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Theme Editorial

Perspectives in Respiratory Infections and the Lung

Anne M. Fitzpatrick, PhDa, and William W. Busse, MDb Atlanta, Ga; and Madison, Wis
Respiratory infections are common, usually involve the upper
respiratory tract, and, in most cases, are self-limited and well
tolerated. However, in at-risk patients with asthma, respiratory
tract infections can provoke symptoms and airflow obstruction
that may be profound and debilitating. Furthermore, when res-
piratory infections directly infect the lung, morbidity can be
significant and even lead to death. The scope, influence, and
contributions of respiratory infections to compromises in life-
sustaining function of the lungs have been dramatically, and
catastrophically, demonstrated with the ongoing coronavirus
disease 2019 (COVID-19) pandemic from severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2). For the readers of
the Journal of Allergy and Clinical Immunology: In Practice (JACI:
In Practice), the clinical implications of respiratory infections and
the lung are well known and appreciated, and encompass an
important component of clinical and research endeavors. The
resulting advances have led to greater mechanistic insights,
contributed to a greater recognition and appreciation of the ef-
fects of respiratory infections on the lung, and lastly, but most
important, improved patient outcomes. The 4 articles of this
thematic issue serve to underscore the importance of Respiratory
Infections and the Lung to readers of JACI: In Practice and serve
to provide information valuable in patient care

Respiratory infections are linked to many aspects of asthma’s
life cycle: early wheezing episodes, potential risks in the devel-
opment of asthma, and a major cause of exacerbations.1 Respi-
ratory infections closely linked to asthma pathogenesis and
pathophysiology include respiratory syncytial virus (RSV) and
rhinoviruses (RVs). Both RSV and RVs cause early-life wheezing
episodes. Whether these early-life infection-provoked wheezing
events contribute to, or cause an eventual development of,
asthma is not established, but ascertainment of these relation-
ships stresses the importance of respiratory tract infections to an
eventual expression of asthma and has identified other key risk
aDepartment of Pediatrics, Emory University School of Medicine, Atlanta, Ga
bDepartment of Medicine, Division of Allergy, Pulmonary and Critical Care
Medicine, University of Wisconsin School of Medicine and Public Health,
Madison, Wis

Conflicts of interest: A. M. Fitzpatrick declares that she has no relevant conflicts of
interest. W. W. Busse reports research support from the National Institutes of
Health (National Institute of Allergy and Infectious Diseases and National Heart,
Lung, and Blood Institute); and reports consultation/Advisory Board from/for
Sanofi, Regeneron, GlaxoSmithKline, AstraZeneca, and Novartis.

Received for publication January 21, 2022; accepted for publication January 21,
2022.

Corresponding author: William W. Busse, MD, University of Wisconsin Hospitals
and Clinics, 600 Highland Ave, Madison, WI 53792. E-mail: Wwb@medicine.
wisc.edu.

J Allergy Clin Immunol Pract 2022;10:694-6.
2213-2198
� 2022 Published by Elsevier Inc. on behalf of the American Academy of Allergy,
Asthma & Immunology

https://doi.org/10.1016/j.jaip.2022.01.026

694
factors—genetic determinants, environmental factors, and
immunoinflammatory generation—in determining links to
asthma pathogenesis. In contrast, the striking relationship of viral
respiratory infections to asthma exacerbations is firmly estab-
lished and provides a portrait of how respiratory viruses can affect
the generation of airway inflammation. Guided therapeutic
targets of this virus-induced inflammation may provide more
precise treatment.2

The health-altering consequences of respiratory infections on
the lung are largely determined by functions of the host’s
immune-protective response. Patients with primary immune
deficiencies diseases (PIDDs) are at particular risk for severe
consequences from respiratory infections, which often serve as a
precipitating event for the presence of defective immune func-
tion. Institution of newborn screening has helped identify at-risk
infants for PIDDs to prevent unexpected severe respiratory ill-
nesses with early-life infections. Identifying and defining im-
mune deficiencies associated with infections of the lungs has also
contributed to greater insights into specificities of protective
immune function and direction to improve treatment strategies.

The ongoing 2-year COVID-19 pandemic has driven home
the importance, susceptibility, and devastating consequences of
respiratory infections of the lung with SARS-CoV-2. Through
this work has emerged implementation of molecular diagnostics
and novel vaccination strategies to more precisely, and effectively,
prevent disease. In the COVID-19 pandemic, patients with
asthma have been of particular interest because of the history of
susceptibility to other viral infections in asthma. Because
Respiratory Infections and the Lung represents a major portion
of all aspects of allergy and immunology, we feel the collective
discussion of this topic will be of broad interest and importance
to JACI: In Practice readers.

To introduce the Clinical Commentary Reviews of Respira-
tory Infections and the Lung, we have highlighted key messages
from each of the 4 articles. Achten et al3 discuss “Long-term
Consequences of Early-Life Respiratory Viral Infections: A
Pragmatic Approach to Fundamental Questions.” The authors
focus their discussion on a fundamental and pivotal question as
to whether wheezing with respiratory infections in infancy and
early childhood causes asthma, and if causative data exist, would
a prevention of early-life respiratory infections diminish the risk
for asthma? Clinical and research observations find links between
viral infections in infancy as a possible heralding event to
asthma.1 If this causative association were established, potential
guidelines to prevent asthma, or at least alter components of
disease expression, could be developed. As the authors state,
although this question has not been answered, efforts to probe
the relationships between early-life respiratory infections and
asthma development have provided valuable insight into the
association of RSV infections to lung development and altered
airway function. RSV infects the airway epithelium to alter
pulmonary functions. Also associated with an RSV infection is a
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skewing of the immune response toward a type (T) 2 inflam-
mation along with heightened IL-17A production, a pattern of
airway inflammation linked to asthma.4 However, as the authors
point out, it may not be only the infecting virus but other factors
that determine or contribute to a resulting pattern of airway
dysfunction. Of particular interest has been the pattern of the
existing or altered microbiota that determines an eventual long-
term response, as well as host genetic factors. Although the an-
swers to whether RSV leads to asthma are not established, the
authors note that “clinical care will need to continue to focus on
optimal treatment of childhood wheezing disorders until there
are proven preventative interventions.”

Jackson and Gern5 extend the discussion on the role of res-
piratory infections and the lung in “Rhinovirus Infections and
Their Roles in Asthma: Etiology and Exacerbations.” RVs are the
most common cause of respiratory infections. For most people,
the common cold produces a mild illness with symptoms limited
to the nose. In asthma, the effects of a RV infection can be
profound and provoke an exacerbation. In addition, RVs have
emerged as potential contributors to the development of asthma
when allergic sensitization exits. In their comprehensive review,
Jackson and Gern5 identify key determinants that cause asthma
exacerbations, which begin with the RV infecting airway
epithelial cells and stimulating the generation of alarmins, espe-
cially IL-33, to propagate T2 inflammation of the airway to
provoke airflow obstruction. The pathways through which RVs
promote T2 inflammation and how this virus-driven inflam-
matory response occurs in susceptible patients with asthma to
provoke asthma has been clarified over the past 2 decades.2 These
observations provide direction for more precise treatment and
have served as a mechanistic footing for the effective use of anti-
T2 biologics in high-risk, exacerbation-prone patients with
asthma. Insight into why some patients with asthma are more
susceptible to the untoward effects of a viral respiratory infection
has followed a recognition that defective antiviral responses exist
in asthma. Interferons are important host defense combatants of
viral infections. Evidence has emerged for the presence of
defective or diminished generation of type I and III interferons in
asthma.6 The presence of defective immune responses as con-
tributors to increased susceptibility to respiratory infections
should not be a surprise given experiences from PIDD.

Lehman et al7 provide a key commentary on “Respiratory
Infections in Patients with Primary Immunodeficiencies
(PIDD).”7 The authors remind us that respiratory tract in-
fections are often a presenting manifestation of an underlying,
unrecognized PIDD. The scope of micro-organisms that cause
respiratory illnesses in PIDD is broad, for example, bacteria,
viruses and fungi, with the dominant infecting organism related
to the characteristic of the primary immune deficiency, humoral
versus cellular. A first step to identify a PIDD in patients with
difficult-to-treat respiratory infections is a focused evaluation that
should always include a heightened awareness and suspicion of
immune deficiencies. Newborn screening provides for an early
identification of PIDD and has prevented delays in diagnosis to
facilitate earlier treatment and a prevention of morbidity, mor-
tality, and potential long-term effects on the lungs. Two tables
are included in their article to provide helpful information on
what to consider when evaluating findings of an infection by
chest computed tomography (Table I) as well as guidelines to
targeted therapies in PIDD (Table II). Table II is particularly
helpful because it lists the infectious agent (virus, bacteria, or
fungi), the therapies recommended for the immunocompetent
host, and additional considerations for immunodeficient pa-
tients. The guidance in Table II provides direction for initial
treatments in PPID. The authors also discuss recent advances in
the development of mRNA vaccinations, which are proving
efficacious, and may be beneficial strategies for selected patients
with PIDD.

The COVID-19 pandemic has grabbed the attention of the
whole world with the devastating consequences of a highly
virulent and transmittable respiratory virus whose infection of the
lung is a primary determinant of patient outcomes. Molecular
diagnostics are now available to rapidly identify the presence of
microbial organisms, define their genetic structure, and recognize
the emergence of mutant variants. Although certain patient
populations are at high risk, for example, the elderly, minorities,
those with coexistence of diabetes, and immune suppression,
virtually anyone and everyone is at risk for serious consequences
of a COVID-19 infection. Of particular interest to the readership
of JACI: In Practice has been concerns for increased risks in
asthma. Palmon et al8 address this topic in their discussion on
“COVID-19 Infections and Asthma.”8 The concern with asthma
is based on its known vulnerability to viral infection provoked
exacerbations. Currently, there does not appear to be an
increased risk for worse outcomes in patients with asthma infected
with COVID-19, other than in the presence of uncontrolled or
severe asthma. What has also emerged has been observations that
COVID-19 infections may not be a particular risk in all patients
with asthma or those with underlying allergic diseases.9 The
primary respiratory epithelial receptor for SARS-CoV-2 is the
angiotension-converting enzyme-2 (ACE2) receptor. An inverse
relationship between ACE2 receptor expression and the presence
of aeroallergen sensitization has been found.10 These observations
suggest that mediators/cytokines associated with T2 inflamma-
tion, IL-13 in particular, regulate ACE2 receptor expression. The
effects of these mediators on ACE2 receptor expression may
explain why patients with allergic disease and asthma are not
overly susceptible to COVID-19 because the ACE2 receptor may
be downregulated. A translation of T2 inflammation and
COVID-19 interactions to improved clinical outcomes is under
investigation; these observations further indicate how major in-
fections, as was observed with HIV, provide opportunities to
elucidate immune responses to infections. This knowledge has
been translated to more effectively understand mechanisms of
infection and to provide guidance to prevent the development of
life-threatening pneumonias.

We are grateful to the authors and their expertise, which has
effectively addressed and clarified the important topic of Res-
piratory Infections and the Lung. We have enjoyed reading of
the advances in the relationship of infections and the lung and
how the impact of these discoveries has led to an expanded
knowledge and improved patient care. We hope that the
readers of JACI: In Practice will find this theme as beneficial as
we have.

REFERENCES
1. Meissner HC. Viral bronchiolitis in children. N Engl J Med 2016;374:62-72.
2. Jartti T, Bonnelykke K, Elenius V, Feleszko W. Role of viruses in asthma.

Semin Immunopathol 2020;42:61-74.
3. Achten NB, van RossumAMC, Bacharier LB, Fitzpatrick AM,Hartert TV. Long-

term respiratory consequences of early-life respiratory viral infections: a prag-
matic approach to fundamental questions. J Allergy Clin Immunol Pract 2022;10:
664-70.

http://refhub.elsevier.com/S2213-2198(22)00042-3/sref1
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref2
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref2
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref3
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref3
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref3
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref3


J ALLERGY CLIN IMMUNOL PRACT
MARCH 2022

696 FITZPATRICK AND BUSSE
4. Choy DF, Hart KM, Borthwick LA, Shikotra A, Nagarkar DR, Siddiqui S, et al.
TH2 and TH17 inflammatory pathways are reciprocally regulated in asthma. Sci
Transl Med 2015;7:301ra129.

5. Jackson DJ, Gern JE. Rhinovirus infections and their roles in asthma: etiology
and exacerbations. J Allergy Clin Immunol Pract 2022;10:673-81.

6. Rich HE, Antos D, Melton NR, Alcorn JF, Manni ML. Insights into type I and
III interferons in asthma and exacerbations. Front Immunol 2020;11:574027.

7. Lehman HK, Yu KOA, Towe CT, Risma KA. Respiratory infections in patients
with primary immunodeficiency. J Allergy Clin Immunol Pract 2022;10:683-91.
8. Palmon PA, Jackson DJ, Denlinger LC. COVID-19 infections and asthma.
J Allergy Clin Immunol Pract 2022;10:658-63.

9. Skevaki C, Karsonova A, Karaulov A, Xie M, Renz H. Asthma-associated
risk for COVID-19 development. J Allergy Clin Immunol 2020;146:
1295-301.

10. Jackson DJ, Busse WW, Bacharier LB, Kattan M, O’Connor GT,
Wood RA, et al. Association of respiratory allergy, asthma, and expression
of the SARS-CoV-2 receptor ACE2. J Allergy Clin Immunol 2020;146:
203-206.e3.

http://refhub.elsevier.com/S2213-2198(22)00042-3/sref4
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref4
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref4
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref5
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref5
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref6
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref6
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref7
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref7
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref8
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref8
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref9
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref9
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref9
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref10
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref10
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref10
http://refhub.elsevier.com/S2213-2198(22)00042-3/sref10

