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Comparison of pulmonary diseases in common variable
immunodeficiency and X-linked agammaglobulinaemia
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ABSTRACT

Background and objective: Pulmonary disease is the
most common complication in patients with common

variable immunodeficiency (CVID) or X-linked
agammaglobulinaemia (XLA). Pulmonary disease may
progress despite immunoglobulin replacement

therapy. In this study pulmonary complications were
compared in patients with CVID or XLA.

Methods: Pulmonary complications were evaluated
in 115 patients (76 with CVID and 39 with XLA) by
reviewing hospital records of chest infections, pulmo-
nary function tests and high-resolution CT scans.
Results: Thirty-two patients with XLA (82%) pre-
sented with 59 episodes of pneumonia before diagno-
sis, whereas 15 patients (38.4%) experienced
pneumonia after immunoglobulin replacement
therapy (1.67 vs 0.45 episodes per patient per year).
Among the CVID patients, 196 episodes of pneumonia
were documented in 59 patients (77.6%) before diagno-
sis, while 36 patients (47.3%) experienced pneumonia
after therapy (1.11 vs 0.58 episodes of pneumonia per
patient per year). Forty-seven (41%) patients (38 with
CVID and 9 with XLA) developed chronic lung disease.
The CVID patients developed more complications,
including bronchiectasis and lymphoid interstitial
pneumonitis, than the XLA patients.

Conclusions: Patients with CVID had a greater likeli-
hood of developing lung disease, possibly due to
delayed diagnosis and immune dysregulation, as com-
pared with XLA patients. Early diagnosis of patients
with primary antibody deficiencies and adequate i.v.
immunoglobulin replacement therapy substantially
reduces the number of pulmonary infections. However,
CVID patients are prone to progression of lung disease
despite optimal immunoglobulin therapy because of
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SUMMARY AT A GLANCE

Patients with CVID are at greater risk of developing
lung complications than patients with XLA
because of delayed diagnosis and possible
immune dysregulation. Early diagnosis and appro-
priate treatment reduces the incidence of pulmo-
nary infections in both groups of patients.
However, CVID patients are prone to progressive
lung disease despite optimal immunoglobulin
therapy.

the nature of the disease. This important issue should
be addressed in further studies.

Key words: common variable immunodeficiency, lung
complication, pneumonia, pulmonary function test,
X-linked agammaglobulinaemia.

INTRODUCTION

Common variable immunodeficiency (CVID) is the
most frequently occurring symptomatic primary
immunodeficiency. It is a clinically heterogeneous
disorder with recurrent bacterial infections, autoim-
mune manifestations and lymphoproliferation.’™ The
diagnostic criteria for CVID include decreased serum
immunoglobulin levels and exclusion of other well-
defined primary antibody deficiencies (PAD).°
Although various abnormalities in both the innate
and adaptive immune systems have been
described,®* ' the molecular basis of CVID remains
largely unknown.

In contrast, X-linked agammaglobulinaemia (XLA)
is an inherited single gene disorder caused by muta-
tions in the gene for Bruton tyrosine kinase (BTK) that
result in developmental defects in B lymphocytes.'*'¢
Affected individuals have low serum immunoglobulin
levels and markedly reduced B cell numbers.'”'
As a result, they have an increased susceptibility to
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encapsulated bacteria and enteroviruses, as antibod-
ies play a critical role in host defence against these
microorganisms.'%??

Both CVID and XLA predispose affected individu-
als to recurrent respiratory tract infections, chronic
bronchitis, bronchiectasis, as well as obstructive
and restrictive lung diseases.”?*® Bronchiectasis and
bronchial wall thickening are well-recognized
complications of PAD.*** Delay in diagnosis or
inadequate management may lead to permanent
organ damage (e.g. bronchiectasis) and death.?***
Early diagnosis of patients with PAD and adequate
immunoglobulin replacement therapy reduce
the number of pulmonary infections and are consid-
ered the keys to survival and a better quality of
life.30-32

Despite receiving optimal immunoglobulin
therapy, some patients with PAD develop chronic
lung disease. It is important that physicians treating
patients with PAD perform baseline pulmonary
function tests (PFT) for all patients, and also con-
sider high-resolution CT (HRCT) of the chest in
patients with chronic chest symptoms, in order to
monitor parameters related to lung disease in
patients receiving immunoglobulin replacement
therapy.

Although several studies have reported the inci-
dence of pulmonary complications in patients with
CVID or XLA, there are only a few reports comparing
the incidence of pulmonary complications between
these diseases. Therefore, the purpose of this study
was to compare the frequencies of pulmonary com-
plications between patients with CVID and those with
XLA.

METHODS
Patients

The Immunodeficiency Clinic at the Children’s
Medical Center affiliated to Tehran University of
Medical Sciences is a referral centre for both paedi-
atric and adult patients with primary immunodefi-
ciency disease. A total of 115 patients with PAD (76
with CVID and 39 with XLA), who were diagnosed
and treated at this centre between 1984 and 2009,
were selected for this study. The diagnosis of CVID or
XLA was made according to the criteria of the Euro-
pean Society for Immunodeficiencies and the Pan-
American Group for Immunodeficiency.® Diagnosis
of CVID was based on a reduction of at least two
serum immunoglobulin isotypes (IgG, IgA and IgM)
by two standard deviations from the normal mean
values for age, in patients older than 2 years, because
of the possibility of transient hypogammaglobuli-
naemia. Diagnosis of XLLA was based on hypogam-
maglobulinaemia associated with very low numbers
of circulating B cells (<1%) and detection of BTK
mutations.'® All patients received regular immuno-
globulin replacement therapy with doses of 400-
600 mg/kg/month, as well as prophylactic antibiotic
therapy.
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Demographic and clinical information

After obtaining approval from the ethics committee at
our centre to use patient records while maintaining
patient confidentiality, a two-page questionnaire was
developed to capture all demographic information,
including date of birth, age at onset of symptoms, age
at diagnosis and history of respiratory infections and
lung complications. All information was obtained by
reviewing the patients’ hospital records before and
after diagnosis.

Diagnostic delay was defined as the time between
onset of symptoms and the time of diagnosis. Dura-
tion of follow up was the time between diagnosis and
the date of either the last visit or death. For each
patient, the total number of episodes of pneumonia
before and after diagnosis was recorded. The diagno-
sis of pneumonia was based on the Centers for
Disease Control criteria,® including clinical, radio-
logical and laboratory evidence of lower respiratory
tract infection. Although sputum culture may have
provided information on antimicrobial susceptibility,
it is not useful for the diagnosis of pneumonia.

Pulmonary function tests

Pulmonary function was evaluated according to the
American Thoracic Society guidelines,* using a com-
puterized pneumotachograph (Jaeger, Wurzburg,
Germany) in patients who were 6 years and older
and cooperative, with patients tested in the seated
position (within a volume displacement body
plethysmograph). FVC, FEV,, FEV,/FVC and maximal
mid-expiratory flow (MMEF,s 7s5%) were recorded.

High-resolution CT

The HRCT was performed to confirm the presence of
chronic lung disease in patients who had persistent
symptoms for more than 4 weeks. HRCT was assessed
using the modified Bhalla scoring method to evaluate
the presence and severity of different parameters,*~"
including: (i) the presence and extent of bronchiecta-
sis; (ii) the average severity of bronchial dilatation;
(iii) bronchial wall thickness; (iv) the presence or
absence of mucus within the large airways, and sepa-
rately, within the centrilobular bronchioles; (v) the
extent of decreased attenuation of the lung paren-
chyma; (vi) the extent of bronchial wall collapse; and
(vii) the extent of tracheal collapse. These parameters
were scored separately for each lobe, as well as the
lingula, and the total lung score was derived by
summing the lobar grades; the final scores used in the
analysis were obtained by summing the total lung
scores of two observers. The highest possible score
was 18. Bronchiectasis was recognized as bronchial
dilatation, often with thickening of the walls. Bron-
chial dilatation was considered to be present when
the internal diameter of the bronchus was greater
than that of the adjacent pulmonary artery.
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Table 1 Characteristics of the patients with primary antibody deficiency (n=115)

Parameter XLA CVID P-value*
Number 39 75 —
Gender (male/female) 39/0 43/33 —
Age at time of study, years (range) 12 (3-32) 17 (2-59) 0.18
Age at time of onset of symptoms, years (range) 1(0.5-6) 2 (0.5-46) <0.0001
Age at the time of diagnosis, years (range) 3.8 (1-24) 9 (2-54) <0.0001
Duration of delay in diagnosis, years (range) 2 (0.3-10) 5 (1-32) 0.003
Duration of follow-up, years (range) 7 (1-21) 5 (1-22) 0.001

* Calculated by independent t-test.

CVID, common variable immunodeficiency; XLA, X-linked agammaglobulinaemia.

Statistical analysis

Clinical information, including PFT and HRCT
results, were compared among the patient groups.
Fisher’s exact test and chi-square tests were used for
2 x 2 comparison of categorical variables, whereas
t-tests and one-way analysis of variance with Bonfer-
roni’s test were used to compare numerical variables.
Confounding variables, including delay in diagnosis
and history of allergy, were excluded from the statis-
tical analysis. Correlations between CT findings (air-
space consolidation, ground-glass attenuation,
reticulation, thickening of bronchovascular bundles,
honeycombing, nodules and bronchiectasis) and PFT
(%VC, FEV,/FVC, %MMEF) were analysed by the non-
parametric Spearman correlation coefficient. Statisti-
cal analyses were performed using StatView version
4.5 software (Abacus Concepts, Berkeley, CA, USA). A
P-value < 0.05 was considered significant.

RESULTS
Characteristics of the patients

There were 115 patients, aged 2-59 years, who had
been diagnosed with PAD, including 76 with CVID
and 39 with XLA. There were 82 men and 33 women
(Table 1). The median ages at the time of the study for
patients with CVID and XLA were 17 and 12 years,
respectively. The median age at the onset of symp-
toms was 2 years (range 0.5-46) for CVID patients,
which was significantly higher than that of XLA
patients (1 year, range: 0.5-6 years, P <0.001). XLA
patients were diagnosed at a younger age (median
4years, range 1-24years) than CVID patients
(9 years, range 1-54 years, P < 0.001). The median lag
times for diagnosis of CVID and XLA were 8 years
(range 1-32 years) and 2.5 years (range 1 month to
15 years), respectively (P=0.003). There was an
inverse association between age of onset and delay in
diagnosis (r=-0.93).

Forty-seven of 76 CVID patients (64.4%) and 27 of
39 XLA patients (69.2%) had respiratory manifesta-
tions as the initial presenting symptoms. Twenty-two
CVID patients presented with other types of infec-
tions, including diarrhoea, urinary tract infections,
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conjunctivitis, candidiasis and septic arthritis. Aller-
gic manifestations (four patients) and autoimmunity
(three patients) were less frequent among this group
of patients. Initial presenting symptoms in the 12
remaining XLA patients were gastrointestinal infec-
tions (10 patients), urinary tract infection (one
patient) and meningitis (one patient). Immunological
data, including serum immunoglobulin levels and
lymphocyte subset counts at the time of diagnosis,
are shown in Table 2.

Pulmonary infections before and
after diagnosis

Pulmonary infections, particularly pneumonia, were
the most frequent clinical manifestations in all
patients (Table 3). Before diagnosis and initiation of
immunoglobulin replacement therapy, 32 XLA
patients (82%) and 59 CVID patients (77.6%) experi-
enced at least one episode of pneumonia (P = 0.03).
Twenty-seven of the 32 XLA patients (84.3%) and 45 of
the 59 CVID patients (76.3%) had more than one
episode of pneumonia. On average, the 32 XLLA and 59
CVID patients who experienced episode(s) of pneu-
monia before starting immunoglobulin replacement
therapy had 1.67 and 1.11 episodes of pneumonia per
patient per year, respectively (P = 0.008). The charac-
teristics of the XLLA and CVID patients with a history of
pneumonia and chronic lung disease are shown in
Table 3. In order to adjust for the probable effect of
‘delayed diagnosis’ on the pneumonia incidence rate,
XLA and CVID patients were stratified into those with
delays of <6 years and those with delays >6 years.
Comparison of the pneumonia incidence rates within
the stratified groups showed that there were signifi-
cantly greater numbers of episodes of pneumonia in
XLA and CVID patients with delayed diagnoses
(P < 0.003). Among all the patients, only one 48-year-
old CVID patient was a smoker. Four patients with
CVID had allergic rhinitis and three had asthma,
while none of XLA patients had allergic respiratory
disease; therefore, stratification based on smoking
and allergic respiratory disease was not necessary.
After immunoglobulin replacement therapy, 15 of
39 XLA patients (38.4%) and 36 of 76 CVID patients
(47.3%) had at least one episode of pneumonia; the 15
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Table 2 Immunological data for patients with primary antibody deficiency (n=115)
Parameter XLA CVID P-value*
WCC (x 10%L) 479 = 0.5 8.44 = 0.46 0.019
Lymphocytes (%) 46 = 21 35+ 15 0.05
CD3" T cell absolute count (x 10%/L) 3.83 = 2.19 2.23 = 1.53 <001
CD3*CD4* T cell absolute count (x 10%/L) 1.70 = 1.07 0.92 + 0.66 <001
CD3*CD8" T cell absolute count (x 10%/L) 1.72 £ 1.57 1.18 = 0.94 0.046
CD19* B cells (%) <1 1M1 +5 <0.001
19G (mg/L) 320 = 60 1250 + 120 0.001
IgA (mg/L) 70 = 50 160 = 30 0.046
IgM (mg/L) 130 = 30 260 = 30 0.31
Data are mean = SD.
* Calculated by independent t-test.
CVID, common variable immunodeficiency; XLA, X-linked agammaglobulinaemia.
Table 3 Respiratory disorders in the patients with primary antibody deficiency (n=115)
Parameter XLA CVID P-value
Number of patients with pneumonia (%) 0.03*
Before diagnosis 32 (82) 59 (77.6)
In patients with delay in diagnosis =6 years 29 (90.6) 45 (76.2) 0.01*
In patients with delay in diagnosis >6 years 3(9.4) 14 (23.8) 0.01*
After diagnosis 15 (38.4) 36 (47.3) 0.43*
Number of episodes of pneumonia (per patient per year) 0.008**
Before diagnosis 59 (1.67) 196 (1.11)
In patients with delay in diagnosis =6 years 24 (1.5) 79 (0.9) 0.001**
In patients with delay in diagnosis >6 years 35 (1.7) 117 (1.2) 0.002**
After diagnosis 22 (0.47) 68 (0.58) 0.07**
Number of patients with abnormal PFT pattern (%) 9 (47.3) 22 (55) 0.07*
Number of patients with bronchiectasis (%) 9 (25) 36 (47) 0.025*
Number of patients with LIP 0 3 0.15*
Number of patients with MALT lymphoma 0 1 0.15%

* Calculated by Pearson’s chi-square test.
** Calculated by independent t-test.

CVID, common variable immunodeficiency; LIP, lymphoid interstitial pneumonitis; MALT, mucosal-associated lym-
phoid tissue; PFT, pulmonary function test; XLA, X-linked agammaglobulinaemia.

XLA patients experienced 0.47 episodes of pneumo-
nia per patient per year during follow up, which was
not significantly different from the CVID patients,
who experienced 0.58 episode of pneumonia per
patient per year (Table 3).

Pulmonary function tests

Excluding children under the age of 6 years, who
cannot cooperate appropriately for spirometry, PFT
was performed for 19 patients with XLA and 40
patients with CVID (Table 3). Nine XLA patients (47%)
had abnormal PFT results, with all showing restrictive
patterns (P =0.002). Of the CVID patients 22 (55%)
showed PFT abnormalities, including eight with
restrictive, eight with mixed and six with obstructive
patterns. Airway hyperreactivity and asthma were
documented in three patients with CVID.
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Lung complications

Forty-seven of 115 (41%) patients (38 with CVID and 9
with XLA) developed chronic lung disease. Bron-
chiectasis was confirmed by HRCT in 9 of 39 (23%)
XLA patients, and in 36 of 76 (47%) CVID patients
(P=0.025). The characteristics of CVID and XLA
patients with bronchiectasis (median age 16 years,
range 6-59 years) differed from those of patients
without bronchiectasis (median age 5 years, range
1-20 years). The group of patients with bronchiectasis
was also older at the time of onset (6 vs 1 month,
P <0.001) and at the time of diagnosis (5.4 vs 2 years,
P <0.001).

The mean Bhalla score for CVID patients (5) was
twice that for the XLLA patients (2.5) (P = 0.004). Sever-
ity of bronchiectasis (9%) and peribronchial thicken-
ing (7%) were the most frequently documented HRCT
findings in the CVID group. Extensive mucus plugging,
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sacculation of abscesses, emphysema and bullae were
only observed in the XLA group. During follow up,
lymphoid interstitial pneumonitis (LIP) was con-
firmed in three CVID patients, based on radiological
and pathological findings. All three patients showed
restrictive patterns on PFT. A diagnosis of lung
mucosal-associated lymphoid tissue (MALT) lym-
phoma was confirmed by lung biopsy in one patient.

DISCUSSION

Recurrent respiratory tract infections, particularly
pneumonia, are the most common presenting fea-
tures of patients with CVID and XLA, which frequently
require treatment with i.v. antibiotics and hospitaliza-
tion. In this series, 59 of 76 CVID patients (77.6%) and
32 of 39 XLA patients (82%) experienced at least one
episode of pneumonia before diagnosis. It has been
reported that 75-84% of CVID patients®***3%4% and
62-82.5% of XLA patients'®?*?*3 experience at least
one episode of pneumonia before diagnosis, while in
a substantial proportion of patients, multiple epi-
sodes have been reported. Although specific aetio-
logical agents for lower respiratory tract infections
were not identified in the present patients, encapsu-
lated bacteria appear to be the most common patho-
gens isolated from sputum of patients with PAD.'*?®

The effectiveness of immunoglobulin replace-
ment therapy in reducing the incidence of pneumo-
nia in patients with CVID and XLA is well
documented.’*??*42 However, several studies have
shown that during patient follow up, respiratory
infections remain the most frequent manifestation
of the disease.??****** In the present series, 36 of 76
CVID patients (47.3%) and 15 of 39 XLA patients
(38.4%) experienced at least one episode of pneumo-
nia during the follow-up period. This suggests that
other factors besides immunoglobulin deficiency
may contribute to the development of recurrent res-
piratory infections. In order to reduce the frequency
of respiratory infections during follow up in PAD
patients, further research is needed to define
optimal doses of immunoglobulin replacement
therapy, and to determine whether prophylactic
antibiotic regimens are necessary for appropriate
management of this group of patients.

Chronic lung disease, including obstructive, restric-
tive and bronchiectatic changes, have been docu-
mented to develop in a substantial number of
patients with PAD. Among these, bronchiectasis and
bronchial wall thickening are well-recognized com-
plications, occurring in 7-68% of patients with
PAD.?2023.24262738-40434647 Ty the present series, bron-
chiectasis was documented by HRCT in 23% and 47%
of patients with XLA and CVID, respectively. Bron-
chiectasis is more common in CVID patients than
XLA patients, possibly due to long delays in the diag-
nosis of CVID and the dysregulated immune response
that is characteristic of the disease. The present data
are in agreement with previous studies showing high
rates of bronchiectasis in CVID patients (17—
68%),>2+2731384044 hut lower rates in XLA patients
(7-24%).18213038  Although recurrent infections,
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delayed diagnosis and inadequate treatment of PAD
patients have been implicated as the main causes of
structural lung damage and bronchiectasis, some
patients develop structural lung damage despite
proper management.>?>%

The LIP and MALT lymphomas were detected in
three patients and one patient with CVID, respectively.
LIP is associated with diffuse or multi-focal reactive
lymphoid infiltrates, especially in the alveolar intersti-
tium, and may develop in a subgroup of patients with
CVID.* Although this condition may have a stable
course,” progressive deterioration leading to lym-
phoma has also been reported.”® MALT lymphoma, a
subset of low-grade B cell non-Hodgkin’s lymphoma,
has also been reported in the lungs of some CVID
patients.’>** To date, MALT lymphomas and LIP have
not been reported in patients with XLA.

Lung defence involves different mechanisms that
are necessary for the removal of inhaled particles and
organisms. The components of lung defence include
those located in the upper airways (e.g. anatomical
barriers, the cough reflex and mucociliary clearance),
as well as those in the alveoli (e.g. macrophages,
humoral factors and cell mediated immunity).
Several components of alveolar fluid (e.g. surfactant,
fibronectin and CRP) may have opsonic activities.*
IgG is the predominant immunoglobulin in the
alveoli and has potent opsonic activity.” Secretory IgA
is the first line of adaptive immunity in the upper
airways, but is not involved in alveolar immunity.***
Normal alveoli contain about 10% lymphocytes,
including CD4* T cells (50%), CD8" T cells (30%),
natural killer cells (10-15%) and B cells (5%). Both Th1
and Th2 cytokines have important roles in pulmonary
defence. Interferon-y produced by CD4* T cells, CD8*
T cells, Yo cells and natural killer cells has a central role
in microbicidal activity against most intracellular
pathogens,” ! while Th2 lymphocytes have impor-
tant roles in some granulomatous diseases.®” Cell-
mediated cytotoxic responses are important in the
defence against pulmonary viral infections.® It is esti-
mated that about 25% of patients with CVID have
moderate CD4" T lymphopenia, sometimes with a
relative expansion of CD8* T cells. About 30% of
patients with CVID have persistently high numbers of
circulating CD8* T cells binding immunogenic pep-
tides from Epstein-Barr virus or cytomegalovirus.* In
contrast, T lymphocyte numbers and function are
normal in patients with XLA.%

Patients with CVID who have significantly lower
numbers of IgM memory B cells and anti-
pneumococcal polysaccharide IgM are at increased
risk of developing recurrent bacterial pneumonia and
bronchiectasis.®®*” Measurement of these parameters
may alert physicians to the need for more aggressive
treatment of these patients. In addition to airway
destruction due to repeated infections, genetic poly-
morphisms may also play a role in the development of
bronchiectasis.®

It has been estimated that up to 50% of patients
with PAD have abnormal spirometry and XLA patients
have been reported to have more abnormal lung
function than CVID patients.® However, in the
present study 55% of CVID patients and 47% of XLA
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patients had abnormal PFT. A restrictive pattern was
the most prevalent on spirometry. This is in contrast
to most previous studies that have reported an
obstructive pattern to be predominant.?*"3406 [n
one study, up to 40% of CVID patients showed evi-
dence of restrictive disease.”* A decreased DL, has
been considered an early sign of progression to a
restrictive pattern.*

In the present study, respiratory infections were

more severe and more frequent in XLA patients than
in CVID patients before diagnosis (1.67 per patient
per year in XLA vs 1.11 per patient per year in CVID),
but CVID patients appeared to have a greater likeli-
hood than XLA patients of developing lung disease
during the course of the disease. There are two pos-
sible reasons for this difference. First, XLA patients are
diagnosed earlier than CVID patients because of the
more severe and more frequent respiratory infections
associated with XLA, whereas the diagnosis of CVID is
frequently delayed. Second, in view of the immune
dysregulation that occurs in CVID, affected patients
may develop inflammatory diseases, such as granulo-
matous disease and LIP, which could result in more
complications in this group of patients.”

In conclusion, patients with CVID appear to be at

greater risk of developing lung disease compared with
those with XLA, possibly because of the earlier diag-
nosis of XLA patients. In addition, CVID patients are
more susceptible to be complicated with lung disease
because of a dysregulated immune response. Early
diagnosis of patients with PAD and adequate i.v.
immunoglobulin replacement therapy substantially
reduce the number of pulmonary infections and are
the keys to survival and a better quality of life.
However, CVID patients are prone to progression of

lung disease despite optimal

immunoglobulin

therapy because of the nature of the disease. This
important issue should be addressed in further
studies. It is important for physicians to follow up
patients with PAD and to obtain baseline PFT data. In
addition, HRCT should be considered in patients with
chronic chest symptoms in order to monitor lung
disease parameters in patients receiving immunoglo-
bulin replacement therapy.
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