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Persistent ill health after acute COVID-19—referred to as long COVID, the post-acute COVID-19
syndrome, or the post-COVID-19 condition—has emerged as a major concern. We undertook an
international consensus exercise to identify research priorities with the aim of understanding the long-
term effects of acute COVID-19, with a focus on people with pre-existing airways disease and the
occurrence of new-onset airways disease and associated symptoms. 202 international experts were
invited to submit a minimum of three research ideas. After a two-phase internal review process, a final
list of 98 research topics was scored by 48 experts. Patients with pre-existing or post-COVID-19 airways
disease contributed to the exercise by weighting selected criteria. The highest-ranked research idea
focused on investigation of the relationship between prognostic scores at hospital admission and
morbidity at 3 months and 12 months after hospital discharge in patients with and without pre-existing
airways disease. High priority was also assigned to comparisons of the prevalence and severity of post-
COVID-19 fatigue, sarcopenia, anxiety, depression, and risk of future cardiovascular complications in
patients with and without pre-existing airways disease. Our approach has enabled development of a set



of priorities that could inform future research studies and funding decisions. This prioritisation process
could also be adapted to other, non-respiratory aspects of long COVID.

Introduction

The emergence and rapid spread of COVID-19, caused by SARS-CoV-2, has led to about 180 million
confirmed cases and nearly 4 million deaths worldwide as of June 19, 2021.1 The acute phase of SARS-CoV-2
infection results in a range of clinical presentations, from asymptomatic infection to severe illness requiring
hospital admission and intensive care.2 Factors associated with increased risk of infection and severe disease
include, but are not limited to, age, sex, ethnicity, and socioeconomic status.3,4 The presence of pre-existing
comorbidities, especially pre-existing respiratory disease, is also a major risk factor for severe outcomes.5
There is already a high global burden of existing, non-COVID-19-related airways disease: 300-400 million
people worldwide are living with chronic obstructive pulmonary disease (COPD),6 and the burden is broadly
similar for asthma, which has an increasing global prevalence and affects about 10% of the population in high-
income countries.7 Furthermore, individuals with COPD have an increased risk of hospital admission and death
from COVID-19.8 Mild and moderate asthma has generally not been associated with increased risk of COVID-
19-related hospital admission and mortality,9 although individuals with asthma who have required oral steroids
in the preceding year have had increased risk of mortality in acute COVID-19.3,5

In addition to acute illness, COVID-19 can result in long-term morbidity and a prolonged recovery period.10
This post-acute phase of COVID-19 (now widely known as long COVID, the post-acute COVID-19 syndrome,
or the post-COVID-19 condition) has been reported in patients admitted to hospital with severe COVID-19,10
as well as in children and adults who initially experienced mild disease.10-13 In the UK, approximately one in
five people are estimated to have COVID-19 symptoms beyond 5 weeks, and one in ten report symptoms
persisting for 12 weeks or more.14 As a disease that affects multiple body systems, long COVID can result in
wide-ranging symptoms, including breathlessness, chest pain, fatigue, muscle weakness, impaired cognition,
anxiety, and depression.10 Studies in the non-COVID-19 literature indicate that the prevalence of many of
these symptoms—eg, anxiety, fatigue, and cognitive impairment—is increased in people with airways disease
(panel 1).6,7,10-13,15-22 However, whether these symptoms are more common or more severe in patients
with pre-existing airways disease after acute COVID-19 illness is uncertain. Similarly, the underlying
mechanisms of these chronic health sequelae of COVID-19, particularly in relation to pre-existing and newly
developed airways disease, are unkown.10,23

To address these uncertainties and improve long-term health outcomes related to COVID-19, the Post-
hospitalisation COVID-19 study (PHOSP-COVID) consortium was established. PHOSP-COVID is a UK
national multidisciplinary consortium of clinicians and data and basic scientists aiming to create an integrated
research and clinical platform to investigate the multidimensional long-term health outcomes in patients who
have been admitted to hospital with COVID-19. Within this consortium, expert subgroups have been
established, including a working group on airways disease, bronchiolitis, and bronchiectasis (the PHOSP-
COVID Airways Diseases Working Group) who commissioned this priority-setting initiative. We sought to
identify research priorities to understand the long-term consequences of acute COVID-19, with a focus on
airways disease (pre-existing and newly developed after COVID-19), to guide researchers, clinicians, policy
makers, and funding organisations to address the burden of long COVID globally.



Methods

Overview of the CHNRI method

We adapted the Child Health and Nutrition Research Initiative (CHNRI) method, which was originally
developed for setting research priorities for global child health, to our priority-setting exercise for long COVID
in the context of airways disease. The CHNRI method uses the principle of crowdsourcing to independently
generate research ideas from a large group of experts, and scores these against a predefined set of criteria. It is a
systematic, transparent, and democratic approach that has been used in more than 100 exercises led by national
governments (eg, in China, India, and South Africa), funders (eg, The Bill & Melinda Gates Foundation), and
multilateral organisations, including WHO and the United Nations Children’s Fund. The aim of those exercises
was to set research priorities in areas ranging from the reduction of global child mortality, non-communicable
diseases, or disability to the efficient execution of national health plans.24-27 The main advantages of the
CHNRI method include: its systematic nature; transparency and replicability; clearly defined context and
criteria; involvement of funders, stakeholders, and policy makers; a structured way of obtaining information;
informative and intuitive quantitative outputs; assessment of the level of agreement for each proposed research
idea; and independent scoring by many experts, thus limiting the influence of individuals on the rest of the
group.26-33 The quantitative output of the CHNRI method as applied here is based on the collective input of a
large group of experts in airways disease. As a result of this process, clinicians, academics, funders, and policy
makers can clearly visualise the strengths, weaknesses, and relative rankings of each proposed research topic.

Establishment of expert groups
In September 2020, a subgroup of the PHOSP-COVID Airways Diseases Working Group (LGH, ADS, AS, IR,

OE, LD, KP, and DA) established the Expert Management Group. This group defined the aims and context of
the prioritisation exercise and drafted guidelines for the application of the CHNRI method to research priorities
for airways disease in long COVID.

This included defining the final criteria, the approach to scoring, and the timelines, coordinating the steps of the
priority-setting exercise, and inviting experts.

Revised guidelines for the CHNRI method, based on experience of its use, have recently been published.27-33
The CHNRI approach involves the selection of experts according to their research impact in previous years.
However, as studies of COVID-19 were just emerging in the published literature when the Expert Management
Group was established, we used two main approaches to identify international experts. First, experts who
contributed to recently completed CHNRI-based prioritisation exercises on asthma or COPD were invited to
participate. Their opinions were relevant because their research already focused on chronic airways disease.
They were identified in the previous CHNRI exercises through searches of the Web of Science for the most
productive authors in the preceding 5-year period or for lead authors (first, last, or corresponding authors) of
the top 1% most cited research articles in the relevant area of study. Second, experts were invited from other
established research groups working on airways disease and COVID-19, including the PHOSP-COVID
consortium and the remainder of the PHOSP-COVID Airways Diseases Working Group, the Severe Asthma
Registry Network, the UK Bronchiectasis Network and Biobank, and the International Primary Care
Respiratory Group. After excluding duplicate names, a total of 202 experts were identified and invited to
participate. Each expert was invited to submit a minimum of three priority research ideas or topics related to
COVID-19 and airways disease.

Scoring of research ideas

In the first phase of internal review by the Expert Management Group, submitted research ideas were checked
for clarity and to ensure that they met the purpose of the study. The final list of research topics was
consolidated during the second phase of review, which involved refining the submitted ideas to clearly identify



the new knowledge that would be generated through the proposed research. Topics with a high degree of
overlap were merged. Research subthemes were identified from the consolidated list. The experts were then
invited to systematically rank the final list of research ideas using five predefined criteria: answerability,
feasibility, timeliness, effect on burden reduction, and equity (panel 2). Experts were offered four response
options for scoring: 0 (unlikely to meet the criterion); 0-5 (informed, but not sure whether it can meet the
criterion); 1 (likely to meet the criterion); or left blank if the expert felt insufficiently informed to make a
judgment.

Data analysis
All completed scoresheets from the experts were collated into a final worksheet. First, all entries were checked

for consistency and errors by the Expert Management

Panel 1: Symptoms reported in people with long COVID
and their presence in patients with airways disease

Several persistent symptoms that have been reported after
acute COVID-19*** are also present in patients with chronic
airways disease. By contrast, other post-acute symptoms are

notwell described in airways diseases. Examples are listed
below.

Associated with airways disease

- Fatigue®

» Breathlessness®¥

« Mental health issues (eg, anxiety, depression)**
« Cognitive impairment™

» Increased rate of venous thromboembolism™

Not associated with airways disease
» Autonomic dysfunction symptoms (eg, postural
orthostatic tachycardia syndrome)™*

Group. Intermediate scores were then computed for each criterion as the sum of the scores (ie, 1, 0-5, or 0)
across the criteria divided by the total number of answers received. The answers that were left blank were not
included in the denominator. The overall research priority score (RPS) for each idea was computed as the mean
of the scores across the five criteria. Thus, the RPS could theoretically range between 0% and 100% for each
scored research idea.

To give insight into the level of agreement among all the scorers, we computed the average expert agreement
(AEA). This provides an indicator of the average proportion of scoring experts who gave the most common
answer when scoring a particular research idea, expressed as: (where 5 represents the five criteria and N is the
total number of experts.)

. N (scorers who provided most
Z frequent response)

N (scorers)




Patient input and weighting
In addition to the experts’ scoring, we extended aspects of the exercise to patients who had been admitted to hospital with

acute COVID-19 or were experiencing long COVID (including individuals with pre-existing airways disease and
individuals who had developed a new airways disease after treatment for COVID-19). To account for patients’ views, we
developed weights for the selected criteria using a method already established by the CHNRI for involving
stakeholders.31 We contacted patients through the Asthma UK and British Lung Foundation Partnership, a UK-based
national charity that aims to foster improvements in outcomes for people affected by lung diseases. We used an online
survey to recruit and screen patients. The purpose, context, and criteria specific to this exercise were explained to the
patients, who then answered the question: “Which of the criteria (ie, answerability, feasibility, timeliness, burden, equity)
do you consider most important to set research priorities for COVID-19 in airways diseases?” The resulting weights were
expressed as a percentage and applied to each criterion. This resulted in a weighted RPS, defined by the following
equation:

1 R
Weighted RPS=— X Z (RPS, xw,)
Zn=1 (wn) n=1

where RPSn and wn are the RPS and weights for each of the five criteria, respectively.



Panel 2: Predefined context for setting research priorities
and criteria for scoring

The context

- Population of interest: the research priorities will apply to
patients admitted to hospital for COVID-19 who had pre-
existing airways disease or who developed airways disease
after COVID-19

- Disease, disability, and death burden: the research
priorities will focus on the long-term consequences of
airways disease in COVID-19 survivors with a form of the
disease that required hospital admission

« Geographical limits: the findings from this priority-setting
exercise should have global relevance

« Timescale: the results of the proposed research ideas
should be available or ready to implement within 3 years

- Preferred style of investing: the research priorities
identified should guide investment strategy in health
research with funding distributed across the various
research directions with different levels of investment risk
and feasibility

Criteria for scoring

« Answerability: is the research idea likely to be answerable,
using the proposed study design?

« Feasibility: is the research idea feasible, given the required
inputs, facilities, equipment, and personnel?

« Timeliness: is the research idea likely to be answered
within the timeframe specified in the context?

« Burden: is the research idea likely to lead to a substantial
reduction of the burden specified in the context?

« Equity: is the research idea likely to lead to interventions
or changes in practice that will favour patients equally?

The context and criteria for scoring were defined according to recommendations from
previous Child Health and Nutrition Research Initiative exercises and guidelines.?*



Results

Research ideas, themes, and scoring
Among the 202 experts contacted, 88 (44%) accepted the invitation and 59 (29%) contributed research ideas

after the CHNRI process had been explained to them. Over a 4-week period, we received 300 research ideas
from experts. After the two-phase internal review process by the Expert Management Group, 165 duplicate or
unclear ideas were removed and 27 were merged (appendix 1 pp 2-4). Ten research ideas were excluded
because they were considered to be out of scope or could not be addressed within the context of PHOSP-
COVID research.

The final list of 98 research ideas was organised into five subthemes and sent back to the contributing experts
for scoring. The subthemes were: (1) study of associations with or risk factors for the development or
exacerbation of airways disease in COVID-19 survivors (36 research ideas); (2) understanding of the role of
interventions for COVID-19 on the short-term and long-term outcomes of people with chronic airways disease
(22 research ideas); (3) investigation of the long-term physiological effects and disease burden of COVID-19 in
patients with chronic airways disease (21 research ideas); (4) investigation of the long-term effects of COVID-
19 on quality of life, mental health, and social characteristics in patients with chronic airways disease (6
research ideas); and (5) development of innovative approaches to health care and policy-making initiatives
targeting patients with chronic airways disease (13 research ideas). These subthemes were systematically
ranked by 48 experts (55% of the 88 participants who accepted the invitation) who returned completed
scoresheets within 4 weeks. The process for the CHNRI priority-setting exercise is summarised in the figure.

Overall research priority score

The overall RPS for each of the 98 research ideas ranged from 0-339 to 0-864. The AEA ranged from 0-417 to
0-846, with a median of 0-683. There was a high degree of agreement among experts on the most highly-ranked
research ideas, with the AEA decreasing with decreasing RPS (r=0-9334, p<0-001). The 98 ranked research
ideas, with RPS and AEA data, are presented in appendix 1 (pp 5-15) and appendix 2 (sheets 6, 7). Of the 20
highest-ranked research ideas, half (including five of the ten highest scoring ideas) were on subtheme 1—ie,
identification of associations with or risk factors for developing or worsening airways disease in COVID-19
survivors (table 1). The three highest scoring research ideas involved comparing morbidity after hospital
discharge between COVID-19 survivors with and without pre-existing airways disease, with the first (RPS
0-864, AEA 0-838) focusing on the correlation between prognostic scores—using the International Severe
Acute Respiratory and emerging Infections Consortium (ISARIC) 4C Mortality Score,34 a risk stratification
score used to predict in-hospital mortality for patients with COVID-19— at hospital admission and post-
discharge morbidity at 3 months and 12 months in the two groups. The second highest-ranked priority (RPS
0-852, AEA 0-846) was assessment of the extent of post-COVID-19 fatigue, sarcopenia, anxiety, and
depression. The third (RPS 0-849, AEA 0-817) was investigation of the risk of future cardiovascular
complications in patients treated for severe COVID-19. The ten highest priorities included research ideas
relating to hospital admission and symptoms in patients with pre-existing airways disease, such as
understanding predictors of hospital readmission and validating tools for remote monitoring of symptoms.
Other topics among the ten highest scoring ideas were specific to patients with obstructive airways disease who
had COVID-19, including determining the incidence of and risk factors for new-onset airways disease,
recovery of current smokers with COPD, and clinical efficacy and cost-effectiveness of exercise rehabilitation.
Research ideas to explore the risk of venous thromboembolic events in patients with COVID-19, including
estimation of the incidence of pulmonary embolism and study of the effects of treatment with anticoagulants on
outcomes of patients admitted to hospital with COVID-19, were among the 20 highest-ranking research topics.

The majority of the 20 research ideas with the lowest RPS values were from subthemes 2 and 5 (seven from

each subtheme). They focused on understanding the role of interventions for COVID-19 on outcomes and
development of innovative approaches to health care and policy-making initiatives for patients with chronic
airways disease. The three lowest-ranked research topics related to the evaluation of the role of the private
sector in pandemic management (RPS 0-339, AEA 0-638), alternative medicine in patients with COVID-19



with pre-existing airways disease (RPS 0-362, AEA 0-608), and the risk of developing lung cancer from acute
or long COVID (RPS 0-446, AEA 0-588). Other low-ranking research ideas included determining priority for
vaccination among COVID-19 survivors, exploring opportunities for artificial intelligence and advanced
technologies such as xenon MRI in the assessment and treatment of patients with COVID-19, investigating the
risk of developing pulmonary aspergillosis in COVID-19 survivors, and studying the perceptions and practices
of general practitioners during the COVID-19 pandemic (appendix 1 pp 5-15).

Scores for the priority-setting criteria
Across three of the priority-setting criteria (answerability, feasibility, and timeliness), the highest scoring

research idea was investigation of the correlation between prognostic scores at hospital admission and
morbidity at 3 months and 12 months after discharge in patients with and without pre-existing airways disease
(table 2). The second highest-ranking research idea for both feasibility and timeliness was estimation of the
incidence of pulmonary embolism up to 1 year after acute COVID-19. Many of the three highest scoring
research ideas for the priority-setting criteria were also among the 20 highest scoring ideas according to their
overall RPS (table 2). A notable exception was investigation of whether patients at risk of persisting disability
after COVID-19 can be identified and targeted for rehabilitation or nutritional interventions. This idea was
ranked highest for both burden and equity criteria, but was ranked 21st in the overall list. Similarly,
investigation of the long-term effects of COVID-19 on the mental health of people with COPD was ranked
third for the answerability criterion, but 25th in the overall list, and development of scores to predict long-term
respiratory disease severity and risk of mortality in survivors of severe COVID-19 was ranked third for the
equity criterion, but 28th in the overall list (table 2). The ten highest scoring research ideas for each of the five
criteria are presented in appendix 1 (pp 16-25) and the full list of 98 research ideas with scoring data for the
five criteria are presented in appendix 2 (sheets 1-5).



Definition of study scope and CHNRI approach:
Research aims, context, criteria, scoring approach, and
timelines defined by the Expert Management Group

Invitation of experts:
202 respiratory experts invited

b
L

Submission of research ideas:
59 experts responded
First internal review:

300 research ideas assessed for clarity and duplicates

88 invitations accepted

165 duplicate and unclear research
ideas removed

Second internal review:
135 research ideas included

27 merged with existing research ideas
9 considered unanswerable within
PHOSP-COVID research context
1 considered out of scope

h 4

Scoring of ideas:
98 research ideas (organised into five subthemes)
scored by 48 experts

Patients’ input:
61 scores used for e
weighting

v

Final review, analysis, and ranking of research ideas by the
Expert Management Group

Figure: Process for setting research priorities
CHNRI=Child Health and Nutrition Research Initiative. PHOSP-COVID=Post-hospitalisation COVID-19

study.



Patients’ weighting

The patients’ contributions offered insights into the overall ranking of the research ideas, providing additional
perspectives for clinicians, researchers, and policy makers. 61 patients were recruited through the online
survey. We do not have extensive data on the demographics of the patient survey respondents, but nearly half
reported a pre-COVID-19 airways disease. Of the 61 patients who responded to the question on weighting of
the criteria, 32-8% considered burden the most important criterion for setting research priorities for COVID-19
in airways disease, answerability and equity were each selected by 21-3% of patients, 18-0% chose feasibility,
and 6-6% opted for timeliness (appendix 1 p 32).

Applying those weights to generate weighted RPS values led to four research ideas moving up into the
weighted list of the 20 highest scoring topics. Of note were the ideas concerning investigation of the long-term
effects of COVID-19 on the mental health of people with COPD and development of scores to predict long-
term respiratory disease severity and risk of mortality in survivors of severe COVID-19—both already
identified among the three highest research priorities according to answerability and equity criteria. The two
other research ideas that moved into the weighted list of the 20 highest-ranking topics focused on assessment of
the effectiveness of counselling and psychological services in addressing long-term psychological and cognitive
effects of COVID-19 in patients with pre-existing airways disease and investigation of whether patients with
pre-existing asthma develop an accelerated loss of lung function after severe COVID-19. In summary, the 20
highest scoring overall research priorities according to the weighted and individual RPS values were largely
overlapping, although their rankings differed slightly (appendix 1 pp 26-28; the 20 lowest scoring overall ideas
according to weighted RPS values are presented in appendix 1 pp 29-31).



Research idea

Subtheme Answerability

Feasibility Timeliness Burden Equity RPS

AEA (%)

10

12

13

14

16

18

19

20

Investigation of the correlation beh prognostic scores using the ISARIC 4C Mortality
Score* at hospital admission and morbidity at 3 months and 12 months after hospital
discharge in patientswith and without pre-existing airways disease

Assessment of whether 3-month and 6-month post-COVID-18 fatigue, sarcopenia,
amxiety, and depression scores are worse in patients with pre-existing ainvays disease than
in thosewithout pre-existing ainways disease, and whether any difference is significant
when adjusted for severity of in-patient disease

Investigation of whether patients treated for acute COVID- 19 with pre-existing airways
disease are at higher risk of future cardiovascular complications (eg, myocardial infarction
or stroke at 6 months and 12 months after hospital discharge) than those without pre-
Identification of the predictors of hospital readmission after COVID-19 in patients with
pre-existing airways disease compared with thosewithout pre-existing airways disease
Development and validation of tools for remote monitoring of symptoms, and for
self-monitoring of symptoms, especially in patientswith pre-existing airways disease
Investigation of the incidence of and risk factors for new-onset symptomatic obstructive
airways disease after COVID-19, defined clinically orwith objective diagnostic tests (eg.
spirometry and CT imaging at 3 months and 12 months after hospital discharge)
Assessment of whether recovery from severe COVID-19 pneumonia is worse for current
smokers with COPD than for non-smokers with COPD

Comparison of the dinical efficacy and cost-effectiveness of exercise and education-based
rehabilitation to improve health statuswith standard care in patients with pre-existing
airways disease

Examination of the benefits of progressive or bespok ise rehabilitation delivered live
or virtually for patients with ainways di and persistent symptoms or physical
limitations after hospital discharge

Assessment of whether outcomes of patients admitted to hospital with acute COVID-19
and pre-existing airways disease treated with pre-COVID-19 long-term anticoagulants are
better than for those not treated with long-term anticoagulants (eg using in-patient
length of stay, discharge rates, and long COVID-19 markers at 2 months, 6 months, and
12 months after hospital discharge)

Investigation of the effects of ethnicity on recovery of patients admitted to hospital with
COVID-19 and pre-existing asthma or COPD

Examination of whether use of inhaled corticosteroids in the preceding 12 months by
patientswith pre-existing airways disease is associated with greater in-patient COVID-19
disease burden {eg. on the SOFA score, length of hospital stay, or ventilation status) or
increased post-COVID-19 rates of fatigue or sarcopenia

Identification of the predictors of a new diagnosis of bronchiectasis after COVID-19 on

CT scans at 6 months after hospital discharge (eg disease severity, length of stay, clinical
history of sputum production. or sputum microbiology at =3 months)

Assessment of the effects of nutritional status (nutritional depletion or obesity) on
recovery from COVID-19 in patients with airways disease and whether this can be modified
by nutritional interventions

Estimation of the incidence of pulmonary embolism up to 1year after acute COVID-19
Comparison of rates of return to work at 6 months and 12 months between patients
admitted to hospital with COVID-19 with and without pre-existing airways disease
Examination of whether changes on chest x-ray and CT scans in patients with COVID-19

correlate with subsequent long-term symptoms and outcomes

Examination of whether patients with asthma and COPD who have had severe COVID-19
pneumonia develop additional long-term restrictive lung function impairment after
recovery

Identification of the characteristics of patients with pre-existing airways disease that
predict the need for non-invasive ventilation

Investigation of the effects of type and duration of anticoagulation treatment given after
venous thromboembolism or as prophylaxis in patients admitted to hospital with
COVID-19 and pre-existing airways disease

1 096

3 0-95

1 093

5 0-89

1 098

2 090

2 0-92

1 0-95

3 093

4 096

100

0.91

0-950

088

088

051

0-950

081

087

088

090

088

084

079

0-95
093
095

088

089

082

098

096

0-54

0-89

0-50

051

096

0-89

0-86

0-50

0-85

088

051

0-80

098
0-95
0-82

0-82

0-93

0-82

056

066

065

071

076

064

0-60

074

074

063

056

067

0-60

078

047

051

057

056

059

078

077

0-81

082

078

077

076

081

074

0-81

075

071

076

078

0-67
0-66
0-68

076

074

075

0-864

0-852

0847

0841

0-840

0-838

0828

0-826

0-825

0-819

0-817

0-804

0-802

0-802

0796

0793

0791

0780

See main text for definition of subthemes. Scores for the predefined priority-setting criteria are also presented. AEA=average expert agreement. COPD=chronic obstructive pulmonary disease.
ISARIC=International Severe Acute Respiratory and emerging Infections Consortium.™ RPS=research priority score. SOFA=Seq:
hospital mortality for patients with COVID-19.

ial Organ Failure A

838

846

817

833

821

808

808

821

813

775

775

729

779

788
783
763

779

725

*A risk stratification score used to predict in-

Table 1: 20 highest-ranked research ideas according to their overall RPS and AEA




Research idea RPS  AEA (%)

Answerability

1 Investigation of the correlation between prognostic scores using the ISARIC 4C Mortality Score* at hospital admission and 0864 838
morbidity at 2 months and 12 months after hospital discharge in patientswith and without pre-existing ainways disease

7 Assessment of whether recovery from severe COVID-19 pneumonia is worse for current smokers with COPD than for non- 0838 808
smokers with COPD

25 Investigation of the long-term effects of COVID- 19 on the mental health of people with COPD 0773 754

Feasibility

1 Investigation of the correlation between prognostic scores using the ISARIC 4C Mortality Score* at hospital admission and 0864 838
morbidity at 3 months and 12 months after hospital discharge in patientswith and without pre-existing airways disease

15 Estimation of the incidence of pulmonary embolism up to 1year after acute COVID-19 0802 788

17 Examination of whether changes on chest x-ray and CT scans in patients with COVID-19 correlate with subsequent long-term 0796 763
symptoms and outcomes

Timeliness

1 Investigation of the correlation between prognostic scores using the ISARIC 4C Mortality Score* at hospital admission and 0864 838
morbidity at 3 months and 12 months after hospital discharge in patientswith andwithout pre-existing airways disease

15 Estimation of the incidence of pulmonary embolism up to 1year after acute COVID-19 0802 788

2 Assessment of whether 3-month and 6-month post-COVID-19 fatigue, sarcopenia, anxiety, and depression scores areworse in - 0-852  84.6

patients with pre-existing airways disease than in thosewithout pre-existing airways disease, and whether any difference is
significant when adjusted for severity of in-patient disease

Burden

21 Investigation of whether patients at risk of persisting disability after COVID-19 can be identified (eg, with disease indicatorsat  0-778 754
the acute event, frailty scores or nutritional scores) and targeted for rehabilitation, nutritional interventions, or both

14 Assessment of the effects of nutritional status {nutritional depletion or obesity) on recovery from COVID-19 in patients with 0804 779
ainways disease and whether this can be modified by nutritional interventions

5 Development and validation of tools for remote monitoring of symptoms, and for self- monitoring of symptoms, especiallyin  0-841 821
patients with pre-existing airways disease

Equity

21 Investigation of whether patients at risk of persisting disability after COVID-19 can be identified (eg, with disease indicatorsat 0778 754
the acute event, frailty scores or nutritional scores) and targeted for rehabilitation, nutritional interventions, or both

4 Identification of the predictors of hospital readmission after COVID-19 in patientswith pre-existing airways disease compared 0847 833
with those without pre-existing airways disease

28 Development of scores to predict long-term respiratory disease severity and risk of mortality in survivors of acute COVID-19 0764 738

Research ideas are numbered by their overall RPS rank.* AEA=average expert agreement. COPD=chronic obstructive pulmonary disease. ISARIC=International Severe Acute
Respiratory and emerging Infections Consortium.»* RPS=research priority score. *A risk stratification score used to predict in-hospital mortality for patients with COVID-19.

Table 2: Three highest-ranked research ideas for each of the predefined priority-setting criteria

Discussion

As the COVID-19 pandemic progresses into a second year, there is an increasing need to understand the burden
of emerging or worsening pre-existing comorbidities. Here, we report the findings of a CHNRI research
priority-setting exercise aimed at addressing this burden in relation to airways disease in people who have
survived an acute illness due to COVID-19. Although the focus was on airways disease, many of the priorities
identified would be broadly applicable to the study of long COVID and its management in patients not admitted
to hospital or those with other comorbidities. The considerable diversity in topics covered by the highest-
ranking research ideas—from identification of associated risk factors and assessment of incidence of events to
investigation of the effects of interventions both in the acute setting and after hospital discharge—reflects the
wide-ranging concerns about the burden of the long-term sequelae of COVID-19.

Key findings

The four highest-ranked research priorities focused on comparisons of the health outcomes of COVID-19
survivors with and without pre-existing airways disease. These priorities included exploration of correlations
between prognostic scores (using the ISARIC 4C Mortality Score34) at hospital admission and post-discharge
morbidity at 3 months and 12 months, and investigation of the potential risk of developing comorbidities or



complications in COVID-19 survivors. Comorbidities and complications include fatigue, sarcopenia, anxiety,
depression, cardiovascular complications, and hospital readmission. Investigation of the incidence and risk
factors (eg, smoking and ethnicity) associated with developing new symptomatic airways disease or structural
airways abnormalities on radiological imaging also featured in the 20 highest-ranked ideas. Additionally,
investigation of correlations between imaging findings identified during acute COVID-19 illness and
subsequent long-term symptoms and outcomes was ranked highly.

The importance of the increased incidence of venous thromboembolic disease in patients with COVID-19 was
reflected in three of the 20 highest scoring ideas, including investigation of the incidence of pulmonary
embolism and the role of anticoagulants—both newly administered and previously prescribed—on outcomes.
Other ideas of interest among the experts included the role of interventions such as exercise-based
rehabilitation programmes, nutritional interventions, and the use of acute non-invasive ventilation in patients
with pre-existing airways disease. Research ideas from the subcategories addressing long-term effects of
COVID-19 on quality of life, mental health, and social characteristics (subtheme 4), and development of
innovative approaches to health care and policy-making initiatives (subtheme 5) for patients with chronic
airways disease were less common among the 20 highest priorities, featuring one idea each.

Topics regarded as less important by the experts in this exercise were those that involved basic science
research, the role of advanced technologies such as xenon MRI and artificial intelligence, and suggestions to
develop or amend international guidelines. Other ideas with low scores included understanding perceptions of
the private sector and primary care providers during the pandemic, and the prevalence of less frequently
observed conditions such as invasive aspergillosis after severe pneumonia. These lower scores might have
reflected concerns over deliverability in a pandemic situation (eg, for MRI-based studies) or the perception of
low burden of disease (eg, for aspergillosis complicating COVID-19).

Strengths and limitations

The use of the standardised CHNRI method enabled a systematic, transparent, and democratic approach to
identification of research priorities for long COVID in the setting of airways disease. Despite the pressures
associated with the pandemic on clinicians and researchers, we achieved a return rate of more than 40%, which
is similar to that for previous CHNRI exercises.24-25 Furthermore, previous experience and statistical
simulations have shown considerable convergence of collective expert opinion when the number of scoring
experts is 40 or more, ensuring stability and replicability of the final rankings according to CHNRI
methods;26,28 consistent with this, we found a high degree of agreement among experts on the most highly-
ranked research ideas according to the AEA values.

As a result of the good response rate, we were able to include opinions from a range of experts with both
clinical and academic expertise, including some from low-income and middle-income countries. Although
individuals from 36 nations were invited, we had no responses from experts in South America, and few
participants from Africa and Asia, and the identified research priorities might therefore not be directly relevant
to these regions. Similarly, although general practitioners with respiratory expertise and International Primary
Care Respiratory Group members were invited, only a few experts from primary care took part in the study.
The lower RPS values and relative lack of research priorities specific to primary care are likely to reflect the
targeted population of COVID-19 survivors who had been admitted to hospital, but the involvement of
relatively few primary care experts might have also been a contributing factor. As the burden of COVID-19
shifts from acute to chronic care, greater input from primary care experts in priority setting will be essential.
Additional expertise relevant to the symptoms seen in long COVID— including input from neurological,
psychological, renal, and cardiac fields—should be sought to capture diversity in research questions to feed into
future priority-setting exercises.

The incorporation of patients’ priorities was a novel aspect of our method that offers additional benefits for
setting the directions for future research by ensuring that researchers, policy makers, and stakeholders are



engaging in research that meets the needs of affected individuals. Our rapid, online patient survey allowed us to
achieve a good number of respondents, although it is likely that views of certain patient groups were missed.

A limitation of this exercise was the large number of ideas that were unclear or that could not be addressed
within the context of PHOSP-COVID research, which were removed during the internal review process
(appendix 1 pp 2-4). Although we endeavoured to carefully rephrase research ideas to reflect the new
knowledge they proposed to generate, some might have been poorly reworded, which might have contributed to
some ideas being considered as lower priority. Interestingly, few of the proposed research priorities focused on
non-respiratory comorbidities, which probably reflects the focus of this initiative on airways disease. Despite
the respiratory focus, the absence of high-ranking research ideas relating to cystic fibrosis or sleep-related
disorders is important to acknowledge.

Interpretation in the context of published studies

Clinicians and policy makers already recognise the need to follow up patients who have had acute COVID-19.
However, understanding which subgroups of patients most need follow-up will be increased by addressing the
research priorities outlined here. The development of the ISARIC 4C Mortality Score has helped to identify
those at high risk of adverse outcomes during hospital admission.34 The ISARIC 4C Mortality Score is readily
available and has been increasingly adopted in clinical practice.34 If subsequent studies show that this acute
severity score also helps to identify those with greatest risk of more severe long COVID, it will facilitate
service provision and treatment algorithms. Conversely, if correlations with acute illness scores are low, as
suggested by some early data,2 then long COVID clinics might need a much larger service provision to provide
follow-up to people with long COVID who were not admitted to hospital. This is highly relevant because the
COVID-19 pandemic has undoubtedly affected outpatient follow-up for long-term conditions across most
medical specialties. Respiratory and infectious diseases are likely to be further disadvantaged owing to the key
roles of these specialties in providing acute COVID-19 services. Patients with airways disease have a
recognised complex of comorbidities and (pre-COVID-19) clinical patterns that are relevant to COVID-19 and
its multisystem disease manifestations. For example, acute COPD exacerbations are associated with a high
hospital readmission rate—up to 40% at 3 months—and a long-term increased risk of vascular events, such as
myocardial infarction and pulmonary embolism.35 Similarly, acute COVID-19, with extrapulmonary disease,
widely reported thrombotic events, and other multisystem effects,2,34 can lead to complications after hospital
discharge. Understanding the frequency and severity of complications in post-acute COVID-19 and identifying
patient subgroups at highest risk of such complications should enable investigation of different intervention
strategies, such as anticoagulant treatment after discharge, which might minimise early and late
thromboembolism. As the COVID-19 pandemic has progressed, it has become clear that—unlike many other
respiratory viruses— SARS-CoV-2 does not cause typical exacerbations of airways disease.36 Observational
data have suggested that patients with COPD and selected subgroups with asthma have poorer outcomes than
do patients without these pre-existing conditions.3,5,8,9 Research into the role of inhaled steroid use in patients
with pre-existing airways disease on COVID-19 disease burden was ranked 12th in our exercise according to its
overall RPS. Some studies have suggested that inhaled steroid treatment might be protective against severe
COVID-19.37 However, the available observational studies on inhaled steroids are potentially confounded by
the effects of behavioural factors such as better adherence to treatments, shielding programmes, and a reduction
of exposure to factors related to exacerbation events (eg, other infections and air pollution).

Thus, the effect of COVID-19 on patients with pre-existing airways disease, or with de-novo airways disease,
needs to be studied prospectively in large cohorts of patients. These studies will need to have an appropriately
matched control group with linked retrospective health-care data to ensure robust assessment of pre-COVID-19
health status. This priority-setting exercise provides a framework to address key research topics in this
important patient group.

Implications for policy, practice, and research

This exercise showed a high level of concordance between experts and patients in the 20 highest scoring
research topics when weighting of the criteria according to patients’ input was included. The weighting led to
some differences in the five highest priorities, but in general, the experts’ ranks reflected patients’ expectations.



As a result, we expect that there will be positive engagement in terms of research participation to address the
priority areas identified.

Many of the highly-ranked research topics could be addressed within a short time-frame, particularly with
national and international coordination. Investigating the potential risk factors identified in the research
priorities (eg, socioeconomic status, comorbidities, ethnicity, nutritional status, and medication use) could help
to identify patients who are at highest risk of long COVID, which in turn will inform service development
during a time of resource constraints and large backlogs in clinical follow-up of patients with long-term
conditions. Understanding of the predictors and causes of hospital readmissions after COVID-19 might allow
targeted interventions to minimise readmission and reduce the strain on hospital capacity. Care bundles
(standardised assessment tools used by the COPD hospital team for patients admitted with acute COPD
exacerbations both during the hospital stay and after discharge) to minimise COPD readmissions38 have been
widely adopted and could provide the basis to inform post-acute COVID-19 care.

Development of multidisciplinary clinics for long COVID is already encouraged by policy makers and patient
advocacy groups.39 These clinics can form the basis for multisite international studies and assessment of
interventions to prevent additional morbidity (eg, anticoagulation studies) or enhance return to baseline (eg,
rehabilitation studies to tackle sarcopenia).39 However, provision of and access to such multidisciplinary
clinics could be challenging in some low-income and middle-income countries where numbers of health-care
professionals per capita and resource availability are already lower than in high-income countries and are
further stretched by the pandemic. Other challenges could include difficulties in defining caseload where access
to COVID-19 testing is limited or there is incomplete or non-systematic assessment of patients—eg, with
echocardiography, CT scanning, or lung diffusion capacity testing to identify people who are breathless and
have developed myocardial dysfunction or interstitial lung disease, compared with those who are breathless
with no radiological changes.

Search strategy and selection criteria

We searched PubMed for articles published from database
inception to Jan 14, 2021, with no language restrictions,
using the following combination of search terms: “health
priorities OR priority setting OR resource allocation” AND
“research” AND “COVID-19 OR SARS-CoV-2 OR coronavirus
disease 2019 OR 2019-nCoV"” AND “survivor* OR recover* OR
persistent OR follow up OR discharge* OR long term OR
sequelae”. The final list of references was selected for this
Position Paper with the aim of providing an overview of the
best available evidence.



Conclusions

In summary, we have undertaken a robust expert consensus process to identify research priorities for long
COVID in the context of airways disease, taking into account the views of a large group of international experts
as well as those of patients who have had COVID-19 in association with pre-existing airways disease or who
have developed airways disease after COVID-19. The rankings of the research priorities are likely to have been
influenced by the current stage of the pandemic and the status of vaccine development and roll-out, as well as
the knowledge base and backgrounds of the experts and patients. Involving a different group of participants (eg,
with expertise in neurology, psychiatry, cardiovascular disease, or digital health) should be considered in future
priority-setting exercises as understanding of the burden and symptom complex of long COVID increases. With
the COVID-19 pandemic set to continue for the foreseeable future, we recommend that such prioritisation
exercises be repeated when the initial priority areas have been addressed and as the knowledge base grows.
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Key messages

Rationale and approach

Patients with pre-existing airways disease are thought to be
at higher risk of developing serious outcomes from acute
COVID-19, and new incident cases of airways disease have
been reported after acute COVID-19 illness

Many of the described symptoms in long COVID are
commonly reported in patients with airways disease in non-
COVID-19 studies; given the emergence of this new disease
entity, we sought to identify airways-related research
priorities for long COVID

Using the Child Health and Nutrition Research Initiative
(CHNRY) prioritisation method, 300 research ideas were
proposed by participants, including international experts in
airways disease and clinicians tackling long COVID

After a two-phase internal review process, a final list of

98 research ideas was scored by 48 participants according
to five predefined criteria: answerability, feasibility,
timeliness, effect on burden reduction, and equity; scores
were also weighted through input from patients who had
been admitted to hospital with COVID-19 in association
with pre-existing airways disease orwho had developed
airways disease after acute COVID-19

Priorities for research

A list of the 20 highest-ranking research ideas was
developed using the experts’ scores and patients’ input; the
top priority was the investigation of the relationship
between prognostic scores (using the International Severe

Acute Respiratory and emerging Infections Consortium
4CMortality Score) at hospital admission and morbidity at
3 months and 12 months after hospital discharge in
patients with and without pre-existing airways disease
High scores were also assigned to research ideas to
investigate the differences between patients with and
without airways disease in relation to the prevalence and
severity of post-COVID-19 fatigue, sarcopenia, anxiety,
depression, and risk of future cardiovascular
complications; to understand predictors of hospital
readmission; to develop and validate tools for remote
monitoring of symptoms; to determine the incidence of
and risk factors for new-onset symptomatic obstructive
airways disease; to assess the clinical efficacy and cost-
effectiveness of exercise rehabilitation in patients with
airways disease; and to investigate risk of venous
thrombotic events and outcomes with anticoagulation
treatment

Implications

Identification of research priorities to advance
understanding of the long-term effects of COVID-19 in the
context of airways disease is vital at a time when resources
are limited and rapid answers are needed

The CHNRI process could be readily adapted to develop
research priorities in other respiratory and non-respiratory
disease areas relevant to COVID-19 care
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