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Background: Despite reducing pneumonia and other infections,
antibody replacement does not appear to treat pulmonary
lymphoid hyperplasia (PLH) in patients with common variable
immunodeficiency (CVID). The pathogenesis and optimal
treatments remain to be clarified.

Objective: We aimed to better understand the pathology of
CVID-associated lung disease. Tertiary lymphoneogenesis,
although a component of interstitial lung disease associated with
autoimmune diseases, has not previously been explored in
patients with CVID.

Methods: We examined the clinical characteristics and pathologic
findings of 6 patients with CVID with nodular/infiltrative lung
disease who had biopsy specimens demonstrating PLH.

Results: In these subjects regions of PLH contained distinct B-
and T-cell zones, with B-cell predominance in 1 patient and
T-cell predominance in the others. Colocalization of Ki67,
Bcl6, and CD23 within this ectopic lymphoid architecture
demonstrated tertiary lymphoneogenesis with active centers of
cellular proliferation. One patient received rituximab with
improved pulmonary radiologic findings.

Conclusion: Ectopic lymphoid tissue forming germinal centers
suggest tertiary lymphoneogenesis in CVID-associated lung disease.
B cell-targeted therapy might disrupt CVID-associated lymphoid
hyperplasia. (J Allergy Clin Immunol 2013;umm:EuE-ENN,)
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Common variable immunodeficiency (CVID) is the most
common symptomatic primary immunodeficiency and is
characterized by markedly reduced levels of immunoglobulins
coupled with a failure to mount functional antibody responses to
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Abbreviations used
CT: Computed tomography
CVID: Common variable immunodeficiency
DLco: Diffusing capacity of the lung for carbon monoxide
GLILD: Granulomatous-lymphocytic interstitial lung disease
LIP: Lymphocytic interstitial pneumonia
PLH: Pulmonary lymphoid hyperplasia

immunization or infection.'” The genetic basis for CVID is known
only in a minority of cases, and the biological mechanisms leading
to predisposition and progression remain poorly understood.’
Aside from reducing the incidence of pneumonia and other infec-
tions,"* antibody replacement has minimal effect on the course of
noninfectious complications. These have emerged as major causes
of both morbidity and mortality in patients with CVID.'~

Lymphoid infiltrates, granulomatous lung disease, or both are
relatively common complications affecting 28.5% to 58 % of patients
with CVID, depending on the population studied.”'” High-resolution
computed tomography (CT) in these cases demonstrates
bronchiectasis, bronchial wall thickening, air trapping, parenchymal
consolidation, emphysema, scarring/fibrosis, and/or nodular
changes.'"”"” In general, the lung pathology in patients with CVID
reflects interstitial lung disease, including lymphocytic interstitial
pneumonia (LIP), follicular bronchiolitis, granulomatous lung
disease, and organizing pneumonia.'* Follicular bronchiolitis, nodu-
lar lymphoid hyperplasia, reactive lymphoid infiltrates, and LIP are
all forms of pulmonary lymphoid hyperplasia (PLH), within which
poorly formed granulomas can also be found.'”"” PLH is included
within the umbrella term granulomatous-lymphocytic interstitial
lung disease (GLILD), which is used for the pathologic combination
of granulomas and lymphoid hyperplasia in CVID-associated lung
disease.”'> However, some limit the use of GLILD to patients in
whom both granulomas and lymphocytic infiltrates have been docu-
mented.'® In addition to the poorly formed granulomas of PLH,
disseminated granulomatous disease in patients with CVID can
present as a systemic disorder not confined to the lungs, with granu-
lomata in lymph nodes and organs, such as the liver, skin, and
spleen. 19.20 Although increasing doses of immunoglobulin replace-
ment improve lung function in some patients with CVID,”"* for
most patients, the inflammatory lung disease appears to be progress-
ive.'” Further study of the cellular constituents of CVID-associated
PLH can provide needed clues as to more effective treatment.

METHODS
Patients

Six patients with CVID-associated lung disease seen at the Mount Sinai
Medical Center in New York, New York, who underwent lung biopsy that
demonstrated PLH between January 2002 and June 2012 were included in this
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study. These patients were given a diagnosis of CVID based on the presence of
2 parameters: (1) quantitative serum immunoglobulin levels of less than the
laboratory reference range of IgG (<500 mg/dL) and very low IgA levels, IgM
levels, or both and (2) demonstrated absence of protective levels of antibody
for previous immunizations. Clinical and laboratory information was
collected from patients’ medical records. This study was approved by the
Institutional Review Board at the Mount Sinai School of Medicine.

Biopsy

Five patients underwent open lung biopsy through video-assisted thoracic
surgery, and 1 patient, patient 2, had an endoscopic transbronchial biopsy. All
biopsies were conducted as part of evaluation of patients with CVID with
clinical symptoms and CT findings suggestive of significant lung disease.
Pathologic diagnoses were provided by board-certified pathologists and
reviewed retrospectively. Patients included in the study had pathology
consistent with PLH, including diagnoses of LIP, follicular bronchiolitis,
nodular lymphoid hyperplasia, and reactive lymphoid infiltrates. Consistent
with PLH,">"'” ill-defined and poorly formed granulomatous inflammation
was noted in 4 of the patients, but frank granulomatous disease or well-
circumscribed granulomas were not present in any of the pathology samples
examined. Handling and processing of samples was done per typical institu-
tional clinical protocols.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue sections from pulmonary biopsy
specimens were used for immunohistochemical analysis. Staining with
hematoxylin and eosin, as well as the immunologic markers CD3, CD20,
CD23, CD45, Bcl6, and Ki67, was done as part of routine pathologic
evaluation or requested as additional studies if paraffin-embedded tissue was
available. Appropriate positive and negative controls were reviewed. Requests
for pathology slides and embedded tissue from outside institutions were
conducted in accordance with medical release authorization protocols.

RESULTS
Clinical characteristics of patients with CVID-
associated PLH

Six patients were identified for this study on the basis of a lung
biopsy done to further define the radiologic changes observed.
Age at lung biopsy, quantitative immunoglobulin levels, method
of biopsy, and pathologic diagnosis were obtained (Table I). Pa-
tients ranged in age from 28 to 52 years at the time of biopsy
and had quantitative IgG levels of 39 to 400 mg/dL, IgA levels
of 5 to 44 mg/dL, and IgM levels of less than the level of detection
to 168 mg/dL. Slides were evaluated by 2 pathologists, and
patients were given a pathologic diagnosis compatible with
PLH, including diagnoses of LIP, follicular bronchiolitis, nodular
lymphoid hyperplasia, and reactive lymphoid infiltrates.

Patients underwent pulmonary function testing before lung
biopsy. FEV| and FEV,/forced vital capacity ratio were variable
between subjects: 1 patient had mild obstruction (patient 4),
2 patients had restrictive lung disease (patients 3 and 5), and the
remaining patients had no evidence of obstruction or restriction
(patients 1, 2, and 6; Table I1). Measurement of diffusing capacity
of the lung for carbon monoxide (DLco) was more consistent
among subjects than FEV, or FEV,/forced vital capacity ratio,
with 4 of 5 patients demonstrating compromised diffusion.
Patient 6 did not have DrLco measured before lung biopsy.
Retrospective review of radiologic reports from chest CT scans
conducted before lung biopsy revealed consistent findings: all
6 patients had reported nodular opacities, 5 of 6 had mediastinal
adenopathy, 2 had areas of ground-glass opacity, and 2 had
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reported evidence of bronchiectasis. Four of 6 patients had a
history of pneumonia. Five of the 6 patients had a history of
immune thrombocytopenic purpura, 1 had a history of
autoimmune hemolytic anemia, and 1 had a history of CVID-
associated enteropathy.

CVID-associated PLH is lymphocytic inflammation
with a variable ratio of T and B cells

For immunohistochemical analysis, we used CD45 as a marker
of all leukocytes, CD3 as a marker of T cells, and CD20 as a
marker of B cells. In concordance with previously reported
studies, 5 patients with CVID and PLH had a predominance of
T cells in the pulmonary lymphocyte infiltrate (Fig 1, patients
1 and 3, and Table III), with CD4" lymphocytes as the
predominant T cells (Fig 1, B, and Table III). However, the
B-cell/T-cell ratio was found to be variable in patients with
CVID-associated PLH because patient 5 had a B-cell predomi-
nance, with the majority of CD45" leukocytes also being
CD20" (Fig 1, A, patient 5). Interestingly, patient 5 had been
initially given a diagnosis of a pulmonary mucosa-associated
lymphoid tissue lymphoma based on the presence of a monoclo-
nal B-cell population based on PCR gene rearrangement studies,
perhaps reflecting the dominance of large proliferating B-cell
follicles in this case. The diagnosis was subsequently revised to
atypical reactive lymphoid infiltrate with organizing pneumonia;
flow cytometry demonstrated mixed k and A chain expression,
suggesting polyclonal B-lymphocyte expansion consistent with
PLH rather than monoclonal B-cell malignancy. In all cases
examined, the vast majority of CD45" leukocytes in the lungs
are CD33~ lymphocytes (88.3%), either CD3* T cells
(77.39%) or CD19" B cells (12.42%; Fig 1, B, and Table III).
Although EBV has been associated with PLH,'® results of
immunohistochemical staining for EBV-encoded small RNAs
were negative in all subjects.

Pulmonary lymphocytes are organized into B-cell
follicles and T-cell zones in patients with CVID-
associated PLH

Peribronchial lymphocyte infiltrate of patients with CVID-
associated PLH was characterized by distinct segregation into
apparent B- and T-cell zones (Fig 2). Consistent among all
patients, CD20" B cells were found as components of the ectopic
follicles, containing only a few interspersed CD3™ T cells. In
contrast, T cells were more diffusely present, with a range
overlapping that of B cells in some areas but also existent in areas
in which no B cells were found. In patient 5, the only patient with
PLH with overall B-cell predominance, T cells were found cir-
cumscribing large B-cell follicles. In cases of T cell-predominant
PLH, such as patient 4, CD3™ T lymphocytes were found both
encircling B-cell follicles and in T cell-predominant zones in
the periphery of the follicles.

B-cell follicles in patients with CVID-associated PLH
have characteristics of ectopic germinal centers
Immunohistochemical staining of lungs for 2 representative
patients demonstrated CD20™ B-cell follicles containing Ki67*
proliferating cells” within Bcl6" germinal centers”" > colo-
calized with CD23™ follicular dendritic cells,”®>” whereas a third
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TABLE I. Clinical characteristics: Part 1
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Patient no. Age (y) Sex IgG (mg/dL) IgA (mg/dL) IgM (mg/dL) Method of biopsy Diagnosis
1 35 F 322 7 168 VATS LIP/follicular bronchiolitis
29 M 400 7 61 Transbronchial Lymphoid interstitial pneumonia

3 52 F 149 7 21 VATS Bronchiocentric interstitial pneumonia
with lymphoid hyperplasia

4 41 M 39 44 21 Open LIP

5 41 M 57 5 <1 VATS Atypical reactive lymphoid infiltrate
with organizing pneumonia

6 28 F 312 16 17 VATS Atypical nodular lymphoid infiltrate

Age listed is age at biopsy. Immunoglobulin levels provided were measured at diagnosis before initiating immunoglobulin replacement therapy. Open biopsies were performed with
video-assisted thoracoscopic surgery. Diagnoses provided were as reported by the attending pathologists reviewing the case.

F, Female; M, male; VATS, video-assisted thoracoscopic surgery.

TABLE Il. Clinical characteristics: Part 2

Patient no. FEV; (% predicted) FEV+/FVC ratio (%) Dirco (% predict) Complications CT findings
1 113 108 70 ITP Nodular opacities
Ground-glass opacity
Mediastinal lymphadenopathy
2 88 76 58 ITP Nodular opacities
AIHA
3 61 (before) 98 51 PNA Nodular opacities
62 (after) Enteropathy Mediastinal lymphadenopathy
Bronchiectasis
4 71 75 109 PNA Nodular opacities
ITP Mediastinal lymphadenopathy
5 71 (before) 104 77 PNA Nodular opacities
72 (after) ITP Ground-glass opacity
Mediastinal lymphadenopathy
6 91 107 NA PNA Nodular opacities
ITP Mediastinal lymphadenopathy

Bronchiectasis

Pulmonary function testing was conducted before biopsy. One patient, patient 6, did not have DLco measured as part of preoperative evaluation. CT findings are provided

retrospectively as diagnosed by attending radiologists.

AIHA, Autoimmune hemolytic anemia; FVC, forced vital capacity; /TP, immune thrombocytopenic purpura; PNA, pneumonia.

representative patient demonstrates B-cell follicles (CD207)
containing germinal centers (CD10™) with follicular T cells
(CD3™) interspersed (Fig 3). Ectopic B-cell follicles were
described in the pathology reports of all 6 patients, with germinal
centers noted in all 5 patients who underwent open lung biopsy or
video-assisted thoracoscopic surgery and were evaluated for this
finding (Table III). Taken together, these findings demonstrate
ectopic lymphoid follicles with actively proliferating germinal
centers and follicular dendritic cell networks within the lungs of
patients with CVID with PLH.

Use of rituximab in patients with CVID-associated
PLH

Patient 1 received B cell-depletive therapy with rituximab as a
treatment for CVID-associated PLH. As described above, the
patient was given a diagnosis of LIP with tertiary lymphoid
follicles and localized cellular proliferation within the pulmonary
parenchyma. It was the identification of these ectopic B-cell
follicles that inspired the use of rituximab. Of note, her PLH had a
T-cell predominance (Fig 1, B). She received 750 mg of rituximab
intravenously on a weekly basis with 40 mg of dexamethasone,
acetaminophen, and diphenhydramine pretreatment for a total
of 6 weeks, with eradication of B cells in the blood confirmed

by means of flow cytometry. The patient had no adverse events
as a result of the therapy. Treatment with rituximab was
added to a baseline treatment of chronic lung disease with
250 mg of azithromycin 3 times weekly and inhaled 80/4.5 g
budesonide/formoterol twice daily.

Two months after the completion of therapy, the clinical
response to rituximab was assessed by means of high-resolution
CT of the chest and pulmonary function testing. The CT scan
demonstrated amelioration of radiologic pathology compared
with a study done 3 months before rituximab treatment, with
significant interval improvement of ground-glass and solid
opacities, as well as hilar and mediastinal adenopathy, and few
persistent scattered nodules that were stable or smaller than in the
prior study (Fig 4). Posttreatment pulmonary function testing
conducted 3 months after completion of rituximab revealed no
change in her diminished Drco (70% of predicted value before
treatment vs 69% of predicted value after treatment). Of note,
the patient reported subjective improvement in her exercise
tolerance and respiratory capacity after rituximab treatment.

DISCUSSION
All patients had diagnoses consistent with PLH, including
LIP, follicular bronchiolitis, nodular lymphoid hyperplasia, and
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Patient 1 Flow Cytometry

Markers

Percentage (%)

CDA45+, CD33-

88.3

CDA45+, CD33+

1.46

CD3+

77.39

CD3+, CD4+

63.15

CD3+, CD8+

12.8

CD19+

12.42

CD19+, Kappa+

10.07

CD19+, Lambda+

11.2

FIG 1. The B-cell/T-cell ratio is variable in patients with CVID-associated PLH. A, Immunohistochemical
staining of lungs for 2 representative patients demonstrating that the B-cell/T-cell ratio is variable among
patients with CVID-associated PLH (original magnification X40). B, Flow cytometric analysis of lungs
from a representative patient with CVID-associated PLH.

TABLE lll. Summary of pathologic characteristics

Patient no. T cells B cells Lymphoid neogenesis
1 CD3", CD4" 63.2%, CD3", CD8": 12.8%  CD19": 12.4% Formation of reactive follicular centers
(BCL2™, BCL6™") and intact follicular
dendritic cell networks (CD23™)
2 CD3", CD4" 51%, CD3", CD8": 41% CD19": 3% Presence of ectopic B-cell follicles
3 Majority of CD45™" cells are also CD3™" B cells are confined to follicular aggregates  Extensive lymphocytic infiltrates in both
diffuse and follicular arrangements with
germinal centers
4 Diffuse CD3™ T cells are numerous and most CD20™ B cells are limited to follicular Lymphoid follicles of CD20™ B cells and
prominent leukocyte population structures CD23" follicular dendritic cells containing
BCL6" germinal centers
5 CD3™ T cells diffusely distributed in the Large nodules of CD20" B cells are prominent Focal small germinal centers within follicles
background of B-cell nodules highlighted as CD20%, CD10%, and Ki67"
6 Slight predominance of T cells relative to CD20" B cells localized within numerous Ectopic follicles with 5% to 10% CD10™"

B cells nodules

germinal center B cells

reactive lymphoid infiltrate.'®**>° PLH represents a clinically

relevant proportion of CVID-associated lung disease because
nearly 40% of patients with CVID with respiratory symptoms
and radiographic findings had PLH in a large study.” CVID-
associated lung disease can have either obstructive’’ or
restrictive’” respiratory phenotypes, and we similarly found
pulmonary function testing to be variable among our patients.
In contrast, diminished DLco was a more consistent finding that
was noted in 4 of the 5 patients tested. This finding supports
DrLco as the most reliable parameter of pulmonary function

testing to assist in the diagnosis of CVID-associated lung disease.
Nodular opacities were noted on CT scans for all patients, sug-
gesting this might be a defining feature of CVID-associated
PLH. Ground-glass opacity and bronchiectasis were each noted
in one third of patients, a similar proportion to that previously
reported.'*"?

All patients included in this study had extrapulmonary
noninfectious complications associated with CVID, including
immune thrombocytopenic purpura, autoimmune hemolytic
anemia, and enteropathy. This finding highlights the overlapping
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FIG 2. Pulmonary lymphocytes are organized into B- and T-cell zones in patients with CVID-associated PLH.
Hematoxylin-eosin and immunohistochemical staining for CD3 (T cells) and CD20 (B cells) is shown for
5 patients. Areas of B- and T-cell predominance are labeled as Band T, respectively. Magnification of images

is xX40.

consequences of dysregulated immune responses and the
association of CVID-associated lung disease with autoimmunity
and lymphoproliferative disorders.”'' Two thirds of the patients
with PLH had a history of pneumonia. Supporting the idea of
stratified immune dysregulation among CVID syndromes, the
degree of disruption in memory B-cell differentiation correlates
with the risk for lung disease.”” Similarly, we speculate that
immune dysregulation imparting greater risk of pneumonia in
patients with CVID also leads to lymphoid hyperplasia because
increased B-cell expansion might be a failed attempt to
compensate for a lack of protective affinity-matured, class-
switched cells or another manifestation of exaggerated
lymphoproliferation that underlies the benign and malignant
complications of CVID.* Studies have linked infectious agents,
such as EBV and human herpesvirus 8, to PLH.”'® We did not
test for human herpesvirus 8, but EBV was not present in any
of the pulmonary specimens examined.

In all patients we found distinct B-cell follicles and T-cell
zones, demonstrating lymphoneogenesis as a feature of
CVID-associated PLH. Accordingly, this lymphoid architecture
allows for B- and T-cell interactions locally within the lung,
mimicking those that occur in secondary lymphoid tissue.
Germinal centers are sites of B-cell affinity maturation and
isotype class-switching within lymphoid tissue as a result of
T-cell coactivation and stimulation.” We noted ectopic Bcl6™ or

CD10" germinal centers within networks of CD23™ follicular
dendritic cells and CD3% T cells in patients with CVID-
associated PLH. This finding demonstrates that despite deficient
maturation of antibody responses inherent to CVID, tertiary
lymphoneogenesis defined by ectopic germinal centers occurs
within patients with PLH. Additionally, we identified Ki67™"
proliferating cells within the ectopic B-cell follicles, providing
evidence that these are sites of localized cellular division within
the lung.

Tertiary lymphoid neogenesis has been described as a feature
of many chronic inflammatory states,”® including those affecting
the lung.”’ B cell-targeted therapy has demonstrated potential in
multiple chronic inflammatory conditions in which tertiary
lymphoid neogenesis has been identified, including multiple
sclerosis, rheumatoid arthritis, and Sjogren syndrome.’* ™’
Notably, lung diseases associated with such conditions have
also been successfully treated with rituximab, including
pulmonary complications of antisynthetase syndrome, connective
tissue disease, rheumatoid arthritis, and Sjogren syndrome.“'47
Similarly implicating B lymphocytes in the pathogenesis of
pulmonary complications associated with humoral immuno-
deficiency, it is salient that chronic lung disease is less common
in X-linked agammaglobulinemia,*® an immune defect character-
ized by the absence of B cells. Thus B cells, by acting as
antigen-presenting cells, producing proinflammatory chemokines
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FIG 3. Ectopic follicles and germinal centers with localized proliferation in patients with CVID-associated
PLH. Magnification is X100 in patient 1, X40 in patient 4, and X200 in patient 5.

Study Date: 2/8/2012

Pre-Rituximab

Study Date: 8/28/2012

Post-Rituximab

FIG 4. CT scan of the chest of patient 1 before and 2 months after rituximab treatment. The CT scan
demonstrated significant interval improvement after rituximab treatment, with resolution of ground-glass
and solid opacities, as well as hilar and mediastinal adenopathy, with few persistent scattered nodules that
were stable or smaller than those in the prior study.

and cytokines, or both, might perpetuate the leukocyte accumula-
tion within the lung in patients with CVID. Emphasizing the
antibody-independent role of B cells in perpetuating chronic
inflammation, B cell-depletive therapy in patients with other
diseases has demonstrated efficacy as a treatment of autoimmu-
nity, even without significantly reducing autoantibody levels.*’
In 5 of the 6 cases examined, T cells were the predominant
lymphocyte found in biopsy samples, whereas in one case B cells
were the dominant lymphocyte. T cell-dominant LIP has been

previously reported in patients with CVID,”” but B cell-dominant

PLH has not. All prior reports of immunomodulatory treatment
for GLILD have used T cell—targeted therapy,”' > and one might
postulate that B cell-dominant disease might be more responsive
to rituximab or other B cell-targeted therapies. In our case the
patient receiving rituximab demonstrated significant radiologic
improvement, despite the presence of only 12% B cells
versus 77% T cells in the pulmonary infiltrate, suggesting
that T-cell inflammation was at least partially ameliorated.
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Thus B cells might be providing local antigen presentation,
cellular expansion/recruitment signals, or both that promote
PLH, regardless of whether it is B- or T-cell dominant. Addition-
ally, nodules noted by using CT scans might be representative of
ectopic B-cell follicles, thus explaining the resolution of the
radiographic finding after B-cell depletion. Rituximab monother-
apy might be a useful treatment option for patients with
CVID-associated PLH, particularly in patients who might not
tolerate chronic T cell-targeted therapy.

The absence of an improvement in DLco might be attributable
to the relatively high pretreatment DLco because a study of
rituximab in patients with interstitial lung disease associated
with connective tissue disease demonstrated improvements in
DrLco 9 to 12 months after initiation of therapy in patients in
whom DrLco ranged from 16% to 54% before treatment.”
Additionally, improvement in DLco might be limited by the
short-term follow-up of our patient, who only received 1 course
of rituximab. Treatment of GLILD with azathioprine (or other
T cell-targeted therapy) for 18 weeks in combination with 4
to 6 courses of rituximab resulted in significant improvement
in both lung radiographic findings and DLCO in some
subjects.’ Larger studies are necessary to determine whether
rituximab monotherapy is a useful treatment for patients with
CVID-associated PLH.

Multiple treatments for patients with CVID-associated
chronic lung disease have been used with success in reports
of small sample size, including corticosteroids,”” cyclospor-
ine,” and infliximab.>* Chase et al’> have published a pilot
study demonstrating the efficacy of combination therapy with
azathioprine and rituximab in treating CVID-associated GLILD
to suppress both T- and B-lymphoid pathways. Notably, the
response to treatment of CVID GLILD is variable and often
unsatisfactory, with agents such as azathioprine or cyclophos-
phamide described as efficacious in certain cases but ineffective
in others.”’ A possible reconciliation of these disparate
findings is that the B-cell follicles and germinal centers of
patients with CVID-associated PLH are important targets for
therapy, and T cell-targeted therapy alone might not be
adequate in many cases. Moreover, anti-TNF therapy might
be more appropriate for patients with CVID-associated
disseminated granulomatous disease, in whom it has shown
some success,” "> although it has not been examined in detail
in patients with PLH.

Our work describes the immunopathology of CVID-
associated PLH in 6 cases, with the novel identification of
tertiary lymphoneogenesis within the lungs. Ki67" staining
demonstrates that cellular expansion occurs locally within
B-cell follicles in patients with CVID-associated PLH,
disruption of which by rituximab could be essential to
effective treatment. This ectopic lymphoid activity might
provide a mechanism by which PLH is perpetuated in patients
with CVID. More research is needed to determine whether
ectopic follicular organization and tertiary lymphoid neogen-
esis are important mechanisms of pathogenesis. Likewise,
further studies will be essential in establishing the most
appropriate treatment approach for the spectrum of CVID-
associated lung disease.

We thank Laureen Ojalvo for critically reading this manuscript and the
Department of Pathology at Mount Sinai Medical Center for assistance in
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preparation of paraffin-embedded sections and immunohistochemical
staining. We also thank all health care providers who helped in the
management of these patients and the patients for their participation.

Clinical implications: Pulmonary lymphoneogenesis is a novel
finding in patients with CVID. Immunomodulatory therapy

aiming at disrupting leukocyte accumulation and proliferation
within PLH should be considered.
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