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ABSTRACT

Objectives To quantify healthcare resource utilisation (HCRU) and costs to the National Health
Service (NHS) associated with acute COVID-19 in adults in England.

Design Population-based retrospective cohort study, using Clinical Practice Research Datalink (CPRD)
Aurum primary care electronic medical records linked when available to Hospital Episode Statistics
(HES) secondary care administrative data.

Setting Patients registered to primary care practices in England.

Population 1,706,368 adults with a positive SARS-CoV-2 PCR or antigen test from August 2020 to
January 2022 were included; 13,105 within the hospitalised cohort indexed between August 2020
and March 2021, and 1,693,263 within the primary care cohort indexed between August 2020 and
January 2022.

Main outcome measures Primary and secondary care HCRU and associated costs during the acute
phase of COVID-19 (<4 weeks following positive test), stratified by age group, risk of severe COVID-
19 and immunocompromised status.

Results Among the hospitalised cohort, average total length of stay, as well as in critical care wards,
was longer in older adults. Median healthcare cost per hospitalisation was higher in those aged 75 —
84 (£8,942) and 285 years (£8,835) than in those aged <50 years (£7,703). Whilst few (6.0%) patients
in critical care required mechanical ventilation, its use was higher in older adults (50 — 74 years:
8.3%; <50 years: 4.3%). HCRU and associated costs were often greater in those at higher risk of
severe COVID-19 when compared to the overall cohort, although minimal differences in HCRU were
found across the three different high-risk definitions implemented. Among the primary care cohort,
GP or nurse consultations were more frequent among older adults and the immunocompromised.

Conclusions COVID-19 related hospitalisations in older adults, particularly critical care admissions,
were the primary drivers of high resource use of COVID-19 in England. These findings may inform
health policy decisions and resource allocation in the prevention and management of COVID-19.

Keywords: COVID-19; United Kingdom; healthcare resource utilisation; primary health care;
secondary health care; costs.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a highly infectious respiratory illness caused by the severe
acute respiratory syndrome-coronavirus-2 virus (SARS-CoV-2). Globally, ~670 million cases and ~6.9
million deaths related to COVID-19 have been recorded as of 9t March 2023.* Within England, as of
15t March 2023 there have been approximately 20.5 million cases, 982,000 hospitalisations and
186,000 associated deaths.? The clinical presentation of COVID-19 ranges from asymptomatic to
critical illness, where mild or uncomplicated illness is commonly managed in primary care and severe
COVID-19 managed in the hospital setting.?* Whilst the majority experience few symptoms or mild
to moderate COVID-19, some patients require medical intervention, including respiratory support
and intensive care admission.” The risk of worse outcomes, e.g. hospitalisation and death, is greater
for older adults, smokers, those who are obese, have a compromised immune system, and/or have
certain comorbidities such as hypertension and lung disease.®” As such, the Joint Committee on
Vaccination and Immunisation (JCVI) recommended the prioritisation of COVID-19 vaccination in
specific groups (based on age, those clinically extremely vulnerable, underlying health conditions,
pregnancy and working in health and social care).?

Whilst the vaccination roll-out has substantially reduced COVID-19 associated morbidity and
mortality, COVID-19 remains a significant burden on the UK healthcare system. According to a report
published by the UK’s Department of Health and Social Care (DHSC) assessing the impacts during the
Omicron wave in England, COVID-19 has led to longer waits for elective and emergency visits in the
secondary care setting, and across the pandemic COVID-19 has reduced or delayed appointments
and referrals in primary care, potentially resulting in a worsened state of health for some primary
care patients .°

In addition to the health impact of COVID-19, several studies in the United States (US) have
quantified the economic burden of COVID-19 related hospitalisations,'®'> and have reported higher
costs among those with health complications. Studies quantifying the economic burden of COVID-19
in the UK are scarce; of the 37 studies identified within a systematic review quantifying the
economic impact of COVID-19, five focused on UK-based data, of which two assessed direct
healthcare burden attributed to patient care, three assessed the macroeconomic impact of the
epidemic and its associated policies and two assessed the costs associated with COVID-19.12 Only
two studies reported use of electronic health records, with no studies reporting the use of general
practitioner (GP) appointments data. Keogh-Brown et al. report that the impact of COVID-19 on the
UK economy was approximately a loss of £40 billion in 2020.** However, much of these costs were
related to reduced labour (~¥£39 billion), and whilst overall hospital and intensive care costs were
estimated (~£1 billion), these focused on the health-related economic impact on to the UK economy,
rather than individual-level costs to the NHS to manage patients with COVID-19. Furthermore, to our
knowledge, no studies have reported direct medical costs within the primary care setting. By
addressing these data gaps within the literature, we will provide valuable evidence to support health
policy decisions on public health interventions and healthcare resource allocation in the prevention
and management of COVID-19.

Aims and objectives:

This study aimed to quantify healthcare resource utilisation (HCRU) and costs associated with
COVID-19 in adults in England, by age and according to risk of severe COVID-19 and
immunocompromised status, separately for those with and without hospitalisation records, using UK
primary care data, linked to secondary care data when available.
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METHODS:
Study design and setting

We conducted a population-based retrospective cohort study using data obtained from the Clinical
Practice Research Datalink (CPRD) Aurum primary care database® and, when available, linked
secondary care data (Hospital Episode Statistics Admitted Patient Care dataset, HES APC).%® The May
2022 release of CPRD Aurum was used; the latest data from CPRD Aurum covers the period January
1995 to April 2022,17 8 while HES APC covers April 1997 to March 2021.% The study design and
methods have been described elsewhere.?® A study design schematic is provided in Supplementary
eFigure 1.

Two distinct patient cohorts were created to describe the economic burden of the acute phase of
COVID-19 among adults in the UK:

1. Hospitalised cohort: Patients who had a positive SARS-CoV-2 polymerase chain reaction
(PCR) or antigen test, or a recorded clinical diagnosis of COVID-19, in their GP record
between 1 August 2020 and 31 March 2021 and had a COVID-19 related hospitalisation
within 84 days after their positive test result. The index period start date was chosen to align
with when it became mandatory for National Health Service (NHS) Test and Trace to report
positive PCR test results to the patient’s general practitioner (GP) practice, from 20t July
2020 onwards;?° the end date was determined by the end of data availability within HES
APC. Patients in this cohort may have also received COVID-19 care outside of the hospital
setting e.g. primary care consultations.

2. Primary care cohort: Patients who had a positive SARS-CoV-2 PCR or antigen test, or a
recorded clinical diagnosis of COVID-19, in their GP record. For persons diagnosed between
1 August 2020 and 31 March 2021, they were included in this cohort if they did not have a
record for a COVID-19 related hospitalisation within 84 days of their positive test result. All
persons diagnosed with COVID-19 on or after 1 April 2021 were included in this cohort, as
this was a period of time for which CPRD did not have hospitalisation data available. The
index period end date, January 2022, was determined by the overall cohort design.*®

Population

Patients aged =18 years were included in this study. Further details on the eligibility criteria are cited
elsewhere.?® In brief, this study included patients that had: 1) a confirmed COVID-19 episode
recorded in CPRD Aurum, where the first date of COVID-19 diagnosis (i.e., index date) was observed
in the index period, 2) a minimum registration period of 12 months at their current GP practice prior
to the index date, 3) data considered of acceptable research quality as defined by CPRD,?! and 4)
eligible for linkage to HES. Patients were excluded if they had a record for a COVID-19 related
hospitalisation or death prior to their GP-recorded date of COVID-19 diagnosis. COVID-19 episodes
starting prior to August 2020, from which point capture of COVID-19 test results within GP patient
records was considered nearly complete, were not included in the study.

Demographic and clinical characteristics

Sociodemographic characteristics at index included: age, sex, region of GP practice, ethnicity (using
patient history), social deprivation (measured using the Index of Multiple Deprivation (IMD) 2019
score), smoking status (using patient history) and body mass index (BMI) within two years of the
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index date. Clinical characteristics included Quan-Charlson Comorbidity Index (CCI) 2005%2 within
two years of index, and vaccination status according to immunocompromised status at index.
Vaccination status at index for immunocompetent patients was defined according to whether they
had received 0 doses (unvaccinated), 1 primary dose, 2 primary doses, or any booster dose. For
immunocompromised patients, vaccination status was defined according to whether they had
received 0 doses (unvaccinated), 1 primary dose, 2 primary doses, 3 primary doses, or any booster
dose. A patient was considered vaccinated starting from 14 days after dose receipt, and doses were
required to be separated by at least 21 days. Disease severity among the hospitalised cohort was
assessed using the Ordinal Scale for Clinical Improvement within WHO’s COVID-19 Therapeutic Trial
Synopsis,?® based on the highest level of care received during the hospitalisation following mutually
exclusive categories: 1) hospitalised, no oxygen therapy; 2) oxygen by mask or nasal prongs; 3) non-
invasive ventilation or high-flow oxygen; 4) intubation and mechanical ventilation and 5) ventilation
and additional organ support. Further details on definitions, and operationalisation of code lists are
described elsewhere.®

Outcomes and follow-up
Healthcare resource utilisation (HCRU)

All COVID-19 related HCRU and associated costs to the NHS in the four weeks including and
following the index date were calculated and reported for the following elements of HCRU:

Medication use: Medications that were prescribed within primary care were considered to be
COVID-19 related when prescribed on the same day as a COVID-19 diagnosis (see Supplementary
eTable 1).24%>

Primary care consultations: GP or nurse consultations with a diagnostic code of COVID-19 were
reported separately for face-to-face (F2F) and telephone consultations. This was defined as a
maximum of one visit of each format per person per day, and any additional visits were considered
as data capture errors.

Hospitalisations: Hospital admissions with a COVID-19 primary diagnosis were assessed within the
hospitalised cohort. Additionally, the mean (standard deviation) and median (interquartile range)
length of stay (LoS) per admission was assessed and reported separately for time spent in hospital
from admission to discharge as well as time spent in high dependency/intensive care units
(HDUs/ICUs). Whether mechanical ventilation treatment was received was also reported. In the
event of multiple hospitalisations (or for critical care, HDU/ICU stays) during the acute COVID-19
phase, the average LoS per person, rather than the cumulative total, was used.

Direct healthcare costs: Costs were described for patients with one or more event of a given type
only, i.e. resource users, and persons without utilisation were not included in the distributions of
costs presented. The estimation of costs associated with hospitalisations was based on the National
Schedule of NHS Costs (2020/2021) which report costs of admitted patient care by Healthcare
Resource Group (HRG) in England.?® In order to estimate the cost per hospitalisation, all finished
consultant episodes (FCEs: the time a patient spends in the care of one consultant within their
hospitalisation) within one admission were accounted to derive the total spell (hospitalisation)
cost.?’ In the event that a given person had multiple hospitalisations during the acute phase, cost per
day estimates were obtained by dividing total hospitalisation costs by total LoS per-patient.
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Primary care consultations (including GP or nurse visits) were costed using information compiled and
provided by the Personal Social Services Research Unit (PSSRU).% The direct healthcare cost for each
prescription written in primary care was calculated via the application of cost per unit from the NHS
Drug Tariff.?°

Statistical analysis

This descriptive study included all patients who met the study eligibility criteria. This study did not
involve hypothesis testing; therefore, formal sample size calculations were not performed. Means
and standard deviation (SD), or median and lower and upper quartile (Q1, Q3) were calculated for
numeric variables, with frequency counts and percentages presented for categorical variables. Per
the design of the study, all results were presented separately for the hospitalised cohort and primary
care cohorts.

Stratifying variables

All outcomes were evaluated by age, high risk status, and immunocompromised status, as previous
studies have shown that healthcare utilisation can differ by age and clinical status.3°3! Age group
categories were based on the COVID-19 vaccination rollout strategy in the UK: 18 — 49; 50 — 64; 65 —
74; 75 — 84; and 85+. Three separate definitions were used to define persons at greater risk of
severe COVID-19: 1) the Mclnnes Advisory Group highest risk group (a list of conditions to identify
persons at the very highest risk of COVID hospitalisation and death, as defined by an advisory group
chaired by Prof lain Mclnnes and supported by the NHS England RAPID-C19 team (the Mclnnes
Advisory Group)),3? 2) eligibility for the PANORAMIC study (a randomised trial of antiviral
therapeutic agents including patients who were deemed at a higher risk of hospitalisation and death
(PANORAMIC))* and 3) the UK Health Security Agency (UKHSA) clinical groups, outlined in COVID-
19: the Green Book, chapter 14a (JCVI’s COVID-19 vaccination prioritisation criteria) (the Green
Book).2 The code lists for each high risk definition were developed using reproducible search terms
with multiple reviewers, have been previously described and published.?® For immune system status,
patients were classified as immunocompromised at the time of receipt of first COVID-19 vaccine
dose if they had one or more codes meeting Davidson et al.’s definition of immunocompromised
status.3* All analyses were conducted in SAS version 9.4 (SAS Institute, Cary, North Carolina).

Patient and Public Involvement
There was no direct involvement of patients and public in this study. However, we aim to
disseminate the findings through appropriate channels.

RESULTS:

Patient sociodemographic and clinical characteristics

A total of 1,706,368 adult COVID-19 cases were included in this study. Of the 471,128 patients
diagnosed between 1t August 2020 and 315t March 2021, 13,105 (2.8%) patients were included in
the hospitalised cohort; 1,693,263 were included in the primary care cohort. Table 1 summarises the
baseline patient characteristics across the hospitalised and primary care cohorts.

Among the hospitalised cohort, the majority (n=9,978; 76.1%) of patients were aged =50 years
(mean age [SD]: 60.7 [16] years), more than half (n=7,504; 57.3%) were male, 66.9% were of white
ethnic origin, and 46.6% (n=6,102) lived in areas with greatest deprivation (IMD quintiles 4 and 5).

Of those with known smoking status, 56.7% (n=5,500) had a history of smoking. Over half (n=6,974;
53.2%) were overweight or obese according to BMI, and among those with a BMI record, this
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increased to 84.8%. Over half of patients (n=7,078; 54.0%) had a CCl score of 0. The majority (98.6%)
of the hospitalised cohort were defined as immunocompetent in baseline, of whom 98.1% were
unvaccinated at index (n=12,684; 98.1%).

The proportions of patients meeting the Mclnnes Advisory Group, PANORAMIC and the Green Book
definitions, respectively were 33.0% (n=4,323), 84.0% (n=11,011) and 40.8% (n=5,341). Most (73.3%)
patients did not receive oxygen therapy during their hospitalisation, and few patients (n=847; 6.5%)
received intubation or ventilation support.

Sociodemographic characteristics of the primary care cohort differed numerically from the
hospitalised cohort: the majority (n=1,161,843; 68.6%) of patients were aged <50 years (mean age
[SD]: 42.3 [15.8] years), more than half (n=928,546; 54.8%) were female, and patients were
relatively evenly spread across socioeconomic quintiles. However, the distribution across ethnicity
groups was similar to the hospitalised cohort.

When considering the clinical characteristics, among those with known smoking status 52.0% had a
smoking history, and 24.4% were overweight or obese (n=414,037). Most patients (n=1,462,791;
86.4%) had a CCl score of 0. Unlike the hospitalised cohort, vaccination status was more varied;
among the 1,629,716 (96.2%) immunocompetent patients in the primary care cohort, 40.5% were
unvaccinated.

Relatively fewer patients than in the hospitalised cohort were at risk of severe COVID-19 across all
three definitions (Mclnnes Advisory Group: n=250,329, 14.8%; PANORAMIC: n=691,593, 40.8% and
the Green Book: n=212,556, 12.6%).
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Table 1: Demographic and clinical characteristics of the study population at baseline

Hospitalised cohort

Primary care cohort (n=1,693,263)

Characteristics (n_:?;:;)s) n (%)
Age, years
Mean (SD) 60.7 (16.0) 42.3(15.8)
18-49 3,127 (23.9%) 1,161,843 (68.6%)
50-64 4,844 (37.0%) 379,528 (22.4%)
65-74 2,386 (18.2%) 92,573 (5.5%)
75-84 1,690 (12.9%) 40,481 (2.4%)
>85 1,058 (8.1%) 18,838 (1.1%)
Sex
Male 7,504 (57.3%) 764,687 (45.2%)
Female 5,601 (42.7%) 928,546 (54.8%)
Unknown 0 30 (<0.1%)
GP practice region
North East 465 (3.6%) 65,755 (3.9%)
North West 2,872 (21.9%) 363,770 (21.5%)

Yorkshire and The Humber

339 (2.6%)

53,777 (3.2%)

East Midlands

213 (1.6%)

38,663 (2.3%)

West Midlands

2,057 (15.7%)

278,170 (16.4%)

East of England 413 (3.2%) 66,446 (3.9%)
London 2,965 (22.6%) 335,233 (19.8%)
South East 2,670 (20.4%) 317,898 (18.8%)
South West 1,111 (8.5%) 173,317 (10.2%)
Unknown 0 234 (<0.1%)
Ethnicity
White 8,769 (66.9%) 1,106,974 (65.4%)
Black 467 (3.6%) 45,177 (2.7%)
Asian 1,651 (12.6%) 108,603 (6.4%)
Mixed 108 (0.8%) 17,757 (1.1%)
Other 329 (2.5%) 34,726 (2.1%)
Unknown 1,781 (13.6%) 380,026 (22.4%)

Index of Multiple Deprivation (2019)

Quintile 1 (least deprived)

2,166 (16.5%)

335,374 (19.8%)

Quintile 2 2,342 (17.9%) 336,418 (19.9%)
Quintile 3 2,488 (19.0%) 325,643 (19.2%)
Quintile 4 2,881 (22.0%) 353,803 (20.1%)
Quintile 5 (most deprived) 3,221 (24.6%) 340,894 (20.1%)
Unknown 7 (<0.1%) 1,131 (0.1%)
Smoking
Current smoker 1,690 (12.9%) 293,016 (17.3%)
Ex-smoker 3,810 (29.1%) 283,693 (16.8%)
Never smoked 4,196 (32.0%) 532,804 (31.5%)
Unknown 3,409 (26.0%) 583,750 (34.5%)
BMI
Underweight 94 (0.7%) 13,657 (0.8%)
Normal 1,154 (8.8%) 201,500 (11.9%)
Overweight 2,388 (18.2%) 198,235 (11.7%)
Obese 4,586 (35.0%) 215,802 (12.7%)
Unknown 4,883 (37.3%) 1,064,069 (62.8%)
Quan Charlson Comorbidity Index (2005)
Mean (SD) 1.0(1.7) 0.2 (0.7)
0 7,078 (54.0%) 1,462,791 (86.4%)
1-2 4,232 (32.3%) 197,557 (11.7%)
3-4 1,160 (8.9%) 24,240 (1.4%)
>5 635 (4.9%) 8,675 (0.5%)
Immunocompromised status
Immunocompetent 12,924 (98.6%) 1,629,716 (96.2%)

Immunocompromised

181 (1.4%)

63,547 (3.8%)

Vaccination status: immunocompetent

Unvaccinated

12,684 (98.1%)

660,610 (40.5%)

1 dose 240 (1.9%) 125,129 (7.7%)
2 doses 0 593,557 (36.4%)
First booster dose 0 250,420 (15.4%)

Vaccination status: immunocompromised
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Unvaccinated

102 (56.4%)

1,154 (1.8%)

1 dose 79 (43.7%) 5,314 (8.4%)
2 doses 0 33,731 (53.1%)
3 doses 0 23,082 (36.3%)
First booster dose 0 266 (0.4%)

Risk of severe COVID-19

Mclnnes Advisory Group

4,323 (33.0%)

250,329 (14.8%)

PANORAMIC 11,011 (84.0%) 691,593 (40.8%)
Green Book 5,341 (40.8%) 212,556 (12.6%)
COVID-19 severity?
No oxygen therapy 9,606 (73.3%)

Low-flow oxygen

793 (6.1%)

Non-invasive ventilation or high-flow oxygen

1,859 (14.2%)

Intubation/mechanical ventilation

822 (6.3%)

Ventilation and additional organ support

25 (0.2%)

3 Highest level of severity experienced during the hospitalisation.
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Healthcare resource utilisation (HCRU) and associated costs

Hospitalised cohort

The median total spell length of stay (LoS), including both general ward as well as critical care
admission, was 6.0 days. The LoS was longer for older patients; median length of stay was 5.0 days
for those aged 18 — 49 years, 6.0 days for age 50 — 64 years, and 8.0 days for age >65 years (Table 2).
When stratified by risk of severe COVID-19, LoS was similar across definitions (median 7.0 days [Q1:
4.0, Q3: 12.0]). The median LoS was one day longer in immunocompromised patients (7.0 [4.0, 12.0])
compared to those immunocompetent (6.0 [4.0, 12.0]).

Of the 13,105 hospitalised patients, 1,934 (14.8%) were admitted to critical care. The median LoS in
critical care was 8.0 days. The proportion requiring critical care, as well as LoS, was greatest among
the aged 50-64 and 65-74 groups. Critical care LoS was similar for persons meeting each risk
definitions as well as by immunocompromised status when compared to the overall cohort.

Median healthcare cost per hospitalisation was lower in those aged 18 — 49 years (£7,703) than in
those aged 75 — 84 years (£8,942) and 285 years (£8,835), and was similar across the risk definitions
(£8,727) and immunocompromised status (£8,727 in the immunocompromised and
immunocompetent groups). The median non-critical care costs followed similar patterns, whereas
median observed critical care costs were higher among immunocompetent patients (£17,439) than
among immunocompromised patients (£14,551). The mean number of FCEs per hospitalisation was
2.0, with FCEs ranging between 1-7 for immunocompromised patients and 1-16 patients for
immunocompetent patients (data not shown in tables).

Median costs of critical care requiring mechanical ventilation (MV) was broadly similar across all
stratifications. Overall, the proportion of hospitalised patients who received MV was low (n=792;
6.0%) and increased with age (4.3%, for ages 18 — 49, 8.2% for ages 50 — 64 and 8.6% for ages 65 —
74 years), but decreased after age 74. MV use varied slightly across the risk definitions, with the
highest use in the PANORAMIC group (6.5%), and lowest in the Green Book group (5.2%). Among
people who received MV, the median length of ventilation was 1.0 day; this did not differ across
stratifications.

Telephone consultations with a GP or nurse (n=5,077; 38.7%) were more common than F2F
consultations (n=2,489; 19.0%) (Supplementary materials: eTable 2). Telephone visits remained the
main mode of consultation when stratified by age and risk definition, particularly for older adults,
people at high risk of severe COVID-19 and immunocompromised patients. When assessing COVID-
19 associated medication use, only 29 (0.2%) patients received a primary care prescription from
their GP to manage or treat COVID-19 (Supplementary materials eTable 2).
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Table 2: HCRU in the four weeks after index stratified by age, risk of severe COVID-19 and immunocompromised status at baseline among the

hospitalised cohort

Immunocompromised

HCRU Age stratifications Risk criteria status at baseline
Mcinnes Immunocom | Immunocom
All 18-49 50-64 65-74 75-84 285 Advisory PANORAMIC | Green Book romised etent
(n=13,105) (n=3,127) (n=4,844) (n=2,386) (n=1,690) (n=1,058) Group (n=11,011) (n=5,341) P P
(n=181) (n=12,924)
(n=4,323)
Length of hospital stay (in days)
9.2 6.4 10.0 9.0
Mean (SD) (100) (8.1) 9.0(10.1) | 10.8(10.9) | 11.2(10.2) | 11.4(9.7) 9.9 (10.0) 9.8(10.2) (0.8) 67) 9.2 (10.0)
. 6.0 5.0 6.0 8.0 8.0 8.0 7.0 7.0 7.0 7.0 6.0
Median (Q1, Q3)
(4.0,11.0) (2.0,7.0) | (4.0,10.0) | (5.0,13.0) | (5.0,14.0) | (5.0,15.0) | (4.0,12.0) (4.0, 12.0) (4.0,12.0) | (4.5,12.0) | (4.0,11.0)
Critical care admission
n (%)|1,934 (14.8%)| 399 (12.8%) | 896 (18.5%) | 456 (19.1%) | 165 (9.8%) (11780/) 608 (14.1%) |1,687 (15.3%)| 695 (13.0%) 10 (5.5%) [1,924 (14.9%)
. 0
Length of stay in critical care
10.0 53 9.0
Mean (SD)| 11.5(11.2) | 9.7(10.9) | 12.3(11.8) | 12.3(11.1) (8.9) (5.6) 11.4(10.9) | 11.7(11.1) | 11.2(10.6) (5.8) 11.5 (11.3)
. 8.0 6.0 8.5 9.0 8.0 4.0 8.0 8.0 8.0 8.5 8.0
Median (Q1, Q3)
(4.0, 15.0) (4.0,11.0) (5.0, 16.0) (5.0, 15.0) (4.0, 14.0) (1.0, 7.0) (5.0, 15.0) (5.0, 15.0) (5.0, 14.0) (4.0, 13.0) (4.2, 15.0)
Mechanical ventilation
n (%) 792 135 398 204 55 0 250 713 278 < 790
) (6.0%) (4.3%) (8.2%) (8.6%) (3.3%) (5.8%) (6.5%) (5.2%) (6.1%)
Mechanical ventilation days
1.2 1.2 1.2 1.2 11 1.2 1.2 1.2 « 1.2
Mean (SD)| (5 5) (0.4) (0.4) (0.5) (0.4) 0 (0.4) (0.5) (0.4) N/A (0.5)
. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 % 1.0
Median (QL @3)] ;5'10) | (10,1.0) | (1.0,1.0) | (1.0,1.0) | (10,1.0) 0 (1.0,1.0) (1.0,1.0) (1.0,1.0) N/A (1.0, 1.0)

In the event of multiple hospitalisations (or critical care stays) during the acute COVID-19 phase, the average per person, rather than the cumulative total, was used.
*Suppressed to comply with the reporting rules.
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Table 3: Costs in the four weeks after index stratified by age, risk of severe COVID-19 and immunocompromised status at baseline among the
hospitalised cohort

Costs

Age stratifications

Risk criteria

Immunocompromised status

at baseline
All 18-49 50-64 65-74 75-84 285 |, dv'i\:;:r';"grsoup PANORAMIC | Green Book '";'::::i‘::‘;m 'mm:t:‘;?mp
(n=13,105) | (n=3,127) | (n=4,844) (n=2,386) (n=1,690) (n=1,058) (n= 4.323) (n=11,011) (n=5,341) (n=181) (n=12,924)
Healthcare cost per
hospitalisation (£)
13,059 10,215 14,396 15,655 12,500 10,365 13,693 10,814 13,090
Mean(SD)|  (15659) | (16.242) | (21,874) (20,965) (12,409) (6,773) | 13430 (17582 1g 008 |13009(16509)] (5555 (18,761)
Median (Q1, Q3) 8,727 (4,364, (7,703 (2,994, | 8,727 (4,364, | 8,727 (4,471, | 8,942 (5,800, |8,835 (5,800, 8,727 (4,471, 8,727 (4,364, | 8,727 (4,471, | 8,727 (5,800, | 8,727 (4,364,
’ 13,091) 11,600) 14,317) 17,399) 13,413) 13,091) 14,450) 13,759) 13,413) 13,063) 13,091)
Healthcare cost of
non-critical care
admission (£)
10,876 10,283
Mean (SD)| 9,360 (7,275) |7,516 (6,294)| 9,199 (7,028) |10,366 (7,990) [ 10,898 (7,787) (7,308) 10,059 (7,634) | 9,761 (7,412) | 10,041 (7,536) (6,511) 9,347 (7,284)
Median (Q1, Q3) 8,727 (4,364, |5,800 (2,259, | 8,727 (4,364, | 8,727 (4,364, | 8,942 (5,800, |8,942 (5,800,| 8,727 (4,364, | 8,727 (4,364, | 8,727 (4,364, | 8,727 (5,800, | 8,727 (4,364,
’ 12,799) 8,942) 12,561) 13,091) 13,091) 13,413) 13,091) 13,091) 13,091) 13,091) 12,764)
Healthcare cost of
critical care admission
(£)
30,352 26,321 32,617 32,784 23,463 30,988 19,345 30,409
Mean (D) (35 14¢) (34,702) (37,578) (33,219) (25,520) |B°01 (868929441 (32155) | 3/ g ) |29/150(3L633)| 1o 'g, ) (35,181)
Median (Q1, Q3) 17,439 (9,285, (171'535352 19,569 (9,444, 22,421 (9,444, 16,999 (7,474, | 5,617 (1,482, | 18,887 (9,285, | 18,887 (9,444, | 18,887 (9,444, 3';1'55;51 17,439 (9,285,
39,663) 30,039) 42,351) 41,808) 31,356) 9,444) 38,768) 39,860) 38,468) 27,096) 39,663)
Healthcare cost of
critical care requiring
mechanical ventilation
(£)
51,103 52,000 52,071 51,106 41,379 50,686 39,029 51,135
Mean (D)) (4y0s5) | (a3.415) (44,628) (37,077) (36,238) 16364 (38590) | (assa) [1BETT O8O0 (33487) (42,098)
40,148 39,860 41,768 39,860 34,877 39,860 39,029 40,148
Median (Q1, Q3) (23,517, (19,930, (24,912, (23,517, (18,291, - 37'35679 1(1?32,)904, (23,855, 38'9§11 éf)é,)421, (22,421, (23,517,
64,772) 77,057) 61,556) 67,263) 55,637) ! 62,712) ! 55,637) 64,813)
Blank cells (i.e. “-“) are due those aged >85 years not receiving mechanical ventilation.
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Primary care cohort

The proportion of patients with 21 F2F GP or nurse consultation was higher in the older age groups
(aged 285 years: 12.7%; aged 18 — 49 years: 3.4%;) (Table 4). Similar patterns were observed for 21
telephone consultations, however greater use was observed across all ages (aged 18 — 49 years:
6.1%; aged =85 years: 25.8%) when compared to F2F consultations.

When assessing those at risk of severe COVID-19, we observed a similar proportion of patients with
21 F2F consultations across the three risk definitions (Mclnnes Advisory Group: 6.8%; PANORAMIC:
5.9% and the Green Book: 8.1%). However, the patterns of 21 telephone-based consultation slightly
differed across the three risk definitions; with highest use noted for the Green Book criteria (17.3%)
and lowest for the PANORAMIC criteria (12.4%). Of immunocompromised patients, 7.2% had at least
one F2F consultation and 14.8% had at least one telephone consultation, in comparison to 4.1% and
7.8% for immunocompetent patients, respectively.

Among the primary care cohort, <1.0% (n=253) of patients received a primary care prescription for
treatment of COVID-19.

The overall median costs were higher for F2F consultations compared to a telephone consultation
among those with >1 primary care GP or nurse consultation: £39 (Q1, Q3: £7, £39) and £16 (Q1, Q3:
£16, £16), respectively (Table 5). These costs did not differ across the age, risk definition and
immunocompromised status stratification for either the F2F or telephone consultations. The costs
associated with treatment in the primary care setting were also analysed. Given the low prescribing
associated with COVID-19 diagnoses in the primary care cohort, the associated medication costs
were negligible, with the exception of costs among those who were immunocompromised (median
cost: £21; Q1, Q3: £3, £566).
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Table 4: HCRU in the four weeks after index stratified by age, risk of severe COVID-19 and immunocompromised status at baseline among the primary

care cohort

Immunocompromised status

call (%)

HCRU Age stratifications Risk criteria .
at baseline
Mcinnes Immunocompr | Immunocom
Al 18-49 50-64 65-74 75-84 285 Advisory | PANORAMIC | Green Book [ o 70-°) P B P
(n=1,693,263) (n=1,161,843)| (n=379,528) | (n=92,573) (n=40,481) (n=18,838) Group (n=691,593) | (n=212,556)
(n=63,547) |(n=1,629,716)
(n=250,329)
Any COVID-19 medication 253 69 63 33 39 49 158 214 116 (0.1%) 51 202
use: n (%) (<1.0%) (<1.0%) (<1.0%) (<1.0%) (0.1%) (0.3%) (0.1%) (<1.0%) i (0.1%) (<1.0%)
Primary care consultations- 71,039 A o o o o o o 17,237 4,587 o
F2F: number with > 1 visit (%) (4.2%) 39,108 (3.4%) | 19,330 (5.1%) | 6,491 (7.0%) | 3,726 (9.2%) | 2,384 (12.7%)| 16,989 (6.8%) | 40,991 (5.9%) (8.1%) (7.2%) 66,452 (4.1%)
Primary care consultations-
. . 137,148 o 40,311 13,434 o o 35,935 86,002 36,852 9,375 127,773
Telephone: number with > 1 (8.1%) 70,675 (6.1%) (10.6%) (14.5%) 7,860 (19.4%) | 4,868 (25.8%) (14.4%) (12.4%) (17.3%) (14.8%) (7.8%)

Among COVID cases managed in the community, none had record of receipt of nirmatrelvir/ritonavir, remdesivir, casirivimab/imdevimab or baricitinib.
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Immunocompromised status at

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Costs Age stratifications Risk criteria .
baseline
Mclinnes
All (n= 18-49 (n= 50-64 (n= 65-74 (n= 75-84 (n= 285 Advisory PA’\::C()::AMI Green Book ITQ";?::;?:IP Immutr;:ctompe
1,693,263) | 1,161,843) 379,528) 92,573) 40,481) (n=18,838) Group (n= 691,593) (n=212,556) 63,547) (n=1,629,716)
250,329)
Medication cost (£)
Mean (SD) | 165 (465) 242 (538) 204 (505) 134 (447) 187 (530) 8 (36) 206 (518) 159 (457) 161 (448) 486 (759) 83 (307)
Median (Q1, Q3) 2(2,4) 3 (2, 256) 2(2,24) 2(2,3) 3(1, 10) 3(1,3) 3(2,21) 2(2,4) 3(2,9) 21 (3, 566) 2(2,3)
Primary care
consultations- F2F
(£)
28 28
Mean (SD) 27 (22) 26 (21) 28 (22) 27 (24) 27 (25) 27 (24) (24) 28 (23) (25) 28 (25) 27 (22)
Median (Q1,Q3) | 39 (7, 39) 39 (7, 39) 39 (7, 39) 39 (7, 39) 39 (7, 39) 39 (7, 39) 39 (7, 39) 39 (7, 39) 39 (7, 39) 39 (7, 39) 39 (7, 397)
Primary care
consultations-
Telephone (£)
Mean (SD) 18 (10) 17 (9) 18 (10) 18 (10) 19 (11) 20 (13) 18 (11) 18 (10) 19 (11) 18 (10) 18 (9)
Median (Q1, Q3) (161616) 16 (16, 16) 16 (16, 16) 16 (16, 16) 16 (16, 16) 16 (16, 16) 16 (16, 16) 16 (16, 16) 16 (16, 16) 16 (16, 16) 16 (16, 16)
15
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DISCUSSION

To the best of our knowledge, this is the first study to quantify HCRU and related costs specific to the
acute phase of COVID-19 in all adults (both standard and high-risk) within the primary and secondary
care settings in England. Costs and HCRU were primarily driven by COVID-19 associated
hospitalisations, particularly among older adults and those admitted to critical care, which imposed
direct medical cost and resource use burden on the UK healthcare system.

Our findings on the overall LoS (6.0 days) were consistent with national estimates, indicating
between August 2020 to March 2021 the median LoS ranged from 4-11 days.3> However, our data
only covered early waves of the COVID-19 pandemic, where LoS fluctuated over time due to varying
factors such as variant predominance, changes in COVID-19 testing guidance and COVID-19
vaccinations.3® For the patients admitted to critical care, we observed a median LoS of 8 days. A
retrospective cohort study of patients admitted to ICU between March and May 2020, using COVID-
19 Hospitalisation in England Surveillance System (CHESS) data found median LoS ranged from 10-12
days.?” This lower LoS observed in our study might partly be explained by refinements made to the
treatment and management of COVID-19 patients over the course of the pandemic, starting with the
publication of critical care guidance in March 2020.323° Further, we found critical care LoS was not
monotonic with age and therefore its associated costs, which is also aligned with previous studies.?’
40 1t is possible that the LoS observed in patients aged >85 years was biased due to survivorship with
a shorter apparent LoS due to an increased risk of death in the older ages. The proportion of
patients admitted to critical care (14.8%) and requiring MV (6.0%) were also consistent with
published English estimates over a longer data coverage period (10.6% and 5.6%, respectively).*!

Our cost estimates associated with COVID-19 hospitalisation are similar to those used by the
National Institute for Health and Care Excellence (NICE) Technology Appraisal assessing therapeutics
for people with COVID-19, although the report restricted to severe COVID-19 patients and used non-
comparable methodology.*? Data from other countries, for instance a retrospective study of
hospitalised COVID-19 patients in the US from 1 April to 31 December 31 2020 using claims data,
estimated the average cost per day for overall admissions and ICU admissions was $1,772 and
$2,902, respectively,*® with evidence from Italy reporting the hospitalisation cost per day varying
based on the complexity of care (low-complexity = €476; medium-complexity = €700; high-
complexity = €1,402).% However, the generalisability of these estimates to the UK population are
limited given differences in populations, data coverage period, COVID-19 management strategies,
and healthcare systems. Notably, due to variability within the relatively smaller
immunocompromised and hospitalised, it is likely that our findings related to costs in this group
differ to existing studies.*>*” However, as these patients are at an increased risk of severe COVID-19,
they are likely to experience high HCRU and costs. Also, very minimal differences in HCRU were
found across the different high-risk groups that were either prioritized for treatment (Highest risk
group), eligible for the PANORAMIC clinical trial (PANORAMIC eligibility) or eligible for vaccination
prioritization (Green book). All three subgroups incurred similar non-critical and critical care
hospitalisation costs.

In the primary care setting, several major changes in the use of healthcare services occurred since
the start of the pandemic, including: a reduction in health services (postponing non-urgent planned
treatment and redeployment of NHS staff),*® an increased use of telemedicine resulting from a
change in policy (F2F appointments only when clinically necessary),*® and a reluctance among
patients to seek F2F care.>®>2 These factors may explain the higher use of GP or nurse telephone
consultation across both study cohorts, and overall limited use of GP or nurse consultations amongst
the primary care cohort.
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Our findings demonstrated that COVID-19 related hospitalisation continues to pose substantial
pressure and cost to the healthcare system in England.® This study reinforces the importance of
continuing efforts with the UK COVID-19 vaccination program in reducing hospitalisation and
severity of the disease.> Policy makers and healthcare professionals should persist with encouraging
high vaccination coverage, specifically among vulnerable groups and those at higher risk of
hospitalisation with COVID-19.5

Limitations of the study

Our study has several limitations. First, whilst CPRD covers 24% of the population in England,>> our
previous published work found an underrepresentation of COVID-19 patients aged 265 years,
particularly in the hospitalised cohort, and overrepresentation of patients living in specific English
regions, such as London and the South East, for these two cohorts?® and thus our findings should be
interpreted with caution. Second, due to data latency, HES APC data was only available up to March
2021 and emergency department as well as outpatient data were unavailable. For patients in the
primary care cohort after April 2021, hospitalization status is unknown and therefore are unable to
describe the HCRU and costs associated with more recent waves of the coronavirus pandemic. Cost
estimates in the hospitalised immunocompromised patients should be interpreted with caution due
to the smaller sample size. Lastly, our findings on the limited primary care prescriptions for the
treatment of COVID-19 are expected given the first antiviral for COVID-19 in the UK was approved in
November 2021,°¢ which occurred towards the end of the study period,>” the UK’s stringent access
criteria when compared to other countries, and due to our definition of medication use (prescription
on the same day as a COVID-19 diagnosis).

Future studies with a larger sample size are required to better quantify the economic burden of
COVID-19 among immunocompromised patients. Studies should also explore the consequences of
post-COVID conditions, to incorporate other aspects of HCRU e.g., readmissions, and the indirect
costs associated with COVID-19 such as employment related sickness absence. Further, a better
understanding of the health and social care needs of patients recovering from or who continue to
experience symptoms of COVID-19 is required.

CONCLUSION

The present retrospective cohort study quantified COVID-19 HCRU and associated costs in England.
Although the burden of COVID-19 has reduced following the rollout of COVID-19 vaccines in the UK,
we observed substantial economic burden due to COVID-19 on the NHS. Importantly, this study
showed much of the burden during the study period was driven by COVID-19 related
hospitalisations, and that older adults are associated with higher burden. Findings from this study
can be used to inform the long-term strategy for resource allocation in the management of COVID-
19.

WHAT IS ALREADY KNOWN ON THIS TOPIC

e Since the start of the pandemic, COVID-19 has been associated ~982,000 hospitalisations
and ~186,000 deaths in England

e  Whilst the UK vaccination rollout has significantly reduced COVID-19 related morbidity and
mortality, COVID-19 related hospitalisations and the associated impact remain high

WHAT THIS STUDY ADDS
e During the acute phase of COVID-19 prior to omicron dominance, the majority of patients
were managed within the primary care setting
e Hospitalisations, critical care admissions and increasing age (up to 65 years) were drivers of
the higher healthcare resource use and related costs associated with COVID-19 in England
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e Immunocompromised patients are likely to have high COVID-19 related HCRU and costs,
however studies with larger sample size are needed to confirm this

e Very minimal differences in HCRU were found across the different high-risk groups that were
either prioritized for treatment (Mclnnes Advisory Group), eligible for the PANORAMIC
clinical trial (PANORAMIC) or eligible for vaccination (Green Book).
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Supplementary eFigure 1 Study design schematic
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Mote: When assessing disease severity, the highest level of severity experienced during the hospitalisation was reported.

Supplementary eTable 1 COVID-19-related medications

Generic name
Nirmatrelvir/ritonavir
Sotrovimab
Molnupiravir
Casirivimab/imdevimab
Remdesivir
Dexamethasone
Tocilizumab
Sarilumab
Baricitinib
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Supplementary eTable 2 Primary care HCRU stratified by age, risk of severe COVID and immunocompromised status at baseline among the hospitalised

cohort
Age stratifications Risk criteria Immunocompror}nsed status
at baseline
HCRU Mclnnes Green
All 18-49 50-64 65-74 75-84 285 Advisory | PANORAMIC Book IC Non-IC
(n=13,105) (n=3,127) | (n=4,844) | (n=2,386) | (n=1,690) | (n=1,058) Group (n=11,011) (n=181) (n=12,924)
(n=5,341)
(n=4,323)
29 14 27 15 28
- H H . 0, 0, 0, 0, ()
Any COVID-19 medication use: n, (%) (0.2%) 6 (0.2%) 9 (0.2%) 5(0.2%) 5(0.3%) <5 (0.3%) (0.3%) (0.3%) <5 (0.2%)
Primary care consultations- F2F: number o 4 o o o o o 2,124 1,093 31 o
with > 1 visit (%) 2,489 (19.0%) 559 (17.9%) | 921 (19.0%) | 425 (17.8%) | 354 (21.0%) | 230 (21.7%) | 900 (20.8%) (19.3%) (20.5%) (17.1%) 2,458 (19.0%)
Primary care consultations- Telephone: o 1,178 1,840 o o o o 4,341 2,306 87 o
number with > 1 call (%) 5,077 (38.7%) (37.7%) (38.0%) 949 (39.8%) | 701 (41.5%) | 409 (38.7%) |1,815 (42.0%) (39.4%) (43.2%) (48.1%) 4,990 (38.6%)

IC: immunocompromised; Non-IC: non-immunocompromised also known as immunocompetent.
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Supplementary eTable 3 Primary care costs stratified by age, risk of severe COVID and immunocompromised status at baseline among the

hospitalised cohort

BMJ Open

Immunocompromised status

Age stratifications Risk criteria .
at baseline
Al 18-49 50-64 65-74 75-84 285 |, dv'i:';:';"g:oup PANORAMIC | Green Book Ic Non-IC
(n=13,105) (n=3,127) (n=4,844) (n=2,386) (n=1,690) (n=1,058) (n=4,323) (n=11,011) (n=5,341) (n=181) (n=12,924)
Medication cost (£)
Mean (SD)| 4.8 (15.4) 1.8(1.1) 1.9 (1.5) 2.6 (1.4) 2.2 (1.3) 22.2 (41.6) 8.2 (22.0) 5.1(15.9) 7.7 (21.3) 0.6 (-) 5.0 (15.7)
(l&/lledg;r; 1.8(1.2,2.5) [1.5(0.9,2.5)| 1.3(1.2,1.8) | 1.8(1.8,2.5) | 2.5(1.3,2.8) 1'23(%)9’ 2.5(1.3,3.6) 1.8(1.2,2.5) 2.5(1.3,3.6) | 0.6(0.6,0.6) | 1.8(1.2,2.5)
Primary care
consultations- F2F (£)
Mean (SD)| 30.5(26.5) | 31.4(30.3) | 31.9(24.7) 30.5 (26.3) 28.7(28.1) | 25.5(20.1) 30.0 (24.6) 30.4 (25.8) 30.0 (25.6) 35.6(27.1) | 30.4(26.5)
Median 39.2 39.2 39.2 39.2 39.2 13.5 39.2 39.2 39.2 39.2 39.2
(Q1,Q3)| (6.8,39.2) (6.8,39.2) (6.8,39.2) (6.8, 39.2) (6.8, 39.2) (6.8, 39.2) (6.8, 39.2) (6.8,39.2) (6.8, 39.2) (13.5, 39.2) (6.8, 39.2)
Primary care
consultations-
Telephone (£)
Mean (SD)| 22.5(13.8) 23.2 (14.7) 22.7 (13.6) 22.2 (14.0) 21.6 (13.1) 21.4(12.5) 23.0 (14.2) 22.4(13.6) 22.8(13.9) 23.0 (15.5) 22.5(13.8)
Median 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5
(Q1,Q3)| (15.5,31.0) | (15.5,31.0) | (15.5,31.0) | (15.5,31.0) | (15.5,31.0) | (15.5,31.0) | (15.5,31.0) (15.5,31.0) | (15.5,31.0) | (15.5,31.0) | (15.5,31.0)

IC: immunocompromised; Non-IC: non-immunocompromised also known as immunocompetent.
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Background/rationale 2
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Objectives 3 State specific objectives, including any prespecified hypotheses PAGE 3

Methods

Study design 4 Present key elements of study design early in the paper PAGE 4

Setting Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection PAGE 4

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants.
Describe methods of follow-up PAGE 4
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Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable PAGE 4, 5, 6

Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment

measurement (measurement). Describe comparability of assessment methods if there is more than one
group PAGE 4

Bias 9 Describe any efforts to address potential sources of bias PAGE 5

Study size 10 Explain how the study size was arrived at PAGE 6

Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, describe

variables which groupings were chosen and why PAGE 6

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
PAGE 6
(b) Describe any methods used to examine subgroups and interactions PAGE 6
(c) Explain how missing data were addressed N/A
(d) If applicable, explain how loss to follow-up was addressed N/A
(e) Describe any sensitivity analyses N/A

Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially
eligible, examined for eligibility, confirmed eligible, included in the study, completing
follow-up, and analysed PAGE 6
(b) Give reasons for non-participation at each stage N/A
(c) Consider use of a flow diagram Due to limited eligibility criteria and retrospective
nature of study design, we have opted to keep information in text

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders PAGE 6, 7, 8, 9
(b) Indicate number of participants with missing data for each variable of interest PAGE
8,9
(c) Summarise follow-up time (eg, average and total amount) N/A

Outcome data 15*%  Report numbers of outcome events or summary measures over time PAGE 10, 11, 12,
13,14, 15
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Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included PAGE 10, 11, 12, 14, 15
(b) Report category boundaries when continuous variables were categorized PAGE &, 9
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period N/A

Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses N/A

Discussion

Key results 18  Summarise key results with reference to study objectives PAGE 16

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias PAGE 17

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence PAGE
16, 17

Generalisability 21  Discuss the generalisability (external validity) of the study results PAGE 16, 17

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based PAGE 19

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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ABSTRACT

Objectives To quantify direct costs and healthcare resource utilisation (HCRU) associated with acute
COVID-19 in adults in England.

Design Population-based retrospective cohort study, using Clinical Practice Research Datalink
Aurum primary care electronic medical records linked to Hospital Episode Statistics secondary care
administrative data.

Setting Patients registered to primary care practices in England.

Population 1,706,368 adults with a positive SARS-CoV-2 PCR or antigen test from August 2020 to
January 2022 were included; 13,105 within the hospitalised cohort indexed between August 2020
and March 2021, and 1,693,263 within the primary care cohort indexed between August 2020 and
January 2022. Patients with a COVID-19 related hospitalisation within 84 days of a positive test were
included in the hospitalised cohort.

Main outcome measures Primary and secondary care HCRU and associated costs <4 weeks following
positive COVID-19 test, stratified by age group, risk of severe COVID-19 and immunocompromised
status.

Results Among the hospitalised cohort, average length of stay, including critical care stays, was
longer in older adults. Median healthcare cost per hospitalisation was higher in those aged 75-84
(£8,942) and 285 years (£8,835) than in those aged <50 years (£7,703). Whilst few (6.0%) patients in
critical care required mechanical ventilation, its use was higher in older adults (50-74 years: 8.3%;
<50 years: 4.3%). HCRU and associated costs were often greater in those at higher risk of severe
COVID-19 than in the overall cohort, although minimal differences in HCRU were found across the
three different high-risk definitions. Among the primary care cohort, GP or nurse consultations were
more frequent among older adults and the immunocompromised.

Conclusions COVID-19 related hospitalisations in older adults, particularly critical care stays, were
the primary drivers of high COVID-19 resource use in England. These findings may inform health
policy decisions and resource allocation in the prevention and management of COVID-19.

Keywords: COVID-19; United Kingdom; healthcare resource utilisation; primary health care;
secondary health care; costs.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

e To the best of our knowledge, this is the first study to assess healthcare resource utilisation
(HCRU) and costs associated with COVID-19, separately, in the primary and secondary care
settings within England.

e Our results may inform resource allocation across care settings to optimize COVID-19
management.

e Hospitalisation status is unknown for patients after April 2021; therefore, secondary care
HCRU and costs during the omicron predominance period were not described.

e Due to data latency accident and emergency and outpatient attendances were not assessed.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a highly infectious respiratory illness caused by the severe
acute respiratory syndrome-coronavirus-2 virus (SARS-CoV-2). Globally, ~670 million cases and ~6.9
million deaths related to COVID-19 have been recorded as of 9t March 2023.(1) Within England, as
of 15t March 2023 there have been approximately 20.5 million cases, 982,000 hospitalisations and
186,000 associated deaths.(2) The clinical presentation of COVID-19 ranges from asymptomatic to
critical illness, where mild or uncomplicated illness is commonly managed in primary care and severe
COVID-19 managed in the hospital setting.(3, 4) Whilst the majority experience few symptoms or
mild to moderate COVID-19, some patients require medical intervention, including respiratory
support and intensive care admission.(5) The risk of worse outcomes, e.g. hospitalisation and death,
is greater for older adults, smokers, those who are obese, have a compromised immune system,
and/or have certain comorbidities such as hypertension and lung disease.(6, 7) As such, the Joint
Committee on Vaccination and Immunisation (JCVI) recommended the prioritisation of COVID-19
vaccination in specific groups (based on age, those clinically extremely vulnerable, underlying health
conditions, pregnancy and working in health and social care).(8)

Whilst the vaccination roll-out has substantially reduced COVID-19 associated morbidity and
mortality, COVID-19 remains a significant burden on the UK healthcare system. According to a report
published by the UK’s Department of Health and Social Care (DHSC) assessing the impacts during the
Omicron wave in England, COVID-19 has led to longer waits for elective and emergency visits in the
secondary care setting, and across the pandemic COVID-19 has reduced or delayed appointments
and referrals in primary care, potentially resulting in a worsened state of health for some primary
care patients .(9)

In addition to the health impact of COVID-19, several studies in the United States (US) have
quantified the economic burden of COVID-19 related hospitalisations,(10-12) and have reported
higher costs among those with health complications. Studies quantifying the economic burden of
COVID-19 in the UK are scarce; of the 37 studies identified within a systematic review quantifying
the economic impact of COVID-19, five focused on UK-based data, of which two assessed direct
healthcare burden attributed to patient care, three assessed the macroeconomic impact of the
epidemic and its associated policies and two assessed the costs associated with COVID-19.(13) Only
two studies reported use of electronic health records, with no studies reporting the use of general
practitioner (GP) appointments data. Keogh-Brown et al. report that the impact of COVID-19 on the
UK economy was approximately a loss of £40 billion in 2020.(14) However, much of these costs were
related to reduced labour (~¥£39 billion), and whilst overall hospital and intensive care costs were
estimated (~£1 billion), these focused on the health-related economic impact on to the UK economy,
rather than individual-level costs to the NHS to manage patients with COVID-19. Furthermore, to our
knowledge, no studies have reported direct medical costs within the primary care setting. By
addressing these data gaps within the literature, we will provide valuable evidence to support health
policy decisions on public health interventions and healthcare resource allocation in the prevention
and management of COVID-19.

Aims and objectives:

This study aimed to quantify healthcare resource utilisation (HCRU) and costs associated with
COVID-19 in adults in England, by age and according to risk of severe COVID-19 and
immunocompromised status, separately for those with and without hospitalisation records, using UK
primary care data, linked to secondary care data when available.

4

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open Page 6 of 32

METHODS:
Study design and setting

We conducted a population-based retrospective cohort study using data obtained from the Clinical
Practice Research Datalink (CPRD) Aurum primary care database(15) and, when available, linked
secondary care data (Hospital Episode Statistics Admitted Patient Care dataset, HES APC).(16) The
May 2022 release of CPRD Aurum was used; the latest data from CPRD Aurum covers the period
January 1995 to April 2022,(17, 18) while HES APC covers April 1997 to March 2021.(16) The study
design and methods have been described elsewhere.(19) A study design schematic is provided in
Supplementary eFigure 1.

Two distinct patient cohorts were created to describe the economic burden of the acute phase of
COVID-19 (<4 weeks following positive test) among adults in the UK:

1. Hospitalised cohort: Patients who had a positive SARS-CoV-2 polymerase chain reaction
(PCR) or antigen test, or a recorded clinical diagnosis of COVID-19, in their GP record
between 1 August 2020 and 31 March 2021 and had a COVID-19 related hospitalisation
within 84 days after their positive test result. The index period start date was chosen to align
with when it became mandatory for National Health Service (NHS) Test and Trace to report
positive PCR test results to the patient’s general practitioner (GP) practice, from 20t July
2020 onwards;(20) the end date was determined by the end of data availability within HES
APC. Patients in this cohort may have also received COVID-19 care outside of the hospital
setting e.g. primary care consultations.

2. Primary care cohort: Patients who had a positive SARS-CoV-2 PCR or antigen test, or a
recorded clinical diagnosis of COVID-19, in their GP record. For persons diagnosed between
1 August 2020 and 31 March 2021, they were included in this cohort if they did not have a
record for a COVID-19 related hospitalisation within 84 days of their positive test result. All
persons diagnosed with COVID-19 on or after 1 April 2021 were included in this cohort, as
this was a period of time for which CPRD did not have hospitalisation data available. The
index period end date, January 2022, was determined by the overall cohort design.(19)

Population

Patients aged 218 years were included in this study. Further details on the eligibility criteria are cited
elsewhere.(19) In brief, this study included patients that had: 1) a confirmed COVID-19 episode
recorded in CPRD Aurum, where the first date of COVID-19 diagnosis (i.e., index date) was observed
in the index period, 2) a minimum registration period of 12 months at their current GP practice prior
to the index date, 3) data considered of acceptable research quality as defined by CPRD,(21) and 4)
eligible for linkage to HES. Patients were excluded if they had a record for a COVID-19 related
hospitalisation or death prior to their GP-recorded date of COVID-19 diagnosis. COVID-19 episodes
starting prior to August 2020, from which point capture of COVID-19 test results within GP patient
records was considered nearly complete, were not included in the study.

Demographic and clinical characteristics

Sociodemographic characteristics at index included: age, sex, region of GP practice, ethnicity (using
patient history), social deprivation (measured using the Index of Multiple Deprivation (IMD) 2019
score), smoking status (using patient history) and body mass index (BMI) within two years of the
index date. Clinical characteristics included Quan-Charlson Comorbidity Index (CCl) 2005(22) within
two years of index, and vaccination status according to immunocompromised status at index.
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Vaccination status at index for immunocompetent patients was defined according to whether they
had received 0 doses (unvaccinated), 1 primary dose, 2 primary doses, or any booster dose. For
immunocompromised patients, vaccination status was defined according to whether they had
received 0 doses (unvaccinated), 1 primary dose, 2 primary doses, 3 primary doses, or any booster
dose. A patient was considered vaccinated starting from 14 days after dose receipt, and doses were
required to be separated by at least 21 days. Disease severity among the hospitalised cohort was
assessed using the Ordinal Scale for Clinical Improvement within WHO’s COVID-19 Therapeutic Trial
Synopsis,(23) based on the highest level of care received during the hospitalisation following
mutually exclusive categories: 1) hospitalised, no oxygen therapy; 2) oxygen by mask or nasal
prongs; 3) non-invasive ventilation or high-flow oxygen; 4) intubation and mechanical ventilation
and 5) ventilation and additional organ support. Further details on definitions, and
operationalisation of code lists are described elsewhere.(19)

Outcomes and follow-up
Healthcare resource utilisation (HCRU)

All COVID-19 related HCRU and associated costs to the NHS in the four weeks including and
following the index date were calculated and reported for the following elements of HCRU:

Medication use: Medications that were prescribed within primary care were considered to be
COVID-19 related when prescribed on the same day as a COVID-19 diagnosis (see Supplementary
eTable 1).(24, 25)

Primary care consultations: GP or nurse consultations with a diagnostic code of COVID-19 were
reported separately for face-to-face (F2F) and telephone consultations. This was defined as a
maximum of one visit of each format per person per day, and any additional visits were considered
as data capture errors.

Hospitalisations: Hospital admissions with a COVID-19 primary diagnosis were assessed within the
hospitalised cohort. Additionally, the mean (standard deviation) and median (interquartile range)
length of stay (LoS) per admission was assessed and reported separately for time spent in hospital
from admission to discharge as well as time spent in high dependency/intensive care units
(HDUs/ICUs). Whether mechanical ventilation treatment was received was also reported. In the
event of multiple hospitalisations (or for critical care, HDU/ICU stays) during the acute COVID-19
phase, the average LoS per person, rather than the cumulative total, was used.

Direct healthcare costs: Costs were described for patients with one or more event of a given type
only, i.e. resource users, and persons without utilisation were not included in the distributions of
costs presented. The estimation of costs associated with hospitalisations was based on the National
Schedule of NHS Costs (2020/2021) which report costs of admitted patient care by Healthcare
Resource Group (HRG) in England.(26) In order to estimate the cost per hospitalisation, all finished
consultant episodes (FCEs: the time a patient spends in the care of one consultant within their
hospitalisation) within one admission were accounted to derive the total spell (hospitalisation)
cost.(27) In the event that a given person had multiple hospitalisations during the acute phase, cost
per day estimates were obtained by dividing total hospitalisation costs by total LoS per-patient.

Primary care consultations (including GP or nurse visits) were costed using information compiled and
provided by the Personal Social Services Research Unit (PSSRU).(28) The direct healthcare cost for
each prescription written in primary care was calculated via the application of cost per unit from the
NHS Drug Tariff.(29)
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Statistical analysis

This descriptive study included all patients who met the study eligibility criteria. This study did not
involve hypothesis testing; therefore, formal sample size calculations were not performed. Means
and standard deviation (SD), or median and lower and upper quartile (Q1, Q3) were calculated for
numeric variables, with frequency counts and percentages presented for categorical variables. Per
the design of the study, all results were presented separately for the hospitalised cohort and primary
care cohorts.

Stratifying variables

All outcomes were evaluated by age, high risk status, and immunocompromised status, as previous
studies have shown that healthcare utilisation can differ by age and clinical status.(30, 31) Age group
categories were based on the COVID-19 vaccination rollout strategy in the UK: 18 —49; 50 — 64; 65 —
74; 75 — 84; and 85+. Three separate definitions were used to define persons at greater risk of
severe COVID-19: 1) the Mclnnes Advisory Group highest risk group (a list of conditions to identify
persons at the very highest risk of COVID hospitalisation and death, as defined by an advisory group
chaired by Prof lain Mclnnes and supported by the NHS England RAPID-C19 team (the Mclnnes
Advisory Group)),(32) 2) eligibility for the PANORAMIC study (a randomised trial of antiviral
therapeutic agents including patients who were deemed at a higher risk of hospitalisation and death
(PANORAMIC))(33) and 3) the UK Health Security Agency (UKHSA) clinical groups, outlined in COVID-
19: the Green Book, chapter 14a (JCVI’s COVID-19 vaccination prioritisation criteria) (the Green
Book).(8) The code lists for each high risk definition were developed using reproducible search terms
with multiple reviewers, have been previously described and published.(19) For immune system
status, patients were classified as immunocompromised at the time of receipt of first COVID-19
vaccine dose if they had one or more codes meeting Davidson et al.’s definition of
immunocompromised status.(34) All analyses were conducted in SAS version 9.4 (SAS Institute, Cary,
North Carolina).

Patient and Public Involvement
There was no direct involvement of patients and public in this study. However, we aim to
disseminate the findings through appropriate channels.

RESULTS:

Patient sociodemographic and clinical characteristics

A total of 1,706,368 adult COVID-19 cases were included in this study. Of the 471,128 patients
diagnosed between 1t August 2020 and 315t March 2021, 13,105 (2.8%) patients were included in
the hospitalised cohort; 1,693,263 were included in the primary care cohort. Table 1 summarises the
baseline patient characteristics across the hospitalised and primary care cohorts.

Among the hospitalised cohort, the majority (n=9,978; 76.1%) of patients were aged =50 years
(mean age [SD]: 60.7 [16] years), more than half (n=7,504; 57.3%) were male, 66.9% were of white
ethnic origin, and 46.6% (n=6,102) lived in areas with greatest deprivation (IMD quintiles 4 and 5).

Of those with known smoking status, 56.7% (n=5,500) had a history of smoking. Over half (n=6,974;
53.2%) were overweight or obese according to BMI, and among those with a BMI record, this
increased to 84.8%. Over half of patients (n=7,078; 54.0%) had a CCl score of 0. The majority (98.6%)
of the hospitalised cohort were defined as immunocompetent in baseline, of whom 98.1% were
unvaccinated at index (n=12,684; 98.1%).
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The proportions of patients meeting the Mclnnes Advisory Group, PANORAMIC and the Green Book
definitions, respectively were 33.0% (n=4,323), 84.0% (n=11,011) and 40.8% (n=5,341). Most (73.3%)
patients did not receive oxygen therapy during their hospitalisation, and few patients (n=847; 6.5%)
received intubation or ventilation support.

Sociodemographic characteristics of the primary care cohort differed numerically from the
hospitalised cohort: the majority (n=1,161,843; 68.6%) of patients were aged <50 years (mean age
[SD]: 42.3 [15.8] years), more than half (n=928,546; 54.8%) were female, and patients were
relatively evenly spread across socioeconomic quintiles. However, the distribution across ethnicity
groups was similar to the hospitalised cohort.

When considering the clinical characteristics, among those with known smoking status 52.0% had a
smoking history, and 24.4% were overweight or obese (n=414,037). Most patients (n=1,462,791;
86.4%) had a CCl score of 0. Unlike the hospitalised cohort, vaccination status was more varied;
among the 1,629,716 (96.2%) immunocompetent patients in the primary care cohort, 40.5% were
unvaccinated.

Relatively fewer patients than in the hospitalised cohort were at risk of severe COVID-19 across all
three definitions (Mclnnes Advisory Group: n=250,329, 14.8%; PANORAMIC: n=691,593, 40.8% and
the Green Book: n=212,556, 12.6%).
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Table 1: Demographic and clinical characteristics of the study population at baseline

Hospitalised cohort

Primary care cohort (n=1,693,263)

Characteristics (n_:?;:;)s) n (%)
Age, years
Mean (SD) 60.7 (16.0) 42.3(15.8)
18-49 3,127 (23.9%) 1,161,843 (68.6%)
50-64 4,844 (37.0%) 379,528 (22.4%)
65-74 2,386 (18.2%) 92,573 (5.5%)
75-84 1,690 (12.9%) 40,481 (2.4%)
>85 1,058 (8.1%) 18,838 (1.1%)
Sex
Male 7,504 (57.3%) 764,687 (45.2%)
Female 5,601 (42.7%) 928,546 (54.8%)
Unknown 0 30 (<0.1%)
GP practice region
North East 465 (3.6%) 65,755 (3.9%)
North West 2,872 (21.9%) 363,770 (21.5%)

Yorkshire and The Humber

339 (2.6%)

53,777 (3.2%)

East Midlands

213 (1.6%)

38,663 (2.3%)

West Midlands

2,057 (15.7%)

278,170 (16.4%)

East of England 413 (3.2%) 66,446 (3.9%)
London 2,965 (22.6%) 335,233 (19.8%)
South East 2,670 (20.4%) 317,898 (18.8%)
South West 1,111 (8.5%) 173,317 (10.2%)
Unknown 0 234 (<0.1%)
Ethnicity
White 8,769 (66.9%) 1,106,974 (65.4%)
Black 467 (3.6%) 45,177 (2.7%)
Asian 1,651 (12.6%) 108,603 (6.4%)
Mixed 108 (0.8%) 17,757 (1.1%)
Other 329 (2.5%) 34,726 (2.1%)
Unknown 1,781 (13.6%) 380,026 (22.4%)

Index of Multiple Deprivation (2019)

Quintile 1 (least deprived)

2,166 (16.5%)

335,374 (19.8%)

Quintile 2 2,342 (17.9%) 336,418 (19.9%)
Quintile 3 2,488 (19.0%) 325,643 (19.2%)
Quintile 4 2,881 (22.0%) 353,803 (20.1%)
Quintile 5 (most deprived) 3,221 (24.6%) 340,894 (20.1%)
Unknown 7 (<0.1%) 1,131 (0.1%)
Smoking
Current smoker 1,690 (12.9%) 293,016 (17.3%)
Ex-smoker 3,810 (29.1%) 283,693 (16.8%)
Never smoked 4,196 (32.0%) 532,804 (31.5%)
Unknown 3,409 (26.0%) 583,750 (34.5%)
BMI
Underweight 94 (0.7%) 13,657 (0.8%)
Normal 1,154 (8.8%) 201,500 (11.9%)
Overweight 2,388 (18.2%) 198,235 (11.7%)
Obese 4,586 (35.0%) 215,802 (12.7%)
Unknown 4,883 (37.3%) 1,064,069 (62.8%)
Quan Charlson Comorbidity Index (2005)
Mean (SD) 1.0(1.7) 0.2 (0.7)
0 7,078 (54.0%) 1,462,791 (86.4%)
1-2 4,232 (32.3%) 197,557 (11.7%)
3-4 1,160 (8.9%) 24,240 (1.4%)
>5 635 (4.9%) 8,675 (0.5%)
Immunocompromised status
Immunocompetent 12,924 (98.6%) 1,629,716 (96.2%)

Immunocompromised

181 (1.4%)

63,547 (3.8%)

Vaccination status: immunocompetent

Unvaccinated

12,684 (98.1%)

660,610 (40.5%)

1 dose 240 (1.9%) 125,129 (7.7%)
2 doses 0 593,557 (36.4%)
First booster dose 0 250,420 (15.4%)

Vaccination status: immunocompromised
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Unvaccinated

102 (56.4%)

1,154 (1.8%)

1 dose 79 (43.7%) 5,314 (8.4%)
2 doses 0 33,731 (53.1%)
3 doses 0 23,082 (36.3%)
First booster dose 0 266 (0.4%)

Risk of severe COVID-19

Mclnnes Advisory Group

4,323 (33.0%)

250,329 (14.8%)

PANORAMIC 11,011 (84.0%) 691,593 (40.8%)
Green Book 5,341 (40.8%) 212,556 (12.6%)
COVID-19 severity?
No oxygen therapy 9,606 (73.3%)

Low-flow oxygen

793 (6.1%)

Non-invasive ventilation or high-flow oxygen

1,859 (14.2%)

Intubation/mechanical ventilation

822 (6.3%)

Ventilation and additional organ support

25 (0.2%)

3 Highest level of severity experienced during the hospitalisation.
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Healthcare resource utilisation (HCRU) and associated costs

Hospitalised cohort

The median total spell length of stay (LoS), including both general ward as well as critical care
admission, was 6.0 days. The LoS was longer for older patients; median length of stay was 5.0 days
for those aged 18 — 49 years, 6.0 days for age 50 — 64 years, and 8.0 days for age >65 years (Table 2).
When stratified by risk of severe COVID-19, LoS was similar across definitions (median 7.0 days [Q1:
4.0, Q3: 12.0]). The median LoS was one day longer in immunocompromised patients (7.0 [4.0, 12.0])
compared to those immunocompetent (6.0 [4.0, 12.0]) (see Supplementary materials eTable 2 for
full details).

Of the 13,105 hospitalised patients, 1,934 (14.8%) were admitted to critical care. The median LoS in
critical care was 8.0 days. The proportion requiring critical care, as well as LoS, was greatest among
the aged 50-64 and 65-74 groups. Critical care LoS was similar for persons meeting each risk
definitions as well as by immunocompromised status when compared to the overall cohort.

Median healthcare cost per hospitalisation was lower in those aged 18 — 49 years (£7,703) than in
those aged 75 — 84 years (£8,942) and 285 years (£8,835), and was similar across the risk definitions
(£8,727) and immunocompromised status (£8,727 in the immunocompromised and
immunocompetent groups) (see Supplementary materials eTable 3 for full details). The median non-
critical care costs followed similar patterns, whereas median observed critical care costs were higher
among immunocompetent patients (£17,439) than among immunocompromised patients (£14,551).
The mean number of FCEs per hospitalisation was 2.0, with FCEs ranging between 1-7 for
immunocompromised patients and 1-16 patients for immunocompetent patients (data not shown in
tables).

Median costs of critical care requiring mechanical ventilation (MV) was broadly similar across all
stratifications. Overall, the proportion of hospitalised patients who received MV was low (n=792;
6.0%) and increased with age (4.3%, for ages 18 — 49, 8.2% for ages 50 — 64 and 8.6% for ages 65 —
74 years), but decreased after age 74. MV use varied slightly across the risk definitions, with the
highest use in the PANORAMIC group (6.5%), and lowest in the Green Book group (5.2%). Among
people who received MV, the median length of ventilation was 1.0 day; this did not differ across
stratifications (see Supplementary materials eTable 2).

Telephone consultations with a GP or nurse (n=5,077; 38.7%) were more common than F2F
consultations (n=2,489; 19.0%) (Supplementary materials: eTable 4). Telephone visits remained the
main mode of consultation when stratified by age and risk definition, particularly for older adults,
people at high risk of severe COVID-19 and immunocompromised patients. When assessing COVID-
19 associated medication use, only 29 (0.2%) patients received a primary care prescription from
their GP to manage or treat COVID-19 (Supplementary materials eTable 4). See Supplementary
materials eTable 5 for primary care costs.
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Table 2: HCRU in the four weeks after index stratified by age, risk of severe COVID-19 and immunocompromised status at baseline among the

hospitalised cohort

Immunocompromised

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

HCRU Age stratifications Risk criteria .
status at baseline
All 18-49 50-64 65-74 75-84 285 Green Book Immunocompromised
(n=13,105) (n=3,127) (n=4,844) (n=2,386) (n=1,690) (n=1,058) (n=5,341) (n=181)
Length of hospital stay (in days)
9.2 6.4 10.0 9.0
Mean (SD) (10.0) (8.1) 9.0 (10.1) 10.8 (10.9) 11.2 (10.2) 11.4(9.7) 9.8) 67)
. 6.0 5.0 6.0 8.0 8.0 8.0 7.0 7.0
Median (Q1, Q3)] ;o741 ) (2.0,7.0) (4.0,10.0) (5.0,13.0) (5.0, 14.0) (5.0, 15.0) (4.0,12.0) (4.5,12.0)
Critical care admission
n (%) 1,934 (14.8%) 399 (12.8%) 896 (18.5%) 456 (19.1%) 165 (9.8%) (117%,/) 695 (13.0%) 10 (5.5%)
. (]
Length of stay in critical care
10.0 53 9.0
Mean (SD) 11.5(11.2) 9.7 (10.9) 12.3(11.8) 12.3(11.1) (8.9) (5.6) 11.2 (10.6) (5.8)
. 8.0 6.0 8.5 9.0 8.0 4.0 8.0 8.5
Median (QL, Q3)) (46, 15.0) (4.0,11.0) (5.0, 16.0) (5.0, 15.0) (4.0, 14.0) (1.0,7.0) (5.0, 14.0) (4.0,13.0)
Mechanical ventilation
792 135 398 204 55 278
0,
n (%) (6.0%) (4.3%) (8.2%) (8.6%) (3.3%) 0 (5.2%) >
Mechanical ventilation days
1.2 1.2 1.2 1.2 1.1 1.2 N
Mean (SD) (0.5) (0.4) (0.4) (0.5) (0.4) 0 (0.4) N/A
. 1.0 1.0 1.0 1.0 1.0 1.0 %
Median (Q1, Q3) (1.0, 1.0) (1.0, 1.0) (1.0, 1.0) (1.0, 1.0) (1.0, 1.0) Y (1.0, 1.0) N/A
12
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Table 3: Costs in the four weeks after index stratified by age, risk of severe COVID-19 and immunocompromised status at baseline among the

hospitalised cohort

Costs

Age stratifications

Risk criteria

Immunocompromised status at

baseline
All 18-49 50-64 65-74 75-84 285 Green Book Immunocompromised
(n=13,105) (n=3,127) (n=4,844) (n=2,386) (n=1,690) (n=1,058) (n=5,341) (n=181)

Healthcare cost per
hospitalisation (£)

Mean (SD)

13,059 (18,659)

10,215 (16,242)

14,396 (21,874)

15,655 (20,965)

12,500 (12,409)

10,365 (6,773)

13,009 (16,509)

10,814 (8,525)

Median (Q1, Q3)

8,727 (4,364,
13,091)

7,703 (2,994,
11,600)

8,727 (4,364,
14,317)

8,727 (4,471,
17,399)

8,942 (5,800,
13,413)

8,835 (5,800,
13,091)

8,727 (4,471, 13,413)

8,727 (5,800, 13,063)

Healthcare cost of non-critical
care admission (£)

Mean (SD)

9,360 (7,275)

7,516 (6,294)

9,199 (7,028)

10,366 (7,990)

10,898 (7,787)

10,876 (7,308)

10,041 (7,536)

10,283 (6,511)

Median (Q1, Q3)

8,727 (4,364,
12,799)

5,800 (2,259,
8,942)

8,727 (4,364,
12,561)

8,727 (4,364,
13,091)

8,942 (5,800,
13,091)

8,942 (5,800,
13,413)

8,727 (4,364, 13,091)

8,727 (5,800, 13,091)

Healthcare cost of critical care
admission (£)

Mean (SD)

30,352 (35,116)

26,321 (34,702)

32,617 (37,578)

32,784 (33,219)

23,463 (25,529)

8,501 (8,689)

29,150 (31,633)

19,345 (15,827)

Median (Q1, Q3)

17,439 (9,285,
39,663)

11,332 (7,555,
30,039)

19,569 (9,444,
42,351)

22,421 (9,444,
41,808)

16,999 (7,474,
31,356)

5,617 (1,482,
9,444)

18,887 (9,444, 38,468)

14,551 (7,555, 27,096)

Healthcare cost of critical care
requiring mechanical
ventilation (£)

Mean (SD)

51,103 (42,055)

52,000 (43,415)

52,071 (44,628)

51,106 (37,077)

41,379 (36,238)

48,677 (38,050)

39,029 (23,487)

. 40,148 (23,517, | 39,860 (19,930, 41,768 (24,912, 39,860 (23,517, 34,877 (18,291,
Median (Q1, Q3) 64.772) 77.057) 61.556) 67.263) 55,637) 38,981 (22,421, 61,200) 39,029 (22,421, 55,637)
Blank cells (i.e. “-“) are due those aged >85 years not receiving mechanical ventilation.
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Primary care cohort

The proportion of patients with 21 F2F GP or nurse consultation was higher in the older age groups
(aged 285 years: 12.7%; aged 18 — 49 years: 3.4%;) (Table 4). Similar patterns were observed for 21
telephone consultations, however greater use was observed across all ages (aged 18 — 49 years:
6.1%; aged =85 years: 25.8%) when compared to F2F consultations.

When assessing those at risk of severe COVID-19, we observed a similar proportion of patients with
21 F2F consultations across the three risk definitions (Mclnnes Advisory Group: 6.8%; PANORAMIC:
5.9% and the Green Book: 8.1%) (see Supplementary materials eTable 6 for full details). However,
the patterns of 21 telephone-based consultation slightly differed across the three risk definitions;
with highest use noted for the Green Book criteria (17.3%) and lowest for the PANORAMIC criteria
(12.4%). Of immunocompromised patients, 7.2% had at least one F2F consultation and 14.8% had at
least one telephone consultation, in comparison to 4.1% and 7.8% for immunocompetent patients,
respectively.

Among the primary care cohort, <1.0% (n=253) of patients received a primary care prescription for
treatment of COVID-19.

The overall median costs were higher for F2F consultations compared to a telephone consultation
among those with 21 primary care GP or nurse consultation: £39 (Q1, Q3: £7, £39) and £16 (Q1, Q3:
£16, £16), respectively (Table 5). These costs did not differ across the age, risk definition and
immunocompromised status stratification for either the F2F or telephone consultations (see
Supplementary materials eTable 7 for full details). The costs associated with treatment in the
primary care setting were also analysed. Given the low prescribing associated with COVID-19
diagnoses in the primary care cohort, the associated medication costs were negligible, with the
exception of costs among those who were immunocompromised (median cost: £21; Q1, Q3: £3,
£566).
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Table 4: HCRU in the four weeks after index stratified by age, risk of severe COVID-19 and immunocompromised status at baseline among the primary

care cohort

Immunocompromised

HCRU Age stratifications Risk criteria .
status at baseline
All 18-49 50-64 65-74 75-84 285 Green Book Immunocompromised
(n=1,693,263) (n=1,161,843) (n=379,528) (n=92,573) (n=40,481) (n=18,838) (n=212,556) (n=63,547)
253 69 63 33 39 49 51
" . . . 0, 0,

Any COVID-19 medication use: n (%) (<1.0%) (<1.0%) (<1.0%) (<1.0%) (0.1%) (0.3%) 116 (0.1%) (0.1%)

Primary care consultations- F2F: 71,039 o o o o o o 4,587

number with > 1 visit (%) (4.2%) 39,108 (3.4%) 19,330 (5.1%) 6,491 (7.0%) 3,726 (9.2%) 2,384 (12.7%) 17,237 (8.1%) (7.2%)

Primary care consultations- Telephone: 137,148 o o o o o o 9,375

number with > 1 call (%) (8.1%) 70,675 (6.1%) 40,311 (10.6%) 13,434 (14.5%) 7,860 (19.4%) 4,868 (25.8%) 36,852 (17.3%) (14.8%)
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Table 5: Costs in the four weeks after index stratified by age, risk of severe COVID-19 and immunocompromised status at baseline among the primary

care cohort

Immunocompromised

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Costs Age stratifications Risk criteria .
status at baseline
All 18-49 50-64 65-74 75-84 285 Green Book Immunocompromised
(n=1,693,263) (n=1,161,843) (n=379,528) (n=92,573) (n=40,481) (n=18,838) (n=212,556) (n= 63,547)
Medication cost (£)
Mean (SD) 165 (465) 242 (538) 204 (505) 134 (447) 187 (530) 8 (36) 161 (448) 486 (759)
Median (Q1, Q3) 2(2,4) 3 (2, 256) 2(2,24) 2(2,3) 3(1, 10) 3(1,3) 3(2,9) 21 (3, 566)
Primary care consultations-
F2F (£)
Mean (SD) 27 (22) 26 (21) 28 (22) 27 (24) 27 (25) 27 (24) (;g) 28 (25)
Median (Q1, Q3) 39 (7, 39) 39 (7, 39) 39 (7, 39) 39 (7, 39) 39 (7,39) 39 (7, 39) 39 (7, 39) 39 (7, 39)
Primary care consultations-
Telephone (£)
Mean (SD) 18 (10) 17 (9) 18 (10) 18 (10) 19 (11) 20 (13) 19 (11) 18 (10)
Median (Q1, Q3) (161616) 16 (16, 16) 16 (16, 16) 16 (16, 16) 16 (16, 16) 16 (16, 16) 16 (16, 16) 16 (16, 16)
16
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DISCUSSION

To the best of our knowledge, this is the first study to quantify HCRU and related costs specific to the
acute phase of COVID-19 in all adults (both standard and high-risk) within the primary and secondary
care settings in England. Costs and HCRU were primarily driven by COVID-19 associated
hospitalisations, particularly among older adults and those admitted to critical care, which imposed
direct medical cost and resource use burden on the UK healthcare system.

Our findings on the overall LoS (6.0 days) were consistent with national estimates, indicating
between August 2020 to March 2021 the median LoS ranged from 4-11 days.(35) However, our data
only covered early waves of the COVID-19 pandemic, where LoS fluctuated over time due to varying
factors such as variant predominance, changes in COVID-19 testing guidance and COVID-19
vaccinations.(36) For the patients admitted to critical care, we observed a median LoS of 8 days. A
retrospective cohort study of patients admitted to ICU between March and May 2020, using COVID-
19 Hospitalisation in England Surveillance System (CHESS) data found median LoS ranged from 10-12
days.(37) This lower LoS observed in our study might partly be explained by refinements made to the
treatment and management of COVID-19 patients over the course of the pandemic, starting with the
publication of critical care guidance in March 2020.(38, 39) Further, we found critical care LoS was
not monotonic with age and therefore its associated costs, which is also aligned with previous
studies.(37, 40) It is possible that the LoS observed in patients aged >85 years was biased due to
survivorship with a shorter apparent LoS due to an increased risk of death in the older ages. The
proportion of patients admitted to critical care (14.8%) and requiring MV (6.0%) were also consistent
with published English estimates over a longer data coverage period (10.6% and 5.6%,
respectively).(41)

Our cost estimates associated with COVID-19 hospitalisation are similar to those used by the
National Institute for Health and Care Excellence (NICE) Technology Appraisal assessing therapeutics
for people with COVID-19, although the report restricted to severe COVID-19 patients and used non-
comparable methodology.(42) Data from other countries, for instance a retrospective study of
hospitalised COVID-19 patients in the US from 1 April to 31 December 31 2020 using claims data,
estimated the average cost per day for overall admissions and ICU admissions was $1,772 and
$2,902, respectively,(43) with evidence from Italy reporting the hospitalisation cost per day varying
based on the complexity of care (low-complexity = €476; medium-complexity = €700; high-
complexity = €1,402).(44) However, the generalisability of these estimates to the UK population are
limited given differences in populations, data coverage period, COVID-19 management strategies,
and healthcare systems. Notably, due to variability within the relatively smaller
immunocompromised and hospitalised, it is likely that our findings related to costs in this group
differ to existing studies.(45-47) However, as these patients are at an increased risk of severe COVID-
19, they are likely to experience high HCRU and costs. Also, very minimal differences in HCRU were
found across the different high-risk groups that were either prioritized for treatment (Highest risk
group), eligible for the PANORAMIC clinical trial (PANORAMIC eligibility) or eligible for vaccination
prioritization (Green book). All three subgroups incurred similar non-critical and critical care
hospitalisation costs.

In the primary care setting, several major changes in the use of healthcare services occurred since
the start of the pandemic, including: a reduction in health services (postponing non-urgent planned
treatment and redeployment of NHS staff),(48) an increased use of telemedicine resulting from a
change in policy (F2F appointments only when clinically necessary),(49) and a reluctance among
patients to seek F2F care.(50-52) These factors may explain the higher use of GP or nurse telephone
consultation across both study cohorts, and overall limited use of GP or nurse consultations amongst
the primary care cohort.
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Our findings demonstrated that COVID-19 related hospitalisation continues to pose substantial
pressure and cost to the healthcare system in England.(9) This study reinforces the importance of
continuing efforts with the UK COVID-19 vaccination program in reducing hospitalisation and
severity of the disease.(53) Policy makers and healthcare professionals should persist with
encouraging high vaccination coverage, specifically among vulnerable groups and those at higher
risk of hospitalisation with COVID-19.(54)

Limitations of the study

Our study has several limitations. First, whilst CPRD covers 24% of the population in England,(55) our
previous published work found an underrepresentation of COVID-19 patients aged 265 years,
particularly in the hospitalised cohort, and overrepresentation of patients living in specific English
regions, such as London and the South East, for these two cohorts(19) and thus our findings should
be interpreted with caution. Second, due to data latency, HES APC data was only available up to
March 2021 and emergency department as well as outpatient data were unavailable. For patients in
the primary care cohort after April 2021, hospitalization status is unknown and therefore are unable
to describe the HCRU and costs associated with more recent waves of the coronavirus pandemic.
Cost estimates and LoS in the hospitalised immunocompromised patients should be interpreted with
caution due to the smaller sample size, and therefore future research with a larger sample size are
needed to better assess the HCRU and costs associated with this particular group. Lastly, our findings
on the limited primary care prescriptions for the treatment of COVID-19 are expected given the first
antiviral for COVID-19 in the UK was approved in November 2021,(56) which occurred towards the
end of the study period,(57) the UK’s stringent access criteria when compared to other countries,
and due to our definition of medication use (prescription on the same day as a COVID-19 diagnosis).

Future studies with a larger sample size are required to better quantify the economic burden of
COVID-19 among immunocompromised patients. Studies should also explore the consequences of
post-COVID conditions, to incorporate other aspects of HCRU e.g., readmissions, and the indirect
costs associated with COVID-19 such as employment related sickness absence. Further, a better
understanding of the health and social care needs of patients recovering from or who continue to
experience symptoms of COVID-19 is required. Whilst this study focuses on HCRU and costs at the
patient-level, further research estimating the national-level might also be informative for policy
development. Lastly, this study highlights the need to focus on specific populations, e.g. those at risk
of severe COVID-19; to better prepare for the next epidemic, future studies may consider assessing
the economic impact of broader public health interventions, such as smoking prevention and weight
loss programs.

CONCLUSION

The present retrospective cohort study quantified COVID-19 HCRU and associated costs in England.
Although the burden of COVID-19 has reduced following the rollout of COVID-19 vaccines in the UK,
we observed substantial economic burden due to COVID-19 on the NHS. Importantly, this study
showed much of the burden during the study period was driven by COVID-19 related
hospitalisations, and that older adults are associated with higher burden. Findings from this study
can be used to inform the long-term strategy for resource allocation in the management of COVID-
19.
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14 Supplementary eFigure 1 Study design schematic
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Supplementary eTable 1: COVID-19-related medications

47 Generic name

48 Nirmatrelvir/ritonavir

49 Sotrovimab

50 Molnupiravir

51 Casirivimab/imdevimab

52 Remdesivir

Dexamethasone

Tocilizumab

Sarilumab
Baricitinib
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Supplementary eTable 2: HCRU in the four weeks after index stratified by age, risk of severe COVID-19 and immunocompromised status at baseline among

the hospitalised cohort

oNOYTULT D WN =

HCRU Age stratifications Risk criteria Immunocompronjlsed sta-
tus at baseline
Mclnnes Ad-
All 18-49 50-64 65-74 75-84 285 visory Grou PANORAMIC | Green Book IC Non-IC
(n=13,105) | (n=3,127) | (n=4,844) | (n=2,386) | (n=1,690) | (n=1,058) (n_z 323)” (n=11,011) | (n=5,341) (n=181) (n=12,924)
Length of hospital stay (in days)
9.2 6.4 10.0 9.0
Mean (SD) (100) (8.1) 9.0(10.1) | 10.8(10.9) | 11.2(10.2) | 11.4(9.7) 9.9 (10.0) 9.8 (10.2) (©.8) 6.7) 9.2 (10.0)
. 6.0 5.0 6.0 8.0 8.0 8.0 7.0 7.0 7.0 7.0 6.0
Median (Q1, Q3)
(4.0,11.0) | (2.0,7.0) | (4.0,10.0) | (5.0,13.0) | (5.0,14.0) | (5.0,15.0) | (4.0,12.0) | (4.0,12.0) | (4.0,12.0) | (4.512.0) | (4.0,11.0)
Critical care admission
n (%)) 1,934 (14.8%)| 399 (12.8%) | 896 (18.5%) | 456 (19.1%) | 165 (9.8%) (1172/) 608 (14.1%) |1,687 (15.3%)| 695 (13.0%) 10 (5.5%) (1,924 (14.9%)
. 0
Length of stay in critical care
10.0 53 9.0
Mean (SD)| 11.5(11.2) | 9.7(10.9) | 12.3(11.8) | 12.3(11.1) (8.9) (5.6) 11.4(10.9) | 11.7(11.1) | 11.2(10.6) (5.8) 11.5 (11.3)
Median (Q1, Q3) 8.0 6.0 8.5 9.0 8.0 4.0 8.0 8.0 8.0 8.5 8.0
! (4.0, 15.0) (4.0, 11.0) (5.0, 16.0) (5.0, 15.0) (4.0, 14.0) (1.0, 7.0) (5.0, 15.0) (5.0, 15.0) (5.0, 14.0) (4.0, 13.0) (4.2,15.0)
Mechanical ventilation
n (%) 792 135 398 204 55 0 250 713 278 < 790
? (6.0%) (4.3%) (8.2%) (8.6%) (3.3%) (5.8%) (6.5%) (5.2%) (6.1%)
Mechanical ventilation days
1.2 1.2 1.2 1.2 1.1 1.2 1.2 1.2 « 1.2
Mean (SD)| 55 (0.4) (0.4) (0.5) (0.4) 0 (0.4) (0.5) (0.4) N/A (0.5)
. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 « 1.0
Median (QL @3)| (1 5'10) | (1.0,2.0) | (1.0,2.0) | (1.0,12.0) | (1.0,1.0) 0 (1.0, 1.0) (1.0, 1.0) (1.0, 1.0) N/A (1.0, 1.0)

In the event of multiple hospitalisations (or critical care stays) during the acute COVID-19 phase, the average per person, rather than the cumula-

tive total, was used.

"Suppressed to comply with the reporting rules.

IC: immunocompromised; Non-IC: non-immunocompromised also known as immunocompetent.
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Supplementary eTable 3: Costs in the four weeks after index stratified by age, risk of severe COVID-19 and immunocompromised status at baseline among

the hospitalised cohort

BMJ Open

Costs

Age stratifications

Risk criteria

Immunocompromised status

at baseline
Mclnnes Advi-
All 18-49 50-64 65-74 75-84 285 sory Grou PANORAMIC Green Book IC Non-IC
(n=13,105) | (n=3,127) | (n=4,844) (n=12,386) (n=1,690) (n=1,058) (n_y 4 323;’ (n=11,011) (n=5,341) (n=181) (n=12,924)
Healthcare cost per
hospitalisation (£)
13,059 10,215 14,396 15,655 12,500 10,365 13,693 10,814 13,090
Mean (D)} (1¢'650) (16,242) (21,874) (20,965) (12,409) (6773) | 3436075820 15 0yg)  |13009(16,509) g o) (18,761)
Median (Q1, Q3) 8,727 (4,364, |7,703 (2,994, | 8,727 (4,364, | 8,727 (4,471, | 8,942 (5,800, (8,835 (5,800,| 8,727 (4,471, 8,727 (4,364, | 8,727 (4,471, | 8,727 (5,800, | 8,727 (4,364,
’ 13,091) 11,600) 14,317) 17,399) 13,413) 13,091) 14,450) 13,759) 13,413) 13,063) 13,091)
Healthcare cost of
non-critical care ad-
mission (£)
10,876 10,283
Mean (SD)| 9,360 (7,275) |7,516 (6,294)| 9,199 (7,028) |10,366 (7,990) | 10,898 (7,787) (7,308) 10,059 (7,634) | 9,761 (7,412) | 10,041 (7,536) (6,511) 9,347 (7,284)
Median (Q1, Q3) 8,727 (4,364, |5,800 (2,259, | 8,727 (4,364, | 8,727 (4,364, | 8,942 (5,800, (8,942 (5,800,| 8,727 (4,364, | 8,727 (4,364, | 8,727 (4,364, | 8,727 (5,800, | 8,727 (4,364,
’ 12,799) 8,942) 12,561) 13,091) 13,091) 13,413) 13,091) 13,091) 13,091) 13,091) 12,764)
Healthcare cost of crit-
ical care admission (£)
30,352 26,321 32,617 32,784 23,463 30,988 19,345 30,409
Mean (D)l (35'116) | (3a702) | (37578) (33,219) (25520) | 3501 (8689)|29,841(32155) | (5 g7q)  |29,150(3LE633)| 15 g, (35,181)
Median (Q1, Q3) 17,439 (9,285, 3'71%35352 19,569 (9,444, | 22,421 (9,444, | 16,999 (7,474, | 5,617 (1,482, | 18,887 (9,285, | 18,887 (9,444, | 18,887 (9,444, 2'7["555551 17,439 (9,285,
39,663) 30,039) 42,351) 41,808) 31,356) 9,444) 38,768) 39,860) 38,468) 27,096) 39,663)
Healthcare cost of crit-
ical care requiring me-
chanical ventilation (£)
51,103 52,000 52,071 51,106 41,379 50,686 39,029 51,135
Mean (D)l (45.055) | (43,415) | (a4,628) (37,077) (36,238) 16364 38,59) | (arssa) |*BE77BBOSON 23487) | (a2,008)
40,148 39,860 41,768 39,860 34,877 39,860 39,029 40,148
Median (Q1, Q3) (23,517, (19,930, (24,912, (23,517, (18,291, - 37’356;) Z(é(é,)904, (23,855, 38’968;' égé,)421, (22,421, (23,517,
64,772) 77,057) 61,556) 67,263) 55,637) ’ 62,712) ’ 55,637) 64,813)

Blank cells (i.e. “-“) are due those aged >85 years not receiving mechanical ventilation.

IC: immunocompromised; Non-IC: non-immunocompromised also known as immunocompetent.
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Supplementary eTable 4: Primary care HCRU stratified by age, risk of severe COVID and immunocompromised status at baseline among the hospitalised

cohort
Age stratifications Risk criteria Immunocompron.used status
at baseline
HCRU
Al 18-49 50-64 65-74 75-84 285 "X'S‘::':Zsr ::'; PANORAMIC (:::I? Ic Non-IC
(n=13,105) (n=3,127) | (n=4,844) | (n=2,386) | (n=1,690) | (n=1,058) (n=8,323) (n=11,011) (n=5,341) (n=181) (n=12,924)
29 14 27 15 28
- H H . () 0, [ [ 0,
Any COVID-19 medication use: n, (%) (0.2%) 6 (0.2%) 9(0.2%) 5(0.2%) 5(0.3%) <5 (0.3%) (0.3%) (0.3%) <5 (0.2%)
Primary care consultations- F2F: number o A o o o o o 2,124 1,093 31 o
with > 1 visit (%) 2,489 (19.0%) 559 (17.9%) | 921 (19.0%) | 425 (17.8%) | 354 (21.0%) | 230 (21.7%) | 900 (20.8%) (19.3%) (20.5%) (17.1%) 2,458 (19.0%)
Primary care consultations- Telephone: o 1,178 1,840 o o o o 4,341 2,306 87 o
number with > 1 call (%) 5,077 (38.7%) (37.7%) (38.0%) 949 (39.8%) | 701 (41.5%) | 409 (38.7%) |1,815 (42.0%) (39.4%) (43.2%) (48.1%) 4,990 (38.6%)

IC: immunocompromised; Non-IC: non-immunocompromised also known as immunocompetent.
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Supplementary eTable 5: Primary care costs stratified by age, risk of severe COVID and immunocompromised status at baseline among the hospitalised

cohort

Immunocompromised status

Risk criteria .
at baseline

Age stratifications

oNOYTULT D WN =

All
(n=13,105)

18-49
(n=3,127)

50-64
(n=4,844)

65-74
(n=2,386)

75-84
(n=1,690)

285
(n=1,058)

Mclnnes Advi-

sory Group
(n=4,323)

PANORAMIC
(n=11,011)

Green Book
(n=5,341)

Ic
(n=181)

Non-IC
(n=12,924)

Medication cost (£)

Mean (SD)

4.8 (15.4)

1.8(1.1)

1.9 (1.5)

2.6(1.4)

2.2(1.3)

22.2 (41.6)

8.2 (22.0)

5.1(15.9)

7.7 (21.3)

0.6 (-)

5.0 (15.7)

Median
(Q1, Q3)

1.8 (1.2, 2.5)

1.5 (0.9, 2.5)

1.3 (1.2, 1.8)

1.8 (1.8, 2.5)

2.5(1.3,2.8)

1.9 (0.9,
43.6)

2.5(1.3,3.6)

1.8 (1.2, 2.5)

2.5(1.3,3.6)

0.6 (0.6, 0.6)

1.8 (1.2, 2.5)

Primary care consulta-
tions- F2F (£)

Mean (SD)

30.5 (26.5)

31.4(30.3)

31.9 (24.7)

30.5 (26.3)

28.7 (28.1)

25.5 (20.1)

30.0 (24.6)

30.4 (25.8)

30.0 (25.6)

35.6 (27.1)

30.4 (26.5)

Median
(Q1, Q3)

39.2
(6.8,39.2)

39.2
(6.8,39.2)

39.2
(6.8,39.2)

39.2
(6.8,39.2)

39.2
(6.8,39.2)

13.5
(6.8,39.2)

39.2
(6.8,39.2)

39.2
(6.8,39.2)

39.2
(6.8,39.2)

39.2
(13.5,39.2)

39.2
(6.8,39.2)

Primary care consulta-
tions- Telephone (£)

Mean (SD)

22.5(13.8)

23.2(14.7)

22.7 (13.6)

22.2(14.0)

21.6(13.1)

21.4 (12.5)

23.0(14.2)

22.4 (13.6)

22.8 (13.9)

23.0(15.5)

22.5(13.8)

Median
(Q1,@3)

155
(15.5, 31.0)

15.5
(15.5, 31.0)

15.5
(15.5, 31.0)

15.5
(15.5, 31.0)

15.5
(15.5, 31.0)

15.5
(15.5, 31.0)

15.5
(15.5, 31.0)

15.5
(15.5, 31.0)

15.5
(15.5, 31.0)

15.5
(15.5, 31.0)

15.5
(15.5, 31.0)

IC: immunocompromised; Non-IC: non-immunocompromised also known as immunocompetent.
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Supplementary eTable 6: HCRU in the four weeks after index stratified by age, risk of severe COVID-19 and immunocompromised status at baseline among

the primary care cohort
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HCRU Age stratifications Risk criteria Immunocompron.used status
at baseline
Al 18-49 50-64 65-74 75-84 285 M:;:"Zsr::‘"' PANORAMIC | Green Book Ic Non-IC
(n=1,693,263) (n=1,161,843)| (n=379,528) | (n=92,573) (n=40,481) (n=18,838) (n-:SO 32;) (n=691,593) | (n=212,556) | (n=63,547) |(n=1,629,716)
Any COVID-19 medication 253 69 63 33 39 49 158 214 116 (0.1%) 51 202
use: n (%) (<1.0%) (<1.0%) (<1.0%) (<1.0%) (0.1%) (0.3%) (0.1%) (<1.0%) e (0.1%) (<1.0%)
Primary care consultations- 71,039 o o o o o o o 17,237 4,587 o
F2F: number with > 1 visit (%) (4.2%) 39,108 (3.4%) | 19,330 (5.1%) | 6,491 (7.0%) | 3,726 (9.2%) (2,384 (12.7%)| 16,989 (6.8%) | 40,991 (5.9%) (8.1%) (7.2%) 66,452 (4.1%)
Primary care consultations-
. . 137,148 o 40,311 13,434 o o 35,935 86,002 36,852 9,375 127,773
'::llle(y;h)one. number with > 1 (8.1%) 70,675 (6.1%) (10.6%) (14.5%) 7,860 (19.4%) | 4,868 (25.8%) (14.4%) (12.4%) (17.3%) (14.8%) (7.8%)
(]

Among COVID cases managed in the community, none had record of receipt of nirmatrelvir/ritonavir, remdesivir, casirivimab/imdevimab or bari-

citinib.

IC: immunocompromised; Non-IC: non-immunocompromised also known as immunocompetent.
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Supplementary eTable 7: Costs in the four weeks after index stratified by age, risk of severe COVID-19 and immunocompromised status at baseline among

Costs Age stratifications Risk criteria Immunocompromised status at baseline
Mclnnes Ad-
All 18-49 50-64 65-74 75-84 285 visory PANORAMIC Green Book IC Non-IC
(n=1,693,263) (n=1,161,843) (n=379,528) (n=92,573) | (n=40,481) | (n=18,838) Group (n=691,593) | (n=212,556) (n=63,547) (n=1,629,716)
(n=250,329)
Medication
cost (£)
Mean (SD) 165 (465) 242 (538) 204 (505) 134 (447) 187 (530) 8(36) 206 (518) 159 (457) 161 (448) 486 (759) 83 (307)
Median (8;; 2(2,4) 3(2, 256) 2(2, 24) 2(2,3) 3(1, 10) 3(1,3) 3(2,21) 2(2,4) 3(2,9) 21(3, 566) 2(2,3)
Primary care
consultations-
F2F (£)
28 28
Mean (SD) 27 (22) 26 (21) 28 (22) 27 (24) 27 (25) 27 (24) (24) 28 (23) (25) 28 (25) 27 (22)
Median (Q1,
Q3) 39(7,39) 39(7,39) 39(7,39) 39(7,39) 39(7,39) 39(7,39) 39(7,39) 39 (7, 39) 39(7,39) 39 (7, 39) 39(7,397)
Primary care
consultations-
Telephone (£)
Mean (SD) 18 (10) 17 (9) 18 (10) 18 (10) 19 (11) 20 (13) 18 (11) 18 (10) 19 (11) 18 (10) 18 (9)
Median (8;3 (161616) 16 (16, 16) 16(16,16) | 16(16,16) | 16(16,16) | 16(16,16) | 16(16,16) | 16(16,16) | 16(16, 16) 16 (16, 16) 16 (16, 16)

IC: immunocompromised; Non-IC: non-immunocompromised also known as immunocompetent.

7

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




BMJ Open Page 32 of 32

STROBE Statement—Checklist of items that should be included in reports of cohort studies

Item
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract

PAGE 1

(b) Provide in the abstract an informative and balanced summary of what was done and
what was found PAGE 2

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being reported
PAGE 3

Objectives 3 State specific objectives, including any prespecified hypotheses PAGE 3

Methods

Study design 4 Present key elements of study design early in the paper PAGE 4

Setting Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection PAGE 4

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants.
Describe methods of follow-up PAGE 4
(b) For matched studies, give matching criteria and number of exposed and unexposed
N/A

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable PAGE 4, 5, 6

Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment

measurement (measurement). Describe comparability of assessment methods if there is more than one
group PAGE 4

Bias 9 Describe any efforts to address potential sources of bias PAGE 5

Study size 10 Explain how the study size was arrived at PAGE 6

Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, describe

variables which groupings were chosen and why PAGE 6

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
PAGE 6
(b) Describe any methods used to examine subgroups and interactions PAGE 6
(c) Explain how missing data were addressed N/A
(d) If applicable, explain how loss to follow-up was addressed N/A
(e) Describe any sensitivity analyses N/A

Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially
eligible, examined for eligibility, confirmed eligible, included in the study, completing
follow-up, and analysed PAGE 6
(b) Give reasons for non-participation at each stage N/A
(c) Consider use of a flow diagram Due to limited eligibility criteria and retrospective
nature of study design, we have opted to keep information in text

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders PAGE 6, 7, 8, 9
(b) Indicate number of participants with missing data for each variable of interest PAGE
8,9
(c) Summarise follow-up time (eg, average and total amount) N/A

Outcome data 15*%  Report numbers of outcome events or summary measures over time PAGE 10, 11, 12,
13,14, 15
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Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included PAGE 10, 11, 12, 14, 15
(b) Report category boundaries when continuous variables were categorized PAGE &, 9
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period N/A

Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses N/A

Discussion

Key results 18  Summarise key results with reference to study objectives PAGE 16

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias PAGE 17

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence PAGE
16, 17

Generalisability 21  Discuss the generalisability (external validity) of the study results PAGE 16, 17

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based PAGE 19

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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