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ABSTRACT

Primary immunodeficiency diseases (PIDs) are uncommon in adults; however,
immunoglobulin G subclass deficiency (IGGSCD) is often found in a subset of adult patients
with chronic respiratory diseases. As quantitative laboratory tests are used to diagnose
IGGSCD, the clinical significance of IGGSCD remains controversial. However, respiratory
infection is a common presenting feature of IGGSCD, and respiratory complications

are responsible for subsequent morbidities, such as severe asthma, bronchiectasis,

chronic obstructive airway diseases, and mortality. This review summarizes the current
epidemiological data for PIDs, focusing on IGGSCD in the adult population. In addition, the
investigation, treatment, and management strategies are detailed, including distinct issues
faced by patients with chronic airway disease and their physicians in the proper diagnosis and
treatment of IGGSCD.

Keywords: Adult; asthma; primary immunodeficiency diseases; IgG; IgG deficiency; infection

INTRODUCTION

Primary immunodeficiency diseases (PIDs) constitute a heterogeneous group of genetic
disorders caused by defects in the development or function of the immune system,
resulting in increased susceptibility to recurrent infections. Infections in patients with
PIDs have unique characteristics, including severity, location, resistance to treatment, and
unusual causative microorganisms. Depending on the affected part of the immune system,
infection severity may vary from mild to severe life-threatening complications.! In addition
to predisposing patients to infections, PIDs increase susceptibility to autoimmunity,
lymphoproliferation, and malignancies.?

Most PIDs usually occur and are diagnosed in childhood. However, it has become more
urgent to consider PIDs in adults and even in the elderly population.>* There are specific
situations in which PIDs are diagnosed in adulthood. First, certain types of humoral
immunodeficiencies can occur initially in adulthood. Second, as advanced molecular
diagnostic methods and effective treatments have been introduced into clinical practice,
patients with PIDs who initially present in childhood with a mild phenotype can survive

562

ssaadyuljwix §=§ Aq pejeseuen


http://crossmark.crossref.org/dialog/?doi=10.4168/aair.2023.15.5.562&domain=pdf&date_stamp=2023-09-07
https://orcid.org/0000-0002-4225-7117
https://orcid.org/0000-0002-1572-5149
https://orcid.org/0000-0003-2614-0303
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-4225-7117
https://orcid.org/0000-0002-4225-7117
https://orcid.org/0000-0002-1572-5149
https://orcid.org/0000-0002-1572-5149
https://orcid.org/0000-0003-2614-0303
https://orcid.org/0000-0003-2614-0303

Allergy, Asthma & AA] R
Managing Adult 1gG Subclass Deficiencies Immunology Research

into adulthood. However, diagnosing PIDs in adulthood can be delayed due to either a late
onset of PID symptoms or subtle/subclinical immunodeficiency. This delay could result
from a lack of physician awareness regarding timely referrals, an unusual presentation of
the disease with differing penetrance, or a lack of infrastructural facilities. In the adult
age group, predominantly antibody deficiency (PAD), which includes common variable

immunodeficiency (CVID), selective immunoglobulin (Ig) A deficiency, specific antibody
deficiency (SAD), and IgG subclass deficiency (IGGSCD), is the most common diagnosis.?

Chronic respiratory diseases are the most common complications of PAD and a significant
source of morbidity and mortality for these patients.> Because of the prominent role of
antibodies in protection against bacteria, lung disease is a frequent concern for patients
with PAD. In addition to bacterial infections, respiratory viruses may lead to pulmonary
exacerbations in pre-existing airway diseases.® Indeed, structural and functional lung
impairment is recognized as an important risk factor for morbidity and mortality in

PAD.” Compared to diseases with a total deficiency of Igs, such as CVID and X-linked
agammaglobulinemia (XLA), IGGSCD and SAD are considered mild forms of PID. However,
IGGSCD and decreased IgG levels have recently been suggested as risk factors for acute
exacerbation and hospitalization in patients with chronic respiratory diseases.®*

A diagnosis of IGGSCD should be considered for patients with recurrent infections and
confirmed by measurement of IgG subclass levels. However, a definitive diagnosis of IGGSCD
has been controversial in clinical practice.? The measurement of IgG subclass levels is not
universally recommended to evaluate antibody-mediated immunity; low IgG subclass levels
have been reported in 2% of healthy individuals." However, significant associations have

been reported between IGGSCD and chronic respiratory diseases, such as asthma, chronic
obstructive pulmonary disease (COPD), bronchiectasis, and refractory chronic rhinosinusitis
(CRS), and patients with comorbid IGGSCD present a more severe phenotype, although
assessment of the biologic importance (IgG response against exogenous infection) is needed.>®

This review highlights recent epidemiological research on the prevalence of humoral
immunodeficiency, especially IGGSCD, in association with chronic respiratory disorders in
adults. Furthermore, it discusses the unique clinical and immunological features of patients
with IGGSCD that overlap with those of chronic airway disease, which could help physicians
achieve better management in clinical practice.

EPIDEMIOLOGY OF PIDs AND IGGSCD IN ADULTS

The burden of PIDs and IGGSCD in adults

PIDs have traditionally been viewed as a group of illnesses that occur in pediatric patients.
New advances in diagnosis and treatment have led to an increase in adult PID patients.

Studies performed in the past decade have provided evidence that the prevalence of PIDs in
adults has been underestimated. Data from the United States Immunodeficiency Network
(USIDNET) registry demonstrate that 16.7% of PID patients are enrolled before 18 years of age;
however, 83.3% are enrolled after 18, and 14.0% are enrolled after 65.2 The latest data from the
European Society for Inmunodeficiencies (ESID) registry demonstrate that 9% of all subjects
present with initial manifestations after 40.5 Global data from the Jeffrey Modell Foundation
(JMF) demonstrated that the proportion of the adult population with PIDs increases over
time. The increasing survival of children with severe immunodeficiencies also alters the age
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distribution of PID patients. Indeed, from 2013 to 2021, there was an 86.1% increase in the
global prevalence of PID; adult PID patients comprised 35.8% of the total PID cases.

Most PID cases in adults belong to the category of PAD; however, other immunodeficiencies
(e.g., complement deficiency and late-onset combined immunodeficiency) occur in
adulthood. The USIDNET registry shows that adults aged > 18 years accounted for 91.1% of
patients with antibody deficiencies,' and the ESID registry demonstrates that patients over
65 account for 8% of the total patients registered.* The first PID survey conducted in Japan in
2011 showed that the median ages of patients with XLA, CVID, and chronic granulomatous
disease were 12.8, 25.1, and 14.7 years, respectively.” A Korean adult PID cohort revealed that
all PID patients except one had antibody deficiencies.'® Globally, PAD was the most prevalent
category, with the following order of subtypes: CVID, selective IgA deficiency, and IGGSCD.*

The latest survey using physician reports from the JMF revealed that IGGSCD is the 3rd
most common subtype of PID.™ A historical cohort study over 31 years using the Rochester
Epidemiology Project reported that 25% of patients with PAD had IGGSCD, the second
most common PID."” However, the USIDNET antibody deficiency cohort reported that
IGGSCD was found in 1.3% of PAD patients.'® A national survey in Japan in 2011 reported
that 66 (13.2%) patients among 501 patients with PAD (58 pediatric and 8 adult patients)
had IGGSCD.” The national PID registry from pediatric departments in Korea reported a
prevalence of 0.25 per million in 2005 for IGGSCD.” In another study, 66.7% (56/84) of an
adult PID cohort was diagnosed with IGGSCD.*

Association of PIDs with chronic airway diseases in adults

In contrast to children with antibody deficiency who are referred due to recurrent acute
infections, adults are usually referred due to chronic airway diseases such as CRS, asthma,
or COPD.*?! Decreased IgG subclass levels have been reported in patients with refractory
CRS, some overlapping with specific antibody deficiencies.”* A meta-analysis of 1,418
individuals with CRS from 13 studies revealed that 13% of patients with recurrent CRS and
23% of patients with difficult-to-treat CRS had Ig deficiency, suggesting that 10% of CRS
patients may potentially have CVID.* In addition, the prevalence of IGGSCD (5% to 50%)
and SAD (8% to 34%) was reported in CRS patients. The CRS cohort study also revealed
that 23% of CRS patients with normal IgG levels had SAD. CRS patients with SAD received
significantly more antibiotic courses than those without SAD.? A subsequent study showed
that CRS patients with more severe SAD were more likely to have asthma and require frequent
antibiotic courses.?

Recurrent infections in the lower airways due to PID may result in a chronic inflammatory
response leading to airway hyperreactivity, remodeling, and, consequently, fixed
obstruction. A study using data from the USIDNET registry showed that a total 0f1,937
patients with various PIDs had pulmonary disease comorbidities, including airway (86.8%),
parenchymal (18.5%), pleural (4.6%), vascular (4.3%), and other (13.9%) disorders.”” The
highest prevalence of airway diseases was noted in patients with CVID, followed by those
with isotype or antibody deficiency (10.2%), combined immunodeficiency (9.3%), and
agammaglobulinemia (6.4%).” Asthmatic patients are more likely to receive a diagnosis

of selective IgA deficiency/CVID than nonasthmatic individuals.? Another study showed
bronchial hyperreactivity during the methacholine challenge test in 42.5% of children
affected by various PADs.” An earlier study demonstrated that age over 40 years and chronic
bronchitis in smokers were risk factors for airway obstruction in adults with IgG deficiency.?
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Airway wall thickening was the most frequent high-resolution computed tomography (HRCT)
abnormality, which was found in 71% of CVID or IGGSCD patients.” It has been suggested
that there is a significant association between PADs and asthma.>*

The association between asthma and IGGSCD was first described in children: 30% of
asthmatic children had IGGSCD (predominantly IgG2), and a higher frequency of IGGSCD
was observed in severe asthmatic children and adolescents.® Significant reductions in

total IgG and IgG subclass levels have been shown in adult patients with brittle asthma and
patients with infective exacerbations compared to those with mild asthma.> In that study,
atopy, cigarette smoking, and oral/inhaled steroid doses were not associated with IgG or
IgG subclass levels. Another study showed that Ig levels in mild or severe asthmatic patients
were generally within the normal range; however, IgA and IgG levels were significantly lower
in severe asthmatic patients than in normal subjects.* Lee et al.° reported that among 2,866
enrolled asthmatic patients, 157 (5.49%) had PAD, of which IGGSCD, particularly IgG3
subclass deficiency (IGG3SCD), was the most prevalent type (58%). The asthmatic patients
with PIDs showed a 1.6-fold increased risk for asthma exacerbation. The subsequent study
also showed that 23.3% of IGGSCD patients had comorbid SAD, indicating that asthmatic
patients with IGGSCD could be subsequently categorized as having SAD, but there are still
patients with isolated IGGSCD.*

The prevalence of IGGSCD in COPD patients has been reported as 20%.3 In 2 COPD cohorts,
decreased IgG subclass levels were independent risk factors for symptom exacerbations
(IgG1 and IgG2) and hospitalizations (IgG2) (adjusted hazard ratios [aHRs] 1.19 and 1.30 for
exacerbation and 1.33 and 1.52 for hospitalization, respectively).*® The latest study showed
that the mortality of IGGSCD patients differed according to the affected IgG subclass. The
one-year mortality rate was highest in patients with IgG1 deficiency (56%), followed by
IgG4 (31%), IgG2 (27%), and IgG3 deficiencies (24%). Patients with 2 or more IgG subclass
deficiencies had a higher 1-year mortality rate than those without any single deficiency."
Using frozen sera from 2 COPD trials, 24% of COPD patients with at least one exacerbation
per year had IgG deficiency, and decreased total IgG levels were significantly associated with
an increased risk of exacerbations and hospitalizations (aHRs 1.27 and 1.39 for exacerbation
and 1.57 and 1.92 for hospitalization, respectively).” A pooled meta-analysis demonstrated
that the overall frequency of hypogammaglobulinemia was 28.4%, and a higher risk of
COPD hospitalizations was observed among participants with low IgG levels than among
those with normal levels (aHR, 1.29; 95% confidence interval [CI], 1.06-1.56; P=0.01).%
Therefore, considering the epidemiological evidence of the relationship between PIDs,
especially IGGSCD or hypogammaglobulinemia, and chronic airway disease, the detection
of PIDs is essential to prevent disease progression in specific populations, such as patients
with refractory CRS, exacerbation-prone patients, and severe asthma or COPD patients with
frequent exacerbations.

CLINICAL AND LABORATORY FEATURES OF ASTHMATIC
PATIENTS WITH COMORBID IGGSCD

Respiratory infection

IGGSCD is a comorbidity in patients with adult asthma characterized by frequent upper and
lower respiratory infections, even with anti-asthmatic medications.®*** Seasonal respiratory
virus infections are well-recognized causes of asthma exacerbation.*® IGG3SCD alone or
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in combination with other Ig or IgG subclasses, presenting as recurrent upper or lower
respiratory tract infections, has been reported to be the most common subtype of IGGSCD
in patients with adult asthma.’##* Specific pathogens that can cause respiratory infections
in patients with PIDs include viruses, such as rhinoviruses, enteroviruses, bocaviruses,
respiratory syncytial virus, influenza, coronavirus disease 2019 (COVID-19), adenoviruses,

human metapneumovirus, and parainfluenza viruses, and bacteria, such as Streptococcus
pyogenes, Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis, and anaerobes.®
Data from studies exploring viruses or bacteria in patients with IGGSCD have yet to be
reported, and there are few studies of PADs. Pathogen detection rates were increased

in patients with PADs compared to controls, and viral detection was associated with
worsening respiratory symptom scores compared with baseline scores. Human rhinovirus,
parainfluenza, S. pneumoniae, and H. influenzae are common pathogens.* The frequency and
severity of infections may fluctuate or wane over time, even if the immunological abnormality
persists. On the other hand, infections can persist, but the subclass abnormality may not.?
Other clinical conditions associated with IGGSCD include atopy and autoimmune disease.®
A higher incidence of malignancy is generally not associated with IGGSCD.?

Asthma exacerbation

A previous study demonstrated that asthmatic patients with IGGSCD are characterized by
reduced levels of Ig subclasses, and experience frequent exacerbations (2.46 +1.96) every 6
months.® Lee et al.’ reported that asthmatic patients with IGGSCD had a 1.7-fold increased
risk of asthma exacerbations compared to mild asthmatic patients without IGGSCD (relative
risk, 1.696; 95% CI, 1.284-2.239; P < 0.001), suggesting that patients with both asthma and
IGGSCD exhibit an exacerbation-prone phenotype. Another study explored the phenotypes
in patients with asthma with hypogammaglobulinemia compared to those without
hypogammaglobulinemia. The asthmatic patients with hypogammaglobulinemia had lower
IgG subclass levels and blood eosinophil counts, a lower fraction of exhaled nitric oxide, and
a more severe composite score for bronchiectasis, suggesting that a subset of asthma patients
with PID may have a T2-low phenotype.* However, patients with asthma often have other
T2 comorbidities, such as allergic rhinitis (AR), CRS, and nasal polyps (NPs). Abrahamian

et al.*® reported that 52.9% of patients with symptomatic IGG3SCD have AR with or without
asthma. A systematic review and meta-analysis of CRS patients with comorbid PIDs revealed
that 31%-72% had atopy, 15%-68% had asthma, and 13%—-60% had NPs.* Exacerbation-
prone and comorbid CRS are common clinical manifestations of asthma with IGGSCD3*4;
however, endo/phenotyping in this group according to clinical and immunological
parameters remains to be determined.

Lung function decline with fixed airflow limitation

Decreased lung function with fixed airflow limitation is commonly observed in parallel

with frequent exacerbations due to infections. An earlier study showed that the mean

forced expiratory volume in one second (FEV1) was 59.4%-70.9% of the predicted value

in asthmatic patients with hypogammaglobulinemia or IGGSCD; subsequent studies also
showed moderate airflow limitations of 66.2%-73.4% of the predicted FEV1 in patients with
asthma and IGGSCD.**# Indeed, the prevalence of severe asthma was higher in patients
with asthma and IGGSCD than in those without IGGSCD. Previous studies reported that
patients with brittle asthma had significantly lower IgG, IgG1, IgG2, and IgG3 levels than
those with mild asthma.?®3* Balzar et al.® reported that IgA and IgG levels were decreased in
patients with severe asthma compared to normal subjects, while those with mild asthma had
intermediate levels and were not significantly different from either group. Lee et al.” reported
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that severe asthma was significantly more prevalent in asthmatic patients with PID than those
without PID (32.48% vs. 13.00%).

Bronchiectasis

Bronchiectasis has been occasionally observed in patients with asthma or PADs, including
IGGSCD.*% ESID registry data showed that 80% of CVID patients had radiological evidence
of bronchial pathology, including bronchiectasis in 61%, bronchial wall thickening in 44%,
and mucus plugging in 29%.>° A single-center study to compare CVID and other PADs (11
patients had IGGSCD and 3 had selective IgA deficiencies) showed that the HRCT pattern
was similar between the 2 groups. Airway wall thickening and bronchiectasis were the most
frequent HRCT abnormalities observed in both the CVID and IGGSCD groups; however,
linear and irregular opacities (indicating parenchymal-interstitial abnormalities) were more
prevalent in the CVID group than in the IGGSCD group.? An isolated IgG2 deficiency is an
independent risk factor for bronchiectasis exacerbation. In this study, the participants with
bronchiectasis had comorbid asthma (34.7%), COPD (11.2%), and CRS (4.0%).*" In this
population, bronchiectasis is linked to repeated episodes of infection and inflammation
that destroy the airways and lung parenchyma—a vicious cycle—leading to a decline in lung
function and obstructive airway diseases. Therefore, correction of IGGSCD using intravenous
or subcutaneous Ig replacement therapy (IGRT) may result in a clinically meaningful
reduction in respiratory infections and prevent lung function decline.

IMMUNOPATHOGENIC MECHANISM OF IGGSCD

There is increasing evidence that IgG subclasses play a crucial role in preventing viral or
bacterial infections.*? IgG1 is the most prevalent subclass, comprising up to 70% of the total
1gG level; therefore, a lack of IgG1 in patients with various primary and secondary antibody
deficiencies can decrease total IgG levels (hypogammaglobulinemia). IgG1 deficiencies,
sometimes in combination with other IGGSCDs, are associated with recurrent infections.
IgG2 subclass deficiency predisposes patients to infections due to an inability to generate
measurable titers of antibodies to bacterial capsular polysaccharides (S. pneumoniae and H.
influenzae type B). 1gG3 is particularly relevant in the primary antibody response to respiratory
viral agents, as it is the most functional subclass, closely followed by IgG1, due to its superior
affinity to FceR. IgG4 is the least common subclass, accounting for only 2%—6% of the total
IgG level. The relevance of IgG4 deficiency is uncertain; however, a few studies have claimed
that selective IgG4 deficiency may play a pathogenic role in patients with severe infections

or bronchiectasis.” In addition, there is growing evidence that PADs involve multiple non-
B-cell immunological defects, such as T cells, mannose-binding lectin, Toll-like receptors,
antimicrobial peptides, and/or neutrophils.>** In line with these findings, recent studies have
shown that viral infections in this population are associated with clinical deterioration.**>
Bacterial and viral coinfections were detected in 25% of CVID patients with exacerbations of
the underlying respiratory diseases.”

A pathogenic mechanism of IGGSCD has been proposed: heterozygous gamma gene deletions
are reported to reduce serum levels of the corresponding subclasses, and rare homozygous
gene deletions have also been described.*® However, regulatory dysfunction of B lymphocytes
has been suggested to be a primary mechanism in PADs.” Immunophenotyping of the B-cell
compartment has been utilized to improve the diagnosis of PADs in recent years, and patients
with PADs showed reduced Ig-switched memory B cells, T helper 17 cells, and naive T cells.
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Blanco et al.*° revealed that patients with IGGSCD or CVID showed defects in memory B-cell
subsets and plasma cells. Sohn et al.*! reported that the ability to proliferate and activate B
lymphocytes was significantly decreased in asthmatic patients with IGGSCD compared to those
without IGGSCD, and this decrease was more profound in severe asthmatic patients, indicating
that functional defects in B lymphocytes exist in asthmatic patients with IGGSCD.

DIAGNOSIS AND MANAGEMENT OF PATIENTS WITH
IGGSCD

Clinical diagnosis of IGGSCD

The diagnosis of IGGSCD can be difficult because it relies on the combination of clinical
suspicion and laboratory confirmation.? Certain factors may raise clinical suspicions, such
as a patient’s family history and the presence of associated symptoms or conditions. Patients
with IGGSCD present with recurrent episodes of rhinosinusitis, bronchitis, and pneumonia
as well as a high prevalence of asthma with frequent exacerbations. It is also essential to
consider a patient’s family history, as there may be a hereditary component to the condition;
however, the specific gene has not yet been identified.®

The 10 warning signs, including the type, location, and severity of infections, are a commonly
used for screening patients based on their history and were first developed by the JMF.>
Patients with 2 or more positive findings for warning signs should be evaluated for PIDs. This
method has been widely used for decades; however, these warning signs do not consider
different spectra of PIDs, such as autoimmunity or malignancy, which has low sensitivity for
diagnosing PIDs.® Diagnostic delay is more significant in adults than children, leading to
increased morbidity and mortality.* Thus, there has been an attempt to modify the warning
signs and tailor them to different targets to improve physicians’ identification of possible
PIDs. A concise set of specialty-specific warning signs may help diagnose PIDs in clinical
practice.® For allergy specialists, clinical suspicion of PIDs should be considered in patients
with difficult-to-treat or severe asthma, recurrent CRS, and otitis. In particular, 4 or more
viral or bacterial respiratory infections per year in patients with asthma or CRS could be

the major manifestations for diagnosing IGGSCD. It is suggested that physicians receive
education on tailored screening tools for PIDs and that the warning signs be expanded to
increase the rate of early diagnosis and improve the prognosis of the disease.

It is possible to diagnose IGGSCD when a patient with recurrent infections, especially
respiratory complications, has a deficiency in one or more IgG subclasses (> 2 standard
deviations [SDs] below age-matched reference values) with normal total IgG concentrations.
Confirming a diagnosis of IGGSCD in the laboratory involves measuring a patient’s serum

Ig and IgG subclass levels; nephelometry and turbidimetry are widely applied with sufficient
sensitivity.? The concentration of IgG subclasses is age, sex, and race-dependent and the
reference ranges of IgG subclasses are not fully standardized but manufacturer-based.*

The 4 IgG subclass levels should be checked simultaneously and confirmed by additional
measurements taken at least one month after the initial visit. It is also important to check
patient medications, as certain drugs can cause secondary immunodeficiencies. Medications
that can affect the IgG level include B-cell targeted therapy (such as rituximab and anti-CD20
therapy), immunosuppressive drugs (such as methotrexate, mycophenolate, sulfasalazine,
cyclophosphamide, and azathioprine), antipsychotic drugs (such as clozapine and
chlorpromazine), and antiepileptic drugs (such as phenytoin, carbamazepine, and valproate).®’
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Short courses of oral corticosteroids have been associated with a transient decrease in serum
IgG levels, which can last for several weeks beyond the cessation of the corticosteroid burst.
Long-term oral corticosteroid therapy has been associated with significantly decreased IgG
levels.” However, high-dose inhaled corticosteroids (ICSs) have not been shown to have a
demonstrable effect on serum IgG levels. Therefore, the diagnosis of IGGSCD should be based

not only on deficiencies of the IgG subclass levels but also on clinical characteristics of patients
with recurrent infections including medications and medical histories.

IGGSCD can be accompanied by other PADs. Low IgA levels are often detected in patients
with IGGSCD. Selective IgA deficiency is a common immunologic abnormality affecting
approximately 1/300 to 700 white patients, and most cases of selective IgA deficiency are
asymptomatic. However, approximately 30% of patients present with recurrent infections.? In
the pediatric age group, patients with IGGSCD with low IgA levels presented more frequent
and severe infections than those with normal IgA levels.”” In adults, an earlier study
showed that IgA deficiency in combination with IgG2 or IgG3 deficiency was associated with
impaired lung function.” In later studies, 30% of patients in the US with recurrent infections
and subnormal IgG2 levels (< 2 SDs below the mean) had lower levels of IgA, and only

0.64% of adult PAD patients had lower IgA levels and IGGSCD in the Korea cohort study.””
Neither study reported any association between the presence of IgA deficiency and infection
severity in adult patients with IGGSCD. To assess the clinical significance of IgA deficiency in
patients with IGGSCD, longitudinal registry data should be collected and analyzed in adult
populations covering different ethnic and age groups.

Current guidelines recommend that before diagnosing IGGSCD, the antibody response to
polysaccharide antigens should be estimated in patients with recurrent infections, irrespective
of their IgG subclass or IgA levels.” Some patients with IGGSCD or selective IgA exhibit
SAD.!6407 The World Health Organization ELISA test (WHO ELISA) or multiplex fluorescent
bead assay (Luminex) is currently used to diagnose SADs worldwide.” However, neither of
these tests is commercially available in Korea; therefore, the accurate diagnosis and proper
management of SAD with or without IGGSCD is limited in clinical practice in Korea.

Another challenging issue for clinicians when diagnosing IGGSCD is whether the presented
clinical symptoms result from an underlying progressive immunodeficiency. When pediatric
patients with IGGSCD (n = 24) were followed up for 40 months, 4 children were reported

to have a progression of different diagnoses of CVID.” Another study showed that 2% of
patients with selective IgA deficiency progressed to CVID in an Italian pediatric cohort.”

In adults, patients with symptomatic IgA deficiency with IGGSCD subsequently developed
CVID after 2-15 years, and mutations of the gene TNFRSF13B encoding TACI have been found
in some patients.” The International Consensus Document guideline recommends that
milder laboratory phenotypes such as IgA deficiency or IGGSCD may evolve over time until
laboratory criteria are met, and a diagnosis of CVID is appropriate.®

MANAGEMENT OF IGGSCD IN PATIENTS

General considerations for IGGSCD

The main principles of managing patients with IGGSCD comprise treatment for acute
infections, management for respiratory comorbidities, prevention of infections, and cautious
use of Ig in selected patients (Figure).>®!
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Recurrent and potentially fatal respiratory infections are common in patients with PIDs*;
however, infectious complications in patients with IGGSCD are usually milder than

those in subjects with severe PADs, such as CVID or XLA. Patients with humoral defects,
including IGGSCD, are particularly susceptible to sinopulmonary infections caused by
viral and encapsulated bacterial infections.* Broad-spectrum antibiotics are generally used

for respiratory tract infections caused by bacterial pathogens. The coverage of antibiotics
should be balanced between the need for a broad range to cover the expected pathogen

and the risk of the development of antibiotic resistance, which can be speculated based on

a personal history of allergy and previous evidence of microbiological resistance.® Sputum
examination or bronchoalveolar lavage can allow microbiological diagnosis and indicate a
more precise resistance profile of the true pathogens.® Additional management, including
tympanocentesis with or without tympanostomy, is helpful for patients with recurrent acute
otitis media or sinusitis despite conventional therapy.®

IGRT is a potential treatment option for selected patients with persistent IGGSCD and
recurrent viral/bacterial respiratory infections even with antibiotic therapies.® Current
guidelines recommend that the principles of managing IGGSCD should follow those provided
for SAD. IGRT can prevent respiratory infections, not by replenishing the deficient IgG
subclass but by providing effective IgGs against respiratory pathogens.* The recommended

Diagnosis

. X N . ‘ Management ‘
Patients with 10 warning signs*
- Two or more new ear infections within 1year ‘

- Two or more new sinus infections within 1 year, L ¢
in the absence of allergy
- One pneumonia per year for more than 1year Asymptomatic ‘ Symptomatic ‘
- Chronic diarrhea with weight loss -
- Recurrent viral infections (colds, herpes, warts, - Observation l
condyloma) - Measurement Ig when
- Recurrent need for intravenous antibiotics to clear symptom/signs change Optimal treatment of
infections chronic respiratory diseases
- Recurrent, deep abscesses of the skin or internal
organs ‘
- Persistent thrush or fungal infection on skin or ¢ ¢
elsewhere . . . . .
- Infection with normally harmless tuberculosis-like Acute infection ‘ Chronic recurrent infection
bacteria

- Broad spectrum antibiotics

- A family history of primary immunodeficiency . ination/
- Sputum examination

Antibody mediated immunity evaluation bronchoalveolar lavage
- 1gG/IgA/IgM, 1gG subclass
- Specific antibody response o ¢
A
IGRT Vaccination
Initial evaluation and routine monitoring ‘ - Intravenous, - All vaccines likely effective with possibly
400-600 mg/kg every 3-4 wk attenuated immune response.
- Spirometry with bronchodilator, Methacholine - Subcutaneous, - Live vaccines are not recommended in
challenge test, DLCO 100-200 mg/kg/wk, flexible schedule general.
Chest X-ray, PNS series, if needed, HRCT

\. )e\ /G

Figure. The diagnosis and management algorithm in adult patients with PIDs including IGGSCD. (A) Clinical suspicion and laboratory confirmation are
essential to diagnose PIDs. (B) The respiratory functional and radiological examination is involved in the initial evaluation and routine monitoring. (C) The
management of patients with IGGSCD is a combination of acute infection control using broad-spectrum antibiotics and prevention of chronic recurrent infection
using IGRT and vaccination. Patients with > 2 positive signs are suspected to have primary immunodeficiency.

Ig, immunoglobulin; DLCO, diffusing capacity of carbon monoxide; PNS, paranasal sinus x-ray; HRCT, high resolution computed tomography; IGRT,
immunoglobulin replacement treatment; BCG, Bacille Calmette-Guérin; IGGSCD, IgG subclass deficiency; PID, primary immunodeficiency disease.

*Source From Jeffrey Modell Foundation.®
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starting dose is 400-600 mg/kg every 3—4 weeks for intravenous Ig (IVIG) and 100-200 mg/
kg/week for subcutaneous IgG replacement, which is more flexible.*®* It is important to provide
all initial IVIG infusions under physician supervision in a facility equipped to handle the most
severe acute medical complications. Immunological and clinical severity is a determining
factor for IGRT continuation. Among those who respond to IGRT, selected patients deemed

stable and unlikely to have severe symptom recurrence can discontinue treatment after 1 to 2
years for 4 to 6 months and then be re-evaluated.? There are limitations when administering
IGRT, and consensus regarding the selection of appropriate patients; the timing of initiation;
and the appropriate dose, interval, and duration of IGRT is needed.

Common adverse effects of IGRT include headache, myalgia, back pain, arthralgia, chills,
malaise, fatigue, fever, and flushing. These flu-like symptoms account for more than 80%
of Ig-induced adverse effects. These symptoms occur within the first hour of infusion,

and some adverse effects (such as fever or fatigue) may develop within 24 hours. These
symptoms are associated with rapid infusion and develop during the initial infusion period.
Hence, it is recommended that infusion should start at a slow rate for the first 30 minutes.*
There are uncommon but serious adverse effects of IGRT, including renal impairment,
arrhythmia, aseptic meningitis, thromboembolic reactions, hemolytic reactions, and
anaphylaxis. These adverse effects are associated with specific Ig preparations and individual
differences. Assessing individual risk factors, such as preexisting atherosclerosis, old age,
diabetes mellitus, hypertension, and dyslipidemia, and subsequent infusion at a slow rate or
premedication can minimize these adverse effects. Anaphylaxis due to IgE or IgG antibodies
to IgA in the Ig product is a rare complication of IGRT in patients with IGGSCD.®

Specific considerations for IGGSCD and asthma

Patients with IGGSCD may have a more severe form of asthma, requiring more aggressive
treatment.®® Treating underlying chronic airway diseases can help prevent recurrent viral
infections. An epidemic study of pediatric asthma demonstrated the potential beneficial
effects of ICSs in preventing viral asthma exacerbations.® In addition, the remarkable
success of the current T2-targeting biologics in preventing asthma exacerbations has
provided overwhelming evidence of the central role of this pathway in virus-induced asthma
exacerbations.® Therefore, it is critical for asthmatic patients with IGGSCD to closely
monitor their asthma control status to ensure proper treatment and management.

By preventing pulmonary infections, IGRT may reduce associated complications, such as
bronchiectasis and acute exacerbations of chronic airway diseases.®? Several studies have
revealed the beneficial effects of IGRT for IGGSCD, demonstrating that IGRT significantly
improves quality of life, decreases infection incidence, and reduces asthma exacerbations
and the need for antibiotics (Table).5#%8280 [t has also been reported that IGRT is effective
in PAD patients with comorbidities such as asthma and CRS.3"! A retrospective study
showed that IGRT significantly decreased the rate of acute sinus infections in adults with
CRS and PID.” Open-label trials examining the effects of medium- to high-dose IGRT in
corticosteroid-dependent or severe asthma patients with antibody deficiencies such as SAD
or IGGSCD demonstrated reductions in the corticosteroid dose as well as improvements

in the peak flows, symptom scores, and hospitalization rate.®**°* For patients with

severe asthma without antibody deficiencies, IGRT showed beneficial effects in reducing
exacerbation and steroid requirements in a previous study®; however, double-blind placebo-
controlled asthma studies did not show that IGRT provided significant clinical benefits.”**® In
addition, the cost and potential adverse effects associated with IGRT should be considered.
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Table. Efficacy of immunoglobulin replacement treatment

Group Year Patients Design No. Immunoglobulin replacement dose, Results
frequency/duration, route
Soderstrom et al.®® 1991  Adults, IGGSCD Prospective 43 25 mg/kg/wk, 1yr, IM - Significantly fewer days with infection during
blind crossover prophylaxis
- Fewer attacks of acute bronchitis during treatment
Barlan et al.®® 1993  Adults, children; Prospective 12 400 mg/kg every 3 wks-600 mg/kg - Reduction in the frequency of infections
IGG3SCD cohort every 2 wks, IV
Olinder-Nielsen 2007 Adults, selective or ~ Retrospective 132 100 mg/kg/wk, IV/IM + Reduction in antibiotic-demanding respiratory
etal.”’ combined IGGSCD tract infections during Ig prophylaxis

Abrahamian et al.*° 2009  Adults, IGG3SCD Retrospective 17  300-400 mg/kg every 2 wks, IV - Six of the 13 patients had dramatic relief from
their recurrent infections.
- Five patients experienced moderate clinical
improvement and two patients had no response.

Abdou et al.®® 2009  Adults, IGGSCD * Open-label 10 400 mg/kg/mon, 12 mon, IV - Decreased the number of infections and the need
SAD for antibiotics and hospitalization
- Improved quality of life
Kim et al.® 2017  Adults, IGGSCD Open-label 30 400 mg/kg/mon, 6 mon, IV - Reduced asthma exacerbation

- Improved asthma control status and quality of life
Vivarelli et al.*®® 2021 Adults, IGGSCD or  Retrospective 143  0.14 = 0.06 g/kg/mon, 1yr, IV - Reduced respiratory infections and
UAD hospitalizations

IGGSCD, immunoglobulin G subclass deficiency; IGG3SCD, immunoglobulin G subclass 3 deficiency; SAD, specific antibody deficiency; UAD, unclassified antibody
deficiency.

MONITORING OF PATIENTS WITH IGGSCD

Pulmonary diseases, including bronchiectasis, are prevalent complications of recurrent
chronic infections in patients with PADs. In patients with IGGSCD, respiratory complications
from recurrent viral and encapsulated bacterial infections are generally expected.* Other
chronic respiratory complications include COPD and asthma. Early diagnosis with proper
management can prevent permanent organ damage caused by recurrent infections. The
currently used diagnostic methods include radiological and functional tests to evaluate
respiratory status and lung disease in patients with PADs.®

Several functional tests evaluate respiratory status in patients with IGGSCD, including
spirometry, airway reversibility tests with bronchodilators, methacholine challenge tests,
and the diffusing capacity of the lung for carbon monoxide. These pulmonary tests aim to
identify respiratory comorbidities and evaluate a patient’s initial status. Recently, a study
showed that the lung function of patients with chronic airway diseases and IGGSCD declined
significantly despite the treatment of underlying respiratory conditions.* Therefore, initial
evaluation and monitoring of pulmonary function are essential to managing patients with
IGGSCD. Spirometry before and after bronchodilator administration should be performed
at the first visit and annually thereafter. The methacholine challenge test can be further
considered if needed. The diffusing capacity of the lung for carbon monoxide can be
evaluated if interstitial lung disease is suspected.®

HRCT is used to evaluate a patient’s initial status and monitor disease progression. HRCT
is the gold standard for diagnosing bronchiectasis and interstitial lung diseases.® Early
diagnosis and aggressive management can lead to good outcomes, considering that
bronchiectasis at diagnosis predicts a poor prognosis.* However, performing routine
surveillance using HRCT is not recommended due to the irradiation hazard. Instead, it is
suggested that patients with humoral deficiencies, despite receiving adequate treatment, be
evaluated for new or worsening lung complications every 5 to 10 years.*
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VACCINATION IN PATIENTS WITH IGGSCD

Most vaccines are considered effective and safe in adult patients with IGGSCD. Even though
the antibody response to vaccines may be decreased in these patients, they can still develop
some level of protective antibodies and can be vaccinated safely. However, live attenuated
vaccines (except Bacille-Calmette-Guérin), such as oral polio, adenovirus, typhoid, and
yellow fever vaccines, are not recommended.” Inactivated or recombinant influenza, human
papillomavirus, and all other vaccines, especially the pneumococcal and H. influenzae type B
vaccines, are recommended in patients with B-cell defects. Pneumococcal vaccination should
be administered based on a patient’s risk. In patients with minor antibody deficiencies,
conjugate vaccines should be administered for better immunogenicity after vaccination.”
Additional immunization is reported to help enhance immunity in patients with associated
IgG2 deficiency who require 2 doses of the conjugated vaccine.?

Patients who receive IGRT do not generally need additional immunizations, as therapeutic
IgG can provide most of the immunization efficacy in childhood. However, it is suggested
that nonviable vaccines, such as inactivated influenza and papilloma vaccines, may be given
for additional cellular immunity. It is recommended that live vaccines, such as the measles,
rubella, and varicella vaccines, which may be affected by IGRT, not be given to patients
between 3 and 11 months after IGRT, depending on the indication and dose.” IGRT does not
affect live vaccines such as oral polio and yellow fever vaccines.

There is no doubt about the effectiveness of COVID-19 vaccination in healthy patients

with immunity. COVID-19 vaccination has also been shown to produce adequate antibody
responses in approximately 73% of patients with PIDs and spike-directed T-cell immunity

in most patients after vaccination.'” Additionally, a recent study revealed no difference in
response to COVID-19 vaccination in patients with PIDs receiving IGRT compared to those
not receiving IGRT.!* COVID-19 vaccines have shown an excellent safety profile in patients
with PIDs. Multiple international cohort studies have reported that COVID-19 vaccines are
safe for patients with PIDs, although reactogenicity to mRNA vaccines is more frequent in
these patients than in the general population.’® Common adverse reactions include fever,
myalgia, and fatigue, but the severity does not seem to be increased in patients with PIDs.
There is no existing evidence that patients with PIDs are at higher risk for adverse events after
COVID-19 vaccination. Given the type of vaccination, the mRNA vaccine should be strongly
recommended to most patients with inborn errors of immunity. The mRNA vaccine showed
more potent immunogenicity than adenovirus-based vaccines, which can cause serious
complications such as vaccine-induced immune thrombotic thrombocytopenia. Ideal vaccine
regimens and booster timings are necessary for patients with PIDs.

CONCLUSIONS

IGGSCD may result in acute rhinosinusitis and lung infection, contributing to continuous
inflammatory responses in the airway, such as CRS and asthma. Therefore, the detection
and appropriate management of PIDs, including IGGSCD, may reduce acute exacerbations
and cumulative morbidity in this population, prevent progression to severe asthma or
bronchiectasis, improve quality of life, and decrease healthcare costs for the public.
Significant steps toward achieving these goals include the development of a high index of
suspicion; correct application of screening tests, such as tests evaluating quantitative Ig,
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IgA, IgM, and IgG subclass levels and vaccine responses; and prompt provision of IGRT and
immunization. In addition, future investigations are needed to identify the pathogenetic
mechanism of IGGSCD and other PADs; establish clinically applicable laboratory methods
for the quantitative and qualitative evaluation of Ig and IgG subclasses; and standardize
IGRT, especially the dose, interval, and cessation period for patients with IGGSCD.

Given the heterogeneity of the underlying conditions and clinical course of IGGSCD, future
studies with clearly defined patient populations need to be designed. A national registry and
collaboration with international PID registries would help gather clinical information and
understand the natural course of this disease. In addition, well-designed RCTs should be
conducted to consider the efficacy and effectiveness of IGRT in these populations.
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