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ABSTRACT. Common variable immunodeficiency (CVID) is one of the most common primary immunodeficien-
cy disorders characterized by hypogammaglobulinemia and inadequate antibody response to immunizations.
The impaired antibody response occurs due to the failure of B cells to differentiate into plasma cells resulting in
low immunoglobulins levels and increased frequency of infections. Granulomatous and Lymphocytic Interstitial
Lung Disease (GLILD) is a non-infectious complication of CVID that is seen in 10-30% of cases. GLILD
is a multisystem inflammatory disease involving the lungs, lymph node, liver, spleen and gastrointestinal tract
that mimics sarcoidosis. This report describes a series of cases who presented with dyspnea, recurrent respira-
tory infections or autoimmunity and on further evaluation revealed features suggestive of GLILD. There is very
limited understanding of GLILD in terms of clinical presentation, the histo-pathological logical findings, and
the diagnostic criteria by itself are limited. A diagnosis of GLILD is established in cases of CVID when there
is evidence of lymphoproliferation, cytopenia, autoimmune processes and a lung biopsy demonstrating lympho-
cytic interstitial pneumonia, follicular bronchiolitis, lymphoid hyperplasia, and/or non-necrotizing granulomas.
We review the treatment strategies, including replacement of immunoglobulin and agents targeting B and T
lymphocytes. Systematic characterization of GLILD cases and long term follow up studies are sorely needed to
understand the natural history of GLILD.

KEey worps: Common variable immunodeficiency, CVID, granulomatous lymphocytic interstitial lung disease,
GLILD, hypogammaglobulinemia

INTRODUCTION

Primary humoral immunodeficiencies are
a group of immunodeficiency disorders with
impaired antibody formation due to intrinsic B
cell abnormalities resulting in decreased numbers
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or function of B lymphocytes. Common variable
immunodeficiency (CVID) is one of the most
common primary humoral immunodeficiency
disorders with heterogenous manifestations that
affects nearly 1 in 250,000 individuals (1). CVID
is associated with polymorphisms in costimula-
tory molecules, (CD18, CD19, CD20, CD21)
transmembrane activator and calcium modulator
and cyclophilin ligand interactor (TACI), and B
cell-activating factor of the tumor necrosis fam-
ily (TNF) (2). Despite numerically normal B cells,
their function is impaired, which in part is related
to defective peripheral maturation of B cells. The
diagnosis of CVID requires reduced age-adjusted
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serum immunoglobulin G (IgG) levels along with
abnormally low levels of at least one of the isotypes
immunoglobulin M (IgM) or immunoglobulin A
(IgA), or both IgA and IgM, and an inability to
mount a specific antibody response to exogenous
antigens such as vaccines or infections (3). Other
causes of humoral immunodeficiency states such as
malnutrition or medications, e.g., corticosteroids,
anti-inflammatory drugs (hydroxychloroquine,
sulfasalazine), immunosuppressive agents (cyclo-
sporine, tacrolimus, mycophenolate mofetil), and
biologic agents (Rituximab) must be excluded.
CVID has a bimodal peak in presentation, usu-
ally in late teens/early adulthood and another peak
in mid adult life. Patients commonly present with
recurrent sinopulmonary tract and mucosal infec-
tions especially caused by encapsulated bacteria,
similar to many other primary humoral immunode-
ficiency syndromes. However, in contrast to other
humoral immunodeficiency disorders like Bruton’s
agammaglobulinemia, a select subgroup of CVID
patients may develop non-infectious complications
(4).

Non-infectious complications of CVID include
autoimmunity as well as lymphoproliferative dis-
orders mimicking malignancy, inflammatory and
lymphoid malignancies. Mutations in TACI, reduc-
tion of isotype-switched memory B cells, increase in
CD21" B cells and an interferon gene signature are
associated with both autoimmunity and lymphopro-
liferation in CVID (5). Autoimmunity occurs in
25-30% of patients with CVID (1) and can be a pre-
senting manifestation in up to 12% of patients (6).
Autoimmune manifestation may pre-date recurrent
infections in many patients. Severe cytopenia may be
the first manifestation of autoimmunity (7). Hema-
tologic abnormalities such as autoimmune hemolytic
anemia (AIHA) and immune thrombocytopenia
(ITP) are the most common autoimmune manifesta-
tions of CVID. Patients with hematologic autoim-
mune disorders may be less likely to have recurrent
infections (8). Other autoimmune diseases that can
occur in patients with CVID include inflammatory
bowel disease, enteropathy, seronegative arthritis,
pernicious anemia, Sjogren syndrome, uveitis, vas-
culitis, thyroiditis, alopecia, vitiligo, hepatitis, pri-
mary biliary cirrhosis, sicca syndrome, and systemic
lupus erythematosus (9). Lymphocytic infiltration
and granuloma formation in lymph nodes, spleen,

liver, and lungs may occur. Up to 20% of patients
with CVID have lymphoid hyperplasia (10). Cer-
vical, mediastinal, and intestinal lymph nodes are
commonly involved. The common biopsy findings
are atypical lymphoid hyperplasia, reactive lym-
phoid hyperplasia, or granulomatous inflammation
(3). Lymph nodes may lack plasma cells and have
ill-defined germinal centers (11). Nodular lymphoid
hyperplasia of the gastrointestinal tract is seen in the
small intestine (12), and when present, is associated
with an increased risk of intestinal and extraintes-
tinal lymphoma (12). Splenomegaly may be present
in 26% of patients with CVID (1). The histologi-
cal changes seen in the spleen are granulomatous
lesions, congestive red pulp, follicular hyperplasia,
and atrophic germinal centers/white pulp are (3).
Ten percent of the patients with CVID have liver
dysfunction with noncirrhotic portal hyperten-
sion, primary biliary cholangitis, or granulomatous
inflammation and nodular regenerative hyperplasia
on biopsy (12-14). CVID patients with liver disease
have a higher rate of autoimmune disease and nonce-
liac enteropathy. Non-Hodgkin lymphomas (NHL)
is the most common malignancy seen in CVID fol-
lowed by gastric cancer. NHLs in CVID are mostly
extra-nodal B cell origin, well-differentiated, EBV
negative and secrete immunoglobulin. Unlike lym-
phomas in other congenital immune defects, CVID
associated lymphomas typically present in the fourth
to seventh decade (15). The increased prevalence of
gastric cancer is likely related to increased prevalence
of pernicious anemia or Helicobacter pylori infection,
which has been reported in 41% of CVID patients
with dyspepsia (14).

The pulmonary involvement occurs due to infec-
tions by atypical and encapsulated bacteria and non-
infectious involvement with diverse manifestations
causing interstitial lung disease (16). Most patients
are susceptible to Hemophilus influenzae, pneumococcus
and mycoplasma infections (17). Opportunistic infec-
tions are rare and should raise suspicion of a com-
bined T and a B cell immunodeficiency disorders.
The non-infectious pulmonary complications that are
commonly encountered include bronchiectasis due
to recurrent infections, organizing pneumonia and
diffuse non-necrotizing granulomatous disease with
lymphoid interstitial pneumonia or follicular bron-
chitis (3, 18). In this case series, we describe three
cases with non-infectious pulmonary involvement
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with granulomatous inflammation interstitial lung
disease (GLILD), a clinical manifestation which is a
sarcoidosis mimic.

CrinicaL Casks
Case 1

A 44-year-old male presented to the pulmo-
nary clinic for evaluation of abnormal chest com-
puted tomography (CT). He presented with eight
months history of cough, fatigue, and decreased
exercise capacity. He had recurrent pulmonary infec-
tions with one hospitalization due to severe pneu-
monia in his 20s and possible sinusitis. He smoked
briefly in the past, about 4 years, having quit in his
20s. Chest X-Ray (CXR) and chest CT (Figure 1)
showed upper lobe predominant peri-bronchial con-
solidation with micronodular changes, calcified and
noncalcified mediastinal adenopathy, and axillary
lymphadenopathy and splenomegaly.

Pulmonary function tests (PFT) showed mild
obstruction without a bronchodilator response, with
normal lung volumes and diffusing capacity for car-
bon monoxide (DLCO). The bronchoalveolar lavage
(BAL)had 126 WBCs/ ml (basophils 1%, eosinophils
1%, monocytes / macrophages 83% and lymphocytes

15% with a CD4/CDS ratio of 3.8). The BAL fluid
culture grew Hemophilus influenza, for which a
course of antibiotic was prescribed. Endobronchial
biopsies (Figure 2) demonstrated non-necrotizing
granulomas. CVID was diagnoses based on serum
IgG levels of 478 mg/d (normal- 695-1620) and
low serum IgA levels of 55 mg/dL(normal: 70-380
mg/dl), IgM levels 57 mg/dL (normal: 60-265 mg/
dl) and low H influenzae titers suggesting impaired
immune response. Immunophenotyping and B cell
phenotyping showed normal B lymphocyte and NK
cell counts with mild T cell lymphopenia. Quantita-
tive B cell subset immunophenotyping was normal
for age, with the only exception a mild decreases
in class-switched memory B cells (CD27+M-D-)
driven by the proportionate decreases in both mar-
ginal and class-switched memory B cells at 45% of
total memory B cells with marginal zone B cells at
37%. Due to persistent low immunoglobulin levels,
IV immunoglobulin (IVIG) therapy was initiated
which stabilized his pulmonary symptoms.

Case 2
A 38 y/o male was evaluated for management

of granulomatous inflammation diagnosed fourteen

years back by axillary lymph node biopsy (Figure 3).

Figure 1. (A) HRCT of chest demonstrating upper lope predominant peribronchial micronodular infiltrates with consolidation and fibrosis
with some central airway narrowing. Spiculated and flame shaped nodules in a perilymphatic distribution were also noted, along with bilat-
eral hilar and mediastinal calcifies and non-calcified lymph nodes. (B) Splenomegaly was seen on the coronal images. This was interpreted
as compatible with sarcoidosis.
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Figure 2. (A Low Power) Right lung endobronchial biopsy shows multiple large non-necrotizing granulomas present in the respiratory sub-
mucosa. (B High Power) Shows presence of scattered multinucleated giant cells and minimal, if any, associated lymphocytic infiltrate, giving
the appearance of so-called “naked granulomas”, characteristic for sarcoidosis.

He was treated with anti-inflammatory medi-
cation for a diagnosis of sarcoidosis. The patient
provided a history of recurrent sinus symptoms
and exertional dyspnea. Over the previous year, the
patient needed hospitalization for recurrent pneu-
monias. There was a concern for asbestos exposure
during employment with the naval services. He
had no history of cigarette smoking, significant
drug exposure, or significant family history. Chest
CT scan showed perilymphatic nodular infiltrates,
airway centered fibrotic changes with traction

bronchiectasis, axillary adenopathy, and splenomeg-
aly (Figure 4A). CT findings also suggested pulmo-
nary hypertension based on increased diameter of
the pulmonary artery and bronchial artery collaterals
detected on coronal CT reconstructions (Figure 4B).
Pulmonary function testing demonstrated moder-
ate restriction with a total lung capacity (TLC) of
65% predicted, moderately decreased DLCO, and
exertional hypoxia for which oxygen supplementa-
tion was recommended. A right heart catheterization
revealed pulmonary hypertension with pulmonary

Figure 3. (A Low power) Excisional biopsy of right axillary lymph node shows multiple non-necrotizing granulomas completely effacing the
lymph node architecture. Rare multinucleated giant cells are observed (white arrow). (B High Power) The granulomas are formed of tightly
packed histiocytes (white arrow) in a background of lymphoid tissue representing the lymph node (black arrow).
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Figure 4. (A) CT of chest demonstrating peri lymphatic nodular infiltrates, airway centered fibrotic changes with traction bronchiectasis. (B)
Coronal images also suggested pulmonary hypertension based on increased diameter of the pulmonary artery and bronchial artery collaterals.
Splenomegaly was also noted.

artery pressure of 42/20 mm Hg (mean 33 mmHyg),
pulmonary capillary wedge pressure of 8 mm Hg
and normal cardiac index of 2.9 L/min/m?* Further
workup revealed extremely low total IgG levels at 90
mg/dL, IgA levels <7 mg/dL, IgM levels <4mg/dL,
Diphtheria antibody titers were < 0.01 IU/mL and
H influenza were 0.6 pgm/mL suggesting impaired
response to vaccination. He had been tapered to 5mg
daily of prednisone at that time which was not felt
to be enough to suppress his IgG levels significantly.
He has subsequently been tapered oft prednisone
and is currently on IgG replacement therapy, which
he is tolerating well.

Case 3

49 y/o female with a diagnosis of CVID estab-
lished at age 38 presented to the pulmonary clinic
with a history of recurrent pulmonary infections for
the past decade and a 12 month history of dyspnea
on exertion. She had a history of cigarette smoking
in the past. She reported prior hospital admission for
influenza A. Her PFTs and six-minute walk test were
within normal limits. Chest CT scans demonstrated
bilateral perilymphatic nodules without significant
mediastinal or axillary lymphadenopathy (Figure 5A).
No splenomegaly was present (Figure 5B).

Transbronchial lung biopsy demonstrated peri-
bronchiolar lymphoid aggregates and interstitial

lymphocytic infiltrates with non-necrotizing granu-
lomatous inflammation (Figure 6). Her total IgG
level was <109 mg/dl and both IgM and IgA were
severely decreased at <5 mg/dL. Intravenous IgG
replacement therapy was initiated but was tolerated
poorly die to anaphylactoid-like reaction, pruritus,
and nausea and hence she was transitioned to subcu-
taneous IgG replacement which she is tolerating well.

DiscussionN

In this report we describe variable clinical pres-
entations of GLILD including recurrent pulmonary
infections, dyspnea, abnormal imaging studies and
histology demonstrating granulomatous inflamma-
tion, mimicking sarcoidosis. While one of the three
patients had a working diagnosis of CVID, the other
two patients were initially managed with a diagno-
sis of sarcoidosis. Evaluation for alternate causes of
granulomatous inflammation revealed hypogam-
maglobulinemia, with reduced isotype-switched
memory B cells and an impaired immune response.
Based on history, physical examination, and labora-
tory findings, GLILD was diagnosed. These cases
emphasize that sarcoidosis is a diagnosis of exclusion
(19) and the workup for sarcoidosis should routinely
include testing of immunoglobulin levels.

GLILD is non-infectious pulmonary com-
plication seen in 10-30% of patients with CVID
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Figure 5. (A) Chest CT scan demonstrated bilateral perilymphatic nodules without significant mediastinal lymphadenopathy. (B) No sple-

nomegaly or axillary adenopathy was present on coronal images.

(20,21). The frequency is approximately equivalent
in both males and females (21-23) with a diagno-
sis made usually in the third and fourth decade of
life. Unlike sarcoidosis, GLILD is less common
in Blacks (21-23). Environmental triggers remain
unknown for both sarcoidosis and GLILD. Past or
current cigarette smoking was reported in 65% of
GLILD patients in one study (23), whereas twelve
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Figure 6. Transbronchial biopsies of right middle and lower lobes
show large peribronchiolar lymphoid aggregates associated with
diffuse interstitial lymphocytic infiltrate with granulomatous in-
flammation, consistent with granulomatous-lymphocytic inter-
stitial lung disease (GLILD). GMS and AFB special stains were
performed to exclude fungal and acid-fast infections, respectively,
and were negative.

of thirteen cases were non-smokers in another report
(21). At present, neither genetic predisposition nor
specific major histocompatibility complex (MHC)
is linked to GLILD (24). GLILD and sarcoidosis
patients commonly have multisystem disease. Clini-
cal features that help in differentiating GLILD and
sarcoidosis are outlined in Table 1.

Ocular disease, erythema nodosum and myo-
cardial disease has not been reported in GLILD
(24). Immunoglobulin assessment is usually a reli-
able differentiator of the two entities, with GLILD
presenting with hypogammaglobinemia, while
immunoglobulin levels may be high in sarcoido-
sis (25). However, long-term steroid therapy for
sarcoidosis may result in abnormally low immu-
noglobulin levels. Thus, in sarcoidosis low immu-
noglobulin levels should be interpreted in context
of anti-inflammatory therapy. While spontaneous
remissions are seen in sarcoidosis these are specu-
lated to be rare in GLILD, however long-term data
is limited.

An aberrant humoral response as well as immune
dysregulation, causing lymphoid infiltration and sys-
temic immune dysfunction contribute to the develop-
ment of GLILD (9). While several molecular defects
result in the failure of B cells to differentiate into
plasma cells, the defect in the majority of the patients
is unknown. CVID patients have a lower number of

isotype switched memory and CD27+IgM- B cells
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Table 1. Differences in Granulomatous lymphocytic interstitial lung disease and sarcoidosis

Feature GLILD Sarcoidosis
Organ system involvement (22, 55)

Pulmonary 51% 95%

Spleen 6.7

46%

Lymph node 15.2

Liver 41% 11.5

Skin 7% 15.9

Bone marrow 8% 3,9%

CNS 5% 4.6%

GI tract 15% Rare

Recurrent infections Common May occur if architectural distortion of lung

Autoimmunity Frequently report Not seen

Immunoglobulin levels Low :;);H;i lfz)ri ilsigh. May be low in patients on long
Chest CT

Distribution Could have lower lobe disease Upper lobe predominant disease

Common finding

Larger nodule with random or
perilymphatic distribution

Perilymphatic micronodular infiltrate in bronchova-
scular distribution

Flame shape hemorrhage, ‘halo” sign (16)

More common than sarcoidosis

Could be seen

Bronchiectasis

Common due to recurrent
infections

Cicatricial bronchiectasis in setting of architectural
distortion

Mediastinal / hilar adenopathy

Present

More prominent

Bronchoalveolar fluid findings

Rules out infection in cases of

Usually negative. Must rule our etiologies that

Cultures CVID (42)

may mimic clinical or radiologic manifestations of
sarcoidosis such as histoplasma or tuberculosis

CD4: CD8 ratio Usually, normal

High (> 3.5)

"Halo sign. nodules surrounded by ground glass opacities

(26, 27), with transitional expansion CD211**associ-
ated with splenomegaly (27, 28) and autoimmunity
(28). Heterozygosity of the C104R sequence vari-
ant of the TACI alleles is linked to lower number
of switched B cells, benign lymphoproliferation and
autoimmune manifestations in CVID patients (29).
Immunoregulatory cytokines like lymphotoxin-a
and TNF-a may also contribute to the granuloma-
tous disease. High TNF levels likely due to TNF
+488A allele, or alleles in linkage disequilibrium
with +488A, could drive the granulomatous inflam-
mation in some CVID cases (30). Besides genetic
association, infections such as Epstein Barr Virus
(EBV) that promote B cell proliferation (31), human
immunodeficiency virus (HIV) (32), and HHV-8
(33) are linked to the development of GLILD. As a

result of immune dysregulation, lymphoid interstitial

pneumonitis is seen on histology in GLILD (34,35),
which responds to corticosteroid therapy (35). There
is an increased risk of B cell lymphoma (36) and gas-
tric malignancy.

The clinical presentation of GLILD is non-
specific with symptoms like dyspnea, arthralgia and
swelling of more than four joints, and recurrent
respiratory infections (24). Physical exam findings
that indicate GLILD include splenomegaly (69%)
(23,37), hepatomegaly (50%) (37), lymphadenopa-
thy (75%) (24) and cytopenias (38). Laboratory
studies to establish a diagnosis of CVID (3) and
granulomatous inflaimmation are needed to con-
firm GLILD. Hypogammaglobulinemia as well as
decreased levels of either isotype IgM or IgA and an
impaired response to antigenic stimulus are necessary

to consider a diagnosis of CVID. Ninety percent of
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patients have low serum IgA levels (39). Serum ACE
levels can be elevated in patients with GLILD (40).
CD4:CD8 ratio in bronchoalveolar lavage (BAL)
was reported to be lower than in sarcoidosis, and thus
can be a useful diagnostic tool (16). A restrictive ven-
tilatory pattern on spirometry with reduced diffusion
capacity for carbon monoxide (DLCO) is typically
seen (24).

Recurrent infections and autoimmunity, espe-
cially cytopenia, should prompt evaluation for
CVID. A combination of splenomegaly, history of
immune thrombocytopenic purpura (ITP) or auto-
immune hemolytic anemia (AIHA), low IgA levels,
and a relative increase in the percentage of CD211" B
cells should increase the clinical suspicion of GLILD
and prompt evaluation by High Resolution CT
(HRCT). Randomly distributed nodules (24), nod-
ules surrounded by groundglass abnormality and the
halo sign (16) indicates GLILD in cases with CVID.
Other findings are bronchiectasis, groundglass
abnormalities, areas of consolidation, and hilar/medi-
astinal/axillary lymphadenopathy (41). Abnormality
on HRCT should prompt bronchoscopy with immu-
nocompromised host protocol and consideration of
lung biopsy (23). The primary role of bronchoscopy
in evaluation of CVID patients with possibility of
GLILD is excluding pulmonary infections. Surgi-
cal lung biopsy should also strongly be considered in
CVID patients with HRCT abnormalities as trans-
bronchial forceps biopsy may not sample adequate
tissue (42, 43). Transbronchial cryoprobe biopsy may
present a less invasive alternative with better tissue
sampling, but further research is needed to validate
it as a diagnostic tool in GLILD (44). In addition to
non-necrotizing granulomatous inflammation, other
findings such as lymphocytic interstitial pneumonia,
follicular bronchiolitis and lymphoid hyperplasia,
organizing pneumonia, can occur in GLILD (21,
24). Lymph node biopsy may demonstrate reactive
follicular hyperplasia with prominent germinal cent-
ers and paracortical hyperplasia (45). CD4+ T cells
and B cells are predominantly seen on immunohis-
tochemistry (16).

There are no established criteria for the treat-
ment of GLILD. Immunoglobulin replacement,
either by subcutaneous (SCIG) (46) or intravenous
route (IVIG), decreases the frequency of infections
in CVID patients (47). Most guideline recommend
a starting dose of 0.4 -0.6 gm/kg/month for SCIG

and 0.4-0.5 gm/kg/month for IVIG (3). In a Del-
phi processes there was good consensus for either
SCIG or IVIG treatment in GLILD cases who have
symptoms with abnormal and deteriorating lung
function, symptoms with normal but deteriorating
lung function, and asymptomatic patients who have
abnormal or deteriorating lung function (42). How-
ever, treatment with SCIG or IVIG may not change
the trajectory of GLILD and may not be needed
in asymptomatic cases with normal and stable lung
function (42,48). Although the evidence is limited,
when specific treatment is needed for GLILD, cor-
ticosteroids are believed to be initial treatment (42)
in doses varying between 30-70 mg/day. Other
immunosuppressive agents such as cyclosporine,
methotrexate, azathioprine, and chlorambucil are
used when there is intolerance or side effects due to
corticosteroids (49), with strongest support for use
of azathioprine or mycophenolate mofetil combined
with rituximab (45,50,51). Rituximab administered
intravenously in a dose of 375 mg/m? weekly for four
weeks plus oral azathioprine (1-2 mg/kg/day) for
18 months improved spleen size, FVC, FEV1, and
HRCT score in patients with GLILD (45). Intra-
venous infusion of Rituximab in doses 375 mg/m?
weekly for four doses and repeated at six months
for three to four courses plus antimetabolites, either
azathioprine (1-2 mg/kg per day) or mycophenolate
mofetil (250-1000 mg twice daily), also improve
HRCT score, FVC, FEV1 and TLC but not DLCO
(50). Once symptoms and lung function are stabi-
lized, if close monitoring is possible, immunosup-
pression can be weaned in selected patients with
GLILD (52). A recent report described successful
treatment of CVID-associated GLILD with Rituxi-
mab monotherapy (53). TNF blockade with inf-
liximab could be used when there is no response to
immunosuppression and immunoglobulin replace-
ment (54). There are many unanswered questions
about the natural history of the disease, as there are
no longitudinal or prospective studies published. The
common causes of death in GLILD are infection,
lymphoma, liver disease, bronchiectasis and progres-
sive pulmonary insufliciency (24).
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