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Purpose of review

Asthma exacerbations are associated with substantial symptom burden and healthcare costs. Viral
infections are the most common identified cause of asthma exacerbations. The epidemiology of viral
respiratory infections has undergone a significant evolution during the COVID-19 pandemic. The
relationship between viruses and asthmatic hosts has long been recognized but it is still incompletely
understood. The use of newly approved asthma biologics has helped us understand this interaction better.

Recent findings

We review recent updates on the interaction between asthma and respiratory viruses, and we address how
biologics and immunotherapies could affect this relationship by altering the respiratory mucosa cytokine
milieu. By exploring the evolving epidemiological landscape of viral infections during the different phases
of the COVID-19 pandemic, we emphasize the early post-pandemic stage, where a resurgence of pre-
pandemic viruses with atypical seasonality patterns occurred. Finally, we discuss the newly developed RSV
and SARS-CoV-2 vaccines and how they reduce respiratory infections.

Summary

Characterizing how respiratory viruses interact with asthmatic hosts will allow us to identify tailored
therapies to reduce the burden of asthma exacerbations. New vaccination strategies are likely to shape the
future viral asthma exacerbation landscape.
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Asthma exacerbations are episodes of worsening
symptoms inpatients suffering fromasthma.Asthma
exacerbations not only lead to worsening symptoms
that impact patients’ quality of life, but are also
associated with decrease in lung function over time,
substantial healthcare costs and missed workdays.
Systemic corticosteroids are the main treatment for
asthma exacerbations potentially exposing patients
to their numerous side effects. The majority of the
asthma-related deaths occur in the setting of an
exacerbation, and severe exacerbations can also hap-
pen in patients who have mild asthma [1].

Asthma exacerbations often follow an infectious
or allergen trigger. Viral infections are the leading
identified culprit, especially in the setting of increas-
ing use of highly sensitive PCR assays. Viral respi-
ratory infection-related asthma exacerbations (VAE)
tend to have higher severity than exacerbations
caused by other triggers. The pathogenic interac-
tions between asthma and a viral infection leading
to the exacerbation of symptoms have long been
recognized [2]. In this article, we will review recent
uthor(s). Published by Wolters Kluwe
interaction and how new asthma biologic therapies
could affect it. We will also explore the epidemio-
logical changes in the viral infection landscape that
occurred during the COVID-19 pandemic and in
the current early postpandemic phase. Finally, we
will discuss the implications of the new respiratory
syncytial virus (RSV) and severe-acute-respiratory-
syndrome-related coronavirus-2 (SARS-CoV-2) vac-
cines in preventing VAE.
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KEY POINTS

� The relationship between viral infections and asthma is
still incompletely understood, but the use of newly
approved asthma biologics has helped better
understand this interaction and increase antiviral
immunity that can prevent viral asthma exacerbations.

� The viral respiratory infection landscape has evolved
during the COVID-19 pandemic, with SARS-CoV-2
representing most of the respiratory isolates during the
peak of the pandemic. However, in the early
postpandemic stages we have seen a resurgence of
prepandemic viruses with atypical seasonality patterns.

� The development of new vaccines against RSV and
SARS-CoV-2 can reduce the likelihood of infection and
severe illness in patients with asthma.

Asthma
HOW ASTHMA FACILITATES VIRAL
INFECTIONS AND HOW BIOLOGIC
THERAPIES COULD REGULATE THIS
INTERACTION

Individuals with asthma, especially those with Th2
endotypes, have impaired antiviral responses mak-
ing them more susceptible to respiratory viral infec-
tions [3,4

&

]. Moreover, concomitant exposure to
allergens and respiratory viruses has a deleterious
synergistic effect in clinical outcomes [5]. At least
two mechanisms for this synergy have been identi-
fied: allergen-bound immunoglobulin E (IgE) inhib-
its the type I interferon production by the
plasmacytoid dendritic cell and suppressor of cyto-
kine signaling 1 (SOCS-1) produced by type 2T
helper (Th2) and innate lymphoid cells (ILC-2)
inhibits the production of antiviral interferons by
type 1T helper (Th1) cells and epithelial cells [6].
Porsbjerg et al. [7

&

] recently showed that atopic vs.
nonatopic asthma vary in how bronchial epithelial
immune cells respond to viral infections. The fact
that allergen immunotherapy improves antiviral
responses at the mucosal site further enhances the
evidence that Th2 inflammation is associated with
lower antiviral activity [8

&

].
Following respiratory viral infections, people

with asthma have a delayed but prolonged upregu-
lation of Th2 cytokines. Liu et al. [9

&&

] showed that
interferons peak at day 3, whereas the Th2 cytokines
interleukins (IL) 4 and 5 peak at day 8 post symptom
onset. This could explain the lingering postinfection
airway symptoms commonly seen in patients with
asthma. There is also a reciprocal pathogenic mech-
anism perpetuating the cycle of viral infection and
airway inflammation. In the postinfectious period,
patients are at an increased risk for noninfectious
asthma exacerbations since viruses damage the
288 www.co-pulmonarymedicine.com
airway epithelial barrier, thereby opening the door
for allergens and irritants to trigger subsequent exac-
erbations [10].

The pathogenesis of VAE is molecularly distinct
from asthma exacerbations from other causes. Using
a systems-scale network analysis, Altman et al.
described different cellular transcriptional pathways
in VAE versus nonviral asthma exacerbations. They
also showed that the use of systemic corticosteroid
corrected only certain pathways altered during
the asthma exacerbations [11]. It would be interest-
ing to see how different asthma biologics affect
these pathways.

The use of asthma biologics can not only control
Th2 inflammation and stabilize the integrity of the
respiratory epithelium in patients with asthma, but
also indirectly increase antiviral immune responses,
as recently reviewed by Efthimiou et al. [12]. Specif-
ically, biologics inhibiting the IL-5 cytokine path-
way (benralizumab, mepolizumab, and reslizumab)
increase expression of toll-like receptor-7 (TLR-7)
that is essential to recognize viral single-stranded
RNA in endosomes. Dupilumab, through inhibition
of the IL-4 cytokine pathway, reduces expression of
SOCS-1 and enhances Th1/antiviral interferon
responses. Omalizumab (through direct blocking
of IgE) and dupilumab (by indirectly inhibiting
IgE plasma cell differentiation) reduce the IgE-medi-
ated inhibition of interferon secretion by plasmacy-
toid dendritic cells (pDCs). See Table 1.

Benralizumab is anti-IL-5 receptor alpha (IL-
5Ra) mAb with antibody-dependent cellular cyto-
toxic properties that induces natural killer cell and
macrophage activation [13

&

]. It rapidly depletes
eosinophils, making it a good candidate to use in
the acute setting of asthma exacerbations. This drug
has been applied successfully in cases of acute
asthma exacerbations, but further studies would
be needed to evaluate the safety and efficacy of this
off-label use [14].

Dupilumab, an anti-IL4 receptor alpha (IL-4Ra)
mAb that blocks signaling of the IL-4 and IL-13
pathways, increases antiviral interferons and has
been recently associated with improved clinical out-
comes in SARS-CoV-2 infection [15

&&

]. Moreover,
dupilumab can reduce herpes simplex virus-1
(HSV-1) infection in patients with atopic dermatitis
by decreasing HSV-1-specific IgE levels and increas-
ing numbers of HSV-1-specific cytotoxic T cells with
enhanced interferon gamma production [16].

Although asthma biologics targeting IgE, IL-4,
and IL-5 pathways likely increase innate antiviral
mediators in the setting of viral infections, we have
shown that patients on these asthma biologics have
decreased adaptive immune responses to SAR-CoV-2
mRNA vaccines [17

&

].
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Table 1. Proposed mechanisms of how asthma biologics can increase antiviral responses

Biologic Target Proposed mechanism of boosting antiviral responses

Omalizumab IgE Allergen-bound immunoglobulin E (IgE) inhibits antiviral type I interferons produced by
plasmacytoid dendritic cell (pDC). Blocking IgE prevents inhibition of pDC and
enhances type I interferon secretion.

Mepolizumab (IL-5), reslizumab
(IL-5), benralizumab (IL-5Ra)

IL-5/IL-5Ra Toll-like receptor-7 (TLR-7) is crucial in recognizing viral single stranded RNA in
endosomes. Interleukin-5 (IL-5) reduces expression of toll-like recptor-7 (TLR-7). Blocking
IL-5 or its receptor (IL-5Ra) restores TLR-7 expression.

Dupilumab IL-4Ra Suppressor of cytokine signaling-1 (SOCS-1) inhibits Th1 responses and is stimulated by
Th2 cytokines in particular interleukin 4 (IL-4). By blocking IL-4 pathway there is a
reduces production of SOCS-1 and therefore a stronger antiviral Th1 response.

Additionally, IL-4 is necessary for IgE class switching of B cells and IgE plasma cell
differentiation. By inhibiting IL-4, dupilumab reduces IgE levels and boosts type I
interferon production by pDC.

Tezepelumab TSLP Thymic stromal lymphopoietin (TSLP) is an upstream alarmin secreted with the respiratory
epithelial cells in the presence of infection or allergen. Inhibiting TSLP reduces
downstream Th2 inflammation and might help stabilize the respiratory epithelium but
does not change interferon levels. Unlike the other asthma biologics that increase
interferon levels and therefore antiviral immunity, it seems that tezepelumab may have a
more neutral effect towards viral infections.

Viral infections causing asthma exacerbations Lamothe et al.
Tezepelumab is the newest asthma biologic
approved for clinical use. It is a monoclonal anti-
body against thymic stromal lymphopoietin (TSLP),
an upstream alarmin implicated in the asthma
pathogenesis that is secreted by the airway epithelial
cells. Sverrild et al. [18

&&

] showed that tezepelumab
reduced secretion of IL-33, IL-4, IL-13, and IL-17A by
the bronchial epithelial cells, while the antiviral
type-I and type-III interferons remained unchanged.
Furthermore, in an in-vitro RSV infection, the viral
loads remained unchanged. Therefore, unlike the
other asthma biologics that increase interferon lev-
els and therefore antiviral immunity, it seems that
tezepelumabmayhave amore neutral effect towards
viral infections. However, IL-33 has recently been
found to drive the neutrophilic inflammation and
NETosis in the early phases of the VAE [19], and so
whether tezepelumab affects this pathogenic mech-
anism is still unclear.
EPIDEMIOLOGY OF RESPIRATORY VIRAL
INFECTIONS: FROM PRE TO POST COVID-
19 PANDEMIC

The epidemiology of viral isolates in asthma exacer-
bations has been less well studied than the overall
epidemiologyof respiratory viral infectionsduring the
pandemic years. In this section, we will discuss viral
infections during the different phases of the COVID-
19 pandemic, with an emphasis on the infection
patterns emerging in the early postpandemic phase.

Rhinovirus has classically been identified as the
most frequent culprit of viral asthma exacerbations
during the prepandemic phase [20]. However, the
1070-5287 Copyright © 2024 The Author(s). Published by Wolters Kluwe
epidemiology of viral infections has drastically been
impacted by the COVID-19 pandemic. At the end of
2019, SARS-COV-2 (the virus causing COVID-19
disease) had made its way to the United States,
and by 2021, it was classified as a pandemic causing
severe respiratory disease around the world. The
high infectivity of the SARS-CoV-2, along with lack
of prior immune exposure during the early stages of
the pandemic, created a perfect storm for the rapid
spread of this virus. In 2020, it rapidly took over
most of the respiratory infections identified, and
therewas a significant drop in non-SARS-CoV-2 viral
respiratory infections [21

&&

]. Overall rates of asthma
exacerbations during 2020 were lower than prepan-
demic levels, likely due to social distancing meas-
ures [22

&

]. SARS-CoV-2 infection worsens asthma
symptoms [23

&

], and prolonged airway symptoms
have also been identified as part of the post-COVID
conditions (also known as Long COVID) [24,25,26

&

].
As the SARS-CoV-2 virus spread and vaccines

became available worldwide, individuals developed
natural and/or vaccination-induced immunity. This
increasing immunity along with viral evolution that
allowed for more transmissible but less virulent
variants to emerge (i.e., variants from the Omicron
lineage) were associated with a decreased COVID-19
disease severity [27–29]. As a result, many precau-
tionary measures were lifted, allowing for a rapid
resurgence of other viral illnesses, including RSV,
rhinovirus, and influenza virus. A large proportion
of children and adults were hospitalized in the
months following the pandemic for viral illness,
namely RSV infections [21

&&

,30]. While RSV infec-
tion does not induce life-long immunity, there is
r Health, Inc. www.co-pulmonarymedicine.com 289



Asthma
temporary protective immunity following RSV
infection that creates a refractory period during
which a repeat infection is unlikely [31]. Because
there were very few RSV infections during the pan-
demic, once pandemic restrictions were relaxed, the
number of people susceptible to a new RSV infection
was much higher.

There has been a shift in seasonality of respira-
tory viral infections since the COVID-19 pandemic.
Daniels et al. [32] showed an increased RSV inci-
dence in New York City after lifting pandemic pre-
cautionary measures, and a change in the RSV
season onset from the winter months in prepan-
demic years to the fall months during 2021 and
2022. Another retrospective analysis found an
increased postpandemic incidence of influenza,
metapneumovirus, RSV, and rhinovirus. Not only
did the number of cases increase overall, but peak
incidence shifted drastically for certain viruses [33

&

].
Shifts in viral seasonality and peak infectivity were
noted, highlighting that viral competition may be
playing a role. A meta-analysis that examined the
prevalence of several respiratory viruses found that
the normal seasonal peaks for these viruses were
either shifted, less prevalent, or absent entirely dur-
ing 2021 compared to prior years [21

&&

].
Overall, the above changes in viral incidence

and seasonality were probably due to lifting precau-
tionary measures along with the lack of immune
exposure to other viruses during the SARS-COV-
2 pandemic.
Table 2. Summary of vaccine subtypes and their relative benefits

Type of vaccine Mechanism Pro

Protein Subunit Presents stabilized antigen to the
patient along with viral-like
particles (VLP), nanoparticles or
adjuvants to enhance immune
response

Lack viral ge
vaccine in
within the

Less biohaza
vaccine de

Good tempe

mRNA Vaccine Uses mRNA to instruct cells on how
to produce antigen specific
antibodies.

No biohaza
vaccine de

Fast develop
Produces hig

Mucosal Vaccine Uses inactivated adenovirus vector
or other virus vector to stimulate
immunogenicity and present
protein subunits.

May also be a live attenuated or
inactivated virus presented to
mucosal cells as well.

Stimulates bo
systemic im

Potential to d
severity of
progressio
diseases to
diseases.
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VIRAL INFECTION-RELATED ASTHMA
EXACERBATIONS: PREVENTION VIA
VACCINATION
A crucial way of preventing VAE is by avoiding viral
infections altogether via vaccination. Vaccines con-
fer the immunity necessary to prevent infection or
to reduce the severity of viral illness, and therefore
the frequency and severity the asthma exacerba-
tions. Moreover, vaccination often reduces the like-
lihood that an infected patient will spread the
disease, having public health benefits in addition
to the individual advantages of being immunized
[34

&

]. In this section, we discuss the technology and
the impact in viral illness of the recently developed
and FDA-approved SARS-CoV-2 and RSV vaccines.
Table 2 summarizes the advantages and disadvan-
tages of each vaccine technology described here.

In the past few years, we have witnessed the
rapid development of the mRNA vaccine technol-
ogy in its implementation in the setting of the SARS-
CoV-2 with impressive results [35]. Vaccine efficacy
in both mRNA vaccines was reported up to 90%
[36,37]. The widespread implementation of SARS-
CoV-2 vaccines led to the decline in death toll and
severe disease from COVID-19, thus emphazising
that mRNA vaccines are an effective option in pan-
demic scenarios. Resource-limited countries, how-
ever, could not safely use mRNA vaccines due to
refrigeration requirements for storage purposes.
Nanoparticle vaccines using Spike protein and adju-
vants to stimulate immune response have a similar
and drawbacks

Con

nome renders the
capable of replicating
patient.
rd concerns during
velopment.
rature stability.

Requires adjuvants for optimal
immunogenicity.

May need multiple doses for optimal
immunogenicity.

rd concerns during
velopment.
ment.
h vaccine titers.

Requires cold temperatures for optimal
storage.

Gradual decline in vaccine efficacy.

th mucosal and
munity.
ecrease viral shedding,
disease and
n of upper respiratory
lower respiratory

Adjuvants needed to break through
immune tolerance.

Research still needed focusing on
effective antigen delivery,
immunogenicity, and stimulation of
both mucosal and T-cell immune
responses.

Durability and combination efforts with
other vaccine subtypes is not fully
understood either.
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Viral infections causing asthma exacerbations Lamothe et al.
efficacy to mRNA vaccines, but also require refrig-
eration for storage [38

&

]. Inactivated SARS-COV-2
vaccines proved to be an effective alternative vacci-
nation strategy, preventing infection in more than
90% of cases [39], though they had much slower
production times than mRNA vaccines [40]. Depite
the success of vaccination against SARS-COV-2, the
protective immunity generated by the vaccines is
temporary [41

&

]. Questions remain whether the
short-lived immunity is due to the mRNA technol-
ogy, the strutural nature of the SARS-CoV-2 Spike
antigen [42], or both.

RSV vaccine efforts date back to the 1960 s, with
initial vaccination development mimicking that of
the Polio vaccines using a formalin-inactivated adju-
vanted vaccine approach. The original RSV vaccine
candidate was unfortunately associated with higher
disease severity and death upon subsequent natural
infection with RSV, despite inducing a four-fold or
greater rise in serum neutralizing antibodies [43,44].
Since then, five decades have been devoted to RSV
research in vaccination. Throughout this time, it has
beenascertained that the twosurfaceproteinsFandG
are responsible for creating neutralizing antibodies.
The focus for vaccine development was placed on
Protein F because this protein has less genetic varia-
tion [45]. Since then, studies with protein subunit
vaccines specifically containing stabilized prefusion
Protein F showed 10-fold boosts in neutralizing anti-
bodies compared to baseline in animal models [46].
These developments eventually opened the door
once again for human trials with RSV subunit vac-
cines. In 2023, two RSV vaccines were approved, a
bivalent recombinant subunit vaccine and an adju-
vanted subunit vaccine to the prefusion Protein F,
both of which were up to 90% effective against RSV
infection [47,48

&&

]. Additionally, in late 2023, an
mRNA vaccine in phase II-III clinical trials had a
promising preliminary efficacy of up to 83% [49

&&

].
These protein subunit vaccines are currently
approved for adults 60years and older and preganant
women and will hopefully get approved for patients
with cardiopulmonary disease, which would include
patients with asthma. Nevertheless, it will take years
to understand the full beneficial impact of RSV vac-
cines on asthma exacerbation rates.

With systemic vaccines, there are questions
whether they actually induce sterilizing immunity.
Since most respiratory pathogens gain infectivity by
breaking the mucosal barrier, providing mucosal
immunity would be an early line of defense in
preventing infection and therefore transmission to
others [50]. Benefits include increasing IgA produc-
tion and local mucosal immunity to inhibit viral
shedding and preventing the spread from upper
respiratory infection to lower respiratory infection
1070-5287 Copyright © 2024 The Author(s). Published by Wolters Kluwe
[51]. Recombinant SARS-CoV-2 viral based mucosal
vaccines have shown clinical efficacy and are cur-
rently being used outside the United States [52,53].
One study combined a mucosal vaccine with atte-
nuated viral intramuscular vaccines and found neu-
tralizing antibodies up to six times higher than
when using attenuate vaccine by itself [52].
Although additional studies are needed, perhaps
mucosal vaccines in combination with systemically
administered vaccines will provide more complete
protection by stimulating both systemic and
mucosal immunity.

There is evidence that influenza vaccination
reduces both rates of infection and asthma exacer-
bations [54]. More studies will be needed to see
wheather these newer SARS-CoV-2 and the RSV vac-
cines can also reduce rates of asthma exacerbations.
CONCLUSION AND FUTURE DIRECTIONS

Our understanding of the complex molecular inter-
actions between respiratory viruses and hosts with
asthma is constantly evolving. Asthma biologics
have revolutionized the treatment of asthma in
the past 15years. All FDA-approved asthma biolog-
ics have shown to significantly reduce rates of exac-
erbations. However, it is not clear if all asthma
biologics reduce incidence of VAE or if they prefer-
entially reduce the rates of asthma exacerbations
due to noninfectious causes. It is possible that bio-
logics improve antiviral immunity and increase
infection clearance, but most clinical studies that
evaluated the efficacy of biologics did not classify
exacerbations by cause and the trial with omalizu-
mab did not find differences in virus identification
between groups [55]. In our clinical practice, we
have experienced that our well controlled patients
on asthma biologics can occasionally exacerbate,
and when they do, it is frequently in the context
of a viral infection. However, detailed clinical stud-
ies should be designed to address this question. At
the same time, identification of the molecular
mechanisms of how different biologics impact the
interaction of asthma and viral infections at the
mucosal site will help clinicians tailor biological
therapies to individual patient endotypes.The viral
respiratory infection epidemiology has significantly
changed over the past few years, with SARS-CoV-2
accounting for most respiratory infections during
the COVID-19 pandemic. However, in the current
early postpandemic stages, we have started to see
other viruses re-emerge with high rates of infection
and atypical seasonal patterns. It would be interest-
ing to see how and when the postpandemic viral
epidemiology settles. The increasing global inter-
connectivity and climate change are likely to
r Health, Inc. www.co-pulmonarymedicine.com 291



Asthma
play a role in the viral infections and allergen expo-
sure in future decades. Finally, the design of new
vaccine technologies and the implementation of
intelligent immunization strategies will also dictate
the future landscape of viral infections.
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