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Abstract

The relationship between asthma, infections, and immunodeficiencies is complex and affects disease
progression. Immune deficiencies can occur independently or because of the inflammatory processes
associated with asthma. Early viral infections like respiratory sinticial virus and rhinovirus trigger
asthma attacks, while bacteria such as Haemophilus influenzae, Streptococcus pneumoniae, Mycoplasma
pneumoniae, and Chlamydia pneumoniae worsen airway inflammation. People with asthma often have
defects in innate (mucociliary clearance, interferons, defensins, NK cell, and eosinophils) and
adaptive immunity such as immunoglobulin (Ig) deficiencies, making them more vulnerable to lung
infections. Combined and selective deficiencies of IgA, IgG, IgM, and IgE are linked to higher asthma
rates and reduced effectiveness of treatments, but immunoglobulin therapy can help control
symptoms. Biologic therapies also decrease asthma exacerbations during periods of high viral
activity by boosting immune responses and airway defenses. However, the link between asthma and
higher infection risk is not well studied or understood, so guidelines do not recommend routinely
checking for immunodeficiencies in cases of poor treatment response. More research is needed to
clarify these connections and improve management strategies.
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1. Introduction

Accumulating evidence supports the view that airway infections are crucial to the initiation and
persistence of asthma [1-3]. Numerous studies further show that infections, especially those caused
by common viruses such as rhinovirus (RV) and respiratory syncytial virus (RSV), are responsible
for most asthma exacerbations in both children and adults [1-3]. The prominent role of infections in
asthma pathogenesis suggests potential deficiencies in immune defense mechanisms, particularly
among patients with severe asthma who show suboptimal responses to treatment [4].

The demonstrated efficacy of novel biological therapies in reducing the frequency of
exacerbations in severe asthma implies that these treatments may enhance patients' immune
responses to infections, thereby preventing exacerbations.

This review aims to provide an update on current knowledge about the role of infections and
potential defects in host defense mechanisms among asthmatic individuals, as well as the impact of
emerging biological therapies on the immune response to infections in this population.

2. Asthma: Definition and Classification

Asthma is a chronic inflammatory condition of the airways. It is typically characterized by
variable and recurring respiratory symptoms, including wheezing, shortness of breath, chest
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tightness, and coughing, which are associated with reversible and variable expiratory airflow
limitation and airway hyperresponsiveness [5].

Asthma includes various clinical subtypes, or phenotypes, each with potential distinct
underlying mechanisms called endotypes. Phenotypes describe traits such as age of onset, gender,
symptoms, and triggers. In contrast, endotypes reveal the biological causes behind these traits [6].

GINA 2025 identifies seven asthma phenotypes: Allergic Asthma, Non-allergic Asthma, Adult
asthma or Late-onset Asthma, Exercise-induced Asthma, Cough-variant Asthma, Asthma with
Obesity, Asthma with Fixed Airflow Obstruction [7].

Asthma has two main endotypes: T2-high and T2-low (non-T2). T2-high asthma involves
eosinophils and elevated type 2 cytokines (IL-4, IL-5, IL-13) and includes allergic, eosinophilic, and
aspirin-exacerbated respiratory disease phenotypes. T2-low asthma lacks T2 biomarkers and features
neutrophilic or paucigranulocytic inflammation. Research studies highlight the overlap among
asthma subtypes, underscoring its heterogeneity and complexity [6,8].

3. Asthma and Infections

3.1. Viral Infections

Early-life respiratory viral infections are linked to an increased risk of recurrent wheeze and
asthma. Asthma onset is primarily associated with respiratory syncytial virus (RSV) and rhinovirus
(especially type C) lower respiratory tract infections (LRTT) [1-3].

Research suggests that even mild cases of infant RSV infection are linked to changes in anti-viral
immune function and alterations in airway cell metabolism, which may persist for years. These
factors have been studied as potential mechanisms by which infant RSV infection may be related to
later development of childhood asthma, including ongoing airway inflammation or changes in the
airway epithelium [9].

Although causal relationship between RSV infections and asthma development has not be
definitively established, there is accumulating evidence from observational studies that not having
RSV infection in the first year is associated with a 26% reduced risk of developing asthma by age 5
years, with the greatest risk reduction for nonatopic asthma [10].

Additionally, a double-blind, placebo-controlled trial showed that palivizumab- a monoclonal
antibody used for preventing severe RSV infections- reduced wheezing days and the rate of recurrent
wheeze in preterm infants (11% vs 21%, P = .01) during their first year [11]. A follow-up study found
parent-reported asthma at age 6 was lower in the RSV prevention group (14.1% vs 24.0%; absolute
risk reduction 9.9%), but there were no significant differences in physician-diagnosed asthma or lung
function between groups [12]. These data suggest palivizumab lowers early respiratory morbidity
and parent-reported asthma, though not confirmed asthma diagnoses. While RSV vaccines and mAbs
show potential for reducing disease burden, more long-term research is needed to assess lasting
impacts and asthma prevention.

A recent review reports that genes involved in innate immunity and Th2 inflammation—
including ADAMS33, IL4R, CD14, TNF, IL13, and IL1RL1—are linked to bronchiolitis, asthma, and
RSV infections, indicating a genetic predisposition for asthma patients to develop RSV infections [13].

It also is still unclear whether RV causes or merely reveals asthma, but evidence points to a
possible causal link. A CDHR3 polymorphism, which raises RV-C receptor expression, increases
susceptibility to RV-C infection and wheezing, and is also linked to recurrent childhood asthma [14-
17].

Unlike VRS, there is currently no effective therapy available to prevent RV infections, making it
challenging to evaluate its possible causal relationship with asthma.

Respiratory viruses are a leading cause of asthma flare-ups, particularly in children, with most
acute cases coinciding with such infections [18]. In adults, up to 83% of asthma cases are linked to
respiratory viruses [19].
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RSV is also a relevant asthma trigger, detected in 50%-80% of hospitalized cases [20]. Influenza
virus also significantly contributes to severe asthma exacerbations in adults [18].

Recent studies found that children with preexisting asthma had higher exacerbation rates than
controls and a greater risk of future exacerbation after COVID-19. Adults, whether hospitalized or
not for COVID-19, also showed increased risk of future asthma exacerbations [21].

3.2. Bacterial Infections

Pathogenic bacteria, atypical bacteria such as Mycoplasma pneumoniae (MP) and Chlamydia
pneumoniae (CP) and airway microbiota might be involved in the immunopathology of asthma [22].

3.2.1. Pathogenic Bacteria

Asthma has been identified as a significant risk factor for Streptococcus pneumoniae carriage
[23] and increases the likelihood of invasive pneumococcal disease [24].

Hemophilus influenzae (HI) is a bacterium often found in the airways of asthma patients. It is
linked to neutrophilic asthma and reduced corticosteroid responsiveness [25]. Its presence is linked
to increased neutrophils in sputum [26]. A recent study identified a phenotype in severe asthma with
high HI levels, marked by neutrophil inflammation, NETosis, and IL-6 trans-signaling [27].

Clinically, patients with abundant HI and neutrophilic inflammation may benefit from targeted
antibiotics. A recent randomized trial found that 48 weeks of azithromycin in adults with
uncontrolled asthma reduced HI in sputum and lowered exacerbation rates, but increased
Staphylococcus aureus antibiotic resistance [28].

Moxarella catarrhalis (MC) is linked to chronic obstructive pulmonary disease and asthma
exacerbations. Studies of hospitalized children with asthma found MC in nasopharyngeal swabs [29].
Additionally, children whose nasal airway microbiota are mainly colonized by MC have a higher risk
of asthma exacerbation [30].

3.2.2. Atypical Bacteria

Two studies found that 38%-49% of patients hospitalized for severe asthma exacerbation showed
serological markers of CP or MP infection and experienced a greater decline in lung function [31,32].
In contrast, other case—control studies did not find significant differences in the detection of CP and
MP infections among adults with asthma exacerbations, those with stable asthma [33,34], or healthy
controls [33]. A recent meta-analysis found that atypical pathogens were detected in 8.29% of
asthma exacerbations cases, with CP accounting for 4.49% and MP for 4.24% [35].

Taken together, these data indicate that the exact etiological relationship between atypical
bacteria and asthma exacerbations has yet to be fully proved.

3.2.3. Airway Microbiota

Studies show that asthmatic individuals have reduced microbial diversity and more potentially
harmful bacteria like Moraxella, Haemophilus, and Streptococcus, while beneficial bacteria such as
Corynebacterium and Dolosigranulum are often lacking. In children, upper airway microbiota
dominated by Corynebacterium and Dolosigranulum is linked to better clinical outcomes than those
dominated by pathogens like Staphylococcus, Streptococcus, and Moraxella [36-38]. Similarly, nasal
bacterial profiles differ among adults with exacerbated asthma, non-exacerbated asthma, and healthy
controls. Compared to controls, asthma patients showed higher levels of Bacteroidetes and
Proteobacteria. Four species-Prevotella buccalis, Dialister invisus, Gardnerella vaginalis, and Alkanindiges
hongkongensis —varied by asthma status and activity after adjustment for multiple comparisons [39].

Research using sputum and bronchoscopy samples reveals that patients with mild atopic asthma
have a distinct airway microbiome compared to non-atopic healthy controls and atopic individuals
without asthma [40]. Bacterial composition differs even among those without asthma, suggesting
atopy alone is associated with altered airway microbiota, with more changes seen in asthma [41].
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Baseline bronchial bacterial burden was significantly higher in T2-low asthmatic patients than in
those with a T2-high profile, suggesting that airway bacteria may have a greater influence on T2-low
asthma phenotypes [40]. Mild asthma patients who hadn't used inhaled corticosteroids were
randomized to receive either fluticasone propionate or a placebo for six weeks, followed by clinical
reassessment and sample collection [40]. Researchers analyzed the microbiome and baseline type 2
inflammation (via IL-13 responsive genes) and measured response to fluticasone using repeat
methacholine bronchoprovocation to assess improvements in airway reactivity [40]. Fluticasone
treatment led to changes in airway bacterial communities not seen in the placebo group, suggesting
even short-term inhaled steroids can alter the microbiome. Notably, individuals who did not respond
to therapy had significantly different baseline microbial profiles and experienced greater microbial
shifts after fluticasone compared to responders [40].

Airway microbiotas differ between eosinophilic (EA) and non-eosinophilic asthma (NEA).
Stenotrophomonas, Streptococcus, Achromobacter, and Neisseria were consistently found in all groups.
Veillonella was higher in NEA than in healthy controls, and Achromobacter was more abundant in NEA
than EA, highlighting unique microbial profiles [41].

Recent research has examined how asthma severity relates to airway microbiota [42]. Analyses
revealed that clinical and immunologic factors —such as sputum neutrophil counts, eosinophil levels
in biopsies, bronchial gene expression, asthma control, and BMI—were linked to variations in
bronchial bacteria. Increased Proteobacteria correlated with poor asthma control and Thl7 gene
markers, while Actinobacteria was associated with corticosteroid response. No bacterial correlation
was found for type 2 gene signatures, matching the observed inverse relationship between airway
eosinophils and bacterial burden; more eosinophils meant fewer bacteria. Additionally, obese
individuals with severe asthma had higher levels of Bacteroidetes and Firmicutes, suggesting obesity
may alter the bronchial microbiome and influence asthma outcomes [42].

A recent study found that upper airway bacterial microbiota and rhinovirus detection proved
seasonal changes. Seasonal variation was seen in both baseline and respiratory illness-related
microbiota, which were associated with subsequent exacerbation. During the fall —when respiratory
illnesses occurred most often—certain Moraxella and Haemophilus members were more abundant in
virus-positive respiratory illnesses and in those that progressed to exacerbation [43].

4. Asthma and Immunodeficiencies

Evidence indicates that asthma patients have reduced immune responses to viral and bacterial
infections. This is most probably due to complex interactions between asthma-related factors,
pathogen-specific immunity, altered innate and adaptive responses, comorbidities like obesity, and
treatments such as inhaled corticosteroids—all of which affect lung immunity. We continue to use
this classification (innate and adaptive) even though recent advances have blurred the distinction
between innate and adaptive immunity.

4.1. Innate Immunity and Asthma

Innate immunity uses physical and chemical barriers, along with specialized cells and proteins,
to defend the body against infections.

4.1.1. Mucociliary Clearance

When microbes reach the tracheobronchial tree, the mucociliary epithelium removes them from
the lungs. Effective mucociliary clearance relies on healthy cilia and optimal mucus composition [44].
Airway mucus, a viscoelastic gel produced by goblet and mucous glands, traps inhaled particles and
pathogens, aids their clearance via mucociliary action and cough [45]. Of 24 human mucine (MUC)
genes, 14 are found in the respiratory tract. Airway mucins are classified as secreted monomeric,
secreted gel-forming, or non-secreted surface-bound [45]. MUC5AC and MUCS5B, the principal gel-
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forming mucins from goblet cells and submucosal glands, are key to mucus's viscoelastic properties
[46].

The airway epithelial layer in asthma is disrupted, as indicated by detachment of ciliated cells
and presence of epithelial cell aggregates in the sputum (creola bodies) affecting the ability of ciliated
cells to clear mucus from the airway [47]. In patients with asthma, there is goblet cell hyperplasia,
and they had higher levels of MUC5AC compared to MUC5B mucins in sputum [48]. Goblet cell
hyperplasia and upregulated expression of MUC5AC might contribute to mucus accumulation and
plugging, ultimately causing small airway obstruction that results in reduced capacity to eliminate
pathogens [47,48].

Ciliary dysfunction and increased mucus production in individuals with asthma collectively
compromise the effectiveness of mucociliary clearance mechanisms.

4.1.2. Defensins

Antimicrobial peptides (AMPs), also called host defense peptides (HDPs), are small natural
antibiotics that protect against bacterial, viral, and fungal infections. In mammalian lungs, key
antimicrobial molecules include defensins, cathelicidins, PLUNC proteins, lactoferrin, lysozymes,
secretory leukocyte proteinase inhibitor, and surfactant proteins SP-A/SP-D [49-51].

Human defensins are classified into alpha-defensins (HAD) and beta-defensins (HBD). Alpha-
defensins are predominantly produced by neutrophils and the Paneth cells of the small intestine [52].
In contrast, HBDs are mainly synthesized by epithelial cells. HBD-1 is expressed constitutively,
whereas HBD-2 expression is inducible in response to bacterial contact [53].

Cathelicidins are synthesized as prepropeptides. After secretion, the procathelin domain is
cleaved by serine proteases [50,51]. LL-37 is currently identified as the sole human cathelicidin,
produced constitutively in several cell types, with its synthesis in immune and epithelial cells
regulated by infection, tissue damage, and vitamin D3 [54].

Histatins are produced by salivary glands and are involved in defensive mechanisms within the
oral cavity [55].

Natural products like calprotectin, lactoferrin, lysozyme, cathepsin, and secretory leukocyte
protease inhibitor (SLPI) also help protect the airways and lung tissue from infections [49, 51, 56, 57].

The roles of various defensins have been studied in healthy individuals and those with COPD,
bronchiectasis, and asthma. Research shows that SLPI and beta defensin-1 are lower in sputum from
asthmatics compared to healthy subjects and COPD patients [58]. This reduction, mainly seen in
severe asthma, correlates with increased IFN (Thl) immune response and greater airway
hyperresponsiveness [59].

Asthmatics show significantly decreased levels of human neutrophil a-defensins (HNP1-3) and
lipocalin 2 in nasal secretions [60]. HBD-2 expression is also reduced in allergic airways, correlating
with Th2-driven inflammation. IL-4 and IL-13-mediated Th2 responses suppress P. aeruginosa-
induced HBD-2 expression, delaying pathogen clearance [61].

Collectively, these observations indicate that innate immune responses reliant on defensins may
be impaired in individuals with asthma, potentially diminishing their ability to combat pathogens. It
remains to be determined whether the reduced production of certain defensins is independent of
asthma or a consequence of the underlying inflammatory processes associated with the disease.

4.1.3. Interferons

Interferons (IFNs) are cytokines that play a key role in antiviral defense and immune regulation.
There are three major types: Type IIFNs (e.g., IEN-a, IFN-f3): Produced by many cell types in response
to viral infections. Type II IEN (IFN-y): Produced mainly by T cells and NK cells, crucial for immune
regulation, and Type III IFNs (e.g., IFN-A) [62].

IFNs deficiency has been implicated in the pathogenesis and severity of asthma, particularly
viral-induced exacerbations. Deficiencies [63-67] or delayed [68] induction of interferons by ex vivo
virus-infected bronchial epithelial cells and BAL fluid cells in asthmatic patients have been reported
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in several [64-69], but not all studies [68,69]. Interferon responses have remained challenging to
define, as most studies have relied on ex vivo cultures and single-time-point sampling [62,64,68].

Mechanistic studies have more consistently shown dysregulated interferon responses [70,71]. A
recent study saw IFN deficiency in the bronchial epithelium on day 4 and 6 weeks after rhinovirus
infection in asthmatic patients in vivo. Lower epithelial IFN expression was related to greater viral
load, worse airway symptoms, airway hyperresponsiveness, and reductions in lung function during
rhinovirus infection [70]. Another study in children with exacerbation-prone asthma found that IFN
gene expression increased more during colds that led to exacerbations (Ex1) than those that did not
(Ex2). Higher IFN expression correlated with greater nasal viral load and lower predicted FEV1 in
blood samples. Children with low baseline IFN expression had a shorter time to exacerbate, higher
risk during viral illnesses, and a larger increase in IFN expression during colds. These findings
suggest that variability in interferon responses influences asthma exacerbation risk in children, with
low baseline IFN followed by significant upregulation during illness associated with higher risk of
exacerbation [71].

These mechanistic studies may help clarify why inhaled beta-interferon therapy has not proven
effective in preventing the progression of asthma symptoms when administered at the onset of cold
symptoms [72]. It is likely that the therapy would be more beneficial if given prior to infection, rather
than after the disease process has already begun.

It is unclear whether altered IFN regulation in asthma is a cause or effect of the disease. A recent
study found that goblet and ciliated epithelial cells from asthma patients had reduced expression of
interferon response genes such as OASL, ICAMI1, and TNFAIP3, suggesting a possible genetic
component to interferon deficiency [73].

4.1.4. Cells

Innate immunity uses various cells for a fast, non-specific response to pathogens. Natural killer
(NK) cells attack infected cells, while phagocytes such as neutrophils, macrophages, and dendritic
cells engulf and destroy invaders. Mast cells and eosinophils help defend against viruses and
parasites.

Macrophages. Macrophages help defend the body by recognizing and destroying pathogens,
making them crucial for innate immunity. In response to danger signals, they adapt into different
forms to protect the host. However, many pathogens alter macrophage metabolism to evade immune
detection and persist during chronic infections [74]. Lung macrophages help clear apoptotic cells,
resolve inflammation, and contribute to airway remodeling in asthma by releasing pro-fibrotic
cytokines, growth factors, and enzymes like matrix metalloproteinases (MMPs) and tissue inhibitors
of metalloproteinases (TIMPs) [75].

Macrophages display different phenotypes, which are altered in asthma [76]. Their role in lung
defense against pathogens is still unclear. Research shows that airway macrophages from children
with neutrophil-predominant severe asthma have reduced phagocytosis of Staphylococcus aureus
compared to those with fewer neutrophils [77], and patients with non-eosinophilic asthma also show
lower phagocytic capacity than those with eosinophilic asthma [78]. However, some findings differ;
for example, sulfur colloid uptake by airway macrophages is higher in mild asthma than in healthy
subjects [79]. Additionally, phagocytosis of Staphylococcus aureus S. by alveolar macrophages from
children with mild-to-moderate asthma was similar across asthma types but decreased after three
weeks of allergen avoidance [80]. Further study of macrophage phagocytosis and its impact on
asthma-related infection is needed.

Natural Killer (NK) lymphocytes. NKs are a vital component of the innate immune system, quickly
identifying and destroying infected or abnormal cells without prior sensitization. They serve as
frontline defenders against viral and bacterial threats by directly killing target cells through cytolytic
granules, inducing cell death pathways, and producing cytokines like IFNy that enhance host
defense. NK cells also regulate other immune responses via cytokine and chemokine secretion [81,82].
A study found that NK cells from severe asthma patients showed reduced cytotoxicity and IFN-y
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expression compared to healthy donors after rhinovirus exposure [83]. This suggests altered NK cell
function may contribute to virus-induced asthma exacerbations [84].

Neutrophils. In certain individuals with asthma there is an elevated presence of neutrophils
within the airways. Proteases released by neutrophils can inflict structural damage to the airways,
resulting in airway wall thickening and increased mucus secretion, both of which contribute to
airway obstruction. Neutrophilic asthma is correlated with poorer clinical outcomes, including
greater airway narrowing and a heightened risk of hospital admissions and emergency department
visits [85,86].

However, a recent study questions the significance of high numbers of neutrophils in sputum,
as neutrophilia does not differ between healthy individuals and those with asthma, nor can it
distinguish between different severities of the disease. In other words, it remains unclear whether
excess neutrophils play a role in the pathophysiology of asthma or are simply an incidental finding
[87].

Neutrophils defend against microbes by phagocytosis, producing reactive oxygen species,
releasing proteases, and forming DNA-based neutrophil extracellular traps (NETs) that trap and kill
bacteria (NETosis). Efficient NETs formation is crucial for infection control, as impaired NET release
raises susceptibility [88]. Although NETs trap microbes, excessive formation can harm tissues—
especially lung tissue—by causing cell death. Elevated NET levels are associated with pulmonary
diseases, so precise regulation is essential to prevent injury [89].

Studying neutrophil activation in asthma may be more informative than simply counting
neutrophils. Evidence suggests increased NET formation in asthma, as airway biopsies from some
mild asthmatics showed NETs, unlike healthy controls [90]. Asthma is also linked to reduced
phagocytic activity of neutrophils after exposure to endotoxin. Following a 5 pg LPS inhalation
challenge, both airway and blood neutrophils in asthmatic subjects showed decreased phagocytosis
of IgG-opsonized zymosan compared to saline. This reduction correlated with higher airway
neutrophil counts post-LPS exposure [91]. However, since non-asthmatic controls were not tested
with LPS, it's unclear if these effects are unique to asthma.

A recent study used proteomic analysis of sputum from severe T2-high asthma patients treated
with mepolizumab and identified two clusters. Cluster 1 showed persistently elevated sputum
protein levels before and after treatment, as well as during exacerbations. Patients in this group had
earlier onset, longer disease duration, no lung function improvement, and ongoing symptoms post-
treatment. Cluster 1 also exhibited higher proinflammatory cytokines, increased epithelial alarmin
secretion, greater neutrophil activation, and more frequent pathogen detection at exacerbation.
Neutrophil activation—not cell count—was the main mechanism driving inflammation. No
differences in T2 biomarkers were seen between clusters, indicating this reflects a pathobiological
overlay rather than a distinct asthma endotype [92].

These observations indicate that neutrophil activation may play a role in severe asthma that does
not respond well to standard therapies. The neutrophil-dependent pattern of inflammation could
represent a potential target for therapeutic strategies, including the use of recombinant human DNase
to degrade DNA, neutralization of NETs proteins with anti-histone antibodies, and the application
of protease inhibitors in pulmonary diseases [93,94].

Eosinophils. Eosinophils are important in allergic diseases like asthma and play multiple roles,
including defense against infections. Eosinophilic asthma that is characterized by increased sputum
and/or blood eosinophil counts is driven by T2 immune responses. The eosinophilic phenotype of
asthma is associated with an increased risk of exacerbation and lung function decline [95, 96].
Eosinophil accumulation and resulting T2 inflammation are primarily driven by systemic IL-5
signaling to the bone marrow, with IL-5 a key mediator of eosinophil proliferation, activation, and
survival [97]. Other cytokines such as IL-13 [98] and IL-18 [99] are also involved in eosinophilia, by
acting synergistically with IL-5 to promote eosinophil activation and migration. Corticosteroid
therapy suppresses sputum eosinophils and reduces the rate of exacerbations.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1855.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 September 2025 d0i:10.20944/preprints202509.1855.v1

8 of 26

Ex vivo and in vivo studies show that murine and human eosinophils can rapidly capture various
respiratory viruses and significantly reduce infectivity [100]. Eosinophils become active during viral
infections, using granule proteins eosinophil cationic protein (ECP), eosinophil-derived neurotoxin
(EDN) and nitric oxide to inactivate RNA viruses [101]. Additionally, studies have proved that
eosinophil ETosis in which eosinophil lyses and releases their DNA components and intracellular
proteins is involved in bacteriostatic activity against S. aureus and Aspergillus fumigatus [102, 103].
Interferons (IFN-a and IFN-y) lead human eosinophils to increase the production of antiviral
molecules. In addition, IFN-vy elevates the expression levels of the IL-5 receptor (IL5SRA), ICAM-1,
and the IgG receptor (FCGR1A), which may affect cellular responses to IL-5, promote ICAM-1-
mediated adhesion to rhinoviruses, and influence IgG-triggered inflammatory reactions [104].

Studies show that eosinophils from asthma patients, especially those with severe asthma, have
reduced antiviral activity compared to healthy individuals [100]. These eosinophils from severe
asthma also suppress IFN-a production in airway epithelial cells and impair plasmacytoid dendritic
cell (pDC) function, which may worsen asthma during viral infections [105]. Eosinophilic airway
inflammation in moderate-to-severe asthma is associated with reduced TLR7 expression, resulting in
an impaired antiviral IFN response [106].

Epithelial cells. Following RV exposure, epithelial cells release type I and III IFNs, a response
defective in the epithelial cells of patients with asthma [66,107,108].

Mast cells. Mast cells play a central role in allergic reactions by releasing histamine, cytokines,
and other inflammatory mediators when allergens cross-link immunoglobulin E (IgE) bound to their
surface receptors. Two main types of human mast cells exist: MC T (tryptase only) and MC TC
(tryptase and chymase). Beyond allergy, mast cells aid in defending against parasites, bacteria,
viruses, and fungi by increasing their numbers during infection, storing antimicrobial peptides like
cathelicidin, and killing pathogens such as Staphylococcus aureus and Escherichia coli. They can also
trap and phagocytose a range of microbes. Additionally, mast cells link innate and adaptive
immunity by influencing dendritic cells, B cells, and T cells [109]. IL-4 enhances interferon
production by human mast cells in response to RSV and reovirus infections [110], while IL-5
treatment increases type I and III interferon levels and protects mast cells from apoptosis-induced
stress compared to untreated controls [111].

Although mast cells are known to play important roles in asthma, their role in defense of
infections for these patients remains unclear.

4.2. Adaptive Immunity and Asthma

The adaptive immune response follows activation of the innate system and targets pathogens
more precisely through humoral and cell-mediated immunity. B lymphocytes produce pathogen-
specific antibodies (humoral immunity), and T lymphocytes eliminate infected cells while boosting
immune responses (cell-mediated immunity). Disruption in B-cell development causes antibody-
deficiency disorders, while T-cell defects can lead to cellular and combined immunodeficiencies due
to their role in supporting B-cell function [112].

4.2.1. Inborn Errors of IMMUNITY (IEIS)

IEIS, previously known as primary immunodeficiencies, are genetic conditions that impair the
immune system and lead to higher risks of infection, autoimmunity, autoinflammation, bone marrow
failure, or malignancy [113].

A recent report divides IEIs into 10 main categories, with further grouping by overlapping
phenotypes. Antibody deficiencies include conditions like common variable immunodeficiency
(CVID), with or without known gene associations such as APDS, CD19, CD20, CD21, CD81, TACI,
BAFF receptor, TWEAK, IKAROS, and CIN85. Other immunoglobulin (Ig) deficiencies—such as
isolated IgG subclass deficiency, selective IgA or IgM deficiency, and specific antibody deficiency are
also listed [114]. Although not formally recognized, selective IgE deficiency has been suggested by
recent studies and considered in this review [115-118].
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Because immunoglobulin-deficient responses are the IEI most often linked to asthma and may
offer therapeutic benefits, this review will focus on these processes.

4.2.2. Immunoglobulins

Immunoglobulins, or antibodies, are glycoproteins made by plasma cells. B cells respond to
immunogens, such as bacterial proteins, by differentiating into plasma cells that produce antibodies
for humoral immunity against various pathogens and antigens. Antigens bind to B-cell receptors,
triggering antibody synthesis specific to the stimulating antigen. Each B cell clone produces a unique
immunoglobulin, and memory B cells ensure rapid responses upon re-exposure to the same antigen.
Circulating antibodies recognize antigens in body fluids and serum. There are five types of
immunoglobulins in humans: IgM, IgG, IgA, IgE and IgD [119].

Immunoglobulins consist of two light and two heavy chains, arranged in a light-heavy-heavy-
light structure. The heavy chains vary among classes and have an Fc region for biological functions
(like binding to cell receptors) and Fab regions with antigen-binding sites. Chains are organized into
domains: heavy chains have 4-5 domains, light chains have two. The three hypervariable regions in
each V domain of both chains form two antigen-binding sites per monomer. Antibodies perform
multiple roles, including complement activation, opsonization, microbial attachment prevention, and
neutralization of toxins and viruses [120].

4.2.3. Immunoglobulin Deficiencies and Asthma

Immunoglobulin deficiencies are conditions where serum Igs levels are abnormal or immune
responses are insufficient despite normal Igs levels.

Common variable immunodeficiency (CVID) and asthma. CVID is a primary humoral
immunodeficiency marked by low IgG, IgA, or IgM levels and frequent sinopulmonary infections,
autoimmune issues, granulomatous disease, increased cancer risk, and poor antibody responses. As
the most common symptomatic primary immunodeficiency worldwide, CVID encompasses diverse
hypogammaglobulinemia syndromes caused by various genetic defects. "Variable" describes its wide
range of clinical presentations [128]. Common variable immunodeficiency (CVID) is diagnosed when
no monogenic cause is found; if a specific mutation is detected in patients with CVID-like symptoms,
they are reclassified as having a CVID-like disorder due to that mutation [121].

Reported rates of asthma diagnosis in CVID patients differ considerably; some studies do not
include asthma [122, 123], while others report rates between 22.2% and 42.1% [124-127]. This disparity
is due to diverse patient presentations under CVID umbrella, influenced by IgG and IgA deficiencies,
the latter being linked to higher rates of atopy and asthma [128]. Asthma is often diagnosed clinically
based on symptoms like cough, dyspnea, and wheezing, which may also occur in other airway
diseases such as COPD or bronchiectasis [127,129]. Therefore, it is important to consider alternative
causes of obstructive lung disease in CVID, as some cases may be misdiagnosed as asthma. The
application of diagnostic tests, such as assessments for bronchial hyperresponsiveness, tends to lead
to a reduced rate of asthma diagnoses based on clinical manifestations [127, 130].

Recent reports show that CVID can affect asthma patients who do not respond to standard
treatments, including biologics [131-133]. Diagnosing CVID and starting gammaglobulin therapy led
to significant improvements in symptoms, fewer infection-related flare-ups, and better lung function
[131-134].

Selective 1gG deficiency and asthma (SIgGD). Research indicates that CVID and sIgGD have
distinct disease profiles; CVID is associated with immune dysregulation and greater immune
impairment. Asthma has not been seen among the diseases affecting individuals with sIgGD [123].

19G subclass deficiency (IGGSD) and asthma. 1gG subclass deficiency (IgGSD) is characterized by
frequent or severe upper or lower respiratory tract infection, one or more subnormal IgG subclass
level(s) unexplained by other causes, and decreased IgG response to pneumococcal polysaccharide
vaccination. IgG1 accounts for approximately two-thirds of total IgG; therefore, individuals deficient
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in this subclass often have low total IgG and may also be classified as having IgG deficiency. The
most often observed isolated IgG subclass deficiencies are IgG2 or IgG3 [135].

Studies examining the relationship between IgG subclass deficiencies and asthma present
differing results. Asthma was diagnosed in 18% of patients with subnormal IgG1 and 28.3% of those
with both IgG1 and IgG3 deficiencies [135]. Reduced IgGl1 levels were noted in 22% of patients with
brittle asthma and 18.2% with infective asthma exacerbations, but not by those with well-controlled
asthma [136]. “Brittle Asthma” refers to unpredictable, severe attacks linked to fluctuating peak
expiratory flow [137]. Another study found 23.5% of subjects with selective IgG3 deficiency had
asthma [138].

Several open-label studies have found that gammaglobulin replacement therapy is associated
with clinical outcomes such as improvement in infection-related asthma exacerbation, asthma
control, and quality of life [138-140]. Additionally, in patients with non-T2 asthma, the therapy
appears to increase Th2 markers like blood eosinophils, which suggests that gammaglobulin therapy
may influence asthma phenotype [139].

Specific antibody deficiency (SAD) and asthma. SAD is a primary immunodeficiency disease
characterized by normal IgA, IgM, total IgG, and IgG subclass levels, but with recurrent infection and
diminished antibody responses to polysaccharide antigens following vaccination. However, there is
a lack of consensus about the diagnosis and treatment of SAD, and its clinical significance is a matter
of debate [141].

A multicenter observational study of 55 adult patients with SAD found that 21 individuals (38%)
had a history of allergic or inflammatory conditions, primarily asthma (21.8%) [142]. SAD has been
categorized into four subtypes—severe, moderate, mild, and memory—according to the degree of
non-responsiveness to polysaccharide vaccines [143]. In a recent retrospective analysis of 595 patients
with chronic rhinosinusitis (CRS) assessed for humoral immunodeficiency, SAD emerged as the most
prevalent immune deficiency (24.2%), followed by CVID (5.9%). Severity stratification of SAD in
these patients classified 45% as mild, 40% as moderate, and 15% as severe. Among the 136 CRS
patients with asthma, the severity of asthma was also evaluated. Results indicated that patients
diagnosed with moderate or severe SAD were more likely to exhibit moderate to severe asthma
compared to those with mild SAD, according to established guidelines [144].

A retrospective analysis of 20 patients with difficult-to-treat asthma and laboratory-confirmed
SAD found that intravenous immunoglobulin replacement therapy was associated with reduced
morbidity, fewer hospitalizations, less steroid use, and fewer respiratory infections [145].

Selective IgA deficiency (SIgAD) and asthma.

SIgAD is the most common inborn error of immunity (IEI), with prevalence rates among blood
donors ranging from 1:163 in Spain and 1:143 in the Arabian Peninsula to 1:4100 in China and 1:18,550
in Japan [146, 147]. A study conducted by the World Allergy Organization (WAO) indicated that
SIgAD is the second most prevalent primary immunodeficiency (PID) associated with allergies [148].
In addition to low serum IgA, SigAD patients have reduced secretory IgA, making them susceptible
to recurrent bacterial infections. The lack of mucosal IgA also increases exposure to aeroallergens and
food antigens, which may promote allergies [149].

According to a recent meta-analysis, the pooled prevalence rates for asthma, allergic rhinitis,
and allergic conjunctivitis in patients with SIgAD were 19.06%, 15.46%, and 11.68%, respectively
[150]. In another more recent study not included in the previously mentioned meta-analysis,
respiratory allergies—particularly rhinitis—were reported in 97.8% of patients, with asthma
occurring in 67% [151]. Additionally, SIgAD was identified in 3.8% of individuals with severe asthma
[152].

Selective IGM deficiency (SIgMD) and asthma. SIgMD is marked by low or absent IgM levels. Some
individuals show no symptoms, while others experience issues like chronic sinusitis, respiratory
infections, or pneumonia [153, 154]. Studies report SIgMD prevalence in healthy people between
0.03% and 0.37% [155, 156].
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About one-third of people with SIgMD have autoimmune diseases and 30-45% experience
asthma or allergic rhinitis [157-161].

There is currently no definitive data on the optimal therapeutic management of SIgMD.
Immunoglobulin therapy may be considered for patients experiencing recurrent or severe infections
[162]. The impact of this therapy on asthma has not been set up.

Selective IgE deficiency (SIQED) and asthma. IgE is present in the lowest concentration in serum
among Igs and has a shorter half-life compared to IgG (approximately 2 days versus 21 days). It
circulates in the bloodstream and attaches to cells by interacting with its receptors, FceRI and CD23.
The high-affinity receptor, FceRlI, is primarily expressed on mast cells and basophils. When bound to
FceRlI, IgE can remain for several weeks to months. Crosslinking of IgE attached to FceRI leads to
aggregation of these receptors, which triggers the release of preformed mediators from mast cells and
basophils, resulting in immediate hypersensitivity reactions [163].

A systematic review of seven adult studies indicates that healthy individuals typically exhibit
lower reference limits for IgE ranging from 0.7 to 5.7 kU/L [164]. Decreased serum IgE levels are
frequently observed in conjunction with other immunoglobulin deficiencies; therefore, additional
diagnostic evaluation is advised when low IgE concentrations are found [165]. Most of the research
defines low IgE as values below 2.5 IU/mL, which is the lowest detection limit achievable using
standard laboratory methodologies.

Selective IgE deficiency has not been recognized or included among the immunoglobulin
deficiencies listed in IEIS. Nevertheless, both earlier [166,167] and more recent studies have
demonstrated that isolated low levels of IgE are associated with autoimmune and autoinflammatory
conditions, allergies, increased susceptibility to infections, and malignancym[115, 116,118,168-174].
Patients with sIgED respond less to polysaccharide vaccines than healthy controls, indicating an
immunodeficiency that may raise infection risk [175].

SIgED has also been linked to a higher prevalence of non-allergic reactive airway diseases—
including rhinorrhea, nasal congestion, dry cough, and/or wheezing (73% compared with controls)
[166] —as well as asthma or hyperreactive airway disease in children 26.5% vs. 6.8% in controls [167].
Other research has reported varying prevalences of asthma, ranging from 3.59% to 38.9% [170], which
underscores the limitations inherent in these retrospective studies and highlights multiple sources of
bias, including the methods employed to set up an asthma diagnosis. More prospective studies
involving broader populations are required to clarify the role of SIgED in the development of
pathologies commonly linked to immunodeficiencies. Such research may determine whether SIgED
should be classified among current antibody deficiencies.

5. Asthma, Infections, Immunity and Therapies

Respiratory viruses significantly contribute to asthma development and exacerbations, while
bacterial infections can also cause ongoing airway inflammation and can contribute to attacks [1-3, 9-
12, 22-23, 31-34]. Multiple deficiencies in the innate and adaptive immune systems increase the
susceptibility of individuals with asthma to more frequent and persistent lung infections compared
to those without asthma [64-68,72,74,77-79,81,84,101,109]. Since infections are highly relevant to
asthma, effective treatment should target immune deficiencies to lower the rate and intensity of
exacerbations caused by pathogens.

Potential mechanisms underlying the efficacy of antiasthmatic agents—including
corticosteroids, antibiotics such as azithromycin, and emerging biological therapies—are as follows:
1. Reduction of inflammation and restoration of airway epithelial integrity enhances nonspecific
innate defences, such as mucociliary clearance, defensin production, and macrophage activity. 2.
Augmentation of specific antiviral defence mechanisms, particularly through increased interferon
activity. 3. Enhancement of adaptive immune responses by modulating dendritic cell function,
lymphocyte activity, and immunoglobulin production.

Research indicates that low-dose inhaled corticosteroids (ICS) are associated with reductions in
exacerbations and asthma-related mortality rates [176,177]. When a long-acting 2-agonist (LABA) is
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added to ICS, there is further decrease in the frequency, severity, and duration of exacerbations [178].
Since viruses are estimated to be responsible for 50%-70% of all exacerbations, it is plausible that the
incidence of virus-induced exacerbations could also be reduced [179,180].

Maintenance ICS lowered RV (especially RV-C) detection rates in school-age asthma inpatients,
while CS treatment had no effect on overall viral detection. This suggests ICS may specifically
suppress RV-C-induced immune responses, helping to prevent exacerbations [181].

The mechanisms through which corticosteroid therapy mitigates or prevents virus-induced
asthma exacerbations are diverse. In vitro research has demonstrated that corticosteroids inhibit
cytokine release induced by rhinovirus and respiratory syncytial virus (RSV) [180-184]. In allergic
individuals a T2-skewed immune environment—marked by elevated IL-4, IL-5, and IL-13—can
suppress IFNs production, impair the function of dendritic cells and NK cells, and compromise
epithelial barrier integrity, thereby diminishing the innate antiviral and antibacterial host defense
response [62, 184, 185]. Furthermore, exposure to T2 cytokines may attenuate antiviral interferon
responses in respiratory epithelial cells following viral exposure [186]. Corticosteroid treatment is
known to suppress both allergic and non-allergic type 2 inflammation [187] and enhance the antiviral
activity of eosinophils [188]. Overall, these findings indicate that several mechanisms participate in
the effectiveness of corticosteroids in reducing virus-induced asthma exacerbations.

Long-term, low-dose azithromycin as an adjunct therapy has been shown to reduce asthma
exacerbations and improve quality of life in adults with persistent, uncontrolled asthma, including
those with severe forms and both eosinophilic and non-eosinophilic phenotypes [189, 190]. In
individuals with severe asthma who continue to experience exacerbations despite biologic therapy,
the addition of azithromycin was associated with a significant decrease in both steroid- and
antibiotic-requiring events, as well as notable improvements in asthma control [191,192].

The anti-asthmatic effects of azithromycin are not fully understood, but may include
antibacterial actions [191], antiviral activity through enhanced IFNs release [192, 193] and reduced
virus replication [194], as well as immunomodulation by lowering proinflammatory cytokines such
as TNF [195] and IL-5 [196]. Macrolide resistance was seen to increase with prolonged, low-dose
azithromycin therapy and should be taken into account during decision-making processes [191].

Biological therapies for asthma include omalizumab (IgE), mepolizumab and reslizumab (IL-5),
benralizumab (IL-5 receptor), dupilumab (IL-4/IL-13 receptor), and tezepelumab (TSLP).

Omalizumab is a monoclonal antibody that binds to free IgE in the bloodstream, preventing its
interaction with mast cells and reducing allergic responses. This action helps control allergic asthma
symptoms, decreases asthma attacks, and lowers the need for corticosteroids and emergency care
[197, 198]. Additionally, omalizumb has been shown to reduce tissue eosinophilia [199].
Importantly omalizumab reduces the peak of seasonal exacerbations caused by viral infections in
both children and adults [200-204].

Omalizumab's antiviral effects are, at least in part, linked to its ability to enhance virus-induced
IFN-a responses from peripheral blood mononuclear cells in children with exacerbation-prone
asthma. [205]. Increased IFN-a production correlates with lower asthma exacerbation rates and
reduced FceRIla expression in pDCs, especially when IgE is cross-linked [201,205]. These results
support the finding that allergic sensitization contributes to increasing susceptibility to virus-induced
asthma exacerbations [206].

Mepolizumab and reslizumab are humanized monoclonal antibody against interleukin-5, a
cytokine involved in the development, recruitment and activation of eosinophils. Both anti-IL-5 are
indicated in the treatment for severe eosinophilic asthma, and significantly improve asthma control,
reduce exacerbation rates, enabling reduction of oral corticosteroids, and improve quality of life in
patients with high baseline blood eosinophil counts [207, 208]. These biologics with anti-eosinophilic
significantly reduce asthma exacerbations in patients with severe asthma [209-214].

While lower eosinophil levels could theoretically increase viral infections and asthma attacks,
anti-eosinophilic biologics have not shown this effect. Anti-IL-5 treatments such as mepolizumab
lower asthma exacerbations during autumn, when respiratory viruses are prevalent, in both children
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and adults [212,214]. A direct antiviral effect of anti-IL-5 remains possible, as lowering eosinophil
levels has been associated with increased IFN-a release in experimental models indicating that IL-5
inhibition may have antiviral effects [215]. Additionally, mepolizumab enhanced circulating natural
killer cells and secretory IgA production [216]. Finally, reduced eosinophil inflammation may result
in less airway inflammation and stronger epithelial defenses [217].

Benralizumab is a humanized antibody that targets and inhibits extracellular IL-5Re, thereby
blocking IL-5 signaling. It also interacts with FcRyIlla on natural killer cells and macrophages, easing
the apoptosis of eosinophils and basophils through antibody-dependent cell-mediated cytotoxicity
[218].

Benralizumab significantly reduced asthma exacerbations in all seasons for patients with severe
eosinophilic asthma compared to placebo, suggesting that lowering eosinophilic inflammation
decreases exacerbations, even during periods of frequent virus-induced attacks [219-221]. Like
mepolizumab, benralizumab also boosted rhinovirus-induced IFN-a secretion, transcription, and
basal IFN-stimulated gene expression in isolated pDCs [215].

Collectively, these observations indicate that reduced eosinophil numbers or even eosinophil
depletion do not adversely affect antiviral defense mechanisms in severe eosinophilic asthma.

Dupilumab targets the alpha subunit of the IL-4 receptor, inhibiting both IL-4 and IL-13
signalling, which reduces T2 inflammation [222]. Studies have shown that treatment with dupilumab
is associated with long-term efficacy in reducing asthma exacerbations and decreased respiratory
infections throughout all seasons compared to placebo [223-225]. Dupilumab-mediated reduction of
T2 inflammation may contribute to lower rates of virus-induced exacerbations [225]. Additionally,
reduced T2 inflammation could improve epithelial barrier function. Evidence indicates that
dué6ilumab can help restore cilia function in both healthy individuals and those with asthma [227].
Dupilumab treatment has been linked to an increase in serum club cell secretory protein 16 (CC16),
along with improvements in asthma symptoms, quality-of-life scores, FEV1, and frequency of
exacerbations [227]. CC16 is produced by_club cells in the airways and functions as both an anti-
inflammatory and protective mediator [228].

Tezepelumab is a biological therapy for severe, uncontrolled asthma that works by blocking the
TSLP receptor [229]. It has shown significant reductions in asthma exacerbations and improvements
in lung function and quality of life in uncontrolled severe asthma versus placebo including
eosinophilic and non-eosinophilic asthma [230-233]. Tezepelumab treatment results in reductions of
asthma exacerbations during each calendar season compared to placebo [233]. Like other biologics,
tezepelumab may prevent viral-induced asthma exacerbations through multiple mechanisms.
Research indicates that tezepelumab blocks TSLP, reducing airway inflammation such as IL-33 and
T2 cytokines in asthma patients exposed to viruses, while preserving antiviral immunity [234]. Viral
infections decrease IgA antibody production by epithelial cells—key for neutralising viruses at
mucosal surfaces—a reduction that tezepelumab can prevent [235].

Taken together, these results suggest tezepelumab helps stabilize the bronchial immune
response to respiratory viruses by targeting TSLP.

In summary, studies indicate a significant reduction in asthma exacerbations with the use of
biological therapies, even during periods of increased respiratory viral activity. These therapies lower
susceptibility to respiratory virus infections through complex mechanisms, including inhibition of
the T2 inflammatory pathway [200,215,222,234], enhancement of airway barrier defense functions
[227,228], augmentation of virus-induced interferon (IFN) responses [201,205,215,234] and enhancing
NK circulating cells and increase in IgA secretion [216, 235],

6. Discusion

Infections caused by viruses and other pathogens are recognized as factors in both the
development and worsening of asthma [1-3, 9-13]. Patients with either innate or adaptive immune
deficiencies may be more susceptible to these infections Such immune deficiencies can occur
independently or as a result of the inflammatory processes associated with asthma [61,62,64-
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68,72,78,79,84,93,101,106,108,109,115-118,124-128,130,131 144, 152,159,160, 167, 168,171]. Individuals
with severe or poorly controlled symptoms may have an underlying immunodeficiency, including
possible deficiencies in certain immunoglobulin classes, which could contribute to limited responses
to antiasthma therapies, such as biologic treatments Immunoglobulin administration has shown to
effectively improve asthma control in patients with asthma associated to diverse subtype of
immunoglobulin deficiencies [131-133,135,137-139,144,161]. Additionally, asthma phenotype can be
modulated by respiratory infections in immudeficient patients and treatment with immunoglobulin
[93, 138]

Few studies have systematically explored immunodeficiencies in asthma. In one, 5.49% of 2,866
asthma patients had primary immunodeficiencies, mostly IgG3 subclass deficiency (58%), which
raised their risk of exacerbation by 1.6 times. Among those with IGGSCD, 23.3% also had SAD,
though some had only IGGSCD [236].

A recent study found that individuals with both asthma and primary immunodeficiencies tend
to experience more severe conditions and more frequent exacerbations [237].

Despite all these observations, the potential mechanisms involved in the increased susceptibility
to infection has been rarely be investigated or diagnosed in studies performed in the whole asthma
population or in the severe asthma subgroup.

A review of numerous cohort studies on asthma shows that assessment of immunodeficiencies
for determining the pheno/endotype or to partially explain asthma severity is not included among
the comorbidities considered to influence asthma classification and therapeutic response [238-242].

A U-BIOPRED study reported that severe asthma patients who do not respond to high-dose ICS
frequently exhibit characteristics such as rhinosinusitis, nasal polyps, obesity, underweight status,
sleep apnoea, a history of reflux, vocal cord dysfunction, cardiovascular disease, eczema, and atopy.
These findings indicate areas where asthma control may be addressed. Inmunodeficiencies were not
evaluated in this cohort [242].

A SARP study found respiratory viruses in 24% of asthma sputum samples, with high viral
presence linked to a 14-fold higher risk of T1-high disease. Corticosteroid-associated improvements
in FEV1 occurred only in patients with T1-low/T2-high disease and not in patients with T1-high/T2-
high disease [243]. Another study from the same cohort found that the history of pneumonia was a
stronger risk factor for severe asthma. The authors indicate that this finding calls for further research
into possible changes in innate immune mechanisms shared by both conditions [244].

However, further research on immune mechanisms has not been systematically conducted in
these large patient cohorts with varying severity. The lack of data explains why immune deficiencies
are not typically listed among comorbidities in the latest asthma guidelines for patients who respond
poorly to treatment [7].

7. Conclusions

Evidence suggests that asthma may be associated with primary immunodeficiencies, which can
increase susceptibility to infections and potentially affect asthma symptoms and severity. Despite
their possible influence on the development and progression of the disease, there is limited
information on the prevalence, clinical relevance, and therapeutic options for various
immunodeficiencies.

Serum immunoglobulin level measurement is commonly used when an immune deficiency is
suspected; however, it is not typically recommended by asthma guidelines for patients with severe
asthma or frequent respiratory infections. Early identification is important for implementing effective
treatment strategies that may improve asthma management and prevent further progression. Many
individuals with immunodeficiencies remain undiagnosed.

Therapies such as azithromycin and immunoglobulin replacement have shown effectiveness in
improving asthma control, decreasing infection-related exacerbations, and enhancing quality of life
in patients who do not respond well to standard asthma treatments.
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Given the significance of immunodeficiencies in asthma and the potential influence of their
treatment on disease progression, it is essential to conduct research that can broaden our limited
understanding of this topic. Such studies may enhance our knowledge of the onset and development
of asthma and contribute to improved management, especially for patients with severe forms of the
disease.
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