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Abstract

Background Pulmonary disease is common in patients
with common variable immunodeficiency disorders
(CVID) and involves infections, chronic airway disease
and interstitial lung disease. Chronic pulmonary disease
is associated with excess morbidity and early mortality
and therefore early detection and monitoring of progres-
sion is essential.
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Methods and Purpose Thin slice CT scan and pulmonary
function were used to determine the prevalence and spectrum
of chronic (pre-clinical) pulmonary disease in adult CVID
patients regardless of symptoms. CT Scans were scored for
airway abnormalities (AD) and interstitial lung disease (ILD).
Other CVID related complications and B and T lymphocyte
subsets were analyzed to identify patients at risk for pulmo-
nary disease.

Results Significant pulmonary abnormalities were detected in
24 of the 47 patients (51 %) consisting of AD in 30 % and ILD
in 34 % of cases. In only 7 (29 %) of these 24 patients
pulmonary function test proved abnormal. The presence of
AD was correlated to (recurrent) lower respiratory tract infec-
tions despite IgG therapy. The presence of ILD was correlated
to autoimmune disease and a reduction in the numbers of
CDA4+T cells, naive CD4+T cells, naive CD8+T cells and
memory B cells and lower IgG through levels over time.
Conclusion Preclinical signs of AD and ILD are common in
CVID patients despite Ig therapy and do not correlate to
pulmonary function testing. Patients at risk for ILD might be
identified by the presence of autoimmunity or a deranged T
cell pattern. Larger studies are needed to confirm these find-
ings and to determine thresholds for the T lymphocyte subsets.

Keywords Common variable immunodeficiency - thin slice
CT scan - pulmonary function test - structural airway disease -
interstitial lung disease

Introduction

Common Variable Immunodeficiency disorders (CVID) is a
descriptive term for a heterogeneous group of patients with a
primary antibody deficiency syndrome with the common
denominator of recurrent respiratory tract infections and
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hypogammaglobulinaemia caused by B cell dysfunction [1].
In addition, T cell abnormalities have been demonstrated in
some patients. Recently patients with late onset combined
immunodeficiency (LOCID) were described as a distinct
group of patients who differ from classic CVID through
clinical presentation and immunological phenotype [2]. Com-
plications due to immune dysregulation are common in CVID
patients and involve lymphoproliferative disease, autoimmu-
nity, enteropathy and malignancies [3, 4]. Chronic pulmonary
disease is most frequent in CVID involving asthma and
chronic obstructive pulmonary disease [5], structural airway
disease (AD) and interstitial lung disease (ILD) [5]. Structural
airway disease is generally the result of recurrent lower respi-
ratory tract infections leading to airway wall thickening, air
trapping and bronchiectasis. Bronchiectasis has been de-
scribed in 4-76 % of CVID patients [3, 6—11] and has been
associated with recurrent infections, a delayed diagnosis of
CVID and inadequate treatment [7, 8]. Immunoglobulin re-
placement therapy and prophylactic antibiotics have proven to
be effective in preventing pulmonary infections [12—-14] and
may thus indirectly prevent (the worsening of) structural
airway disease (e.g. bronchiectasis) [15-17]. However, the
development of structural airway disease seems to progress
despite adequate immunoglobulin replacement and even in
the absence of clinically recognized infections [7, 9], suggest-
ing that additional factors contribute to its development which
need further clarification. Interstitial lung disease (ILD) in-
cludes granulomatous lung disease, lymphoid interstitial
pneumonia, organizing pneumonia and lymphoproliverative
disorders. ILD is characterized by nodules, ground glass phe-
nomena, and reticulations on CT scans [18] and may be
caused by immune dysregulation associated with B - and T-
lymphocyte dysfunction and consequent dysregulation of cy-
tokines (interleukin-6 and TNF«x) [19-21]. Steroids seems to
be effective in CVID patients for the treatment of ILD and
cyclosporine and monoclonal antibodies against TNFo« may
be considered as alternatives, although studies are lacking
[22-24]. In a retrospective analysis of seven CVID children
with ILD it was found that combination chemotherapy Ritux-
imab with azathioprine resulted in a significant improvement
of pulmonary function and parenchymal abnormalities found
on HRCT [25]. However additional studies will be necessary
to assess the long-term effect.

Chronic pulmonary disease in CVID patients has been
associated with an increased mortality [3] and therefore early
detection and monitoring of progression will be essential to
prevent progressive lung disease by additional therapeutic
measures. Earlier studies support the use of an initial chest
computed tomography (CT) at the time of CVID diagnosis and
recommendations for follow up CT scans range between 1—
5 years to evaluate the development or progression of pulmo-
nary disease [7, 26]. Alternatively, to minimize the risks of X-
ray exposure in CVID patients [27] CT scanning at intervals of

4-5 years with interim annual pulmonary function testing may
be more appropriate [9, 28, 29]. However, the correlation
between pulmonary function testing and findings on CT is
often weak [30, 31]. To minimize the risk of X-ray exposure,
it is desirable to select patients at risk for chronic pulmonary
disease based on clinical or immunological parameters.

The purpose of this study was to describe the prevalence of
preclinical pulmonary abnormalities in CVID patients by thin
slice CT and a standardized CT scan scoring system recently
described in paediatric CVID patients [32, 33] and to correlate
these findings with the results of pulmonary function tests,
IgG trough levels, clinical parameters and peripheral blood B-
and T lymphocyte subsets.

Methods and Materials
Study Population

Between 2008 and 2012 47 of the 61 adult CVID patients in
care at the department of Internal Medicine and Infectious
diseases of the University Medical Centre Utrecht were
screened for pulmonary disease as part of a structured
follow-up by thin-slice computed tomography (CT) scan of
the chest and pulmonary function testing. The CT scans were
performed during routine follow-up at the outpatient clinic
(screening). We did not use questionnaires to assess com-
plaints. The remaining 14 patients had recently undergone
conventional CT scanning or refused for various reasons. All
patients had been diagnosed according to the European Soci-
ety for immune deficiencies (ESID)/Pan-American Group
criteria for Immunodeficiency (PAGID) [1, 34]. Recently
patients with late onset combined immunodeficiency
(LOCID) were described [2], however no single patient in
our cohort fitted the criteria for a LOCID. Explicit approval of
the Ethic committee was not necessary since monitoring of
immunoglobulin titers, and performing of T- and B cell phe-
notyping and CT scanning are considered standard care for
CVID patients [9, 28, 35, 36].

Clinical Evaluation

The medical hospital records of all patients were evaluated for
clinical and laboratory data and the results of prior imaging.
The time to CVID diagnosis was defined as the time (yrs.)
between the year of onset of disease-related symptoms and the
year of diagnosis. A pneumonia was defined according to the
SWAB/NVALT [37] or alternatively as a physician-diagnosed
pneumonia. Chronic obstructive pulmonary disease (COPD)
was defined according to the GOLD criteria [38]. Asthma was
defined according to the Ginasthma guidelines [39]. Intersti-
tial pulmonary disease was classified as granulomatous lung
disease, lymphoid interstitial pneumonia, organizing

@ Springer



644

J Clin Immunol (2014) 34:642—654

pneumonia or lymphoproliverative disorder of the lung.
granulomatous lung disease was confirmed with biopsy
whereas the other conditions were radiological
diagnoses.[40] Other CVID-related complications were
classified according to earlier reports by Chapel [3, 4],
I. autoimmunity (e.g. auto-immune cytopenia and organ-
specific autoimmunity); II. polyclonal lymphocytic infil-
tration, or granulomatous disease or hepatosplenomegaly
III. enteropathy; IV. malignancies.

Laboratory Data

In all patients IgG trough levels had been measured
once or twice a year. The median IgG trough level over
a given set of years was defined as the average IgG
level per year divided by the number of years. T- and B

cell phenotyping was performed in patients between
2007 and 2011 in clinically stable patients. The mean
time since diagnosis of the patients at that time was
11,7 years (2-30 years). Therefore, in some patients
phenotyping was performed several years after diagnosis
and in some patients at the diagnosis.

The T- and B cell (sub) populations were analyzed
by four-color flow cytometry using whole blood and
antibodies to CD3, CD45, CD27, CD4, CD8, HLA-
DR, CD38, CD45RA and CD19, CD27, CD38, CDI10,
IgM, IgG, IgA and IgD, respectively, as described pre-
viously [41]. Within the CD19+B cell compartment, the
following populations were distinguished: IgD + CD10
+ CD38++ recent bone-marrow emigrants (RBE), [gM +
IgD + CD27-CD10- naive B cells, non-Ig class-switched
IgM + IgD + CD27+ memory B cells, IgG + CD27+

Table 1 Characteristics of CVID
study population

Baseline characteristics 47 CVID
patients who underwent thin slice
CT scan (six patients without ex-
piration and 41 patients with
expiration)

CVID: Common Variable Immu-
nodeficiency; (Hr) CT scan: (High
resolution) Computed Tomogra-
phy scan; ILD: Interstitial lung
disease; COPD: Chronic obstruc-
tive pulmonary disease; Yrs:
years; IQR: inter quartile range

Nr. of patients, n=47 Yr1s. (IQR)
Median age at time of scan 37 (29-54)
Median age at diagnosis immunodeficiency 27 (16-38)
Median time to diagnosis 9,5 (5-16)
Median follow up since diagnosis 9,5 (6-15)
immunodeficiency
¢/L (IQR)
Median IgG trough level/yr, 8,9 (7,7-9,9)
Median IgG level at diagnosis, 3,9 (2,3-4,8)
Nr. of patients %
Male 16 34 %
Ethnicity, caucasian 42 89 %
Smoking 13 28 %
Previous (Hr) CT 10/47 21 %
Normal 4
Airway disease 5
ILD 3
Respiratory tract Infections
pneumonia before start of therapy 13 28 %
pneumonia after start of therapy 7 15 %
Established pulmonary disease 16 34 %
Asthma/COPD 9 19 %
Interstitial lung disease 3 6 %
Bronchiectasis 4 9 %
CVID related complications* None 24 51 %
Auto Immune disorders 8 17 %
Lymphoproliferative disorders 12 26 %
Enteropathy 10 21 %
malignancy 4 9 %
Number of complications per patient® 0 24 51 %
1 14 30 %
2 7 15 %
3 4%

*according to Chapel classifica-
tion (1)
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and IgA + CD27+ memory B cells. CD3+ T cells were divided
into CD4+ and CD8+ subsets, and subsequently into CD38 +
HLA-DR + activated T cells, CD45RA + CD27+ naive, and
non-naive CD45RA + CD27-, CD45RA-CD27+ or CD45RA-
CD27- T cells. IgG trough levels were measured once or twice
a year in clinically stable patients during follow up, and
more frequent in patients who were diagnosed with
disease-related complications. In our current daily practice
we aim to reach IgG through levels of at least 8 g/L [12].

Thin Slice CT and Scoring

Thin slice CT followed a routine protocol using a 16-detector-
row CT scanner (MX8000 IDT or Brilliance-16), a 64-
detector-row CT scanner (Brilliance-64) or a 256-detector-
row scanner (Brilliance iCT, all Philips Healthcare, Best,
The Netherlands). Inspiratory scans were acquired in a

caudocranial direction using 130 mAs and 100-120 kVp (de-
pending on body weight) and expiratory scans in a
caudocranial direction using 20 mAs and 80-100 kVp (de-
pending on body weight). Images were reconstructed with a
slice thickness of 1-mm (16-detector-row and 256-detector-
row scanners) or 0.9-mm (64-detector-row scanner) and an
increment of 0.7-mm. The presence of structural airway dis-
ease (AD) and interstitial lung disease (ILD) was scored in
each lobe by an independent observer (P. de J.) according to a
previous published scoring system [32, 33, 42]. Signs of AD
(the CVID airway disease score ) were scored by assessing the
presence of bronchiectasis, airway wall thickening, mucus
plugging, tree-in-bud and air-trapping. Signs of ILD (the
CVID interstitial disease score) were scored by assessing the
presence of opacities, ground glass, septa thickening and lung
nodules. As previously described an ILD score >5 and an AD
score >7 was defined as clinically significant [32, 33].

Table 2 Results of thin slice CT

scan and pulmonary function test Nr. of patients, n=47

nr. of patients

in 47 CVID patients
Thin slice CT with expiration

Thin slice CT without expiration

Thin slice CT

CVID: Common Variable Immu-
nodeficiency; ILD: interstitial

. Pulmonary function test
lung disease 4 Ty unctl

CT: Computed Tomography scan;
n: number of patients
# combined mucus score: sum of

mucus plugging score and tree-in-
bud scores

* patients known with bronchiec-
tasis prior to the study

41 87 %
6 13 %
Any abnormality 45/47 96 %
Airway disease 40 85 %
Bronchiectasis 30 64 %
Newly diagnosed 27
Severity: moderate-severe 2%
mild 28
Airway wall thickening 35 75 %
combined mucus score # 15 35%
Airtrapping 21 45 %
Airway disease score >7 14 30 %
ILD 34 72 %
Opacities 16 34 %
Noduli 26 55 %
Ground glass 16 34 %
septa thickening 9 19 %
ILD score >5 16 34 %
Airway disease score >7 24 51 %
and/or ILD score >5
44/47 94 %
Any abnormality 10 23 %
Obstructive 4
Restrictive 3
Mix obstructive and restrictive 0
Diffusion abnormality 3
test incomplete 2
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Pulmonary Function Testing

All pulmonary function tests were performed using stan-
dardized equipment according to the current European
Respiratory Society (ERS)/American Thoracic society
guidelines [43-45] and consisted of spirometry and
body plethysmography (forced expiratory volume in
one second (FEVI1), forced vital capacity (FVC),
FEV1/FVC ratio, vital capacity (VC), residual volume
(RV), total lung capacity (TLC) and transfer coefficient
for carbon monoxide (Kco). All Spiro metric values
were obtained after inhalation of a bronchodilator. All
values are presented as percentages of the predicted
values [46]. The lower limits of normal were calculated
using the reference equations of the European

Community of Coal and Steel (ECCS) [46]. Airway
obstruction was diagnosed when the FEVI/FVC was
<80 % of the predicted value. Diffusion capacity was
considered abnormal when measured <75 % of the
predicted value [46, 47]. Each test was evaluated by
an independent observer (J.W.L).

Data Analysis

Data were analyzed using SPSS 20.0 (SPSS Inc.; Chi-
cago, IL). Continuous, non-normally distributed variable
were analyzed by using the Mann—Whitney U tests. Chi
square tests were performed for categorical variables.
Statistical significance was determined at p<0.05. An
analysis of the sensitivity, specificity and positive

Table 3 Clinical differences between CVID patients with and without significant airway pathology

Number of patients with AD score <7 Number of patients with AD score >7 p value

(n=33) (n=14)
Nr. of patients, n=47
Male # 9 (27 %) 7 (50 %) 0.1
Ethnicity, caucasian/total # 29 (88 %) 13 (93 %) 0.7
Median age at time of scan 37 (30-52) 37 (25-61) 0.9
Median time to diagnosis 10 (5-17) 9 (5-12) 0.5
Median follow up since diagnosis immunodeficiency § 10 (6-15) 7 (3-19) 0.5
Median IgG at diagnosis, g/L (IQR) 3,8 (2,74,7) 4.3 (0,6-5) 0.7
Median IgG trough in the last 10 years, g/L (IQR) 8,9 (8,2-9.9) 8,8 (7,4-9,7) 04
Smoking # 8 (24 %) 536 %) 0.3
Respiratory tract infections #
pneumonia before Ig therapy 8 (24 %) 536 %) 04
pneumonia since Ig therapy 2 (6 %) 536 %) 0.009
Patients with CVID related complications* #
None 16 (49 %) 8 (57 %) 0.5
Auto Immune disorders ' 721 %) 2 (14 %) 0.7
Lymphoproliferative disorders > 9 (27 %) 536 %) 0.8
Enteropathy 6 (18 %) 4 (29 %) 0.4
malignancy 4 (12 %) 0 0.1
Nr. of patients, n=44
Pulmonary functiontest # 31 (94 %) 13 (93 %)
Any abnormality 6 (19 %) 4 (29 %) 0.5
Obstructive 13 %) 3 (11 %) 0.04
Restrictive 309 %) 0 0.5
Diffusion abnormality 2 (6 %) 13 %) ns

This table shows the clinical differences between patients with and without significant airway disease in CT scoring

CVID: Common Variable Immunodeficiency disorders; AD: airway disease; CT: Computed Tomography scan

# number of patients (%); 9§ In years (interquartile range)
*according to Chapel classification.(1)

! auto-immune: cytopenia and organ- specific autoimmunity

2 polyclonal lymphocytic infiltration (defined as unexplained persistent lymphadenopathy, granulomatous disease or hepatosplenomegaly (ultrasound

proven)
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predictive value of the specific immunological markers
for ILD was performed. For this analysis we used an
ILD score >5 as golden standard. As the choice of a
single cut-off value is arbitrary, we also calculated the
c-statistic to give an overall measure of the discrimina-
tive power of the variables.

Results
Pulmonary Pathology Detected by Thin Slice CT

Between 2008 and 2012 47 of the 61 patients in care
were evaluated by thin slice CT scan (6 patients without

expiration and 41 patients with expiration). The baseline
characteristics of the patients are shown in Table I. The
median age was 37 years (IQR 29-54 years.) at the
time of the CT scan. The median time to CVID diag-
nosis had been 9.5 years (IQR 5-16 years.). Half of the
patients (23/47, 49 %) had been diagnosed with one or
more CVID related complications such as auto immune-
or lymphoproliverative conditions. Sixteen of the 47
participating patients (34 %) had already been diag-
nosed with a symptomatic pulmonary condition of
which nine (19 %) with asthma, three with ILD (6 %)
compared to 43 % of all CVID patients in care. Three
patients (6 %) had already been diagnosed with bron-
chiectasis. One of the patients died from a non-
pulmonary cause. In 10 of the 47 patients a

Table 4 Clinical differences between CVID patients with and without significant interstitial lung pathology

Number of patients with Number of patients p value
ILD score <5 with ILD score >5
(n=31) (n=16)
Nr. of patients, n=47
Male # 11 (36 %) 5(31 %) 0.8
Ethnicity, caucasian/total # 28 (90 %) 14 (88 %) 0.5
Median age at time of scan 34 (26-49) 42 (31-62) 0.2
Median time to diagnosis 9,5 (5-16) 9 (5-18) 0.9
Median follow up since diagnosis immunodeficiency 9 (5-16) 9 (4-17) 0.9
Median IgG at diagnosis, g/L (IQR) 4,5 (2,5-5,3) 34 (1,84,1) 0.1
Median IgG trough in the last 10 years, g/L (IQR) 9,1 (7,7-10) 8,9 (7,6-9,2) 0.2
Smoking # 10 32 %) 3 (19 %) 0.4
Respiratory tract infections #
pneumonia before Ig therapy 9 (29 %) 4 (25 %) 0.7
pneumonia since Ig therapy 3 (10 %) 4 (25 %) 0.1
Patients with CVID related complications* #
None 21 (68 %) 3 (19 %) 0.001
Auto Immune disorders 2(7 %) 6 (38 %) 0.007
Lymphoproliferative disorders® 6 (19 %) 6 (38 %) 0.2
Enteropathy 4 (13 %) 6 (38 %) 0.05
malignancy 1 (3 %) 2 (13 %) 0.2
Nr. of patients, n=44
Pulmonary functiontest # 29 (94 %) 15 (94 %) 0.9
Any abnormality 6 (21 %) 427 %) 0.7
Obstructive 3 (11 %) 1(7 %) 0.7
Restrictive 2(7 %) 1.(7 %) ns
Diffusion abnormality 1(4 %) 2 (14 %) 0.6

This table shows the clinical differences between patients with and without significant ILD in CT scoring

CVID: Common Variable Immunodeficiency disorders; ILD: interstitial lung disease; CT: Computed Tomography scan

# number of patients (%); Y In years (interquartile range)
*according to Chapel classification.(1)

! auto-immune: cytopenia and organ- specific autoimmunity

2 polyclonal lymphocytic infiltration (defined as unexplained persistent lymphadenopathy, granulomatous disease or hepatosplenomegaly (ultrasound

proven)
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conventional CT scan was available ranging between
3.5-14.5 years ago, however, the CT scoring system
from the current study could not be applied to earlier
conventional CT scans and therefore progress could not
be assessed.

In 45 of 47 CVID (96 %) patients one or more CT abnor-
malities were detected (Table II). In 40 of 47 (85 %) patients
the structural airway disease (AD) score was >1, which was
most commonly based on air wall thickening (35 patients,
75 %) and/or the presence of bronchiectasis. In 30 patients
(64 %) signs of bronchiectasis were found. In 34 patients
(72 %) any signs of ILD score was detected (score >1), which
was most commonly based on the presence of nodules (26/
47Tpatients, 55 %).

An AD score >7 or an ILD score >5 was considered
indicative of significant pathology based on an earlier report
using this scoring system [32, 33]. In 24 patients (51 %) CT
abnormalities were considered significant for AD, ILD or
both. In 14 of the 47 patients (30 %) the AD score was
significant of which four patients had already been diagnosed
with bronchiectasis. The ILD score was significant in 16 of 47
patients (34 %) of which three patients had been diagnosed
earlier with ILD.

Pulmonary Pathology in Relation to Clinical Characteristics

We did not find a relation between the stage of disease and the
median time (yrs.) since start of the actual disease nor the
median time (yrs.) since diagnosis of CVID.

Tables III and IV show the clinical differences be-
tween patients with and without significant AD or ILD,
respectively. No correlation was found between current
age, the age at diagnosis or the time to diagnosis on the
one hand and the presence of significant AD or/ILD
abnormalities (AD score >7; ILD score >5) on the other
hand. Patients with an AD score >7 had suffered more
frequently from (recurrent) pneumonia when compared
to patients with an AD score<7 (p=0.009). Notably,
bronchiectasis was also detected in patients who had
never been diagnosed with pneumonia (17 of the 30
patients with bronchiectasis, 57 %).

In patients with an ILD score >5 autoimmune disease was
more frequent when compared to patients with an ILD score<
5(6/16 (38 %) vs. 2/31 (6 %) patients, p=0.007). In the group
of patients without any CVID-related complications the ma-
jority had an ILD score <5 (21 (68 %) vs. 3 patients with an
ILD score >5 (19 %, p=0.001).”

Pulmonary function testing proved abnormal in 10 of the
44 tested patients (Tables II, III and IV). In only 7 (29 %) of
the 24 patients with significant CT abnormalities pulmonary
function testing proved abnormal indicating the poor correla-
tion of pulmonary function testing and findings on the CT
scan.

@ Springer

Pulmonary Pathology in Relation to Immunological
Characteristics

The distribution of IgG levels at the time of CVID diagnosis
and the median IgG trough levels during therapy in the last ten
years did not differ between patients with or without any
significant AD or ILD. However we found that the presence
of ILD was correlated to a prolonged time (>1 year) of IgG
trough levels <8 g/L (Fig. 1).

In patients with any AD the majority (67 %) had IgG
trough levels that were considered adequate (>8 g/L).

Patients with an ILD score >5 showed significantly differ-
ent T- and B cell profiles when compared to patients with an
ILD score<5 (Table V and Fig. 2). The median absolute
number of CD4+ T cells was lower in patients with an ILD
score >5 when compared to patients with an ILD score<5
(601/mm?> vs. 989 mm?; p=0.03). This reduction was mainly
related to lower absolute numbers of naive CD4+ T cells (78
vs. 434 cells/mm’; p=0.004) and effector/memory CD4+T
cells (383/mm’; vs. 529/mm*; p=0.01). Additionally, the
absolute numbers of naive CD8+T cells were reduced in the
group of patients with significant signs of ILD when com-
pared to the patients without (Table V). Patients with an ILD
score >5 also showed lower numbers of naive B cells and IgG
memory B cells when compared to patients with an ILD
score<5 (naive B cells: 78/mm’ vs. 162/mm>; p=0.03 and
IgG memory B cells: 1.5/mm?’ vs. 7/mm?; p=0.04). Further-
more, the absolute number of class switched memory B cells
were reduced in the patients with an ILD score >5 when
compared to the patients with a score<5 (6/mm> vs. 11/mm’
respectively; p=0.03). The absolute number of CD4+ T cells
and the naive CD4+T cells were found to have the highest
sensitivity (80 % and 82 %, respectively) and positive

ILD and 1gG trough level

100%

90%

80%

70%

60%

50% BILDscore <5
BW|LDscore >5

40%

% patients

30%

20%
10%
0%

IgG trough levelalways>8g/L

>1yrsIgG troughlevel <8g/L

Fig.1 Correlation between the presence of ILD and the IgG trough level.
This figure shows de percentage of patients with and without prolonged
time of inadequate IgG trough levels, with and without significant ILD
(ILD score >5). The median IgG trough level over a given set of years
was defined as the average IgG level per year divided by the number of
years. ILD: interstitial lung disease
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Table 5 Immunological differences between CVID patients with and without interstitial lung pathology
n=47 ILD<5 ILD >5 p value
n=31 n=16
NK cells* 195 (110-288) 125 (96-228) 0.1
CD3+T lymphocytes* 1,589 (1,329-2,002) 969 (738-1,856) 0.03
CD4 T+lymphocytes* 989 (611-1,169) 601 (344-754) 0.03
Activated CD4+T lymphocytes* 9 (3-18) 12 (8-21) 0.3
Naive CD4+T lymphocytes* 434 (290-654) 78 (22-220) 0.004
Effector/memory CD4+T lymphocytes* 529 (468-621) 383 (115-523) 0.01
CD8+T lymphocytes* 557 (312-847) 402 (229-620) 0.1
Activated CD8+T lymphocytes* 13 (3-18) 16 (8-24) 0.8
Naive CD8+T lymphocytes* 271 (162-504) 99 (51-237) 0.03
Effector/memory CD8+T lymphocytes* 297 (210439) 185 (118-261) 0.1
CD4/8 ratio 1.6 (1.1-2.1) 1.5 (1.1-2.4) 0.7
CD19+B lymphocytes* 266 (184-406) 132 (74-305) 0.05
Naive B lymphocytes* 162 (102-276) 78 (45-146) 0.03
Recent Bone Marrow Emigrants B lymphocytes* 19 (5-43) 14 (8-28) 0.2
IgM memory B lymphocytes™* 43 (15-72) 14 (1.5-57) 0.8
IgG memory B lymphocytes* 7 (4-21) 1.5 (0.1-10) 0.04
IgA memory B lymphocytes* 4 (2-12) 2 (0.3-6) 0.1
Total class switched memory B lymphocytes* 11 (8-30) 6 (0.4-14) 0.03
Switched memory B cells<2 % of total B lymphocytes # 3 (14 %) 5 (36 %) 0,13

CVID: Common variable immunodeficiency disorders; ILD: interstitial lung disease, ILD score >5

NK cells: Natural Killer cells

IQR: interquartile range; n: number of patients
*Median absolute counts per mm® (IQR)

# according to EUROclass trial (10)

CD19+B cell compartment: IgD + CD10 + CD38++ recent bone-marrow emigrants (RBE), IgM + IgD + CD27-CD10- naive B cells, non-Ig class-
switched IgM+IgD + CD27-+memory B cells, IgG + CD27+ and IgA + CD27+memory B cells. CD3+T cells were divided into CD4+and CD8+
subsets, subsequently into CD38+HLA-DR + activated T cells, CD45RA + CD27+ naive, and non-naive CD45RA + CD27-, CD45RA-CD27+ or
CD45RA-CD27- T cells. Reference values, (all in absolute numbers/per mm®): from: van Gent et al., Clinical Immunology (2009). CD3+T
lymphocytes (100-400); CD4 T+lymphocytes (400—1,300); CD8+ T lymphocytes (200-700); CD4/CDS ratio (1.1-3.2); Activated CD4+ T lympho-
cytes (2.5-8.5); Naive CD4+ T lymphocytes (240—790); Effector/memory CD4+ T lymphocytes (150-500); Activated CD8+ T lymphocytes (4—19);
Naive CD8+T lymphocytes (220—400); Effector/memory CD8+ T lymphocytes (50—190); B lymphocytes (100—400); Naief B cells (72-257); Recent
Bone Marrow Emigrants B cells (6-41); IgM memory B cells (10-39); IgG memory B cells (2-51); IgA memory Beells (1-20)

predictive values (60 % and 64 % respectively) to identify
patients at risk for ILD.

Patients with or without significant AD abnormalities
(Table VI) and patients with and without bronchiectasis
did not differ in T- and B cell numbers.

Discussion

Chronic pulmonary disease is a common complication in
CVID patients and may develop despite adequate immuno-
globulin substitution therapy [7-9, 11, 48]. Given the associ-
ated morbidity and mortality [3], early detection and monitor-
ing seems essential.

This cross-sectional study shows a high incidence of (pre-
clinical) pulmonary CT abnormalities in patients with CVID
despite adequate immunoglobulin substitution therapy. Subtle
pre-clinical pulmonary abnormalities were detected in virtually
all participating CVID patients by thin slice CT scan (AD or ILD
scores>1 in 96 % and 51 % of patients, respectively). However,
significant abnormalities (AD score >7) or ILD (ILD score >5)
were present in 30 % and 34 % of patients, respectively. These
rates might be an underestimation since the percentage of pa-
tients with established pulmonary disease that participated in the
study was lower (34 %) when compared to the entire group of
61 CVID patients in care (43 %). When compared to children
these rates are considerably higher in adult CVID patients. A
recent publication that used the same scoring system in CVID
children in our center reported significant airway abnormalities
in 20 % and ILD in 14 % of cases [32, 33].
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Fig. 2 Median count of oo
lymphocytes within the T- and B
cell subset in patients with and
without ILD. Boxplot: boxes
indicates 50th percentile,
whispers indicate the 25th and
75th percentile. CVID: Common
variable immunodeficiency
disorders; ILD: interstitial lung
disease, ILD score >5 *Median a
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Bronchiectasis and structural airway disease have been
associated with (recurrent) lower respiratory tract infections
[49, 50] and immunoglobulin replacement therapy (with ade-
quate IgG trough levels) and prophylactic antibiotics have
proven to be effective in preventing pulmonary infections
[12—14]. In our study the presence of significant AD (AD
score >7) was indeed associated with the occurrence of pneu-
monia after initiation of IgG therapy. However, in our analysis
17 of the 30 patients with bronchiectasis had never been
diagnosed with pneumonia, indicating that infections might
have occurred subclinical. Three prior publications also dem-
onstrated (silent) progression of structural airway disease de-
spite adequate therapy and in the absence of pulmonary in-
fections [9, 15, 51]. It has been proposed that IgG trough
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S

ILDscore> § ILDscore> §

levels >9 g/L should be attained in patients with bronchiecta-
sis, however, evidence supporting this proposition is scarce
[15, 52]. In earlier studies bronchiectasis was shown to be
related to a reduced number of B memory cells [53-55],
which could not be confirmed in our study, nor a relation to
T cell disorders.

It therefore seems that AD develops mainly due to the
cumulative effect of infections.

Concurrent with earlier reports, ILD was associated with
the presence of auto immune disease and enteropathy in our
study. Reversely, of the patients with an ILD score <5 the
majority had no CVID related complications. Furthermore,
CVID patients with significant signs of ILD were found to
have a distinct cellular distribution of T- and B cell
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Table 6 Immunological differences between CVID patients with and without airway disease

n=47 AD<7 AD>7 p value
n=33 n=14
NK cells* 210 (124-264) 133 (89-193) 0.1
CD3+ T lymphocytes* 1,565 (806-1,856) 1,381 (952-2,037) 0.9
CD4 T+lymphocytes* 825 (535-1,064) 754 (472-1,216) 0.8
Activated CD4+ T lymphocytes* 12 (3-20) 10 (8-22) 0.6
Naive CD4+ T lymphocytes* 326 (110-505) 324 (72-695) 0.9
Effector/memory CD4+ T lymphocytes* 512 (391-610) 363 (232-524) 0.1
CD8+ T lymphocytes* 532 (271-772) 530 (339-727) 0.9
Activated CD8+ T lymphocytes* 14 (3-24) 11 (7-24) 0.8
Naive CD8+T lymphocytes* 181 (68-360) 229 (98-442) 0.6
Effector/memory CD8+ T lymphocytes* 236 (143-400) 276 (173-448) 0.9
CD4/8 ratio 1.5 (1.1-2.4) 1.5 (1.1-2.2) 0.8
CD19+ B lymphocytes* 204 (84-340) 255 (113-413) 0.5
Naive B lymphocytes* 122 (46-201) 142 (59-289) 0.4
Recent Bone Marrow Emigrants B lymphocytes* 12 (5-35) 19 (6-30) 0.4
IgM memory B lymphocytes* 38 (8-81) 24 (14-58) 0.4
IgG memory B lymphocytes* 5.6 (1.5-14) 5.7 (2-11) 0.3
IgA memory B lymphocytes* 3.9 (2-12) 2.8 (1.5-9) 0.3
Total class switched memory B lymphocytes* 9.8 (3.5-26) 9.6 (4-21) 0.2
Switched memory B lymphocytes<2 % of total B lymphocytes # 4 (17 %) 4 (33 %) 0,2

CVID: Common variable immunodeficiency disorders; AD: airway disease: AD score >7

NK cells: Natural Killer cells

IQR: interquartile range; n: number of patients
*Median absolute counts per mm® (IQR)

# according to EUROclass trial (10)

CDI19+ B cell compartment: IgD+CD10+CD38++ recent bone-marrow emigrants (RBE), IgM+IgD+CD27-CD10- naive B cells, non-Ig class-
switched IgM+IgD+CD27+ memory B cells, [gG+CD27+ and IgA+CD27+ memory B cells. CD3+ T cells were divided into CD4+ and CD8+
subsets, subsequently into CD38 + HLA-DR + activated T cells, CD45RA + CD27+ naive, and non-naive CD45RA + CD27-, CD45RA-CD27+ or
CD45RA-CD27- T cells. Reference values, (all in absolute numbers/per mm?®): from: van Gent et al., Clinical Immunology (2009). CD3+ T
lymphocytes (100-400); CD4 T+lymphocytes (400—1,300); CD8+ T lymphocytes (200-700); CD4/CDS ratio (1.1-3.2); Activated CD4+ T lympho-
cytes (2.5-8.5); Naive CD4+ T lymphocytes (240—790); Effector/memory CD4+ T lymphocytes (150-500); Activated CD8+ T lymphocytes (4—19);
Naive CD8+T lymphocytes (220—400); Effector/memory CD8+ T lymphocytes (50—190); B lymphocytes (100—400); Naief B cells (72-257); Recent
Bone Marrow Emigrants B cells (6-41); IgM memory B cells (10-39); IgG memory B cells (2-51); IgA memory Beells (1-20)

subpopulations when compared to patients without ILD. In
ILD patients the absolute numbers of CD4+T cells, naive
CD4+T cells, and naive and switched memory B cells were
markedly lower. Earlier reports that describes the classifica-
tion of the CVID population according to B cell phenotype
[56-58] have shown that patients with more severe complica-
tions in general had lower numbers of switched memory B
cells [53, 56, 58-60] which was associated with
granulomatous-, autoimmune disease and splenomegaly [58,
61]. Moreover, a reduction of CD4 naive T cells has been most
consistently associated with CVID related complications such
as autoimmunity and lymphoproliferation [60, 62], spleno-
megaly and granulomatous disease [63]. Only a few studies
have explored T cell phenotype in adult CVID patients with
pulmonary disease. An earlier study showed a different T cell
pattern in children with ILD when compared to our study in

adults. In that particular study, the differences between chil-
dren with and without ILD were detected in the CD8+ T cell
compartment only [33]. Evidently, differences in the T cell
distribution exist between age-groups, since the memory sub-
set will gradually increase during aging. Furthermore, in gen-
eral, children will experience more viral infections and there-
fore an increased activation pattern can be expected in the
CDS8+T cell compartment. The decreased thymic output and
decreased number of regulatory T cells in CVID patients [63,
64] could account for the auto inflammatory conditions, in-
cluding ILD. In children, a lower number of memory B cells
has also been associated to ILD [33] and other CVID related
complications [56, 58, 65]. The lack of B cells might contrib-
ute to ILD by the increased prevalence of infections, which
may evoke exacerbations of auto-inflammatory disease.[66].
However, ILD occurs in varied clinical settings, including
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infection and immune system dysfunction, it is thought to
represent a nonspecific response to multiple stimuli [67].

Interestingly, we found that patients with IgG trough levels
<8 g/L for more than one year were more likely to have
significant ILD-related abnormalities. It is known that immu-
noglobulin therapy has also shown to be beneficial in autoim-
mune disease [68]. However, the doses used in those treat-
ments are usually much higher than those used for replace-
ment therapy and the mechanism of its immunomodula-
tory and anti-inflammatory effects remains unclear [68].
It is however known, that recurrent infections - which
are clearly related to insufficient IgG trough levels in
CVID- can evoke exacerbations of inflammatory dis-
eases [66].

Early detection and monitoring of chronic pulmonary dis-
ease in CVID patients seems essential. Our study indicates
that pulmonary function testing is a weak predictor of early
pulmonary abnormalities. Therefore, repetitive CT scanning
and CT scoring systems could be reliable tools to monitor
progression of pulmonary abnormalities and to identify pa-
tients at risk. However, no consensus has yet been reached
about the frequency of CT scanning. In the current practice the
current time interval for CT evaluation ranges from 1 to 5 years
[7, 26]. Based on our and others research we would suggest
biannual CT screening of CVID patients with (I) active auto-
immune disease or other non-infectious inflammatory disease,
(II) patients with on-going frequent lower respiratory tract
infections and (III) patients with a significant AD (>7) or
ILD score (>5). For other CVID patients CT screening once
per five years might be sufficient. The absolute number of the
total CD4+ T cells count and the naive CD4+ T cells and
switched memory B cells might also be candidate immuno-
logical markers to identify patients at risk for ILD. However, a
clear threshold (cutoff) for the immune-phenotypic markers
could not be identified in our study.

Our study has the following limitations. First, the number
of patients was too small to develop a reliable prediction
model to define risk factors for pulmonary complications
and therefore our findings require confirmation in larger stud-
ies. Second, it is a cross-sectional study and a prospec-
tive follow-up study will be necessary to establish pro-
gression of preclinical pulmonary abnormalities, the de-
velopment of clinical disease and the relation to risk
factors. Third, due to the low number of patients with
prior thin slice CT scanning we could not establish at
what point in time the CT abnormalities had evolved
(before or after the initiation of immunoglobulin thera-
py) nor could progression be evaluated.

In conclusion, our study shows a relatively high
frequency of preclinical pulmonary CT abnormalities in
CVID patients despite IgG therapy and normal pulmo-
nary function testing which emphasizes the need for
screening with CT in this group of patients. Structural
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irway disease is correlated to pulmonary infections, but
can also develop sub clinically. ILD is correlated to the
presence of autoimmune disease and have a distinct
cellular distribution of T and B cell subpopulations
and lower IgG through levels over time. However, larg-
er and prospective studies are required to determine cut
off values for T and B cell markers to discern patients
at risk for ILD and to ascertain the optimal follow up
frequency aimed at preventing morbidity and mortality
in CVID patients.
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