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Coronavirus disease 2019 (COVID-19) is a potentially fatal disease of pandemic proportions, responsible for hundreds of thousands of deaths globally. While the majority of cases present with an infection of the lung, some may develop signs of other organ damage during the course of their disease. Studies have shown that up to 50% of patients with moderate to severe COVID infection may exhibit signs of damage to the heart, liver, kidney or brain. The causes for multi-organ injury are currently unclear, as are their clinical implications. It is also unknown whether persistent damage or injury will be seen in patients beyond the acute illness. In the present study, we seek to characterise the extent of multi-organ damage in patients with COVID-19 and will additionally evaluate the impact of COVID-19 on function capacity, quality of life and mental health. 
[bookmark: _Toc37265493][bookmark: _Toc77352284]SYNOPSIS
In the study proposed we seek to characterise the extent of multi-organ damage at ~3, ~6 and ~12 months from the time of SARS-CoV-2 infection and examine its effects on functional capacity, quality of life and mental health of patients. 

	Study Title
	Assessing the effects of Coronavirus Disease (COVID-19) on multiple organ systems and impact on quality of life, functional capacity and mental health

	Internal ref. no.
Short title
	
C-MORE Capturing MultiORgan Effects of COVID-19 

	Study registration
	ISRCTN/NCT number will be added once complete

	Sponsor 
	University of Oxford 
Joint Research Office 
1st floor, Boundary Brook House
Churchill Drive
Headington
Oxford OX3 7GB
E-mail: ctrg@admin.ox.ac.uk 

	Funder 
	NIHR Oxford Biomedical Research Centre 
UK Research and Innovation

	Study Design
	Prospective observational study 

	Study Participants
	616 previously hospitalised  COVID-19 patients , 62 matched uninfected controls, 10 post-hospitalised non-COVID-19 lung infection controls, 20 non-hospitalised COVID-19 patients.

	Sample Size
	708 participants 

	Planned Study Period
	Planned start date (as soon as possible) 01 May 2020
Planned end date 01 May 2023
Total project duration 72 months
Individual Participant involvement ~12 months 

	Planned Recruitment period
	32 months total 

	
	Objectives
	Outcome Measures
	Timepoint(s)

	Primary

	1) Examine and compare the prevalence and extent of lung, heart, liver and kidney, brain injury on magnetic resonance imaging (MRI) in patients with moderate to severe COVID-19 disease with matched uninfected controls.
	1) Imaging biomarkers of lung, heart, liver and kidney, brain injury on MRI. 
	1) ~6 months post-hospital discharge.

	Secondary

	2) Examine and compare the prevalence and extent of lung, heart, liver and kidney, brain injury on magnetic resonance imaging (MRI) in patients with moderate to severe COVID-19 disease with matched uninfected controls.
	2) Imaging biomarkers of lung, heart, liver and kidney, brain injury   on MRI.

	2) ~3 months and ~12 months post-hospital discharge.


	

	3) Compare serological measures of lung, heart, liver and kidney, brain  injury on blood tests and and urine markers of kidney injury in patients with moderate to severe COVID-19 disease with matched uninfected controls 

	3) Serum biomarkers of lung, heart, liver and kidney, brain injury and urine biomarkers (albumin: creatinine ratio) of kidney injury.
	3) ~3 months , ~6 months and ~12 months post-hospital discharge.

	
	4) Compare lung functional capacity at 3 months, 6 months  and 12 months in COVID-19 patients and matched controls
	4) VO2 max on cardiopulmonary exercise testing (CPET)

	4) ~3 months, ~6 months, ~12 months post-hospital discharge


	
	5) Examine lung function of patients with COVID-19 and matched controls. 
	5) Ratio of forced expiratory volume (FEV1) in 1 second, forced vital capacity (FVC),  total lung capacity (TLC) and diffusion
	5) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	6) Evaluate the quality of life of patients with COVID-19 at 3 months, 6 months and 12 months post-hospital discharge.
	6) Short Form-36 (SF-36) questionnaire score 

	6) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	7) Evaluate the frailty of patients with COVID-19
	7) Clinical frailty scale (CFS) questionnaire. 
	7) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	8) Evaluate  cognition and mental health of patients with COVID-19
	8) Montreal Cognitive Assessment (MOCA) and Personal health questionnaire (PHQ)

	8) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	9) Assess impact of COVID-19 on aerobic capacity and endurance.
	9) Maximum distance covered in 6 minutes
	9) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	10) Assess the relationship between severity of acute infection and extent of multi organ injury.
	10) Markers of severity of acute infection and extent of multi-organ injury in patients.
	10) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	11) Assess the impact of specific medical therapy used in the acute setting and multi-organ injury 
	11) Medical therapy used for acute infection and extent of multi-organ injury in patients  
	11) ~3 months, ~6 months, ~12 months post-hospital discharge.


	
	12) Assess the relationship between immunological markers and extent of multi organ injury. 
	12)  Immunological markers and extent of multi-organ injury in patients
	12) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	13) Evaluate breathlessness and fatigue 
	13) Medical research council (MRC) dyspnoea scale, Dyspnoea-12 scale, Fatigue severity score (FSS)

	13) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	14) Evaluate left ventricular stiffness and right heart pressure 
	14) Echocardiographic markers of diastolic dysfunction and right heart pressure 
	14) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	15) Compare measures of multiorgan injury, lung function test, exercise capacity (optional), symptom burden, mental and cognitive health between SARS-CoV-2 negative controls previously hospitalised with chest infection and COVID-19 survivors.
	15) MRI markers of multiorgan injury, CPET measures (optional), lung function tests, PHQ-9, GAD-7, MoCA score, FSS, Dyspnoea-12 scale, MRC grade, CFS, blood biomarkers.
	15) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	16) Compare skeletal muscle metabolism following exercise in COVID-19 patients with and without fatigue versus control group (uninfected/infected).  
	16) Skeletal muscle PCr/ATP ratio and PCr recovery time constant 
	16) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	17) Clarify the effects of hospitalisation and infection versus the effects of COVID-19 on multiorgan health.
	17) Comparison of  4 groups  – hospitalised COVID-19 patients, non-hospitalised COVID-19 patients, non-COVID-19 lung infection patients, uninfected matched individuals.  
	17) 6-18 months from hospital discharge.

	
	18) Evaluate the reproducibility of measurements across MRI scanners 
	18) Correlation between measurement on multiorgan MRI across scanners
	18) Within 4 weeks of each scan.

	Intervention(s)
	Not applicable 

	Comparator
	Age, gender, co-morbidity matched controls,  previously hospitalised patients recovering from non-COVID lung infections and non-hospitalised COVID-19 patients
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	ACE-2
	Angiotensin converting enzymes -2

	ATP
	Adenosine triphosphate

	CCTA
	Coronary Computed Tomography 

	CI
	Chief Investigator

	CFS
	Clinical Frailty Questionnaire

	CMR
	Cardiovascular Magnetic Resonance

	CoV
	Coronavirus

	COVID-19
	Coronavirus disease 19

	CPET
	Cardiopulmonary exercise testing

	CRF
	Case Report Form

	CT
	Computed Tomography

	CTRG
	Clinical Trials & Research Governance, University of Oxford

	DIC
	Disseminated Intravascular Coagulopathy

	ECG
	Electrocardiograph

	eGFR
	Estimated Glomerular Filtration Rate

	GCP
	Good Clinical Practice

	GP
	General Practitioner

	HRA
	Health Research Authority

	ICF
	Informed Consent Form

	IEP
	Image Exchange Portal

	ILD
	Interstitial lung disease

	MOCA
	Montreal Cognitive Assessment 

	MRI
	Magnetic Resonance Imaging

	MRS
	Magnetic Resonance Spectroscopy

	NCIMI
	National Consortium of Intelligent Medical Imaging 

	NHS
	National Health Service

	RES
	Research Ethics Service

	RSNFT
	Royal Surrey NHS Foundation Trust

	PCr
	Phosphocreatine

	PI
	Principal Investigator

	PFT
	Pulmonary function test 

	PIL
	Participant/ Patient Information Leaflet

	PHQ
	Personal Health Questionnaire

	R&D
	NHS Trust R&D Department

	REC
	Research Ethics Committee

	RSNFT
	Royal Surrey NHS Foundation Trust

	SARS-CoV
	Severe Acute Respiratory Distress Syndrome Coronavirus

	SOP
	Standard Operating Procedure

	SAE
	Serious Adverse Effects

	SF-36
	36-Short Form Survey

	TLC 
	Total Lung Capacity 

	TTE
	Transthoracic Echocardiography

	UKRI
	UK Research & Innovation

	6MWT
	6-minute walk test
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Scientific background 
Coronavirus disease, also known as COVID-19, is a potentially fatal disease of pandemic proportions (1). Within just three months from its initial report, COVID-19 has claimed hundreds and thousands of lives world-wide (2). Caused by a virus (SARS-CoV-2), identified to be a novel enveloped RNA β corona virus (3, 4), COVID-19 bears marked resemblance to infections caused by the severe acute respiratory distress coronary virus (SARS-CoV) and middle eastern respiratory distress (MERS) viruses arising from the same phylogenetic tree (4). Epidemiological investigations have confirmed the zoonotic origin of SARS-CoV-2, as early clusters of infections were linked to exposure to a seafood and animal whole-sale market in Wuhan, Hubei province of China. With time, human to human transmission has become the dominant mode of transmission, spreading the illness exponentially across the world via droplet infection exposure and direct contact. 

Effects of COVID-19 on the lungs 
Although the clinical features of COVID-19 are similar to those of severe acute respiratory distress syndrome (SARS), some differences in clinical characteristics and viral tropism have been recognised. Despite this, the vast majority of patients with COVID-19 exhibit features similar to that of SARS which include a range of upper and lower respiratory symptoms, headache, myalgia, fever, and less commonly gastrointestinal symptoms. While the respiratory system is believed to be the primary target of infection, emerging data (3-8) suggests that other organs including the heart, liver, kidney, brain and haematological systems may also be affected. Until recently, research efforts have largely focussed on the pulmonary effects of COVID-19 and other SARS viruses; however, given the increasing evidence of multi-organ dysfunction, a better understanding of the systemic effects of COVID-19 disease is needed.
Respiratory infections are the most common manifestation of COVID-19. In the largest study to date of 1099 laboratory-confirmed COVID-19 positive cases from China (8), 18.7 % of patients were symptomatic of breathlessness and 75.2% experienced other respiratory symptoms including cough, nasal and throat congestion. Studies have also reported that approximately 41 to 82% of patients presenting to hospital require some form of supportive therapy either in the form of supplemental oxygen or mechanical ventilation (invasive and non-invasive) (7.8%-33.3%) (6, 8). Perhaps the most severe respiratory manifestation of COVID-19 is the development of diffuse pneumonitis which results in a form of acute respiratory distress syndrome (ARDS) (3-6, 8). Occasionally complicated by superimposing bacterial infection, shock and multi-organ failure, ARDS is believed to be the commonest cause of death in patients with COVID-19 (6). Recent studies (3-8) have provided evidence for the central role of highly sensitive imaging techniques such as computer tomography (CT) for the diagnosis, staging and management of respiratory infections (7). It is believed that almost all COVID-19 patients presenting to hospital will exhibit some form of pulmonary abnormalities on CT either at presentation or during their hospital admission. Findings on CT chest may include ground glass opacity with ill-defined margins, air bronchograms, interlobular and septal thickening, pleural thickening, consolidation of the lungs or bilateral pulmonary infiltrates. Lung parenchymal abnormalities tend to be more extensive in those needing intensive care unit (ICU) versus others with milder diseases (7). In one study, up to 75% of patients continued to exhibit parenchymal abnormalities more than two weeks after symptoms onset (9). Given the high prevalence of pulmonary pathology and persistence of subclinical parenchymal changes days after initial presentation, long-term structural and functional impairment of the lung can be expected in COVID-19 patients. 
Recent reports in the media suggest that breathlessness and fatigue are common symptoms reported by patients in the weeks after the acute infection and could interfere with activities of daily living. Systematic studies examining these aspects are currently lacking and may be helpful in understanding the intermediate and long term impact of COVID-19 on functional capacity and quality of life. Pulmonary function tests remain the gold standard for diagnosing a range of pulmonary parenchymal and airway disorders. Spirometry is the most common pulmonary function test and can be useful in distinguishing obstructive airway disease (such as asthma or chronic obstructive airway disease) from non-obstructive causes of breathlessness (interstitial lung disease, heart failure) (10). Interstitial lung diseases (ILD), a non-obstructive pulmonary parenchymal disease, is reported to be a common complication of SARS and may present with normal spirometry, despite symptoms of ongoing breathlessness. However, a normal spirometry result may also indicate normal lungs and is not sufficient to make a diagnosis of ILD. To distinguish between ILD and other causes of normal spirometry result, the American Thoracic Society and European Respiratory board (11) recommend an assessment of total lung capacity and gas transfer (diffusing lung capacity to carbon monoxide/ DLco) which tend to be reduced in ILD. 

Effects of COVID-19 on the heart
The relationship between COVID infection and cardiac disease is also important. Data from at least four major clinical studies of COVID-19 (5, 12-14) patients from China suggest that evidence of myocardial injury can be detected in 7-20%. Defined by an increase in cardiac biomarkers above the 99th percentile of normal range or a new abnormality on electrocardiography or echocardiography (5, 12, 13), cardiac injury was noted to be far more common in patients (up to 46 % of cases) with more severe disease (12) and non-survivors (5). Conversely, mortality was also higher in patients with pre-existing cardiovascular disease or risk factors for coronary disease who contracted COVID-19. These findings suggest that cardiac complications are common and associated with disease severity. A number of mechanisms have been suggested to promote myocardial injury in SARS-CoV-2 infections. These range from a type of fulminant myocarditis, caused by cytokine storm (12, 15), to infectious viral myocarditis and acute coronary syndrome. In support of a reactive myocarditis, several studies have demonstrated an acute rise in inflammatory cytokine levels and C-reactive protein, which is seen to precede the rise in serum biomarkers of myocardial injury (5). Experimental rabbit models have also demonstrated that SARS COV-2 can directly infect cardiomyocytes with the help of angiotensin converting enzymes -2 (ACE-2) receptors, raising the possibility of a viral myocarditis (16). Another potential cause for myocardial injury is an acute coronary syndrome due to plaque rupture. A post-mortem study of 14 patients with SARS revealed that 15.9% of patients display histopathological evidence of myocardial infarction (17, 18). Cases of a stress induced myocarditis such as Takotsubo cardiomyopathy (19) have also been reported during other respiratory viral infections. Cardiac magnetic resonance (CMR) provides an excellent opportunity to non-invasively interrogate the myocardium for a range of pathological abnormalities. The high sensitivity and specificity of CMR for diagnosing cardiac diseases could help establish the underlying cause of myocardial injury in COVID-19 patients (20). Right ventricular dysfunction is a frequent finding in patients with COVID-19 both acutely and in months after discharge (21). Abnormalities in the right heart are believed to reflect increased pressures within the pulmonary circulation. Transthoracic echocardiography (TTE) has the ability to definitively detect an increase right heart pressure and is widely used for the assessment of pulmonary hypertension and its causes (e.g., diastolic dysfunction). It is currently unknown whether right heart pressures or function normalise in patients who recover from COVID-19 or whether this remains abnormal months after the acute illness is overcome. The assessment of both myocardial tissue characteristics on CMR and chamber pressures on TTE could accelerate the development of cardiac-protective pathways and treatment options intended to alleviate myocardial injury during respiratory viral epidemics. From a prognostic point of view, the presence and extent of myocardial fibrosis or scar, as detected on CMR, may also be helpful in stratifying risks in COVID-19 patients and could identify those in need of more long-term cardiac support (e.g., those with extensive myocardial injury or patients with asymptomatic pre-existing cardiac diseases). 

Effects of COVID-19 on the liver and kidney 
Data from at least four (6, 8, 12, 13) large scale clinical studies have indicated that patients with COVID-19 are also susceptible to hepatic injury. In a study by Huang and colleagues (12) published in the Lancet, eight (62%) of 13 patients admitted to the intensive care unit were observed to have elevation in aspartate transaminase (AST) as compared to seven (25%) among those who did not need ICU. In another study of 1099 patients (8) from 552 hospitals, abnormal liver function tests was more common (40%) in patients with more severe disease than non-severe disease. Evidence of cholangiocyte injury has also been detected in one study of 56 patients with COVID-19 (22). Among the COVID-19 patients who present to hospital, approximately 2-11% have pre-existing liver comorbidities (1, 5, 12). It has been suggested that liver damage may be directly caused by virus infection of the liver cells. Indeed, SARS-CoV-2 RNA can be isolated in the stool (23) and blood of infected patients. Previous pathological studies have also confirmed in patients dying of SARS (24) that viral ribonucleic acid (RNA) can be detected in the liver cells. Other potential sources of injury to the liver include the use of antiretrovirals, which can be hepatotoxic (25), and the cytokine storm which accompanies acute infection. Liver multi-parametric magnetic resonance imaging approaches are found to be extremely promising in characterising the hepatic dysfunction in patients with suspected hepatitis and other forms of liver disease (26, 27). With an excellent diagnostic accuracy for detecting liver fibrosis, inflammation and steatosis (28), liver MRI has been shown to predict clinical outcomes (liver related and unrelated) in patients with a number of liver disease aetiologies (26, 27). It is currently unknown whether patients with COVID-19 will continue to have ongoing signs of hepatic dysfunction or whether pre-existing liver diseases are exacerbated by this infection. An evaluation of the medium to long term effects of COVID-19 infection on the liver using advanced imaging techniques could provide novel insights into the prevalence and potential mechanisms underlying hepatic dysfunction in these patients. 
In the acute setting, kidney involvement is common in patients with COVID-19  and ranges from proteinuria to acute kidney injury which manifests as an increase in urea and creatinine on blood tests (29). Up to 40% of patients with severe infection appear to have acute kidney injury with nearly half of them needing dialysis (30). There is early evidence to suggest  SARS-CoV-2 can directly infects the renal tubular endothelium and podocytes through an ACE2-dependent pathway causing mitochondrial dysfunction, acute tubular necrosis, formation of protein reabsorption vacuoles, collapsing glomerulopathy and protein leakage in the Bowman’s capsule. Whether or not patients recovering from COVID-19 will have persistent evidence of kidney damage is unknown (31) and warrants further research. 

Effects of COVID-19 on the brain
Neurological complications including encephalitis (32) and stroke have also been observed in up to 36% of cases (14). Previous studies of SARS patients who died during the 2003 outbreak demonstrated that SARS-CoV could be isolated from the brain of patients (33). Another study of mice transgenic for human ACE-2 by Perlman and colleagues (34) reported that the virus may enter the brain via the olfactory bulb and spread transneurally to other parts of the brain. Extensive neuronal infection is believed to be the main cause of neuronal cell death and can occur in patients infected with SARS-CoV (34). Studies have shown that up to 13.6% (8, 12) of COVID-19 patients experience a headache during the acute phase. Whether or not such patients have a form of viral meningitis is currently unknown. In the more severe cases, COVID-19 patients also develop disseminated intravascular coagulopathy (DIC)(6, 8), a form of coagulopathy associated with abnormal clotting and bleeding. Patients with DIC are at an increased risk of both ischaemic and haemorrhagic complications. 

Rationale for follow-up assessments
Previous studies suggest that the effects of coronavirus infection may persist for months after the acute infection. In a 6-month follow up study (35), SARS survivors exhibited persistent impairment in lung function, exercise capacity and quality of life compared to a normal population. Whether or not persistent multi-organ dysfunction is present beyond the acute stages of COVID-19 is unclear as are their underlying mechanisms and clinical implications. In the study proposed, we seek to investigate the effects COVID-19 infection on the lungs, heart, liver, kidney and brain using highly sophisticated state-of-the art imaging and functional tests, by studying patients up to 3 times over the course of 12 months post-hospital discharge. 

Rationale for alignment with the national follow up study PHOSP-COVID consortium 
To urgently understand and improve the long term outcomes of survivors following hospitalisation with COVID-19, the PHOSP-COVID national consortium was created to establish a nation-wide platform that integrates both research and clinical service in COVID-19 survivors. The C-MORE study will be embedded in PHOSP-COVID as a Tier-3 imaging sub-study to align its efforts with the nation-wide response, avoid duplication and contribute to the overarching goals of COVID-19 research. C-MORE will work in parallel with PHOSP-COVID and will continue to undertake the comprehensive multiorgan imaging in participants as described in this protocol, however the remaining assessments to extensively phenotype participants will be undertaken as part of the PHOSP-COVID study. Our efforts will be focussed on imaging participants who are both C-MORE and PHOSP-COVID participants with the aim of reducing the overall burden of additional research assessments in COVID-19 survivors. 

Expected clinical value of this research 
COVID-19 is a public health emergency of global proportions. We expect that the proposed work will provide important and novel insights into the prevalence and extent of persistent multiorgan damage in COVID-19 patients. Follow-up clinical information collected up to 12-months post infection will provide early insights into the prognostic implications of multiorgan injury in COVID-19 survivors. These findings will aid the development of treatment pathways intended to prevent and limit multiorgan damage in future viral pandemics. A deeper understanding of the impact of COVID-19 on the quality of life and mental health of affected individuals and potential need for ongoing medical surveillance will also be realised through these efforts.

Discerning the difference between COVID-19 and non-specific effects of pulmonary and non-pulmonary infections on systemic health
It is widely accepted that the cytokine storm, implicated in multiorgan dysfunction induced by COVID-19, can also be seen in the context of other viral and bacterial infections (36). The exaggerated immune response may also be the unfortunate consequence of specific therapeutic interventions. Prolonged hospital admission and use of ventilators (37) and/or specific therapies (38) may further propagate organ injury and muscular atrophy (e.g., barotrauma from ventilation (39), nephrotoxicity from antibiotics or antiviral, muscular atrophy from steroids). We had recently reported a high prevalence of tissue abnormalities on MRI in a cohort of previously hospitalised COVID-19 survivors (lung abnormalities in 60%, heart abnormalities in 26%, kidney abnormalities 29%, liver abnormalities in 10%) at 3 months from disease onset (40). Up to a third of patients required admission to intensive care and mechanical ventilation while for COVID-19. Whether or not the MRI tissue abnormalities reported are the result of SARS-CoV-2 infection or non-specific effects of the systemic immune response to infection or medical and ventilatory therapies used while in hospital is unknown. We seek to clarify the direct effects of COVID-19 versus the indirect effects of hospitalisation in mediating multiorgan damage in COVID-19 survivors. For this we would like to study both hospitalised patients with non-COVID-19 infections and non-hospitalised patients with suspected/confirmed COVID-19 infections as a controls. 

Rationale for skeletal muscle spectroscopy
Preliminary results from our local cohort have demonstrated that more than half the COVID-19 survivors at 3 months from disease onset report symptoms of fatigue in the medium term (40). Assessment of cardiopulmonary physiology following exercise has identified that a predominant mechanism for exercise limitation is deconditioning and lack of muscular fitness (40). Skeletal muscle phosphorus magnetic resonance spectroscopy (MRS) permits the non-invasive assessment of mitochondrial function within skeletal muscles both at rest and following exercise (41). Sensitive to metabolite concentrations of  phosphocreatine (PCr) and adenosine triphosphate, skeletal muscle MRS is capable of measuring dynamic changes in metabolism (42). As PCr works as an energy buffer, its level typically drops after the exercise until more ATP can be synthesized from other sources, such as oxidative phosphorylation. Once the exercise is complete, ATP is synthesized purely oxidatively and turned immediately into PCr to replenish the reserves. Numerous studies have demonstrated that the rate of recovery of PCr signal measured dynamically acts as a reliable marker of skeletal muscle mitochondrial function (42) . We aim to characterise skeletal muscle metabolism in COVID-19 survivors with the hope that this research will help us dissect out the mechanisms for post-COVID-19 fatigue syndrome (i.e., due to changes in skeletal muscle metabolism, or caused by impairment in cardiopulmonary function) and pave way for trials of therapies designed restore metabolic homeostasis.

Harmonizing measurements across MRI scanners
Recently, we demonstrated the power of multiorgan MRI in providing insights into the prevalence of multiorgan injury among patients with COVID-19 (40). Although our multiorgan MRI protocol has been implemented in many centres, there are variations in quantitative measurement based on the make of the scanner which is commonly referred to as “inter-vendor scanner differences”. These inter-vendor differences are also seen with other imaging modalities, such as ultrasound based techniques, and an understanding of the source of such differences would be important in the analysis of a MRI images from multiple centres. We seek to examine the inter-vendor scanner variability in a group of participants who would be willing to have two multiorgan MRI scans on different scanner vendors (within 4 weeks of each other). The goal is to understand the biases in measurements across scanners and correct for them accordingly when analysing all the data from multiple sites. 

[bookmark: _Toc47644751][bookmark: _Toc37265497][bookmark: _Toc77352287]OBJECTIVES AND OUTCOME MEASURES

	
	Objectives
	Outcome Measures
	Timepoint(s)

	Primary

	1) Examine and compare the prevalence and extent of lung, heart, liver and kidney, brain injury on magnetic resonance imaging (MRI) in patients with moderate to severe COVID-19 disease with matched uninfected controls.
	1) Imaging biomarkers of lung, heart, liver and kidney, brain injury on MRI. 
	1) 6 months post-hospital discharge.

	Secondary

	2) Examine and compare the prevalence and extent of lung, heart, liver and kidney, brain injury on magnetic resonance imaging (MRI) in patients with moderate to severe COVID-19 disease with matched uninfected controls.
	2) Imaging biomarkers of lung, heart, liver and kidney, brain injury on MRI.

	2) 3 months and 12 months post-hospital discharge.


	

	3) Compare serological measures of lung, heart, liver and kidney, brain  injury on blood tests and urine markers of kidney injury in patients with moderate to severe COVID-19 disease with matched uninfected controls 
	3) Serum biomarkers of lung, heart, liver and kidney, brain injury and urine biomarkers (albumin: creatinine ratio) of kidney injury.
	3) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	4) Compare lung functional capacity at 3 months, 6 months  and 12 months in COVID-19 patients and matched controls
	4) VO2 max on cardiopulmonary exercise testing (CPET)

	4) 16) ~3 months, ~6 months, ~12 months post-hospital discharge. 

	
	5) Examine lung function of patients with COVID-19 and matched controls. 
	5) Ratio of forced expiratory volume (FEV1) in 1 second and forced vital capacity (FVC)
	5) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	6) Evaluate the quality of life of patients with COVID-19 at 3 months, 6 months and 12 months post-hospital discharge.
	6) Short Form-36 (SF-36) questionnaire score  

	6) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	7) Evaluate the frailty of patients with COVID-19
	7) Clinical frailty scale (CFS) questionnaire. 
	7) ~3 months, ~6 months, ~12 months post-hospital discharge. .

	
	8) Evaluate cognition and mental health of patients with COVID-19
	8) Montreal Cognitive Assessment (MOCA) and Personal health questionnaire (PHQ)
	8) ~3 months, ~6 months, ~12 months post-hospital discharge. .

	
	9) Assess impact of COVID-19 on aerobic capacity and endurance.
	9) Maximum distance covered in 6 minutes
	9) ~3 months, ~6 months, ~12 months post-hospital discharge. .

	
	10) Assess the relationship between severity of acute infection and extent of multi organ injury.
	10) Markers of severity of acute infection and extent of multi-organ injury in patients.
	10) ~3 months, ~6 months, ~12 months post-hospital discharge. .

	
	11) Assess the impact of specific medical therapy used in the acute setting and multi-organ injury 
	11) Medical therapy used for acute infection and extent of multi-organ injury in patients  
	11) ~3 months, ~6 months, ~12 months post-hospital discharge.


	
	12) Assess the relationship between immunological markers and extent of multi organ injury. 
	12)  Immunological markers and extent of multi-organ injury in patients
	12) ~3 months, ~6 months, ~12 months post-hospital discharge. 

	
	13) Evaluate breathlessness and fatigue 
	13) Medical research council dyspnoea scale, Dyspnoea 12 scale

	13) ~3 months, ~6 months, ~12 months post-hospital discharge. 

	
	14) Evaluate left ventricular stiffness and right heart pressure 
	14) Echocardiographic markers of diastolic dysfunction and right heart pressure 
	14) ~3 months, ~6 months, ~12 months post-hospital discharge. 

	
	15) Compare measures of multiorgan injury, lung function test, exercise capacity (optional), symptom burden, mental and cognitive health between SARS-CoV-2 negative controls previously hospitalised with chest infection and COVID-19 survivors.
	15) MRI markers of multiorgan injury, CPET measures (optional), lung function tests, PHQ-9, GAD-7, MoCA score, FSS, Dyspnoea-12 scale, MRC grade, CFS, blood biomarkers.
	15) ~3 months, ~6 months, ~12 months post-hospital discharge. 

	
	16) Compare skeletal muscle metabolism in COVID-19 patients with and without fatigue versus controls group (uninfected/previous lung infection).  
	16) Skeletal muscle PCr/ATP ratio and PCr recovery time constant following exercise.
	16) ~3 months, ~6 months, ~12 months post-hospital discharge.

	
	17) Clarify the effects of hospitalisation and infection versus the effects of COVID-19  on multiorgan health.
	17) Comparison of  4 groups  groups – hospitalised COVID-19 patients, non-hospitalised COVID-19 patients, non-COVID-19 lung infection patients, uninfected matched individuals.
	17) 6-18 months from hospital discharge.

	
	18) Evaluate the reproducibility of measurements across MRI scanners 
	18) Correlation between measurement on multiorgan MRI across scanners
	18) Within 4 weeks of each scan.


[bookmark: _Toc37265498][bookmark: _Toc77352288]STUDY DESIGN
This is a multi-centre longitudinal, observational, cohort study assessing multiple organ magnetic resonance imaging parameters in COVID-19 patients. The study will recruit patients with moderate to severe COVID-19 infection who have been admitted to NHS hospitals. The participants will be invited to undertake up to a minimum of 3 study visits over a period of 12 months post infection. Their results will be compared against matched uninfected controls, previously hospitalised patients with non-COVID lung infection and non-hospitalised COVID-19 patients. Data will be collected by electronic data capture, magnetic resonance images will be collated and analysed centrally. A flow chart of the study is described in the Appendix A.

PHOSP-COVID participants who are then enrolled into C-MORE will not be asked to repeat study assessments already conducted as part of that study. Instead, they will only complete the MRI assessments (see 13.4 Data Sharing for more detail).
[bookmark: _Toc47644754][bookmark: _Toc37265499][bookmark: _Toc77352289]PARTICIPANT IDENTIFICATION
[bookmark: _Toc37265500][bookmark: _Toc77352290]Study Participants
1)  GROUP 1: Patients diagnosed with moderate to severe COVID-19 infection (hospitalised)
2) GROUP 2: Age-, gender-, comorbidities-matched uninfected controls 
3) GROUP 3: Previously hospitalised patients with non-COVID-19 lung infections
4) GROUP 4: Non-hospitalised patients with COVID-19 
[bookmark: _Toc37265501][bookmark: _Toc77352291]Inclusion Criteria
· Participant is willing and able to give informed consent for participation in the study.
· Male or Female, aged 18 years or above. Diagnosis of COVID-19 infection will be confirmed by evidence of serological immunological response to SARS-CoV-2 (Immunoglobulin-M/G) to COVID or detection of viral nucleic acid in body on reverse-transcription Polymerase Chain Reaction (RT-PCR) or where the attending clinician made a confident clinical diagnosis (based on symptoms, blood tests and/or radiology)
· [bookmark: _Toc37265502]Infection should be of moderate to severe intensity (i.e., those admitted to hospital with clinical signs of pneumonia)(8). 
· [bookmark: _Toc37265503][bookmark: _Toc37265504]Controls would include three groups: 1. Previously hospitalised patients with non-COVID lung infection (evidenced by negative SARS-CoV-2 PCR during admission). 2. Uninfected controls includes those individuals who believed they were uninfected because they have not had COVID-19 symptoms, and will remain in the control group even if serology result indicates otherwise. 3. Non-hospitalised patients with suspected/confirmed COVID-19 
[bookmark: _Toc77352292]Exclusion Criteria
The participant may not enter the study if ANY of the following apply:
· Contraindication to MRI e.g. pregnancy, pacemaker, ferromagnetic implant, shrapnel injury, severe claustrophobia, inability to lie flat. 
· Any other significant disease or disorder which, in the opinion of the investigator, might influence the participant’s ability to participate in the study. 
· Any signs of active COVID-19 infection on day of visit. 

[bookmark: _Toc37265505][bookmark: _Toc77352293]PROTOCOL PROCEDURES 
[bookmark: _Toc517942656][bookmark: _Toc517966564][bookmark: _Toc517966719][bookmark: _Toc517967000][bookmark: _Toc517967104][bookmark: _Toc37265506][bookmark: _Toc77352294]Recruitment
Sites and Participant Identification Centres involved in this study will be primary or secondary care service providers in the NHS. There will be several possible pathways by which participants may be referred to sites for recruitment.

10.1.1 Investigators of national COVID studies such as PHOSP-COVID, or the RECOVERY trial (an ethically approved study in acute COVID-19 patients)(Eudra CT 2020-001113-21) will approach participants to inform them of the C-MORE study, provide them with written information if they wish and with the participants’ verbal agreement their contact details can be provided securely (see section 13.4) to the C-MORE study team. Similarly, participants of other studies or trials that recruit SARS-CoV-2 infected patients will also be approached.

10.1.2 Participants will be approached by telephone, by post (via Docmail https://www.docmail.co.uk/index.html to contact potential participants in primary care), by email or in person and supplied with an invitation letter and information about this study. Potential participants may be re-contacted up to several months from the acute presentation, to discuss their interest in the study and any queries they may have.  

10.1.3 COVID-19 patients will be identified, and eligibility assessed by review of medical records by the clinical team and provided with an invitation letter and study information. Alternatively, with the patients’ verbal agreement their contact details can be provided securely (see section 13.4) by the clinical team to the C-MORE study team who will then contact them as outlined in 10.1.4 and supply study information by post or email. Potential participants may be re-contacted around 7 days following initial contact to discuss any queries they may have and assess eligibility. 

10.1.5 Previously hospitalised non-COVID-19 patients with lung infection will be identified from ward or intensive care unit and eligibility assessed by review of medical records by the clinical team. Invitation letter and study information will be provided. Alternatively, with patients’ verbal agreement, their contact details can be provided securely by the clinical team to the C-MORE study team who will contact them as mentioned in 10.1.2. Study information will be supplied by post or email. Participants maybe re-contacted around 7 days after the initial contact to clarify any queries and for eligibility assessment.

10.1.6 Control groups (Uninfected comorbidity matched individuals, non-hospitalised COVID-19 participants and previously hospitalised individuals) may also be invited to participate through emails sent to staff via staff mailing lists, advertisements in websites, or social media, outpatient clinics, university websites or they may be previous research participants who have indicated they would be interested in participating in future research. Interested volunteers will be able to contact the research team to indicate their interest.

Only some sites will be invited to recruit either hospitalised non-COVID-19 patients with lung infections or uninfected participants who will act as controls. 
[bookmark: _Toc37265507][bookmark: _Toc77352295]Screening and Eligibility Assessment
[bookmark: _Toc37265508]Patients will be assessed by the clinical teams for eligibility against the inclusion or exclusion criteria. The clinical teams at the recruiting sites will confirm that patients have been infected with SARS-CoV-2 or has had a non-COVID-19 lung infection before approaching them. Participants must satisfy all the approved inclusion and exclusion criteria of the protocol. Participants will then be invited to participate and informed consent will be obtained at the start of visit 1. Pre-screening for eligibility will take place prior to consent. It will be done by the direct care team using patient notes. There will be no access to patient identifiable data outside of the direct care team prior to consent. 

Screening and eligibility for PHOSP COVID/C-MORE participants 
For PHOSP-COVID participants, screening and eligibility assessment will occur as per the REC approved protocol (IRAS ID 285439). After providing consent to PHOSP-COVID, participants meeting the inclusion criteria of C-MORE will then be approached by the PHOSP-COVID investigator with a C-MORE patient information leaflet as shown in the diagram adapted from PHOSP-COVID protocol (APPENDIX C). 
[bookmark: _Toc37265509][bookmark: _Toc77352296]Informed Consent
Written and verbal explanation of the study will be provided by the detailing the exact nature of the study, the implications and the known possible side effects and any risks involved in taking part. It will be clearly stated that a potential participant is free to withdraw from the study at any time for any reason without prejudice to future care, and with no obligation to give the reason for withdrawal. The potential participant will be allowed as much time as wished to consider the information provided.
The participant must personally sign and date the latest approved version of the Informed Consent form before any study specific procedures are performed. A copy of the signed Informed Consent will be given to the participant, and a copy will be retained at the study site. The original signed form will be filed in the participants’ medical notes. If the participant is not a patient (e.g. a volunteer), then the original signed form will be retained at the study site.
For the purposes of informed consent monitoring, redacted consent forms may be requested by the main site. Scanned copies of these redacted forms will be sent by secure email.
[bookmark: _Toc516150161][bookmark: _Toc516151239][bookmark: _Toc517942660][bookmark: _Toc517966568][bookmark: _Toc517966723][bookmark: _Toc517967004][bookmark: _Toc517967108][bookmark: _Toc37265510][bookmark: _Toc77352297]Randomisation
Not applicable
[bookmark: _Toc37265511][bookmark: _Toc77352298]Blinding and code-breaking 
Image analysts will be blinded to the status of the participant and other study findings at the time of analysis. 
[bookmark: _Toc37265512][bookmark: _Toc77352299]Description of study intervention(s), comparators and study procedures (clinical)
This is a prospective, observational, longitudinal, cohort study of post COVID-19 infection patients presenting to NHS hospitals in the UK.
[bookmark: _Toc517942664][bookmark: _Toc517966572][bookmark: _Toc517966727][bookmark: _Toc517967008][bookmark: _Toc517967112][bookmark: _Toc37265513][bookmark: _Toc77352300]Description of study intervention(s) 
There will be no study intervention. This is an observational study.
[bookmark: _Toc37265514][bookmark: _Toc77352301]Description of comparator(s) 
Not applicable 
[bookmark: _Toc37265515][bookmark: _Toc77352302]Description of study procedure(s)
[bookmark: _Toc37265516][bookmark: _Toc77352303]History and Examination (10 mins)
Medical history, allergies, medications and anthropometric measurements including height, weight, and body mass index will be recorded during the study visit.
[bookmark: _Toc37265517][bookmark: _Toc77352304]Venous Cannulation and blood sample collection (10 minutes) 
PHOSP-COVID participants who are recruited to C-MORE will only require venous cannulation for administration of contrast agent, no blood samples will be collected.
 
Prior to undergoing MRI scanning, each participant will be cannulated to prepare the participant for the administration of MRI (gadolinium-based) contrast agent. Blood sampling (~60 mls) will take place via the cannula. Blood will be collected in an appropriate clinical environment meeting local clinical and infection control standards by appropriately trained staff who have completed formal training in phlebotomy, wearing adequate PPE in line with local guidance. 

In the control group where participants are over 75 years, or where the study team deem it appropriate, a renal function test will be carried out, either using a point of care machine or local laboratories. Recent (less than 6 months) renal function information on the post- SARS-CoV-2 infected group will be collected from medical records. On completion of this testing no sample will be retained. 

[bookmark: _Toc47644771][bookmark: _Toc77352305][bookmark: _Toc37265518]Urine Collection (Optional)
Participants will be required to provide a sample of their urine (approximately 6-10 ml) in a container to test where small levels of protein can be detected. 
[bookmark: _Toc77352306]MRI procedure 
MRI will be performed using a 1.5 or 3.0 Tesla in accordance with the details outlined in this protocol. Once contraindications to magnetic resonance imaging are excluded by use of the MR facility’s screening forms, the risks of undergoing a scan are minimal. A trained scanner operator or radiographer will go through a list of possible risks with the participant before scanning.  The MRI scanner consists of a large powerful magnet.  Magnetic resonance imaging uses no ionising radiation.  There are, however, potential hazards associated with MRI and the scanning of participants including the presence of surgical implants, participants’ clothing, jewellery (such as body piercings) bodily habitus, or medical conditions.  A comprehensive list of potential risks has been compiled, and the participant should be checked against this by the operator, prior to entering the controlled areas of the MRI scanners. Participants will lie in a supine position and depending on the organ system assessed a dedicated coil will be used for the heart, brain, liver and kidney. During the actual scanning procedure, the scanner produces loud banging noises and the participant will be given suitable hearing protection (earplugs).  During the scan, the participant will be able to communicate with the operator in the control room.  In addition, they will be given a call button, which allows them to alert the operator at any time.  People with a history of claustrophobia may be excluded from participation in the study.  All participants will be introduced carefully to the scanner and allowed to leave at any stage, should they wish to do so.  Once in the scanner, participants will be able to indicate immediately if they wish the scanning to cease by pressing a call button in their hands. The MRI will be undertaken over a duration of up to 70 minutes. This will include a brain MRI (~15 minutes), liver and kidney MRI (~15 minutes), Cardiac and lung MRI (~40 minutes) with breaks in between.  

This MRI assessment will be the only investigation required for participants co-enrolled in the PHOSP-COVID study.

1.1.  Magnetic resonance spectroscopy (optional)
Participants will be invited to have a 15 minute scan to assess the muscle oxidative metabolism. They will be requested to lie in the MRI scanner and using an exercise band strapped to the dominant leg and held by the participant at waist height, they will be asked to repeatedly move their feet up (dorsiflexion) and down (plantar flexion) as shown in the (Figure 1) . 
[image: Shape, arrow

Description automatically generated]
Figure 1. Demonstrates the exercise that patients will be requested to perform.  

A small RF coil (tuned for phosphorus signals) will be placed underneath the calf muscle of the dominant leg to acquire phosphorus MR spectra data before during and after the plantar flexion exercise. The exercise is very light, safe to perform. 

[bookmark: _Toc77352307]6-minute walk test (optional)
[bookmark: _Toc37265520]During this test, the participant will be asked to walk at a normal pace for six minutes as previously described (43). The total distance covered by the participant will be recorded. Prior to commencement of test, the participant will be asked to provide an estimate of how breathless he/she feels using the Borg scale. A pulse oximetry device will be used to measure oxygen saturation and heart rate before the test. After the 6-minutes the patient’s level of breathlessness is reassessed along with heart rate and oxygen saturation. 

[bookmark: _Toc77352308]Pulmonary function testing (Spirometry, Total Lung Capacity and Diffusion) (total of 20 minutes) (optional)
Spirometry is a simple test used to help diagnose and monitor certain lung conditions by measuring how much air the participant breathes out in one forced breath. Participants using bronchodilators or participants who smoke will be advised to stop using them 24 hours prior to the study visit. Participants will be asked to be seated. A soft clip will be placed over their nose. The participant will be requested to inhale fully until the lungs are completely filled with air and then exhale as quickly and forcefully as possible until the lungs are empty. This will be repeated 3 times. Spirometry will take 10 minutes

Total lung capacity (TLC) and Diffusion or Gas Transfer (optional) (additional 10 minute): 
This test measures the total size of the lungs and ability of the lung to transfer gases from the air breathed in into the blood stream. 

To measure TLC , participants will be asked to breathe a harmless gas from the machine for 2-3 minutes (maximum of 10 minutes) with a clip on their nose and at the end, they will be asked to breathe out fully and then a full breath in. 

To measure diffusion, the participant is requested to breathe out as far as possible and then take a full breath and hold their breath for about 9 seconds, followed by a normal steady breath out. This takes less than a minute to perform. 

[bookmark: _Toc37265522][bookmark: _Toc77352309]Cardiopulmonary exercise testing (optional)
During the CPET test participants will be required to perform mild exercise on a stationary bicycle, whilst breathing through a mouthpiece. Each breath will be measured to assess how the body is performing. The capacity and strength of the lungs is measured before and during exercise. The heart tracing (ECG) will also be recorded prior to, during and post exercise.

The CPET test will lasts for a total of 60 minutes; however, the participant will only be required to exercise for approximately 10 minutes. The test requires the participant’s maximum effort to ensure the most reliable diagnostic information is obtained. Cardiac function and oxygen requirements in response to incremental increase in workload. The exercise protocol is a validated incremental protocol with established use in clinical and research practice (44). 
[bookmark: _Toc37265523][bookmark: _Toc37265524][bookmark: _Toc77352310]Questionnaires (45 mins) 
Participants will be provided with four questionnaires; 36 Short Survey (SF-36), Clinical Frailty Scale (CFS), People Health Questionnaire (PHQ), Montreal Cognition Assessment (MOCA), Medical Research Council (MRC) Dyspnoea, Dyspnoea-12 score, Fatigue Severity Score (FSS) at the end of each study visit. 
10.16 Transthoracic echocardiogram (15 min) (Optional)
Participants may be required to undergo a transthoracic echocardiogram (TTE) which is type of ultrasound scan that looks at the heart and the pressures in the heart chambers. During this test, participants will be asked to lying down on a bed and remove clothing covering the upper half of the chest. Participants will be offered a hospital gown to cover their chest. Three small sticky sensors or electrodes will be attached to their chest and connected to a heart rhythm monitor. A lubricating gel will be applied to the chest and an ultrasound probe will move across the chest to obtain pictures of the heart and detect pressures within the heart. The scan will last approximately 15 minutes and will be optional. 

[bookmark: _Toc516150168][bookmark: _Toc516151246][bookmark: _Toc37265525][bookmark: _Toc77352311]Baseline and follow up assessments 
[bookmark: _Toc37265526][bookmark: _Toc77352312]Initial patient approach
Eligibility assessment by clinical team
Study information and invitation letter provided to eligible patients 
[bookmark: _Toc77352313][bookmark: _Toc37265527]Visit 1 (~3 months) (Post COVID-19 infection patients) 
1. Review of eligibility with participant
2. Obtain written informed consent
Not necessarily in this order
3. History and anthropometric measurements, e.g. height, weight, body mass index (BMI)
4. Resting 12-lead ECG
5. Blood sample and urine (6-10 ml) collection
6. Multiorgan Magnetic Resonance Imaging (15minute scan, 15 minute scan, 40 minute scan with breaks between scans) Brain, Liver, Kidney, Heart and Lung
7. Optional Magnetic Resonance Spectroscopy (15 minute scan)
8. Electrocardiogram (ECG) monitoring (10 mins)
9. Optional Pulmonary function test (20 minutes)
10. Optional CPET sub-study (60 minutes)
11. Optional 6-minute walk test (6MWT) (10 minutes)
12. Quality of Life questionnaire (SF-36) (10 minutes)
13. Clinical Frailty Scale (CFS) (5 minutes)
14. Personal health questionnaire (PHQ) (10 minutes)
15. Montreal Cognitive Assessment MOCA (10 minutes)
16. Optional Transthoracic echocardiography ( 15 minute)
[bookmark: _Toc37265528][bookmark: _Toc77352314]Visit 2 (~6 months) (Post COVID-19 infection patients and matched controls)
All visit 1 assessments will be repeated. 
[bookmark: _Toc37265529][bookmark: _Toc77352315]Optional Visit 3 (~12 months) (Post COVID-19 infection patients)
All visit 1 assessments will be repeated. 

Visits will be scheduled to take place over 1 day, however if participants prefer, or if MRI scanners are not available the visits may be split over two days.  Visit 2 is obligatory, visits 1 and 3 are optional.
Standardisation study (optional)
Participants will be exempted from undergoing the entire study. There will be a minimum of two visits scheduled within 4 weeks apart on different scanners.
Visit 1
Blood sample and multiorgan MRI 
Visit 2 
Blood sample and multiorgan MRI 
[bookmark: _Toc37265530][bookmark: _Toc77352316]Monitoring of clinical events and re-analysis of previous scans (clinically indicated)
Clinical outcome data and images from clinical scans for all COVID-19 patients will also be collected from around the time of infection and hospitalisation. Outcomes recorded will include cardiac and non-cardiac death, fatal and non-fatal myocardial infarction, new diagnosis of heart failure, arrhythmia (atrial or ventricular), recurrent angina, cardiogenic shock, conduction abnormalities needing pacemaker, acute end-stage kidney failure, end stage hepatic failure, hospital admission for pneumonia or breathlessness, pleural effusion or pleurisy, pericarditis, embolic and bleeding complications, stroke. 

Laboratory analyses and imaging results undertaken for clinical and research reasons will also be collected. Where possible comparisons will also be made between clinically indicated imaging scans carried out for specific organ assessments. Access to participant medical records and any relevant hospital data that is recorded as part of routine standard of care; i.e., CT-Scans, blood results and disease progression data etc. will be obtained with patient consent from hospital electronic patient records, GPs, calling patients (telephone), and writing to GPs for a clinical summary with prepaid return envelope, NHS digital  
[bookmark: _Toc37265531][bookmark: _Toc77352317][bookmark: _Toc389567899]Sample Handling 
Blood samples for the analysis of serum inflammatory markers, serum biomarkers of cardiac, renal, hepatic injury, analysis of biochemistry, haematological and coagulation studies, viral serology, viral PCR, and whole genome sequencing, ribonucleic acid sequencing and flow cytometry in blood will be collected. Analysis of venous blood samples will be performed in local NHS laboratories. If the Participant consents approximately 10 ml of blood will be stored in the Division of Cardiovascular Medicine for further analysis as part of collaborations with other groups. Samples will not be collected from participants who are also participating in PHOSP-COVID
[bookmark: _Toc37265532][bookmark: _Toc77352318]Early Discontinuation/Withdrawal of Participants
During the course of the study a participant may choose to withdraw early from the study treatment at any time. This may happen for several reasons, including but not limited to:
· The occurrence of what the participant perceives as an intolerable AE.  
· Inability to comply with study procedures 
· Participant decision 

According to the design of the study, participants may have the following three options for withdrawal; 
1) Participants may withdraw from active follow-up and further communication but allow the study team to continue to access their medical records and any relevant hospital data that is recorded as part of routine standard of care; i.e., CT-Scans, blood results and disease progression data etc.
2) Participants can withdraw from the study but permit data and samples obtained up until the point of withdrawal to be retained for use in the study analysis.  No further data or samples would be collected after withdrawal. 
3) Participants can withdraw completely from the study and withdraw the data and samples collected up until the point of withdrawal. The data and samples already collected would not be used in the final study analysis. 
4) In addition, the Investigator may discontinue a participant from the study at any time if the Investigator considers it necessary for any reason including, but not limited to:
· Pregnancy
· Ineligibility (either arising during the study or retrospectively having been overlooked at screening)
· Clinical decision 

Participants that choose to withdraw from the study will not be replaced. The type of withdrawal and reason for withdrawal will be recorded in the CRF. If the participant is withdrawn due to an adverse event, the Investigator will arrange for follow-up visits or telephone calls until the adverse event has resolved or stabilised.
[bookmark: _Toc37265533][bookmark: _Toc77352319]Definition of End of Study
The end of study will be defined as when all data has been entered and all queries resolved. 

[bookmark: _Toc37265534][bookmark: _Toc77352320]SAFETY REPORTING 
[bookmark: _Toc37265535][bookmark: _Toc77352321]Definition of Serious Adverse Events
A serious adverse event is any untoward medical occurrence that:
· results in an unexpected death (i.e., not thought to be related to COVID-19)
· is life-threatening (i.e., and is not thought to be related to COVID-19)
· requires inpatient hospitalisation or prolongation of existing hospitalisation (i.e., not thought to be related to COVID-19)
· results in persistent or significant disability/incapacity (i.e., not thought to be related to  COVID-19)
Other ‘important medical events’ may also be considered a serious adverse event when, based upon appropriate medical judgement, the event may jeopardise the participant and may require medical or surgical intervention to prevent one of the outcomes listed above.
NOTE: The term "life-threatening" in the definition of "serious" refers to an event in which the participant was at risk of death at the time of the event; it does not refer to an event which hypothetically might have caused death if it were more severe.
[bookmark: _Toc37265536][bookmark: _Toc77352322]Reporting Procedures for Serious Adverse Events
A serious adverse event (SAE) occurring to a participant should be reported to the REC that gave a favourable opinion of the study where in the opinion of the Chief Investigator the event was ‘related’ (resulted from administration of any of the research procedures) and ‘unexpected’ in relation to those procedures. Reports of related and unexpected SAEs should be submitted within 15 working days of the Chief Investigator becoming aware of the event, using the HRA report of serious adverse event form (see HRA website).
[bookmark: _Toc37265537][bookmark: _Toc77352323]STATISTICS AND ANALYSIS
[bookmark: _Toc517942680][bookmark: _Toc517966588][bookmark: _Toc517966743][bookmark: _Toc517967024][bookmark: _Toc517967128][bookmark: _Toc517966744][bookmark: _Toc517967025][bookmark: _Toc517967129][bookmark: _Toc37265538][bookmark: _Toc77352324]Description of the Statistical Methods 
We will describe the prevalence, quantitative and qualitative extent of persistent multi-organ damage, in patients with COVID-19 disease and compare this with matched controls. We will examine the relationship between extent of multiorgan injury, functional impairment and adverse clinical outcomes. We will compare quality of life, mental health scores and frailty measures in post SARS-CoV-2 infected patients and matched controls and assess its relationship with extent of multiorgan damage and initial hospital admission. 

[bookmark: _Toc37265539][bookmark: _Toc77352325]Sample Size Determination 
The proposed study is powered based on the primary outcome measure which is to examine and compare the prevalence of lung, heart, kidney, liver, brain injury in a cohort of patients following admission to hospital with moderate to severe COVID-19 disease with an age, gender and comorbidities matched control group. Based on published data (5, 6, 8, 10-12), we have made a conservative estimate that up to ~ 20% of patients with moderate to severe COVID-19 disease will display persistent radiological evidence of injury involving the lung or heart or kidney or liver or brain. Similarly, we expect that up to 5% of age, gender and comorbidities (hypertension and diabetes) matched uninfected controls will have signs of asymptomatic multiple organ damage (from other causes). Thus, a minimum of 561 patients and 56 controls would be required to achieve a power of 90 % to detect a difference between the two groups with two tailed significance of less than 0.05. To account for an attrition rate of 10%, we would need to recruit a total of 678 subjects. This will include 616 patients and 62 age, sex, co-morbidity matched uninfected controls. As a secondary objective, we will evaluate if multiorgan injury in patients recovering from COVID-19 is specific to the SARS-CoV-2 infection or is due to the non-specific effects of sepsis and hospitalisation. Given the lack of previous multiorgan imaging studies of patients with non-COVID-19 illness, it is difficult to accurately predict the minimum sample size required. However, based on previous cardiac MRI studies of non-COVID infections, we will study a minimum of 30 controls (10 hospitalised controls and 20 non hospitalised COVID-19 patients), to discern a significant difference between COVID-19 patients and the proposed control groups. 

[bookmark: _Toc517942685][bookmark: _Toc517966593][bookmark: _Toc517966748][bookmark: _Toc517967029][bookmark: _Toc517967133][bookmark: _Toc37265540][bookmark: _Toc77352326]Analysis populations
All participants will be included in the analyses 
[bookmark: _Toc37265541][bookmark: _Toc77352327][bookmark: _Toc516147634]Dissemination of Findings 
Given the priority for dissemination of findings to inform public health and government bodies, interim descriptive results will be posted online after the first 50 patients then every 100 patients thereafter at the earliest time point of assessment. 
[bookmark: _Toc516147635][bookmark: _Toc37265542][bookmark: _Toc77352328]Stopping rules
Not applicable 
[bookmark: _Toc516147636][bookmark: _Toc37265543][bookmark: _Toc77352329]The Level of Statistical Significance
All tests are two-tailed and p-values <0.05 were considered significant. 
[bookmark: _Toc508089402][bookmark: _Toc508089531][bookmark: _Toc508266914][bookmark: _Toc508283356][bookmark: _Toc508350782][bookmark: _Toc508350887][bookmark: _Toc512247676][bookmark: _Toc512248105][bookmark: _Toc508089403][bookmark: _Toc508089532][bookmark: _Toc508266915][bookmark: _Toc508283357][bookmark: _Toc508350783][bookmark: _Toc508350888][bookmark: _Toc512247677][bookmark: _Toc512248106][bookmark: _Toc516147638][bookmark: _Toc37265544][bookmark: _Toc77352330]Procedure for Accounting for Missing, Unused, and Spurious Data.
In the events of missing data, we will use multiple imputation and result will be combined using Rubin rules.
[bookmark: _Toc508089405][bookmark: _Toc508089534][bookmark: _Toc508266917][bookmark: _Toc508283359][bookmark: _Toc508350785][bookmark: _Toc508350890][bookmark: _Toc512247679][bookmark: _Toc512248108][bookmark: _Toc508089407][bookmark: _Toc508089536][bookmark: _Toc508266919][bookmark: _Toc508283361][bookmark: _Toc508350787][bookmark: _Toc508350892][bookmark: _Toc512247681][bookmark: _Toc512248110][bookmark: _Toc516147640][bookmark: _Toc37265545][bookmark: _Toc77352331]Procedures for Reporting any Deviation(s) from the Original Statistical Plan
Not applicable.  
[bookmark: _Toc37265546][bookmark: _Toc77352332][bookmark: _Toc516147641]Health Economics Analysis 
Not applicable 
[bookmark: _Toc37265547][bookmark: _Toc77352333]DATA MANAGEMENT
The plan for the data management of the study is outlined below. There will not be a separate Data Management document in use for the study. De-identified data will be captured electronically using an electronic case report form (eCRF) using proprietary image software that meets data security and regulatory requirements (compliant to ISO27001 and 21CFR1) such as CASTOR EDC.  All MR images will be de-identified from the point of acquisition or before they leave the site and are shared with the main site for analysis and will contain no personal data.

An Imaging Alliance for the multi-organ MRI has been formed which builds on expertise in artificial intelligence. MRI imaging captured as part of this study will be transferred, via the Royal Surrey NHS Foundation Trust (RSNFT) and the University of Oxford National Consortium of Intelligent Medical Imaging (NCIMI).

Images will either be collected using the Image Exchange Portal (IEP) or will be de-identified, anonymised and uploaded using a web image uploader at the respective trusts.

IEP
The IEP is advantageous as the processes for transferring images via IEP are well known and robust. RSNFT will provide a dedicated node on IEP available for use for receiving images that are to be de-identified. The node has been set up such that the images are de-identified as they transition from IEP, meaning that no patient identifiable information is received outside the IEP network. Image data received on the node will be pseudonymised using a one-way encryption process known as ‘hashing’ which provides the ability to link to other datasets that have generated these pseudonyms in the same manner using the same complex salt. Salting is simply the addition of a unique, random string of characters known only to the site to each password before it is hashed, typically this “salt” is placed in front of each password. 

Image uploader
The image uploader application copies files/folders specified by the user to a C--MORE dedicated Google Cloud Storage (GCS) bucket, which is owned and maintained by the Scientific Computing group at The Royal Surrey NHS Foundation Trust. Each upload (a set of files) is prefixed by a timestamp - no additional information is captured from the user’s machine. All data is de-identified by the CMORE researchers prior to executing the upload. Google Cloud runs on a technology platform that is conceived, designed and built to operate securely. Using the principles of "defence in depth," google has created an IT infrastructure that is more secure and easier to manage than more traditional technologies. Google use cryptographic authentication and authorization at the application layer for inter-service communication. 

Once de-identified, the images are temporarily stored at RSNFT before being transferred to the University of Oxford for storage and access by research groups. In order to link the images to the clinical data held in ISARIC, the consented patients will need to be registered on the RSNFT SMART portal. This is a dedicate web portal which allows patients NHS/CHI Number and trial ID to be entered. Before submission the NHS/CHI number will be hashed on the local machine using the same complex salt before transfer, and then the hashed values are transmitted to the SMART server for writing into the database. This results in a consistent pseudonym being generated on the SMART server and the image collection, allowing the trial ID to be inserted into the Patient ID field on the DICOM files. 

The NHS numbers of the patients whose images are collected are pseudonymised as detailed above. The NHS/CHI number is also encrypted using an AES encryption algorithm and a complex salt in order to allow linking with national datasets. This encrypted NHS number is stored at the Royal Surrey NHS Foundation Trust and access is maintained by named data managers only.

[bookmark: _Toc37265548][bookmark: _Toc77352334]Source Data
Source documents are where data are first recorded, and from which participants’ CRF data are obtained. These include, but are not limited to, hospital records (from which medical history and previous and concurrent medication may be summarised into the CRF), clinical and office charts, laboratory and pharmacy records, diaries, microfiches, radiographs, and correspondence.
CRF entries will be considered source data if the CRF is the site of the original recording (e.g. there is no other written or electronic record of data). All documents will be stored safely and securely in confidential conditions. On all study-specific documents, other than the signed consent, the participant will be referred to by the study participant number/code, not by name.
[bookmark: _Toc37265549][bookmark: _Toc77352335]Access to Data
Direct access will be granted to authorised representatives from the Sponsor and host institution for monitoring and/or audit of the study to ensure compliance with regulations.
[bookmark: _Toc37265550][bookmark: _Toc77352336]Data Recording and Record Keeping
Study data will be recorded in a pseudo-anonymised manner, and processed electronically where applicable; participants would not be identifiable from this. All participants will be identified by a code number (Study ID number) on electronic case report forms and any electronic databases i.e. their identity will remain unknown. Electronic cloud based software such as Castor EDC will be used to collect the study data. This is an electronic data capture and management system that permits secure multi-site access. The server is based in the UK and complies with relevant laws to ensure that the data is held securely.

All source documents and questionnaires will have all identifiers removed and replaced by only the study ID number.

Those documents retaining personal data (the code list/code break document and informed consent forms) will be stored securely in lockable cabinets and are only accessible by study staff and authorised personnel. Personal data such as personal addresses, postcodes, emails or telephone numbers of participants will also be recorded electronically on forms that are entered into an access-restricted computer and either encrypted or located on the secure University of Oxford High Compliance system, a service for Clinical Trials Units (CTUs) and Medical Division Departments that securely access applications and store sensitive data. The study investigators are responsible for keeping these documents encrypted where possible and kept securely to ensure that in case of an emergency, participants can be identified and contacted. The code list will be kept for up to 10 years after study completion or until ethical approval terminates, whichever is sooner.

Personal data such as contact details and information that could identify a participant, (except for those who have consented to be approached for future research) will be destroyed as soon as it is practical to do so and no later than 12 months after the end of the study. During the study, the hard copy data will be stored securely and at the end of the study, this will be archived in a secure commercial archive location with restricted access.

Images will be transferred to RSNFT via the existing clinical network IEP. Images will be de-identified as they arrive at the dedicated IEP node hosted by RSNFT and then transferred to University of Oxford. Images will be archived by the University of Oxford and made available to study members for download and linkage to other data sets via a sFTP mechanism for existing research groups in the study team

[bookmark: _Ref37349316][bookmark: _Toc77352337]Data Sharing 
Where the clinical team has verbal agreement from patients to share their contact details with the research team these contact details will be shared securely for example through nhs.net email accounts

With the consent of the participant, personal data (namely participant’s NHS number, Date of Birth and post code) will be shared securely between a local site, the main study site at the University of Oxford and NHS digital/Office for National statistics (ONS) in order to request health outcome data from participants. Data will be transferred from each of the local sites to the main study site at the University of Oxford which will act as data controller and request such information from NHS digital/ONS. NHS digital/ONS will return the requested information to the data controller at the main site in pseudo-anonymised form which is only identifiable to the data controller.

UKRI funding has been awarded to this study on the condition that it is aligned with another UKRI funded COVID study named PHOSP-COVID, sponsored by Leicester University. There are synergies between the two studies and alignment would help reduce the burden on participants. Therefore it has been agreed that they will be aligned, and with the specific consent of the participants MR imaging data and research data collected as part of this study will be shared with the Leicester sponsored study. C-MORE will also receive the research data collected as part of PHOSP-COVID again with the specific consent of the PHOSP-COVID participants. To ensure the correct data is being matched with the correct participant we will share identifiable data (name and NHS number) in a secure and confidential manner with the PHOSP-COVID study team, again only where there is the specific consent of the participant.

[bookmark: _Toc517967042][bookmark: _Toc517967145][bookmark: _Toc37265551][bookmark: _Toc77352338]QUALITY ASSURANCE PROCEDURES
The study may be monitored, or audited in accordance with the current approved protocol, GCP, relevant regulations and standard operating procedures. 

Data collected for the study may be reviewed for auditing and monitoring by authorised persons from the sponsor, regulatory authorities or their local host institutions to make sure that study is being carried out correctly. All investigators have a duty of confidentiality to research participants and nothing that could reveal their identity would be disclosed outside the research study team or site without specific consent from the research participant.
[bookmark: _Toc37265552][bookmark: _Toc77352339]Risk assessment 
A risk assessment and monitoring is not deemed necessary. Any risks associated with the study assessments or data management have been outlined in the protocol (sections 13 and 17.3) and mitigations outlined.  Study monitoring 
The study will be monitored remotely on a regular basis. On site monitoring will take place if considered necessary by the Sponsor or if requested by the study site. Local investigators shall ensure that all study data are available for study related monitoring, audits and research ethics committee review.
The Sponsor will periodically monitor consent forms to ensure that the consent procedure is being correctly followed. For the purposes of informed consent monitoring, redacted consent forms may be requested by the main site and will be sent by secure email

Data will be evaluated for compliance with the protocol and accuracy in relation to source documents. The monitors will verify that the clinical study is conducted and data are generated, documented and reported in compliance with the protocol, GCP and the applicable regulatory requirements. 

The primary and secondary endpoints are associated with MRI data requiring expert analysis the verification of those key data points by independent expert will be carried out. Approximately 5-10% of MRI will be randomly selected and reanalysed to ensure data consistency.

[bookmark: _Toc77352340][bookmark: _Toc37265553]Study Committees 
A COVID-19 multiorgan imaging committee of independent experts has been formed to verify key data points. The imaging committee consists of an expert in brain, heart, lung, liver and kidney imaging and will meet quarterly 
[bookmark: _Toc37265554][bookmark: _Toc77352341][bookmark: _Toc517947689]PROTOCOL DEVIATIONS 
A study related deviation is a departure from the ethically approved study protocol or other study document or process (e.g. consent process or administration of study intervention) or from Good Clinical Practice (GCP) or any applicable regulatory requirements. Any deviations from the protocol will be documented in a protocol deviation form and filed in the study master file. 

[bookmark: _Toc517947691][bookmark: _Toc37265555][bookmark: _Toc77352342]SERIOUS BREACHES
A “serious breach” is a breach of the protocol or of the conditions or principles of Good Clinical Practice which is likely to affect to a significant degree –
 (a) the safety or physical or mental integrity of the trial subjects; or
(b) the scientific value of the research.
In the event that a serious breach is suspected the Sponsor must be contacted within 1 working day. In collaboration with the C.I., the serious breach will be reviewed by the Sponsor and, if appropriate, the Sponsor will report it to the approving REC committee and the relevant NHS host organisation within seven calendar days. 
[bookmark: _Toc517966613][bookmark: _Toc517966768][bookmark: _Toc517967049][bookmark: _Toc517967152][bookmark: _Toc37265556][bookmark: _Toc77352343]ETHICAL AND REGULATORY CONSIDERATIONS
[bookmark: _Toc37265557][bookmark: _Toc77352344]Declaration of Helsinki
The Investigator will ensure that this study is conducted in accordance with the principles of the Declaration of Helsinki. Guidelines for Good Clinical Practice
The Investigator will ensure that this study is conducted in accordance with relevant regulations and with Good Clinical Practice.
[bookmark: _Toc37265558][bookmark: _Toc77352345]Approvals
Following Sponsor approval the protocol, informed consent form, participant information sheet and any proposed advertising material will be submitted to an appropriate Research Ethics Committee (REC), and HRA (where required) and host institutions for written approval.
The Investigator will submit and, where necessary, obtain approval from the above parties for all substantial amendments to the original approved documents.
[bookmark: _Toc37265559][bookmark: _Toc77352346]Other Ethical Considerations
[bookmark: _Toc37265560][bookmark: _Toc77352347]Participant over recruitment
The study aims to recruit patients identified to have been infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). These will most likely be identified as participants in other COVID-19 research studies. Investigators will work in collaboration with other studies teams to ensure that potential participants are not overburdened by over recruitment. Where collaboration is possible and reduces the research assessment conducted on the participants it will be considered.
[bookmark: _Toc37265561][bookmark: _Toc77352348]Cannulation/Phlebotomy
Risk to Participants: Common risks associated with phlebotomy are pain during the procedure and bruising (with associated pain afterwards). These risks will be minimised by ensuring that all staff are fully trained in phlebotomy. All participants will be fully informed about these risks in the Participant Information Leaflet. The worry associated with taking blood may cause some participants to feel unwell or faint before, during or after the procedure. The risk associated with this will be reduced by having an adequately equipped facility for performing the procedure (see above) and having a staff member trained in basic life support. Although phlebotomy is a very safe procedure, it does create a puncture wound on the skin which may very rarely lead to infection around the puncture site. The risk of this will be minimised by ensuring strict hygiene during the procedure and by not recruiting participants who are at increased risk of infection. In the event that a participant reports symptoms of an infection (local redness, swelling, pain or discharge of pus) they should be referred to their GP or to A+E urgently. 

[bookmark: _Toc37265562][bookmark: _Toc77352349]Risk to Researchers/Other Staff
[bookmark: _Toc37265563][bookmark: _Toc77352350]Blood sample collection
[bookmark: _Toc37265564]Taking blood carries a risk of needle stick injury to the phlebotomist, which in turn carries a risk of exposure to blood borne infections. This risk will be minimised by a) ensuring staff are adequately trained, b) ensuring staff have been vaccinated against, and show immunity to Hepatitis B and c) having a local policy for needle stick injury which describes the process of being assessed for and receiving post exposure prophylaxis.

[bookmark: _Toc37265565][bookmark: _Toc77352351]COVID-19 infection
To protect other participants, staff and the study team, participants attending visits will be invited after a suitable period of time has elapsed since their infection to ensure that they are no longer infectious. The matched controls will be contacted prior to attending and reminded that should they have any of the potential COVID-19 symptoms they should not attend the study visit but self-isolate for the recommended period of time. On the day of the visit participant's temperature will be monitored to ensure that any potential infectious participants do not attend and put staff at risk. Study staff will ensure that they comply with the appropriate PPE guidance provided by the hospital and relevant guidance for maintaining infection control.
[bookmark: _Toc37265567][bookmark: _Toc77352352]MRI
MRI is a safe and non-invasive technique with no known risk when appropriately supervised. It does not involve ionising radiation (X-rays). Potential participants with ferromagnetic objects in their bodies or with implanted devices which can be damaged by the magnet will be excluded by carefully screening all subjects for ferromagnetic objects, metal implants and other metal (e.g. shrapnel injury) every time prior to entering the scanner environment. 

MRI facility is fully equipped for resuscitation (including defibrillation) in the unlikely event of a medical emergency during scanning and doctors performing and/or supervising the scans are trained in Advanced Life Support. 

While most people do not experience discomfort in a MRI environment, the enclosed space of the scanner can potentially feel uncomfortable, especially for more elderly participants. Discomfort from lying still for a long period of time will be minimised with comfortable padding and positioning. People with a history of claustrophobia would be excluded from participation in the study. Participants will be given a chance to see the scanner before the study starts.  Whilst in the scanner, participants are able to use the alarm button or can squeeze a bulb placed in their hands if they wish to communicate with the operator or to interrupt the scanning at any stage of the scanning process. As the MRI scanner is noisy, participants would be given ear-plugs and/or acoustically shielded headphones to minimize the noise and aid communication between participants and investigators. 
Participants may be asked to wear “pyjama-style” top and trousers for the MRI scans that preserves their modesty while remaining loose in the scanner to avoid potential burns from synthetic clothing. To help maintain participant dignity they will be asked to leave their underwear on, so long as it has no metal parts (e.g. zips, bras clasps or studs). Participants will be asked to change in a changing room near to the scanner and will be able to securely store their belongings. If they are unable to change into the outfit by themselves a member of staff will offer assistance. 
[bookmark: _Toc37265568][bookmark: _Toc77352353]MRI Contrast agent
Currently, gadolinium-based contrast agents are widely used in MRI scans to answer important medical questions, and for advancing scientific discovery and improving clinical care. Gadolinium contrast is widely used for clinical indications in MRI and is safe to use. Occasionally (< 1 in 1000), it may cause a mild headache, rash and very rarely a more severe allergic reaction. These severe reactions generally respond very well to standard emergency drug treatment, similar to that given for other severe allergic reactions.  However, in people with reduced kidney function, it can lead to a rare condition called nephrogenic systemic fibrosis (NSF); hence, as per departmental SOPs based on Royal College of Radiologists guidelines, (2007) only research participants with estimated glomerular filtration rate (eGFR) >30ml/min can be given gadolinium.  For this study, all potential participants with eGFR <30ml/min will not be recruited. Participants' consent will be sought to obtain a pre−scan blood test to check kidney function if there is no laboratory blood result for creatinine within the last 6 months prior to consent, or if investigators make a clinical judgement that a new creatinine result is needed. As explained to the participant in the PIL, no gadolinium will be given before this result is available. 

It is known that small amounts of gadolinium deposits can remain in the body, including the skin, bones and the brain. There has been no scientific evidence to-date that these gadolinium deposits are harmful or lead to adverse health effects, although this is an active area of research. If new information relevant to a participant’s health becomes available regarding the use of these contrast agents, a study investigator will discuss this with the participant to allow them to decide if they wish to continue in the study. If there is evidence to suggest they might be harmed by participating in this study, we will discuss this with them and will advise them that they cannot continue. 

References
1. Gulani V, Calamante F, Shellock FG, Kanal E, Reeder SB. International Society for Magnetic Resonance in Medicine. "Gadolinium deposition in the brain: summary of evidence and recommendations". Lancet Neurol. 2017;16(7):564-70.
2. "Gadolinium-based Contrast Agents (GBCAs): Drug Safety Communication - Retained in Body; New Class Warnings" (12/19/2017 - Drug Safety Communication — FDA)
www.fda.gov/Safety/MedWatch/Safetylnformation/SafetyAlertsforHumanMedicadlProducts/ucm589580.htnn

[bookmark: _Toc37265569][bookmark: _Toc77352354]Cardiopulmonary exercise testing
Cardiopulmonary exercise testing is very safe and is even used clinically in people with heart failure. However, as with all forms of hard exercise, very occasionally some people have significant changes in their heart rate and rhythm that requires medical attention. Although the risk of this happening is small, the test is carried out in a room equipped with emergency monitoring, emergency medications and resuscitation equipment. Medical personnel will be available throughout the testing. Participants' heart rate and electrocardiography (ECG) are monitored throughout the exercise testing and the exercise test will be stopped if there are any concerns.

[bookmark: _Toc37265570][bookmark: _Toc77352355]Unexpected health related findings
At the request of the clinical teams, a clinical report will be provided for all participants of the study. 
As the study investigations may uncover unexpected disease findings on the MRI scan, blood tests or other research procedures, sites have an established procedures to be followed in the instance of an unexpected abnormality found on a research scan. If any evidence of an unexpected abnormality is detected on the MRI scans the site MR technologist, consultant or radiologist will be contacted for confirmation of an abnormality prior to disclosing any problem to the participant. For any abnormalities confirmed, a designated clinical specialist will discuss the implications with the participant and may arrange for further investigations as necessary. Participants will be aware from the PIL that research scans and procedures are not for diagnostic purposes, and therefore are not a substitute for a clinical appointment. Investigators will gain permission from the participant to contact their general practitioner (GP) directly so that the GP can then arrange appropriate management. 
[bookmark: _Toc77352356]Reporting
The CI shall submit once a year throughout the study, or on request, an Annual Progress report to the REC Committee, HRA (where required) host organisation, Sponsor and funder (where required). In addition, an End of Study notification and final report will be submitted to the same parties. 
[bookmark: _Toc37265571][bookmark: _Toc77352357]Transparency in Research 
Prior to the recruitment of the first participant, the trial will have been registered on a publicly accessible database such as clinicaltrials.gov. 

[bookmark: _Toc37265572][bookmark: _Toc77352358]Participant Confidentiality
The study will comply with the General Data Protection Regulation (GDPR) and Data Protection Act 2018, which require data to be de-identified as soon as it is practical to do so. The processing of the personal data of participants will be minimised by making use of a unique participant study number only on all study documents and any electronic database(s), with the exception of the CRF, where participant initials may be added.  All documents will be stored securely and only accessible by study staff and authorised personnel. The study staff will safeguard the privacy of participants’ personal data.
[bookmark: _Toc37265573][bookmark: _Toc77352359]Expenses and Benefits
Reasonable travel expenses for any visits additional to normal care will be reimbursed on production of receipts, or a mileage allowance provided as appropriate. There will be no direct benefit to participants, although of course there would be potential benefit if previously unknown health related findings were identified as part of the research assessments. The participants acting as controls may also benefit because some of these people might be identified as having antibodies to the coronavirus and could be informed that they have already had the infection and might now be immune.
[bookmark: _Toc37265574][bookmark: _Toc77352360]FINANCE AND INSURANCE
[bookmark: _Toc37265575][bookmark: _Toc77352361]Funding
This study is predominantly funded by UK Research and Innovation (UKRI) and partially funded by the NIHR Oxford Bio Medical Research Centre and the University of Oxford COVID-19 Research Response Fund.. 
[bookmark: _Toc37265576][bookmark: _Toc77352362]Insurance
The University has a specialist insurance policy in place which would operate in the event of any participant suffering harm as a result of their involvement in the research (Newline Underwriting Management Ltd, at Lloyd’s of London).  
[bookmark: _Toc37265577][bookmark: _Toc77352363]Contractual arrangements 
Appropriate contractual arrangements will be put in place with all third parties. Site agreements will be put in place with NHS sites.
[bookmark: _Toc37265578][bookmark: _Toc77352364]PUBLICATION POLICY
The Investigators will be involved in reviewing drafts of the manuscripts, abstracts, press releases and any other publications arising from the study.  Authors will acknowledge that the study was funded by the NIHR Oxford Biomedical Research centre and other funding bodies that will continue to fund this study. Authorship will be determined in accordance with the ICMJE guidelines and other contributors will be acknowledged.

At the conclusion of the study a lay summary of study results will be shared with study participants.
[bookmark: _Toc37265579][bookmark: _Toc77352365][bookmark: _Toc517947704][bookmark: _Toc496087305]DEVELOPMENT OF A NEW PRODUCT/ PROCESS OR THE GENERATION OF INTELLECTUAL PROPERTY 
Ownership of IP generated by employees of the University vests in the University.  The University will ensure appropriate arrangements are in place as regards any new IP arising from the trial. 

[bookmark: _Toc517947705][bookmark: _Toc37265580][bookmark: _Toc77352366]ARCHIVING
At the end of the study research files will be archived for 5 years and in line with local SOPs.
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1. Matched uninfected controls
2. Non-COVID-19 lung infection 
3. Mild non-hospitalised COVID-19 
Previously hospitalised COVID-19 patients
Informed consent 
Visit 1 (optional)
(~3 months post discharge)*
Multiorgan imaging protocol^
Skeletal muscle MRS (optional)
Blood and urine (optional) tests
PFT (optional)
ECG
CPET & TTE (optional)
6MWT (optional)
Questionnaires (SF-36, CFS, PHQ, MOCA, Dypnoea-12, MRC dypnoea, FSS)
 
Assessed for eligibility 
Visit 2
(~6 months post discharge)*
 Multiorgan imaging protocol^
Skeletal muscle MRS (optional)
Blood and urine tests
PFT (optional)
ECG
CPET & TTE (optional)
6MWT (optional)
Questionnaires (SF-36, CFS, PHQ, MOCA, Dypnoea-12, MRC dyspnoea, FSS)
 
Visit 3 (optional)
(~12 months post discharge)*
Multiorgan imaging protocol
Skeletal muscle MRS (optional)
Blood and urine (optional) tests 
PFT (optional)
ECG
CPET & TTE (optional)
6MWT (optional)
Questionnaires (SF-36, CFS, PHQ, MOCA,
Dypnoea-12, MRC dyspnoea, FSS)
 sda




Ineligible
Contraindications to magnetic resonance scan, eGFR<30




















* Post COVID-19 infection patients will be invited to attend visit 1, 2 and 3. 
Controls will only attend visit 2, though some will be invited for a second visit for the standardisation arm of the study.
^ PHOSP-COVID participants may undergo up to 2 visits at 2-18 months from discharge as long as they are within 4 weeks of the PHOSP-COVID study.
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	Procedures
	Visits

	
	Post hospital discharge following COVID-19 infection 
	3±2^# month post discharge (optional)
	6±2^# months post discharge
	12±6^# months post discharge

	
	Screening
	Visit 1
	Visit2
	Visit 3

	Eligibility assessment
	✓
	
	
	

	Informed consent^
	
	✓
	✓ (review)
	✓ (review)

	Demographics 
	
	✓
	✓
	✓

	Medical history
	
	✓
	✓
	✓

	Physical examination
	
	✓
	✓
	✓

	ECG
	
	✓
	✓
	✓

	Blood sample collection
	
	✓
	✓
	✓

	Urine sample collection (optional)
	
	✓
	✓
	✓

	Multiorgan MRI 
	
	✓
	✓
	✓

	Skeletal muscle MRS (optional)
	
	✓
	✓
	✓

	CPET (optional)
	
	✓
	✓
	✓

	PFT (optional)
	
	✓
	✓
	✓

	Transthoracic echocardiogram (optional)
	
	✓
	✓
	✓

	6MWT (optional)
	
	✓
	✓
	✓

	SF-36 Questionnaire
	
	✓
	✓
	✓

	CFS
	
	✓
	✓
	✓

	PHQ Questionnaire
	
	✓
	✓
	✓

	MOCA Questionnaire
	
	✓
	✓
	✓

	FSS Questionnaire
	
	✓
	✓
	✓

	MRC dyspnoea scale
	
	✓
	✓
	✓

	Dyspnoea-12 scale
	
	✓
	✓
	✓

	Adverse event assessments 
	
	✓
	✓
	✓

	
^PHOSP-COVID participants will only undergo one MRI at 2-18months from infection
# 3 control groups will complete only visit.



[bookmark: _Toc77352370][bookmark: _Toc37265584]APPENDIX C: Flow chart demonstrating the point at which PHOSP-COVID participants will be recruited to C-MORE.Patient will be consented to C-MORE for MRI only.

Respiratory physician to refer patient once consented for MRI study 

[image: ] 











Alignment of research data collection with clinical care pathway
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	Amendment No.
	Protocol Version No.
	Date issued
	Author(s) of changes
	Details of Changes made

	1
	1.0
	15.05.2020
	Betty Raman 





Hanan Lamlum


Kyle Pattinson
	1. Addition of Medical research council (MRC) dyspnoea scale, Dyspnoea-12 scale, Fatigue severity score (FSS) as an objective. 

2. Correction of the immunity  language in the summary PIL and main PIL 

3. Addition of the C-MORE NEURO sub-study

	2
	2.1
	27.05.2020
	Betty Raman
	1. a)Correction of synopsis – removal of MRI as we are also measuring multi-organ  dysfunction on blood tests and other tools (transthoracic echocardiogram) 
b) Recruitment of uninfected controls from outpatient clinics and University websites. 
c) Addition of transthoracic echocardiography
d) Addition of total lung capacity and gas transfer 
f) Provision of clinical report at the request of the treating clinical team.
g) Addition of rationale for urine testing 
h) Correction of the term corona virus disease to coronavirus disease and updating figures of deaths

	
	
	
	Fergus Gleeson 

	2. Addition of C-MORE POST sub study


	
	
	
	Kyle Pattinson 

	3. Addition of Magneto-encephalography assessment to C-MORE-Neuro.

	3
	3.0
	06.07.2020
	Betty Raman and Hanan Lamlum




Kate Saunders


Nayia Petousi and Nick Talbot
	1. Making the 6 week CT for C-MORE POST an optional scan. 

2. Addition of data sharing with PHOSP-COVID

3. Addition of C-MORE Mental Health Outcomes sub study

4. Addition of C-MORE Lung Physiology sub study

	4
	4.0
	26.07.2020
	Betty Raman
	1. Rationale for co-enrolling patient from PHOSP-COVID
2. Explaining the definition of moderate to severe infection 
3. Clarification of data flow from sites and NCIMI involvement
4. Modification of inclusion criteria
5. Addition of more sites to the study 
6. Addition of flow diagram demonstrating the point at which C-MORE patients will be co-enrolled after consent with PHOSP-COVID. 


	11
	5.0
	22.04.2021
	Betty Raman
	1.  Additional of 3 investigators
2. Inclusion of patients with clinical suspicion of COVID-19
3. Addition of skeletal muscle MR spectroscopy 
4. Addition of a non-COVID-19 post-infection control cohort
5. Updated flow diagram and study visits
6. Updated section on secure uploading of anonymised image to cloud storage
7. Extension of eligibility window if recruiting from PHOSP-COVID to include patients 2-12 months from infection. PIL is also updated




	13
	6.0
	14.07.2021
	Betty Raman 
	1. Addition of non-hospitalised COVID-19 group to serve as a control group
2. Addition of another arm/objective to permit standardisation of measurements across MRI scanners
3. Extended the timing of 3rd visit to 12±6 months allow flexibility with recruitment of patients from PHOSP-COVID
4. Change of wording from ‘post-infection’ to ‘post-discharge’ to align with inclusion criteria of PHOSP-COVID study.
5. Making some of the investigations (urine test) optional to ease the burden on patients during study visits.
6. Addition of optional investigation to relevant section in the ICF.
7. Addition of new ICF for standardisation arm of the study.
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