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Abstract
Purpose To investigate computed tomography (CT) findings of Granulomatous Lymphocytic Interstitial Lung Disease (GL-
ILD) in Common Variable Immunodeficiency (CVID), also in comparison with non-GL-ILD abnormalities, correlating 
GL-ILD features with functional/immunological parameters and looking for GL-ILD therapy predictive elements.
Methods CT features of 38 GL-ILD and 38 matched non-GL-ILD subjects were retrospectively described. Correlations 
of GL-ILD features with functional/immunological features were assessed. A logistic regression was performed to find a 
predictive model of GL-ILD therapeutic decisions.
Results Most common GL-ILD CT findings were bronchiectasis, non-perilymphatic nodules, consolidations, Ground Glass 
Opacities (GGO), bands and enlarged lymphnodes. GL-ILD was usually predominant in lower fields. Multiple small nodules 
(≤10 mm), consolidations, reticulations and fibrotic ILD are more indicative of GL-ILD. Bronchiectasis, GGO, Reticulations 
and fibrotic ILD correlated with decreased lung performance. Bronchiectasis, GGO and fibrotic ILD were associated with 
low IgA levels, whereas high CD4+ T cells percentage was related to GGO. Twenty out of 38 patients underwent GL-ILD 
therapy. A model combining Marginal Zone (MZ) B cells percentage, IgA levels, lower field consolidations and lymphnodes 
enlargement showed a good discriminatory capacity with regards to GL-ILD treatment.
Conclusions GL-ILD is a lower field predominant disease, commonly characterized by bronchiectasis, non-perilymphatic 
small nodules, consolidations, GGO and bands. Multiple small nodules, consolidations, reticulations and fibrotic ILD may 
suggest the presence of GL-ILD in CVID. MZ B cells percentage, IgA levels at diagnosis, lower field consolidations and 
mediastinal lymphnodes enlargement may predict the need of a specific GL-ILD therapy.
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Introduction

Common Variable Immunodeficiency (CVID) [1] is a 
primary immunodeficiency characterized by decreased 
IgG, IgA and/or IgM serum levels and impaired antibody 
response to immunization or infections [2]. CVID results 
in a broad spectrum of clinical presentations, including 
infectious [3] and non-infectious complications, as chronic 

airways abnormalities and immune-mediated interstitial lung 
disease (ILD) [4].

Possible manifestations of ILD are follicular bronchi-
olitis, nodular lymphoid hyperplasia, granulomatous lung 
disease, lymphocytic interstitial pneumonia, non-specific 
interstitial pneumonia and organizing pneumonia [1].

Since all these patterns may be present in the same 
patient, the term “Granulomatous and Lymphocytic Inter-
stitial Lung Disease (GL-ILD)” was coined for CVID, refer-
ring to “a distinct clinico-radio-pathological ILD, associated 
with a lymphocytic infiltrate and/or granuloma in the lung” 
[5]. GL-ILD is a rare manifestation of a rare disease [6], 
identified in around 8–20% of CVID subjects, resulting from 
a systemic immune dysregulation. This is underlined by the 
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association with other immune-mediated complications and 
by the alteration in T and B lymphocytes compartment, such 
as lower percentage of switched-memory and marginal zone 
(MZ) B cells, increased percentage of circulating CD21 low 
B cells and a preferential memory CD4+ T cell differentia-
tion toward a CXCR3+CCR6- TH1 phenotype [7, 8]. Previ-
ous studies suggested that GL-ILD patients are at higher risk 
of B-cell lymphoma, too [9]. According to the UK-PID Net-
work Consensus [5], in the suspicion of GL-ILD, it is useful 
in performing chest computed tomography (CT) examina-
tion, lung function tests, bronchoscopy and surgical lung 
biopsy, that is mandatory for a definite diagnosis, but not 
free from risks [10]. The main CT GL-ILD features are nod-
ules, ground glass opacities, reticulations, consolidations, 
and interstitial fibrosis [11]. Moreover, CT may evaluate 
chronic bronchial abnormalities, such as bronchiectasis [1]. 
Since GL-ILD patients may be asymptomatic or have non-
specific symptoms, CT may identify suspicious features in 
advance, anticipating clinical and pulmonary function tests 
(PFT) abnormalities [10] and providing prognostic elements 
[12]. Hence, some GL-ILD CT scores have been proposed 
to evaluate lung involvement [13–15], although there is not 
a general consensus, yet. Furthermore, the radiological dif-
ferential diagnosis with other ILD and between acute and 
chronic lung manifestations may be challenging [5]. In par-
ticular, sarcoidosis is considered in differential diagnosis [5, 
16], while, on a background of GL-ILD abnormalities, the 
superimposition of acute infections may be hard to identify, 
as well as lung lymphoma [5]. Lastly, there is no evidence 
of any specific radiological element that may be associated 
with the need of GL-ILD therapy.

Thus, the primary aim of this work was to describe 
common and uncommon CT findings in a cohort of CVID 
patients with GL-ILD, in comparison with non-GL-ILD 
patients and also from the perspective of a differential diag-
nosis, in order to provide elements for a confident radiologic 
diagnosis. We also tested the correlations with functional 
and immunological features and sought any relevant element 
(radiological and non-radiological) associated with conse-
quent GL-ILD therapeutic decisions.

Material and Methods

Study Design

This was a multicentric retrospective study involving four 
Referral Care Centers for Primary Immunodeficiencies 
(Rome, Padua, Milan and Brescia). The electronic archives 
of each center were searched to identify CVID patients with 
GL-ILD, from 2018 to 2021, looking for the first available 
chest CT raising the suspicion of GL-ILD.

Inclusion criteria were CVID diagnosed according to 
the ESID criteria (http:// esid. org/ Worki ng- Parti es/ Regis 
try/ Diagn osis- crite ria), available chest CT examination 
performed before any GL-ILD treatment, confirmed or sus-
pected GL-ILD diagnosis according to UK-PID Network 
Consensus. In particular, a confirmed diagnosis required 
the presence of radiological abnormalities consistent with 
GL-ILD, with or without signs of lung functional impair-
ment, especially of gas transfer and, presence of typical his-
topathological evidences as granulomatous inflammation, 
peribronchiolar lymphoid proliferation, interstitial lymphoid 
proliferation, and CD4-cell predominance [5]. GLILD was 
defined as suspected in the presence of all the above apart 
from histopathological evidence [5]. All patients with sus-
pected GL-ILD also had to present a GL-ILD probability 
score >50% to be included [9].

Exclusion criteria were clinical suspicion of a pulmonary 
infectious disease or lymphoma, GL-ILD in active or previ-
ous therapy, refusal to sign the informed consent.

We also searched for age- and sex–matched CVID non-
GL-ILD patients to perform the radiological comparison, 
following the same other inclusion and exclusion criteria.

Demographic, clinical, laboratory data and PFT at time of 
CT scan were recorded for all patients, as well as the pres-
ence of granulomas, in available biopsy specimens. Moreo-
ver, data on IgG replacement therapy, the need for antibiotic 
prophylaxis and any subsequent GL-ILD specific treatment 
were noted.

This study was approved by the Ethics Committee of 
“Sapienza” University of Rome (CE 4694/, n. 316/2016) 
and was performed in accordance with the Good Clinical 
Practice guidelines, the International Conference on Harmo-
nization guidelines and the Declaration of Helsinki.

Imaging Analysis

Two thoracic radiologists of 7 and 20 years of experience 
(NL and MPB) reviewed the literature to define a score that 
could describe CT findings of both GL-ILD and lung dis-
eases usually considered in differential diagnosis [11–22].

Thus, the following CT features were assessed for airways 
and parenchyma: presence of bronchiectasis, bronchial wall 
thickening (internal diameter of airway lumen less than 80% 
of its external diameter or bronchial wall at least twice as thick 
as that of normal airways [12]), mucous plugs, tree in bud, 
mosaic perfusion, nodules, consolidation, ground glass opaci-
ties (GGO), reticulations, fibrotic ILD (defined as consolida-
tion, GGO, reticulations with architectural distortions and 
bronchiectasis, as well as honeycombing), cavitation/necrosis, 
parenchymal scars/bands. The severity of bronchiectasis was 
also scored, based on the highest observed ratio between bron-
chial lumen and vessel diameter (mild=1–1.5 vessel diameter; 
medium=1.5–2.0; high>2.0 [13]), as well as their prevalent 

1904

http://esid.org/Working-Parties/Registry/Diagnosis-criteria
http://esid.org/Working-Parties/Registry/Diagnosis-criteria


1 3

Journal of Clinical Immunology (2023) 43:1903–1915  

location (central, peripheral, diffuse). Nodules were divided 
in small and large, based on their dimension (≤10 mm or >10 
mm [22]), defining the amount (≤3 or >3, namely multiple), 
the density (solid, ground glass, both solid nodules and ground 
glass nodules), the presence of halo sign around solid nodules 
or inner calcifications. Small nodules preferential distribution 
(perilymphatic, centrilobular, random) was also recorded. 
Large nodules shape (round/oval, lobulated, irregular) and 
margins (sharp or ill defined) were assessed. All CT findings 
were defined according to the glossary terms of the Fleish-
ner society [23] or, when a definition was not available, by 
referring to literature. Peripheral areas were defined as 2–3 cm 
from the pleura [24]. The score was also adopted to describe 
alterations independently in upper and lower fields, adopting 
the carina as landmark [25], and assessing if CT abnormalities 
were present in one of the two fields only. Then, the whole 
disease was assessed as predominant in upper, lower fields or 
without predominance. Additional findings were presence of 
pleural effusion, enlarged mediastinal lymph nodes (brevis axis 
>1 cm), calcified enlarged lymph nodes, pericardial effusion. 
The readers assessed the score independently, resolving disa-
greements by consensus. Lung alterations were assessed with a 
standard lung or soft tissue window, depending on the finding 
to be assessed. Multiplanar reconstructions could be utilized.

Statistical Analysis

As descriptive statistics, we reported absolute count and 
percentage of cases for qualitative data and median with 
interquartile range (IQR) for quantitative data. Chi-squared 
and Fisher’s exact tests were used to assess significance for 
categorical variables. For continuous variables, Shapiro-
Wilk test and quantile-quantile plots inspection were used 
to assess normality of distributions. Significance was veri-
fied using a proper t-test and a two-tailed p-value below 
0.05 was considered statistically significant. Univariate and 
multivariable logistic regression models were fitted to cal-
culate odds ratios (OR), 95% confidence intervals (CI) and 
the area under the curve (AUC) of receiver operating charac-
teristic (ROC) curves. Variables entered in the multivariate 
model were chosen based either on clinical data and existing 
literature and on data-driven variable selection methods to 
optimize model’ robustness [26]. Statistical analyses were 
performed with Prism, release 9.4.0 (© 2022 GraphPad 
Software).

Results

Patient Characteristics

The search identified 38 patients (15 male), median age 44.5 
years and median disease duration 9 years. Twenty-eight 

patients were never smokers, 3 were former and 7 current 
smokers. Bioptic sampling for a definite diagnosis was per-
formed in 30/38 patients, 18 of them presenting histological 
evidence of granuloma.

All patients were on IgG replacement treatment with a 
median trough level of 833 mg/dl. Eighteen patients were 
also taking antibiotic prophylaxis and 20 (53%) patients 
underwent GL-ILD specific treatment after the CT. Over-
all, 13 patients received glucocorticoids: 5 as monotherapy 
and 8 in combination with immunosuppressant. Anti-CD20 
monoclonal antibodies were administered in 10 patients, 
mycophenolate mofetil in 5 and azathioprine in 1.

The majority of GL-ILD patients had splenomegaly on 
ultrasound examination (92%) and 21 patients (55%) had 
a history of autoimmune cytopenia with a prevalence of 
immune thrombocytopenic purpura. B cells subpopulation 
analysis, according to EUROclass [27] identified a median 
percentage of CD21 low B cells of 13.9.

Thirty-eight age- and sex-matched CVID non-GLILD 
patients were enrolled as control. All demographics, clini-
cal and laboratory characteristics and data on PFT are sum-
marized in Table 1, respectively.

During follow-up, 5 patients developed a lymphoma, 3 of 
them died, 1 of which for lymphoma progression.

CT Findings

All CT findings are shown in Table 2. In GL-ILD patients, 
common lung CT abnormalities were small nodules (37 
patients, 97%), scars/bands (35, 92%), consolidations (29, 
76%), GGO (27, 71%) and bronchiectasis (27, 71%). Reticu-
lations were present in almost half of patients (18, 47%). 
Bronchial wall thickening (10, 26%), signs of fibrotic ILD 
(13, 34%), large nodules (7, 18%), tree in bud (9, 24%), 
mosaic perfusion (7, 18%), mucous plugs (5, 13%) were 
less usual. Areas of cavitation/necrosis were never observed. 
Bronchiectasis were most commonly of a low severity and 
their prevalence was not significantly different between 
young and elderly (>65 years) subjects. Small nodules were 
usually multiple, both solid and ground glass, non-perilym-
phatic. Considering the whole lung, non-perylymphtic nod-
ules were significantly more frequent than perylimphatic (p< 
0.0001). The halo sign was observed in 17/37 patients, while 
calcifications were present in a few subjects. Fibrotic ILD 
was present in 13 patients. The whole disease was lower field 
predominant in 35 (92%) patients and diffuse in 3 patients. 
Irrespective of their frequency, all the investigated findings 
were usually more frequent in the lower fields as compared 
to the upper fields. Moreover, GGO, reticulations, fibrotic 
ILD and tree in bud were more commonly observed in the 
lower fields only. None of these alterations was more fre-
quent in upper fields only (Supplementary Table 1). The 
GL-ILD radiological items detected, at significant higher 
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frequency, in the lower fields were fibrosis (p = 0.0006), 
ground glass opacities (p = 0.0055), bronchiectasis (p = 
0.0110), reticulations (p = 0.0116) and scars/bands (p = 
0.0216).

Finally, most subjects had enlarged mediastinal lymph 
nodes (27, 71%), all without inner calcifications. Pericardial 
effusion was observed in 2 patients, pleural effusion was 
never described. Smokers (former or active) did not show 

Table 1  Patients’ characteristics: demographics, clinical, laboratory data and pulmonary function tests

*From the diagnosis of CVID to the CT
**Next Generation Sequencing for the coding region and intron-exon junctions of all the genes included in the most updated “International 
Union of Immunological Societies” genes classification for inborn errors of immunity, available at the time of blood sampling
Legend: CD21low, CD21 low B cells; CT, computed tomography; CVID, Common Variable Immunodeficiency; DLCO, carbon monoxide dif-
fusing lung capacity; FEV1, Forced Expiratory Volume in the first second; FVC, Forced Vital Capacity; GL-ILD, Granulomatous and Lympho-
cytic Interstitial Lung Disease; IQR, interquartile range; ITP, Immune thrombocytopenic purpura; MZ, Marginal Zone B cells; N/A, not applica-
ble; ns, not significative; SmB, Switched memory B cells; IgG TL, IgG trough level; TLC, Total Lung Capacity

a)

Characteristics All CVID GL-ILD NON GL-ILD p-value

Patients, n (%) 76 (100) 38 (100) 38 (100)
Females, n (%) 47 (62) 23 (61) 24 (63) ns
Age (yrs), median (IQR) 50 (40–61) 50 (40–64) 51 (39–60) ns
Age (yrs), median (IQR) at CVID diagnosis 36 (24–44.5) 36 (24–44) 36 (24–46) ns
Disease duration (yrs)*, median (IQR) 8 (4–17) 10 (4–20) 7 (4–15) ns
Smoking status, n (%)
  • never 60 (79) 28 (74) 32 (84)
  • former 6 (8) 3 (8) 3 (8)
  • current 10 (13) 7 (18) 3 (8)

Splenomegaly, n (%) 51 (67) 35 (92) 16 (42) <0.001
Autoimmune cytopenia, n (%) 25 (33) 21 (55) 4 (11) 0.001
ITP, n (%) 26 (34) 20 (53) 6 (16) 0.003
SmB (%), median (IQR) 1.8 (1–5.4) 1.5 (0.5–3.9) 4.1 (1–7.1) ns
CD21low (%), median (IQR) 13 (6–30) 13.9 (5.8–30.2) 8.2 (5.5–21.1) ns
MZ (%), median (IQR) 8 (2–19) 5.8 (1.4–12.1) 14.1 (8.5–18.2) 0.011
IgA at diagnosis (mg/dl), median (IQR) 6 (1–22) 5 (1–19) 8.5 (0.5–28) ns
IgG at diagnosis (mg/dl), median (IQR) 236 (86–371) 238.5 (62–355) 186 (100–423.5) ns
IgM at diagnosis (mg/dl), median (IQR) 18 (3–34) 12 (3–30) 19 (4.6–46) ns
IgG TL (mg/dl), median (IQR) 752 (632–870.8) 833 (745–920) 650 (560–760) 0.001
Genetics**, n (%) 26 (68) 26 (68) N/A N/A
Patients with no identified mutations 13 (50) 13 (50)
Patients with identified mutated genes 13 (50) 13 (50)
  • TNFRSF13B 5 5
  • CTLA-4 3 3
  • CXCR4 1 1
  • JAK2 1 1
  • TTC37 1 1
  • CD19 1 1
  • ERCC6l2 heterozygosis 1 1
  • CASP10, 2 2
  • TNFRSF12, 1A 1 1
  • TERT 1 1

FEV1 (% predicted),edian (IQR) 88.5 (72–107.5) 88 (69.5–106) 99.5 (84–114.2) 0.024
FVC (% predicted), median (IQR) 92 (76–110) 89 (70.5–105.5) 98 (89–114) 0.038
TLC (% predicted), median (IQR) 90 (90–105) 88.5 (75–101) 113 (111–121) 0.009
DLCO (% predicted), median (IQR) 68 (52–80.5) 63 (52–81) 73 (64–79) ns
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Table 2  Patients with airways (a), parenchymal (b) alterations and ancillary findings (c)

GL-ILD NON GL-ILD

Total Upper fields Lower fields p-value Total Upper fields Lower fields

a) Airways
Bronchiectasis, n (%) 27 (71%) 14 (37%) 26 (68%) 0.0110 14 (37%) 6 (16%) 12 (32%)
 Severity
  • Mild 16 7 15 6 3 5
  • Moderate 5 3 6 4 2 4
  • High 6 4 5 4 1 3

Distribution
  • Central 8 7 4 1 1 1
  • Peripheral 9 3 8 11 4 9
  • Mixed 10 4 14 2 1 2

BWT, n (%) 10 (26%) 6 (16%) 8 (21%) ns 9 (24%) 7 (19%) 9 (24%)
Mucous Plugs, n (%) 5 (13%) 2 (5%) 4 (11%) ns 11 (29%) 2 (5%) 11 (29%)
• ≤3 3 1 2 10 1 10
• >3 2 1 2 1 1 1
Tree in bud, n (%) 9 (24%) 2 (5%) 8 (21%) ns 6 (16%) 4 (11%) 3 (8%)
Mosaic perfusion, n (%) 7 (18%) 6 (16%) 7 (18%) ns 2 (5%) 0 2 (5%)
b) PARENCHYMA
Small nodules, n (%) 37 (97%) 33 (87%) 37 (97%) ns 29 (76%) 18 (47%) 27 (71%)
Number
  • ≤3 4 7 7 18 9 9
  • >3 33 26 30 11 9 18

Distribution
  • Perilymphatic 4 2 4 3 4 5
  • Centrilobular 12 17 10 12 12 13
  • Random 21 14 23 14 2 9

Density
  • Solid 2 11 12 17 13 15
  • GGO 8 1 2 1 5 1
  • Both 27 21 23 11 0 11

 Halo sign 17 12 13 6 4 4
 Calcification 8 5 4 9 5 5
Large nodules, n (%) 7 (18%) 2 (5%) 6 (16%) ns 2 (5%) 0 (0%) 2 (5%)
Number
  • ≤3 4 2 3 2 0 2
  • >3 3 0 3 0 0 0

Density
  • Solid 3 0 4 1 0 1
  • GGO 1 2 0 1 0 1
  • Both 3 0 2 0 0 0

Halo sign 3 0 3 0 0 0
Shape
  • Rounded/Oval 6 2 5 1 0 1
  • Lobulated 1 0 1 1 0 1
  • both 0 0 0 0 0 0

Margins
  • Sharp 4 2 3 2 0 2
  • Irregular/ill defined 3 0 3 0 0 0
  • Mixed 0 0 0 0 0 0
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any relevant radiological difference as compared to never 
smokers.

The comparison of GL-ILD CT scans with age- and 
sex-matched CVID patients without GL-ILD revealed that 
CT features most significantly associated with GL-ILD 
(p<0.001) were multiple small nodules, consolidations, 
GGO, reticulations and fibrotic ILD, considering the whole 
lungs, as well as the presence of enlarged mediastinal lymph 
nodes. All the statistically significant data are reported in 
Table 3.

Correlation with PFT and Immunological Data 
in GL‑ILD Patients

Having determined a significant predominance of disease 
burden in the lower lung fields, we searched for potential 
association between such aforementioned, differentially 
distributed, radiological findings and the clinical-immuno-
logical data.

In the presence of fibrotic ILD, patients had a poorer lung 
function, as expressed by reduced Forced Expiratory Vol-
ume in the first second, % predicted (FEV1%) (p = 0.0346), 
Forced Vital Capacity, % predicted (FVC%) (p = 0.0271), 
Total Lung Capacity, % predicted (TLC%) (p = 0.0438) 
and carbon monoxide diffusing lung capacity, % predicted 
(DLCO%) (p=0.0030), lower IgA (p = 0.0108) and IgM 
(p = 0.0249) at diagnosis, and a prevalence in female gender 
(p = 0.0773).

Similarly, patients with GGO, compared to those with-
out, showed lower IgA levels at diagnosis (p = 0.0055), 
reduced TLC% predicted (p = 0.0003), lower peripheral 

blood leukocytes count (p = 0.0125) and higher CD4+ T 
cells percentage (p = 0.0334).

Lower IgA and IgG at diagnosis (p = 0.0039 and p = 
0.0064, respectively) and worse pulmonary flows and vol-
umes, expressed as lower FEV1% (p = 0.0239), were found 
also in patients with bronchiectasis.

Finally, the presence of reticulation on CT scan was 
more frequent in patients with decreased lung performance, 
expressed by dropping in FEV1% (p = 0.0059), FVC% (p = 
0.0057), TLC% (p = 0.0004) and DLCO% (p = 0.0030) 
predicted, while patients with reduced lymphocyte counts 
(p = 0.0059) showed a higher occurrence of scars/bands.

Interestingly, patients with enlarged mediastinal lymph 
nodes had higher peripheral plasmablasts (p = 0.0018).

Considering the presence of granuloma on biopsy, we did 
not detect any significant difference in radiological appear-
ance nor in immunological or lung function parameters, 
as compared to patients without histological evidence of 
granuloma.

Results of the univariate logistic regression analyses for 
each of those CT items are shown in Supplementary Table 2.

Possible Determinants of GL‑ILD Treatment

Considering GL-ILD treatment as criteria to subdivide 
our cohort, we did not identify any CT finding differen-
tially distributed between treated and untreated patients 
(only the presence of lower field consolidations had a 
p-value of approaching significance, p=0.0577), nor any 
baseline lung function parameter. On the contrary, GL-
ILD-treated patients presented lower MZ B cells percent-
age (p=0.0181) and higher CD21low B cells percentage 

Numbers in bold: more than 50% of patients
Legend: GL=Granulomatous and Lymphocytic; ILD=Interstitial Lung Disease; ns=not significative; BWT=Bronchial Wall Thickening; 
GGO=Ground Glass Opacities

Table 2  (continued)

GL-ILD NON GL-ILD

Total Upper fields Lower fields p-value Total Upper fields Lower fields

Calcification 0 0 0 0 0 0
Consolidation, n (%) 29 (76%) 20 (53%) 29 (76%) ns 7 (19%) 1 (3%) 8 (21%)
GGO, n (%) 27 (71%) 12 (74%) 25 (66%) 0.0055 9 (24%) 4 (11%) 9 (24%)
Reticulations, n (%) 18 (47%) 6 (16%) 17 (45%) 0.0116 3 (8%) 2 (5%) 3 (8%)
Fibrotic ILD, n (%) 13 (34%) 1 (3%) 13 (34%) 0.0006 1 (3%) 1 (3%) 1 (3%)
Cavitation/Necrosis, n (%) 0 (0%) 0 (0%) 0 (0%) ns 0 (0%) 0 (0%) 0 (0%)
Scars/Bands, n (%) 35 (92%) 23 (60%) 34 (89%) 0.0216 27 (71%) 5 (3%) 15 (39%)
c) Other findings
Pleural effusion, n (%) 0 (0%) 0 (0%)
Enlarged Lymphnodes, n (%) 27 (71%) 4 (11%)
  • calcifications 0 0

Pericardial Effusion, n (%) 1 (3%) 1 (3%)
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(p=0.0035), whereas low IgA levels (in GL-ILD-treated 
patients vs untreated) where close to reach statistical sig-
nificance (p=0.0802).

At univariate logistic regression analysis, CD21low 
and MZ B cells percentage, IgA levels at diagnosis and 
the presence of consolidations in the lower fields of CT 
scan, were found to have the higher likelihood in GL-
ILD treatment prediction. The final multivariate logis-
tic regression model including MZ B cells percentage 
and IgA levels at diagnosis as immunological covariates 
and the CT evidence of consolidations in the lower fields 
and mediastinal lymph nodes enlargement, allowed us to 
reach a better predictive performance for GL-ILD treat-
ment (sensitivity 87.50% and specificity 76.92%, using 
a cut-off value of 0.5). The joint analysis of these four 
variables together in a multiple logistic regression model 
yielded an AUC of 0.91 (95% CI: 0.80–1.0) (Figure 1).

Discussion

In this study, the most common alterations in chest CT 
scan of GL-ILD patients (observed in more than 50% of 
cases) were bronchiectasis (commonly central and of low 
severity), small nodules (without a perilymphatic dis-
tribution) (Figure 2), consolidations (Figure 3), GGO, 
parenchymal scars/bands and enlarged mediastinal lymph 
nodes. At variance, previous works reported consolida-
tions and GGO as less usual findings [13, 28]. In our opin-
ion, this difference could be related to different phases of 
the disease and/or enrollment criteria for CT evaluation: 
in our study, the low frequency of fibrotic ILD (Figure 4) 
compared to consolidation and GGO, suggests that these 
latter were usually sustained by early-inflammatory dis-
ease, while features of fibrotic ILD may be expression of 
an end-stage ILD. When comparing with CVID patients 

Table 3  Frequency of CT 
findings in GLILD and 
non-GLILD cohorts. Only 
significant different CT features 
are reported

*Comparisons made by Fisher’s exact test
Legend: CI, confidence interval; CT, computed tomography; GL, granulomatous and lymphocytic; ILD, 
interstitial lung disease; GGO, ground glass opacities

CT Findings GL-ILD NON GL-ILD p-value* Odds ratio 95% CI

Upper fields
 Small nodules (%) 86.84% 48.65% 0.0005 6.967 2.186 to 19.02
  • >3 (%) 68.42% 24.32% 0.0002 6.741 2.512 to 19.33

 Consolidation (%) 52.63% 2.70% <0.0001 40 6.566 to 425.9
 GGO (%) 31.58% 10.81% 0.0467 3.808 1.133 to 11.59
Lower fields
 Bronchiectasis (%) 68.42% 32.43% 0.0026 4.514 1.613 to 11.26
 Mucus plugs (%) 10.53% 29.73% 0.0467 0.2781 0.09055 to 0.9676
 Small nodules (%) 97.37% 72.97% 0.0031 13.7 1.995 to 152.4
  • >3 (%) 78.95% 48.65% 0.0083 3.958 1.472 to 11.50

 Consolidations (%) 76.32% 21.62% <0.0001 11.68 3.947 to 32.23
  GGO (%) 34.21% 2.70% 0.0006 18.72 2.942 to 204.3
 RET (%) 65.79% 24.32% 0.0005 5.983 2.260 to 16.73
 Fibrotic ILD (%) 44.74% 8.11% 0.0005 9.175 2.568 to 31.46
 Scars/ bands (%) 84.21% 56.76% 0.0116 4.063 1.342 to 12.49
Whole lungs
 Bronchiectasis (%) 71.05% 37.84% 0.0054 4.032 1.555 to 9.952
 Small nodules (%) 97.37% 78.38% 0.014 10.21 1.338 to 115.9
  • >3 (%) 86.84% 48.65% 0.0005 6.967 2.186 to 19.02

 Consolidations (%) 76.32% 21.62% <0.0001 11.68 3.947 to 32.23
 GGO (%) 71.05 % 24.32% <0.0001 7.636 2.798 to 21.30
 RET (%) 47.37% 8.11% 0.0002 10.2 2.798 to 21.30
 Fibrotic ILD (%) 34.21% 2.70% 0.0006 18.72 2.942 to 204.3
 Scars/bands (%) 92.11% 64.86% 0.0049 6.319 1.672 to 22.08
Mediastinum
 Enlarged Lymphnodes (%) 71.05% 10.81% <0.0001 20.25 5.489 to 59.99
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without GL-ILD, we found that small nodules (especially 
if >3), GGO, consolidations, reticulations, fibrotic ILD 
and lymph nodes enlargement should raise the suspicion of 
GL-ILD with more confidence, matching what was previ-
ously observed by Cinetto et al. [9].

GL-ILD was usually predominant at lower fields (Fig-
ure 2), confirming that lung bases are the most involved 
parts, as firstly observed by Torigian et al. [21] and con-
firmed by Pac et al. [20] in a small cohort of subjects with 
primary immunodeficiency, mostly CVID. Moreover, con-
sidering the chronic evolutions of ILDs, the observation 
that reticulations and fibrotic ILD were significantly more 
frequent in lower fields raises the hypothesis that lung bases 
are firstly involved in a temporal perspective.

Another interesting finding regards the distribution of 
nodules. Radiologically, nodules centered in the secondary 
lobule without contact with pleural, peri-bronchovascular 
surfaces or interlobular septa may be described as centri-
lobular, usually sustained by a bronchiolar spread of inflam-
mation. Conversely, nodules that are predominantly located 
along pleural, peri-bronchovascular surfaces or interlobular 
septa may be described as peri-lymphatic. Lastly, if they 
are distributed without any predominance, a random pat-
tern is defined, usually due to hematogenous metastatic or 
infective spread [29]. In our study, nodules were usually 
non-perylymphatic. This result was partially unexpected, 
since a perilymphatic distribution is the hallmark of lung 

diseases involving the lymphatic structures and data in litera-
ture, derived from small cohorts, are conflicting [20, 21, 30]. 
However, in our opinion, in CVID patients, small inhaled 
antigens could determine a peribronchiolar reaction with 
an increase in centrilobular nodules, justifying the relative 
lower frequency of perilymphtic nodules.

Therefore, a predominant lower field involvement and a 
predominant non-perilymphatic nodules distribution may 
be helpful in differential diagnosis, in particular with sar-
coidosis [5, 18, 30]. In fact, the typical radiologic features 
of pulmonary sarcoidosis are perylimphatic nodules involv-
ing middle-upper fields [18, 30]. Moreover, in sarcoidosis, 
bronchiectasis is part of the fibrotic stage, actually repre-
senting traction bronchiectasis inside fibrosis [18]. In our 
patients, fibrotic ILD was a way less common than bronchi-
ectasis; this suggests that, in GL-ILD, bronchiectasis may be 
observed as a “pure” finding (Figure 6) rather than second-
ary to fibrosis. In line with this hypothesis, we did not find 
a relationship between bronchiectasis and DLCO reduction 
[31]. Non-traction bronchiectasis may thus be not a specific 
feature of GL-ILD, but the result of chronic airway damage 
[1]. Lastly, although enlarged lymph nodes may be observed 
in both affections (Figure 5), we found no mediastinal lymph 
nodes calcifications, a finding that might instead suggest 
sarcoidosis [18]. Other potential concerns for differential 
diagnosis are represented by consolidations, tree in bud 
appearance, bronchial wall thickening and mucous plugs, all 

Fig. 1  ROC curve of the 
multiple logistic regression 
model. The ROC curve of the 
multiple logistic regression 
model underlies an AUC of 0.91 
(p=0.0002). The graph also 
shows the ROC curves for the 
logistic regression analysis of 
the single variables
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possible signs of infections that may also be present in GL-
ILD. Similarly, we often observed a halo sign surrounding 
solid lung nodules that can be a manifestation of both organ-
izing pneumonia and different infections, e.g. opportunistic 
infection, as invasive aspergillosis [23]. However, we did 
not observe cavitation/necrosis that could instead support 
the hypothesis of a superimposed infective pneumonia [1, 
19]. Another challenging differential diagnosis may be 

represented by lung lymphomas, in this at-risk population. 
Unfortunately, lymphomas have a polymorphic appearance 
[17] and we are not aware of any feature for a confident CT 
differential diagnosis.

In terms of correlation between radiologic findings 
and lung function, we also observed that reticulations and 
fibrotic ILD were associated with a reduction of FEV1%, 
FVC%, TLC% and DLCO% predicted, as observed in pul-
monary fibrosis [31, 32]; the high proportion of patients 
with reticulation that had also features of fibrotic ILD could 
justify the results. Alternatively, reticulations might also 
be the expression of tiny fibrosis in the absence of traction 

Fig. 2  Axial (a) and Coronal (b) reconstructions. Small nodules with 
a random distribution. Some of them show a ground glass halo (halo 
sign). A consolidation is also present in the medium lobe (a, black 
arrow). The disease demonstrates a lower field predominance (b)

Fig. 3  Lower field, areas of peribronchial confluent consolidation. 
Nodules, areas of Ground Glass Opacities and reticulations are also 
present

Fig. 4  Signs of fibrotic ILD in the lower field: traction bronchiectasis 
and parenchymal distortions inside areas of Ground Glass Opacities. 
Areas of Ground Glass opacities without fibrosis are also present
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bronchiectasis and parenchymal distortions. Moreover, we 
identified some peculiar immunological features related to 
the CT abnormalities. As already reported, low IgA and 

IgG are associated with GL-ILD diagnosis [9], and low IgA 
are described also in CVID patients with bronchiectasis [3, 
33]. Thus, the correlation between some radiological items 
(fibrosis, GGO and bronchiectasis) and low immunoglobu-
lin levels in our GL-ILD cohort was not surprising. On the 
contrary, the association of low white blood cells count and 
higher CD4+ T cells in peripheral blood with GGO may 
reflect a GL-ILD-related perturbation in leukocytes traf-
ficking, with preferential accumulation of CD4+ T cells in 
the lungs airways [34] and parenchima [35], and a possible 
expansion of memory CD4+ T cells differentiated towards 
a CXCR3+CCR6− Th1 phenotype [36].

We then focused on identifying the relevant factors, availa-
ble at the time of the first GL-ILD radiological suspicion, pos-
sibly related with the likelihood of subsequent GL-ILD spe-
cific treatment. In literature, we found no similar approaches 
regarding this specific topic, as the available studies focus 
mainly on longitudinal evaluation of pulmonary function tests 
prior to GL-ILD treatment, in order to define progressive dis-
ease. A recent study [37] also reported the performance of a 
CT scoring system in predicting progressive vs stable disease, 
which is, in our knowledge, the only attempt made to identify 
radiological elements related to GL-ILD worsening. At pre-
sent, even though no guidelines provide specific indication 
for the beginning of GL-ILD immunosuppressive treatment, 
it is accepted that immunosuppression is required in patients 
with deteriorating pulmonary function, and/or with relevant 
symptoms and/or with worsening radiological abnormalities 
[38]. We thus considered our CT findings, clinical and immu-
nological parameters, finally identifying a small number of 
immunological and radiological variables functional to obtain 
a better model performance to possibly foresee the need for a 
specific GL-ILD therapy, even before evidence of radiological 
progression or decline of lung function parameters. As radio-
logical parameters, we selected the presence of parenchymal 
consolidations that was superior to any baseline lung function 
parameter in increasing the model performance for GL-ILD 
treatment prediction, and mediastinal lymph nodes enlarge-
ment. These two findings may provide not only evidence of 
active GL-ILD, but are also useful and easy-to-detect elements 
for evaluating treatment response [38]. In terms of immuno-
logical variables, we included, in our model, serum IgA levels 
at CVID diagnosis and circulating MZ B cells at the time of 
the CT scan. MZ B cells are functionally considered a first line 
defense, especially against encapsulated bacteria, and a house-
keeping B cellular subset, because of self-antigen and foreign-
antigen clearance activity (through their poly-reactive B cell 
receptors) and secretion of natural IgM antibodies. Given the 
intrinsic auto reactivity and high sensitivity to stimulation 
through Toll-like receptors, MZ B cells compartment is tightly 
regulated, and currently available evidence suggests that it may 
be implicated in human autoimmunity [39]. Furthermore, extra 
splenic MZ B cells can localize in tertiary lymphoid structures, 

Fig. 5  Enlarged subcarinal lymph node (white arrow) without calci-
fications

Fig. 6  A low grade bronchiectasis without sign of GL-ILD in the left 
upper field (white arrow)
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including ectopic germinal centers that are often formed in 
target tissues of autoimmune processes [40] and, interestingly, 
have also been described in GL-ILD[35]. In this environment, 
MZ B cells can favor antigen delivery to ectopic germinal cent-
ers [41] and/or directly present antigens to T cells [41]. Such 
peculiar migration may explain our finding of reduced circu-
lating MZ B cells in patients who subsequently needed GL-
ILD treatment. On the contrary, CD21low B cells have been 
found to be expanded in CVID patients with immune dys-
regulation (and to correlate with GL-ILD diagnosis), probably 
because of the strong T cell-derived IFN-gamma environment 
in blood and secondary lymphoid organs [42]. Accordingly, in 
our study, radiological signs of active lung inflammation (like 
GGO) and GL-ILD treatment itself correlated with increased 
CD4+ T cells percentage and CD21 low B cells expansion, 
respectively. However, we decided not to include CD21low 
expansion in the multivariate model for predicting the GL-
ILD treatment in order to minimize the number of variables 
entered and because its elimination resulted in a minimal loss 
of the explained variance. These results need further confirma-
tion; however, in addition to the already known relevance of 
CD21low, MZ B cells could in the future gain importance if 
studied ad hoc to verify their prognostic impact on the need 
for treatment.

Lung function parameters were not found helpful in 
improving the model performance; this is possibly due to 
the single measurement at the time of CT scan, with no pos-
sibility to evaluate decline, and/or to the potentially earlier 
evaluation compared to other studies.

Our study presents some limitations. Firstly, being a ret-
rospective study, laboratory and pulmonary function tests, as 
well as CT parameters, were performed in different centers 
without a previous definition of shared protocols/settings. 
Then, most of the CT alterations were not assessed with a 
quantitative or semiquantitative score that may be useful 
to better define, for instance, the prevalence of alterations 
between upper and lower fields. Moreover, to confirm the 
usefulness of the provided elements for a differential diag-
nosis, a comparison with patients with the other aforemen-
tioned diseases is needed. Finally, because this study was 
not designed to specifically investigate the impact of the 
different B cell subpopulations on the physiopathology of 
GL-ILD, further studies are needed to specifically address 
these findings.

Conclusions

In conclusion, as resulted from our cohort, the most com-
mon CT findings in GL-ILD, before treatment, are small nod-
ules with a non-perilymphatic distribution, consolidations, 
GGO, scars/bands and bronchiectasis. Reticulations may 
also be observed. Less common features are bronchial wall 

thickening, signs of fibrotic ILD, large nodules, tree in bud, 
mosaic perfusion and mucous plugs. GL-ILD is usually preva-
lent in lower fields. Multiple small nodules, GGO, consolida-
tions, reticulations, fibrotic ILD and lymph nodes enlargement 
may raise the suspicion of GL-ILD in CVID patients.

A model composed by MZ B cells percentage, IgA at 
diagnosis, lower field consolidations at CT and mediastinal 
lymph nodes enlargement may be predictive of the need for 
a specific GL-ILD therapy.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10875- 023- 01552-1.

Acknowledgements The authors thank the patients and all the people 
involved in the care of the patients.

Author Contribution Riccardo Scarpa, Francesco Cinetto, Cinzia 
Milito and Maria Pia Bondioni ideated the study. Valeria Panebianco, 
Giovanni Morana, Carlo Catalano, Maria Pia Bondioni and Emanuele 
Messina collected CT examinations. Sabrina Gianese, Valentina Soc-
codato, Helena Buso, Giulia Garzi, Vassilios Lougaris and Cinzia Mil-
ito collected clinical data. Image analysis was ideated and performed 
by Nicholas Landini and Maria Pia Bondioni. Statistical analysis was 
performed by Riccardo Scarpa. Results were interpreted by all the 
authors. The first draft was drawn by Riccardo Scarpa, Nicholas Lan-
dini, Francesco Cinetto and Cinzia Milito. The final draft was defined 
and approved by all the authors. Maria Pia Bondioni was the guarantor 
of the project.

Funding Open access funding provided by Università degli Studi di 
Roma La Sapienza within the CRUI-CARE Agreement.

Data Availability Data are available upon request. For further informa-
tion, please contact: cinzia.milito@uniroma1.it

Declarations 

Ethics Approval This study was approved by the Ethics Committee 
of “Sapienza” University of Rome (CE 4694/, n. 316/2016) and was 
performed in accordance with the Good Clinical Practice guidelines, 
the International Conference on Harmonization guidelines and the most 
recent version of the Declaration of Helsinki.

Consent to Participate All patients provided informed consent to par-
ticipate in the study.

Consent for Publication The informed consent included the authoriza-
tion to publish information and Figures 2a, 2b, 3, 4 ,5 and 6.

Conflict of Interest The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

1913

https://doi.org/10.1007/s10875-023-01552-1
http://creativecommons.org/licenses/by/4.0/


1 3

Journal of Clinical Immunology (2023) 43:1903–1915 

References

 1. Cinetto F, Scarpa R, Rattazzi M, Agostini C. The broad spectrum 
of lung diseases in primary antibody deficiencies. Eur Respir 
Rev. 2018;27(149):180019. https:// doi. org/ 10. 1183/ 16000 617. 
0019- 2018.

 2. Bonilla FA, Barlan I, Chapel H, et al. International Consensus Doc-
ument (ICON): common variable immunodeficiency disorders. J 
Allergy Clin Immunol Pract. 2016;4(1):38–59. https:// doi. org/ 10. 
1016/j. jaip. 2015. 07. 025.

 3. Quinti I, Soresina A, Guerra A, et al. Effectiveness of immuno-
globulin replacement therapy on clinical outcome in patients with 
primary antibody deficiencies: results from a multicenter prospec-
tive cohort study. J Clin Immunol. 2011;31(3):315–22. https:// doi. 
org/ 10. 1007/ s10875- 011- 9511- 04.

 4. Verma N, Grimbacher B, Hurst JR. Lung disease in primary anti-
body deficiency. Lancet Respir Med. 2015;3(8):651–60. https:// 
doi. org/ 10. 1016/ S2213- 2600(15) 00202-7.

 5. Hurst JR, Verma N, Lowe D, et al. British Lung Foundation/United King-
dom primary immunodeficiency network consensus statement on the 
definition, diagnosis, and management of granulomatous-lymphocytic 
interstitial lung disease in common variable immunodeficiency dis-
orders. J Allergy Clin Immunol Pract. 2017;5(4):938–45. https:// doi. 
org/ 10. 1016/j. jaip. 2017. 01. 021.

 6. Hurst JR, Abbas SH, Bintalib HM, et al. Granulomatous–lympho-
cytic interstitial lung disease: an international research prioritisa-
tion. ERJ Open Res. 2021;7(4):00467–2021. https:// doi. org/ 10. 
1183/ 23120 541. 00467- 2021.

 7. Hartono S, Motosue MS, Khan S, et  al. Predictors of granu-
lomatous lymphocytic interstitial lung disease in common 
variable immunodeficiency. Ann Allergy Asthma Immunol. 
2017;118(5):614–20. https:// doi. org/ 10. 1016/j. anai. 2017. 01. 004.

 8. Hunger T, Wanka-Pail E, Brix G, Griebel J. Lung cancer screen-
ing with low-dose CT in smokers: a systematic review and meta-
analysis. Diagnostics. 2021;11(6):1040. https:// doi. org/ 10. 3390/ 
diagn ostic s1106 1040.

 9. Cinetto F, Scarpa R, Carrabba M, et al. Granulomatous lym-
phocytic interstitial lung disease (GLILD) in common variable 
immunodeficiency (CVID): a multicenter retrospective study 
of patients from Italian PID referral centers. Front Immunol. 
2021;12:627423. https:// doi. org/ 10. 3389/ fimmu. 2021. 627423.

 10. Cinetto F, Scarpa R, Pulvirenti F, Quinti I, Agostini C, Milito C. 
Appropriate lung management in patients with primary antibody 
deficiencies. Expert Rev Respir Med. 2019;13(9):823–38. https:// 
doi. org/ 10. 1080/ 17476 348. 2019. 16410 85.

 11. Rodriguez JA, Bang TJ, Restrepo CS, Green DB, Browne LP, Var-
gas D. Imaging features of primary immunodeficiency disorders. 
Radiol Cardiothorac Imaging. 2021;3(2):e200418. https:// doi. org/ 
10. 1148/ ryct. 20212 00418.

 12. Bondioni MP, Soresina A, Lougaris V, Gatta D, Plebani A, Mar-
oldi R. Common variable immunodeficiency: computed tomog-
raphy evaluation of bronchopulmonary changes including nodular 
lesions in 40 patients. Correlation with clinical and immunological 
data. J Comput Assist Tomogr. 2010;34(3):395–401. https:// doi. 
org/ 10. 1097/ RCT. 0b013 e3181 cad9da.

 13. Gregersen S, Aaløkken TM, Mynarek G, et al. High resolution 
computed tomography and pulmonary function in common vari-
able immunodeficiency. Respir Med. 2009;103(6):873–80. https:// 
doi. org/ 10. 1016/j. rmed. 2008. 12. 015.

 14. Meerburg JJ, Hartmann IJC, Goldacker S, et al. Analysis of granu-
lomatous lymphocytic interstitial lung disease using two scoring 
systems for computed tomography scans—a retrospective cohort 
study. Front Immunol. 2020;11:589148. https:// doi. org/ 10. 3389/ 
fimmu. 2020. 589148.

 15. van de Ven AA, de Jong PA, Hoytema van Konijnenburg DP, et al. 
Airway and interstitial lung disease are distinct entities in pae-
diatric common variable immunodeficiency. Clin Exp Immunol. 
2011;165(2):235–42. https:// doi. org/ 10. 1111/j. 1365- 2249. 2011. 
04425.x.

 16. Verbsky J, Routes J. Sarcoidosis and common variable immunode-
ficiency: similarities and differences. Semin Respir Crit Care Med. 
2014;35(3):330–5. https:// doi. org/ 10. 1055/s- 0034- 13768 62.

 17. Landini N, Milanese G, Zambrini E, et al. Computed tomogra-
phy - histology correlations of unusual lung tumors. Pathologica. 
2016;108(3):110–9.

 18. Spagnolo P, Sverzellati N, Wells AU, Hansell DM. Imaging aspects 
of the diagnosis of sarcoidosis. Eur Radiol. 2014;24(4):807–16. 
https:// doi. org/ 10. 1007/ s00330- 013- 3088-3.

 19. Franquet T. Imaging of pneumonia: trends and algorithms. Eur Respir J. 
2001;18(1):196–208. https:// doi. org/ 10. 1183/ 09031 936. 01. 00213 501.

 20. Pac M, Bielecka T, Grzela K, et al. Interstitial lung disease in chil-
dren with selected primary immunodeficiency disorders—a multi-
center observational study. Front Immunol. 2020;11:1950. https:// 
doi. org/ 10. 3389/ fimmu. 2020. 01950.

 21. Torigian DA, LaRosa DF, Levinson AI, Litzky LA, Miller WT. 
Granulomatous-lymphocytic interstitial lung disease associated with 
common variable immunodeficiency: CT findings. J Thorac Imaging. 
2008;23(3):162–9. https:// doi. org/ 10. 1097/ RTI. 0b013 e3181 66d32f.

 22. Cabanero-Navalon MD, Garcia-Bustos V, Forero-Naranjo LF, et al. 
Integrating clinics, laboratory, and imaging for the diagnosis of 
common variable immunodeficiency-related granulomatous–lym-
phocytic interstitial lung disease. Front Immunol. 2022;13:813491. 
https:// doi. org/ 10. 3389/ fimmu. 2022. 813491.

 23. Hansell DM, Bankier AA, MacMahon H, McLoud TC, Müller NL, 
Remy J. Fleischner Society: glossary of terms for thoracic imaging. 
Radiology. 2008;246(3):697–722. https:// doi. org/ 10. 1148/ radiol. 
24620 70712.

 24. Nishino M, Itoh H, Hatabu H. A practical approach to high-reso-
lution CT of diffuse lung disease. Eur J Radiol. 2014;83(1):6–19. 
https:// doi. org/ 10. 1016/j. ejrad. 2012. 12. 028.

 25. Orlandi M, Landini N, Cerinic MM, Colagrande S. Pulmonary mag-
netic resonance imaging in systemic sclerosis: a jump in the future 
to unravel inflammation in interstitial lung disease. Clin Rheumatol. 
2021;40(9):3461–4. https:// doi. org/ 10. 1007/ s10067- 021- 05869-3.

 26. Stavseth MR, Clausen T, Røislien J. The clinical consequences of 
variable selection in multiple regression models: a case study of the 
Norwegian Opioid Maintenance Treatment program. Am J Drug 
Alcohol Abuse. 2020;46(1):13–21. https:// doi. org/ 10. 1080/ 00952 
990. 2019. 16484 84.

 27. Wehr C, Kivioja T, Schmitt C, et al. The EUROclass trial: defining sub-
groups in common variable immunodeficiency. Blood. 2008;111(1):77–
85. https:// doi. org/ 10. 1182/ blood- 2007- 06- 091744.

 28. Maarschalk-Ellerbroek LJ, de Jong PA, van Montfrans JM, et al. CT 
screening for pulmonary pathology in common variable immunode-
ficiency disorders and the correlation with clinical and immunologi-
cal parameters. J Clin Immunol. 2014;34(6):642–54. https:// doi. org/ 
10. 1007/ s10875- 014- 0068-6.

 29. Kim J, Dabiri B, Hammer MM. Micronodular lung disease on 
high-resolution CT: patterns and differential diagnosis. Clin Radiol. 
2021;76(6):399–406. https:// doi. org/ 10. 1016/j. crad. 2020. 12. 025.

 30. Bouvry D, Mouthon L, Brillet PY, et al. Granulomatosis-associated 
common variable immunodeficiency disorder: a case-control study 
versus sarcoidosis. Eur Respir J. 2013;41(1):115–22. https:// doi. org/ 
10. 1183/ 09031 936. 00189 011.

 31. Tseng HJ, Henry TS, Veeraraghavan S, Mittal PK, Little BP. 
Pulmonary function tests for the radiologist. RadioGraphics. 
2017;37(4):1037–58. https:// doi. org/ 10. 1148/ rg. 20171 60174.

 32. Stanojevic S, Kaminsky DA, Miller MR, et al. ERS/ATS technical 
standard on interpretive strategies for routine lung function tests. 

1914

https://doi.org/10.1183/16000617.0019-2018
https://doi.org/10.1183/16000617.0019-2018
https://doi.org/10.1016/j.jaip.2015.07.025
https://doi.org/10.1016/j.jaip.2015.07.025
https://doi.org/10.1007/s10875-011-9511-04
https://doi.org/10.1007/s10875-011-9511-04
https://doi.org/10.1016/S2213-2600(15)00202-7
https://doi.org/10.1016/S2213-2600(15)00202-7
https://doi.org/10.1016/j.jaip.2017.01.021
https://doi.org/10.1016/j.jaip.2017.01.021
https://doi.org/10.1183/23120541.00467-2021
https://doi.org/10.1183/23120541.00467-2021
https://doi.org/10.1016/j.anai.2017.01.004
https://doi.org/10.3390/diagnostics11061040
https://doi.org/10.3390/diagnostics11061040
https://doi.org/10.3389/fimmu.2021.627423
https://doi.org/10.1080/17476348.2019.1641085
https://doi.org/10.1080/17476348.2019.1641085
https://doi.org/10.1148/ryct.2021200418
https://doi.org/10.1148/ryct.2021200418
https://doi.org/10.1097/RCT.0b013e3181cad9da
https://doi.org/10.1097/RCT.0b013e3181cad9da
https://doi.org/10.1016/j.rmed.2008.12.015
https://doi.org/10.1016/j.rmed.2008.12.015
https://doi.org/10.3389/fimmu.2020.589148
https://doi.org/10.3389/fimmu.2020.589148
https://doi.org/10.1111/j.1365-2249.2011.04425.x
https://doi.org/10.1111/j.1365-2249.2011.04425.x
https://doi.org/10.1055/s-0034-1376862
https://doi.org/10.1007/s00330-013-3088-3
https://doi.org/10.1183/09031936.01.00213501
https://doi.org/10.3389/fimmu.2020.01950
https://doi.org/10.3389/fimmu.2020.01950
https://doi.org/10.1097/RTI.0b013e318166d32f
https://doi.org/10.3389/fimmu.2022.813491
https://doi.org/10.1148/radiol.2462070712
https://doi.org/10.1148/radiol.2462070712
https://doi.org/10.1016/j.ejrad.2012.12.028
https://doi.org/10.1007/s10067-021-05869-3
https://doi.org/10.1080/00952990.2019.1648484
https://doi.org/10.1080/00952990.2019.1648484
https://doi.org/10.1182/blood-2007-06-091744
https://doi.org/10.1007/s10875-014-0068-6
https://doi.org/10.1007/s10875-014-0068-6
https://doi.org/10.1016/j.crad.2020.12.025
https://doi.org/10.1183/09031936.00189011
https://doi.org/10.1183/09031936.00189011
https://doi.org/10.1148/rg.2017160174


1 3

Journal of Clinical Immunology (2023) 43:1903–1915  

Eur Respir J. 2022;60(1):2101499. Published 2022 Jul 13. https:// 
doi. org/ 10. 1183/ 13993 003. 01499- 2021.

 33. Ramzi N, Jamee M, Bakhtiyari M, et al. Bronchiectasis in common vari-
able immunodeficiency: a systematic review and meta-analysis. Pediatr 
Pulmonol. 2020;55(2):292–9. https:// doi. org/ 10. 1002/ ppul. 24599.

 34. Friedmann D, Unger S, Keller B, et al. Bronchoalveolar lavage fluid 
reflects a TH1-CD21low B-cell interaction in CVID-related intersti-
tial lung disease. Front Immunol. 2021;11:616832. https:// doi. org/ 
10. 3389/ fimmu. 2020. 616832.

 35. Maglione PJ, Ko HM, Beasley MB, Strauchen JA, Cunningham-
Rundles C. Tertiary lymphoid neogenesis is a component of pul-
monary lymphoid hyperplasia in patients with common variable 
immunodeficiency. J Allergy Clin Immunol. 2014;133(2):535–42. 
https:// doi. org/ 10. 1016/j. jaci. 2013. 08. 022.

 36. Unger S, Seidl M, van Schouwenburg P, et al. The TH1 phenotype 
of follicular helper T cells indicates an IFN-γ–associated immune 
dysregulation in patients with CD21low common variable immu-
nodeficiency. J Allergy Clin Immunol. 2018;141(2):730–40. https:// 
doi. org/ 10. 1016/j. jaci. 2017. 04. 041.

 37. Fraz MSA, Moe N, Revheim ME, Stavrinou ML, Durheim MT, Nordøy 
I, Macpherson ME, Aukrust P, Jørgensen SF, Aaløkken TM, Fevang 
B. Granulomatous-lymphocytic interstitial lung disease in common 
variable immunodeficiency-features of CT and 18F-FDG positron 

emission tomography/CT in clinically progressive disease. Front Immu-
nol. 2021;26(11):617985. https:// doi. org/ 10. 3389/ fimmu. 2020. 617985. 
PMID: 33584710; PMCID: PMC7874137.

 38. Lamers OAC, Smits BM, Leavis HL, et al. Treatment strategies for 
GLILD in common variable immunodeficiency: a systematic review. 
Front Immunol. 2021;12:606099. https:// doi. org/ 10. 3389/ fimmu. 
2021. 606099.

 39. Palm AKE, Kleinau S. Marginal zone B cells: from housekeeping 
function to autoimmunity? J Autoimmun. 2021;119:102627. https:// 
doi. org/ 10. 1016/j. jaut. 2021. 102627.

 40. Vinuesa CG, Sanz I, Cook MC. Dysregulation of germinal centres in 
autoimmune disease. Nat Rev Immunol. 2009;9(12):845–57. https:// 
doi. org/ 10. 1038/ nri26 37.

 41. Arnon TI, Horton RM, Grigorova IL, Cyster JG. Visualization of 
splenic marginal zone B-cell shuttling and follicular B-cell egress. 
Nature. 2013;493(7434):684–8. https:// doi. org/ 10. 1038/ natur 
e11738.

 42. Attanavanich K, Kearney JF. Marginal Zone, but not follicu-
lar B cells, are potent activators of naive CD4 T cells. J Immunol. 
2004;172(2):803–11. https:// doi. org/ 10. 4049/ jimmu nol. 172.2. 803.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Riccardo Scarpa1,2  · Francesco Cinetto1,2  · Cinzia Milito3  · Sabrina Gianese1,2 · Valentina Soccodato3  · 
Helena Buso1,2 · Giulia Garzi3  · Maria Carrabba4  · Emanuele Messina5  · Valeria Panebianco5  · 
Carlo Catalano5  · Giovanni Morana6  · Vassilios Lougaris7,8  · Nicholas Landini5  · Maria Pia Bondioni9 

 * Cinzia Milito 
 cinzia.milito@uniroma1.it

 Riccardo Scarpa 
 riccardo.scarpa@unipd.it

 Francesco Cinetto 
 francesco.cinetto@unipd.it

 Sabrina Gianese 
 sabrina.gianese@gmail.com

 Valentina Soccodato 
 valentina.soccodato@uniroma1.it

 Helena Buso 
 buso.helena@gmail.com

 Giulia Garzi 
 giuliagarzi@gmail.com

 Maria Carrabba 
 maria.carrabba@gmail.com

 Emanuele Messina 
 emanuele.messina@uniroma1.it

 Valeria Panebianco 
 valeriapanebianco@uniroma1.it

 Carlo Catalano 
 carlo.catalano@uniroma1.it

 Giovanni Morana 
 giovanni.morana@aulss2.veneto.it

 Vassilios Lougaris 
 vlougarisbs@yahoo.com

 Nicholas Landini 
 nicholas.landini@uniroma1.it

 Maria Pia Bondioni 
 mariapiabondioni@gmail.com

1 Department of Medicine, DIMED, University of Padova, 
Padova, Italy

2 Internal Medicine 1, Ca’ Foncello University Hospital, 
AULSS2, Treviso, Italy

3 Department of Molecular Medicine, “Sapienza” University 
of Rome, Rome, Italy

4 Internal Medicine Department, Rare Disease Unit, 
Fondazione IRCCS Ca’ Granda Ospedale Maggiore 
Policlinico, Milan, Italy

5 Department of Radiological Sciences, Oncology 
and Pathology, Policlinico Umberto I, “Sapienza” University, 
Rome, Italy

6 Department of Radiology, Ca’ Foncello General Hospital, 
Treviso, Italy

7 Department of Clinical and Experimental Sciences, 
Pediatrics Clinic and Institute for Molecular Medicine 
A. Nocivelli, University of Brescia, Brescia, Italy

8 ASST-Spedali Civili di Brescia, Brescia, Italy
9 Radiology Unit, ASST-Spedali Civili di Brescia, Brescia, 

Italy

1915

https://doi.org/10.1183/13993003.01499-2021
https://doi.org/10.1183/13993003.01499-2021
https://doi.org/10.1002/ppul.24599
https://doi.org/10.3389/fimmu.2020.616832
https://doi.org/10.3389/fimmu.2020.616832
https://doi.org/10.1016/j.jaci.2013.08.022
https://doi.org/10.1016/j.jaci.2017.04.041
https://doi.org/10.1016/j.jaci.2017.04.041
https://doi.org/10.3389/fimmu.2020.617985
https://doi.org/10.3389/fimmu.2021.606099
https://doi.org/10.3389/fimmu.2021.606099
https://doi.org/10.1016/j.jaut.2021.102627
https://doi.org/10.1016/j.jaut.2021.102627
https://doi.org/10.1038/nri2637
https://doi.org/10.1038/nri2637
https://doi.org/10.1038/nature11738
https://doi.org/10.1038/nature11738
https://doi.org/10.4049/jimmunol.172.2.803
https://orcid.org/0000-0002-1085-2333
https://orcid.org/0000-0001-8486-5850
http://orcid.org/0000-0003-2581-9250
https://orcid.org/0000-0001-5286-2057
https://orcid.org/0000-0001-5039-6881
https://orcid.org/0000-0002-0717-9096
https://orcid.org/0000-0003-4395-2872
https://orcid.org/0000-0002-3091-8192
https://orcid.org/0000-0003-4208-9691
https://orcid.org/0000-0003-3144-2963
https://orcid.org/0000-0003-2303-9533
https://orcid.org/0000-0002-2928-3003
https://orcid.org/0000-0002-3107-0525

	Common and Uncommon CT Findings in CVID-Related GL-ILD: Correlations with Clinical Parameters, Therapeutic Decisions and Potential Implications in the Differential Diagnosis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Material and Methods
	Study Design
	Imaging Analysis
	Statistical Analysis

	Results
	Patient Characteristics
	CT Findings
	Correlation with PFT and Immunological Data in GL-ILD Patients
	Possible Determinants of GL-ILD Treatment

	Discussion
	Conclusions
	Anchor 19
	Acknowledgements 
	References


