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Introduction: Common variable immunodeficiency related interstitial lung

disease (CVID-ILD, also referred to as GLILD) is generally considered a

manifestation of systemic immune dysregulation occurring in up to 20% of

people with CVID. There is a lack of evidence-based guidelines for the diagnosis

and management of CVID-ILD.

Aim: To systematically review use of diagnostic tests for assessing patients with

CVID for possible ILD, and to evaluate their utility and risks.

Methods: EMBASE, MEDLINE, PubMed and Cochrane databases were searched.

Papers reporting information on the diagnosis of ILD in patients with CVID were

included.
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Results: 58 studies were included. Radiology was the investigationmodality most

commonly used. HRCT was the most reported test, as abnormal radiology often

first raised suspicion of CVID-ILD. Lung biopsy was used in 42 (72%) of studies,

and surgical lung biopsy had more conclusive results compared to trans-

bronchial biopsy (TBB). Analysis of broncho-alveolar lavage was reported in 24

(41%) studies, primarily to exclude infection. Pulmonary function tests, most

commonly gas transfer, were widely used. However, results varied from normal

to severely impaired, typically with a restrictive pattern and reduced gas transfer.

Conclusion: Consensus diagnostic criteria are urgently required to support

accurate assessment and monitoring in CVID-ILD. ESID and the ERS e-

GLILDnet CRC have initiated a diagnostic and management guideline through

international collaboration.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier

CRD42022276337.
KEYWORDS
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Introduction

Common variable immunodeficiency disorders (CVID) are the

most prevalent primary symptomatic immunodeficiencies (PID),

characterised by hypogammaglobulinemia and impaired immune

responses to infections and vaccinations (1, 2). The two major

clinical manifestations of CVID are recurrent, mainly bacterial

infections and complications secondary to dysregulation of the

immune system. Infections can be largely prevented through

appropriate use of intravenous or subcutaneous immunoglobulin

replacement therapy (IgRT) (3, 4). However, non-infectious

complications such as interstitial lung disease, cytopenias,

gastrointestinal and hepatic disease, and lymphoproliferative

disease are difficult to manage and have become the major causes

of morbidity and mortality (4).

Ten to 20% of people with CVID develop CVID-associated

interstitial lung disease (CVID-ILD), histologically characterised by

granulomatous inflammation and/or lymphocytic infiltrates (5).

The condition has also been termed granulomatous and

lymphocytic interstitial lung disease (GLILD). CVID-ILD appears

alongside other non-infectious complications that increase

morbidity and mortality in this group of patients, and thus is

considered a manifestation of systemic lymphoproliferation and

immune dysregulation (5, 6). There is no single clinical finding or

investigation that facilitates the diagnosis of CVID-ILD due to

heterogeneity of the disease. CVID-ILDs share clinical and

histological characteristics with other conditions, and there is

currently no single consensus on the diagnostic criteria for

CVID-ILD. The understanding of pathogenesis is limited, and

significant gaps in knowledge about diagnosis and management

remain (5, 7). No evidence-based guideline for diagnosis or
02
treatment is currently available, and management generally relies

on clinicians’ expert opinions (7, 8).

The aim of this systematic review is to provide a comprehensive

overview on diagnostic tests employed by clinicians when assessing

adult and paediatric patients with CVID for possible CVID-ILD,

reporting the utility and risks of these tests, and highlighting tests

informing on disease activity or progression.
Method

We searched Ovid-EMBASE, MEDLINE, CINAHL PLUS and

PubMed to identify all relevant published articles using the

following key words: common variable immunodeficiency, late

onset hypogammaglobulinemia, interstitial lung disease,

lymphocytic interstitial pneumonitis, granulomatous lymphocytic

interstitial lung disease, diagnosis, sign, symptom, clinical feature,

characteristic, and manifestation.

Our inclusion criteria were: (1) type of study: we included

prospective and retrospective cohort studies, case control studies,

case reports, case series and non-randomised controlled trials. (2)

population: individuals who fulfilled clinical criteria for common

variable immunodeficiency, with or without genetic underlying

diagnosis and confirmed or suspected ILD. (3) studies that reported

information on diagnostic testing for ILD in patients with CVID. (4)

outcomes: utility and, where reported, risks of diagnostic tests. (5)

studies were in English. We excluded abstracts, theses, book chapters,

review articles, and opinion articles, but searched the reference lists of

reviews for primary sources. The original search was done on June 15,

2022, and was updated to December 2nd, 2022. The protocol was

registered on PROSPERO (registration: CRD42022276337).
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Studies retrieved using the search strategy were entered into

Rayyan software (https://www.rayyan.ai/). All titles and abstracts

were assessed by two reviewers against the inclusion criteria.

Conflicts were settled by a third reviewer. Reviewers read the

entire paper if the title and abstract didn’t provide enough

information. The references were examined for additional

sources. The primary data collected included study design,

characteristics of study participants (where reported), description

of the diagnostic method, test characteristics, and an evaluation of

diagnostic utility. The results were collated for narrative synthesis.

Only qualitative data were synthesised.
Qualitative assessment of study
methodology

The assessment of study quality was completed by one author.

To evaluate bias among observational studies, we used the

Newcastle-Ottawa Scale (NOS) and a modified NOS which

assesses studies based on three broad perspectives: the selection of

the study groups; the comparability of the groups; and the

ascertainment of either the exposure or outcome of interest (for

cohort, case-control, or cross sectional studies respectively) (9). The

Joanna Briggs Institute (JBI) Critical Appraisal Tools was used for

case reports and case series (10). This addresses the risk of bias and

internal validity and comprises 10 questions about confounding,

selection (bias), information bias, and clear reporting.
Results

In total 58 studies describing a total of 796 patients were

included (Figure 1). The average age at diagnosis of CVID-ILD in

422 adult and 28 paediatric patients was 40 years and 11 years,

respectively. Not all papers were primarily aiming to evaluate

diagnostic tests, but all papers that met our inclusion criteria were

included. Thirty (52%) studies were performed in Europe, 24 (41%)

were in the United States, and the remaining 4 (7%) were in Japan,

Australia and Argentina. Among the 58 articles, 40 referred to the

condition as GLILD, 16 studies used CVID related ILD and 2

studies described the condition as granulomatous CVID. We will

use CVID-ILD in this review.

The designs of the studies we included, and population

characteristics of people included in these studies are reported in

Table 1. Results summarising the frequency of the use of the

diagnostic tests and the prevalence of abnormalities detected are

reported in Table 2. Since most of the included studies involved an

observational design, we considered the overall quality of evidence

to be low. Supplementary Tables 1–5 provide a summary of the

quality assessment.
Radiology

Abnormal lung imaging is considered a prerequisite for the

diagnosis of CVID-ILD. Radiology studies were therefore the most
Frontiers in Immunology 03
frequently used tool for the assessment of potential lung

involvement. Chest radiographs (CXR) were reported in 16

articles (5, 12–26). Typical pulmonary findings were bilateral

patchy and nodular opacities with lower lung field predominance.

In all of these studies (high-resolution/thin-section) Computed

Tomography (CT) was subsequently performed because plain

radiographs were not considered diagnostic.

Thirty-one case reports and case series reported the use of CT in

the diagnostic work up (12–22, 26–45). Thirteen observational

studies relied primarily on CT as their only criteria for CVID-

ILD (2, 23, 27, 46–55), while 13 studies required either histological
FIGURE 1

PRISMA flow diagram of study selection process. From: (11). For
more information, visit: http://www.prisma-statement.org/.
TABLE 1 Study design and population characteristics.

Characteristics Studies n = 58 %

Design

Case reports 21 36

Case series 11 19

Cohort 17 29

Case control 5 9

Cross sectional 4 7

Age group

Adults only 48 83

Children (age < 18 years) 8 14

All ages 2 4
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confirmation (5, 24, 25, 56–63) or an impairment in pulmonary

function (64, 65) in addition to the detection of relevant CT

abnormalities. As CT imaging was the basis for the diagnosis of

CVID-ILD, CT imaging was abnormal in all patients. Studies which

relied on CT-features alone to make the diagnosis of CVID-ILD

defined typical pulmonary findings as: the presence of
Frontiers in Immunology 04
micronodules (which were predominantly peri-bronchovascular

and more frequently found in the lower lobes), ground glass

opacities, consolidation and interlobular septal thickening

(Figure 2). In addition, thoracoabdominal lymphadenopathy and

splenomegaly were characteristic extrapulmonary features. One

recent paper by Smits et al. was added to the review despite being
TABLE 2 Diagnostic tests in the evaluation of suspected CVID-ILD.*

Test n = number of studies (%) Testing for diagnostic
evaluation

Positive test required for
diagnosis

Number of
Patients n=

Abnormal Normal

Radiology tests 57 57

Chest X-ray 16 (29) 40 0

CT chest 58 (100) 675 0

PET 6 (11) 38 0

Bronchoalveolar lavage 24 2

Virology or microbiology 17 (30) 17 52

Differential cell count 15 (27) 96 29

Pulmonary function tests 40

Spirometry 40 (73) 76 29

DLCO 25 (45) 68 13

Biopsy 42 42

TBB 17 (30) 29 28

TBLC 1 (2) 1 0

VATS 17 (30) 81 0

Thoracotomy (open surgery) 7 (13) 11 0

Lung but not specified 13 (23) 170 NC

Other site 7 (30) 57

Blood work-up 35 (61) 23 †

Genetic 17 (33) 17 48 52
fron
CT, computed tomography; PET, positron emission tomography; TBB, Transbronchial biopsy; TBLC, Transbronchial lung cryobiopsy; VATS, Video-Assisted Thoracic Surgery; DLCO, diffusion
of the lungs for carbon monoxide; NC, not clear. * References of the studies where these numbers refer to are in the Supplementary Table S6. † See text for details.
FIGURE 2

Images of two patients. Left: diffuse nodules and lymphadenopathy. Right: combination of diffuse nodules, reticulation and ground-glass opacities.
Apart from CVID-ILD features, there are also signs of airway disease. From reference (51) with permission.
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published after our search was completed, as it provides additional

insight into the diagnostic criteria used for CVID-ILD (55). The

authors recruited patients from the STILPAD study in which

appropriate radiographic signs of CVID-ILD were sufficient for

diagnosis. According to the authors’ classification, a ‘possible’

diagnosis was made if patients presented radiographic signs of

CVID-ILD only, whereas a ‘probable’ diagnosis required either a

probability score >50% and radiographic signs of CVID-ILD or

histological confirmation of CVID-ILD (55).

Seven studies reported using positron emission tomography-

computed tomography (PET-CT) for assessing possible CVID-ILD

(20, 30, 34, 35, 37, 39), assessing disease activity (50), and/or

monitoring the response to treatment (30). In a retrospective

cohort of 32 patients with CVID-ILD, Fraz et al. found that

patients with progressive disease based on lung function tests had

significantly higher mean standardized uptake values (SUV) in their

lungs at baseline. This suggests a potential role of PET-CT in

detecting pulmonary inflammation as part of active or

uncontrolled overall disease (50).

The use of Magnetic Resonance Imaging (MRI) was not

commonly reported as a diagnostic test for CVID-ILD. However,

a few studies suggest that MRI scanning can be used an alternative

to CT scanning to detect lung alterations and reduce radiation

exposure in people with primary immune deficiencies (66–68).
Pulmonary function tests

Pulmonary function tests (PFT) as assessment tools were

reported in 40 studies (5, 13, 15–18, 20–24, 27, 28, 30–36, 38–45,

49, 52–54, 56, 57, 59, 60, 62–64, 69), and included spirometry,

measurement of diffusion capacity and assessment of static lung

volumes (i.e., total lung capacity (TLC), and residual volume (RV)).

Two studies reported PFT abnormalities as potential diagnostic

criteria for CVID-ILD in addition to CT (64, 65). In 105 CVID-ILD

patients with reported results, 53 (50%) patients had a restrictive

lung pattern, while 20 (19%), 29 (28%) and 3 (3%) had obstructive,

normal and mixed results, respectively. Gas transfer was low in 68

(57%) patients.
Bronchoalveolar lavage

Bronchoalveolar lavage (BAL) was generally performed to

exclude infections, including bacteria, Mycobacteria, fungi and

respiratory viruses. Seventeen studies reported BAL culture to

exclude infection (12, 13, 16–19, 21, 22, 26, 31, 32, 35, 37, 41, 42,

44, 65) but only four reported polymerase chain reaction (PCR) to

exclude cytomegalovirus, Epstein-Barr virus (EBV), HIV and

Mycoplasma pneumonia (13, 35, 37, 41). The most common

respiratory pathogens reported, where a pathogen was detected,

were Staphylococcus aureus, Haemophilus influenzae, Streptococcus

pneumoniae, rhinovirus, and cytomegalovirus.

Flow-cytometry analysis including differential cell count was

reported in 15 studies verifying significant lymphocytosis in 96/125
Frontiers in Immunology 05
(78%) of patients (15–17, 22, 24, 26, 35, 42, 44, 57–59, 64, 65, 69). In

addition, where lymphocyte phenotyping was performed this

showed a larger proportion of B cells, predominantly CD21low B

cells (57, 65). Friedmann et al. reported that patients with CVID-

ILD had fewer regulatory T cells, but more T follicular helper

(TFH)-like memory cells skewed towards Th1 cells, as well as a

greater proportion of B cells (particularly the inflammatory

CD21low B cell subtype) in BAL compared to sarcoidosis (65).

There are conflicting reports regarding CD4/CD8 ratios in BAL,

which have been described as reduced, elevated, and normal (24, 58,

59, 65).
Biopsy

The diagnosis of CVID-ILD was confirmed by biopsy in 31 case

reports and series (12–22, 26–45) and was used as an obligatory

inclusion criterium for CVID-ILD patients in eleven studies (5, 24,

25, 54, 56–60, 62, 63). Transbronchial biopsy (TBB) was described

in 17 studies involving 57 patients, 28 of whom had definitive

results, while the remaining patients underwent a supplemental

biopsy modality to confirm the diagnosis (16–18, 22, 30, 31, 34, 38,

42, 44, 50, 58, 59, 62–64, 69). The most common diagnostic findings

were non-necrotizing granulomatous and lymphocytic

inflammation. The use of video-assisted thoracoscopic surgery

(VATS) was reported in 17 studies (15, 16, 21, 26, 33, 34, 36, 39–

41, 45, 47, 57, 60, 62, 63, 69). The results from 81 patients

demonstrated the characteristic histological findings of CVID-

ILD. Ten studies reported the use of open biopsy in 11 patients

where all had conclusive results (12–14, 18, 28, 29, 42, 60, 63). The

most common findings on surgical biopsy were non-necrotising

granulomatous inflammation, lymphoid interstitial pneumonitis

(LIP), and/or lymphoid hyperplasia, while organising pneumonia

(OP), interstitial fibrosis and follicular bronchiolitis were less

common. Only one article reported the use of transbronchial

cryobiopsy (TBCB), in one patient with no conclusive results

(44). One case report used transbronchial fine-needle aspirate

(FNA) of pulmonary nodules to exclude malignancy and

lymphoma (20). Extrapulmonary biopsy was accepted to

substantiate the diagnosis of CVID-ILD in seven studies (24, 28,

32, 37, 42, 54, 57). Lymph node biopsy was the most frequently

reported, followed by liver, spleen and skin. The most common

finding was non-necrotizing granulomata.

Only one study reported the risk of biopsy-related

complications, in this case related to the VATS procedure, where

the patient developed pleural empyema (26). Biopsy samples were

often also tested for fungi, mycobacteria, pneumonia, EBV, and

CMV using culture, special stains and molecular biology.
Blood biomarkers and genetic testing

The blood work-up differed markedly between studies. As a

result, drawing conclusions was challenging because no one blood

biomarker is has been shown to aid the diagnosis of CVID-ILD.
frontiersin.org
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Fraz et al. recently reported that CVID-ILD patients have elevated

serum markers of T cell activation and exhaustion reflected by

elevated level of TNF, IFN-g, sCD25, and sTIM-3; increased

concentrations of pulmonary epithelium injury biomarkers

including CC16, SP-D and MMP-7; and increased levels of ECM

remodelling markers compared to patients with other non-

infectious complications. Other potential biomarkers have been

used to developed diagnostic prediction models and to help avoid

biopsy (as discussed further below). Furthermore, different blood

biomarkers have been reported to be associated with CVID-ILD

progression, and these include increased level of B cell-activating

factor (BAFF), IgM in serum, the soluble form of the interleukin-2

receptor (sIL-2R) and neopterin (17, 48, 55, 70). These data are

summarised in Table 3. Smits et al. have reported that neopterin

levels, in addition to IgM level and sIL-2R, may have the potential to

serve as biomarkers for disease activity (55).

Genetic evaluations were reported in seventeen studies (23, 25,

28, 32, 39, 41, 43–45, 48, 50, 56, 57, 62–64, 69). 48 of 100 reported

patients had cytotoxic T lymphocyte antigen 4 (CTLA-4)

haploinsufficiency, or transmembrane activator and calcium-
Frontiers in Immunology 06
modulating cyclophilin ligand interactor (TACI) (TNFRSF13B) or

signal transducer and activator of transcription 3 (STAT-

3) mutations.
Diagnostic prediction models

Four studies developed prediction models for biopsy-positive

CVID-ILD based on clinical, laboratory and/or lung physiological

parameters to assist predicting the presence of CVID-ILD (54, 56,

57, 59). These are reported in Table 4. All studies reported

splenomegaly as a predictor for CVID-ILD, with odds ratios

between 8.47 and 23.9 (54, 56, 57, 59). Cinetto et al. proposed a

CVID-ILD predictive model based on splenomegaly, CD21lo B cells

percentage, autoimmune cytopenia and DLCO percent predicted

with Area Under the Curve (AUC) of 0.98 (57). The recent

predictive model proposed by Cabanero et al. was based on

splenomegaly, lymphadenopathy, low CD8 cell in BAL, and high

Baumann’s CVID-ILD composite score, with an AUC of 0.985 (56).

Such studies need external validation.
TABLE 3 Studies that evaluated biomarkers of CVID-ILD disease activity and progression.

Author/
year

Study
design

Aims Treatments
administered

Outcome
Predicted

Follow-
up
time

Indicators
Examined

Outcomes

Vital
et al.,
2015 (17)

Case
report

To highlight the clinical
improvement observed in the
patient after the initiation of
combination therapy and to
report the potential of serum
levels of IL-12 and soluble IL-2
receptor (sil-2R) to use as
disease biomarker.

Rituximab at a dose of
375 mg/M2 weekly for
four weeks and repeated
every 6 months for a total
of 3 courses and oral
azathioprine (1.7 mg/kg/
d) to complete a total of
18 months.

Disease
activity

4 months CT, PFT, and
serum levels of
IL-12 and sIL-2R.

Improved CT and PFT.
Normalize level of serum
IL-12, sIL-2R,
ACE, and erythrocyte
sedimentation rate level.
*Serum IL-12 and sil-2R
may hold some promise
as clinically useful
biomarkers of disease
activity and/or response
to treatment in GLILD

Jolles
et al.,
2016 (30)

Case
report

To describe the use of
combined 2-[ (18)F]-fluoro-2-
deoxy-d-glucose positron
emission tomography
and computed tomography
(FDG PET-CT) scanning for
the assessment and monitoring
of response to treatment in a
CVID-ILD patients.

Two doses of
(1 g) of rituximab and
mycophenolate mofetil.

Disease
activity

2 months Clinical, PFT, and
FDGPET-CT
scan.

- Improved FVC and
DLCO.
- FDG PET-CT imaging
detected a reduction
metabolic activity in
abnormal tissue after
treatment.
* FDG PET-CT imaging
detected high metabolic
activity in abnormal tissue
that may respond to
treatment

Maglione
et al.,
2015 (47)

Cohort To determine if all CVID with
ILD have physiological
worsening, and if clinical and/
or laboratory parameters may
correlate with disease
progression.

* Disease
progression

20 or
more
months.

Clinical, PFT, and
serum
immunoglobulins.

Progressive CVID-ILD
was significantly related
to reductions in FEV1,
FVC, DLCO, lower mean
IgG levels, and an
increase in levels of IgM,
with more significant
thrombocytopenia.

Maglione
et al.,
2019 (48)

Cohort Interrogated the clinical and
laboratory parameters aiming
to identify a biomarker that

* Disease
progression

18
months.

Blood and lung
samples using
culture,

Increase level of serum
IgM and increased B cell–
activating factor (BAFF)

(Continued)
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TABLE 3 Continued

Author/
year

Study
design

Aims Treatments
administered

Outcome
Predicted

Follow-
up
time

Indicators
Examined

Outcomes

distinguishes those with ILD
progression.

cytometry,
ELISA, and
histology.

significantly related to
ILD progression.

Fraz
et al.,
2020 (50)

Cohort To compare clinical,
immunological, and
radiological (including both CT
and FDG PET/CT) features in
patients with stable or
progressive GLILD based on
functional pulmonary testing.

Nine patients received 1 g
rituximab intravenously 2
weeks apart, every 6
months. 2 patients
received it as
monotherapy. 7 patients
combined it with 100–200
mg azathioprine.

Compare
between
stable and
progressive

Median
follow-up
time was
123
months.

PFT, CT,
immunoglobulin
levels and T- and
B-cell
subpopulations,
and FDG PET/
CT.

Progressive GLILD were
defined as
- had an absolute
decline in FVC percent
predicted > 10 percentage
points (p.p.) And/or
DLCO percent predicted
>15 p.p.
- had significantly
greater pathology on
pulmonary CT
- had significantly
higher mean standardized
uptake value (SUVmean),
metabolic lung volume
(MLV) and total lung
glycolysis (TLG) as
compared to patients with
stable disease.
Rituximab was followed
by a significant
improvement in overall
pulmonary CT pathology,
while changes in
pulmonary function
varied.

Van Stigt
et al.,
2021 (70)

Case-
control

To determine whether serum
sil-2R level can be used as a
low invasive biomarker for
detection of granulomatous
disease and for monitoring
granuloma progression or
remission in CVID patients.

Three patients received
Rituximab; one patient
received prednisone in
combination with
methotrexate.

Disease
progression

6
months.

Serum sil-2R
measurements

- Sil-2R levels rise with
progression of
granulomatous disease
and decline upon
remission.
- Decrease in sIL-2R
levels was observed after
the treatment.
F
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* No evaluation of treatment response.
TABLE 4 Prediction models to screen patients with CVID-ILD.

Author/Year Country Study
design

Control
n=

CVID-
ILD n=

CVID-ILD diagnosis
based on

Predictors OR 95%
CI

AUC

Mannina et al.,
2016 (59)

USA Case-
control

52 34 HRCT and biopsy Hypersplenism 23.9 4.5–
179.10

0.92

Polyarthritis 18.7 2.3–
206.86

FVC less than 80% predicted 0.93 0.87–
0.98

Hartono et al.,
2017 (54)

USA Case-
control

26 26 HRCT, biopsy, and BAL Splenomegaly 17.3 3.9-
74.5

0.86

ITP or AIHA 4.8 1.1-
20.2

Low serum IgA level (<13 mg/
dl)

3.6 1.2-
11.9

(Continued)
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Discussion

Managing clinically relevant complications in a rare disease is a

significant challenge for clinicians, especially in the absence of

evidence-based guidelines. The diagnosis and managing of CVID-

ILD therefore usually depends on the decisions and experience of

individual clinical teams. In this systematic review we reviewed

diagnostic methods and criteria for CVID-ILD, and for informing

prognosis in CVID-ILD. The key findings are (i) in general, there

was diagnostic consistency across studies, (ii) HRCT was the most

frequently reported test to detect CVID-ILD, (iii) lung biopsy is

required to definitively confirm the diagnosis but some teams make

a clinical diagnosis, (iv) BAL was routinely performed to exclude

infection, and (v) non-biopsy prediction models for CVID-ILD had

good discriminative accuracy but require external validation. A

more consistent diagnostic approach would facilitate research

collaboration and comparisons across studies (8).

The term GLILD was introduced by Bates et al. to describe a

group of CVID patients with histological findings of LIP, lymphoid

hyperplasia, follicular bronchiolitis, and/or granulomatous disease

(5). However, the term has been interpreted differently across the

literature. Some authors consider pulmonary fibrosis and

organising pneumonia (OP) as additional features, while others

consider the diagnosis to require histologically proven pulmonary

granuloma. Thus, there is discussion to reconsider terminology (46,

71–73). We found that three-quarters of the included papers refer to

these (histological) manifestations as GLILD, but prefer the term

CVID-ILD.

The diagnosis of CVID-ILD has been clearly described in case

reports and series. In contrast, the inclusion criteria in observational

studies completed for other reasons were often vaguely described,

which made it challenging to interpret the results. We found general
Frontiers in Immunology 08
consistency in the diagnostic approach between studies. However,

not all tests were always performed in all subjects, notably biopsy.

Patients with CVID-ILD often have other lymphoproliferative and

autoimmune manifestations. Splenomegaly, lymphoproliferative

disorders, cytopenias such as thrombocytopenia and autoimmune

haemolytic anaemia (AIHA) are the most common extrapulmonary

manifestations in these patients. The presence of these features could

increase the suspicion of CVID-ILD and were used along with other

clinical and laboratory features to develop prediction models (as

described above). The purpose of these models was to support the

diagnosis of CVID-ILD and/or the risk of future CVID-ILD; however,

they need to be validated.

Radiology was the investigation most commonly used during

the process of diagnosis. HRCT was the most frequently reported

test, in all the included articles, as abnormal results usually first raise

suspicion of ILD in CVID. Since plain radiographic studies have low

sensitivity to provide sufficient diagnostic information, the

diagnosis was generally based on abnormalities revealed on CT

scan. Few studies employed CT scoring methods to evaluate lung

involvement and progression, which can be complex and therefore

time-consuming. Meerburg and colleagues evaluated the Baumann

and Hartmann scoring methods in a cohort of 138 people with

CVID-ILD (51). They reported Hartmann’s scoring to be more

reproducible than Baumann’s and suggested use of radiological

scoring to measure outcomes in future studies. Despite widespread

use of CT, the potential risk of radiosensitivity in CVID should be

considered (74, 75) given that scans may need to be repeated over

time. MRI can be utilized to evaluate the lungs in patients with

CVID as it is comparable to HRCT in its ability to identify bronchial

and parenchymal abnormalities (67, 68). Additionally, MRI does

not pose the risk of ionizing radiation, which may be a concern for

some patients. However, it is important to note that the spatial
TABLE 4 Continued

Author/Year Country Study
design

Control
n=

CVID-
ILD n=

CVID-ILD diagnosis
based on

Predictors OR 95%
CI

AUC

Percentage of CD21low B cells
>5%

5.8 1.6-
24.7

Cinetto et al.,
2021 (57)

Italy Cross-
sectional

125 47 HRCT, biopsy, and BAL Splenomegaly 8.47 1.06-
67.20

0.98

Autoimmune
cytopenia

45.17 4.76-
428.56

CD21low B cells percentage 1.2 1.06-
1.36

DLCO percent predicted 0.94 0.89-
0.99

Cabanero et al.,
2022 (56)

Spain Cross-
sectional

50 7 HRCT, biopsy, and BAL Splenomegaly 9.42 0.985

Lymphadenopathy 6.25

Low CD8 cell in BAL 0.9

High Baumann’s CVID-ILD
composite score

1.56
frontier
OR, odd ratio; CI, confidence interval; AUC, area under the ROC curve; HRCT, high-resolution Computed Tomography; BAL, bronchoalveolar lavage; ITP, immune thrombocytopenia; AIHA,
autoimmune hemolytic anemia.
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resolution of MRI may be lower than that of HRCT, which may

limit its sensitivity for detecting some lung abnormalities

particularly small nodules.

Lung biopsy was the second most common reported test

required for diagnosis, and surgical lung biopsy (SLB) had more

conclusive results compared to TBB alongside histological diagnosis

of other ILDs (76). Histological findings may be diverse between

patients, and indeed diverse between different areas of the lung in

individual patients. This variability has implications for the amount

of tissue collected during sampling. As the volume of sampling

increases, the probability of discovering additional features, if not

all, of what is referred to as CVID-ILD increases. Verbsky et al., in

their longitudinal retrospective analysis evaluating treatments

response, reported 34/39 patients had VATS with sampling of at

least two areas of the lung in which all patients exhibited at least

three of the four main histological abnormalities considered

characteristic of CVID-ILD. This could explain why almost half

of the patients who underwent TBB had inconclusive results as the

small amount of tissue attributed obtained can result in sampling

error and thus may not represent the complete histopathological

pattern. In addition, the timing of samples with regard to natural

history of the disease (or previous administration of medicines)

could contribute to the heterogeneity of histological findings (71).

When taking complications into account, other diagnostic

histological approaches such as TBCB should be also considered

for CVID-ILD (76, 77). Currently, histology is regarded necessary

for definitive confirmation because it is still unclear how accurately

clinic, laboratory, CT and potentially BAL parameters can exclude

alternative diagnoses. Consequently, it has been suggested that a

classification of probable vs biopsy-proven CVID-ILD is introduced

as used with clinical, radiological and histological classification of

other ILD subtypes (55, 78, 79). Three of four non-biopsy prediction

models for CVID-ILD had good discriminative accuracy in their

development studies (56, 57, 59).

Analysis of BAL was often conducted, primarily to exclude

infection, although the BAL differential cell count has been

described as an adjunct to positive diagnosis of CVID-ILD. 78%

of patients had an increased proportion of lymphocytes which was

described as the most prominent feature of BAL with expansion of

both T-cells and B-cells, predominantly CD21low B cells, which has

been utilized as a predictive parameter in two studies mentioned

above. This is in contrast with sarcoidosis where there is no increase

in B cells, however a diagnosis of sarcoid instead of CVID-ILD can

be more readily clarified by simple measurement of serum

immunoglobulins (65).

Our results demonstrate that PFTs including gas transfer are

widely used during the diagnostic process. However, results vary

from normal to severely impaired, in the latter case typically with a

restrictive pattern and reduced gas transfer. PFTs abnormalities can

often be found but are not sufficiently sensitive to diagnose CVID-

ILD. Gas transfer abnormalities are the most common findings.

Future studies need to evaluate how valuable PFTs including DLCO

are in determining the need for treatment and to assess changes at

follow up. Paediatric articles reported less use of PFTs due to

challenges conducting the tests in very young children.
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This is the first systematic review to evaluate diagnostic

approaches in CVID-ILD. There were some limitations of this

study. First, we recognise the heterogeneity of the definition and

terminology of ILD in CVID, and methodologies used between

studies. Second, we could not summarise risks and benefits of the

different diagnostic procedures as these were often not reported.

Third, the quality of the evidence is generally low, being based on

case reports and case series. Finally, we limited our search to include

only English articles. A strength of this review is that we collated all

evidence in regard to the clinical approach to diagnosis of CVID-

ILD by including case reports and series in our evaluation.

Patients with CVID who experience respiratory symptoms,

have abnormal imaging findings, or demonstrate decreased lung

function should be evaluated for ILD. The risk of CVID-ILD may

increase in patients with other autoimmune conditions. Thus,

multidisciplinary discussion is crucial in the diagnosis

and management of CVID-ILD, as it facilitates a comprehensive

and tailored approach to care that can lead to better outcomes and

improved quality of life for patients. In addition, consensus

diagnostic criteria are urgently required to support accurate

assessment and monitoring in CVID-ILD. The European Society

for Immunodeficiencies (ESID) has initiated production of a

diagnostic and management guideline through international

collaboration. The guideline will promote collaboration and

disease management, and reduce unwarranted variation in care.
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37. Deyà-Martıńez A, Esteve-Solé A, Vélez-Tirado N, Celis V, Costa J, Cols M, et al.
Sirolimus as an alternative treatment in patients with granulomatous-lymphocytic lung
disease and humoral immunodeficiency with impaired regulatory T cells. Pediatr
Allergy Immunol (2018) 29(4):425–32. doi: 10.1111/pai.12890

38. Shah JL, Amin SB, Verma N, Mohammed TL. Granulomatous-lymphocytic
interstitial lung disease in a patient with common variable immunodeficiency. Curr
Problems Diagn Radiology (2018) 47:282–4. doi: 10.1067/j.cpradiol.2017.04.007

39. Sood AK, Funkhouser W, ly B, Weston B, Wu EY. Granulomatous-lymphocytic
interstitial lung disease in 22q11.2 deletion syndrome: a case report and literature
review. Curr Allergy Asthma Rep (2018) 18:14. doi: 10.1007/s11882-018-0768-7

40. Ng J, Wright K, Alvarez M, Hunninghake GM, Wesemann DR. Rituximab
monotherapy for common variable immune deficiency-associated granulomatous-
lymphocytic interstitial lung disease. Chest (2019) 155:e117–e21. doi: 10.1016/
j.chest.2019.01.034

41. Tillman R, Guillerman RP, Trojan T, Silva-Carmona M, Chinn IK. Treatment-
responsive granulomatous-lymphocytic interstitial lung disease in a pediatric case of
common variable immunodeficiency. Front Pediatr (2019) 7. doi: 10.3389/
fped.2019.00105

42. Beaton TJ, Gillis D, Morwood K, Bint M. Granulomatous lymphocytic
interstitial lung disease: limiting immunosuppressive therapy-a single-centre
experience. Respirology Case Rep (2020) 8. doi: 10.1002/rcr2.565
Frontiers in Immunology 11
43. Pac M, Bielecka T, Grzela K, Komarnicka J, Langfort R, Koltan S, et al.
Interstitial lung disease in children with selected primary immunodeficiency
disorders-a multicenter observational study. Front Immunol (2020) 11:1950. doi:
10.3389/fimmu.2020.01950

44. Ruiz-Alcaraz S, Gaya Garcia-Manso I, Marco-De La Calle FM, Garcia-Mullor
MDM, Lopez-Brull H, Garcia-Sevila R. Granulomatous lymphocytic interstitial lung
disease: description of a series of 9 cases. Med Clin (Barc) (2021) 156(7):344–8. doi:
10.1016/j.medcli.2020.11.033

45. Strunz PP, Frohlich M, Gernert M, Schwaneck EC, Nagler LK, Kroiss A, et al.
Rituximab for the treatment of common variable immunodeficiency (CVID) with
pulmonary and central nervous system involvement. Open Rheumatol J (2021) 15:9–15.
doi: 10.2174/1874312902115010009

46. Maglione PJ, Overbey JR, Radigan L, Bagiella E, Cunningham-Rundles C.
Pulmonary radiologic findings in common variable immunodeficiency: clinical and
immunological correlations. Ann Allergy Asthma Immunol (2014) 113:452–9. doi:
10.1016/j.anai.2014.04.024

47. Maglione PJ, Overbey JR, Cunningham-Rundles C. Progression of common
variable immunodeficiency interstitial lung disease accompanies distinct pulmonary
and laboratory findings. J Allergy Clin Immunology: In Practice (2015) 3:941–50. doi:
10.1016/j.jaip.2015.07.004

48. Maglione PJ, Gyimesi G, Cols M, Radigan L, Ko HM,Weinberger T, et al. BAFF-
driven b cell hyperplasia underlies lung disease in common variable immunodeficiency.
JCI Insight (2019) 4(5):07. doi: 10.1172/jci.insight.122728

49. Lopez AL, Paolini MV, Fernandez Romero DS. Lung disease in patients with
common variable immunodeficiency. Allergol Immunopathol (Madr) (2020) 48
(6):720–8. doi: 10.1016/j.aller.2020.04.001

50. Fraz MSA, Moe N, Revheim ME, Stavrinou ML, Durheim MT, Nordoy I, et al.
Granulomatous-lymphocytic interstitial lung disease in common variable
immunodeficiency-features of CT and 18F-FDG positron emission Tomography/CT in
clinically progressive disease. Front Immunol (2020) 11. doi: 10.3389/fimmu.2020.617985

51. Meerburg JJ, Hartmann IJC, Goldacker S, Baumann U, Uhlmann A,
Andrinopoulou ER, et al. Analysis of granulomatous lymphocytic interstitial lung
disease using two scoring systems for computed tomography scans-a retrospective
cohort study. Front Immunol (2020) 11:589148. doi: 10.3389/fimmu.2020.589148

52. von Spee-Mayer C, Echternach C, Agarwal P, Gutenberger S, Soetedjo V,
Goldacker S, et al. Abatacept use is associated with steroid dose reduction and
improvement in fatigue and CD4-dysregulation in CVID patients with interstitial
lung disease. J Allergy Clin Immunology-in Pract (2021) 9(2):760–+. doi: 10.1016/
j.jaip.2020.10.028

53. Maarschalk-Ellerbroek LJ, de Jong PA, van Montfrans JM, Lammers JWJ, Bloem
AC, Hoepelman AIM, et al. CT screening for pulmonary pathology in common
variable immunodeficiency disorders and the correlation with clinical and
immunological parameters. J Clin Immunol (2014) 21:642–54. doi: 10.1007/s10875-
014-0068-6

54. Hartono S, Motosue MS, Khan S, Rodriguez V, Iyer VN, Divekar R, et al.
Predictors of granulomatous lymphocytic interstitial lung disease in common variable
immunodeficiency. Ann Allergy Asthma Immunol (2017) 118:614–20. doi: 10.1016/
j.anai.2017.01.004

55. Smits B, Goldacker S, Seneviratne S, Malphettes M, Longhurst H, Mohamed OE,
et al. The efficacy and safety of systemic corticosteroids as first line treatment for
granulomatous lymphocytic interstitial lung disease. J Allergy Clin Immunol (2022).
doi: 10.1016/j.jaci.2022.12.813

56. Cabanero-Navalon MD, Garcia-Bustos V, Forero-Naranjo LF, Baettig-
Arriagada EJ, Nunez-Beltran M, Canada-Martinez AJ, et al. Integrating clinics,
laboratory, and imaging for the diagnosis of common variable immunodeficiency-
related granulomatous-lymphocytic interstitial lung disease. Front Immunol (2022) 13.
doi: 10.3389/fimmu.2022.813491

57. Cinetto F, Scarpa R, Carrabba M, Firinu D, Lougaris V, Buso H, et al.
Granulomatous lymphocytic interstitial lung disease (GLILD) in common variable
immunodeficiency (CVID): a multicenter retrospective study of patients from Italian
PID referral centers. Front Immunol (2021) 12. doi: 10.3389/fimmu.2021.627423

58. Kollert F, Venhoff N, Goldacker S, Wehr C, Lutzen N, Voll RE, et al. Bronchoalveolar
lavage cytology resembles sarcoidosis in a subgroup of granulomatous CVID. Eur Respir J
(2014) 43(3):922–4. doi: 10.1183/09031936.00025513

59. Mannina A, Chung JH, Swigris JJ, Solomon JJ, Huie TJ, Yunt ZX, et al. Clinical
predictors of a diagnosis of common variable immunodeficiency-related
granulomatous-lymphocytic interstitial lung disease. Ann Am Thorac Soc (2016) 13
(7):1042–9. doi: 10.1513/AnnalsATS.201511-728OC

60. Szczawinska-Poplonyk A, Jonczyk-Potoczna K, Mikos M, Ossowska L, Langfort
R. Granulomatous lymphocytic interstitial lung disease in a spectrum of pediatric
primary immunodeficiencies. Pediatr Dev Pathology (2021) 24:504–12. doi: 10.1177/
10935266211022528

61. Bintalib HM, Lowe DM, Mancuso G, Gkrepi G, Seneviratne SL, Burns SO, et al.
Corticosteroid-induced remission and mycophenolate maintenance therapy in
granulomatous lymphocytic interstitial lung disease: long-term, longitudinal change
in lung function in a single-centre cohort. ERJ Open Res (2022) 8(4). doi: 10.1183/
23120541.00024-2022

62. Chase NM, Verbsky JW, Hintermeyer MK, Waukau JK, Tomita-Mitchell A,
Casper JT, et al. Use of combination chemotherapy for treatment of granulomatous and
lymphocytic interstitial lung disease (GLILD) in patients with common variable
frontiersin.org

https://doi.org/10.1186/s13223-021-00600-y
https://doi.org/10.36141/svdld.v38i3.11114
https://doi.org/10.36141/svdld.v38i3.11114
https://doi.org/10.1111/j.1365-2249.2011.04425.x
https://doi.org/10.1183/09031936.00189011
https://doi.org/10.1183/09031936.00189011
https://doi.org/10.3389/fimmu.2021.605945
https://doi.org/10.3389/fimmu.2021.605945
https://doi.org/10.2169/internalmedicine.7757-16
https://doi.org/10.1097/RTI.0b013e318166d32f
https://doi.org/10.1007/s10875-014-0079-3
https://doi.org/10.1016/j.humpath.2015.05.011
https://doi.org/10.1111/cei.12856
https://doi.org/10.1136/bcr-2016-215624
https://doi.org/10.1002/ppul.23757
https://doi.org/10.1016/j.pcl.2016.08.007
https://doi.org/10.1016/j.pcl.2016.08.007
https://doi.org/10.1016/j.pcl.2016.08.007
https://doi.org/10.1097/MD.0000000000007031
https://doi.org/10.1111/pai.12890
https://doi.org/10.1067/j.cpradiol.2017.04.007
https://doi.org/10.1007/s11882-018-0768-7
https://doi.org/10.1016/j.chest.2019.01.034
https://doi.org/10.1016/j.chest.2019.01.034
https://doi.org/10.3389/fped.2019.00105
https://doi.org/10.3389/fped.2019.00105
https://doi.org/10.1002/rcr2.565
https://doi.org/10.3389/fimmu.2020.01950
https://doi.org/10.1016/j.medcli.2020.11.033
https://doi.org/10.2174/1874312902115010009
https://doi.org/10.1016/j.anai.2014.04.024
https://doi.org/10.1016/j.jaip.2015.07.004
https://doi.org/10.1172/jci.insight.122728
https://doi.org/10.1016/j.aller.2020.04.001
https://doi.org/10.3389/fimmu.2020.617985
https://doi.org/10.3389/fimmu.2020.589148
https://doi.org/10.1016/j.jaip.2020.10.028
https://doi.org/10.1016/j.jaip.2020.10.028
https://doi.org/10.1007/s10875-014-0068-6
https://doi.org/10.1007/s10875-014-0068-6
https://doi.org/10.1016/j.anai.2017.01.004
https://doi.org/10.1016/j.anai.2017.01.004
https://doi.org/10.1016/j.jaci.2022.12.813
https://doi.org/10.3389/fimmu.2022.813491
https://doi.org/10.3389/fimmu.2021.627423
https://doi.org/10.1183/09031936.00025513
https://doi.org/10.1513/AnnalsATS.201511-728OC
https://doi.org/10.1177/10935266211022528
https://doi.org/10.1177/10935266211022528
https://doi.org/10.1183/23120541.00024-2022
https://doi.org/10.1183/23120541.00024-2022
https://doi.org/10.3389/fimmu.2023.1190235
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Bintalib et al. 10.3389/fimmu.2023.1190235
immunodeficiency (CVID). J Clin Immunol (2013) 33:30–9. doi: 10.1007/s10875-012-
9755-3

63. Verbsky JW, Hintermeyer MK, Simpson PM, Feng M, Barbeau J, Rao N, et al.
Rituximab and antimetabolite treatment of granulomatous and lymphocytic interstitial
lung disease in common variable immunodeficiency. J Allergy Clin Immunol (2020)
147:704–12.e17. doi: 10.1016/j.jaci.2020.07.021

64. Hanitsch LG, Wittke K, Stittrich AB, Volk HD, Scheibenbogen C. Interstitial
lung disease frequently precedes CVID diagnosis. J Clin Immunol (2019) 39(8):849–51.
doi: 10.1007/s10875-019-00708-2

65. Friedmann D, Unger S, Keller B, Rakhmanov M, Goldacker S, Zissel G, et al.
Bronchoalveolar lavage fluid reflects a TH1-CD21low b-cell interaction in CVID-
related interstitial lung disease. Front Immunol (2021) 11. doi: 10.3389/
fimmu.2020.616832

66. Serra G, Milito C, Mitrevski M, Granata G, Martini H, Pesce AM, et al. Lung
MRI as a possible alternative to CT scan for patients with primary immune deficiencies
and increased radiosensitivity. Chest (2011) 140(6):1581–9. doi: 10.1378/chest.10-3147

67. Milito C, Pulvirenti F, Serra G, Valente M, Pesce AM, Granata G, et al. Lung
magnetic resonance imaging with diffusion weighted imaging provides regional
structural as well as functional information without radiation exposure in primary
antibody deficiencies. J Clin Immunol (2015) 35(5):491–500. doi: 10.1007/s10875-015-
0172-2

68. Arslan S, Poyraz N, Ucar R, Yesildag M, Yesildag A, Caliskaner AZ. Magnetic
resonance imaging may be a valuable radiation-free technique for lung pathologies in
patients with primary immunodeficiency. J Clin Immunol (2016) 36(1):66–72. doi:
10.1007/s10875-015-0227-4

69. Nishimura M, Miyata J, Tanigaki T, Nomura S, Serizawa Y, Igarashi S, et al.
Successful treatment of granulomatous-lymphocytic interstitial lung disease in a patient with
CTLA-4 deficiency. Intern Med (2022) 62:871–5. doi: 10.2169/internalmedicine.0076-22

70. van Stigt AC, Dalm VASH, Nagtzaam NMA, van Rijswijk DA, Barendregt BH,
van Hagen PM, et al. Soluble interleukin-2 receptor is a promising serum biomarker for
granulomatous disease in common variable immune deficiency. J Clin Immunol (2021)
41(3):694–7. doi: 10.1007/s10875-020-00947-8
Frontiers in Immunology 12
71. Dhalla F, Lochlainn DJM, Chapel H, Patel SY. Histology of interstitial lung
disease in common variable immune deficiency. Front Immunol (2020) 11:605187. doi:
10.3389/fimmu.2020.605187

72. Larsen BT, Smith ML, Tazelaar HD, Yi ES, Ryu JH, Churg A. GLILD revisited:
pulmonary pathology of common variable and selective IgA immunodeficiency. Am J
Surg Pathol (2020) 44(8):1073–81. doi: 10.1097/PAS.0000000000001479

73. Patel S, Anzilotti C, Lucas M, Moore N, Chapel H. Interstitial lung disease in
patients with common variable immunodeficiency disorders: several different
pathologies? Clin Exp Immunol (2019) 198(2):212–23. doi: 10.1111/cei.13343

74. Aghamohammadi A, Allahverdi A, Abolhassani H, Moazzami K, Alizadeh H,
Gharagozlou M, et al. Comparison of pulmonary diseases in common variable
immunodeficiency and X-linked agammaglobulinaemia. Respirology (2008) 15
(2):289–95. doi: 10.1111/j.1440-1843.2009.01679.x

75. Mahmoodi M, Abolhassani H, Mozdarani H, Rezaei N, Azizi G, Yazdani R, et al. In
vitro Chromosomal radiosensitivity in patients with common variable immunodeficiency.
Cent Eur J Immunol (2018) 43(2):155–61. doi: 10.5114/ceji.2018.77385

76. Davidsen JR, Skov IR, Louw IG, Laursen CB. Implementation of transbronchial
lung cryobiopsy in a tertiary referral center for interstitial lung diseases: a cohort study
on diagnostic yield, complications, and learning curves. BMC Pulm Med (2021) 21
(1):67. doi: 10.1186/s12890-021-01438-1

77. Korevaar DA, Colella S, Fally M, Camuset J, Colby TV, Hagmeyer L, et al.
European Respiratory society guidelines on transbronchial lung cryobiopsy in the
diagnosis of interstitial lung diseases. Eur Respir J (2022) 60(5). doi: 10.1183/
13993003.00425-2022

78. Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, et al.
Diagnosis of idiopathic pulmonary fibrosis. an official ATS/ERS/JRS/ALAT clinical
practice guideline. Am J Respir Crit Care Med (2018) 198(5):e44–68. doi: 10.1164/
rccm.201807-1255ST

79. Raghu G, Remy-Jardin M, Ryerson CJ, Myers JL, Kreuter M, Vasakova M, et al.
Diagnosis of hypersensitivity pneumonitis in adults. an official ATS/JRS/ALAT clinical
practice guideline. Am J Respir Crit Care Med (2020) 202(3):e36–69. doi: 10.1164/
rccm.202005-2032ST
frontiersin.org

https://doi.org/10.1007/s10875-012-9755-3
https://doi.org/10.1007/s10875-012-9755-3
https://doi.org/10.1016/j.jaci.2020.07.021
https://doi.org/10.1007/s10875-019-00708-2
https://doi.org/10.3389/fimmu.2020.616832
https://doi.org/10.3389/fimmu.2020.616832
https://doi.org/10.1378/chest.10-3147
https://doi.org/10.1007/s10875-015-0172-2
https://doi.org/10.1007/s10875-015-0172-2
https://doi.org/10.1007/s10875-015-0227-4
https://doi.org/10.2169/internalmedicine.0076-22
https://doi.org/10.1007/s10875-020-00947-8
https://doi.org/10.3389/fimmu.2020.605187
https://doi.org/10.1097/PAS.0000000000001479
https://doi.org/10.1111/cei.13343
https://doi.org/10.1111/j.1440-1843.2009.01679.x
https://doi.org/10.5114/ceji.2018.77385
https://doi.org/10.1186/s12890-021-01438-1
https://doi.org/10.1183/13993003.00425-2022
https://doi.org/10.1183/13993003.00425-2022
https://doi.org/10.1164/rccm.201807-1255ST
https://doi.org/10.1164/rccm.201807-1255ST
https://doi.org/10.1164/rccm.202005-2032ST
https://doi.org/10.1164/rccm.202005-2032ST
https://doi.org/10.3389/fimmu.2023.1190235
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Diagnostic testing for interstitial lung disease in common variable immunodeficiency: a systematic review
	Introduction
	Method
	Qualitative assessment of study methodology

	Results
	Radiology
	Pulmonary function tests
	Bronchoalveolar lavage
	Biopsy
	Blood biomarkers and genetic testing
	Diagnostic prediction models

	Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


