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Abstract

As a novel respiratory viral infection, coronavirus disease 2019 (COVID-19) has influenced asthma in
unpredictable ways. In the post-COVID era, there is a need to review asthma care and the new challenges
and opportunities that are presented. Long COVID is a new and complex syndrome that has arisen.
Treatable traits (TTs) have already been developed to address complex asthma and can be adapted to
manage long COVID. Consumers are seeking more information on and answers to what to expect with a
dual diagnosis of asthma and COVID-19. People with asthma identify a strong need for research into COVID
and asthma. Completion of a national survey (n = 593) resulted in a list of research themes. From these,
participants prioritized 10 asthma research themes. Among the top 10 asthma research priorities, the
theme of COVID and asthma was ranked as the second priority in the overall rank list. Addressing these
issues has the potential to improve global asthma health.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has had a major impact on the lives of people across
the world [1, 2]. In addition to the large disease burden from COVID-19, there have been major changes in
healthcare delivery [3, 4]. With case numbers reducing, and effective treatment and vaccination available, it
is timely to reflect on health care in the post-COVID era. Models of care have changed, with greater
attention to telehealth and research priorities have also changed [2]. In addition, new problems have
emerged, such as long COVID.
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Asthma is an important condition in the post-COVID era. It is a common chronic inflammatory airway
disease that occurs in all of the world’s populations, but where there is great geographic variation in
prevalence [5]. Since severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a respiratory virus,
and respiratory viruses are a major cause of asthma attacks, it was anticipated that viral-induced asthma
attacks would increase during the pandemic. Unexpectedly, the opposite occurred [6, 7], and this provided
insight into the mechanisms of COVID-19. SARS-CoV-2 enters lung cells via angiotensin-converting enzyme
2 (ACE2) receptor. Several studies suggest that interleukin-13, an important cytokine expressed during the
type 2 (T2) inflammation that characterizes asthma, reduces ACE2 receptor expression [8-10], and inhaled
corticosteroid, a fundamental asthma therapy, also reduces ACE2 receptor expression [11]. These
observations provide a plausible reason why asthma did not emerge as a significant risk factor for the
development of COVID-19. In addition, public health measures were implemented to reduce the community
spread of SARS-CoV-2, and these measures likely reduced the transmission of other respiratory viruses,
reducing viral-induced asthma attacks [12]. Together these factors meant that asthma morbidity was not
increased during the pandemic [13]. In fact, studies indicate that the seasonal rhythms in asthma and
chronic obstructive pulmonary disease (COPD) attacks were suppressed during the lockdown. However,
now we are in a post-COVID era and attacks have now returned after the lockdown. In some cases, the
rebound was greater than before the pandemic, especially in younger age groups [14].

In this review, we address some of the key issues that have arisen in asthma care in the post-COVID era,
with a particular focus on treatable traits (TTs) as a model of care and their relevance in the post-COVID era
[15]. It is important to evaluate this model of care in a post-pandemic era. New syndromes have emerged
after the COVID pandemic. Collectively labelled “long COVID”, these presentations affect up to 20% of
people infected by SARS-CoV-2 [16, 17], they may be more prevalent in people with asthma, and they are
both complex and heterogeneous in their manifestations. This presents a challenge for clinical care. TTs
have been designed to manage the complexity and heterogeneity of asthma and have the potential to be
applied to long COVID.

What is a treatable trait?

A TT is a recognizable phenotypic or endotypic characteristic that can be assessed and successfully targeted
by therapy to improve a clinical outcome in a patient with airway disease [18]. TTs must share three
characteristics: (1) clinical relevance, which means that they are linked to a relevant clinical outcome such
as exacerbations, quality of life (QOL), or lung function decline; (2) detectable either “phenotypically” (i.e.,
clinically; e.g., presence of emphysema on computed tomography) and/or based on a deep understanding of
critical causal pathways (“endotypes”) through validated “trait identification markers (TIMs)” (e.g.,
circulating eosinophils, see below); and, (3) treatable, meaning that effective treatment is available and
accessible, and when implemented leads to a clinically important outcome for patients with airway diseases
[5]. Eosinophilic airway inflammation is well established as a TT [19], that is underpinned by the endotype
of T2 inflammatory response mediated by interleukin-5 [20, 21], indicating that this trait is clinically
relevant. Eosinophilic inflammation can be detected via blood eosinophil count (TIM) and can be treated via
inhaled corticosteroids, oral corticosteroids, or T2-directed monoclonal antibody therapy [22]. The
endotype of eosinophilic airway inflammation meets each of the three criteria named above for designation
as a TT because it is relevant, detectable, and treatable.

What is the treatable traits strategy?

The TTs strategy proposes to investigate in each individual patient with asthma the number and type of TTs
present and to treat each of them according to guideline recommendations [18]. This strategy can be
applied to any patient with airway disease, and to asthma of all severities and subtypes. In clinical practice,
when using a TT approach the traditional diagnostic label of asthma is viewed as a starting point for
management and diagnostic processes, and not its end. Therefore, after establishing that a patient has
asthma, it is then necessary to continue the assessment process and understand the clinical and biological
complexity of each patient using a TT strategy. This then permits a compound diagnostic label that
represents the key traits present in the individual’s asthma. For example, after a TT assessment, a patient
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may receive a compound label of “eosinophilic asthma with nasal polyposis, high body mass index (BMI),
and poor asthma self-management skills”. Each of these traits is clinically important and amenable to
treatment. A TTs-based treatment plan for such a patient might recommend: inhaled corticosteroid and
long-acting beta-agonist for the airway traits of T2 inflammation and variable airflow obstruction; nasal
corticosteroid, saline nasal lavage and surgical assessment for nasal polyposis; weight reduction methods
for high BMI; and asthma self-management education for poor self-management skills. Examples are shown
on several referenced websites [23-25].

What is the evidence?

The TT strategy is supported by several different types of evidence. Each TIM and treatment
recommendation is supported by a specific level of evidence, usually level 1 or 2, as detailed in Duszyk et al.
[26]. Systematic reviews have shown that the TT strategy is effective in severe asthma and COPD [27, 28].
In a randomized controlled trial (RCT), McDonald et al. [29] showed that TTs gave superior clinical
outcomes for patients with severe asthma. These reports demonstrate the considerable evidence
supporting a TT strategy for asthma.

Treatable traits after COVID

At its core, TT is a model of care. This means that it is a way to manage patients with complex and
heterogeneous airway diseases including asthma. The model is modified based on the clinical
circumstances, patient preferences, available resources, and priorities. For example, the model can be
modified to prioritize 6 or 7 traits of high impact that respond well to treatment, so-called “supertraits” [30,
31]. Similarly, in primary care or low-middle-income countries, modifications to the strategy demonstrate
how to adjust the TT strategy to the situation [32]. New clinical challenges have manifested because of the
COVID pandemic, and it is appropriate to consider how the TT strategy can be adapted in the post-COVID
era.

The evolution of asthma during and after the COVID-19 epidemic
What is long COVID?

COVID-19, caused by the SARS-CoV-2, has had a significant global impact on morbidity and mortality since
its emergence in December 2019 [1, 33]. Long COVID, alternatively referred to as “ongoing symptomatic
COVID-19,” “post-COVID syndrome,” “post-COVID-19 condition,” “long-haul COVID-19,” or “post-COVID
conditions,” is characterized by persistent symptoms that develop during or after the acute phase of SARS-
CoV-2-induced COVID-19 and cannot be explained by an alternative diagnosis [34-36]. In this paper, we use
the term long COVID, which is often used by people experiencing persistent symptoms after acute COVID-
19 [37]. The estimated prevalence of long COVID ranges up to 20% [16, 17], depending on the method used
to assess the outcomes and the time point since acute infection [38-41]. The symptoms of long COVID
manifest across multiple organs, encompassing fatigue, dyspnea, cough, myalgia, joint pain, headache, sleep
disorders, depression, and cognitive alterations [42-46] (Figure 1). In particular, dyspnea, chest pain, and
cough have emerged as significant respiratory symptoms in patients with long COVID [42, 43, 47, 48].
Patients who experience long COVID symptoms, including fatigue, dyspnea, and cough, have been found to
report a significant reduction in their QOL [42, 47, 49].

The pathogenesis underlying the chronic symptoms of long COVID is not yet fully understood, although
several hypotheses have been suggested, including persistent reservoirs of SARS-CoV-2 in tissues, immune
dysregulation, gut microbiota dysbiosis, and autoimmunity, as potential mechanism for its development
[50, 53]. Currently, there are no established therapies that are specific for long COVID; however, it has been
observed that vaccines against COVID-19 can contribute to reducing its prevalence [54-59]. A
recommended approach to the management of long COVID involves a multidisciplinary approach, including
rehabilitation, as the complex impairments in patients with long COVID encompass various domains such
as physical, cognitive, and mental health [60-63]. To untangle the complexities of this intricate disease, a
multidisciplinary approach utilizing TTs can be employed.
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Figure 1. Clinical manifestations and risk factors of long COVID [50-52]

Asthma is a risk factor for long COVID

Risk factors associated with the development of long COVID include increasing age, female gender, the
severity of the acute COVID-19 infection, and the presence of comorbidities such as obesity, diabetes, and
depression [44, 64]. Furthermore, a recent meta-analysis has shown that individuals with asthma can have
an increased risk of long COVID [64], while the association of a specific asthma phenotype with long COVID
remains unknown. People with asthma had a higher risk of experiencing respiratory symptoms,
characterized by cough, shortness of breath, bronchospasm, and wheezing, during the post-acute period of
COVID-19 compared to those without asthma [65]. People with asthma experiencing long COVID also
reported increased dyspnea compared to those without long COVID [66]. Therefore, they may have a higher
risk of developing long COVID due to persistent respiratory symptoms, including cough and difficulty
breathing. A careful clinical assessment is required to diagnose long COVID as there can be symptom
overlap between asthma and long COVID, leading to the possibility of symptom misattribution. The TT
approach is able to address these issues.

Post-COVID cough in long COVID

Cough is one of the most common persistent symptoms in acute COVID-19 and long COVID [42-44, 46, 67].
The prevalence of cough symptoms can decrease after acute COVID-19 [46, 67]. Nevertheless, the
prevalence of post-COVID cough ranges up to 25%, depending on the study selection criteria [42, 43, 46,
68-70]. Notably, the characteristics of post-COVID persistent cough could resemble those of chronic cough
[71]. Neuroinflammation leading to a condition of laryngeal and cough hypersensitivity has been proposed

Explor Asthma Allergy. 2024;2:287-300 | https://doi.org/10.37349 /eaa.2024.00045 Page 290



as a potential mechanism of persistent cough in long COVID, although the exact mechanism of post-COVID
cough remains unknown [70]. The treatment for this condition is currently based on available guidelines
and treatments for chronic cough [70, 71].

In contrast, more cases of new-onset asthma may exist among patients experiencing post-COVID cough.
The recent study conducted by Lee et al. [72] revealed a significant association between COVID-19 infection
and the development of new-onset asthma. Notably, among the participants in the study, those with new-
onset asthma suffered from persistent coughs following acute COVID-19 [72]. Furthermore, Hastie et al.
[73, 74] reported an increased prevalence of late-onset dry and productive cough after 6 months of acute
SARS-CoV-2 infection, although the association between late-onset cough and new-onset asthma remains
unknown. The implications of post-COVID cough on asthma remain unclear, warranting further research in
the post-COVID era.

Dysfunctional breathing in long COVID

Dysfunctional breathing (DB) is a term used to describe a group of conditions characterized by a disrupted
biomechanical breathing pattern, leading to dyspnea and non-respiratory symptoms that cannot be fully
explained by disease pathophysiology [75-77]. Other terms, such as DB disorder, breathing pattern
disorder, and behavioural breathing, have also been utilized to describe DB [76, 77]. Common symptoms of
DB include respiratory symptoms, such as breathlessness, chest tightness, and chest pain, while individuals
may also experience general symptoms, such as dizziness, paraesthesia, headache, and light headedness
[76-78]. The clinical diagnosis of DB is often based on the Nijmegen questionnaire, cardiopulmonary
exercise testing, and the Breathing Pattern Assessment Tool; however, there are currently no gold standard
criteria to diagnose DB [75, 79-81].

DB is recognized as a common comorbidity of asthma with a prevalence of up to 30% in people with
asthma. Its presence can have a detrimental impact on asthma outcomes, including asthma control,
exacerbations, and QOL [57, 63-65]. In contrast, DB has been associated with dyspnea in patients
experiencing long COVID [61, 66, 67]. One of the mechanisms contributing to dyspnea and exertional
breathlessness in long COVID may involve DB, including hyperventilation; however, the pathophysiology of
DB in long COVID is not fully understood [68, 69].

The management of DB in asthma and long COVID includes pulmonary rehabilitation programs, such as
breath retraining and exercise programs [57, 70]. Telerehabilitation may also contribute to improving
dyspnea and QOL in long COVID [71-73], although further studies will be needed to establish the
effectiveness of rehabilitation interventions conclusively.

Treatable traits model for the assessment and management of treatable traits in long COVID

Long COVID is a new and complex chronic health condition that has been recognized in patients who
recover from COVID-19. Long COVID involves multiple symptoms that cross different organ systems and
fluctuate over time. Not all patients exhibit the same symptom profile or organ system involvement,
demonstrating the heterogeneity of long COVID. In addition, multiple symptom profiles can be present at
the same time in any one patient, indicating the heterogeneity of long COVID. Because of this complexity
and heterogeneity, a one-size-fits-all approach is neither appropriate nor relevant for the assessment and
treatment of long COVID. This presents a problem of how to deal with long COVID. The TT approach has the
ability to address both complexity and heterogeneity in patient problems and appears to be well-suited as a
model of care for long COVID management. Lewthwaite et al. [82] assessed the range of different domains
of long COVID and proposed a TTs model for assessing and managing TTs in long COVID (Figure 2). The
varied long COVID symptoms could be grouped into eight long COVID TT clusters: neurological, chest,
psychological, pain, fatigue, sleep impairment, functional impairment, and others. A systematic review of
RCTs identified that for long COVID management, current evidence supports exercise training or
respiratory muscle training for long COVID TTs in the chest and functional impairment trait clusters
(Figure 2). For an intervention targeting chest TTs, Romanet et al. [83] conducted an RCT involving 60
people with COVID-19-related acute respiratory distress syndrome. They found that a 3-month course of
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exercise training rehabilitation led to a significant reduction in dyspnea, although standard physiotherapy
did not reduce dyspnea. Furthermore, Del Corral et al. [84] and McNarry et al. [85] found respiratory
muscle training increased respiratory muscle strength and dyspnea in RCTs in people with long COVID.

Treatable Traits for Long COVID

Neurological: cognitive impairment, headache,
smell/taste dysfunction, loss of balance

Chest: dyspnoeaq, lung function changes, cough, chest
pain, palpitations, myocardial ischemia, myocarditis

Psychological: anxiety, depression, PTSD,
somatisation, neuropsychiatric symptoms

Pain: musculoskeletal (general, joint, muscle),
general/not specified

Fatigue

Sleep impairment: somnipathy/insomnia, sleep
disturbance/problems/disorder/difficulty

Functional impairment: effort/exercise intolerance,
reduced or impaired quality of life, weakness

What is a Treatable Trait?

The 3 key
elements of a

treatable trait:

Trait

Cognitive
impairment

Dyspnoea
Pain
Anxiety
Depression
PTSD

Fatigue

Sleep Impairment

|Exercise capacity

Impaired HRQoL

Management of Long COVID Treatable Traits

&)

Trait Identification Marker
MoCA, MMSE, NIH tool box

mMRC = 2

McGill Pain Questionnaire
Brief Pain Inventory

HADS

PTSD checklist-5
Impact of Event Scale

FSS
Chalder Fatigue Scale

PSQI

6MWD < LLN
VO2zpeak < LLN

EQ-5D-5L
SF-36

Other

copyright CRE-TT

Management

Education, cognitive restoration rehabilitation, which includes
cognitive exercises and prompts?!

Symptom guided exercise training?, IMT

MD pain management according to principles of biopsychosocial
model*

Psychological support and therapy?

Occupational therapy, three Ps, and energy conservation!

Psychosocial support, sleep hygiene?

Symptom guided exercise training? and/or IMT, treat any other
treatable trait limiting exercise

Symptom guided exercise training? and/or IMT

6MWD, six-minute walk distance; FSS, Fatigue Severity Scale; HADS, Hospital Anxiety and Depression Scale; IMT, inspiratory muscle
training; LLN, lower limit of normal; mMRC, modified Medical Research Council dyspnoea scale; MMSE, mini-mental state exam; MoCA,

Montreal Cognitive Assessment; PSQI, Pittsburgh Sleep Quality Index; VO, peak rate of oxygen consumption
1WHO, Living guidance for clinical management of COVID-19; 2Spruit et al. Am | Respir Crit Care Med 2013;188(8):e13-64; 3National

Clinical Evidence Taskforce COVID-19

Figure 2. TTs model of care for long COVID. PTSD: post-traumatic stress disorder; NIH: National Institutes of Health; HRQoL:
health-related quality of life; MD: multidisciplinary. Content has been reproduced with permission from the Centre of Excellence
in Treatable Traits, originally developed as part of the Centre of Excellence in Treatable Traits (https://treatabletraits.org.au)
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Research priorities for asthma post-COVID

What are the research priorities of patients with asthma around COVID? With the emergence of an
increased disease burden, and new clinical syndromes, there is a need to provide direction for research in
asthma in a post-COVID era. A research priority setting exercise was conducted to identify the research
priorities for asthma for the end-users of research: consumers and health care professionals. This work
identified research into COVID and asthma as a high priority for consumers. Using the modified James Lind
Alliance (JLA) methodology, Majellano et al. [86] engaged people with asthma (n = 491), their carers (n =
50), and other stakeholders (n = 52) to identify the top 10 asthma research priorities. The themes of COVID-
19 and asthma, asthma care, and self-management were ranked second and third, respectively in the
overall top 10 list of asthma research priorities (Figure 3). Under this theme, consumers wanted more
knowledge about the long- and short-term impacts of COVID-19 on people with asthma. Consumers needed
answers to whether COVID-19 can cause asthma and the impact of masks on people with asthma.
Consumers also wanted more understanding of the unique experience of people with asthma who have
COVID. Using a frequency count approach, three specific research questions were identified in the theme
COVID-19 and asthma including: (1) What are the short-term and long-term health impacts of COVID-19 in
people with asthma? (2) Why do people with asthma experience breathing difficulty while wearing a mask,
and how can it be managed? (3) What are the symptoms experienced by people with asthma who develop
COVID-19 infection? Does COVID-19 trigger asthma symptoms? Moreover, consumers emphasized the
importance of timely access to asthma care irrespective of geographical factors.

What underlying causes influence the development .
of asthma? Why do people get asthma and some What isithe best reatment plan foryoung

don’t? N children with asthma?
How it can be prevented? @ .

What are the social and psychological impacts of G What are the short-term and long-term health
asthma? ﬁf;z’r“:e:ns impacts of COVID-19 in people with asthma?
Severe conditions Asthma
asthma Ch':g
iidren
10
Asthma 9
CoviD
and 8 TOP 10 2 and
ageing asthma o % 3 .
What triggers the development of late onset asthma Key Wha‘t tf;lnl‘hg and edUC?‘loqsl s;rate?lzs aref
in older people? Can it be prevented? — most effective in improving the knowledge o
= = Mental health 7 Research Agthma car? clinicians in understanding asthma variability
Themes :e"'lg in their care settings?
management
Causes, 6 5 4 5 N
prevention Diagnosis
)\, and features of and
asthma medication

Managing
How do people with severe asthma cope with asthma attacks
psychological symptoms (anxiety and/or

depression)?

What is the best targeted and tailored
N . treatment plan to optimise asthma
management?

Which knowledge and skills are needed for
What effective ways people with asthma can patients and family carers to achieve
manage multiple co-existing conditions? confidence in recognising and responding to
acute asthma attacks?

Figure 3. COVID and asthma as a research priority: the top key research themes as prioritized in the priority setting workshops
with the highest frequency research questions within themes as revealed in the content analysis

Note. Reprinted from “Identifying the asthma research priorities of people with asthma, their carers and other stakeholders” by
Majellano EC, Bell RL, Flynn AW, Mckenzie A, Sivamalai S, Goldman M, et al. Respirology. 2023;28:636—48 (https://
onlinelibrary.wiley.com/doi/10.1111/resp.14492). CC BY.

Other researchers have also evaluated the research priorities for asthma and COVID. Two studies
sought to identify research priorities regarding the long-term sequelae of COVID-19. Adeloye et al. [87]
adopted the Child Health and Nutrition Research Initiative (CHNRI) priority-setting framework to identify
research priorities for long COVID in the context of airways disease. Experts’ scores (n = 59) and input from
patients (n = 61) were utilized to generate a list of the top 20 research ideas. The four highest-ranked
research priorities centred on comparing the health outcomes of COVID-19 survivors with and without pre-
existing conditions. Overall, their priority research exercise revealed an important level of concordance
between experts and patients in the 20 highest-ranking research topics when the criteria were weighted
based on patient input. Using a modified JLA framework, Houchen-Wolloff et al. [88] sought to determine
the top 10 research priority questions for COVID-19 hospitalization survivors. Their final list of top 10
priority questions includes understanding the fundamental processes of protracted COVID-19, identifying
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diagnostic and prognostic tools, and pharmacological and non-pharmacological therapies in the treatment
of symptoms.

These papers identify that COVID and asthma-related research is a high priority in the post-pandemic
era, and provide clear research questions to be addressed.

Access to care

Access to care for people with COVID and asthma is crucial for managing their health effectively. Pursuing
health equity is a challenge as access to healthcare is dependent on socio-demographic factors or health
characteristics, resulting in disparities in outcomes for population subgroups [89]. However, improved care
can be achieved using patient perspectives on healthcare access. In a cross-sectional patient-oriented study
conducted by Collins-Fairclough et al. [90], they engaged people with asthma and COPD to assess the
impact of the COVID-19 pandemic (second wave) on their access to asthma and COPD healthcare. The
authors found that patients experienced decreased access to care amid the second wave of the COVID-19
pandemic, which was linked with lower self-assessed financial capability. Furthermore, specialty care
services such as specialist appointments, exercise programs, and educational sessions, which are vital for
self-management support, were particularly impacted. The need to re-evaluate this disparity post-
pandemic is important to restoring routine healthcare services for asthma and COPD. Importantly,
understanding the perspectives of people living with asthma and COPD on what matters most to them is
necessary and fundamental to achieving person-centred care. Addressing barriers to access to care is
essential for optimizing health outcomes for individuals with both COVID-19 and asthma.

Conclusions

The post-COVID era presents new challenges and provides new solutions for asthma health care.
Consumers with asthma identify COVID-19 and its consequences as an important research area. People
with asthma can have a higher risk of developing long COVID. TTs have emerged as a useful model of care
that has been adapted to long COVID, as well as chronic airway diseases, although TTs for long COVID have
not been tested. It is a personalised medicine strategy based on the treatment of each of identified traits.
Considering the needs and values of individual patients, as well as their biological and pathophysiological
characteristics, is necessary to deliver personalized care using TT approaches [91]. Addressing these issues
will help the welfare of people with asthma globally.
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