
Vaccines and variants: an update 
on cardiopulmonary assessment prior  
to return to high-hazard occupations  
following COVID-19
Oliver O’Sullivan1,2,3, Rienk Rienks4, David Holdsworth3,5,  
Constantinos H. Davos6, Martin Halle 7, Alexander Bennett1,3, 
Gianfranco Parati 8,9, Norbert Guettler10, and Edward Nicol 3,11,12*
1Academic Department of Military Rehabilitation, Defence Medical Rehabilitation Centre, Stanford Hall, Stanford on Soar, Loughborough LE12 5QN, UK; 2School of Medicine, 
University of Nottingham, Nottingham NG7 2RD, UK; 3Defence COVID-19 Recovery Service, Defence Medical Rehabilitation Centre, Stanford Hall, Loughborough LE12 5QN, UK; 
4Central Military Hospital, University Hospital, Lundlaan 1, 3584 EZ Utrecht, The Netherlands; 5Cardiology Department, Oxford University Hospitals NHS Foundation Trust, 
John Radcliffe Hospital, Headley Way, Headington, Oxford, Oxfordshire OX3 9DU, UK; 6Cardiovascular Research Laboratory, Biomedical Research Foundation, Academy of Athens, 4 
Soranou Ephessiou Street, Athens 115 27, Greece; 7Department of Prevention and Sports Cardiology, University Hospital rechts der Isar, Technical University Munich, German Centre 
for Cardiovascular Research, Georg-Brauchle-Ring 56, 80992 Munich, Germany; 8IRCCS, Istituto Auxologico Italiano, Department of Cardiology, San Luca Hospital, Milan, Italy; 
9Department of Medicine and Surgery, University of Milano-Bicocca, Milan, Italy; 10Internal Medicine and Cardiology Department, German Air Force Institute of Aerospace Medicine, 
Furstenfeldbruck D-82242, Germany; 11Department of Cardiology, Royal Brompton Hospital, Sydney Street, London SW3 6NP, UK; and 12School of Biomedical Engineering and 
Imaging Sciences, Kings College London, Strand, London WC2R 2LS, UK

Received 5 July 2022; revised 23 September 2022; editorial decision 27 September 2022; accepted 30 September 2022; online publish-ahead-of-print 6 October 2022

Background
The Aviation and Occupational Cardiology Task Force of the 
European Association of Preventative Cardiology produced a position 
statement providing the recommendations for the return of indivi-
duals to high-hazard occupations (including flying, diving, and remote 
workplaces) following symptomatic coronavirus disease 2019 
(COVID-19) in early 2022.1 This position statement was based on 
the initial variants of COVID-19, in a predominantly unvaccinated 
population, and recommended the use of a systematic combined clin-
ical and occupational assessment, for those deemed at high risk follow-
ing clinical risk triage, using specialist cardiopulmonary evaluation 
(including peak exercise capacity and imaging, where appropriate). 
Cardiopulmonary exercise testing was central to this assessment, as 
the gold-standard exercise test modality, and has now been shown 
to have utility in identification of exercise limitation, ventilatory ineffi-
ciency, and other abnormal physiology in hospitalized and non- 
hospitalized individuals who have been infected with COVID-19.2,3

Since the release of the original position statement, COVID-19 
has evolved, through the Delta and Omicron variant waves, with 
large-scale vaccination programmes introduced to mitigate the 
worse impact of the disease. This update of the initial position state-
ment aims to update the recommendations for the safe return of 

individuals to high-hazard activities following COVID-19, considering 
these changes.

Omicron variant
New variants of SARS-CoV-2 (especially Delta and Omicron) has 
contributed to the rise in case numbers, with new variants typically 
less severe and easier to transmit than their predecessors.4

However, despite acute COVID-19 illness being less severe and of 
shorter duration, persistent symptoms remain prevalent.

Acute illness with the Omicron variant has had a different set of 
presenting features than the variants which preceded it, with less in-
volvement of the lower respiratory tract.5 It also had lower risk of 
hospitalization when compared with illness with the Delta variant.6

Those with Omicron were also seen to have a shorter period of 
illness and were twice as likely to recover within a week. However, 
importantly for a working-age cohort, those who were hospitalized, 
were typically younger, with shorter stays in hospital and reduced 
oxygen requirements (though some of these effects might be attrib-
utable to be higher levels of natural and vaccine-induced immunity).6

Omicron often presents as a more ‘flu-like’ condition, with less em-
phasis on the original cardinal symptoms, such as anosmia, and breath-
lessness, therefore the flowchart (Figure 1) has been updated from the 
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one published previously,1 to reflect this, adding a specific category for 
‘Flu-like symptoms only, in the absence cardiorespiratory symptoms’.

Vaccinations
A global vaccination programme against COVID-19 was commenced 
at the end of 2020, with over 12 billion doses administered globally 
by June 2022. These vaccines, based on traditional vaccine develop-
ment techniques or novel mRNA techniques, have successfully re-
duced mortality and hospital admissions, slowed transmission, and 
reduced prolonged morbidity.6 From an occupational point of 
view, two important questions remain; what the effect of vaccination 
on the disease process is and what are the potential side effects fol-
lowing vaccination.

Vaccine effectiveness against symptomatic infection is as high as 
94%, with an effect against severe disease remaining for up to 6 
months7 including for prevention of hospitalization.6 For transmis-
sion or symptomatic disease, there is a significant drop in protec-
tion at 6 months, suggesting the potential need for repeat 
immunizations.7 As a result, it has been national guidance in many 
countries for individuals to undergo scheduled vaccinations, with 
certain organizations also recommending or mandating this for 
their employers.

Given this, it is important that the safety profile for this interven-
tion is understood. Myo-pericarditis has been one of the most de-
scribed adverse effects, especially following administration of 
Pfizer-BioNTech (BNT162b2) or Moderna (mRNA-1273) vaccines. 
In the UK, the MHRA reported nine cases per million of myocarditis 

and 6 per million of pericarditis, with 17 per million and 10 per million 
following the use of the Moderna vaccine.8 Whilst the risk of myo- 
pericarditis was mildly increased, especially following the second 
dose, the overall incidence of myo-pericarditis remained low, and 
the risk–benefit profile continues to support vaccination, and 
boosters.9

The rate of ‘breakthrough’ infection in vaccinated individuals is 
∼10%, with this rate increasing as time from vaccination increases,10

meaning it is important to not exclude SARS-CoV-2 as the aetiology 
in individuals who have been vaccinated, and to manage them in a 
similar manner to those who are unvaccinated.

Conclusion
Coronavirus disease 2019 and its associated sequalae continue to 
evolve with new variants and widespread vaccination. Those under-
taking high-hazard occupations remain an increased risk cohort, of-
ten because of the cardiopulmonary stressors arising from their 
working environment. It remains imperative that organizations fulfil 
their duty of care to their employees and wider society to ensure 
a safe return to full duty for those employed in high-hazard occupa-
tions. The proposed updated flowchart offers one such pathway.
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Figure 1 An example flowchart for post-COVID-19 risk-assessment for high-hazard employers to use for their employees.
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