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 Our approach

* The Impact of COVID

 The Cardiff and Vale Rehabilitation Programme

* Cardiff and Vale Rehabilitation Model and Meaningful Conversations Model
* Benefits Model ‘Wheel’

* Long COVID Recovery — Service Definition

* Long COVID Rehabilitation Pathway

 Governance and Reporting Structure

* Understanding and reporting on Outcomes and Benefits
* Keeping Me Well website

* The ‘Adferiad’ (Recovery) Long COVID Service in Wales

* Questions



Caerdydd a'r Fro

HS | cardiff and vale
University Health Board

G IG Bwrdd lechyd Prifysgol
N

Q
My Thanks to: A\ 74

e Dr. Emma Cooke - Clinical Director
for Allied Health Professionals C&V
UHB

 Rachel Wallbank — C&V UHB AHP
Lead for Long COVID

* Claire Madsen DoTHs Powys
 CEDAR team (evaluation)
e |CST ( Covid recovery app)

e Welsh Government; Ruth Crowder
and our Health Minister Eluned
Morgan, Baroness Morgan of Ely.
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Integrated organisations-
primary/secondary/mental health
commission and provide

Evolved the COVID recovery model
in May 2020

Inter-disciplinary therapy
rehabilitation approach rather than
re-enforcement of a siloed Multi-
disciplinary therapy approach to
assessment and intervention.

Generalised specialist Long COVID
Clinical Skills within all the
therapists without the loss or
dilution of specialist knowledge

The team delivers psychologically
informed rehabilitation in the context of
interdisciplinary working, focused on
addressing fatigue management,
dysfunctional breathing, pacing etc. and
of reducing pro-inflammatory behaviours
and increasing anti-inflammatory
behaviours.

Psychologically informed approaches
weaved through the scope of
interventions are ACT, Compassion
Focused Therapy, and being Trauma
informed. These approaches/models
helpful in creating meaning, and
strengthening the sense of acceptance of
‘wWhere | am now’ for the individual,
together with behavioural change to
support moving forwards
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The Rehabilitation programme is made up of six component workstreams. The workstreams are interdependent and connected as our approach focuses on a

blended way of working, change the way we offer services. Our workstreams contributes to CaV UHB Sustainability Action Plan and the Welsh Governments
Equality and Diversity Policies.

[ Keeping Me Well ]

The Keeping Me Well website is a CaV UHB website for therapies. The website provides
useful information and resources that support the therapy services available in CaV,
directs people to the right services, and supports people with self-care (e.g. teaches
techniques to pace activity during recovery, techniques to improve fitness etc.)

Long COVID Recovery [ Living Well ]
To support individuals to live well and recover from Long COVID. Through delivery of a set Living Well provides two sets of group based support to people with Musculoskeletal
of group based interventions, the MDT team provides education and supportive self conditions (Hip or knee OA and low back pain) . The ESCAPE programme, which provides
management strategies. The service provides 1-1 support and interventions from Clinical exercise based support for 6 weeks (2 sessions per week), and the Foodwise programme
Psychology, Occupational Therapy, Physiotherapy, Speech and Language Therapy and which includes Dietetics Advice, with an active component, for 8 weeks (1 session per
Dietetics. week).
Recovery & Wellbeing College (Living Well Curriculum) ] Prepare Well (Orthopaedics)

To provide free educational courses on a range of mental health, physical health, and
wellbeing topics. The co-produced and co delivered programmes brings peers and
professionals together, creating equity in value between lived and learnt experience. The
college aims to bridge the gap between services by connecting physical and psychological
recovery, creating a joint identity with co-production at the heart of what we do.

The Prepare well (orthopaedic) service provides support to individuals that are on an
orthopaedic pathway. Individuals are supported by the team, and those with lived
experience, enabling them to develop their psychological and physical fitness ready for
surgery and to recover well after. This is known to enhance experience, improve
outcomes and create efficiency gains in service delivery.

[ Prepare Well (Cancer) ]

Prepare Well (Cancer) Service provides support to individuals in preparation for their

cancer treatment. The support enables the individual to be as fit, strong and

psychologically resilient as possible. Through nutrition, activity and exercise and

wellbeing interventions, we endeavour to create better experiences and outcomes for

people in preparation for treatment to help them to live well with and beyond cancer 13
treatment.




The unknown — understanding the impact of COVID
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The What: COVID-19, caused by novel coronavirus SARS-CoV-2, has led to a pandemic that is increasing the burden of disease and disability across the UK. Our knowledge of the range
of impairments and disabilities is still evolving; we do not know the long-term sequelae of the condition. In March 2020 it was assumed that it was a respiratory illness, however, it
affects almost every organ in the body with emerging evidence that shows many of those survivors are likely to have significant on-going health problems, including breathing difficulties,
enduring tiredness, reduced muscle function, impaired ability to perform vital everyday tasks and mental health problems such as Post Traumatic Stress Disorder, anxiety and depression.
Two years on there is now increased awareness of the long-term legacy for individuals, not just those who have been admitted to hospital, but those who have self-treated at home and
recovered from the acute infection but continue to have relapses and persistent symptoms.

Long COVID Rehabilitation Pathway: Summary

v
Long COVID/ Post Acute Sequelae of COVID

Initial Self-Care Management Advice
* www.keepingmewell.com

* All Wales Covid Recovery App

* www.yourcovidrecovery.nhs.uk

* www.SilverCloudhealth.com/uk

* www.HHP.wales.nhs.uk

Assessment
(@healthpathway)
and diagnostics to

exclude red flags

Previous
Covid-19
suspected or
confirmed

If ongoing issues occur

If red flag Ref to Hospital
Specialist Consultant
e.g., Resp /Neuro /
Cardiology/Rehab

Consultant/ AHP /
Occupational Health

Qi

medicine/Immunology /
Pain / Rheumatology

P

3.

20
3.

4.

Long COVID Rehab Service
(MDT Therapy Led service for assessment,
coordinated & rehabilitation)

Individual 1:1 Therapy Intervention including
physical and psychological modalities, guided self-
care management

Group Rehabilitation Interventions

Ref / Collaboration with existing Rehab Services /
Resources (CRTs, CMHTs, Wellbeing Service,
Occupational Health, Audiology/Vestibular Rehab,
Recovery College, Pulmonary, MSK Pain Services)
Secondary Care Consultant advice and referral
and/or GP contact for review

Self Ref. back if on going
concerns.

Individual story: “The last seven months has been a difficult period as it is the first
time, thankfully, in my life that | have had a long illness. The future is still
uncertain, but | do believe that the roller coaster ride | am on has enabled me to
acknowledge the strength | have and hopefully will make me even stronger going
forward. | must add that | have never been a fan of roller coasters and the last

seven months has definitely confirmed that view"

-S>~

The Why: In Cardiff and Vale we are started to see increasing numbers of people with post
COVID rehabilitation needs being referred to outpatient and community therapy services. Due
to the nature of the condition, there was not one rehabilitation pathway that these individuals
could access as they often require support from therapists / clinicians across several pathways.
Individuals who were frail or had neurological involvement have access to coordinated multi-
disciplinary community rehabilitation but other people, particularly those reporting chronic
fatigue like symptoms could not access coordinated and individual centered rehabilitation. We
knew from studies of people who had SARS in the 2003 epidemic that almost half the survivors
went on to have chronic fatigue or other long-lasting symptoms. We were concerned that if
people were unable to access timely and coordinated rehabilitation there was a risk of
chronicity, high rates of anxiety and depression and people failing to recover fully from the
virus which will inevitably increase the burden on existing stretch NHS services.

= = =_= =_~

The How: General practitioners, secondary care consultants, and AHPs agreed that a ‘non-
medicalised’, holistic, individualised approach was needed to support people to recover.

Short term funding was agreed for 18 months to established an AHP led service to provide a
single point of access for people reporting enduring symptoms of COVID. A long COVID

Health pathway was developed. On the 6t January 2022, a discussion was had with the

health system management board to ensure LHB wide visibility of the programme. There is
also work being done to explore how to reach minority groups better. Through the Long
COVID Community Conversation Sessions, we have been able to listen to patients and

respond to their comments. Changes they have suggested will be implemented as we scale
and mature the Long COVID Recovery service. D&l
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Long COVID Rehabilitation Pathway: Primary/Secondary AHPs and medical staff

00
|| [ Ongoing Symptomatic ] [ Post-COVID Syndrome } Lone COVID Rehab Service
% COVID (>4 weeks) (>12weeks) Y, (MDT Therapy Led service for assessment,
coordinated & rehabilitation)
Y :
. 6 Week Therapist supported Self-Care
Long COVID/ Post Acute Sequelae Of COVID Management Group Intervention,+ Specific

Symptom Groups including physical and

A Initial Self-Care Management Advice psychological modalities,
ssessment o i q q Qg
Previous www.keepingmewell.com . Ref / Collaboration with existing Rehab
Covid-19 (@healthpathway) * All Wales Covid Recovery App : :
o\nt 5 and diagnostics to « www.yourcovidrecovery.nhs.uk Ser\{lces / Resqurces (CRTs, CMHTs, Wellbeing
st:zpr);icr :.]e (;) sluels e T « www.SilverCloudhealth.com/uk Service, Occupational Health, Third Sector,
» www.HHP.wales.nhs.uk Audiology/Vestibular Rehab, Recovery College,
Pulmonary, MSK, Pain Services, Leisure )
Secondary Care Consultant advice and

referral and/or GP contact for review

If ongoing issues occur
ref to service is made

If red flags: Ref to Individual

Hospital Specialist Therapist Discharge

Consultant e.g., Resp Review if
/Neuro / —p Consultant/ AHP / I
Cardiology/Rehab Occupational Health
(Self Ref. back if on going

medicine/Immunology /

Pain / Rheumatology Long COVID Rehab Service concerns.
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We have established the Rehabilitation Programme to help coordinate and steer the changes within each of the component workstreams and to enable

external SMEs and advisors to provide steer and guidance on key decision points. The programme as a whole is accountable for delivering the outcomes
and benefits depicted on slide six.

Shaping Our Future Clinical Executive Lead
Services F.J

Rehabilitation Steering Group

Rehabilitation Model Re-Work E.C
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Cardiff and Vale Rehabilitation Model and Meaningful Conversations Model SO (L

Lewel 1
me... well
Building my health and

| maki
Wabnggcfeddo:t‘sg,
staying well

Keeping

Lewel 2
Enabling me... to live well

Consultations, care planning,
how | can build health and well being

Lewl 3
Supporting me... to live well
Support to build health and well being

 Lewld
_ Helping me... to live well
Tailored individualised health treatmer's

Why?

Cardiff and Vale Rehabilitation Model of Care

MECC

Brief
intervention

Health enhancing physical activity Eat well

Exercise

Pacing

Allied Health Professionals

Healthy weight Sleep

Fatigue Social

ASojoyoAsd
g saidesay )

aiAOD 8uo
oanap AJlunwwon

5
aq
=
1]
%
3
m
=

MDT Uni professional
Specialist Scope

Smoking cessation

Healthy mind

Bwrdd lechyd Prifysgol
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Cardiff and Vale
University Health Board

Drugs and alcohol

Mental health awareness

Motivation to change Stress

Refer only when
specialist support
is required

Meaningful Conversations Model

17



Benefits Model ‘Wheel’
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The ‘wheel’ was developed to represent the outcome measures we are using to present the benefits of the Rehabilitation Programme. Each work stream is

able to ‘pick and mix’ between the different benefits which have been identified. The process of collecting these benefits has begun, however, at present there
has not been sufficient data collected to present them.

gﬁ'
% 2
5 32

=
-

i

o

Measured by all workstreams (not incl. KMW)

Selectively measured (based on relevance)

Captured from existing systems
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Long COVID Recovery — Service Definition
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Aim: To support individuals to live well and recover from Long COVID. Through delivery of a set of group based interventions, the MDT team provides
education and supportive self management strategies encompassing fatigue management, breathing advice, cognition and psychological support, taste
and smell retraining, pain management, bladder control, vocational advice and nutritional support. In addition, the service provides 1-1 support and
interventions from Clinical Psychology, Occupational Therapy, Physiotherapy , Speech and Language Therapy and Dietetics.

Initial Invite,
Referral from GP, waiting list and
Consultant or AHP administration
process

71811 6 Tt Treatment Delivery Discharge and post
and Treatment .
Plan and Review treatment support
K

Individual story: “The last seven months has been a difficult period
as it is the first time, thankfully, in my life that | have had a long
illness. The future is still uncertain, but | do believe that the roller
coaster ride | am on has enabled me to acknowledge the strength |
have and hopefully will make me even stronger going forward. |
must add that | have never been a fan of roller coasters and the last
seven months has definitely confirmed that view"

Individual story:

"The biggest things that have resonated with me are knowing that
pacing is cognitive, sensory, emotional too and not just physical.
‘Dropping the anchor’ as Carys put it and not fighting anymore and
saying my prescription is saying no at the moment. All these things
are making a big difference- thank you" (Long Covid Recovery)

return of £1.26.

% Cedar’s interim calculation for the SROI is 1.26:1, or for every £1 invested in the service there is a social
—¥- Cedar

Healthcare Technology Research Centre

20
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The interdisciplinary approach supporting evolvement of generalised specialist Long COVID Clinical Skills within all the
therapists without the loss or dilution of specialist knowledge. Significant number of therapist came from a neurological
background with an understanding and experience of a homogenous event/trigger with resulting heterogenous
presentation of symptoms. The team delivers psychologically informed rehabilitation in the context of interdisciplinary
working, focused on addressing fatigue management, dysfunctional breathing, pacing etc. and of reducing pro-
inflammatory behaviours and increasing anti-inflammatory behaviours.

Physio (0.7 WTE)

Speech and Language therapist (0.7 WTE)

OT (0.7 WTE) Psychologist (0.7 WTE)

Admin (1 WTE) Respiratory Physio (1 WTE)

Service Lead (1 WTE) Psychology Assistant (1 WTE)

Dietician (0.7) Rehab Coach (1 WTE)

The Service is currently able to support 100-120 referrals per month. We expect 1150 referrals in F/Y 2022/23.

21
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Long COVID community sessions:

Flexibility in mode of delivery:

Seldom heard voices:

Other post infection/ acute illness syndromes:

22
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Patient Activity
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Keeping Me Well has been designed by Cardiff and Vale University Health Board’s team of multi-disciplinary specialists to support
you and your family to live well.

_.

Cardiff and Vale
Un|ver5|ty Health Board Search... B

m Keeping Me Well

m I need help with... + Services ¥ Support for my child ~ COVID-19and me ~ Living well

Welcometo i
Y e wwkeepingmewetcom €8 i T NEETE wwkeepingmeneticom @[ Cardiff and Vale University Health
Board’s new digital rehabilitation
resource with information that you
can access to help keep yourself well.
b

Cardiff and Vale GIO Pepsae] Burdd ey GIG | stz
Unvrsy Hedlth Board www.keepingmewell.com NHS _ s Lc« yd www.keepingmewell.com i i
. DS e,

— —

L\, To view the website, follow this link - Home - Keeping Me Well
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Lo University Health Board Search n Cymraeg TR i e
A

Home I need help with... ~ Services ¥ Support for my child ~ COVID-19and me ~ Living well

Home I need help with... ¥ Services ¥ Support for my child ¥ COVID-19and me ¥ Living well

gcape P a Useful Linke My Physical Recovery from COVID-19

= Alcohol Awareness
. o . epe . . . i ivei it it : sl « Also in this section
Enabllng Self-Management and Coplng with Arthritic Pain using Exercise = Carers Being active in addition to good nutrition and rest is essential in helping you recover from
= Falls prevention COVID-19. Physical recovery self-help
Knee and Hip Osteoarthritis « Eating Well
Physioth At Cardiff and Vale University Health Board we advocate taking a ‘pacing’ ht Eatingfor Recovery
s T . - . . . siothera ardiff and Vale University Hea oard we advocate taking a ‘pacing’ approach to
ESCAPE-pain is a rehabilitation programme for people with chronic joint pain that integrates Y K py. " BEiREtNEER
) ) ) ) ) i o ) = Stopping Smoking managing your return to physical health. Breathlessness
educational self-management and coping strategies with an exercise regimen individualised « Exercising with Arthritis Dizziness
for each participant. = Physical Activity Guidelines Pacing focuses on taking small steps towards your activity goal, starting with simple activities
; Feeling tired and weak
= Better Leisure Centres aver <hort periods of time and gradually increasing the difficulty and duration of them. e

It helps peopl Strength and Stamina

1ave been diagnosed with Long-COVID, or think you may have Long-COVID, it is

Cardiff and Vale
\ University Health Board Search. n Cymra
|
ant to seek advice froma ; Cardiff and Vale
i i Sear Cymrae;
Living well y programme as you may n E )\ University Health Board n
©
Home I need help with... ¥ Services ¥ Support for my child ¥ COVID-19and me ~

Leading a Healthy Lifestyle

themselves wi

how to cope

Home I need help with... ~ Services ~ Support for my child ~ COVID-19and me ~

jitation.

What is Type 2 Diabetes?

Type 2 diabetes is when your pancreas does not produce enough insulin or the insulin you Also in this section o
. . The most effective action that we can take to help keep ourselves well is to adopt a healthy Also in this section
produce cannot work properly. This causes blood glucose levels to increase to a level that can Alcohol Awareness
lifestyle. This section of the website contains a range of information and advice that you can Alcohol Awareness
lead to long term health problems. ) .
Carers use to take a healthier approach to your life, or encourage those you care for to make changes r
arers
. L to their lifestyle.
Self-management is an essential part of Type 2 diabetes care. The following information is to Ev‘i’t"';'ﬂg::_‘i:::g?f;zﬂlzee:l"e CT"’:,:unicaﬁgnf;ndlpeoph
. . . with Hearing Difficulties
help you learn about and become more involved in the management of your diabetes. Leading a healthier lifestyle has many benefits. We know that eating well, stopping smoking,
. . Falls Prevention
Through lifestyle changes the onset of type 2 diabetes can be delayed and even prevented. staying active and drinking within the recommended guidelines support our overall health and
Eating Well wellbeing and reduces the risk of many health conditions. Small changes in our habits such as Eating Well
Important Information \mmunisation walking more or cutting down your drinking can make a big difference over time and can be teR
made gradually to fit your lifestyle.
Whether you have been newly diagnosed with type 2 diabetes or were diagnosed a few years Physical activity Physical activity
ago, below are four Diabetes Awareness videos you may find helpful to learn how to self- Stopping Smoking This section of the website contains a range of information and advice that you can use to look Stopping Smoking
e o 16 o ih =

26



Q G IG Bwrdd lechyd Prifysgol

NHS Wales COVID recovery App S 1S o

b University Health Board

* Developed by our Respiratory
Health Improvement group
commissioned ICST

* Includes input from clinicians
across Wales

e Educational
 Self monitoring/motivating

* available free to download
Google play or App store
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*  We thought an MDT approach would work, we now know it does

* We thought best to keep this provided in primary/community care, away from hospital based clinics,
we know it works, and have access to specialist care when needed.. its not needed often, very few
people needed secondary care intervention

* We want to morph this into services for people with post viral conditions more widely, e.g. ME/CFS
and will progress this during 22-23

* The service has flexed and changed it’s model to meet feedback from patients and the waiting list
* We continue to explore means to improve equity of access

* We assisted in developing in liaison with Welsh National Opera a national platform to support
recovery which continues.

* Elephantin the room..... funding. This type of model we haven’t resources previously, but we know
there is demand, for both COVID but more widely a rehab approach for post viral recovery. Funding
from Sept 21-March 22 initially , then full year 22-23. Need to develop plans for ongoing provision.
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Causes and treatment options of
long-term courses of COVID-19 -
Study evidence i.v. vitamin C

1. Pathophysiology of Long-COVID

2. Excursus: Study evidence on
ascorbate infusions in COVID-19

3. Study evidence on i.v. vitamin Cin
Long COVID syndrome

Dr. Christina Ulm
PhD Biochemistry / Biomedicine
Director Scientific Sales Departement

Conflict of interest: Expert advisor at Pascoe
pharm. Praparate GmbH




Pharmacokinetics: Padayatty, S.J.; Sun, H.; Wang, Y.; Riordan, H.D.; Hewitt, S.M.;

. Katz, A.; Wesley, R.A.; Levine, M. Vitamin C pharmacokinetics:
ngh,plas,ma |€V€|S Only implications for oral and intravenous use. Ann Intern Med 2004,
pOSSIb'E l.V. 140, 533-537, doi:10.7326/0003-4819-140-7-200404060-

00010.

Figure 2. Predicted plasma vitamin C concentrations in healthy persons after oral (top) or intravenous (IV) (bottom)
% administration of vitamin C.

Figure 1. Plasma vitamin C concentrations in healthy vol after or oral of vitamin C.
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LOVIT: Lessening Organ dysfunction with VITamin C (NCT03680274)

OﬂgOlng Iarge RCTS use LOVIT-COVID: Lessening Organ Dysfunction With VITamin C - COVID-
: 19 (NCT04401150)

dally dOSES Of 200 mg/kg VICToRY: VItamin Cin Thermal injury (NCT04138394)

bw REMAP-CAP: Randomised, Embedded, Multi-factorial, Adaptive

Platform Trial for Community-Acquired Pneumonia

. . *  Levine, M. (1986). "New concepts in the biology and biochemistry of
Anlmals can increase ascorbic acid." N Engl ] Med 314(14): 892-902
. . . * Hornig, D. (1975). "Distribution of ascorbic acid, metabolites and
the' r SynthESIS Ca paCIty analogues in man and animals." Ann N Y Acad 5ci 258: 103-118.
« Linster, C. L. and E. Van Schaftingen (2007). "Vitamin C. Biosynthesis,
to zoomg/kg bW recycling and degradation in mammals." Febs J 274(1): 1-22.
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Pathophysiology

of Long-COVID




AWME online s AWMF-Register Nr. 020/027 S1-Leitlinie Post-COVID/Long-
COVID (Stand 12.07.2021)

S1-Leitlinie Post-COVID/Long-COVID

(o} 4 weeks 0 WeeKs eyond weeks

Symptoms developing during or following *  sym ptoms pe rsist for up to

—
—_—
—_
4
[ ]

Acute COVID-19

Infection S —— infection consistent with COVID-19 4 weeks
COVID-19 ,
Post COVID-19 Syndrome ] . .
* persistent symptomatic
COVID-19

Diagnosis may be considered before 12 SARS-CoV-2 positive Symptoms can fluctuate
weeks while the possibility of an alternative test not required and change over time * symptoms pe rsist for 4 to
underlying disease is also being assessed
12 weeks

Definitions based on NICE, SIGN & RCGP publication, “COVID-19 guideline scope: management of the long-term effects of COVID-19" @ M o d S h 4

. _ L o _ Post COVID-19 syndrome
Figure 1 | Working definitions of Post-COVID-19 Syndrome based on guideline scope published

by the National Institute for Health and Clinical Excellence (NICE), the Scottish Intercollegiate * symptoms persist for more
Guidelines Network (SIGN), and the Royal College of General Practitioners (RCGP) on 30th than 12 weeks and cannot
October 2020.[6] be explained by other

diagnoses



II Cause for Long COVID

« WHO:
“Long-COVID is triggered by
an interaction of different
disease mechanisms of the
acute disease”

World Health Organization. Expanding our understanding of
post COVID-19 condition: report of a WHO webinar, 9
February 2021. 2021.

* Hyperinflammation
e vascular and nerve damage
* Immundysregulation:

* Autoimmunity

* Virus persistence, long-term
infection

Koczulla, A.R.; Ankermann, T.; Behrends, U.; Berlit, P.; Bding, S.; al., e. S1-
Leitlinie Post-COVID/Long-COVID. AWMF-online: 2021.




Lon g_te rm effects in the Crook, H., et al., Long covid-mechanisms, risk factors, and
management. BMJ, 2021. 374: p. n1648.

lungs




Lon g_te rm EffECtS on the Crook, H., et al., Long covid-mechanisms, risk factors, and
management. BMJ, 2021. 374: p. n1648.
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Long-term effects in the
CNS

Crook, H., et al., Long covid-mechanisms, risk factors, and
management. BMJ, 2021. 374: p. n1648.
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Excursus:
Study evidence
on ascorbate

infusions in
COVID-19




I What leads to severe
courses in COVID-19?

» a major cause of the

causes of severe courses is

* Excessive inflammation oxidative stress
— Tissue and vascular damage

« Thromboses/microembolisms » 70-80% of COVID

~ Organ damage patients have a vitamin C
* Immunosuppression defici
— Lymphopenia, T-cell suppression erciency

Schonrich G, Raftery MJ, Samstag Y. Devilishly radical
NETwork in COVID-19: Oxidative stress, neutrophil

extracellular traps (NETs), and T cell suppression. Adv Biol
Regul 2020;77:100741.

Holford, P.; Carr, A.C.; Zawari, M.; Vizcaychipi, M.P. Vitamin C Intervention for

Critical COVID-19: A Pragmatic Review of the Current Level of Evidence. Life
2021, 11, 1166. 2021, 11, 1166
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Contents lists available at ScienceDirect

Advances in Biological Regulation

Qdeat:Ive Stres§ IS th.e ]:]r—_'\] journal homepage: www.elsevier.com/locate/jbior
linchpin of the infection .
process Devilishly radical NETwork in COVID-19: Oxidative stress, R

neutrophil extracellular traps (NETs), and T cell suppression

Giinther Schénrich® , Martin J. Raftery®, Yvonne Samstag b, *

R e C O m m e n d at I O n Of t h e ‘Gm of Virology, Charité — Universitatsmedizin Berlin, Freie Universitat Berlin, Humboldt-Universitat zu Berlin, Berlin Institute of Health, Berlin,

. , b Section Molecular Immunclogy, Institute of Immunology, Heidelberg University Hospital, Heidelberg, Germany
Charité authors:

Use vitamin C at an early L SARS-Cov-2 |

stage to reduce the risk of

severe courses! Oxidative
stress

T

Neutrophil T-cell suppression

extracellular
traps (NETSs)
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Vlt am | n C | m p 0 rt 3 nt Immunomodulatory and Antimicrobial Effects of Vitamin C

Soraya Mousavi, Stefan Bereswill and Markus M. Heimesaat”

i m m u n O m O d u I ato r Institute of Microbiology, Infectious Diseases and Immunology, Gastrointestinal Microbiology Research Group, Charité -

University Medicine Berlin, corporate member of Freie Universitit Berlin, Humboldt-Universitdt zu Berlin, and Berlin Institute of
Health, Berlin, Germany

Received: 19 Jul 2019; accepled: 24 Jul 2019

Immunomodulating:

* antimicrobial _

* antibacterial .”""' vents L)
 antiviral R

Vitamin C and Immune Function

* antiparasitic
 antifungal

* antioxidant
 anti-inflammatory

Anitra C. Carr I'* and Silvia Maggini 2

... appropriate response against pathogens without
unduly damaging the host.

Mousavi, S., S. Bereswill and M. M. Heimesaat (2019). "Immunomodulatory and Antimicrobial Effects of Vitamin C." Eur J Microbiol Immunol (Bp) 9(3): 73-79.
Carr, A.C.; Maggini, S. Vitamin C and Immune Function. Nutrients 2017, 9, doi:10.3390/nu9111211.




Subramanian, V.S.; Agrawal, A. Vitamin C Enhances Antiviral

antiviral function of Iung Functions of Lung Epithelial Cells. Biomolecules 2021, 11,

. . Teafatiller, T.; Agrawal, S.; De Robles, G.; Rahmatpanah, F.;
I Vitamin C enhances the & P
ceIIs d0i:10.3390/biom11081148.

"Vitamin C not only enhances
antiviral activity at multiple
levels, but also prevents lung
fibrosis and damage"

. biomolecules N m\my

Article

Vitamin C Enhances Antiviral Functions of Lung
Epithelial Cells

Trevor Teafatiller 1, Sudhanshu Agrawal 2 Gabriela De Robles 3, Farah Rahmatpanah 3,
Veedamali S. Subramanian "* and Anshu Agrawal 2+




Vitamin C: pragmatic Holford, P.; Carr, A.C.; Zawari, M.; Vizcaychipi, M.P. Vitamin C
V4

_ Intervention for Critical COVID-19: A Pragmatic Review of the Current
WE” tOI?rat,Ed’ . Level of Evidence. Life 2021, 11, 1166. 2021, 11, 1166,
supportive intervention doi:https://doi.org/10.3390/life11111166.

for COVID-19

life MbPy Vitamin C:
. = essential for innate and acquired
Vitamin C Intervention for Critical COVID-19: A Pragmatic immune fu nctions

Review of the Current Level of Evidence ..
= antioxidant

= anti-inflammatory
= antithrombotic
" immunomodulatory

Patrick Holford 1%, Anitra C. Carr 2, Masuma Zawari 2 and Marcela P. Vizcaychipi 34

1 Founder of Institute for Optimum Nutrition, Ambassador House, Richmond TW9 150, UK

2 MNutrition in Medicine Research Group, Department of Pathology & Biomedical Science, University of Otago,
Christchurch 8140, New Zealand; anitra.carr@otago.ac.nz (AC.C.); masuma. zawari@otago.ac.nz (M.Z.)

3 Faculty of Medicine, Imperial College, London SW7 2AZ, UK; m.vizcaychipi@imperial ac.uk

4 Intensive Care Medicine, Chelsea & Westminster Hospital, London SW109NH, UK

*  Correspondence: pat@patrickholford.com; Tel: +44-(0)-7944-689108

= 3 RCT and 6 retrospective cohort studies on vitamin Ci.v. in COVID-19


https://doi.org/10.3390/life11111166

3 RCT:

Supportive vitamin C shows
benefit

Table 2. Randomised controlled trials investigating the effect of intravenous vitamin C (IVC) in patients with COVID-19.

e Oxygen supply ™

* |nflammatory marker {,

* mortality among the seriouslyill {,
» faster recovery

* shorter hospital stays

2021, 11, 1166. 2021, 11, 1166, doi:https://doi.org/10.3390/life11111166.

Population Intervention
Mean Age Durati Findings (IVC vs. Control) Reference
. uration
Location
Higher Pa0, /FiO, % (229 vs.
151 mmHg, p =0.01)
54 patients with Lower Interleukin-6 (19 vs.
COVID-19-pneumonia IVC 124 g/day (n=27) 158 pg/mL, p=0.04)
and multiple organ injury or placebo (n=29) Lower ICU 3 and hos?ital mortality in [28]
Age =67 =13 years for 7 days patients with SOFA * scores >3 (4 vs.
Wuhan, Hubei, China 10 days, p = 0.03)
No difference in ventilation-free days
(26.5 vs. 10.5 days, p = 0.56)
Patients became symptom-free earlier
(7.1 £ 1.8vs. 9.6 £ 2.1 days, p < 0.0001)
Patients spent fewer days
150 patients with severe IVC 50 mg/kg/day in the hospital
COVID-19 + standard therapy (8.1 £ 1.8 vs. 10.7 £ 2.2 days, [30]
Age = 52-53 years or standard therapy p <0.0001)
Karachi, Pakistan (75 per group) No difference in need for mechanical
ventilation (16% vs. 20%, p = 0.4)
No difference in mortality (9.3% vs.
14.6%, p=0.3)
Lower body temperature on 3rd day
IVC 6 g/day of hospitalisation (p = 0.001)
60 patients with COVID-19 + standard therapy Improvement in oxygen saturation
Age = 57-61 years or standard therapy on 3rd day [31]
Tehran, Tran (30 per group) of hospitalisation (p = 0.014)
for 5 days No differences in length of ICU stay

or mortality

TIVC: intravenous vitamin C, 2 Pa0, /FiO: ratio of partial pressure of oxygen to fraction of inspired oxygen, 3ICU: intensive care unit,
* SOFA: sequential organ failure assessment.
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| viewpoin Chinese Medical Journal Zhao, B.; Li, M.; Ling, Y.; Peng, Y.; Huang, J.; Qu, H.; Gao, Y.; Li, Y.;

zptentialzg;zgefit of high-dose intravenous vitamin C for coronavirus Hu, B.; Lu, S., et al. Potential benefit of high-dose intravenous
»'seafe __ _1')"9'_':0_'?'3 N .. vitamin C for coronavirus disease 2019 pneumonia. Chin Med J
m“‘"““f”m%:_“j’“mjfm“” ' o (Engl) 2022, 135, 23-25, doi:10.1097/CM9.0000000000001746.

Chinese Medical Journal 202213501 S—

Quick Response Code: Website:

WWW,CITIJ.OTE

| Moderate ] [ Severe ] [ Critical ] DO

| | 10.1097/CMY.0000000000001746
| .

Routine thera

on admisslmf ¥ 100 mg-kg'-d! for 7 days 200 mg-kg'-d-! for 7 days 300 mg-kg'-d-' for 7 days

| |

- gDy 400 mg:'kgl for 1 day 600 mg/kg for 1 day 300 mi-kg“-d'l

R ACON | until disease improves
}

200 mg-kg'-d' for 7days 300 mg-kg'-d' for 7 days
Figure 1: Fowchart of HDIVC protocol. Aggravation means disease severity transfers to the next level within 24 to 48 hours. HDIVG: High-dose intravenous vitamin C.







STATE OF THE ART REVIEW

Heart
W Chest pains

Long covid—mechanisms, risk factors, and a Myocari

g inflarmemation
mana ement : m T Samum traponin
g .g‘ B Palpitation:
1 1 1 1 . 1,2 <

Harry Crook,” Sanara Raza, Joseph Nowell,” Megan Young,” Paul Edison % g —
® Dyspnes W "Brain Tog
B Chest pain B Defium
B Cough I u Fatigue

B Sleep disturbances
B Depression armiety PTE0/0CS

Excessive inflammation +

oxidative stress (ROS) Poncres \? & 3

=
FibrOSiS (Orga n dySfu nCtIOn) B Acute kidrey injury @

Thrombosis (hypoxia) ’:““,...,“"ib/
Autonomic nervous system dysfunction B '

Fig 1 | Multrorgan complications of covid-19 and bong covid. The SARS-CoV-2 virus gains entry Into the cells of
multiple organsvia the ACE2 receptor. Once these cells have been Invaded, the virus can cause a muliitude of damage
ultimately leading to numerous persistent symptoms, some of which are outlined here
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mlTaB lymphocyte
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B Inflammation
W Yesgal damage
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Crook, H., et al., Long covid-mechanisms, risk factors, and management. BMJ, 2021. 374: p. n1648.



Long-term effects of COVID-19 4% 7%

Headache—- Disorder

( 17%\ S~~~
Sweat

Meta-analysis on Long-
COVID

Abnormal Chest
XRay/CT (34%)

D-dimer (20%)
NT-proBNP (11%)
CRP (8%)

* Fatigue

 Headache (inflammasome)
e cognitive problems

e Shortness of breath
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Lopez-Leon S, Wegman-Ostrosky T, Perelman C, et al. More Than 50 Long-Term Effects of COVID-19: A Systematic Review and Meta-Analysis. Res Sq 2021.




Myalgic encephalomyelitis/chronic fatigue syndrome
-> neuroimmunological disease

II Long COVID like CFS?

Gijs Bleijenberg, Jos W. M. van der Meer

Chronisches Fatigue-Syndrom
Fiir die deutsche Ausgabe Patricia Grabowski und Carmen Scheibenbogen

« 1/2021 New ICD-10 code L

. oy e e e e T
num er Or Ong . den die meisten Patienten unter Schmerzen, kognitiven Stirungen  sipitierenden) und die Erkrankung rha lenden (per d
und Schlaftinungen oder nicht erholssmen Schisf. Das Kardinal- Faktoren biefert ¢in Geriist, das heim Verstindnis dieser komplenen

symptom ven CFS ist die Zamahme der 24 Forankheit balft | Tab. #602-2).
» U09.9 Post-COVID-19 somithEriTolen MeE

L. MMMWMWHE :ﬁbﬂ.ﬂﬂﬂmﬂmﬁg‘hﬂﬂrmﬂzt
mwmwmﬂwm mw'h
Diie US. Centers for Disease Control and Prevention haben

* Previously, post-viral fatigue e O e e U w sy
e e e e —

syndrome was recorded et G < 11 e
Atemmegsinfct. i dinems Meinen Tel dt Patienten ca 10 %) -

Das: chaonische o tritt weltweit auf wnd hat bd Er- det gich im Blit auch sine erhibite Epatein- Barr-Virsshat als Hinweis

under G93.3. chronic fatigue e S T e
syndrome

CFS usually starts with an infection, which often falls during a
period of stress or high physical activity.




Oxidative stress in CFS
and PTSD

Sykes, D.L., et al., Post-COVID-19 Symptom Burden: What is
Long-COVID and How Should We Manage It? Lung, 2021.
199(2): p. 113-119 / Lee JS, Kim HG, Lee DS, Son CG.
Oxidative Stress is a Convincing Contributor to Idiopathic
Chronic Fatigue. Sci Rep 2018;8:12890. / Morris G, Stubbs B,
Kohler CA, et al. The putative role of oxidative stress and
inflammation in the pathophysiology of sleep dysfunction
across neuropsychiatric disorders: Focus on chronic fatigue
syndrome, bipolar disorder and multiple sclerosis. Sleep Med
Rev 2018;41:255-65. / Kim TD, Lee S, Yoon S. Inflammation in
Post-Traumatic Stress Disorder (PTSD): A Review of Potential
Correlates of PTSD with a Neurological Perspective.
Antioxidants (Basel) 2020;9. / Alzoubi KH, Shatnawi AF, Al-
Qudah MA, Alfagih MA. Vitamin C attenuates memory loss
induced by post-traumatic stress like behavior in a rat model.
Behav Brain Res 2020;379:112350

Oxidative stress causes neuronal
damage in the hippocampus,
amygdala and frontal cortex, which are
responsible for regulating stress,
emotions, anxiety and memory
processing.

Experimental:

Vitamin C mitigates memory loss due
to oxidative stress in the hippocampus
triggered by PTSD




Cause of fatigue Crook, H., et al., Long covid-mechanisms, risk factors, and
management. BMJ, 2021. 374: p. n1648.

faticue is ongoing (NCT04841759). Vitamin C
supplementation may prove useful in treating fatigue
in patients with long covid, with a systematic review
concluding that high dose intravenous vitamin C could
be a beneficial treatment option.”'’ LOVIT-COVID
(NCT04401150) is an ongoing clinical trial aimed at
assessing the effects of high dose intravenous vitamin
C on hospitalized patients with covid-19.



Vitamin C:

Vitamin C status In « effective antioxidant
e Cofactorin >150 metabolic
Long-COVID ? I

Vitamin C deficiency symptoms:
* Fatigue [ Bron___] ’

* weakness in performance Lense of the %\,

eye

Immune system

Walls of the
blood vessels

L 3
[~
&

Irritability / depressive mood /

impairment of mental well-being Heart
| Kidn nd
¢ Paln adrei\:l;ands 8
» Susceptibility to infections and Muscles
slower recovery after illnesses Bones X

Long-COVID: neuroimmunological clinical picture



.nutrients Moy Vollbracht, C. and K. Kraft, Feasibility of Vitamin C in the Treatment of

o Post Viral Fatigue with Focus on Long COVID, Based on a Systematic
Feasibility of Vitamin C in the Treatment of Post Viral Fatigue Review of IV Vitamin C on Fatigue. Nutrients, 2021. 13(4).
with Focus on Long COVID, Based on a Systematic Review of

IV Vitamin C on Fatigue

Claudia Vollbracht "2*( and Karin Kraft 2

» Pharmazeutische Priparate GmbH, 35383 Giessen, Germany
niversity Medicine Rostock, 18057 Rostock, Germany;

Viral infection,
cancer, autoimmune
diseases

Oxidative
stress

Excessive
inflammation

N @

Circulatory disorders,
neuronal dysfunction

v
Long-COVID Fatigue, pain, cognitive disorders

-

Vitamin C:

Antioxidant
Anti-inflammatory

Co-factor among others:
Serotonin, dopamine,
noradrenaline, endorphins ...



V|ta m | N C: The Kashiouris, M.G., et al., The Emerging Role of Vitamin C as a
. Treatment for Sepsis. Nutrients, 2020. 12(2).
immune modulator

Plateiet

Bacteria ' , - , Cell-Free DNA

ALVEOLUS

CAPILLARY

Figure 4. Pleiotropic effects of high-dose intravenous vitamin C (HDIVC) in sepsis-induced acute
respiratory distress syndrome (ARDS). The orange star [#] points to possible therapeutic targets of
HDIVC. The figure illustrates a human alveolus with the capillary membrane, and the blood-gas barrier
during sepsis.



I 3 Key messages

Vitamin C deficiency is a pathogenic condition and weakens the immune
system

Only infusions produce high active levels in the blood and
compensate for a vitamin C deficiency

Vitamin C activates many anti-viral immune processes and at
the same time protects the lungs, vessels and nerves from
oxidative stress/excessive inflammation.




I Sneak preview

? frontiers

Oxidative stress and hyper-inflammation as major drivers of severe
COVID-19 and Long COVID: Implications for the benefit of high-dose
intravenous vitamin C

Claudia Vollbracht ! and Karin Kraft® "

'Medical Science Department, Pascoe Pharmazeutische Priparate GmbH, 35383 Giessen, Germany
University Medicine Rostock, 18057 Rostock Germany

* Correspondence:
Karin Kraft
Karin Kraft@med.uni-rostock.de

Keywords: ascorbic acidi, covid 192, long/post covids, fatigues, oxidative stresss,
hyperinflammationg, autoimmunitys, cognitive dysfunctions
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* What is Integration?

* Post Covid19 Syndrome — an opportunity
* The interface

* Challenges

* The C&P Model

* How do we achieve it

* Practical Strategies
* Examples

NHS

Cambridgeshire and

Peterborough
Post-Covid Service




LG

NHS

Cambridgeshire and
Peterborough
Post-Covid Service

‘Integrated care is about giving people the support they need, joined
up across local councils, the NHS, and other partners. It removes
traditional divisions between hospitals and family doctors, between
physical and mental health, and between NHS and council services’

NHS England, 2022
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Post Covid19 Syndrome —
An opportunity to do
things differently

Cambridgeshire and

Peterborough
Post-Covid Service
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New

We do not understand why people get it

We don’t have a cure

We do not know the long term impact for the individual patient
For a subgroup of patients it is chronic

Multitude of symptoms that do not necessarily align to traditional disease
presentations or management

Care predominantly within primary and community services but needs secondary
care input

Not built into service specs. etc

The “systems” such as they are for managing chronic diseases are already
overburdened



NHS
The Challenges of Integration: o eterborough

Post-Covid Service

Secondary Care perspective v Community Perspective

* Knowing your stakeholders
* Knowing your topic area — a challenge with a new syndrome!
e Understanding of roles

* Trust

* Time

* Beliefs/pre-conceived ideas
* Individual system pressures
* IT systems

* Finance

LG RB






The Cambridgeshire & Peterborough N e

Model - Assessment —

Cambridgeshire and Peterborough Post COVID-19 Syndrome pathway
Pozt OOVID-19 symdnom & Signs & spmptems that develop during or after Covid- 19 infection, kst > 12 wetks and are not expiined by an alematve diagnosis
G- — S
HHE. wekrite
Care a lete Rederral prof {ia €55 G0 COG SRR ol LD POt oovd
Patient selfpresets  ——> +
Referral process
l Crecied for completeness
Patient questionnaine st and maurmesd within two wedks
SPA rederral accepiedand added to waltirg st
Selfmanagement indormation
inchuding Your Govid & Pathent notifed
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Ther 1 Virtuad telaphone Somening
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Mathonal guidance for poet
QOVID symdrome
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Your Corild Reconery
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REFERRALS FROM
ASSESSMENT SERVICE

Incl. Offer of Peer to Peer Support

Peer Support Worker offered throughout pathway

1

(

‘YOUR COVID

~

RECOVERY’ >

(Tier 1)

Including Clinical
In-put

[

4

[VIRTUAL REHABILITATIO
PROGRAMME (tier2)

8 weeks

Fatigue (x 2)

Anxiety & Depression
Brain Fog
Breathlessness

Pain Physiology

Exercise & Rehabilitation

Discharge
back to GP

(0ther Health, Social \

Care and Whole System

e Access to Work

. |

Referral Options
Richmond Fellowship
Long Covid Coordination

Hub
Etc

Qcational Rehab & Resources

1:1

REHABILITATION (Tier 3)

Home Visits & Virtual

~

r)

\ (
N
>

Vocational

j Rehab
Fatigue &
Brain Fog
Lifestyle

Redesign

Clinical 1:1 FU Phone Call

" OT Focus \ [

PT Focus

Dysfunct-ional
Breathing
Exercise
tolerance

v

4 Onward )

referral to
specialist
services

ENT

e SALT
BIS

e CFS/ME
IAPT
Dietetics

r

Etc

]

Post Programme Evaluation
3 months

DC SOS for 6 months

~

Pulmonary
Rehab
Service -
hybrid offer

Including access to
the Virtual
Rehabilitation

‘ Programme resources ‘

NHS

Peterborough

] Cambridgeshire and

Post-Covid Service
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* We have created a ‘one stop’ service — for both assessment and
management — including assessment that spans primary, community and
secondary care

* Responding to the complexity of this syndrome —i.e. multiple symptomes,
clusters, variability — requiring a multi and inter-disciplinary approach to
managing these patients

 Mutual understanding and trust between primary care and us as the
provider

. PrimarY Care need to be confident that they do not have to make multiple
referrals to upstream or downstream services

* The majority of the rehab element is “inhouse” — ensuring seamless care
that is fluid for patients



RB

* Targeted
* Important to “de-medicalise” symptoms

* Equally important to exclude conditions that need ongoing secondary
care input/follow up

* Potential to result in a lot of investigations with “no” diagnostic value
(although negative results may also be beneficial).

* Managing patient expectations/understanding of the role of
secondary care is pivotal



RB

NHS

Cambridgeshire and

Peterborough
Post-Covid Service

Leadership

Core team, meeting regularly crossing all sectors,
Shared vision

Challenge barriers

Stakeholders — do not forget patients!
Collaboration

Shared Learning

Respect

Listen — every member of staff must have a voice

Continuously adapting, i |mprova changing — having mechanisms in place to
enable assessment and review of performance

Do not be bound by barriers — ‘because that is how it has always been done’



LG

NHS

Cambridgeshire and

Peterborough
Post-Covid Service

* Primary Care — engage on all levels — CCG, PCN and Surgery level
* Ask for feedback, from all sectors and especially patients

* Inform and communicate feedback is being implemented

* Ensure everyone feels valued

* Acknowledge skill

* Learn from others — benchmark, network, reach out

* Embrace “new practices”

 Blatant “self promotion”



NHS

Cambridgeshire and
Peterborough

Post-Covid Service

06: Physiology of Pain - m
R

Long
Man
“cognitive

Roberto Cayt 29:41 ¢

Clinical Specialist Nu

. : ... 06 Physiology of Pain [e02]
* Resources for patients have been " October 13, 2021

recorded in order to support patients Octobe
through self management

* Currently being re-recorded in order for
them to used by other Post-Covid services INHS!

,Long COVID and Retu
aCross the cou ntry Employment activiti

“ living ai

Ellie 16:12 )

Occupati

... 08 Long Covid and
Employment [e02]

LG



Patients are key in helping
integration across the system

Did you have Covid-19
more than three months ago?

Are you still experiencing fatigue, breathlessness,
brain fog, pain, andety, low mood or other
symptoms?

i 50, we can help.

Talk to your GPF and ask for a referral to the Long
Covid Service - a team of specialists who can

support your recovery.

Patient Postcards

LG

NHS
Cambridgeshire and

Peterborough
Post-Covid Service

Did you have Covid-19 more
than three months ago

Are you still experiencing fatigue, breathlessness, brain fog,
pain, anxiety, low mood or other symptoms?

If so, we can help.

Talk to your GP and ask for a referral to the Long Covid
Service — a team of specialists who can support your recovery.

Post-Covid Service

Redshank House
Hinchingbrooke Business Park
Kingfisher Way

Huntingdon

PE29 6FN

Posters

NHS

Cambridgeshire and
Peterborough

Post-Covid Service
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Patient centred

Core, focused multisector, multidisciplinary team
Think outside the box

Believe there is a way to make most things happen

NHS

Cambridgeshire and
Peterborough

Post-Covid Service



Cambridgeshire and
Peterborough
Post-Covid Service

Thank you for listening!




Dr Katrina Delargy, Founder and CEO
at TIYGA Health



'he use of data
'O Improve

understanding of  JERRLAEN
long covid

Katrina Delargy
TIYGA HEALTH



Time Is Your Greatest Asset (TIYGA])

“For clinicians, being able to and choosing to spend time on
understanding what truly matters to patients when making
decisions together is an achievement that makes the work of
clinicians meaningful and rewarding. Yet many clinicians have
insufficient time to engage in shared decision making.”

April 19, 2019
Shared Decision Making and the Importance of Time
Arwen H. Pieterse, PhD?!; Anne M. Stiggelbout, PhD?; Victor M. Montori, MD, MSc?

Author Affiliations
JAMA. 2019;322(1):25-26. d0i:10.1001/jama.2019.3785



https://jamanetwork.com/searchresults?author=Arwen+H.+Pieterse&q=Arwen+H.+Pieterse
https://jamanetwork.com/searchresults?author=Anne+M.+Stiggelbout&q=Anne+M.+Stiggelbout
https://jamanetwork.com/searchresults?author=Victor+M.+Montori&q=Victor+M.+Montori

Long covid pdiienis need...

» There is no standard test for long

> ReCOQ niﬂon Covid; it is a diagnosis of exclusion

meaning that healthcare

> Reseqrc h professionals will test for and

eliminate other possible causes of
I . illness before diagnosing long
> R € h d b | l | TO TI on Covid. This is reflected in the World
Health Organisation’s (WHO)

WHQ's director general, Tedros Ghebreyesus, February defIﬂI.TI.On of F?OST COVId._] %

2021 - talking about “long covid” condition’ which prescribes that
the symptoms ‘cannot be

bmj.com/content/372/bmj.n405 explained by an alternative
diagnosis’.

https://researchbriefings.files.parlioment.uk/do
cuments/CDP-2022-0063/CDP-2022-0063.pdf

House of Commons Library, March 2022

™


https://researchbriefings.files.parliament.uk/documents/CDP-2022-0063/CDP-2022-0063.pdf

1. What are effective clinical interventions?

2. Does management effectiveness vary according to
population group (e.g. sex, age, ethnicity,
socioeconomic stats, pre-existing disability etc)

3. Are there clusters of symptoms that predict response to
intervention?

4. Does early exercise rehabilitation improve Long-Covid
syndrome?¢

5. What is the true prevalence and incidence of long
covid, and how does this vary by vaccination statuse

6. Do symptoms of Long-Covid vary between populations
— e.g. is the manifestation different in adolescents or
older adults compared to working age adults?

/.  What is the clinical course of Long-Covide

| e C 8. Development and validation of screening tools for

I_on » QOVid Long-Covid at the population level.

https://www.nice.org.uk/guidance/ng188/resources/covid19-rapid-guideline-managing-the-longterm-effects-of-
covid19-pdf-51035515742

ng188, March 2022 .




The average person uses 9

mobile apps per day and 30

apps per month.

The average smartphone
user spends 3 hours and 10
minutes each day using
their device.

About 2 hours and 51
minutes of this time is
spent on apps (apps
account for roughly 90% of
smartphone usage).

Research shows that there
are 80+ apps installed on
the average

smartphone. But with that
said, people aren’t using all
of those apps.

49% of people open an
app 11+ times each day.

Patients

Digital health apps
balloon to more than
350,000 available on the
market.

More than 90,000 digital
health apps were released last
year — an average of 250 per
day — according to the IQVIA
Institute for Human Data
Science's 2021 trends report.
Apps that focus on
managing specific
diseases or health
conditions now make up
47% of apps, compared
with 28% in 2015. Mental
health, diabetes and
cardiovascular disease-
related apps make up
almost half of condition-
specific apps.

https://www.mobihealthnews.com/news/digi
tal-health-apps-balloon-more-350000-
available-market-according-iqvia-report

™


https://www.emarketer.com/content/us-time-spent-with-mobile-2019
https://www.socialmediatoday.com/news/60-fascinating-smartphone-apps-usage-statistics-for-2019-infographic/550990/
https://themanifest.com/mobile-apps/mobile-app-usage-statistics-2018

“I've switched from being the nurse to the patient,
my eyes have been opened. If | ever return to

practice | will do so through a different set of eyes”

https://www.tiyga.health/post/guest-blog-living-with-long-covid-the-invisible-illness-
by-saskia-mulder

“As a proportion of the UK population,
prevalence of self-reported long COVID was
greatest in people aged 35 to 49 years,
females, people living in more deprived
areas, those working in teaching and
education, social care or healthcare, and
those with another activity-limiting health
condition or disability.”

hitps://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare
/conditionsanddiseases/articles/coronaviruscovidl9/latestinsights 4 March 2022

=

™


https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19/latestinsights

Pandemic and pingdemic.....
Use of mobilee¢

While the pandemic has brought increased reliance on the internet and online services, the
digital divide confinues to prevent the benefits of infernet connectivity being available to all.
A small percentage of the population do not have internet access — with older people and
those in lower socio-economic groups less likely to be connected - but other barriers also
exist, in the lack of skills and confidence that some internet users have, and in the availability
of suitable devices to access internet services. The smariphone appears to be the ‘base
layer’ of connectivity, with more users in lower socio-economic groups relying on this device
for internet access without a computer. Forlyiwo per cent of internet users in the DE socio-
economic group only use devices other than a computer to go online, raising questions
about how restricted some groups may be in activities like filling in online forms.

Fig 1.14 Do you go online using any of these devicese Answers here for smartphone.

Source:

Group  16-24 25-44 35-44 45-54 55-64 65+ AB Ci C2 DE

Ofcom Adults’

% 87 91 93 92 85 59 85 89 88 79 Media Literacy

Tracker 2020

https://www.ofcom.org.uk/__data/assets/pdf_file/0013/220414/online-nation-2021-report.pdf Fig 1.35 shows details for use of NHS sii

=

™



As expected, younger adults spend more time on apps than
older adults. There’s steady decrease in the usage for older
demographics, ending with those 65+ years olds, who spend
51.4 hours a month on apps, or about 1 hour, 43 minutes a day.

120

Average monthly hours per user — using apps

100

“Patients
over 50

80

60

40

20

https://www.simform.com/blog/the-state-of-mobile-app-usage/

Long covid
patients are mostly
age 35-49
ONS, March 2022

™



Why are health apps less widely l . 4
usede

Most Popular Google Play Store App Categories

You can measure the success of an app category based on penetration. According to Statista, these are the app categories with the
highest penetration rate among Android users.

1.Tools — 99.81%

2.Communication — 99.93% Health and fitness popularity on the App Store is 3.41%.
3.Business — 99.33% 1“ (Source: Business of Apps)
4.Video Players & Edit— 96.63% ;

i (o)
Z:groac\:s: i;oéglz% & Most people have become more conscious of their health during the
7.Productivity — 91.67% pandemic. However, health and wellness apps on Apple Store are at
8.Music & Audio — 88.38% the bottom of the barrel when it comes to popularity, with about 3%.
9.Entertainment — 83.85% According to health app usage statistics, things aren’t any different in
10.News & Magazines — 81.11% the Play Store either because the sector has around 4%.
11.Photography — 75.77%
12.Books & Reference — 70.74% https://techjury.net/blog/app-usage-statistics/#gref

13.Lifestyle — 65.67%

14.Personalization — 61.62%

15.Games (Casual) — 58.86% Need
16.Games (Puzzle) — 56.5%

17.Games (Arcade) — 55.08%

18.Shopping — 35.79%

19.Games (Action) — 34.19% Recommended
20.Weather — 32.46% https://buildfire.com/app-statistics/

Curious

Enjoy/Fun


https://www.statista.com/statistics/200855/favourite-smartphone-app-categories-by-share-of-smartphone-users/

Are healthcare providers recommending
apps to their patientse

What would determine if you used an app for managing your health
condition(s)? 1=most important 10=least important 147 answered, 5 skipped

| would accept adverts rather than pay

I would only use an app like this it is was free

707 scored ‘| 2 If | could export data for my own use
° ’
or 3/1 0 If it fook less than 3 minutes to enter data

Hig h imporfCI nce If it took less than a minute to enter data
for app being

Recommended online/in magazines

recommended
R ded by health i
by q HCP ecommende Y hea Insurance

Recommended by friends

Recommended by a family member

Recommended by a Healthcare practioner (e.g GP or Family Doctor)

0 140 160 E

™

0 20 40 60 80 100 1
N|] B2 B3 B4 H5 m6 m7 m8 =9 10



Many types of
app are available

»  Arrangements — scheduling, booking, ordering,
paying

< Brochure — promotional, infroductory

<« Communication — messaging, networking,
explaining

»  Data - enter, send, receive, display, analyse, track
< Education — how to do, how it works, what it means
<« Fun - games, puzzles, music, films

<« Greetings — welcome, infroduction, timings

<« Help - what to do if/when

<+ Information — explanation, process, description,

statistics, rules, times etc

™

< And more.......




Just use this app on your
(phone or) tablet every
day.....

The message
sounds similar,
but will the
compliance be
the same?

Will the
infended
benefit occur?

Just take one of these
tablets every day....




JK population, Covid-19 and app
use for symptom fracking

By mid-2019, pre-covid:
working age population (those aged 16 to 64 years) - 41.7 million
65 years and over - 12.4 million

70 years and over - 9.0 million

85 years and over - 1.6 million

https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/an
nualmidyearpopulationestimates/mid201%estimates

During the pandemic:
More than 4.7 million users in the ZOE Covid app study



Research Paper : Volume 38,The Lancet,
101019, August 01 2021, Hannah Davis et al.

Characterising long COVID in an
infernational cohort : 7 months of
symptoms and their impact

New Scientist, 26 Felb 2022

“Just because a condition is
unexplained, it doesn't mean it is
unexplainable.”

“The research momentum that has
built up around long covid offers
hope to the millions of people who
have it but also fo the millions with
other functional disorders.”

What role can play in data
capture from long covid patientse

For patients with fatigue, brain fog who may have

« Torecord of a
wide range of symptoms — list not covered by
standards

« Torecord choices used and
response to them

« To discover or not and
to those who are struggling if at all possible

« How should the data be

will patients

« What could be obtained from such data?



App : for patients with fatigue and

orain fog

Brilliant idea & very
worthwhile. It is good
for monitoring/
tracking symptoms.
Will be key for giving
to doctors to aid

This is very helpful to frack
your own symptoms on a
daily basis as | was
previously writing
symptoms down each
day - as they range so
much from one exireme
to the other.

treatment plans. All
the data points
captured on the pilot
study are spot on.

Have you any feedback
on the TIYGA app?

How can it help long
covid patients? What
data do you think
should be captured
from people in your
situation?

It's beyond helpful
to know that we're
getting some help
here in NI! | think
making a link
between all the
varying symptoms
would be so

Think it's been incredible - why

App great way
of keeping
track of each
day

© Copyright TIYGA Health 2022

All rights Reserved

The App helps because - It
validates our experience It allows
us to see/note what we are
suffering from on a daily basis It
gives us confidence that someone
cares enough to research into the
symptoms of Long Covid

brilliant as it will
log all covid
patients as I've
myself have
different
symptoms to
others who suffer
from long covid.

are healthy
people not able to
breathe if their
lungs are ok?
What is the root
cause?




“I would say for me the
aching joints, burning legs and
low energy are there daily
the breathlessness comes and
goes along with chest pain if |
overdo it.....if | pace my day -
my breathlessness is less
impacted”




2 distinct challenges:

1. To present highly granular data Right person
from mdmdgqls mecmln.gfully for Right data
them to use in consultations

[

L

(-

Right time
2. To analyse the rich insights to

support R&D and delivery of safe
and reliable treatments

Right treatment

Right place




Taxonomy based on:

Research Paper : Volume 38,The
Lancet, 101019, August 01 2021,
Hannah Davis et al.

Long covid

Characterising long COVID in .
patients

an international cohort : 7
months of symptoms and their
MRy Reporting data
since May

2021
Reporting on
approx. 50
symptoms

Data entered

~daily on 0-10
scales
Example from 1 patient — many organ systems affected
Data supplied by tiyga v

™
w Time Is Your Greatest Asset T M



Making the
MOost of
precious fime

Recent research showed that the
UK offers some of the shortest GP
consultations amongst
economically-advanced nations
at 9.2 minutes — with another study
finding that the average GP
consultation involved discussion of
two and a half health problems.

https://www.rcgp.org.uk/about-us/news/2019/may/15-minute-
minimum-consultations-continuity-of-
care.aspx#:~:text=Recent%20research%20showed%20that%20the
,and%20a%20half%20health%20problems.




© Copyright TIYGA

All rights Reserved

Background about 2 Patients

Patient 1

>
>

Health 2022

Female, age 35-44

Pre-covid was Deputy Ward Sister
(full fime)

Also worked as Complementary
Therapist

Fit and healthy pre-covid

First symptoms of Covid-19 March
19th 2020

» Sore throat, tickly cough, tightness
in chest and fatigue (no PCR tests
then)

Patient 2

» Male, age 35-44

» Pre-covid was Operations
Manager for a distribution
company

» No underlying health problems;
rarely sick

» First symptoms of Covid-19 in
January 2021

» developed a cold and cough
initially and a PCR test confirmed
diagnosis, wasn't feverish but had
breathing problems

™



Common and enduring symptoms in 2
app users (cumulative monthly averag

Comparing both o
. Breathlessness /////) /////) /7,
i @
p O -l-l e n TS Joint-Pain J/ //<+

M LSS SIS S S S S SIS SIS

The same common and enduring symptoms are present Mood SIS SIS
Back-Pain ¥ SIS,

Some symptoms are much stronger for one or the other - Muscle-Weakness | i 777774

both had different initial covid (Variant) symptoms - e |

different mechanisms at work? e o Lz +

Headache

s

Dizziness

PEM

Anxiety
Sensitivity-to-Light-and-Noise

Brain-Fog

Heart-Racing

tiyga
© Copyright TIYGA Health 2022 Data supplied by yg

w Time Is Your Greatest Asset

All rights Reserved



© Copyright TIYGA Health 2022

All rights Reserved

G

nsitivity-to-Light-and-Noise

month (Patient 2)

23 symptoms reported (0-10)
154 day+ symptom fracking
Free text notes
Self-management records
Started reporting 29/7/21
Paused due to health, restarted

Data supplied by

.
w Time Is Your Greatest Asset

Monthly averages
(note: July and January have very few dataq)

Hair-loss
Loss-of-taste
Heart-Racing

Brain-Fog

Other-specified-in-Feedback

Symptom scores by

Numbness-in-parts-of-body

Swonen-Glands

Anger-or-frustration
Burning-knees

Anxiety

PEM

Dizziness
<__Breathlessness>
Headache
Pins-and-Needles

Muscle-Weakness
Back-Pain

Mood

Mobility

Fatigue

‘<l Joint-Pai

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00

m July m August B September m October m November mDecember

tiyga

Jonu*

™



Ranking of Mean Symptom Scores by
Long Covid Patients over up to 130 days

Symptoms were
mapped onto the 1000 @
organ systems

using the

taxonomy of Davis S0 [ Qi
|

et al o @ @
600
_ | ‘
400 ; ji : : | | B |
m |
[
|
Noft rated, ticked: 200 | H | ;
Floaters in eyes |
Frequently passing _ I
urine iR _IVJ ‘ a N ‘ . | B
§ X & q{? L S ébé@ © ¥ & 37 < q,?h é)z, forz(’}Q% Q,Jg) .

00
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Menstrual cycle ST S ECETSFSSELE SIS FESTEIESF ST ELEEFETEF L ¢ @ﬁé’b €&
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Stress & S 5 & & §
IS Ly & ¢ $
Swollen ankles & S & &£
o
NB - Our attribution to body systems is based on....
Data supplied by /
o 9 Reported by all | Musculoskeletal [ Cardiovascular [ HEENT (Head, Ears, [l Dermatolo k
t ' a -y : Eyes, Nose, Throat)
B Neuropsychiatric B Pulmonary B Systemic B 'mmunolo
© Copyright TIYGA Health 2022 Dl 1 & it B Gastrointestinal B Puimonary ssgfgggggxﬁ,eGemtOU”nafy Autoimmun
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Covid Patients Symptoms

Person 1 Person 2 Person 3 Person 4 Person 5
Fatigue Fatigue Fatigue Fatigue Fatigue
Sensitivity to 10 . Sensitivity to 10 . Sensitivity to 10 ) Sensitivity to 10 . Sensitivity to 10 .
Light & Noise g Brain Fog Light & Noise : Brain Fog Light & Noise g Brain Fog Light & Noise g Brain Fog Light & Noise g Brain Fog
4 4 4 4 4 H
Heart A Heart = Heart F Heart 2 Heart 2 1 . th g U e
Racing 0 Headache Racing 0 Headache Racing 0 Headache Racing 0 Headache Racing 0 Headache 2 B ra i n F o g
Breathlessness Muscle Breathlessness Muscle Breathlessness Muscle Breathlessness Muscle Breathlessness Muscle 3 . H ed d ac h =
Weakness Weakness Weakness Weakness Weakness
Joint Joint Joint Joint Joint 4. Muscle Weakness
Pain Pain Pain Pain Pain 3 "
5. Joint Pain
Person 6 Person 7 Person 8 Person 9 6. Breathlessness
Fatigue Fatigue Fatigue Fatigue 7. Heart Racing
Sensitivity to 12 Brain F Sensitivity to 1g Brain F Sensitivity to ‘g B Sensitivity to 12 Brain F
i i rain Fo i i rain Fo i i rain Fo i i rain Fo H SV H
Light & Noise 5 g Light & Noise 2 g Light & Noise i g Light & Noise 3 g 8. Se ns'i-lv"-y 1-0 ng hi-
4
2 2 2 2 H
Hegrt 0 Headache Hegrt 0 Headache Hegrt 0 Headache Hegn 0 Headache a n d N 0 I Se
Racing Racing Racing Racing
Breathlessness Muscle Breathlessness Muscle Breathlessness Muscle Breathlessness Muscle
Weakness Weakness Weakness Weakness
Joint Joint Joint Joint
Pain Pain Pain Pain
May-Sept 2021
Person 10 Person 11 Person 12 Fatso {2 "
rson erson erson
Fatigue Fatigue Fatigue Fatins
— 10 .
Sensitivity to 13 . Sensitivity to 12 . Sensitivity to 18 . S::flgv’i}zitsoe 8 Brain Fog A I I p (J h e n 1'S I'e p 0 I'i'e d
Light & Noise 5 Brain Fog Light & Noise & Brain Fog Light & Noise 3 Brain Fog 6
4 ] a 4 these 8 symptoms
2, 2 2 Heart
Heart 0 Heart 0 Heart 0 : 0 Headache
Racing Headache Racing Headache Racing Headache Racing every mo n‘I‘h' nO‘I'
Muscle necessarily every da
Breathlessness Muscle Breathlessness Muscle Breathlessness Muscle Breathisssiaes Weakness y y y
Weakness Weakness Weakness Joint
Joint Joint Joint Pain
Pain Pain Pain

Data supplied by

(4 tiyga

Time Is Your Greatest Asset

© Copyright TIYGA Health 2

All rights Reserved




Charts for the continuously recorded
symptoms (not all) by organ system

Everyone is different.

No two people’s app data showed
an identical pattern.

Data analysis March 2022

Symptoms were mapped
onto the organ systems
using the taxonomy of
Davis et al

© Copyright TIYGA Health 2022

L ]
Data supplied by & t'yga
—

Time Is Your Greatest Asset

All rights Reserved



ontinuous

Symptoms - per organ
system affected

Organ system key

Cardiovascular
Dermatological

Gastrointestinal

Head, Ears, Eyes, Nose & Throat
HEENT & Neurological
Immunological & Autoimmune
Musculoskeletal

Neurological

Pulmonary

Reproductive, Genitourinary & Endocrine

Systemic

L J
Data supplied by tlyga
—

Time Is Your Greatest Asset




See quickly
which patient is
getting better
and which
patient Is

getting
Worse.

Average symptom score

0-0.20

0.20-1.99

2-4.99

5-7.99

8-10

Data supplied by w tiyga

Time Is Your Greatest Asset



Symptoms
Joint-Pain

Other-specified-in-Feedback

Tinnitus

Brain-Fog

Headache

Back-Pain

Sore-throat

Fatigue

Gastro-Issues

Tightness-in-Head

EICEIIEESIERS

Hoarse-Voice

PEM

Sweats

Swollen-Glands

Insomnia

Chest-Pain

Mood

Deteriorated-Vision

Dizziness

Appetite-Changes

Hands-or-Feet

Heart-Racing

Rash

Pins-and-Needles

Muscle-Weakness

Numbness-in-parts-of-body

Sensitivity-to-Light-and-Noise

[CER IS

Anger-or-frustration

Anxiety

Runny-nose

Hair-loss

Thirst

Altered-Smell

Loss-of-taste

Jun-21 Jul-21 Aug-21 Sep-21 Oct-21 Nov-21 Dec-21 Jan-22 Feb-22 Mar-22 Apr-22

Highlight sets of
symptoms

characteristic of
known diseases

Signal reason to
use existing test
methods to qualify
or eliminate
possible diagnosis

Or check for new
covid variants or
jabs

New symptoms
added to list in
April

Data supplied by

(4 tiyga

Time Is Your Greatest Asset



Fatigue & Breathlessness
correlation reversed —
suddenly

)
)
0
c
)
)
9
TS
-
@
]
I
0

Onset of sensory issues due to
weather, activity, medication,

10/29/2021 1/12/2021 ties2e2) 1211012021 12/24/2021 injec’rio Nns<e
Ime

Fatigue Breathlessness

“....keep getting these funny sensations ..” 6™ December

“Almost electric sensations over body...” 5" December

“....keep getting electric sensations in the back of my legs...” 4™ December

Data supplied by w tiyga

Time Is Your Greatest Asset

© Copyright TIYGA Health 2022
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What advice do you wish you were
given after you first knew you your
covid symptoms were lasting longer
than expected?

Sleep or
rest

Pacing is key even on a good day.. take
| wish | had rested time for yourself daily and don’t over
more. | didn't think | do it. recommend to get physio and
had the option to strengthening exercises and get
T Yoy support from close friends or family..
y | Ii sometimes it’s very lonely so be in
and as aresult a touch with a few people and maybe

Cognitive
effort in
short bursts

last year was spent one or two groups with people who
pushing my body to are going through the same as you..
its limit.

Exercising or
gentle
stfretches

Wellness or
meditation
activity

That it is an up and down recovery rather than
a linear upwards trajectory

Other e.qg.

Wofch]ng Pinng and
good nutrition

are important

: =

Data supplied by w tiyga ™

Time Is Your Greatest Asset

That pushing through
does not work for
Covid. If | had rested
and paced at the start
maybe | wouldn’t be
where | am now

© Copyright TIYGA Heal

All rights Reserved



24x/ report when you are able to
— communication with minimal recall bias

» Patient _< » Healthcare Professional

-




— Data is the new
- " oll, let'srefine it

» Does long covid require a precision medicine approach?

» Doeslong covid catalyse/accelerate arange of (age-
related) illnesses?

» Can app-data be used to triage patients for specific
therapiese

» Would a digital therapeutic and online support programme
of pacing activity and nutrition management help recoverye

» How do we get the right data to the right person at the right
fime to ensure the right freatment is given early enough?

.....or should we think of
data as the new
currencye v
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TIYGA™ - Voice of the Patient

Thank
VOU

KATRINA DELARGY, TIYGA HEALTH

WWW.TIYGAHEALTH.CO.UK

@TIYGAHEALTH

HELLO@TIYGAHEALTH.CO.UK
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Philip McMillan,
Doncaster and Bassetlaw NHS Trust,
Physician, Lead COVID-19
autoimmune researcher, Dementia
Authority



Daniel Altmann/ He,
Professor of Immunology at Imperial
College



The Immunology of Long Covid

Danny Altmann, Rosemary Boyton
d.altmann@ic.ac.uk, r.boyton@ic.ac.uk

@DAItmann10 Imperial College
London



mailto:d.altmann@ic.ac.uk
mailto:r.boyton@ic.ac.uk

@Moniquelackson: LongCovidDiary

UNEED TO
BELIEVE IN




Fig. 2: Persistence of symptoms over time.

From: Persistent COVID-19 symptoms in a community study of 606,434 people in England

Percentage of respondents

100 1

Sex
n=71642

Men Women

75 1

50 1

25 1

0 50 100 150 0 50 100 150
Days since symptom onset

Number of symptoms — One or more — Two or more — Three or more — Four or more — Five or more

Plots showing persistence of symptoms as a proportion of those who reported symptoms at any time, among n = 71,642 respondents for whom we had 150

days’ observation time. Women have higher rates of persistent symptoms; a slower decline in symptom prevalence is observed after 12 weeks in both sexes.

The vertical dashed lines show 4 and 12 weeks post symptom onset, respectively.



e Astory narrated in real-time, making it currently unknowable whether Long Covid will

"“°°‘“°”“"°“°°‘°“S“‘“9esW come to be seen as a condition most typically lasting months, years, or lifelong

Guidance on managing long covid p 204

* Many come from those who self-isolated unwell at home, did not access a PCR and so

INICAI. OPI“

ecodm@ m@
| nOWHS iﬂ * An uncharted pathophysiology, demanding a better answer than ‘post-viral syndrome’

have no formal health record evidence of COVID-19

& C()Vid or the notion that people are ‘bound to feel a bit rough coming out of hospital’

0.5 HOURS

Diagnostic tests are needed, not least to facilitate access to services

* Moving forward the goals must move beyond the observational to the interventional

t entof!mmunologyand Inflammation,
€rsmith Hospital, Imperial College, London

epart nent of Infectious Disease, Faculty of
ollege London i

ic:)n, Royal Brompton & Harefield NHS Foundation

e If 10-20% of the globe’s COVID-19 infections lead to long Covid, we already face a legacy

of 20-40 million long-term cases to manage globally. This has massive ramifications for

the lives of the affected, for healthcare planning and provision and for employment law

LA s <D I L IR S

(see EU; USA)

* Unless we move rapidly towards resolving mechanism, how to offer rational

therapeutics?



Post-COVID-19 assessment in a
specialist clinical service: a 12-month,
single-centre, prospective study in
1325 individuals

Melissa Heightman,' Jai Prashar,"? Toby E Hillman," Michael Marks,"*

Rebecca Livingston,' Heidi A Ridsdale,* Robert Bell © "2 Michael Zandi,'

Patricia McNamara,' Alisha Chauhan,! Emma Denneny,? Ronan Astin,’

Helen Purcell,! Emily Attree,’ Lyth Hishmeh,® Gordon Prescott,” Rebecca Evans,'2
Puja Mehta,"? Ewen Brennan,' Jeremy S Brown,"? Joanna Porter,"? Sarah Logan,’
Emma Wall,"*® Hakim-Moulay Dehbi,? Stephen Cone,' Amitava Banerjee © "°

Not a disease just of post-hospitalized, or more severe in post-
hospitalized

Non-hospitalized were more likely to require support for
breathlessness and fatigue, BUT

Post-hospitalized more likely to have pulmonary emboli, lung
interstitial disease, other organ impairment

Fewer than half were able to return to full-time work

At 6-12 months after infection both groups still had high levels of
functional impairment

‘as with other long-term conditions, care of patients experiencing
Long Covid requires consistent integrated patient-centred
approaches to investigation and management’.

‘At public health and policy level, the burden of post Covid
morbidity demands focus on suppressing the infection in all age-
groups’

Contents lists available at ScienceDirect
.;E‘”J
EClinicalMedicine I @V‘
journal homepage: https:/www.journals.elsevier.com/eclinicalmedicine A

Research paper

Characterizing long COVID in an international cohort: 7 months of
symptoms and their impact

Hannah E. Davis™', Gina S. Assaf*, Lisa McCorkell*, Hannah Wei*', Ryan J. Low*",
Yochai Re'em™“’, Signe Redfield?, Jared P. Austin™“, Athena Akrami®"'*

Fever (>= 100.4F)

Dry cough

Shortness of Breath

Fatigue

Elevated temperature (98.8-100.4F)
Tightness of chest

Sore throat

Chills/flushing/sweats

Breathing difficulty (normal O2 saturation level)
Loss of appetite

Muscle aches

Changes to sense of smell and taste
Rattling of breath

Mean onset
(95% CI)

|
o

—

o
=]
@

THRT

0.06

robability density
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TTEHEE

Pain/burning in chest
Other sleeping symptoms
Diarrhea

Other Respiratory and Sinus
Headaches and related symptoms
Runny nose

Dizziness, balance issues
Insomnia

Tachycardia

Sleep apnea

Nausea

Palpitations

Joint pain

Abdominal pain
Post-Exertional Malaise
Acute (sudden) confusion/disorientation
Low temperature

Cough with mucus production
Bone ache or burning
Coughing up blood

Brain fog

Vomiting

Sneezing

All sensorimotor symptoms
Other temperature issues
Muscle spasms

Other eye symptoms
Speech/language issues
COVID toe

Hallucinations

Slurring words/speech
Neuralgia (nerve pain)
Memory issues
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All menstrual/period issues |55
Lower Esophagus Burning / refluxes
Vibrating Sensations

Vision symptoms

Skin rashes &

Hearing loss

Other ear/hearing issues
Petechiae

Bladder control issues
Tinnitus

Constipation

Other Skin and Allergy [=]
Dermatographia

Bradycardia

Visibly inflamed/bulging veins

New allergies

New/unexpected anaphylaxis reaction

IIIIIIIIIIIIIIIIIIIIIIIII

0 5 10 15 20 25 30
Time (weeks)



Some (non-mutually exclusive) working hypotheses for Long Covid investigations

» Residual damage to ACE2-positive infected tissue (though this might be expected to

make Long Covid a condition correlated with severity of acute infection)?

* Ongoing immune stimulation from reservoirs (gut) of persistent infection (-meriting

greater focus on anti-virals..?)

» Acute infection causes chronic perturbation of immune subsets (see glandular fever/EBV;
CMV)

* Acute infection causes activation of an autoimmune response (including pro-thrombotic

autoantibodies) (see Chikungunya virus)

 Endotheliitis
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REPLICK and
REBRACOVID
participating

institutions

=l
| FlOGHRUZ
Lot ROMBOMEA

...........................

INSTITUTO
MGONCALO MONIZ
FIOCRUZ BAHIA

settins Nacorul de lefotobps
m&muz Evandro Chagas

CSH

REPLICK — a collaborative
consortium across Brazil to
recruit patients with acute
or chronic Chikungunya
symptoms for comparative
genomics, transcriptomics,
metabolomics,
immunomics, including
autoantibody profiling

André Siqueira, médico infectologista do

M/ @inifiocruz, comenta o aumento de

casos de chikungunya no Rio de Janeiro
em 2019


https://twitter.com/inifiocruz

National Institute )
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£19.6 million awarded to new research studies to help diagnose and treat long COVID

2. Published: 18/07/2021 B Read Time: 11 minutes & Print

government based public health research
collaborations

People experiencing long COVID will benefit from a comprehensive package of new NIHR-funded research to help improve understanding of the
condition, from diagnosis and treatment through to rehabilitation and recovery.

An extensive range of 15 projects from across the UK have been awarded a total of £19.6 million to examine causes of long COVID, trial drugs to tackle it,
and investigate symptoms such as breathlessness and ‘brain fog’ that have become synonymous with the condition. Studies will also evaluate health
services, such as long COVID clinics, and explore ways patients can monitor the condition to optimise their recovery and return to work.

Recent research shows that as many as a third of people who report being infected with the coronavirus also report long COVID. The condition can
present with a number of ongoing symptoms including fatigue, breathlessness and cognitive impairment known as ‘brain fog'

NIHR's long COVID themed review, which considered over 300 papers and academic opinion pieces from across the world, indicated that long COVID M .
could be up to four syndromes: post-ICU syndrome; long-term organ damage; post-viral syndrome, and, potentially, an entirely novel syndrome that MEGW study scoops scientific
could more specifically be identified as ‘long COVID', world record

Health and Social Care Secretary, Sajid Javid, said: “Long COVID can have serious and debilitating long-term effects for thousands of people across the
UK, which can make daily life extremely challenging. This new research is absolutely essential to improve diagnosis and treatments and will be life-
changing for those who are battling long-term symptoms of the virus.




Advertisement

The WILCO Study -
‘Working out the
Immunology of
Long Covid’

Immunology Research
into COVID-19 and Long
Covid

Imperial College London IRAS ID:
295732

We're trying to understand why some people make a full recovery after
COVID-19 while others go on to develop long-term symptoms. To do this, we
are looking for volunteers to help us do research into the immune response
following infection.

We are looking for people in any of these groups:
o Never had COVID-19 but have received COVID-19 vaccine doses

o Had COVID-19 and made a full recovery within 4-weeks (and may
have since received vaccine doses)

o Had COVID-19 and have since suffered from the long-term
symptoms described as Long Covid. These may include fatigue,
‘brain-fog’, exhaustion on walking, breathlessness, chest pain.

What the study involves - we would email you a short questionnaire and ask you to return it to
us for analysis. We will then invite people showing specific sets of symptoms to pay a visit to
the hospital where we will take a small blood test, about the size of an egg-cup of blood. This
will be taken to our lab for analysis of immunity to the virus and other features of immune
function. We may invite you for a repeat test around 4-months later. We may also ask you to
do a ‘6-minute walk test’ and donate a stool sample.

If you might be interested in taking part please contact the investigator,

Prof Danny Altmann: altmannlongcovidstudy@imperial.ac.uk




A panel of investigations to define Long Covid diagnostic
markers, conducted in relation to symptom spectrum and
detailed history:

* Flow cytometry to look at immune subsets in PBMC

* Comprehensive autoantibody screening assessed by whole proteome _

arrays

 Autoimmune T cell responses assessed against self-antigen peptide

panels

mmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmm




Decoding the autoantibody and autoimmune T cell correlates of SARS-
CoV-2-Long Covid symptoms

* PHOSP-COVID

e Persistent symptoms in the
COVIDsortium healthcare worker
cohort

 COVERSCAN MRI cohort
* NIHR Long Covid cohorts
* REBRACOVID (Brazil)cohort post

P.1 infection —>

* ISARIC4c

Principal component
analysis (PCA) selection of
most strongly implicated
autoantigen signatures to
develop accessible
serological validation

Simplified Long
‘ Covid biosignatures

for diagnostic tests
* Non-hospitalized community cases

from support groups
e STIMULATE-ICP
» Paediatric Long Covid (EVALENA)

PCA selection of most
strongly implicated
autoantigens to probe for
T cell autoreactivity (-
generate recombinant
autoantigens and peptide
panels)




Collaboration with the Coverscan/Perspectum MRI cohort (Rajarshi Banerjee)

Figure 4: Clustering of reported symptoms and organ impairment for individuals with long-

COVID (n=201).

=
a
3
<

18AN

sealoued

veay

Bum

Abdominal pains

| Wheezing

Runny nose

Difficulty walking

Fatigue
Dyspnoea
Muscle aches
Headache
Joint pain
Fever

Cough
Diarrhoea
Chest pains

Sore throat
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Colour Key
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Z-Score

4116 Proteins

Cluster of interest

Heatmap of Z-score of autoantigens detected in serum from COVERSCAN patients with
or without long COVID (selected for MRI lung changes)

Proteins were clustered using k-mean clustering (k=3) of Euclidean distance. The yellow
box depicts a cluster of autoantigens enriched in long COVID but not in recovered
COVID-19



From:
https://www.cogconsortium.uk/cog-

uk/sars-cov-2-variants
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The Omicron/BA.2 wave and Long Covid

While it has been clear from the outset that risk of Long Covid is not correlated simply with

: : : : _ Long Covid could create a generation
the severlty of aFute mfectlon,.there was gver.y reason to hope that with large-scale rollout affectebydisability expreEwarns
of effective vaccines and a period of domination by a somewhat less severe SARS-CoV-2 ooy Al mmanogst atmperlCotlge bondon.

. . . . says UK's approach fails to take the impact of infections seriously
mutant, there would be few additions to the sufferers joining Long Covid support groups.  ooweee. | RS

correspondent

vvvvvvvvvvvvvvvvv

Far from any subsidence in new Long Covid cases, the massive, ongoing caseloads of the
Delta, Omicron and BA.2 waves has brought a large cohort of new sufferers. These waves
having disproportionately impacted primary and secondary schools, many of the new
sufferers are children.

Long Covid could create a generation affected by disability, with people
forced out of their homes and work, and some even driven to suicide, a

“...thinking about SARS-CoV-2 and Long Covid — and our response to it — has had to shift
and readjust, virtually on a monthly basis. This is now a highly infectious, upper-respiratory ..o cume oo opmonvies e
virus able to reinfect repeatedly (and thus, self-evidently, disqualified from the epithet of e Vaccinesare no match for long Covid
. . . . . Treating it is science’s next great challenge
being a booster of natural herd immunity), leaving the healthy-vaccinated unwell and Danny Altmann
unable to Work for Several days eaCh time’ the Old Or VUInerabIe in danger Of Failure to recognise the need for a response could be a blunder
. . . . e = wm weruefordecadestocome
hospitalisation and death. If we renege on mitigations as each round of infection draws ;

more of all ages into chronic disability, this may be the blunder that we rue for decades to
come, even after the acute wave of 2020/21 lockdowns and deaths has become, for most,
a distantly remembered nightmare”.




indie_SAGE

Percentage of population living with “Long Covid” (symptoms
lasting at least 4 weeks) by age over time (ONS survey)

Increases in all ages during
. Infected before
omicron wave February

Infected
before 1
May

17 to 24 yrs 25to 34 yrs 35to 49 yrs 50to 69 yrs

O Infections up to June @ Infections up to July

B Infections up to August M Infections up to September ® Infections up to October

Percent of age group
4.5
4
3.5
3 Increased 4x since
July 2021 in children
2.5
2
15
1
0.5 I
0
2to11lyrs 12 to 16 yrs
O Infections up to May
M Infections up to Nov
M Infections up to Feb
Data from

M Infections up to Dec Infections up to Jan

With many thanks to Christina Pagel for this chart

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/datasets/alldatarelatingtoprevalenceof

ongoingsymptomsfollowingcoronaviruscovid19infectionintheuk

With acknowledgement
and thanks to Christina
Pagel and Deepti
Gurdusani
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Colleagues in the ICL lab,

the Barts Covidsortium
HCW Consortium and in
Brazil:

Roque Almeida

Andre Siqueira

Moacy Rego

Giselle Duarte

Rodrigo Stabeli

lan McDonald

Sasha Bailey

James Moon

Aine McKnight
Charlotte Manisty
Mahdad Noursadeghi
George Joy

Joseph Gibbons
Corinna Pade
Leo Swadling
Ana Valdes
Stuart Astbury
Louisa James
Hamish King
Benny Chain
Mala Maini
Thomas Treibel
Mel Jensen
Amanda Semper
Tim Brooks
Kevin Mills
Wendy Heywood
Tom Baldwin
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Global Effort on COVID-19 (GECO) Health Research
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