
mately requiring lung transplantion [2].

B ronchiectasis is defined as chronic dilata-

There are many known causes of bronchiectasis,
which can be grouped into extrinsic (post-
infectious) and intrinsic (noninfectious) causes. In
the past, bronchiectasis was most commonly a
post-infectious complication [3]. However, since
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the introduction of antibiotics, effective tuberculo-
static drugs and the widespread implementation of
childhood vaccination programmes, the incidence
of post-infectious bronchiectasis has dramatically
decreased. At present, bacterial infections in cystic
fibrosis (CF) and allergic bronchopulmonary
aspergillosis (ABPA) are amongst the most fre-
quent forms of post-infectious bronchiectasis
encountered in pulmonary medicine [4, 5].

Intrinsic causes of bronchiectasis include o;-
antitrypsin deficiency, mucociliary clearance
defects, rheumatoid arthritis and various forms
of (humoral) immunodeficiency. In particular,
patients with an impaired antibody response to
encapsulated bacteria are thought to be at risk for
recurrent respiratory tract infections, which may
lead to bronchiectasis.
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A selective anti-polysaccharide antibody deficiency can be
present in individuals with normal total immunoglobulin
levels. AMBROSINO et al. [6] were the first to describe this
phenomenon, which was later confirmed by others [7].
Therefore, currently, a selective anti-polysaccharide antibody
deficiency is a well-recognised entity in the context of recurrent
respiratory tract infections.

Anti-pneumococcal antibody responses predominantly reside
in the IgA and IgG2 subclasses. It has previously been
demonstrated by the current authors that defective IgA
antibody responses can be found after vaccination with a 23-
valent pneumococcal polysaccharide vaccine in patients with
recurrent sinusitis, despite normal total serum immunoglobu-
lin levels [8]. In addition, in the same paper, defective IgG2
antibody responses were reported upon pneumococcal poly-
saccharide vaccination in patients presenting with pneumonia
[8]. Therefore, these results prompted an extension of the study
to include antibody responses to pneumococcal polysaccharide
vaccination in patients with idiopathic bronchiectasis and
normal total serum immunoglobulin levels.

PATIENTS AND METHODS

Patient population

The study was designed as a consecutive clinical attendees’
cohort study, which included 26 patients who were recruited
at the outpatient pulmonary department of the Sint Antonius
Hospital (Nieuwegein, The Netherlands). All patients com-
plained of recurrent respiratory tract infections caused by
bronchiectasis. Twenty-three patients were female, which is a
common finding in idiopathic bronchiectasis [9]. Subjects were
included when serum levels of immunoglobulins, IgG1 and G2
subclasses, and IgE were within the normal range: IgA 0.5-
3.7 gL', 1gM 04-2.3 g-L7, 1gG 8-17 gL, IgG1 4.9-11.4 g-L7,
IgG2 1.5-6.4 g-L", IgE <100 kU-L™.

Bronchiectasis patients with a history of tuberculosis or
exposure to Mycobacterium tuberculosis (based on a positive
tuberculin skin test), those with indications for aspiration or
with severe respiratory infections during childhood were
excluded. CF was excluded by a sweat test and/or genotyping
the CF transmembrane regulator gene (two patients).

As hypersensitivity reactions to Aspergillus fumigatus can play a
role in the development of bronchiectasis [10], precipitating
antibodies to A. fumigatus were determined. All but two
patients scored negative in this test. The two patients with
precipitins to A. fumigatus did not meet the other clinical and
laboratory parameters for the diagnosis of ABPA (asthma,
elevated total serum IgE, positive immediate skin test to A.
fumigatus, serum IgE antibodies, blood eosinophilia, increased
serum IgE and central bronchiectasis [11]). ay-Antitrypsin
deficiency was excluded by normal serum levels of o;-
antitrypsin. Primary ciliary dyskinesia was excluded by
histological examination of nasal or bronchial biopsies in 10
patients or by analysis of mucociliary transport using **™Tc-
labelled albumen in the remainder.

The respiratory tract infection frequency of each patient was
carefully assessed and based on reported infectious episodes.
Infectious episodes were categorised as sinusitis, bronchitis or
pneumonia. Sinusitis was defined as symptomatic inflammation
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of the paranasal sinuses lasting no longer than 6-8 weeks.
Bronchitis was defined as having excessive mucous secretion
[12]. A sputum culture was performed if possible. Chest
radiography was always used to confirm the clinical diagnosis
of pneumonia.

Pulmonary function testing was carried out according to the
standards of the European Respiratory Society [13, 14].

Laboratory investigations

Standard laboratory investigations in all subjects included
a blood leukocyte count with differentiation, serum oy-
antitrypsin measurement, and determination of serum levels
of immunoglobulins and IgG subclasses, which was performed
by nephelometry or radial immunodiffusion [15]. Sputum was
cultured using standard microbiological techniques.

All patients in the study were immunised intramuscularly
with a 23-valent pneumococcal vaccine (Pneumovax; Merck
and Co., Rahway, NJ, USA), containing 25 pg of purified type-
specific capsular polysaccharides of 23 pneumococcal sero-
types (1,2, 3,4, 5, 6B, 7F, 8, 9N, 9V, 104, 11A, 12F, 14, 15B, 17F,
18C, 19F, 19A, 20, 22F, 23F and 33F; Danish nomenclature).
Blood samples were drawn before and 3 weeks after
immunisation. Serum samples were stored at -20°C until use.

Anti-capsular polysaccharide antibody assays

Antibodies to capsular polysaccharides of Streptococcus pneu-
monia serotypes 3, 4 and 9V in pre- and post-immunisation
serum samples were measured by ELISA [16]. In addition,
isotype-specific antibodies (IgA, IgG1 and IgG2) to serotypes 4,
6B, 9V, 14, 19F and 23F were measured in pre- and post-
immunisation samples. All antibody titres were calibrated on
the international reference preperation 89-SF [16-18]. Antibody
concentrations in the reference preparation were assigned
100 U-mL™" for each isotype and each serotype (figs 1 and 2).

1000 ~

100

N
o
|

Antibody titre U-mL""

Pre Post
oV

Serotype 3

FIGURE 1. Antibody response to pneumococcal serotypes 3, 4 and 9V.
Antibody titres were measured before (pre) and 21 days after (post) vaccination with
23-valent pneumococcal polysaccharide vaccine. An antibody concentration of
100 U-mL™ corresponds with 7.29 pg-mL™" anti-serotype 3, 6.63 pg-mL™" anti-
serotype 4 and 10.26 pg-mL™" anti-serotype 9V. i : nonresponders; [J: responders.
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FIGURE 2. 3) IgG1, b) IgG2 and ¢) IgA antibody responses to pneumococcal
serotypes 4, 6B, 9V, 14, 19F and 23F. Antibody titres were measured before (pre)
and 21 days after (post) vaccination with 23-valent pneumococcal polysaccharide
vaccine. An antibody concentration of 100 U-mL™" corresponds with 0.48 pug-mL""
IgG1, 3.59 pg-mL" 1gG2, 1.18 pg-mL™" IgA anti-serotype 4; 0.66 ng-mL™" IgGf,
10.54 pg-mL" 1gG2, 1.52 pg'mL™" IgA anti-serotype 6B; 0.80 ug-mL" IgG1,
6.10 pg'mL™" 1gG2, 1.70 pg'mL" IgA anti-serotype 9V; 2.87 pg-mL" IgG1,
2123 ug'mL™" 1gG2, 1.94 pg'mL" IgA anti-serotype 14; 1.12 ug-mL™ IgG1,
10.09 pg'mL™" 1gG2, 1.98 ug-mL™" IgA anti-serotype 19F; 0.73 pg-mL™" IgG1,
6.66 ng-mL™" IgG2, 1.29 ug-mL™" IgA anti-serotype 23F.

Patients were classified as total responders or nonresponders
on the basis of their total pneumococcal polysaccharide
antibody response after vaccination. A responder was defined
as having a post-vaccination titre >20 U-mL™ and at least a
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two-fold increase for two of the three pneumococcal serotypes
tested.

To allow for statistical analysis, the IgA and IgG2 antibody
levels to pneumococcal serotypes 4, 6B, 9V, 14, 19F and
23F in post-immunisation samples were converted into
positive (>50 U-mL™) or negative (<50 U-mL™). An isotype
responder was defined as having a positive IgA and/or IgG2
antibody response to more than four out of six of the serotypes
tested.

Radiological classification

The presence, severity and extent of bronchiectasis were
determined by bronchography [19] in two patients and by
HRCT in 24 patients. HRCT scanning was carried out with a
Philips SR 7000 CT-scanner (Philips, Eindhoven, The
Netherlands). Patients were put into the supine position. No
(intravenous) contrast material was used. Measurements were
made at end-inspiratory volume. Slices 1.5 mm thick were
obtained at 10-mm intervals from the costophrenic angles to
the lung apices and reconstructed with a high-spatial
algorithm. Scanning parameters included a voltage of 140 kV
of 175 mA with a scan time of 1 s. For images, a window width
of 1500 HU, a window level of -750 HU/1500 HU and
volumetric scanning were used.

The HRCT scans were analysed according to the criteria
described by MCGUINNESS et al. [1], NAIDICH et al. [20] and REIFF
et al. [21]. This classification system includes three categories:
cylindrical, cystic and varicose bronchiectasis. Additionally,
another analysis was performed, according to the criteria
described by DIEDERICH et al. [22]. The major items scored in
this system were as follows. 1) Bronchial dilatation as
compared with the diameter of the adjacent pulmonary artery
was divided into three categories: normal <110%, mild 110-
150% and severe >150%. 2) The luminal diameter of the
bronchus as compared with the total diameter of the bronchus
was also divided into three categories: normal >80%, mild 80—
50% and severe <50%. 4) The bronchial contents was divided
into two categories: air or mucus. 5) The cysts in cystic
bronchiectasis were placed into three groups: <1 cm, 1-2 cm
or >2 cm in size.

Other signs of severity of disease were recorded as either
present or absent: visualisation of bronchi in the peripheral
third of the lung, volume loss, pulmonary consolidation,
emphysema, interstitial lines and nodules. The extent of
abnormal bronchi per lobe was recorded in four categories:
<25% involvement, 26-50% involvement, 51-75% involvement
and >75% involvement.

Statistics

The IgG2 and IgA antibody titres to six pneumococcal
serotypes in the various patient subgroups were converted
into positive or negative and subsequently compared with the
Fishers exact test. A p-value <0.05 was considered statistically
significant.

RESULTS

A series of 26 patients was included in the study. In 24 subjects
the diagnosis bronchiectasis was established based on HRCT
of the chest and in two patients based on bronchography.
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After pneumococcal polysaccharide vaccination, 22 patients
showed a post-vaccination total antibody titre >20 U-mL™ and
at least a two-fold increase of two of the three pneumococcal
serotypes tested (fig. 1). Therefore, on the basis of this test, 22
patients would have to be classified as responders and four as
nonresponders.

However, determination of IgA and IgG2 antibodies to
pneumococcal polysaccharides of serotypes 4, 6B, 9V, 14, 19F
and 23F largely changed this classification (fig. 2). Defining an
individual with a positive IgA and/or IgG2 antibody response
for more than four out of six serotypes classified them as an
isotype responder, an adequate response to the vaccine was
observed in only 11 out of 22 responders in the total antibody
evaluation. Three of these patients had both an IgA and IgG2
response. The remaining 11 patients had an inadequate IgA
and IgG2 response, despite initially being classified as a total
responder (table 1).

Thus, based on measurement of the post-vaccination total
antibody titre and the selective antibody response against
pneumococcal polysaccharide in the IgA and IgG2 subclasses,
the nonresponder group consisted of four total nonresponders
and 11 isotype nonresponders. The clinical characteristics of
the nonresponder group (n=15) and that of the responder
group (n=11) are summarised in table 2.

Comparison of clinical characteristics between responders
and nonresponders

In both groups there was a remarkable predominance of
females, i.e. 11 in the responder and 12 in the nonresponder
group (p<<0.01). Median age was 49 yrs in the responder versus

TABLE 1

Selective defects in antibody response against
pneumococcal polysaccharide in IgA and IgG
subclasses

Responder Nonresponder Total p-value

Patients 11 15 26
IgA anti-PPS response 4 0 4 0.0221
19G2 anti-PPS response 10 0 10 <0.001
IgA anti-serotype

4 6 2 8 0.0384

6B 0 0 0

9V 9 13 22

14 10 14 24

19F 6 3 ©

23F 2 0 2
1gG2 anti-serotype

4 9 2 11 <0.001

6B 0 0 0

oV 10 6 16 0.0143

14 11 13 24

19F 11 5 16 <0.001

23F 7 0 7 <0.001

Data are presented as n patients. PPS: pneumococcal polysaccharides. IgA
and/or IgG2 isotype responder is defined as a post-vaccination titre
>50 U-mL™" for more than four out of six pneumococcal serotypes tested.
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ay:\:]8= 8 Clinical characteristics of the nonresponder and
responder groups
Responder Nonresponder Total p-value

Patients 11 15 26
Female/male 11/0 12/3 23/3
Median age yrs 50 (20-69) 49 (25-69) 49 (20-69)
FEV1 % pred

Normal >80% 5 9 14

Mild 70-79 1 2 8

Moderate 50-69 4 2 6

Severe <50 1 2 3
Pneumonia 10 12 22
Sinusitis 8 13 21
Allergy 4 7 11
Smoking 1 1 2
Corticosteroids 1 0 1
Antibiotics 1 4 5
1gG4 deficiency 1 1 2
Infections per yr 5 (3-12) 8 (4-12) 8 (3-12) 0.078
S. pneumonia 4 8 12
H. influenzae 7 12 19
M. catarrhalis 2 7 9 0.06
Surgery 4 8 12
Resected segments

mean 3 8 0.029

Data are presented as n patients or median (range). FEV1: forced expiratory
volume in one second. Fishers exact test was used to compare the two groups.

50 yrs in the nonresponder group. No difference was observed
in distribution of smoking behaviour, allergic constitution and
use of antibiotics or corticosteroids.

Analysis of lung function showed normal values of forced
expiratory volume in one second in five individuals (45%) of
the responder group and in nine (60%) of the nonresponder
group. In total, nine patients had a mild-to-moderate impair-
ment and only three patients showed severe obstructive lung
disease. Statistical analysis of these results showed no
significant differences.

The number of respiratory tract infections ranged from three to
12 per year. The nonresponder group showed a higher number
of infections, as illustrated in figure 3.

Four patients underwent surgery in the responder group versus
eight patients in the nonresponder group. Importantly, the
nonresponders required more extensive surgery than the
responders.These data indicate that patients with a defective
pneumococcal antibody response show a higher infection
frequency and require more extensive surgery.

Radiological evaluation of reponders and nonresponders

Results of evaluation of radiological characteristics in respon-
der and nonresponder bronchiectasis patients are summarised
in table 3. Cylindrical bronchiectasis was the predominant
finding in both groups. Three patients with cystic bronchiec-
tasis were present in each group. No differences were found in
scoring for bronchial contents and bronchial thickening,
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Patients n

3 4 5 6 7 8 9 10 11 12
Infections-yr'1

FIGURE 3. Infection frequency in pneumococcal polysaccharide IgA or IgG2
antibody responders (CJ) and nonresponders ().

volume loss and consolidation. Signs of emphysema were
equally seen in both groups. There were significantly more
visible bronchi in the peripheral third of the lung in the
nonresponder group (p=0.0472), indicating more severe
bronchiectasis [23].

The extent of areas with abnormal bronchi per lobe was
determined in all available HRCT scans. In agreement with
previous data in the literature, the lower lobes tended to be
more severly affected, and this was most prevalent in the non-
responding group (fig. 4) [2].

In 11 patients a follow-up HRCT scan was performed because
of the high infection frequency. Ten of them were nonrespon-
ders. In four patients the HRCT scan showed progression of
bronchiectasis.

DISCUSSION

It is shown in the present study that ~50% of the patients with
idiopathic bronchiectasis and normal total serum immunoglo-
bulin levels had a defective IgA and IgG2 anti-polysaccharide
response. Clinically, these nonresponders demonstrated a
higher rate of respiratory tract infections and showed
more severe lung pathology as assessed by HRCT scanning.
Humoral immunodeficiencies, including common variable
hypogammaglobulinaemia and IgA or IgG2 subclass
deficiency, are well-recognised aetiological risk factors for
bronchiectasis [2].

As antibodies to pneumococcal polysaccharides predomi-
nantly reside in the IgA and IgG2 subclasses, it could be
anticipated that bronchiectasis patients with defective anti-
polysaccharide antibody responses show insufficient levels
of anti-polysaccharide IgA and IgG2 upon vaccination
with pneumococcal-derived polysaccharide. Selective anti-
polysaccharide antibody deficiency is associated with a
variable clinical spectrum of recurrent and/or severe respira-
tory tract infections [7, 24]. Bronchiectasis develops because
respiratory pathogens are not handled adequately due to this
humoral immunodeficiency, which results in permanent
damage of lung tissue.
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ay:\:183] Radiological characteristics

Responder Nonresponder Total

Patients 11 13 24
Bronchiectasis

Mild dilatation 11 13 24

Severe dilatation 0 0 0
Type of bronchiectasis

Cylindrical 6 6 12

Cystic 1 2 3

Varicose 0 1 1

Indeterminate 0 0 0

More than one type 4 4 8
Cystic bronchiectasis

None 10 12 22

1-2 cm average size 1 1 2
Bronchial wall thickening

Mild thickening >50% normal 10 13 23

Severe thickening <50% normal 1 0 1
Bronchial dilatation and wall

thickening

None 1 1 2

Yes 10 12 22
Bronchial contents

Air only 8 10 18

Air and fluid 3 3 6
Bronchi visualised in the

peripheral third of the lung

No 9 5 14

Yes 2 8 10#
Volume loss

No 10 9 19

Yes 1 4 5
Consolidation

No 5 8 13

Yes 6 5 1
Emphysema

No 10 10 20

Yes 1 3 4
Interstitial lines

No 9 6 15

Yes 2 7 9

Data are presented as n patients. #: p=0.0472. According to the criteria as
described by DieperICH et al. [22].

It is well recognised that patients with dysimmunoglobulinae-
mia have a defective anti-polysaccharide antibody response
[8]. In addition, in patients with bronchiectasis, in the context
of dysimmunoglobulinaemia deficient, anti-polysaccharide
antibody responses have been found upon vaccination [4].
However, this study now clearly shows that an antibody
response deficiency may exist even in bronchiectasis patients
with normal total immunoglobulin levels. Therefore, measure-
ment of IgA and IgG subclass levels cannot be used as a
substitute for a specific antibody response estimation [25].
Consequently, it is advocated that (pneumococcal) vaccination
is used to reveal specific antibody response deficiencies in
apparently normal total immunoglobulin subclasses.
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FIGURE 4. High-resolution computed tomography (HRCT) analysis of bronchial abnormalities. The extent of radiological abnormalities is calculated as percentage
category of abnormal bronchi in right (R) or left (L), upper (U), middle (M) or lower (L) lobes and in the lingual (LIN): a) RUL, b) LUL, c) RML, d) LIN, e) RLL, f) LLL. [

responders; I nonresponders.

Pneumococcal vaccination in patients with bronchiectasis of
unknown cause has been carried out in several studies and the
response to vaccination has been measured by determination
of total antibody concentrations to a mixture of 23 poly-
saccharides [4, 26, 27]. In all these studies the vast majority of
patients showed a normal response and, therefore, it was
recommended that such screening is not required [22]. Our
initial screening procedure for anti-polysaccharide antibody
deficiency also comprised determination of total antibody
levels to pneumococcal serotypes 3, 4 and 9, which represent
strong, intermediate and poor immunogenic polysaccharides,
respectively. When using this approach a normal polysacchar-
ide antibody response was found in 22 out of 26 patients
studied. Hence, using the above screening only, 11 out of 15 of
the nonresponder patients would have been missed. The

EUROPEAN RESPIRATORY JOURNAL

extended screening procedure for specific IgA and IgG2
antibody levels identified a significant number of nonrespon-
ders who initially had a normal total polysaccharide antibody
response. Apparently, low levels of IgA and IgG2 antibodies are
quantitatively compensated by other isotypes, notably IgM.
Identification of the antibody deficiency required testing the
response to six pneumococcal serotypes (in the IgG2 and IgA
class). The failure to respond was not associated with any
particular serotype lack of response (table 1). Notably, there
were no antibody responders to serotype 6B in either group;
almost all patients had an IgG2 and IgA response to serotype 14.

From the clinical management point of view, it is important to

recognise that nonresponder patients have a higher infection
frequency, show more radiological abnormalities and have

VOLUME 25 NUMBER 3 487
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more extensive lung pathology. Of note, the radiological
evaluation of bronchiectasis used in this study was based on
the methodology as described by NAIDICH et al. [20], combined
with criteria formulated by DIEDERICH et al. [22]. This approach
enabled the scoring of severity and extension of lung
pathology. In the current series, cylindrical, mild bronchiecta-
sis was mainly found, and only one patient showed progres-
sion of bronchiectasis on follow-up HRCT scan. No
relationship was found between the clinical symptoms and
disease progression on HRCT scan. This is in agreement with
the fact that there is, to date, no satisfactory radiological
scoring system for severity and progression of bronchiectasis
[28].

In the authors opinion, a sizeable fraction of patients with
bronchiectasis of unknown cause can now be classified as
bronchiectasis associated with polysaccharide antibody
response deficiency, which might have important clinical
implications for treatment. In patients with hypogammaglo-
bulinaemia, immunoglobulin replacement therapy reduces the
infection episodes and prevents further damage of the bronchi
[29, 30]. In this present patient group with a defective IgG2
antibody response, immunoglobulin replacement might sup-
plement the polysaccharide antibodies, but this would require
screening of batches with sufficient polysacharide antibody
titres, as well as monitoring antibody levels in patients on
substitution therapy.

In conclusion, all patients with bronchiectasis of unknown
aetiology should be immunised with a pneumococcal poly-
saccharide vaccine. In addition, specific antibody responses
within the IgA and IgG2 subclass should be evaluated as well
as the total antibody response to identify this potentially new
brochiectasis phenotype.
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