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Abstract

Background: Inborn errors of immunity (lEls) are a group of congenital diseases caused by
genetic defects in the development and function of the immune system. The involvement of
the respiratory tract is one of the most common presentations in IEls.

Methods: Overall, 117 patients with diagnosed IEls were followed-up within 8 years at the
National Research Institute of Tuberculosis and Lung Diseases (NRITLD). Demographic, clin-
ical, and laboratory data were collected in a questionnaire. Pulmonary function test (PFT),
chest X-ray (CXR), and high-resolution computed tomography (HRCT) scans were obtained
where applicable.

Results: Our study population consisted of 48 (41%) patients with predominantly antibody defi-
ciencies (PADs), 39 (32%) patients with congenital defects of phagocytes, 14 (11.9%) patients
with combined immunodeficiency (CID), and 16 (14%) patients with Mendelian susceptibility to
mycobacterial diseases (MSMD). . Recurrent pneumonia was the most common manifestation,
while productive cough appeared to be the most common symptom in almost all diseases.
PFT showed an obstructive pattern in patients with PAD, a restrictive pattern in patients with
CID, and a mixed pattern in patients with CGD. HRCT findings were consistent with bronchiec-
tasis in most PAD patients, whereas consolidation and mediastinal lesions were more common
in the other groups.

Conclusions: Pulmonary manifestations vary among different groups of IEls. The screening for
lung complications should be performed regularly to reveal respiratory pathologies in early
stages and follow-up on already existing abnormalities.

© 2022 Codon Publications. Published by Codon Publications.

Introduction

Inborn errors of immunity (IEls) are a group of congenital
diseases caused by genetic defects in the development and
functioning of the body’s defense mechanisms.' They display
recurrent infections, lymphoproliferation, autoimmunity,
autoinflammation, early onset severe atopy, and/or malig-
nancies.z One of the most prominent organs involved in IEls
is the respiratory tract, causing excess morbidity and mortal-
ity in the affected.® Respiratory tract complications include
infectious (e.g., pneumonia, sinusitis, otitis media) and non-
infectious (e.g., airway obstruction, interstitial lung disease,
bronchiectasis, benign lymphoproliferation, malignancies)
manifestations.* A better understanding of pulmonary com-
plications in IEls will be helpful for the timely diagnosis of IEls
and may help prevent their further progression.® In previous
studies, several patterns of respiratory tract involvement in
a variety of IEls have been suggested.® However, comparative
studies of clinical and radiological manifestations among dif-
ferent types of IEls are few. In order to better evaluate and
describe pulmonary manifestations of patients with IEls, we
compared the pulmonary characteristics in a cohort of chil-
dren suffering from variable IEls, followed at our institution.

Methods and Materials

We retrospectively reviewed the medical records of patients
diagnosed with IEls from 2010 to 2018, who were referred
to the National Research Institute of Tuberculosis and Lung
Diseases (NRITLD), Masih Daneshvari Hospital, Tehran, Iran.
Patients with predominantly antibody deficiencies (PADs)
including common variable immunodeficiency (CVID),
hyper IgM syndrome (HIGM), X-linked agammaglobulinemia

(XLA), as well as congenital defects of phagocytes, com-
bined immunodeficiency (CID), and Mendelian susceptibil-
ity to mycobacterial diseases (MSMD) who were diagnosed
and treated at this center enrolled in this study. When no
genetic diagnosis was available, the underlying IEls were
diagnosed according to the criteria of the European Society
for Immunodeficiencies (ESID) Registry Working Party.
Written informed consent was obtained from all patients
(and/or their guardians). The study was accepted by the
institutional review/ethics board. Patients or their guard-
ians completed a questionnaire for demographic informa-
tion including age, sex, age at onset of symptoms, age at
diagnosis, presence of familial history, and consanguinity.
The clinical manifestations, complications, and comorbid-
ities were extracted from the medical records and thus
represented physician-reported morbidities. Diagnostic
delay was defined as the time between the onset of symp-
toms and the time of diagnosis. The patients’ blood sam-
ples were tested quantitatively for lymphocyte subset and
immunoglobulin levels, and compared with age-matched
normal reference values. Isohemagglutinin titer, anti-
diphtheria, and anti-tetanus were evaluated.

Pulmonary function tests (PFTs) were performed accord-
ing to the American Thoracic Society recommendations’ in
patients who were older than 6 years and cooperative, with
patients tested in the seated position within a volume dis-
placement body plethysmograph. Respiratory parameters
including FEV1, FVC, FEV1/FVC, and maximal mid-expiratory
flow (MMEF 25-75%) were recorded for each patient. PFT
was not performed in MSMD patients due to either age lim-
itation or positive mycobacterium test; therefore, they were
excluded in the analysis of PFT patterns. Standard postero-
anterior and lateral chest X-ray, as well as high-resolution
computed tomography (HRCT) scans, were obtained in all
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patients. Data were presented as minimum, maximum, and
mean (standard deviation) using SPSS software (v. 25.0,
Chicago, IL). Epidemiologic, clinical, imaging, and labora-
tory data were compared among the patient groups.

Results

In total, 117 patients (71 males, 46 females) aged 1-54
years, including 48 (41%) patients with PADs (CVID =
43 (36.7%), HIGM = 3 (2.6%) (including two patients with
pathogenic AICDA mutations), XLA = 2 (1.7%)), 39 (32%)
patients with congenital defects of phagocytes (CGD
[chronic granulomatous disease] = 38 (32.5%), congeni-
tal cyclic neutropenia = 1 (0.8%)), 14 (11.9%) patients with
CID (severe combined immunodeficiency (SCID) = 5 (4.3%),
hyper IgE syndrome (HIES) = 5 (4.3%), ataxia-telangiectasia
(AT) = 3 (2.6%), autoimmune poly-endocrinopathy candidia-
sis ectodermal dystrophy (APECED) = 1 (0.8%)), and 16 (14%)
patients with MSMD were enrolled in this study (Table 1).

Predominantly antibody deficiency

Among the patients with PADs, there were 27 (56.3%) male
and 21 (43.7%) female patients. There was no gender bias
within the CVID, HIGM, and XLA groups (P > 0.05). CVID
presented with the latest mean age of onset (11.7 years)
and diagnosis (25.6 years) and the longest diagnostic delay
(13.6 years) among IEls. No familial history of early demise
was reported.

The most common clinical symptoms in all PAD patients
were cough (n = 27, 56.3%) and sputum (n = 19, 39.6%).
Respiratory tract infections included recurrent pneumo-
nia (n = 33, 68.8%), rhinosinusitis (n = 32, 69.6%), and otitis
media (n = 20, 43.5%). Other less frequent manifestations
were lymphadenopathy (n = 7, 14.2%), lymphoma (n = 3,

6.1%), clubbing (n = 5, 10.2%), and opportunistic infections
(n =1, 2.0%).

Bronchiectasis (n = 28, 58.3%) was the most common
HRCT scan finding (Figure 1A), followed by bronchial wall
thickening (n = 11, 22.9%) and consolidation (n = 9, 18.8%).
Bronchiectasis complicated 25 (58.1%) CVID, one HIGM,
both XLA patients, and was bilateral in 64.3% (18 of 28)
of them. The most frequent site of bronchiectasis in all
patients with PAD was the right middle lobe. Overall, PFTs
exhibited an obstructive pattern in 10 (31.3%), restrictive
pattern in 8 (25%), and mixed pattern in 2 (6.2%) patients.
Ten out of 29 CVID patients (34.5%) with available PFT dis-
played a purely obstructive pattern , while five (17.2%) and
two (7.4%) CVID patients had restrictive and mixed pattern,
respectively. All patients with HIGM and XLA had a restric-
tive pattern.

Combined immunodeficiency

Six (42.9%) male and eight (57.1%) female patients were
diagnosed with CID. Six (42.9%) patients were born to con-
sanguineous parents. The mean age of diagnosis and diag-
nostic delay were 6.7 and 6.3 years, respectively. Cough
(n = 14, 100%), sputum (n = 10, 71.4%), and dyspnea (n = 8,
57.1%) were among the common presentations. Oral candi-
diasis was reported to be the most common comorbidity in
CID patients (n = 11, 78.6%), followed by recurrent pneumo-
nia (n = 10, 71.4%), tonsillitis (n = 9, 64.3%), rhinosinusitis
(n = 4, 28.6%), clubbing (n = 3, 21.4%), otitis media (n =
2, 14.3%), lymphadenopathy (n = 2, 14.3%), and lymphoma
(n = 2, 14.3%). HRCT scans were mostly compatible with
consolidation (n = 6, 42.9%).

The most frequent sites of bronchiectasis in CID
patients were the lower lobes and middle lobe (in two
patients each). In PFT, the restrictive pattern (two of five,
40%) was the commonest.

Table 1 Clinical manifestions in the study population.

Diagnosis CVID(n=43) HIGM(n=3) XLA(n=2) CGD(n=38) CN(n=1) CID (n=14) MSMD (n = 16)
Signs and symptoms

Dyspnea 10 1 1 19 1 8 2
Cough 23 2 2 31 1 14 4
Sputum 17 0 2 17 1 10 1
Comorbidities

Recurrent pneumonia 28 3 2 30 0 10 3
Rhinosinusitis 28 2 2 = 1 4 0
Otitis media 16 3 1 - 0 2 0
Lymphadenopathy 4 3 0 - 0 2 16
Lymphoma 3 0 0 - 0 2 0
Clubbing 3 0 2 0 3 0
Oral candidiasis 0 0 0 - 0 1 0
Tonsillitis 0 0 0 = 1 9 0
Perianal abscess 0 0 0 - 1 0 0

CVID: common variable immunodeficiency, HIGM: hyper IgM syndrome, XLA: X-linked agammaglobulinemia, CGD: chronic
granulomatous disease, CN: congenital neutropenia, CID: combined immunodeficiency, MSMD: Mendelian susceptibility to

mycobacterial diseases.
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Congenital defects of phagocytes

CGD was diagnosed by nitro blue tetrazolium (NBT) assay
and included 30 (79%) male and 8 (21%) female patients,
with a mean age of onset of 6.7 years and diagnosis of 12.8
years. Dihydrorhodamine (DHR) test was performed in all
patients and was abnormal in 11 out of 27 (28.9%) patients.
Twenty-four (63.1%) CGD patients were born to consanguin-
eous parents. Familial history of early demise was reported
in 14 (34.2%) patients. Thirty (78.9%) CGD patients were
diagnosed with pneumonia, mostly at first presentation.
Other involved organs included the lymphatic system, skin,
and gastrointestinal system.

Consolidation (n = 17, 44.7%), bronchiectasis (n = 11,
28.9%), and nodular infiltration (n = 11, 28.9%) were the
most reported finding in CGD patients, especially in the
right upper lobe of the lung (Figure 1B). A mixed restric-
tive-obstructive pattern in PFT was the most common (n =
8, 21%). The patient with congenital cyclic neutropenia suf-
fered from productive cough, dyspnea, sinusitis, and peri-
anal abscess, and presented with nodular infiltration in the
HRCT and obstructive pattern in the PFT.

Defects in Intrinsic and Innate immunity

Eight (50%) male and eight (50%) female patients with
MSMD were found. Among the diagnostic groups, MSMD
patients had the earliest age of onset (0.5 year) and diag-
nosis (4.5 years), with a mean diagnostic delay of 4.7 years.
Thirteen (81.2%) patients were born to consanguineous
families. Patients with MSMD presented with cough (n = 4,
25%), dyspnea (n = 2, 12.5%), and sputum (n = 1, 6.2%), and
pulmonary manifestation was limited to recurrent pneumo-
nia (n = 3,18.8%) with no signs of sinusitis or otitis. Lymph
node involvement was observed in all patients in axillary
(75%), mediastinal (12.5%), upper abdominal (31.2%), and
cervical (12.5%) regions. Consolidation (n = 3, 18.8%) and
mediastinal lesions (n = 8, 18.8%) were the most reported
HRCT scan findings (Figure 1C).

Discussion

Herein, we investigated pulmonary manifestations among
different groups of IEl. Most of the patients suffered
from some lung involvement, often early in the course of
the disease and with considerable impact on morbidity.
Altogether, recurrent respiratory infections seemed fre-
quently responsible for chronic symptoms, frequent use of
antibiotics, hospitalizations, impaired quality of life, and
anatomical lung abnormalities, resulting in vicious cycles.
Susceptibility to lung diseases varied significantly among
our patients, despite the relative lack of previous formal
comparative studies and suggesting further ones in large
and well-defined cohorts.®

In our cohort, recurrent pneumonia along with sinusitis
was the most common manifestation. The most frequent
clinical symptom in patients with PAD, CID, CGD, and MSMD
was productive cough. In one previous survey, the most
prevalent respiratory symptom in patients with XLA and
CVID was also persistent cough (30.0%), shown to be sig-
nificantly associated with the need to continue antibiotic
treatment compared to those without cough.’ In addition,
previous studies have shown that respiratory tract infec-
tions are the most common infectious complication among
CGD and CID patients, detected in about 80 and 69% of
them, respectively.'o"

Previous studies have also shown that among humoral
immunodeficiency patients with HRCT abnormalities,
bronchiectasis and bronchial wall thickening are the most
common findings and reported in 14-60%,"? seen most fre-
quently in the middle or lower lobe.>" Likewise, we found
middle lobe bronchiectasis (n = 28, 58.3%) to be the most
common HRCT finding. However, in CGD patients, consoli-
dation, bronchiectasis, and nodular infiltration, most com-
monly in the right upper lobe, were the most frequently
reported findings, corroborating earlier studies.” In the
acute phase of infections, consolidations mainly involve the
lower lobes, which gradually increase in size and tend to
transfer from the left lower lobe to the left upper lobe.™

Figure 1 Axial chest HRCT images depicting the most common findings in patients with inborn errors of immunity. (A) Tubular
and varicoid bronchiectasis and patchy ground-glass opacities in bilateral middle and lower lung lobes of a patient with X-linked
agammaglobulinemia (XLA). (B) Focal collapse consolidation with invasion to the chest wall and associated osteolytic bone lesions
in a patient with CGD. (C) Bilateral mediastinal lymphadenopathy in a patient with MSMD.
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In PFT, observed impairment interestingly was asso-
ciated with IEl classification; an obstructive pattern in
patients with PAD, restrictive pattern in patients with CID,
and mixed pattern in patients with CGD predominated. As
patients with IEls have a high risk of multiple pulmonary
complications that may present with similar symptoms
(cough, dyspnea), spirometry is essential in the diagnosis
of airway diseases such as asthma or bronchiectasis. Full
PFTs, including spirometry, lung volume testing, and diffus-
ing capacity of the lungs for carbon monoxide (DLCO), can
noninvasively provide information when restrictive or in
IEIs all frequent infiltrative lung diseases were suspected."”

The weaknesses of our study include its retrospec-
tive design, the relatively small numbers of patients stud-
ied, the unavoidable use of clinical diagnostic criteria for
monogenic IEls where there was no access to exact genetic
diagnosis, and the use of physician-reported comorbidities.
However, since patients’ respiratory symptoms and findings
were common and prominent, our study importantly high-
lights the necessity to follow-up and screen systematically
for respiratory complications. Unfortunately, currently,
there are no established consensus guidelines on the routine
assessment and prevention of pulmonary complications in
these patients.' The screening for lung complications should
be regularly performed to reveal respiratory pathologies at
early stages and to monitor the already existing abnormal-
ities in IEl patients. Based on our findings, and to minimize
radiation exposure, we recommend HRCT when deemed
clinically necessary due to symptoms or PFT findings. Apart
from its use in acute lower respiratory tract infections,
HRCT currently represents the gold standard for detect-
ing bronchiectasis, interstitial lung diseases (ILDs), and
malignancy. However, considering the extra radiation dose
imposed on patients who frequently have an increased risk
for malignancies, it is recommended to perform HRCT on a
clinical basis, as guided by pre-assessment of PFT patterns.”
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