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Abstract

Purpose Chronic lung disease is the most common cause of morbidity and mortality in patients with common variable immu-
nodeficiency (CVID). While biomarkers exist to predict non-infectious complications, the unique features that define CVID
patients with chronic lung disease are not well understood.

Methods We analyzed data from CVID patients from the retrospective USIDNET (United States Immunodeficiency Network)
patient database. Patients were categorized into 3 phenotypes for comparison: (1) CVID without chronic lung disease, (2) CVID
with bronchiectasis only, and (3) CVID with interstitial lung disease (ILD) with or without bronchiectasis. Among these groups,
differences were assessed in demographics, comorbidities, infections, treatments, and peripheral blood immune measures. We
analyzed 1518 CVID patients which included 1233 (81.2%) without chronic lung disease, 147 (9.7%) with bronchiectasis only,
and 138 (9.1%) with interstitial lung disease.

Results Patients with ILD had lower CD3" cell counts (P =.001), CD4" cell counts (P <.05), and CD8" cell counts (P <.001)
compared with patients without lung disease. Additionally, there was significantly more CVID patients with ILD with pneumonia
(P <.001), herpes viruses (P=.01) and fungal infections (P <.001) compared with patients with CVID without chronic lung
disease.

Conclusion This analysis suggests that patients with chronic lung disease may be more likely to have lower peripheral T cell
counts and complications of those defects compared with CVID patients without chronic lung disease.

Keywords Common variable immunodeficiency - CVID - granulomatous lymphocytic interstitial lung disease - GLILD -
autoimmunity - USIDNET

Introduction

Common variable immunodeficiency (CVID) is a heteroge-
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neous group of disorders, defined by low IgG at least 2 stan-
dard deviations below the mean for the age, and measured at
least twice, 3 weeks apart [1]. Additionally, patients must have
either low IgA or IgM and reduced or absent specific antibody
production. The EUROCIass trial in 2008 aimed to better
characterize CVID phenotypes with clinical and immunologic
features [2]. This study identified increased lymphoprolifera-
tion including splenomegaly and lymphadenopathy, granulo-
matous disease, and autoimmune defects introducing the sub-
type of immune dysregulation in CVID patients with poorer
outcomes. In 2012, a large retrospective CVID cohort span-
ning 4 decades found an association between specific non-
infectious complications, including chronic lung disease, and
higher mortality rate despite immunoglobulin therapy [3].
More recently, Park et al. evaluated CVID patients with and
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without inflammatory complications and found an upregula-
tion of interferon-associated genes in patients with inflamma-
tory complications, suggesting a loss of adaptive immunity,
with an expansion of the innate immune response [4]. Key
questions remain regarding the clinical phenotype and out-
comes of patients with an immune dysregulatory phenotype.

Resnick et al. reported chronic lung disease as a comorbid-
ity in about a third of the patients, yet it was the top cause of
death [3]. Chronic lung disease has long been appreciated as a
comorbidity of CVID. Initial case reports described a “sarcoid
like disease” in CVID patients [5]. Lung biopsies can be het-
erogeneous but typically show a peribronchiolar and intersti-
tial infiltrate with areas of discrete T and B cell zones with
almost near absence of T regulatory cells [6]. Bates et al. ret-
rospectively evaluated a cohort of patients with granuloma-
tous and lymphocytic interstitial lung disease (GLILD) and
found they were more likely to have complications of spleno-
megaly, T cell lymphopenia, and reduced survival compared
with other CVID groups [7]. In addition to some of the B cell
defects seen in CVID patients, there are reports of T cell de-
fects [8, 9]. There have even been reports which identified a
decrease in the naive T cell population in CVID patients with
lymphoproliferation, autoimmune cytopenias, and enteropa-
thy [10]. Together, this suggests patients with CVID compli-
cated by interstitial lung disease have a broader immune dys-
regulation; however, the clinical and immunological pheno-
type of these patients in a large cohort has never been
evaluated.

We thus aimed to determine the clinical phenotype and
laboratory markers associated with CVID patients and ILD.
We utilized data retrospectively collected from the United
States Immunodeficiency Network (USIDNET) with patients
enrolling from physicians over the USA to determine the clin-
ical and immune phenotype of CVID patients with interstitial
lung disease or bronchiectasis. Interestingly, we found that
CVID patients with ILD more often have autoimmune cyto-
penia, T cell defects, and fungal infections.

Methods
USIDNET

The USIDNET is a national patient registry created in 2003 of
patients with primary immunodeficiency diseases. Patients
were registered by their physician at an institutional review
board (IRB)—approved institution. Information in the registry
includes comorbidities, infections, treatments, surgeries, lab-
oratory values, among other information. Each individual site
was responsible for consenting individual patients. At the time
of consent, a healthcare member from the site manually en-
tered data obtained from a patient’s chart. With the registry,
the site in which each specific patient was recruited is blinded.
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Longitudinal data on patients is entered periodically by indi-
vidual site investigators and registry staff. There is no system
to verify diagnoses.

Query of USIDNET

For this study, a query was submitted to the USIDNET to
examine patients with common variable immunodeficiency
with and without chronic lung disease. Data that were provid-
ed by the USIDNET consisted of an excel file with 9 tabs of
information including cohort demographics, infections, con-
ditions, immunomodulators, surgery, other treatments, lab
tests, and lab results. These files contained a common study
ID and were imported to FileMaker™ Pro v15 (Santa Clara,
CA, USA) application. This application links multiple data
tables associated with a unique study ID. Filtering variables
were used to divide the patients into 3 groups for comparison:
no lung disease, bronchiectasis only, and interstitial lung dis-
ease with or without bronchiectasis.

Data Quantification

Within a single spreadsheet, all text-based and categorical
variables were filtered as dichotomous. For continuous vari-
ables, such as labs which might have had more than one value
present from different visits, the earliest lab value was utilized.

Exclusion Criteria

At the time of our query submission, there were 1526 patients
with CVID. Eight patients were excluded from the primary
analysis on the basis of having other primary pulmonary con-
ditions, 1 with bronchiolitis obliterans, 5 with pulmonary al-
veolar proteinosis, and 2 with Wegener’s granulomatosis (see
Fig. 1).

Bronchiectasis and Interstitial Lung Disease
Definitions

We defined the bronchiectasis group by inclusion of the filter-
ing term bronchiectasis and exclusion of any phrases that
would place them in the ILD group. The ILD group included
filtering terms ‘bronchiolitis obliterans organizing pneumo-
nia,” ‘interstitial lung disease,” ‘pulmonary fibrosis,” ‘lung fi-
brosis,” ‘interstitial pneumonia,” ‘pneumonitis hypersensitivi-
ty,” ‘interstitial pneumonitis,” ‘Interstitial lung disease,” ‘cryp-
togenic organizing pneumonia,” ‘lymphocytic interstitial
pneumonia (LIP),” ‘GLILD,” ‘Pulmonary Granuloma,” or
‘multiple lung nodules (granulomas).” Patients with both
bronchiectasis and ILD were placed in the ILD group. We
classified 285 from the 1518 analyzed as either bronchiectasis
or ILD, while the remaining patients were considered to have
no chronic lung disease (Fig. 1).
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Statistical Analysis

Comparisons of dichotomous and categorical variables
were done by a chi-square test of homogeneity.
Comparison of continuous variables was done by a 1-
way ANOVA with Tukey’s post hoc analysis. Analysis
was between bronchiectasis to no lung disease and ILD
and no lung disease. Statistical significance was set at
P <.05. Statistical analysis was done using SPSS
Statistics 24 (Armonk, NY, USA). Graphs were created
using GraphPad Prism v8.0 (La Jolla, CA, USA).

Results
Patient Characteristics

We evaluated 1518 patients with CVID registered in the
USIDNET at the time of our initial query. Entries came
from 165 different clinical immunology specialists. Over
50% of the patients used came from 7 physicians. We
found that 1233 of them had no chronic lung disease
(81.2%), 147 (9.7%) had bronchiectasis, and 138 (9.1%)
had interstitial lung disease with or without lung bron-
chiectasis (Fig. 1).

Demographics of CVID With and Without Chronic
Lung Disease

We next investigated the demographics such as gender,
ethnicity, and race between the cohort (Table 1).
Importantly, the percentages were similar between these

groups suggesting these clinical characteristics do not
identify phenotypic differences. This suggests that
chronic lung disease is an entity that is seen indepen-
dent of these demographics.

Medical Comorbidity Differences in Bronchiectasis
and Interstitial Lung Disease

We next examined differences in the frequency of report-
ed medical comorbidities between these groups.
Interestingly, significant differences were seen in the au-
toimmune hematologic category defined by the following
filtering terms: ‘Evan’s syndrome,’” ‘Autoimmune
Hemolytic Anemia/AIHA,’ ‘Idiopathic/Immune
Thrombotic Purpura,” ‘Autoimmune Neutropenia.’
Autoimmune hematologic conditions were found in
5.7% of the no chronic lung disease cohort compared with
8.2% in the bronchiectasis cohort, and 17.4% of the ILD
cohort (P <.001; Table 2). The higher rate of autoimmune
hematologic conditions seen in the ILD cohort is consis-
tent with previous reported data [3]. Significantly, more
hypertension, chronic diarrhea, hepatomegaly, splenomeg-
aly, and reports of underweight or weight loss were found
in both the bronchiectasis group and the ILD group when
compared with the group without chronic lung disease.
Lymphadenopathy was significantly increased in the ILD
group (34.8%) compared with the group without chronic
lung disease (8.2%) or those with bronchiectasis (8.2%).
These findings suggest there may be shared pathogenic
mechanisms between the bronchiectasis and ILD groups
while unique mechanisms exist in the ILD group com-
pared with the CVID patients without lung disease.
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Table 1 No significant demographic differences in CVID patients analyzed in the USIDNET registry
No lung disease Bronchiectasis P value ILD P value
Age at CVID diagnosis” (mean + SD) 30.6+20.8 30.8+19.6 30.3+15.8
Age of Symptom onset” (mean + SD) 20.9+19.9 17.7+16.1 20+15.8
Male, n (%) 490/1233 (39.7%) 61 /147 (41.5%) .69 55/138 (39.9%) .98
Hispanic ethnicity®, n (%) 35/721 (4.9%) 3/108 (2.8%) 34 1/87 (1.1%) 11
Race!
African American, n (%) 25/1080 (2.3%) 5/127 (3.9%) 27 2/122 (1.6%) .63
Asian or Pacific Islander, n (%) 8/1080 (0.7%) 1/127 (0.8%) 95 0/122 (0%) 34
Caucasian/White, n (%) 1039/1080 (96.2%) 117/127 (92.1%) .03 119/122 (97.5%) 46
American Indian/Native American, n (%) 2/1080 (0.2%) 1/127 (0.8%) .20 0/122 (0%) .63
Other or more than one race, n (%) 6/1080 (0.6%) 3/127 (2.4%) .03 1/122 (0.8%) 72

# Age at CVID diagnosis was available for 81.1%, 80.3%, and 87.7% respectively of the no lung disease, bronchiectasis, and ILD group

® Age of Symptom onset was available for 64.1%, 53.7%, and 73.2% respectively of the no lung disease, bronchiectasis, and ILD group

¢ Ethnicity was known for 916 (60.3%) of the patients
dRace was known for 1329 (87.5%) of the patients

Distinguishing Infectious Comorbidities with Lung
Disease

We next investigated the differences between groups in infec-
tion, a chronic comorbidity of CVID. There were no signifi-
cant differences for bronchiectasis or ILD compared with the
group without lung disease for rates of gastrointestinal infec-
tions, hepatitis, meningitis, encephalitis, and abscesses in deep
and unspecified locations. Significant differences were found
for abscesses in superficial locations in the bronchiectasis
group (P <.05), lymphadenitis in the ILD group (P=.03),
and pneumonia with a significantly higher percent in both
the ILD and bronchiectasis groups compared with CVID with-
out lung disease (Table 3). We next examined the specific type
of microorganisms causing infection in our cohorts. No sig-
nificant differences were found among the majority of micro-
organisms. However, the frequency of patients with ILD and
bronchiectasis who had reports of Aspergillus, Candida infec-
tion, or other fungal infections was increased (P < .05). Fungal

infections included the filtering terms ‘Aspergillus,’
‘Candida,” ‘Cryptococcus,” ‘fungal,” and excluded ‘tinea.’
Herpes virus infection was significantly increased in the ILD
group compared with the group without lung disease (P =.01;
Table 4). This included the filtering terms for ‘Human Herpes
Virus (HHV),” ‘Herpes Simplex Virus 1 or 2 (HSV),’
“Varicella Zoster Virus (VZV) (primary or reactivation),’
‘Chickenpox,’ ‘Shingles,” ‘Epstein-Barr virus,’
‘Cytomegalovirus,” ‘Roseola,” and ‘Sixth disease.” A signifi-
cantly higher rate of Pseudomonas infections and
Haemophilus influenza was seen in the bronchiectasis group
when compared with the cohort without lung disease (P = .05;
P <.001; Table 4). Taken together, patients with chronic lung
disease are more likely to have a history of pneumonia infec-
tions and fungal infections compared with CVID patients
without chronic lung disease. Although Haemophilus influen-
za was seen more commonly in the bronchiectasis group com-
pared with those without lung disease, no difference was seen
in the rate of Staphylococcus or Streptococcus in patients with

Table 2 Increased comorbidities

in CVID patients with interstitial No lung disease Bronchiectasis P ILD P

lung disease and bronchiectasis (n=1233) (n=147) value (n=138) value
Autoimmune 5.7% 8.2% 23 17.4% <.001

hematologic®

Hypertension 13.4% 23.8% .001 21% .02
Chronic diarrhea 11.4% 19.7% .004 18.1% .02
Hepatomegaly 1.0% 4.8% <.001 10.9% <.001
Lymphadenopathy 8.2% 8.2% .99 34.8% <.001
Splenomegaly 5.6% 12.9% .001 36.2% <.001
Underweight or weight ~ 5.8% 10.2% .04 11.6% .01

loss

* Autoimmune hematologic conditions included Evan’s syndrome, autoimmune hemolytic anemia/ATHA,
idiopathic/immune thrombotic purpura, and autoimmune neutropenia
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Table 3 Increase rates of
infectious comorbidities in CVID No lung disease Bronchiectasis P ILD P
patients with interstitial lung (n=1233) (n=147) value (n=138) value
disease or bronchiectasis
Abscess
Deep® 2.6% 5.4% .052 4.3% 23
Superficial® 4.3% 9.5% .005 6.5% 23
Unspecified 1.4% 3.4% .06 0.7% 52
GI infection® 14.5% 20.4% .06 12.3% 48
Hepatitis 1.8% 2% .83 1.4% 78
Lymphadenitis 2% 2% .99 51% .03
Meningitis/encephalitis ~ 4.9% 4.8% .96 5.8% .63
Pneumonia 53% 68% .001 71% <.001

#Deep abscesses: Brain, dental, head and neck, inner ear, kidney, liver, lung, rectal, spleen, tonsillar, intradermal
abscess, L. forearm, breast abscess, anal abscess with fistula; b Superficial abscesses: Abdominal wall, back and
thigh, behind ear, groin, leg, lip, nostril, oral, perirectal, perianal, skin, Bartholin gland

Gl infections: Gastrointestinal infections including infectious diarrhea, infectious enterocolitis, intestinal para-
sites, gastroenteritis, and small intestinal bacterial overgrowth

chronic lung disease as might be expected due to the increased
frequency of pneumonia in these patients.

Laboratory Measures of Immunity

Finally, we evaluated whether laboratory markers of cellular
and humoral immunity, commonly measured in clinical prac-
tice, differ between patients with bronchiectasis and ILD com-
pared with no lung disease. Interestingly, we saw a significant
difference between the no lung disease and ILD groups for
absolute lymphocyte counts, CD19* B cells, CD3™ cells,
CD4" helper T cells, and CD8" cytotoxic T cells (Fig. 2).
This supports a possible lack of cellular T cell-driven adaptive
immunity that appears exacerbated in patients with interstitial
lung disease. Given these interesting differences in cellular
immunity between the groups, we evaluated differences in
the downstream humoral function of immunoglobulin produc-
tion. No significant difference was seen in IgA, IgM, and IgE

levels (data not shown). Significance was seen between the
bronchiectasis and no lung disease group with bronchiectasis
patients having a higher serum IgG level; however, we pro-
vide caution in interpreting this as it is unclear whether these
were baseline IgG levels or were after initiation of immuno-
globulin replacement. Thus, we identified a reduction in T
cell-associated cellular immunity in CVID patients with inter-
stitial lung disease.

Discussion

In this study, we found chronic lung disease in 19% of
USIDNET patients with CVID, with half of these patients
having interstitial lung disease with or without bronchiectasis
and the remainder with bronchiectasis only. Furthermore, we
found a significantly higher rate of comorbidities in CVID
patients with chronic lung disease including autoimmune

Table 4 Significant differences in

fungal and herpes virus infections No lung disease Bronchiectasis p ILD p

between the interstitial lung (n=1233) (n=147) value  (n=138) value

disease and no lung disease

cohorts Aspergillus 0.6% 2.7% .006 2.2% .04
Candida 4.9% 9.5% .02 11.6% .001
Fungal infection® 5.6% 11.6% .005 13.8% <.001
Giardia 2.2% 3.4% 36 22% .99
Herpes virus® 12% 11.6% .88 20.3% .01
Haemophilus 1.9% 8.8% <.001 29% 45

influenza

Pseudomonas 1.7% 4.1% .05 1.4% .83
Staphylococcus 5.8% 9.5% .08 72% 51
Streptococcus 5.8% 6.8% .64 3.6% 28

* Fungal infection included Aspergillus, Candida, and Cryptococcus. ® Herpes virus included Human herpes virus,
herpes simplex virus 1 or 2, varicella zoster virus (primary or reactivation), chicken pox, shingles, Epstein-Barr
Virus, cytomegalovirus, roseola, and sixth disease
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hematologic, hypertension, chronic diarrhea,
hepatosplenomegaly, lymphadenopathy, and underweight. In
addition, we identified a novel increased frequency of fungal
infections in patients with chronic lung disease in addition to
an increased frequency of infection with Haemophilus influ-
enza or Pseudomonas in the bronchiectasis cohort, and in-
creased Herpes virus infection in the ILD group. Finally, we
found a significant decrease in B and T cells in the interstitial
lung disease group compared with patients without chronic
lung disease. Together, these findings suggest that patients
with CVID and chronic lung disease have many other comor-
bidities that complicate their disease process with ILD patients
being the most severe on a spectrum.

Our study identifies a potential cellular immune defect in
patients with ILD compared with patients without any lung
disease. These included reduced peripheral CD19" B cells,
CD3" cells, and CD4" helper T cells, with the most dramatic
difference seen in the depressed numbers of CD8" cytotoxic T
cells in the ILD group compared with the no lung disease
group. Similar cellular abnormalities of CVID patients were
noted in the study by Bateman et al. who found low CD4"
helper T cells and CD8" cytotoxic T cells in patients with
GLILD compared with patients without lung disease [8].

Sarcoidosis and hypersensitivity pneumonitis patients were
found to have elevated T cells in bronchoalveolar fluid with
a peripheral blood lymphopenia, thought to be from a mech-
anism of dysfunctional leukocyte trafficking or cellular redis-
tribution, but is poorly understood [11]. Interestingly, treat-
ments that improved the disease state also improved the pe-
ripheral lymphopenia [12]. It is plausible that a similar
immune-mediated mechanism is responsible for the lympho-
penia seen in our CVID patients with ILD, and improves with
treatment of the lung disease. Our study phenotyped CVID
patients with chronic lung disease and examined T cell abnor-
malities, although CVID patients as a whole often have T cell
lymphopenia [13—15]. Additionally, we identified an increase
in fungal and viral infections for patients with lung disease, a
potential complication of reduced cellular immunity. This was
intriguing as some studies have shown a disruption in the
Th17 subset in CVID patients [16, 17]. Additionally, we saw
that patients with ILD were significantly more likely to have
autoimmune cytopenias and hepatosplenomegaly which was
similar to the overlap that was seen in the EUROClass trial [2].
While the EUROC ass study classified patients by B cell pop-
ulations and determined phenotypes among different groups,
our study phenotyped patients into different groups based on
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Fig. 2 CVID patients with ILD have significantly lower numbers of
lymphocyte subsets. There was significantly lower absolute lymphocyte
counts (a), CD19" B cells (b), CD3* cells (¢), CD4" helper T cells (d),
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lung disease status. Recently, Unger et al. found that compli-
cated CVID patients who have a more immune-dysregulated
phenotype, including interstitial lung disease, have a predom-
inant Th1 phenotype with interferon gamma expression [18].
This was directly related to CD21'°" B cells that were expand-
ed in this group. Together, this supports an environment of
more altered cellular immunity in patients with CVID and
chronic lung disease.

The study contained several biases and limitations. The
major limitation of this study was the self-reported nature of
chronic lung disease in the USDINET registry and variability
in the diagnosis of chronic lung disease. We performed quan-
tification of free texted entries to identify lung comorbidities
but the method for diagnosis may vary by site. While it is
possible that pulmonary function testing, imaging including
high-resolution computed tomography (HRCT), or lung biop-
sy confirmed the diagnosis, this information was not included
in the registry. In contrast to prior studies where chronic lung
disease was found in 25-51% of CVID patients, we found a
significantly lower rate of chronic lung disease (19%), of
which half had ILD with or without bronchiectasis while the
remaining had isolated bronchiectasis [3, 7, 19]. We think the
lower rate of chronic lung disease in the USIDNET likely
reflects a failure of diagnosis by HRCT. In a previous study,
HRCT scan was used to determine prevalence of chronic lung
disease in CVID patients regardless of pulmonary symptoms
where pulmonary abnormalities were seen in 51% of their
cohort despite sometimes normal lung pulmonary function
testing and chest x-rays [19]. Based on their findings and the
lower rate of chronic lung disease found in the USIDNET, we
strongly advocate for a baseline HRCT scan in all patients
with CVID regardless of symptoms. A further limitation was
that due to the nature of data collection in the registry, we were
unable to determine how immunoglobulin replacement and
other immunomodulating medications may have affected
blood draws or infections. In addition, we did not have T
and B cell phenotyping labs for a majority of the patients,
leading to potential reporting bias of sicker patients. Lastly,
the inherent bias comes from our use of the USIDNET study
population who typically are seen at tertiary care centers and
may not be representative of the general CVID population.

In conclusion, our analysis of the largest CVID patient
registry in the USA identified patients with interstitial lung
disease as more likely to have T and B cell lymphopenia,
autoimmune hematologic conditions, and different types of
infections. Importantly, we found a lower rate of chronic lung
disease in the USIDNET than seen in other previously report-
ed large cohorts of CVID, suggesting under diagnosis may
occur due to lack of recognition or screening. Future studies
should be done to longitudinally evaluate for changes to im-
mune phenotype and function over time among CVID patients
and the effect of these phenotypes on treatment response and
natural history. The unique phenotype of interstitial lung

disease warrants further endotyping to better understand
unique pathways for which personalized medicine may be
beneficial.
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