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B S T R A C T

ackground: It remains unclear whether interstitial lung disease (ILD) in common variable immunodefi-
iency (CVID) is a consequence of chronic infection or a manifestation of dysregulated lymphoid prolifer-
tion found in those with this condition.
bjective: To increase understanding of CVID-associated lung disease by comparing clinical and immuno-

logic associations in those with bronchiectasis, ILD, or no lung disease observed on chest computerized
tomography (CT).
Methods: Retrospective review of electronic medical records of 61 patients with CVID was used to identify
clinical and laboratory correlates of bronchiectasis, ground glass opacity, and pulmonary nodules on CT scan.
Results: Significant clinical and immunologic associations were identified for common CT scan findings in
CVID. Bronchiectasis was strongly correlated with a CD4þ T-cell count lower than 700 cells/mL and was
associated with a history of pneumonia and older age. Pulmonary nodular disease was correlated with
increased CD4þ:CD8þ T-cell ratios, a history of autoimmune hemolytic anemia or immune thrombocyto-
penic purpura, elevated IgM, and younger age. Ground glass opacity had similar clinical and laboratory
characteristics as those for nodular lung disease but was associated with elevated monocyte counts and the
presence of liver disease.
Conclusion: CT findings of bronchiectasis or ILD, including ground glass opacity and extensive pulmonary
nodules, were correlated with selected clinical and laboratory characteristics. These results suggest diver-
gent processes of CVID lung disease, with bronchiectasis more strongly associated with infection and T-cell
lymphopenia and ILD more strongly linked with autoimmunity and lymphoproliferation.
� 2014 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction

Common variable immunodeficiency (CVID) is the most preva-
lent symptomatic primary immunodeficiency1 and is characterized
by predisposition to sinopulmonary infections and susceptibility to
noninfectious complications such as autoimmunity and malig-
nancy.2 Chronic lung disease is among the most common compli-
cations of CVID, affecting 29% to 58% of patients, depending on the
study population.3e5 Ten years previously, it was established by
Bates et al6 that interstitial lung disease (ILD) significantly worsens
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survival in CVID. However, established CVID lung disease has
proved difficult to treat and is not reversed by conventional
immunoglobulin replacement therapy in most patients,7 although
it may improve pulmonary function testing.8,9

Radiologic evaluation of lungs in CVID discloses different
chronic pulmonary findings, including air trapping, bronchial wall
thickening, bronchiectasis, emphysema, ground glass opacities,
parenchymal consolidation, pulmonary nodules, and/or scarring or
fibrosis.7,10e12 Lung pathologymay show ILDwithmanifestations of
pulmonary lymphoid hyperplasia (PLH), which includes follicular
bronchiolitis, lymphocytic interstitial pneumonitis (LIP), and
nodular lymphoid hyperplasia.6,13e15 In addition, granulomatous
lung disease is found inmany cases16e18 and organizing pneumonia
(OP) in some.19e21 Granulomatous-lymphocytic interstitial lung
disease has been used as an encompassing term for this combina-
tion of pathologic findings in CVID.6

The pathogenesis of lung disease in CVID is not well understood.
Although as many as 50% of patients with CVID reportedly develop
Immunology. Published by Elsevier Inc. All rights reserved.
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Table 1
Patient characteristics

Patient characteristics (n ¼ 61)
Age (y), range (median) 14e89 (47)
Women, n (%) 34 (56)

Medical complications, n patients (%)
History of pneumonia 33 (54)
Splenomegaly/splenectomy 27 (44)
AIHA/ITP 23 (38)
Liver disease 8 (13)
Enteropathy 6 (10)

Laboratory characteristics, range (median)/
normal reference range

Diagnostic IgG (mg/dL) 8e400 (169)/600e1,600
Therapeutic IgG (mg/dL) 307.4e1,312 (806.3)/600e1,600
IgA (mg/dL) 2e78.3 (5)/70e400
IgM (mg/dL) 0e243 (12.9)/40e230

Abbreviations: AIHA, autoimmune hemolytic anemia; ITP, immune thrombocyto-
penic purpura.
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bronchiectasis, not all have or progress to ILD.11 Development of lung
disease in patients with CVID has been associated with a low
CD4þ:CD8þ T-cell ratio in bronchoalveolar lavage,22 decreases in
Figure 1. Chest computed tomography (CT) in common variable immunodeficiency (CV
(C) Diffuse ground glass. (D) Bilateral nodules and bronchiectasis. (E) Nodules with grou
peripheral CD8þ T cells,6 and fewer numbers of IgM-IgD-CD27þ

isotype-switched and IgMþCD27þ memory B cells23,24 in some, but
not all, studies.25 Epstein-Barr virusmay be associatedwith PLH,26 as
in patients with human immunodeficiency virus,27 but Epstein-Barr
virus has not been found in lung biopsies from patients with CVID
and PLH.13 Similarly, human herpesvirus-8 was associated with
granulomatous-lymphocytic interstitial lung disease in 1 study,28

although this has not been confirmed. Noninfectious pathogenic
mechanisms for the development of CVID lung disease also have
been proposed, including aberrant B-cell lymphoproliferation29 and
T-celledriven autoimmunity.14 Through retrospective chart review,
the authors found bronchiectasis to be associated with a history of
pneumonia and decreased CD4þ T cells in CVID. In contrast, patients
with computed tomographic (CT) evidence of ILD shared clinical and
radiologic characteristics that differed from those with bronchiec-
tasis alone or no chest CT findings. In addition, the presence of
numerous pulmonary nodules was linked to autoimmunity, eleva-
tion of IgM, and increased CD4þ:CD8þ T-cell ratio, whereas pro-
gression to ground glass opacity was associated with elevated
peripheral monocytes and increased prevalence of liver disease.
ID). (A) Overall findings. (B) Left lobe bronchiectasis and bronchial wall thickening.
nd glass.



Table 2
Associations of clinical and radiologic characteristics

Ground glass
opacitya

�5 Pulmonary
nodulesa

Bronchiectasis
only

No lung
diseaseb

Patients, n 18 34 9 13
Women, n (%) 20 (56) 20 (59) 5 (56) 7 (54)
Age (y), median

(% �50 y old)
44 (33) 45 (35) 60 (67) 43 (39)

Patients, n (%), with
Ground glass 18 (100) 13 (38) 0 (0) 0 (0)
�1 Nodule 16 (89) 34 (100) 4 (44) 3 (23)
Bronchiectasis 6 (33) 12 (35) 9 (100) 0 (0)
Hilar adenopathy 11 (61) 24 (71) 3 (33) 0 (0)
History of pneumonia 8 (44) 21 (62) 7 (78) 7 (54)
Splenomegaly/

splenectomy
10 (56) 24 (71) 1 (11) 1 (8)

AIHA/ITP 9 (50) 21 (62) 0 (0) 1 (8)
Liver disease 5 (28) 6 (18) 0 (0) 0 (0)
Enteropathy 2 (11) 3 (9) 1 (11) 1 (8)

ILD No ILD P value

Patients, n 39 22
Patients, n (%), with
History of pneumonia 22 (56) 14 (64) .78
Splenomegaly/splenectomy 24 (63) 2 (9) <.0001
AIHA/ITP 22 (56) 1 (5) <.0001
Liver disease 8 (21) 0 (0) .042
Enteropathy 4 (10) 2 (9) 1.00

Abbreviations: AIHA, autoimmune hemolytic anemia; ILD, interstitial lung disease;
ITP, immune thrombocytopenic purpura.
aPatients were included in the 2 groups if ground glass opacity and at least 5
pulmonary nodules were present.
bIncludes patients with no computed tomographic findings and those with 1 to 4
pulmonary nodules but no bronchiectasis or ground glass opacity.
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Methods

Study Design

This study was conducted through retrospective review of elec-
tronic medical records from Mount Sinai Hospital (New York, New
York). Electronic medical records and supplemental material are
available for patient encounters from January 2003 until the present.
Patients with the International Classification of Diseases, Ninth Revi-
sion code for CVID (279.06) who had a CT scan of the chest or tissue
biopsy pathology report in the medical record were selected. One
hundred twenty-six patients were identified using these initial
search parameters. These records were screened to confirm that the
diagnostic criteria of CVIDweremet based onmarkedly low IgG and
IgA and/or IgM levels (IgG �400 mg/dL, IgA <45 mg/dL, IgM <35
mg/dL), poor response to vaccines, and exclusion of other causes of
hypogammaglobulinemia.30 The study required (1) at least 1 radi-
ology report of chest CT and (2) availability of peripheral blood
leukocyte counts and quantitative immunoglobulin levels. Patients
with known hematologic malignancy were excluded. Of the 126
patients identified in the initial screen, 41 were excluded because
the diagnostic guidelines for CVID could not be confirmed and/or the
patient had a hematologicmalignancy. Of the remaining 85 patients,
21 were excluded owing to the absence of chest CT scans and 3were
excluded because laboratory results were not available. The
remaining 61 patients with CVID were included in the analysis. This
study was approved by the institutional review board of the Icahn
School of Medicine at Mount Sinai.
Data Collection

Radiology reports from all chest CT scans were reviewed, and the
presence of bronchiectasis, emphysematous changes, ground glass
opacities, and hilar adenopathy and the number of pulmonary
nodules, if any, were recorded. If the radiology report used a term
such as “extensive” or “numerous” to signify a number of nodules
that was too large to count, the patient was included in the category
of at least 5 nodules. Nodules at least 1 mm were counted. Patient
age, sex, and history of pneumonia, autoimmune hemolytic anemia
(AIHA) or immune thrombocytopenic purpura (ITP), splenomegaly
or splenectomy, liver disease (defined as the presence of alkaline
phosphatase >110 U/L and abdominal imaging showing paren-
chymal disease), and enteropathy (based on suggestive clinical
history with presence of colitis, enteritis, intraepithelial lymphocy-
tosis, and/or villous blunting found at endoscopic biopsy examina-
tion)were derived from themedical record. The numbers of patients
with obstructive (7%), restrictive (53%), and normal (40%) spiro-
metric results are similar to previously published studies of
CVID.17,24 The most consistent pulmonary function test result in the
present cohort of patients with CVID lung disease was impaired
diffusing capacity of the lung for carbon monoxide (80%), in agree-
ment with other reports.13,17,31 Diffusing capacity of the lung for
carbon monoxide in the present cohort ranged from 28% to 117%.

Means of up to 5 of the most recent laboratory values in the
medical record were used to quantify neutrophils, monocytes,
eosinophils, and serum IgG, IgA, and IgM. Treatment IgG level was
determined as the average of IgG values after at least 2 years of
immunoglobulin replacement therapy. Flow cytometry of at least 1
sample, and as many as 3 averaged together, was used to quantify
CD19þ total B cells, CD3þ total T cells, CD3þCD4þ T-helper cells, and
CD3þCD8þ cytotoxic T cells and the percentage of total B cells of
IgM-IgD isotype-switched and IgMþCD27þ memory B cells.

Statistical Analysis

Associations between pathologic or radiologic findings and
categorical clinical parameters were assessed by Fisher exact tests.
Differences in continuous laboratory values between groups were
assessed using 1-way analysis of variance. If an analysis of variance
F test yielded a P value less than .05, differences between patients
with a specific radiologic finding and those in other groups were
assessed using the Dunnett test, which adjusts for multiple com-
parisons. Non-normally distributed laboratory values (diagnostic
IgG, IgA, IgM, neutrophils, monocytes, natural killer cells, CD8þ T
cells, total B cells, CD27þIgMþ B cells, and isotype-switched
memory B cells) were rank-transformed before analysis.

Negative predictive value (NPV), positive predictive value (PPV),
odds ratio, sensitivity, and specificity were calculated to examine
the predictive utility of specific clinical and laboratory parameters
within this patient cohort. For these statistical analyses, laboratory
cutoff values were established at 700 CD4þ T cells/mL, the midpoint
of the normal distribution of values within the present cohort, and
500 monocytes/mL, which was rounded from the median value in
the present cohort of 460.

Results

Radiologic Studies

Of the 61 patientswith CVID in this study, 34werewomenand27
were men. The age range of the patients was 14 to 89 years, with a
median age of 47 years. Baseline IgG, averaged IgA, IgM, post-
treatment IgG values, and medical complications are listed in
Table1. Tenof thesepatientsdidnothaveCTabnormalities. For the51
patients with radiologic findings, 34 (67%) had at least 5 pulmonary
nodules, 22 (43%) had bronchiectasis, and 18 (37%) had ground glass
opacity (Fig 1A). For illustration, examples of chest findings are a
32-year-old woman with a history of pneumonia with severe left
lobe bronchiectasis andbronchialwall thickening (Fig 1B), a 29-year-
old man with extensive ground glass appearance throughout
the lungs (Fig 1C), and a 52-year-old woman with splenomegaly,
bilateral pulmonary nodules, bronchiectasis, and atypical lymphoid



Figure 2. Laboratory associations with bronchiectasis. (A) Peripheral blood leukocytes. (B) Quantitative serum immunoglobulins. (C) CD27þ B-cell percentage. *P < .05,
**P < .01. CT, computed tomography; CVID, common variable immunodeficiency.

P.J. Maglione et al. / Ann Allergy Asthma Immunol xxx (2014) 1e84
hyperplasia at lungbiopsyexamination (Fig1D).Anotherpatientwas
a 63-year-old woman with hepatosplenomegaly and colitis with
nodular densities throughout the lungs in a somewhat peripheral
pattern and ground glass changes; biopsy examination showed
bronchiolocentric interstitial pneumonia with fibrosis, lymphoid
hyperplasia, OP, and occasional poorly formed granulomas (Fig 1E).

Clinical and Radiologic Observations

Patients with ground glass opacity or at least 5 pulmonary
nodules were younger than those with bronchiectasis but no ILD
(median ages 33 and 35 vs 67 years; Table 2). The radiologic
finding of bronchiectasis was not commonly observed in patients
with ILD on CT scans, because only a minority of patients with
ground glass opacity (33%) or at least 5 pulmonary nodules (35%)
also had bronchiectasis. However, pulmonary nodules were
commonly observed with ground glass opacity, because nearly
Table 3
Predictive value of clinical and laboratory parameters

CT Finding Parameters Sensitivity (95%

Bronchiectasis CD4 <700 82% (60e95)
CD4 <700 and PNA Hx 62% (39e82)
CD4 <700 and age �50 y 50% (28e72)

�5 Nodules (1) CD4: CD8 >2, (2) AIHA or ITP Hx, (3) IgM >18
�1 92% (78e98)
�2 63% (44e80)
3 18% (7e35)

Ground glass monocytes >500 67% (41e87)
monocytes >500 and SMB <0.5% 41% (19e67)

Abbreviations: CI, confidence interval; CT, computed tomographic; Hx, history; NPV, nega
SMB, switched memory B cell.
90% of patients with CVID with ground glass also had at least 1
pulmonary nodule, suggesting that these radiologic features are
common aspects of ILD.32,33 Given the significant radiologic
overlap in those with ground glass opacity and pulmonary nod-
ules, these 39 patients were grouped together as having ILD for
statistical analysis. Patients with CVID ILD were compared with
the 22 patients without ILD, consisting of 10 patients with no CT
findings, 9 patients with bronchiectasis only, and 3 patients with 1
to 4 pulmonary nodules but no other chest abnormalities. CVID
ILD was significantly associated with splenectomy or splenomeg-
aly (P < .0001), history of AIHA or ITP (P < .0001), and liver disease
(P < .05). There was no significant difference between patients
with and those without ILD for history of pneumonia or enter-
opathy. Only patients with ILD had liver disease, and those with
ground glass opacity had the largest percentage of liver abnor-
malities (28%).
CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) OR (95% CI)

55% (36e73) 56% (38e74) 81% (58e94) 5.5 (1.5e20)
74% (55e88) 62% (39e82) 74% (55e88) 4.7 (1.4e15)
90% (74e98) 79% (49e95) 72% (55e85) 9.3 (2.2e40)

50% (29e71) 74% (59e86) 80% (52e95) 11 (2.7e47)
93% (76e99) 91% (70e99) 69% (52e84) 22 (4.3e109)

100% (87e100) 100% (54e100) 48% (34e62) 12 (0.7e225)
79% (64e90) 57% (34e78) 85% (70e94) 7.6 (2.2e26)
91% (77e97) 64% (30e90) 79% (65e90) 6.7 (1.6e27)

tive predictive value; OR, odds ratio; PNA pneumonia; PPV, positive predictive value;



Figure 3. Laboratory associations with at least 5 pulmonary nodules. (A) Peripheral blood leukocytes. (B) Quantitative serum immunoglobulins. (C) CD27þ B-cell percentage.
*P < .05. CT, computed tomography; CVID, common variable immunodeficiency.
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Correlation of Clinical and Laboratory Data with Radiologic Findings

Patients with CVID and bronchiectasis had significantly fewer
CD4þ T cells than those with CVID and other CT findings (P < .01)
and fewer total CD3þ T cells and CD4þ T cells compared with those
with no CT findings (P < .05; Fig 2). CD4þ T-cell count lower than
700 cells/mL had a sensitivity and NPV of approximately 80% for
bronchiectasis, although only a moderate specificity (55%; Table 3).
Adding an age cutoff of at least 50 years increased specificity to 90%,
with a PPV of 79%. The odds of having bronchiectasis was 9 times
greater for patients at least 50 years of age with CD4þ T-cell counts
lower than 700/mL and 4.5 times greater for those with a history of
pneumonia and CD4þ T-cell counts lower than 700/mL.

Patients with at least 5 pulmonary nodules had fewer CD8þ T
cells (P < .05) but similar numbers of CD4þ T cells and total CD3þ T
cells to those of patients with CVID without CT findings (Fig 3).
Three parameters differentiated patients with CVID and at least 5
pulmonary nodules quite effectively: (1) CD4þ:CD8þ T-cell ratio
higher than 2, (2) history of AIHA or ITP, and (3) serum IgM level
higher than 18 mg/dL (Table 3). If none of these parameters were
met, a patient was not likely to have nodular lung disease (NPV
80%). Meeting 2 of these parameters increased specificity and PPV
to higher than 90%, and the odds for developing nodular lung dis-
ease were increased 20-fold. Patients meeting 3 of these parame-
ters had at least 5 pulmonary nodules.

Patients with ground glass opacity were differentiated by a sta-
tistically significant elevation in monocytes and decrease in
CD19þIgM-IgD-CD27þ isotype-switched memory B cells (Fig 4).
Lower monocyte count was useful for excluding the likelihood of
ground glass opacity, because monocytes with no more than 500
cells/mL had a NPV of 85% (Table 3). Adding the parameter of lower
than 0.5% CD19þIgM-IgD-CD27þ isotype-switched memory B cells to
this monocyte count increased specificity for ground glass opacity to
higher than 90% and the odds of this CT finding 7-fold.

There were no significant differences in serum immunoglobulin
(diagnostic IgG, therapeutic IgG, IgA, or IgM) between patients with
and those without bronchiectasis, at least 5 pulmonary nodules,
ground glass opacity, or no CT findings. However, the highest serum
IgM values occurred in patients with at least 5 pulmonary nodules.
There were no significant differences in total B cells, IgMþCD27þ B
cells, natural killer cells, eosinophils, or neutrophils.

Lung Pathology

Twelve patients had lung biopsies, all with at least 5 pulmonary
nodules on CT scan (Table 4). All patients underwent lung biopsy
examination as a result of chest consolidation at CT in the setting of
lymphadenopathy to rule out infection and lymphoma and to
characterize ILD, if present. Eleven of the 12 biopsies showed PLH,34

and 3 had granulomas. LIP and OP may lead to ground glass opacity
on CT scan,33,35,36 and this was the case in 4 of 6 patients. Moreover,
the finding of LIP and/or OP was statistically associated with a
peripheral monocyte count of at least 500 cells/mL (P ¼ .015).

Discussion

The authors analyzed a group of 61 patients with CVID who
had a chest CT scan to seek clinical and/or laboratory correlations
with specific radiologic findings. Because CT scan of the chest was
not routinely obtained in all patients with CVID, there may have
been a bias toward more severe disease in this study because
many patients had imaging performed for clinical symptoms.



Figure 4. Laboratory associations with ground glass. (A) Peripheral blood leukocytes. (B) Quantitative serum immunoglobulins. (C) CD27þ B-cell percentage. *P< .05, **P< .01.
CT, computed tomography; CVID, common variable immunodeficiency.
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Many patients are referred to the authors’ institution because of
abnormal CT chest scans in the setting of CVID, further contrib-
uting to the high prevalence of ILD in this cohort. Indeed, the
most frequent radiologic finding in this study, pulmonary nod-
ules, is the most common radiologic presentation of ILD in
CVID.6,37,38 It is the high prevalence of ILD that allows this study
to uniquely classify divergent radiologic manifestations of CVID
lung disease.
Table 4
Lung pathology

Patient Type Pathology diagnosis

1 thoracoscopic reactive lymphoid hyperplasia
2 thoracoscopic atypical nodular lymphoid infiltrate with
3 thoracoscopic atypical lymphoid hyperplasia
4 thoracoscopic FB with fibrosis and loosely formed gran
5 transbronchial FB
6 thoracoscopic atypical reactive lymphoid infiltrate with
7 thoracoscopic LIP with FB
8 transbronchial OP
9 thoracoscopic bronchiolocentric interstitial pneumonia

and occasional poorly formed granulo
10 transbronchial LIP
11 thoracoscopic LIP with FB and OP
12 transbronchial atypical lymphoid hyperplasia

Parameter FB or LH only (n ¼ 6)

�5 Nodules 6
Ground glass 2
Monocytes �500 0

Abbreviations: FB, follicular bronchiolitis; LH, lymphoid hyperplasia; LIP, lymphocyti
hyperplasia.
Those with bronchiectasis only, likely to be the most common
radiologic abnormality overall in patients with CVID,37 had the
highest prevalence of pneumonia, oldest median age, and lowest
percentage of medical complications other than enteropathy. Bron-
chiectasis has been associatedwith a history of pneumonia in CVID.38

The high sensitivity of a CD4þ T-cell count lower than 700 cells/mL in
this cohort strongly suggests that lower CD4þ T-cell counts heighten
susceptibility to bronchiectasis in CVID. Advancing age and history of
PLH Granulomas

yes no
poorly formed granulomas yes yes

yes no
ulomas yes yes

yes no
OP yes no

yes no
no no

with fibrosis, lymphoid hyperplasia, OP,
mas

yes yes

yes no
yes no
yes no

LIP or OP (n ¼ 6) P value

6 1.00
4 .567
5 .015

c interstitial pneumonia; OP, organizing pneumonia; PLH, pulmonary lymphoid
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pneumonia may compound the susceptibility imparted by a low
CD4þ T-cell count, as evidenced by the high PPV when these addi-
tional parameters are included. Precursor findings to bronchiectasis
can be identified on a CT scan of the chest, because bronchial wall
thickening with dilation may progress to bronchiectasis.19 Thus, a
low CD4þ T-cell count and/or a history of chronic bronchitis or
pneumonia in a patient with CVID may suggest the need for interval
CT scans of the chest even in the absence of active respiratory
symptoms. The European Society for Immunodeficiencies registry
recently identified an association between low IgM levels and
bronchiectasis in CVID,39 supporting previous reports of a protective
role of IgM in the lung.23,40 The present study may not have been
adequately powered to detect a decreased IgM in patients with
bronchiectasis. Further studies are needed to examine the possibility
for prevention and treatment of bronchiectasis in CVID, although
usage of prophylactic antibiotics41 and increased immunoglobulin
replacement dosage42 may be efficacious.

The authors found ILD to be associated with younger age and
liver disease, in addition to AIHA and ITP, lymphoid hyperplasia,
and splenomegaly or splenectomy as previously reported.10,43,44

There was no apparent association of ILD with history of pneu-
monia or enteropathy. Elevated CD4þ:CD8þ T-cell ratio, serum
IgM, and history of AIHA and ITP were strongly associated with
extensive pulmonary nodules, which the authors found to almost
exclusively represent PLH, as in prior reports.6,13 Emergence of
PLH can be indicative of more systemic lymphoid hyperplasia,
because these patients with CVID also had higher prevalence of
hilar adenopathy and splenomegaly or splenectomy. Despite
antibody deficiency, PLH in CVID is characterized by actively
proliferating ectopic lung follicles,13 which may promote expan-
sion of CD4þ T cells (vs CD8þ T cells) and possibly the IgM eleva-
tion noted in this study. Indeed, patients with CVID and
lymphoproliferative complications have an increase in activated
CD4þ T cells,45 and higher serum IgM level has been shown to be a
predictor of polyclonal lymphocytic infiltration in CVID.3 In
addition, the heightened prevalence of AIHA or ITP may be
correlated with lymphoid hyperplasia, because benign prolifera-
tion in the spleen46 or in gastric-associated lymphoid tissue47 may
be associated with ITP. Clearly, the propensity for many patients
with CVID to develop benign lymphoid proliferations deserves
further study.48

Patients with ground glass opacity could be differentiated by a
significantly elevated peripheral blood monocyte count and the
largest percentage of concurrent liver disease. Of note, patients in
this study with biopsy-proven LIP and/or OP were significantly
more likely to have monocytes with at least 500 cells/mL, in addi-
tion to having ground glass opacity on CT scan. Thus, elevated
monocytes may be indicative of an evolution of ILD that manifests
as ground glass opacity on CT scan and LIP or OP at biopsy. Of the 61
patients, a lung biopsy had been performed in 12, thus precluding
further comments on associations of pathology with the laboratory
parameters noted here. It remains to be seen whether similar
inflammatory progression underlies granulomatous disease that
can occur in the lungs, in addition to the liver, lymph nodes, skin, or
spleen of patients with CVID.17,49

The present data suggest parameters that are associated with
selected radiologic findings in CVID that may provide insight into
the determinants of chronic pulmonary complications in this dis-
ease. Although bronchiectasis appears to develop over time as a
result of heightened susceptibility to infection, ILD generally
occurred in younger patients with CVID and concurrent autoim-
munity and lymphoid hyperplasia. Furthermore, a subset of
patients with ILD may show progression to a heightened inflam-
matory state characterized by increased peripheral monocytes,
liver involvement, LIP or OP at lung biopsy, and ground glass
opacity on CT chest scan. The results of this study suggest that
divergent immunologic processes underlie the distinct clinical
manifestations of bronchiectasis and ILD in CVID.
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