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Summary eClinicalMedicine
Background The lack of international consensus on defining and categorising immunosuppression has undermined 2025;83: 103239
disease surveillance and patient care, particularly during the COVID-19 pandemic. To address this, a global expert ~ "ublished Online 5 May
panel was recruited to join the eDElphi STudy to fully defilNe and COVID-risk stratify ImmunosupprESsion E(t)tzss_ //doi.ora/10
(DESTINIES) and develop a COVID risk-stratified digital phenotype for ‘adult immunosuppression’ (the e

1016/j.eclinm.2025.
DESTINIES phenotype). 103239

Methods Panellists were presented with all medical diagnoses and procedures cited in prevailing immunosuppressed
definitions; they evaluated their appropriateness for the DESTINIES phenotype and their risks for severe COVID-19
outcomes through anonymous online questionnaires and discussion. Panel agreement with a series of clinical
statements were also assessed; statements incorporated longstanding disputes, including variables that could
reverse immunosuppression. Each round of data collection informed and refined a draft phenotype until final
ratification. This study was active between May and September 2024.

Findings Sixty-four experts from four continents and 12 international agencies completed two rounds of consensus
questionnaire, a discussion group and ratifying vote. Panellists identified candidates posing higher (e.g. Trans-
plantation, Primary Immunodeficiency) and lower COVID-19 risk (e.g. Anorexia nervosa, Cerebral spinal fluid leak)
but disagreed on the categorisation of others (e.g. Asplenia, Inmune-mediated Inflammatory Disease). Consensus
was reached on ten clinical statements, notably removing Drug-managed HIV and Cancer remission from
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consideration as immunosuppressed. The DESTINIES phenotype was ratified with near unanimous support (94%)

for implementation in surveillance.

Interpretation Pending validation, the DESTINIES phenotype provides a clinically meaningful, internationally ratified
and digitally practical method for identifying and COVID-19 risk-stratifying adult immunosuppressed patients in

healthcare data.
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Research in context

Evidence before this study

Before this study was conducted, there was substantial
international disagreement over the medical diagnoses and
procedures that would confer immunosuppression and their
respective vulnerability to severe COVID-19 outcomes. These
disagreements have fragmented the global research and
public policy landscape. DESTINIES Study panellists were made
aware of this in their pre-read packs, incorporating study
background, contemporaneous information on COVID-19
vaccine benefit-risk within the immunosuppressed
(something insufficiently differentiated) and introductions to
both the online Delphi method and digital phenotyping.

Added value of this study

This study convened a panel of 64 world-leading experts at
the intersection of immunology, vaccinology and infectious
disease. This panel worked together to surface a COVID-19
specific, internationally aligned and digitally practical
phenotype for ‘adult immunosuppression”: the DESTINIES
Phenotype. During this process, consensus was also achieved
on the diagnoses and procedures that carry higher and lower

Introduction
Internationally, there is considerable disagreement over
the medical diagnoses and procedures that confer
immunosuppressed status and how this clinical spec-
trum might be risk-categorised.! Even subtle differences
in definitions affect population sizing: depending on
criteria used, the immunosuppressed spectrum can
constitute anywhere from 2% to nearly 7% of the general
population.”* Such inconsistency fragments international
research, disease surveillance and policymaking as find-
ings from discordant populations cannot be easily
compiled, compared or actioned.* This, in turn, un-
dermines stated ambitions for targeted patient care.
The COVID-19 pandemic typifies these issues and
provides a unique opportunity for improvement. Despite
global motivation to protect the clinically vulnerable,

risks for severe COVID-19 outcomes within the
immunosuppressed spectrum and on various clinical
statements that were previously longstanding sources of
disagreement.

Implications of all the available evidence

Subject to validation in real-world data, these outputs can
enhance COVID-19 disease surveillance and produce the
differentiated intelligence that is of benefit for targeting
future care. Their generalisability to other infections can also
be tested. The expansiveness of the DESTINIES phenotype
and its risk-banding communicate the scale of vulnerability in
the general population and the need to allocate COVID-19
resources on a needs-basis. In this, the diagnoses the panel
confirmed as at higher risk for severe COVID-19 outcomes
within the immunosuppressed spectrum should be prioritised.
This exercise is also the first to approve the removal of Cancer
in Remission and Drug-managed HIV from characterisations
of immunosuppression—the latter of which is a major
milestone in the global fight against HIV.

conflicting characterisations of immunosuppression
created international rifts in the patients selected for
enhanced monitoring and management.” That said,
thanks to the ubiquity of community testing,” immuno-
suppressed COVID-19 outcomes have been documented
with unprecedented detail’; even rare and complex con-
ditions have been centred in COVID-19 infection and
vaccine research.® This is a departure from the conven-
tion of aggregating immunosuppressed outcomes’ or
selectively reporting those of dominant subgroups.’®

The eDElphi STudy to fully defilNe and COVID-risk
stratify ImmunosupprESsion (DESTINIES Study)
responded to these developments, utilising COVID-19
prognosis as a common denominator to segment the
entire immunosuppressed patient spectrum. Its objec-
tives were: 1) to achieve consensus on the medical
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diagnoses and procedures that confer immunosup-
pressed status in adults and their respective prognoses
for COVID-19 and 2) to convert this information into a
COVID-19 specific, internationally aligned, risk-
stratified and digitally practical taxonomy of ‘adult
immunosuppression’'—otherwise known as a digital
phenotype—for easy integration within electronic
medical records (EMRs). If realised and validated in
real-world data, the latter objective has the potential to
improve the resolution of COVID-19 surveillance for
this diverse risk group and thereby inform COVID
prevention and resource allocation going forwards.

Methods

Recruitment

The design, implementation, write-up and dissemina-
tion of this eDelphi study was directed by a steering
group. This comprised of University of Oxford re-
searchers, statisticians, external research collaborators
and a patient research champion with lived experience
of immunosuppression. All questions put to the DES-
TINIES panel, as well as the statistical approach that
supported their analysis, were developed by this steering
group.

As per the timeline provided (Supplementary
Materials), the DESTINIES Study was active between
May and September 2024. A study protocol, published
prior to study start date," justified the use of the eDelphi
design and detailed recruitment criteria, entities
approached for panellist recruitment (provided in full in
Supplementary Materials, inclusive of World Health
Organisation [WHO], Coalition for Epidemic Preparedness
Innovations [CEPI] and European Medicines Agency
[EMA] vaccine decision-making bodies), consensus rounds
and the consensus level (>75% panellist agreement) based
on Diamond and colleagues’ recommendation."

Only individuals with expertise in adult immu-
nology, vaccinology or infectious disease were consid-
ered for recruitment. Those with exclusively paediatric
expertise were not considered. Recruitment was pur-
posive, aiming to secure a globally representative and
gender-balanced panel of at least 50 panellists in antic-
ipation of possible attrition. Efforts were made to ensure
this panel offered expertise on all candidate diagnoses
and procedures assessed. To maximise recruitment,
eligible individuals who were unable to commit to the
whole study period were invited to nominate alternates.

Those interested in participating were provided with
a consent form and preread pack (Supplementary
Materials) to establish baseline knowledge for panel-
lists from various clinical backgrounds. The latter
included study rationale, executive summaries of
comparative literature on COVID vulnerability’? and
vaccine benefit risk amongst the immunosuppressed'*'
and introductions to digital phenotyping and consensus
building."
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Ethical approval and consent

This study was entered into a formal ethical review
process at the University of Oxford; however, both the
University’s Research Governance Ethics and Assurance
Team and the Joint Research Office Study Classification
Group determined that this was unnecessary. Catego-
rising this work as “pre-research”, “priority setting”, or
“survey”, both entities confirmed that neither formal
sponsorship or research ethics review would be
required.

As above, prospective panellists could only partici-
pate in the DESTINIES Study once they had completed
and returned their consent form (Supplementary
Materials).

Questionnaires

Confirmed panellists were provided with unique ID
numbers and a link to submit their first DESTINIES
questionnaire. All questionnaires were hosted on Goo-
gle Forms (Alphabet, Inc.), chosen due to its custom-
isability, anonymity, advanced security measures and
automated spreadsheet generation. Paper-based alter-
natives were offered to any panellists who felt uncom-
fortable using this interface.

As detailed in Supplementary Materials, question-
naires consisted of closed and free text items. These
assessed the appropriateness of candidate diagnoses and
procedures for inclusion in a COVID-19 specific
phenotype for ‘adult immunosuppression’ and their
respective levels of risk for severe infection outcomes—
assessed internally (Higher vs Lower COVID risk
immunosuppressed) and against a baseline (excess
vulnerability compared to the immunocompetent).

Candidates are listed with their sources in
Supplementary Materials. These terms were extracted
from Green Book Chapter 14a and comparable inter-
national classifications or definitions of immunosup-
pression in adults. Terms without dedicated diagnostic
codes were operationalised (e.g. Anorexia nervosa and
Stunting as operationalisations of Malnutrition, cited
by the National Institute of Cancer'®). For compre-
hensiveness, Wider determinants for immunosup-
pression, including Pregnancy,” Chronic stress'® and
Sleep deprivation,”” were appraised. Panellists had the
opportunity to recommend candidate diagnoses in the
first round of consensus building (see ‘Panellist
recommendation’). In Round 2, these suggestions had
their appropriateness for inclusion evaluated in turn;
those that were deemed appropriate for inclusion
by >75% of panellists were carried forward for
phenotyping.

Medication classes were excluded from consideration
to align with our secondary objective of producing a
digitally practical COVID risk-stratified phenotype for
‘adult immunosuppression’. Prescription data are
insufficiently codified in EMRs to support medication-
inclusive phenotyping” as essential details including
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drug type, brand, dose, polypharmacy, patient weight
and prescription timing or discontinuation are not
reliably available.”’ Medical diagnoses and procedures
are better codified by comparison.”” However, a series of
clinical statements were presented to panellists to build
consensus on medication variables that could be oper-
ationalised without prescription data (e.g. Drug-
managed HIV, inferable within EMRs thanks to the
near universal uptake of antiretroviral medications in
developed contexts?’). These statements also aimed to
settle longstanding disputes within the immunosup-
pressed literature, including the exchangeability of key
immunosuppressed terms, the universality of patient
prioritisation and the medication time and dose
thresholds that confer immunosuppression.

Questionnaire items were adapted or refined be-
tween rounds if panellists provided feedback that the
steering group judged in keeping with study objectives.
For example, in later versions, reference populations
were made explicit, the phrasing and operationalisation
of candidate diagnoses were clarified, and a distinction
was made between low dose (<20 mg per day) and very
low dose (<10 mg per day) prednisolone in clinical
consensus statements. Apart from ‘Higher vs Lower
risk’ categorisations, all questionnaire items were Lik-
ert based. Answers at Likert poles (e.g. ‘Strongly agree’
and ‘Somewhat agree’ vs ‘Strongly disagree’ and
‘Somewhat disagree’) were combined to assess
consensus direction. Middle Likert options and free
text boxes allowed panellists to report any uncertainty
they had in their answers. Panellists could not skip
questions and were instructed not to share any iden-
tifiable information about themselves or patients while
completing free text items.

Phenotyping

Between rounds of consensus building and in prepara-
tion for final discussion, panellists were presented with
the results of the preceding round and draft COVID-
specific phenotypes for ‘adult immunosuppression’
that the steering group felt best reflected this data.
Initially two types of phenotypes were presented to
panellists: COVID risk-categorised (a Higher vs Lower
COVID-19 risk binary within the immunosuppressed
spectrum based on risk-allocation data) and COVID
risk-stratified (a multi-level COVID-19 risk hierarchy
based on vulnerability compared to the immunocom-
petent data).

As a binary phenotype, Higher vs Lower risk-
categorisations were first majoritarian but demarcated
the diagnoses within each category that exceeded the
>75% consensus level. However, panellists rejected this
approach and the >75% standard was instated for risk-
categorisation by the second round of consensus
building - creating a ‘Contested’ category for those that
did not meet this threshold in so doing. The steering
group’s initial labelling of these contested terms as

‘Moderate risk’ was also rejected; panellists requested
they be reported as ‘No consensus’.

Meanwhile, all drafts of the risk-stratified phenotype
aimed to create phenotype levels with common clinical
or anatomical denominators. This was balanced with
consideration for population size; unbalanced levels
would affect the viability of comparative analysis during
implementation. As directed by panellists and steer-
ing group members, cluster analysis on candidate
diagnoses’ vulnerability scores provided an additional
check on the accuracy of the last draft of the risk-
stratified phenotype. Hierarchical cluster analysis,
based on panel vulnerability scores, Euclidian dis-
tance for dissimilarity and Ward’s minimum variance
for clustering, assessed candidates’ similarity. A
dendrogram illustrated these shared vulnerability
profiles; candidates positioned closest together were
most alike in terms of panel-appraised vulnerability
and, thereby, appropriate for inclusion in the same
phenotype level.

Final discussion groups were arranged to give pan-
ellists the opportunity to provide direct and more
extensive feedback on these draft phenotypes, the evi-
dence they were based upon as well as the clinical
statements that had not yet achieved consensus. Those
unable to attend were given the option to submit a
written contribution. Meetings were hosted and recor-
ded on Zoom (Zoom Video Communications Inc); to
retain their anonymity, panellists disabled their cameras
and displayed their assigned IDs. Meeting transcripts
and summaries informed the final DESTINIES pheno-
type that panellists then ratified via Google Form.

Role of funding source

This work was funded through a joint award between
the UK Medical Research Council and EMIS Health.
Neither funder was involved in the design, delivery or
publication of this work in any capacity.

Results

Recruitment

64 panellists were successfully recruited to the DES-
TINIES Consortium; their characteristics are summar-
ised in Supplementary Materials. Expertise across the
whole immunosuppressed patient spectrum was repre-
sented in this panel. There was over-representation
amongst rheumatologists and those working in Europe
and North America; the African and South American
continents were largely and completely missing by
comparison.

Round-by-round panellist attrition is also provided in
Supplementary Materials. There was substantial with-
drawal between online data collection and final discus-
sion — while this did not significantly affect the evidence
base that informed the DESTINIES phenotype, this did
reduce the pool of panellists that were able to ratify it.

www.thelancet.com Vol 83 May, 2025
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Questionnaires

Data from every questionnaire presented to panellists
are tabulated in Supplementary Materials. Final data on
candidate diagnoses’ 1) appropriateness for inclusion in
a COVID risk-stratified digital phenotype for ‘adult
immunosuppression’, 2) excess vulnerability to severe
COVID-19 outcomes compared to the immunocompe-
tent and 3) categorisations into higher vs lower risk for
severe COVID-19 outcomes within the immunosup-
pressed patient spectrum are provided below in
Tables 1-3 respectively. Tables 1 and 2 present data by
clinical category to facilitate comparisons between di-
agnoses with common traits.

There was persistent disagreement over the appro-
priateness of almost all candidates for immune medi-
ated inflammatory disorders, anatomical barrier defects
and wider determinants of immunosuppression. Can-
didates that met >75% panel agreement as inappro-
priate for inclusion were removed from final
phenotypes; this included Chronic Stress and Sleep
Deprivation. In keeping with our diagnosis and proce-
dural approach to phenotyping, Actively Treated Malig-
nancy patients were also dropped from drafts.
Synonymous or overlapping candidates were also
removed: HIV infection all stages was made redundant
by the retention of Drug-managed HIV, Untreated HIV
and AIDS-defining illness, for example. Finally, no
candidate diagnosis suggested by panel members in
Round 1 (Obesity, Skin graft recipients, Myalgic
encephalomyelitis/chronic fatigue syndrome [ME/CFS),
Liver disease [including cirrhotic), Cystic fibrosis, Pre-
term births) met the >75% consensus level for appro-
priateness; this meant they were not carried forward for
phenotyping.

Despite the superficial agreement between panellists’
appraisals of appropriateness and vulnerability, there
are important areas of departure. For example, hetero-
geneous vulnerability ratings in malignancy and trans-
plantation patients contrasted with near-universal
appropriateness.

Panel 1 distinguishes between the clinical statements
that did and did not achieve panel consensus.

Phenotyping

A summary document of DESTINIES Final Discussion
Groups is provided in Supplementary Files; a total of
twelve were hosted to fit within sociable hours of all
attending panellists. All iterations of draft Risk-
Categorised and Risk-Stratified phenotypes for adult
immunosuppression and their evaluation data are also
provided within Supplementary Materials.

As requested during final discussions, only a single
phenotype was ratified for use in real-world data (the
DESTINIES Phenotype; Fig. 1); this utilised risk bands
to reconcile risk categorised and stratified approaches.
Phenotype levels and their contents (relative to each
level) are provided in descending levels of risk for severe

www.thelancet.com Vol 83 May, 2025

COVID-19 outcomes. Band 1 levels are at major risk for
severe COVID-19 outcomes, Band 2 levels are at mod-
erate risk for severe COVID-19 outcomes and Band 3
levels are at minimal risk for severe COVID-19 out-
comes. Italicised text denotes key exclusions; these were
limited to those that are implementable in EMRs.

Drug-manged HIV was removed from the main body
of the phenotype to reflect panel consensus that ‘a pa-
tient would no longer be considered immunosuppressed if
their HIV was drug-managed’. This will be trialled as an
internal reference group for comparative research—of-
fering a point of relative immunocompetence and a
better demographic and vaccine uptake match to the
immunosuppressed than the general population
control.

A dendrogram of the cluster analysis that served as
an additional check on DESTINIES Phenotype structure
is available in Supplementary Materials. This exercise
indicated that there was sufficient similarity in vulner-
ability between phenotype levels to justify their
continued grouping.

Final ratification data are also reported in
Supplementary Materials. Panellists agreed with near
unanimity that the DESTINIES Phenotype was an
improvement from previous drafts (94%), represented
study results accurately (91%) and warranted being tri-
alled in real-world data (94%). Phenotype contents and
cadence exceeded 75% consensus and panellists agreed
on the exploratory value of comparing phenotype,
reference and control group data for COVID-19 (85%)
and other infection outcomes (RSV, pneumonia, sea-
sonal influenza etc; 88%). With 12% and 24%
disagreement, there were reservations around the use of
risk bands and Drug-managed HIV as an internal
reference group; validation studies will determinate
their retention.

Discussion
This study delivered the following outputs: a COVID-19
specific, internationally aligned and digitally practical
phenotype for ‘adult immunosuppression’, current in-
ternational consensus on immunosuppressed diagnoses
and procedures at higher and lower risk for severe
COVID-19 outcomes and agreement on a wide range of
clinical statements. Subject to validation in real-world
data, these hold significant promise for COVID sur-
veillance and targeted patient care. Higher resolution
intelligence can inform the prioritisation of COVID-
specific medical resources (booster vaccinations,
monoclonal antibodies, convalescent plasma, antivirals
etc) and non-pharmaceutical interventions including
shielding, improved ventilation and continued mask
wearing in public spaces.

Those identified with consensus as at greatest risk
for severe COVID-19 outcomes included Haemopoietic
Transplant and Solid Organ Transplant recipients, those
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Diagnosis Not Somewhat Unsure Somewhat  Appropriate Sum Sum Determination
appropriate  inappropriate % appropriate % Inappropriate  Appropriate
% % % % %
Malignancy Actively treated malignancy 0.0 0.0 17 20.0 783 0.0 983 Appropriate
Haematological malignancies 0.0 0.0 0.0 5.0 95.0 0.0 100.0 Appropriate
Generalised malignancies (metastasis) 0.0 17 6.7 26.7 65.0 17 917 Appropriate
Solid tumours 0.0 5.0 133 417 40.0 5.0 817 Appropriate
Transplantation Bone marrow transplantation 0.0 0.0 0.0 33 96.7 0.0 100.0 Appropriate
Islet transplantation 1.7 33 16.7 333 45.0 5.0 783 Appropriate
Multi-organ transplantation 0.0 0.0 17 17 96.7 0.0 983 Appropriate
Solid organ transplantation 0.0 0.0 0.0 33 96.7 0.0 100.0 Appropriate
Stem cell transplantation 0.0 0.0 0.0 17 98.3 0.0 100.0 Appropriate
Primary & Acquired  AIDS-defining illness 0.0 17 0.0 183 80 17 983 Appropriate
Immunodeficiency  pown Syndrome 0.0 117 217 450 217 17 66.7 Contested
Drug-managed HIV 13.3 383 21.7 20.0 6.7 51.7 26.7 Contested
Genetic disorders affecting the 0.0 33 33 183 75.0 33 93.3 Appropriate
immune system
HIV infection all stages 5.0 46.7 117 26.7 10.0 51.7 36.7 Contested
Underlying aberrant immunity 0.0 17 17 283 683 17 96.7 Appropriate
Untreated HIV 17 33 33 317 60.0 5 917 Appropriate
Immune mediated  Autoimmune skin disorders 0.0 25.0 317 36.7 6.7 25.0 433 Contested
ir?ﬂammatory Endocrine autoimmune disorders 33 35.0 25.0 317 5.0 383 36.7 Contested
disorders Gastrointestinal autoimmune 0 183 183 53.3 10 183 633 Contested
disorders
Hematologic autoimmune disorders 17 13.3 267 433 15 15.0 583 Contested
Myalgic encephalomyelitis/chronic 45 217 283 33 17 66.7 5.0 Contested
fatigue syndrome
Neurologic autoimmune disorders 0.0 16.7 21.7 51.7 10.0 16.7 61.7 Contested
Ophthalmologic autoimmune 67 383 25.0 233 6.7 45.0 30.0 Contested
disorders
Renal autoimmune disorders 0.0 10.0 16.7 50.0 233 10.0 733 Contested
Rheumatologic disorders 0.0 15.0 83 583 183 15.0 76.7 Appropriate
Disorders affecting Aplastic anaemia 1.7 13.3 83 333 433 15.0 76.7 Appropriate
haematopoiesis Asplenia (anatomic/functional) 83 10.0 117 35.0 35.0 183 70.0 Contested
Chronic kidney disease 17 15.0 183 467 183 16.7 65.0 Contested
Dialysis 0.0 6.7 6.7 45.0 417 6.7 86.7 Appropriate
Liver disease (including cirrhotic) 0.0 16.7 11.7 50.0 217 16.7 717 Contested
Nephrotic disease 17 15.0 15.0 433 25.0 16.7 683 Contested
Sickle cell disease 83 16.7 233 333 183 25.0 517 Contested
Lung disorders Chronic obstructive pulmonary 6.7 233 133 433 133 30.0 56.7 Contested
disease
Cystic fibrosis 5.0 16.7 83 35.0 35.0 217 70.0 Contested
Anatomical barrier ~ Burn injuries 117 283 20.0 317 83 40.0 40.0 Contested
defects Cerebrospinal fluid leak 18.3 26.7 283 15.0 117 45.0 26.7 Contested
Cochlear implant 317 317 20.0 83 83 633 16.7 Contested
Skin graft recipients 167 233 267 26.7 6.7 40.0 333 Contested
Wider determinants  Anorexia nervosa 41.67 15 233 16.7 33 56.7 20.0 Contested
f’f ) Chronic stress 583 183 15.0 6.7 17 76.7 83 Inappropriate
immunosuppression Malnutrition 30.0 167 217 26.7 5.0 467 317 Contested
Obesity 18.3 333 16.7 26.7 5.0 51.7 317 Contested
Pregnancy 16.7 20.0 10.0 41.7 11.7 36.7 533 Contested
Preterm births 33 20.0 21.7 317 233 233 55.0 Contested
Sleep deprivation 60.0 183 16.7 33 17 783 5.0 Inappropriate
Stunting 45.0 25.0 233 5.0 1.7 70.0 6.7 Contested
Type 2 diabetes mellitus 10.0 35.0 16.7 317 6.7 45.0 383 Contested

Table 1: Final panel determinations on the appropriateness of candidate diagnoses for a COVID-specific phenotype of ‘adult immunosuppression’.

www.thelancet.com Vol 83 May, 2025
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Diagnosis No Slightly Significantly  High Extremely Sum minimal Sum major  Determination
additional elevated elevated vulnerability  high additional additional
vulnerability  vulnerability vulnerability % vulnerability  vulnerability  vulnerability
% % % % % %
Malignancy Actively treated 17 133 167 40.0 283 15.0 68.3 Contested
malignancy
Haematological 0.0 83 217 40.0 30.0 83 70.0 Contested
malignancies
Generalised malignancies 0 17 6.7 26.7 65.0 17 917 Major additional
(metastasis) vulnerability
Solid tumours 0 15 317 367 16.7 15.0 53.3 Contested
Transplantation Bone marrow 0.0 0.0 6.7 83 85.0 0.0 93.3 Major additional
transplantation vulnerability
Islet transplantation 5.0 83 283 333 25.0 13.3 58.3 Contested
Multi-organ 0.0 0.0 5.0 10.0 85.0 0.0 95.0 Major additional
transplantation vulnerability
Solid organ 0.0 0.0 10.0 133 76.7 0.0 90.0 Major additional
transplantation vulnerability
Stem cell transplantation 0.0 0.0 5.0 10.0 85.0 0.0 95.0 Major additional
vulnerability
Primary & Acquired  AIDS-defining illness 0.0 33 217 26.7 483 33 75.0 Major additional
Immunodeficiency vulnerability
Down Syndrome 5.0 217 417 217 10.0 26.7 317 Contested
Drug-managed HIV 383 433 15.0 33 0.0 817 33 Minimal additional
vulnerability
Genetic disorders affecting 0.0 33 83 30.0 583 33 88.3 Major additional
the immune system vulnerability
HIV infection all stages 5.0 483 217 20.0 5.0 53.3 25.0 Contested
Underlying aberrant 0.0 11.7 10.0 36.7 41.7 11.7 783 Major additional
immunity vulnerability
Untreated HIV 17 133 26.7 417 16.7 15.0 583 Contested
Immune mediated  Autoimmune skin 83 60.0 217 83 17 68.3 10.0 Contested
inflammatory disorders
disorders Endocrine autoimmune 16.7 50.0 233 10.0 0.0 66.7 10.0 Contested
disorders
Gastrointestinal 6.7 51.7 267 15.0 0.0 583 15.0 Contested
autoimmune disorders
Hematologic autoimmune 8.3 31.7 36.7 183 5.0 40.0 233 Contested
disorders
Myalgic 70.0 267 17 17 0.0 96.7 17 Minimal additional
encephalomyelitis/chronic vulnerability
fatigue syndrome
Neurologic autoimmune 6.7 45.0 333 15.0 0.0 517 15.0 Contested
disorders
Ophthalmologic 283 51.7 13.3 6.7 0.0 80.0 6.7 Minimal additional
autoimmune disorders vulnerability
Renal autoimmune 5.0 233 383 283 5.0 283 333 Contested
disorders
Rheumatologic disorders 33 26.7 433 233 33 30.0 26.7 Contested
Disorders affecting  Aplastic anaemia 10.0 26.7 20.0 36.7 6.7 36.7 433 Contested
haematopoiesis Asplenia (anatomic/ 20.0 30.0 233 21.7 5.0 50.0 26.7 Contested
functional)
Chronic kidney disease 17 283 40.0 30.0 0.0 30.0 30.0 Contested
Dialysis 0.0 21.7 283 35.0 15.0 21.7 50.0 Contested
Liver disease (including 83 333 36.7 183 33 417 217 Contested
cirrhotic)
Nephrotic disease 33 35.0 333 26.7 17 383 283 Contested
Sickle cell disease 133 35.0 283 217 17 483 233 Contested

(Table 2 continues on next page)
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Diagnosis No Slightly Significantly  High Extremely Sum minimal Sum major  Determination
additional elevated elevated vulnerability  high additional additional
vulnerability  vulnerability vulnerability % vulnerability  vulnerability  vulnerability
% % % % % %
(Continued from previous page)
Lung disorders Chronic obstructive 10.0 217 35.0 25.0 83 317 333 Contested
pulmonary disease
Cystic fibrosis 83 233 35.0 20.0 133 317 333 Contested
Anatomical barrier  Burn injuries 433 283 20.0 83 0.0 717 83 Contested
defects Cerebrospinal fluid leak 55.0 283 6.7 83 17 833 10.0 Minimal additional
vulnerability
Cochlear implant 66.7 16.7 6.7 83 17 833 10.0 Minimal additional
vulnerability
Skin graft recipients 417 333 10.0 133 17 75.0 15.0 Minimal additional
vulnerability
Wider determinants ~ Anorexia nervosa 45.0 417 117 17 0.0 86.7 17 Minimal additional
of vulnerability
iMMUNOSUPPression  Chronic stress 63.3 317 33 17 0.0 95.0 1.7 Minimal additional
vulnerability
Malnutrition 317 467 167 5.0 0.0 783 5.0 Minimal additional
vulnerability
Obesity 21.7 433 183 133 33 65.0 16.7 Contested
Pregnancy 6.7 43.3 233 25.0 17 50.0 26.7 Contested
Preterm births 16.7 383 30.0 133 17 55.0 15.0 Contested
Sleep deprivation 70.0 267 17 17 0.0 96.7 17 Minimal additional
vulnerability
Stunting 617 317 5.0 17 0.0 933 17 Minimal additional
vulnerability
Type 2 diabetes mellitus 15.0 483 20.0 16.7 0.0 63.3 16.7 Contested

Table 2: Candidate diagnoses’ excess vulnerability to severe COVID-19 outcomes compared to the immunocompetent.

with Malignancies (Haematologic and Solid Tumour)
and Primary Immunodeficiency, Aplastic anaemia,
Renal autoimmune and Dialysis patients. Meanwhile,
Drug-managed HIV, ME/CFS and the majority of
Anatomical Barrier Defect and Wider Determinants of
Immunosuppression candidates were deemed at lowest
risk of severe COVID-19 within the immunosuppressed
spectrum.

Despite multiple rounds of data collection and dis-
cussion, panellists failed to agree on either the appro-
priateness or COVID-19 risk profiles of certain
candidates. Immune mediated inflammatory disorders
were especially affected. There was also significant het-
erogeneity within common clinical categories. This
served as a reminder for the complexity and idiosyncrasy
of immunosuppression and the dynamic nature of their
vulnerability: panellists continually caveated the influence
of individual medication and demographic factors (e.g.
age or comorbidity) when making their appraisals—ca-
veats that were too nuanced to be codified in a CMR-
compatible phenotype at this moment in time.

Consensus was achieved on the following clinical
statements: that immunosuppression was poorly
defined, that COVID-19 continued to pose a threat upon
these patients, that said threat was not experienced
equally across the patient spectrum and that COVID-19

care was currently insufficiently targeted to protect those
most at risk. Agreement was also reached on the
reversing of immunosuppressed status if a patient’s
cancer went into remission, if a patient’s HIV was suf-
ficiently drug-managed and if their immunosuppressive
medications had been discontinued for over one year.
Six months on an immunosuppressive regimen was
considered sufficient time to create immunosuppres-
sion. Panellists noted exceptions to these areas of
agreement, however—citing the long-term, even life-
long immunosuppression associated with rituximab and
other B-Cell depleting therapies, and the non-reversal of
immunosuppressed status if a cancer treated via hae-
mopoietic transplantation achieved remission. Drug
equivalence statements were rejected outright.

The heterogeneity of COVID-19 risk profiles within
same clinical categories demonstrates the importance of
constructing digital phenotypes that do not collapse
higher risk diagnoses into a more moderate clinical
category average. The DESTINIES phenotype achieves
this, distinguishing metastasising cancer, unmanaged
HIV and systemic immune-mediated inflammatory
disease from their respective clinical categories. When
implemented in real-world data, this will reduce the
likelihood that sub-trends of clinical importance are
erased.
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Diagnosis Higher Risk (n) Higher Risk (%) Lower Risk (n) Lower Risk (%) Determination
Bone marrow transplant 59 983 1 17 Higher Risk
Haematological malignancies 59 983 1 17 Higher Risk
Multi-organ transplant 59 983 1 17 Higher Risk
Solid organ transplant 59 98.3 1 17 Higher Risk
Stem cell transplant 59 983 1 17 Higher Risk
Actively treated malignancies 56 933 4 6.7 Higher Risk
AIDS-defining illness 56 933 4 6.7 Higher Risk
Genetic diseases (PIDs) 56 933 4 6.7 Higher Risk
Untreated HIV 55 91.7 5 83 Higher Risk
Generalised malignancies (metastasis) 54 90.0 6 10.0 Higher Risk
Underlying aberrant immunity 53 883 7 117 Higher Risk
Islet transplant 52 86.7 8 133 Higher Risk
Dialysis 50 833 10 16.7 Higher Risk
Renal autoimmune 46 76.7 14 233 Higher Risk
Aplastic anaemia 45 75.0 15 25.0 Higher Risk
Solid tumours 45 75.0 15 25.0 Higher Risk
Chronic kidney disease 44 733 16 26.7 No consensus
Rheumatological disorders 44 733 16 267 No consensus
Nephrotic syndrome 43 717 17 283 No consensus
Chronic Obstructive Pulmonary Disease 42 70.0 18 30.0 No consensus
Cystic fibrosis 42 70.0 18 30.0 No consensus
Haematologic autoimmune disorders 41 683 19 317 No consensus
Down syndrome 39 65.0 21 35.0 No consensus
Liver disease (including cirrhotic) 39 65.0 21 35.0 No consensus
Sickle cell disease 39 65.0 21 35.0 No consensus
HIV infection (all levels) 37 61.7 23 383 No consensus
Asplenia (functional or anatomic) 36 60.0 24 40.0 No consensus
Neurologic autoimmune disorders 36 60.0 24 40.0 No consensus
Pregnancy 33 55.0 27 45.0 No consensus
Preterm births 33 55.0 27 45.0 No consensus
Obesity 29 483 31 517 No consensus
Gastrointestinal autoimmune disorders 28 46.7 32 533 No consensus
Autoimmune skin disorders 23 383 37 617 No consensus
Endocrine autoimmune disorders 22 36.7 38 633 No consensus
Type 2 Diabetes 20 333 40 66.7 No consensus
Burn injuries 17 283 43 717 No consensus
Malnutrition 17 283 43 717 No consensus
Skin grafts 17 283 43 717 No consensus
Ophthalmologic autoimmune disorders 16 267 44 733 No consensus
Cerebrospinal fluid leak 14 233 46 76.7 Lower Risk
Anorexia nervosa 12 20.0 48 80.0 Lower Risk
Cochlear implants 11 18.3 49 817 Lower Risk
Stunting 8 133 52 86.7 Lower Risk
Drug-managed HIV 7 117 53 883 Lower Risk
Chronic stress 6 10.0 54 90.0 Lower Risk
Sleep deprivation 6 10.0 54 90.0 Lower Risk
ME/CFS 4 6.7 56 933 Lower Risk
Table 3: Panel categorisations for higher vs lower risk for severe COVID-19 outcomes within the immunosuppressed patient spectrum.

The holistic interpretation of immunosuppression
offered by the DESTINIES phenotype alerts policy-
makers, pharmaceutical companies and the wider pub-
lic to the scale of vulnerability in the general population;
viewing the immunosuppressed as a minor and thus
low-priority group leads to underinvestment in their
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interests with severe health consequences.” That said,
panellists warned against prioritising all DESTINIES
phenotype contents for enhanced care; this would not be
economically tenable in any public health system.” If
validated in real-world data, risk-banding and de-
pendency clinical statements should direct resources,
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Panel 1: DESTINIES Consortium appraisals of general and dependency clinical statements

Of the clinical statements presented to panellists, consensus was achieved on the following:
General clinical statements:
>75% AGREE.
« ‘Immunosuppression is poorly defined” (92%)
« 'COVID care for the immunosuppressed—including vaccination and the release of antivirals and other resources—is overly one size fits all” (82%)

>75% DISAGREE
« 'COVID-19 no longer poses a real risk to the immunosuppressed’ (97%)
« ‘Vulnerability to COVID-19 is similar for all immunosuppressed subgroups’ (97%)

Dependency clinical statements:
>75% AGREE.
‘A patient would no longer be considered immunosuppressed fif...

o Their immunosuppressive regimen was discontinued more than 3 years ago’ (90%)
o Their HIV was drug managed’ (82%)
o Their immunosuppressive regimen was discontinued more than 1 year ago” (82%)
o Their cancer was in remission’ (77%)

>75% DISAGREE.
« ‘A patient would no longer be considered immunosuppressed fif...

o They had been on immunosuppressive treatment for less than 6 months’ (85%)
o Their cancer was untreated” (77%)

However, consensus was not achieved on the following:
General clinical statements:

‘Our current clinical definition for immunosuppression is too expansive’
‘Our current clinical definition for immunosuppression is not expansive enough’

‘The terms ‘immunosuppression” and ‘immunocompromised” can be used interchangeably’

‘The needs of the immunosuppressed are sufficiently prioritised in times of public health emergency”
‘It is easy to pick out the immunosuppressed subgroups at most risk for COVID-19
‘The immunosuppressed subgroups that are at most risk for COVID-19 are the same subgroups at most risk for other infectious diseases (Respiratory syncytial
virus, influenza, bacterial pneumonia etc.)’

Dependency clinical statements:

‘A patient would no longer be considered immunosuppressed if...

o Their cancer is classed as Early Stage (Stage I)’

o Their inflammatory disease is currently untreated”

o Their immunosuppressive regimen was discontinued more than 6 months ago’

o They are on low dose immunosuppressives (equivalent of <20 mg of prednisolone)’
o They are on very low dose immunosuppressives (equivalent of <10 mg of prednisolone)’

with stock and shielding notices prioritised for those of
highest risk. This will prevent the over-scoping that
strained resource allocation during the COVID-19
pandemic.”* Maintaining broad and narrow definitions
of immunosuppression in parallel is not unprecedented:
this was the approach taken by Evans and colleagues
(2023) to clarify COVID-19 outcomes in the immuno-
suppressed during the omicron era.”

This work is the first to address international in-
consistencies in how immunosuppression is defined
and risk assessed through the lens COVID-19. Con-
sortium members acknowledged that this was an
exceedingly  difficult exercise with significant

heterogeneity to navigate; achieving consensus in any
domain was considered an accomplishment, bringing
clarity to long-disagreed topics in the field. The calibre
and global representativeness of panellists were also
strengths of this work.

To the best of our knowledge, the DESTINIES Study
is the first to recommend with clinical consensus that
Drug-managed HIV be removed from characterisations
of immunosuppression going forwards. This result is
momentous given the longstanding vulnerability of this
population and emphasises the importance of drug eq-
uity initiatives, including the World Health Organisa-
tion’s 90:90:90 initiative.”” Panel ratification of Wider
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1.Transplantation

2.Haematological or distributed malignancies

3.Primary immunodeficiencies, unmanaged acquired
immunodeficiencies & underlying aberrant immunity

4. Solid tumours

5. Renal disease & dialysis

6. Systemic immune-mediated inflammatory conditions
7. Asplenia & anaemia

Band 2

8. Single site immune-mediated inflammatory conditions
9. Anatomical barrier defects
10. Wider determinants of immunosuppression

Band 3

S3WO09IN0 GT-AINOD 249A3S 10} ysu Buisealdaq

Internal reference group: Drug-managed HIV
Control: General Population not identified as immunosuppressed

1. Transplantations:
Hematopoietic stem cell transplantation (Bone Marrow/ Stem Cell transplantation)
Multi-Organ Transplantation
Solid Organ Transplantation
Islet Transplantation

2. Haematological or distributed malignancies
Haematological Malignancies
Generalised Malignancies (metastasis)
Medical records with remission codes excluded

3. Primary immunodeficiencies, unmanaged acquired immunodeficiencies & underlying aberrant immunity
Genetic disorders of the immune system (Primary Immunodeficiencies: e.g. SCID)
AIDS-defining lliness (HIV-related conditions including tuberculosis, Kapsi's sarcoma, candidiasis, histoplasmosis, isosporiasis, recurrent pneumonia etc.) &
Unmanaged HIV
Underlying aberrant immunity (e.g. graft-vs-host disease, graft rejection, absent or incomplete immune reconstitution, neutropenia ANC, lymphopenia ALC,
secondary hypogammaglobinaemia etc.)
Down syndrome

4.  Solid tumours
Medical records with remission codes excluded

5. Renal Disease & Dialysis
Dialysis
Renal Autoimmune Conditions (e.g. Lupus nephritis, Glomerulonephritis, IgA nephropathy etc.)
Chronic Kidney Disease (Late Stage, 4+)
Nephrotic Syndrome
Excluding Chronic Kidney Disease < Stage 4

6.  Systemic immune-mediated inflammatory conditions
Rheumatological autoimmune diseases (e.g. systemic lupus erythematosus, rheumatoid arthritis, Sjogren's syndrome, idiopathic inflammatory myopathies,
ankylosing spondylitis, vasculitides, gout etc.)
Haematological autoimmune diseases (e.g. Evan’s syndrome, immune thrombocytopenic purpura, antiphospholipid syndrome, autoimmune neutropenia, VEXAS
etc.)
Gastrointestinal autoimmune conditions (e.g. celiac disease, Crohn’s disease, ulcerative colitis, autoimmune gastritis, microscopic colitis, autoimmune pancreatitis,
autoimmune hepatitis etc.)
Neurological autoimmune conditions (e.g. multiple sclerosis, myasthenia gravis, neuromyelitis optica etc.)

7.  Anaemia & asplenia
Severe anaemia (e.g. aplastic anaemia, pernicious anaemia, autoimmune haemolytic anaemia etc.)
Sickle cell disease
Asplenia (functional or anatomic)
Generic/ mild cases of anaemia excluded

8.  Single site immune-mediated inflammatory conditions
Autoimmune skin conditions (e.g. psoriasis, dermatitis herpetiformis, vitiligo, pemphigus, scleroderma, dermatomyositis etc.)
Endocrine autoimmune conditions (e.g. Type 1 diabetes mellitus, Hashimoto’s thyroiditis, Graves' disease, Addison’s disease etc.)
Ophthalmological autoimmune conditions (e.g. Uveitis, Graves’ ophthalmopathy etc.)

9. Anatomical Barrier Defects
Severe burn Injuries
Cerebrospinal Fluid Leak
Cochlear Implant
Mild/ moderate burns excluded (< Stage 3)

10. Wider determinants of immunosuppression
Pregnancy (final trimester)
Type 2 Diabetes
Malnutrition (operationalised as anorexia nervosa & stunting)
Excluding pregnancies earlier than 3™ trimester

Internal reference group: Drug-managed HIV
Control: General Population not identified as immunosuppressed

Fig. 1: The DESTINIES phenotype.
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determinants of immunosuppression, Anatomical bar-
rier defects and the demarcation between systemic and
single site immune-mediated inflammatory conditions
added scope and detail to existing definitions of
immunosuppression.

Despite these achievements, the DESTINIES Study
suffered from the following limitations. As highlighted
within the study protocol,”” the Delphi method is not yet
underpinned by clear, universalised guidelines. This
creates considerable inconsistency in how these studies
are conducted and enables highly iterative approaches to
be taken. Such iteration could be criticised as unscien-
tific: for example, adjustments made to study questions
and statistical analysis based on panel feedback could be
criticised. Providing panellists with interim data to
inform said feedback may also have led to groupthink.*®

Panellists were also disappointed by their inability to
provide medicated vs unmedicated appraisals of candi-
dates” COVID-19 risk. While they appreciated the diffi-
culties and poor accuracy associated  with
operationalising a medication-inclusive phenotype in
real-world data, they questioned the comprehensiveness
of the DESTINIES phenotype without them. The
vagueness of certain candidate terms (e.g. Underlying
aberrant immunity) also caused concern. These issues
led to unresolved disputes over the appropriateness of
several candidate terms. It is therefore our recommen-
dation that a separate, but similar, online Delphi exer-
cise be arranged to build international consensus on the
types of medications and contextual factors that confer
immunosuppression and their respective COVID-19
risk profiles. Subject to validation in real-world data,
this could augment the present DESTINIES phenotype,
providing parallel axes for COVID risk appraisal and
surveillance stratification.

The highly generalised nature of clinical statements
was also detrimental to consensus building. Many topics
were highly context dependent. Panellists were espe-
cially resistant to identifying a standard medication
dosage or time point where immunosuppression would
no longer be conferred; this will be communicated to
the authors of clinical guidelines that attempt this.”

Panel composition can also be criticised: a recruit-
ment strategy that targeted public health agencies was
not purposive enough to secure a fully representative
panel. The absence or underrepresentation of certain
continents were detrimental; LMIC contexts and con-
siderations were only lightly addressed. Representative-
ness was also eroded by attrition between Round 2 and
Final Discussion. These in-person discussion groups
were affected by scheduling conflicts and often coin-
cided with annual leave. It was an oversight to not
remind those struggling to accommodate their in-
person timeslots that written participation was avail-
able. Finally, despite approaching the patient champions
of target entities, none agreed to participate in this work.
This is now being addressed with the recruitment of a

DESTINIES Patient Panel. Representing all immuno-
suppressive diagnoses and procedures cited in its final
format, this Patient Panel will soon meet to critique the
DESTINIES phenotype and catalogue patient concerns
for its real-world implementation. It is essential that this
phenotype does not cause undue distress amongst the
patient population; higher risk bands may need to be
contextualised, especially for their lowest risk constitu-
ents including Down Syndrome and Islet Trans-
plantation patients. Refinements will be made if
necessary.

As a collective, these limitations currently preclude
the DESTINIES phenotype from supporting clinical
decision-making; it must be validated within real-world
dataflows before its surveillance can inform care. Like-
wise, without testing, this phenotype cannot be consid-
ered generalisable to other disease domains. The
idiosyncrasies of COVID-19 infection, especially the
protective value of certain immunosuppressed states
and medications® against critical outcomes, mean that
the risk-hierarchy that surfaced in this exercise may not
hold for other infection types.

To conclude, over the course of two online ques-
tionnaires, one discussion group and a final ratifying
vote, this exercise has resolved several points of
contention in the immunosuppressed literature and has
produced a COVID-19 specific, internationally aligned
and digitally practical means of identifying immuno-
suppressed patients in real-world data and risk-
stratifying their infection outcomes. This DESTINIES
phenotype will now be codified and tested within dis-
ease surveillance dataflows. In the spirit of open science,
code lists will be published in public phenotype libraries
to invite international collaboration and validation.
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