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Abstract

Background: We describe demographic features, treatments and clinical outcomes in the
International Severe Acute Respiratory and emerging Infection Consortium (ISARIC)
COVID-19 cohort, one of the world’s largest international, standardized data sets con-
cerning hospitalized patients.

Methods: The data set analysed includes COVID-19 patients hospitalized between
January 2020 and January 2022 in 52 countries. We investigated how symptoms on
admission, co-morbidities, risk factors and treatments varied by age, sex and other char-
acteristics. We used Cox regression models to investigate associations between demo-
graphics, symptoms, co-morbidities and other factors with risk of death, admission to an
intensive care unit (ICU) and invasive mechanical ventilation (IMV).

Results: Data were available for 689572 patients with laboratory-confirmed (91.1%) or
clinically diagnosed (8.9%) SARS-CoV-2 infection from 52 countries. Age [adjusted haz-
ard ratio per 10 years 1.49 (95% Cl 1.48, 1.49)] and male sex [1.23 (1.21, 1.24)] were asso-
ciated with a higher risk of death. Rates of admission to an ICU and use of IMV increased
with age up to age 60 years then dropped. Symptoms, co-morbidities and treatments
varied by age and had varied associations with clinical outcomes. The case-fatality ratio
varied by country partly due to differences in the clinical characteristics of recruited
patients and was on average 21.5%.

Conclusions: Age was the strongest determinant of risk of death, with a ~30-fold differ-
ence between the oldest and youngest groups; each of the co-morbidities included was
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associated with up to an almost 2-fold increase in risk. Smoking and obesity were also
associated with a higher risk of death. The size of our international database and the
standardized data collection method make this study a comprehensive international de-
scription of COVID-19 clinical features. Our findings may inform strategies that involve
prioritization of patients hospitalized with COVID-19 who have a higher risk of death.

Key words: COVID-19, SARS-CoV-2, cohort study, risk of death, co-morbidities, symptoms, treatments

Key Messages

national studies conducted over a short time period.

collection tools.

risk of death.

* Several studies have investigated the risks of severe illness and death due to infection with SARS-CoV-2, providing
estimates of the case-fatality ratio in different settings and risk factors for these outcomes, but these tended to be

* We show how clinical presentation and risks of death and admission to an intensive care unit vary with patient
characteristics based on a very large number of patient records from 52 countries, collected using standardized data

* Age was the strongest determinant of risk; pre-existing co-morbidities and male sex were also associated with higher
* Smoking and obesity are modifiable risk factors that are associated with a higher risk of death.

¢ Our findings may inform strategies that involve prioritization of patients, globally, who have a higher risk of adverse
outcomes if hospitalized with COVID-19, as well as prevention strategies.

Introduction

To respond to COVID-19, policymakers and clinicians need
robust data to drive the decision-making processes that save
or cost lives. Observational cohort data describing clinical
characteristics and the likelihood of severe outcomes can
guide health policy development, produce research hypothe-
ses for clinical trials and improve clinical guidelines for pa-
tient care.' Across the world, multiple cohort studies have
described the clinical impact of the COVID-19 pandemic*™®
but heterogeneity in study features makes combining and
comparing the findings challenging.

The Clinical Characterisation Protocol (CCP) developed
by the International Severe Acute Respiratory and emerg-
ing Infection Consortium (ISARIC) and the World Health
Organization (WHO)” has helped researchers across the
world to collect and analyse clinical data.'® Thanks to this
international co-operation, it has been possible to produce
a truly global cohort study using standardized clinical
data. The growing data set has been analysed regularly,
with results shared via reports,'' and the data set has been
used to address specific research questions.'*'3

We present data from an international cohort of almost
700000 patients from 1380 sites across 52 countries. We
summarize the demographic features and clinical presenta-
tion of hospitalized patients with COVID-19 in low-,

middle- and high-resource settings. We characterize the
variability in clinical features in these patients and explore
the risk factors associated with mortality, and the need for
intensive care and mechanical ventilation, on a global
scale. We aimed to report a general description of this in-
ternational data set 2 years after the beginning of the pan-
demic, to estimate the frequency of co-morbidities, risk
factors, symptoms and use of different treatments, and to
estimate the risk of severe clinical outcomes and the associ-
ations of various factors with risk of these outcomes.

Methods
Study

We used international prospective observational data of clini-
cal features and outcomes of patients admitted to hospital
with COVID-19. The ISARIC/WHO CCP, incorporating
Short PeRiod IncideNce sTudy of Severe Acute Respiratory
Infection (SPRINT-SARI),' is a standardized protocol for
investigations of (re-Jemerging pathogens of public health in-
terest. All data were stored at a central repository at the
University of Oxford, England. Patients with clinically sus-
pected or laboratory-confirmed COVID-19 infection were
enrolled in the study. Participating sites used the ISARIC case
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[ N = 699,014 participants ]
Excluded:
Participants with missing
age or sex (n =9,442)
[ Participants used in main analysis n = 689,572 }

/\

SARS-CoV-2 status not

[ SARS-CoV-2 positive n = 628,152 ] [ reported n = 61,420

Excluded: participants from sites
which reported incomplete data
collection on symptoms and
treatments (n = 408,822)

symptoms and treatments n = 280,750

Participants used in analysis of ]

SARS-CoV-2 positive
n=279,303

SARS-CoV-2 status not
reported n = 1,447

Figure 1 Numbers of participants. 6321 (0.92%) of the participants included in the main analysis were admitted to hospital for isolation

report form'” to enter data onto a Research Electronic Data
Capture (REDCap, version 8.11.11, Vanderbilt University,
Nashville, TN) database or wused local databases
(Supplementary Methods, available as Supplementary data at
IJE online) before uploading to the central data repository.
Centrally collated data were wrangled and mapped to the
structure and controlled terminologies of Study Data
Tabulation Model (version 1.7, Clinical Data Interchange
Standards Consortium, Austin, TX) using Trifacta® software.
The data collection, aggregation, curation and harmonization
process has been previously described.'® The first patient was
enrolled on 30 January 2020. This analysis includes all
patients whose data were entered up to 5 January 2022.

Participants

We included hospitalized patients of any age with clinically
or laboratory-diagnosed COVID-19. This analysis in-
cluded patients admitted to hospital in any of the countries
which contributed data. It also includes a small subset of
asymptomatic patients who were admitted to the hospital
purely for isolation (<1%).

Statistical analysis

We excluded patients with missing age or sex from all
analyses (Figure 1). Additionally, we excluded from analy-
ses of symptoms or treatments sites that did not record in-
formation on these two sets of variables. We calculated
medians and interquartile ranges (IQRs) for continuous

variables and proportions for categorical variables. We cal-
culated proportions of patients who met each of the
WHO, Centers for Disease Control and Prevention (CDC)
of the USA, European Centre for Disease Prevention and
Control (ECDC) and Public Health England (PHE)
symptom-based case definitions (Supplementary Methods,
available as Supplementary data at IJE online). We calcu-
lated case-fatality ratios (CFRs) overall, by country and by
month, using the method suggested by Ghani et al.'” We
calculated inverse-variance weighted CFRs by country.
Patients were followed up from hospital admission to
death, discharge or censoring, whichever occurred first.
Cox proportional hazards models were used to assess the
association of demographic variables, co-morbidities and
symptoms at admission (unless symptom onset was after
admission) with risk of death, admission to an intensive
care unit (ICU) or a high-dependency unit (hereafter re-
ferred to collectively as ICU) or use of invasive mechanical
ventilation (IMV). Individuals were censored if they were
lost to follow-up (e.g. transferred to another facility) or
remained in hospital on 6 January 2022. Time from symp-
tom onset to the time of death or censoring, whichever oc-
curred earlier, was used as the timescale. Patients were
considered at risk from the time of symptom onset or ad-
mission, whichever occurred later. For all outcomes, cen-
soring times of discharged patients were modified and set
to be equal to the maximum time to censoring/event (to ac-
count for informative censoring). For associations with ad-
mission to an ICU, the timescale was from symptom onset
to the earliest of admission to an ICU, death, discharge and
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censoring. The event was admission to an ICU. For associ-
ations with receipt of IMV, the timescale was from symp-
tom onset to the earliest of IMV, death, discharge and
censoring. The event was IMV. Models were adjusted for
age and sex, and stratified by country. We grouped coun-
tries with <50 individuals into a single category. Hazard
ratios (HRs) and 95% CIs were estimated. We assessed the
proportional hazards assumption using scaled Schoenfeld
residuals. For explanatory variables with multiple catego-
ries (such as age groups), we used quasi-standard errors'®
to facilitate comparisons between any two groups.

We repeated the main analyses for patients with
laboratory-confirmed SARS-CoV-2 only, as a sensitivity
analysis. For associations of age and sex with risk of death,
we also estimated HRs within each country and calculated
an overall HR using inverse-variance weighting. For age,
sex and co-morbidities, we also estimated associations
within the first (2020) and second year (2021) of the
pandemic.

In total, 9442 individuals had missing age or sex
(Figure 1) and were excluded from the analysis.
Missingness for other variables among included patients
varied from 2% to 93%. For analyses on the prevalence of
co-morbidities, risk factors, symptoms or treatments,
‘missing’ is shown as a separate category in all tables and
figures. For analyses on associations with outcomes, a
complete case approach was used.

Analysis was performed using R version 4.1.1 and pack-
ages survival, ggplot2, qucalc and finalfit.

Patient and public involvement

This was an urgent public health research study in response
to a Public Health Emergency of International Concern.

Patients or the public were not involved in the design, con-
duct or reporting of this rapid response research. ISARIC,
ISARIC4C, the National Institute of Communicable
Diseases South Africa and other collaborators have public
facing websites (isaric.org; isaric4c.net; nicd.ac.za) and so-
cial media accounts to disseminate findings. The contribut-
ing individuals and institutions engage with print and
internet press, television, radio, news and documentary
programme makers to share evidence with the public and
invite feedback.

Results

Participants’ characteristics

In total, 689 572 patients (Figure 1) were included from
1380 sites in 52 countries (Figure 2 and Supplementary
Figure S1, available as Supplementary data at IJE online).
Overall, 91.1% of the participants included in the primary
analysis had a positive SARS-CoV-2 PCR test (Table 1);
49.4% were male and the median age was 58 years (range
0 to 119, IQR 30). The median time from the latest of
symptom onset or admission to discharge, death or date
last known to be alive was 6 (IQR 10) days. Among
679 194 individuals with a known ICU admission status,
15.9% were admitted to an ICU, a third of whom were ad-
mitted directly (on the day of hospitalization). Oxygen sat-
uration on presentation to hospital was reported for
34.8% of patients with a median SpO2 of 96% (IQR 4%).

The majority of patients were recruited in South Africa
(59.3%) and 31.1% in the UK (Table 1). Participants’
characteristics varied between patients admitted directly to
an ICU, those admitted at a later time point and those
never admitted (Supplementary Table S1, available as

Number of patients

100,000
10,000

100
10

Figure 2 Numbers of patients by country
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Table 1 Participants’ characteristics

N recorded (%) Female Male Total

Total N 349267 340305 689572
Age 689572 (100.0) Median (IQR) 57.0 (39.0 to 72.0) 58.1(45.0 to 72.0) 58.0 (42.0 to 72.0)

0-9 6863 (2.0) 8624 (2.5) 15487 (2.2)

10-19 9023 (2.6) 6594 (1.9) 15617 (2.3)

20-29 27684 (7.9) 15233 (4.5) 42917 (6.2)

30-39 44367 (12.7) 32124 (9.4) 76491 (11.1)

40-49 44562 (12.8) 48309 (14.2) 92871 (13.5)

50-59 60856 (17.4) 66106 (19.4) 126962 (18.4)

60-69 56001 (16.0) 63357 (18.6) 119358 (17.3)

70-79 48288 (13.8) 54735 (16.1) 103023 (14.9)

80-89 38383 (11.0) 36251 (10.7) 74634 (10.8)

90+ 13240 (3.8) 8972 (2.6) 22212 (3.2)
Region 689 572 (100.0) East Asia and Pacific 2551 (0.7) 5565 (1.6) 8116 (1.2)

Europe and Central Asia 108670 (31.1) 133306 (39.2) 241976 (35.1)

Latin America and 1451 (0.4) 2618 (0.8) 4069 (0.6)

Caribbean
Middle East and North 400 (0.1) 608 (0.2) 1008 (0.1)
Africa

North America 3346 (1.0) 4733 (1.4) 8079 (1.

South Asia 5882 (1.7) 11226 (3.3) 17108 (2.

Sub-Saharan Africa 226 967 (65.0) 182 249 (53.6) 409 216 (59 3)
Onset to admission (days) 619812 (89.9) Median (IQR) 0 (0.0 to 3.0) 0 (0.0 to 5.0) 0 (0.0 to 4.0)
Length of hospital stay (days) 689572 (100.0) Median (IQR) 0(2.0to0 11.0) 0(3.0to0 12.0) 0 (2.0 t0 12.0)
Body mass index (kg/m?) 18582 (2.7) Median (IQR) 27 7(23.5t0 32.5) 27 3(24.2t0 30.9) 27 5(24.0t0 31.2)
Heart rate on admission (b.p.m.) 229125 (33.2) Median (IQR) 90.0 (79.0 to 103.0) 90.0 (78.0 to 103.0) 90.0 (79.0 to 103.0)
Systolic blood pressure on admission (mmHg) 236114 (34.2) Median (IQR) 128.0 (114.0 to 144.0) 129.0 (116.0 to 143.0) 129.0 (115.0 to 144.0)
Diastolic blood pressure on admission (mmHg) 236097 (34.2) Median (IQR) 73.0 (65.0 to 82.0) 75.0 (67.0 to 84.0) 74.0 (66.0 to 83.0)
Temperature on admission (degrees C) 238084 (34.5) Median (IQR) 37.0 (36.5t0 37.7) 37.0 (36.5t0 37.8) 37.0 (36.5to 37.8)
Oxygen saturation on admission (%) 240068 (34.8) Median (IQR) 96.0 (93.0 to 98.0) 95.0 (92.0 to 97.0) 96.0 (93.0 to 97.0)
— On oxygen therapy 78961 (32.9%%) Median (IQR) 95.0 (92.0 to 97.0) 95.0 (92.0 to 97.0) 95.0 (92.0 to 97.0)
— In room air 150585 (62.7%*) Median (IQR) 96.0 (94.0 to 98.0) 96.0 (93.0 to 97.0) 96.0 (93.0 to 98.0)
— Unknown oxygenation status 10689 (4.5%%) Median (IQR) 96.0 (93.0 to 98.0) 96.0 (93.0 to 97.0) 96.0 (93.0 to 98.0)
Respiratory rate on admission 229421 (33.3) Median (IQR) 20.0 (18.0 to 24.0) 21.0(18.0 to 26.0) 20.0 (18.0 to 25.0)
Admission to ICU 674753 (97.9) Never 300046 (87.6) 270984 (81.6) 571030 (84.6)

Later admission 30290 (8.8) 38720 (11.7) 69010 (10.2)

Direct admission 12212 (3.6) 22 501 (6.8) 34713 (5.1)
Outcome 689572 (100.0) Unknown outcome 28189 (8.1) 33706 (9.9) 61895 (9.0)

Death 69878 (20.0) 80589 (23.7) 150467 (21.8)

Discharge 251200 (71.9) 226010 (66.4) 477210 (69.2)
SARS-CoV-2 status 689572 (100.0) Positive 314139 (89.9) 314013 (92.3) 628152 (91.1)

Unknown 35128 (10.1) 26292 (7.7) 61420 (8.9)

*Percentage of individuals with oxygen saturation recorded.
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Figure 3 Symptom prevalence by age (n=290750)

Supplementary data at IJE online). In particular there were
differences in age, region and vital signs (heart and respira-
tory rate and blood pressure). Anthropometric variables
and vital signs varied by age (Supplementary Table S2,
available as Supplementary data at IJE online).

Presenting symptoms

The most common symptoms on presentation were short-
ness of breath (50%), cough (48.5%) and fever (44.3%)
(Figure 3 and Supplementary Table S3, available as
Supplementary data at IJE online). There was some varia-
tion by age and country (Supplementary Figure S2, avail-
able as Supplementary data at IJE online). Fatigue/malaise,
cough and shortness of breath were most prevalent
amongst patients who were 40-70years old. The preva-
lence of altered consciousness/confusion increased with age
and was reported in 28.4% of patients of >80 years of age.
Loss or altered smell or taste were not commonly reported
but there was a high proportion of missing values for these
two symptoms (39.3% for loss of smell and 40.5% for
taste). We have previously described the associations of
age and gender with presenting symptoms.'' Prevalence of

symptoms by age was similar when we restricted our

OOO____.n-.IlIII P [ [Tre— | | [T

Lost/altered sense of smell

Headache Muscle achesfjoint pain

IIIIIIII“ Illlllllll TS T T | | —

Diarrhoea Vomiting/nausea

Symptom reported

. Yes

No

Missing

Lost/altered sense of taste

0.00- l — N NN

analysis to patients with laboratory-confirmed SARS-CoV-
2 (Supplementary Figure S3, available as Supplementary
data at IJE online) but there were more missing values
among individuals with only a clinical diagnosis
(Supplementary Figure S4, available as Supplementary
data at IJE online). Altered consciousness/confusion,
cough, fatigue/malaise, fever, shortness of breath and vom-
iting/nausea were more frequently reported in patients
with laboratory-confirmed SARS-CoV-2 infection than in
those with a clinical diagnosis alone (Supplementary
Figure S5, available as Supplementary data at IJE online).
Overall, 50-70% of patients met each of the interna-
tional symptom-based case definitions. These proportions
were higher among those with laboratory-confirmed
SARS-CoV-2 infection (CDC met by 64.0% vs 33.7%
among laboratory-confirmed and clinically diagnosed, re-
spectively, ECDC 68.7% vs 31.3%, PHE 61.3% vs
33.7%, WHO 49.2% vs 30.2%) (Supplementary Figure
S6, available as Supplementary data at IJE online).
Individuals aged 40-70years were more likely to meet
each of the four case definitions based on symptoms than
patients at the extremes of the age distribution (Figure 4).
Adults with laboratory-confirmed SARS-CoV-2 infection

were more likely to meet one of the four case definitions
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Figure 5 Prevalence of pre-existing co-morbidities and risk factors (n= 689 572)

based on symptoms than those with only a clinical diagno-
sis of SARS-CoV-2 infection, but the opposite was true
amongst patients aged <20 years (Supplementary Figure
S7, available as Supplementary data at IJE online).
Routine blood test results are shown in Supplementary
Table S4 (available as Supplementary data at IJE online).
The median white blood cell count (7.2x10%; IQR 5.4-
9.8x10” cells per litre) was normal but the median lym-
phocyte count was low (0.9x10%; IQR 0.6-1.3x10” cells
per litre) among participants with available data. The me-

dian C-reactive protein was high (74.0; IQR 30.0-

138.0 mg/litre) but the median liver transaminase and me-
dian urea levels were unremarkable. Several median values
for routine blood test results varied with age; with increas-
ing age, the median lymphocyte count was lower, whereas
the median urea was higher (Supplementary Figure S8,
available as Supplementary data at IJE online).

Pre-existing co-morbidities and risk factors

The most common pre-existing co-morbidities were hyper-
tension, diabetes and chronic cardiac disease (Figure 5
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Table 2 Oxygen supplementation among patients who received at least one type of oxygen supplementation
N recorded (%) Female Male Total
Total N (%) 72484 (40.4) 106 964 (59.6) 179 448
Extracorporeal membrane oxygenation 173972 (96.9) No 69984 (99.1) 102052 (98.7) 172036 (98.9)
Yes 603 (0.9) 1333 (1.3) 1936 (1.1)
Ever received invasive mechanical ventilation 176135 (98.2) No 58745 (82.5) 78950 (75.2) 137695 (78.2)
Yes 12462 (17.5) 25978 (24.8) 38440 (21.8)
Ever received non-invasive ventilation 177313 (98.8) No 56111 (78.3) 76922 (72.8) 133033 (75.0)
Yes 15594 (21.7) 28686 (27.2) 44280 (25.0)
High-flow nasal cannula 163908 (91.3) No 45488 (68.5) 62879 (64.5) 108 367 (66.1)
Yes 20 891 (31.5) 34 650 (35.5) 55 541 (33.9)
Oxygen therapy via mask 45(0.0) No 7 (89.5) 1(80.8) 8 (84.4)
Yes 2(10 5) 5(19 2) 7(15 6)
Nasal oxygen therapy 45 (0.0) No 0(0.0) 2(7.7) 2(4.4)
Yes 19 (100.0) 24 (92.3) 43 (95.6)
Other or unspecified type of oxygen 87328 (48.7) 38922 (100.0) 48406 (100.0) 87328 (100.0)
supplementation
Number of types of oxygen supplementation 92120 (51.3) 1 20998 (62.6) 33792 (57.7) 54790 (59.5)
2 9240 (27.5) 17672 (30.2) 26912 (29.2)
3 3203 (9.5) 6836 (11.7) 10039 (10.9)
4 121 (0.4) 258 (0.4) 379 (0.4)

*Extracorporeal membrane oxygenation, invasive mechanical ventilation, non-invasive ventilation or high-flow nasal cannula.

Antibacterial agents

Corticosteroids

Antiviral agents

Inotropes/vasopressors

Anticoagulant

Antifungal agents

Neuromuscular blocking agents

Agents acting on the renin angiotensin system
Tracheostomy

Immunosuppressants
Off-label/compassionate use medications
Interleukin inhibitors

Antimalarial agents

Convalescent plasma

Inhaled nitric oxide

. Yes

No
NA

0% 25% 50% 75% 100%

Figure 6 Proportion who have received each treatment (n=290750)

and Supplementary Table S5, available as Supplementary
data at IJE online). Among 538 974 individuals with data
available for any five or more co-morbidities or risk fac-
tors, 165 987 (30.8%) had no co-morbidities reported. The
prevalence of most co-morbidities varied by age
(Supplementary Figure S9, available as Supplementary

data at IJE online). The prevalence of chronic cardiac dis-
ease, chronic kidney disease, dementia, hypertension and
rheumatologic disorder increased with age. The prevalence
of diabetes was highest in individuals aged 60-80 years.
There were 26776 patients with HIV infection, 11384
with tuberculosis and 5044 with both; 25368 of the
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patients with HIV infection and 11137 patients with tu-
berculosis were from South Africa. Obesity was reported
for 48 077 participants, smoking for 65056 and pregnancy
for 18 669.

Treatments

Of 275051 patients with available data on oxygen therapy
(98.0% of individuals included in the treatment analyses),
179448 (65.2%) received oxygen therapy at any time dur-
ing hospitalization, which was delivered via a high-flow na-
sal cannula to 55541 (19.8%), by non-invasive ventilation
(NIV) to 44280 (15.8%) and IMV to 38440 (13.7%)
(Table 2). Type of oxygen supplementation received was
not specified for 48.7%. As might be expected, a propor-
tion of patients received multiple types of oxygen delivery
systems during their admission [37330 (20.8%)]. For in-
stance, 41.8% of those receiving IMV also received oxygen
delivered via NIV.

The most used treatments were oxygen therapy, anti-
bacterial agents and corticosteroids (Figure 6 and
Supplementary Table S6, available as Supplementary data
at IJE online). The proportion of patients receiving anti-
bacterial agents increased with age, as did the proportion
receiving corticosteroids up to ages 70-80 years
(Supplementary Figure S10, available as Supplementary
data at IJE online). Information on antibacterial treatment
was available for 255031 patients, 198295 (77.8%) of

whom received antibacterial agents; 126 391 of 262 385 of
patients with data available (48.2%) received corticoste-
roids. The use of corticosteroids increased after the publi-
cation of results of the RECOVERY trial'® in June 2020
(Supplementary Figure S11, available as Supplementary
data at IJE online), in particular among patients who re-
ceived oxygen supplementation, in line with the trial
results.

CFR

The CFR varied by country (Figure 7), likely because of the
different features of different sites in different countries
where patients of different disease severity may be admit-
ted. The weighted average CFR was 0.215 [standard error
(SE) 0.000462]. Among patients for whom reporting com-
menced in the ICU, the CFR was 0.469 (SE 0.00287).
Among patients admitted to the ICU but for whom report-
ing did not commence in the ICU, the CFR was 0.341 (SE
0.00178). The CFR was 0.214 (SE 0.00048) among
patients with laboratory-confimed SARS-CoV-2 and 0.231
(SE 0.00161) among patients with clinically diagnosed
COVID-19. The CFR varied over time during the study, as
did patient recruitment at different sites (Supplementary
Figure S12, available as Supplementary data at IJE online).
Admission criteria likely varied by country and time, con-
tributing to the heterogeneity in illness severity. Death and
discharge rates increased over the first 40days from
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hospital admission (or symptom onset if this occurred after
admission) (Supplementary Figure S13, available as

Supplementary data at IJE online).

Associations with death

The risk of death was higher for males than for females
(Figure 8). Older age was associated with a significantly
higher risk of death, with a HR of 1.49 (95% CI 1.48,
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Figure 8 Cumulative incidence curves of death and discharge by sex
(n=689572)

1.49) per 10years higher age, adjusting for sex and strati-
fying by country, with individuals aged 90-100 years hav-
ing an HR of 17.45 (95% CI 16.54, 18.40) compared with
the group aged 20-30 years (Supplementary Figure S14,
available as Supplementary data at IJE online). Males had
a significantly higher risk of death than females, with an
HR of 1.23 (95% CI 1.21, 1.24), adjusting for age (in 10-
year groups) and stratifying by country. There was evi-
dence of deviation from the proportional hazards assump-
tion for both variables. There was no particular trend over
follow-up for the magnitude of the association of age with
death, but the magnitude of the association of male sex
with death appeared to increase with increasing time from
admission (or symptom onset for patients who developed
symptoms after admission). A model stratified by sex was
fitted to estimate associations of age with death taking this
time-varying association of sex into account. HRs for age
estimated by the two models were very similar. HRs were
also estimated by sex and age, stratifying (allowing differ-
ent baseline hazards) by country (Figure 9). HRs for age
(Supplementary Figure S15, available as Supplementary
data at IJE online) and sex (Supplementary Figure S16,
available as Supplementary data at IJE online) varied by
country. Country-specific HRs for a 10-year increase in
age varied from 1.15 (Italy; 95% CI 1.05, 1.26) to 3.50
(Poland; 1.19, 10.29), with a pooled estimate of 1.49
(1.48, 1.49), which is the same as the estimate from the
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were adjusted for age and age?, stratified by sex and country

main analysis. For sex (males vs females), HRs were be-
tween 0.61 (Malawi; 95% CI 0.28, 1.31) and 3.57 (Japan;
1.05, 12.07), with a weighted average of 1.26 (1.25, 1.27)
[compared with 1.23 (1.21, 1.24) in the main analysis].
When fitting a model including age (continuous) and sex,
and stratified by country, within each year of the pan-
demic, HRs (95% CI) per 10 years of higher age were 1.50
(1.49, 1.51) for 2020 and 1.47 (1.47, 1.48) for 2021, and
for males vs females 1.31 (1.29, 1.33) and 1.20 (1.19,
1.22), respectively.

Overall, HIV infection [HR 1.77 (95% CI 1.72, 1.81),
adjusting for age, age? and sex, and stratifying by country]
and tuberculosis [1.56 (1.50, 1.62)] were associated with
the highest relative risks of death; there was no evidence of
an interaction (P=0.18). Since many patients with these
co-morbidities were from South Africa, we assessed the
associations separately among patients from South Africa
and patients from all other countries by fitting a model in-
cluding HIV, tuberculosis, age and age stratified by sex
and country. The associations with risk of death did not
significantly differ between patients from South Africa and
patients from other countries, although estimates were nu-
merically higher for patients from South Africa: respec-
tively for HIV HR (95% CI) 1.52 (1.47, 1.58) and 1.18
(0.83, 1.69) and for tuberculosis 1.35 (1.29, 1.41) and
1.18 (0.82, 1.70). All reported co-morbidities were associ-
ated with a higher risk of death, except rheumatologic dis-
order and asthma for which there was no evidence of an
association (Figure 10 and Supplementary Table S7, avail-
able as Supplementary data at IJE online). Obesity was as-
sociated with a higher risk of death [HR 1.24 (1.21, 1.27)].
Smoking was also associated with a higher risk of death
[1.10 (1.07, 1.12)]. Pregnancy was associated with a lower
risk of death [HR 0.37 (0.33, 0.41) among females aged

15-45 years, adjusting for age, age* and stratifying by
country]. There were small differences in the magnitude of
associations of co-morbidities with risk of death between
calendar years (Supplementary Figure S17, available as
Supplementary data at IJE online).

Inability to walk [HR 1.84 (95% CI 1.67, 2.03), adjust-
ing for age, age’* and sex, and stratifying by country],
shortness of breath [1.76 (1.72, 1.80)], lymphadenopathy
[1.45 (1.27,1.65)], wheezing [1.40 (1.35, 1.45)], severe de-
hydration [1.36 (1.31, 1.41)], altered consciousness/confu-
sion [1.32 (1.29, 1.35)], skin rash [1.30 (1.22, 1.37)],
cough [1.16 (1.13, 1.18)], fever [1.18 (1.16, 1.20)] and fa-
tigue/malaise [1.06 (1.04, 1.08)] were associated with a
higher risk of death (Figure 10 and Supplementary Table
S8, available as Supplementary data at IJE online). In gen-
eral, gastrointestinal, musculoskeletal symptoms and loss
of or altered taste or smell were associated with a lower
risk of dying; e.g. nausea/vomiting had a HR of 0.81 (0.79,
0.83), abdominal pain 0.84 (0.81, 0.88), diarrhoea 0.93
(0.91, 0.96) and muscle aches/joint pain 0.88 (0.86, 0.91).

Associations with admission to an ICU and with
use of IMV

The risk of admission to an ICU increased with age after
age 30 years and started decreasing from age 60 years,
with patients aged >80 years being unlikely to be admitted
to an ICU. Men were more likely to be admitted to an ICU
overall, with a HR of 1.17 (1.15, 1.18). There was evi-
dence of non-proportional hazards, indicating that the rel-
ative risk changed with time since symptom onset (or
hospitalization). There were similar patterns for risk of
IMV (Figure 11). There was some variation in risks by age
in different countries (Supplementary Figure S18, available
as Supplementary data at IJE online).
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Figure 11 Hazard ratios and 95% confidence intervals for (A) admission to an intensive care unit and (B) use of invasive mechanical ventilation by age

(n=689572)

Discussion

The ISARIC international cohort study included at the
time of these analyses standardized data on almost
700000 patients from 1380 sites across 52 countries. To
our knowledge, this is the most extensive in-hospital
COVID-19 cohort study in the world. The size and breadth
of the study allow us to evaluate the contribution of indi-
vidual risk factors to outcomes such as death, admission to
an ICU and use of mechanical ventilation. The value of the
international cohort design is its capacity to cover the
breadth of COVID-19 characteristics unencumbered by
differences in classification and reporting. Furthermore,
our international cohort design allowed us to explore risk
factors that are globally uncommon, or uncommon in
cohorts from high-income countries. For example, our
data set is the largest prospective cohort study of COVID-
19 patients with HIV infection, tuberculosis, malnutrition,
pregnancy and transplantation. Although the study popu-
lation includes children and we have presented some of
their characteristics, a detailed analysis of the children pop-
ulation is beyond the scope of this paper.

Across the cohort, the most common presenting symp-
toms were fever, shortness of breath and cough. Among
other symptoms reported, the most common were altered
consciousness in older patients and gastrointestinal symp-
toms in younger patients. Our data show that about one-
third of patients do not meet one of the four most widely
used case definitions at the time of hospitalization, particu-
larly those in the younger and older age groups. These dif-
ferences are relevant when defining testing or isolation and
for early detection of new clusters and variants. Although
case definitions must be simple, age-specific definitions
may improve sensitivity. This has implications also for case

management; about one-third of patients did not require
any oxygen therapy during their hospitalization.

Our study confirms that the strong association between
age and risk of death from COVID-19 is a global phenom-
enon. The elderly are at a significantly higher risk of death
from COVID-19. Every decade of life adds a 50% risk of
dying, with those aged >90 years having a 17-fold higher
risk than 20- to 30-year-olds. Although similar results

were shown globally for non-hospitalized cases,”®*!

our
study reproduces these results globally and amongst hospi-
talized patients. There were differences between the sexes,
with men having an increased risk of death around one-
third higher than the corresponding female 10-year age
group. A meta-analysis published early in the pandemic
showed that male patients had an odds ratio (OR) of 2.84
(95% CI 2.06, 3.92) for intensive treatment unit admission
and an OR of 1.39 (1.31, 1.47) for death compared with
females, despite not having a higher risk of infection.”> A
US study of hospitalized patients also reported a higher
risk of death among males.”® Such age- and sex-specific
CFRs with a global perspective are critical to understand-
ing the global in-hospital burden of COVID-19. The pat-
tern holds across lower- and higher-income countries.
Interestingly, non-respiratory presentations were associ-
ated with lower risk of death.

We found five co-morbidities to be strongly associated
with risk of death. The most substantial risk factor was
HIV infection. There was a high proportion of people liv-
ing with HIV (PLWH) in this cohort. Whilst retrospective
health records analyses have been performed previ-
ously,>**° this is the most extensive international cohort
study of COVID-19 in PLWH. A recent cohort study per-
formed in South Africa*® demonstrated that PLWH had an
adjusted OR of death of 1.34 (95% CI 1.27, 1.43). Our
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study reinforces these findings and suggests that a higher
risk is observed in other countries as well. Unfortunately,
we have no further detail on how well controlled the HIV
infection was or on the levels of immunocompromise for
PLWH in our study. The second strongest association with
the risk of death was a diagnosis of tuberculosis. To our
knowledge, this is also the largest international cohort of
patients co-infected with SARS-CoV-2 and tuberculosis
(>5000 patients); however other studies have reported a
higher risk of death among patients with COVID-19 and
tuberculosis.?®*” There have been few studies on the effect
of COVID-19 on transplant patients. The 1606 transplant
patients included in our data set make it one of the largest
cohorts to date. Overall, risk of death was 52% higher in
transplant patients and 34% higher in those on immuno-
suppressive therapies. Several studies have shown that to-
bacco smoking is associated with worse COVID-19
outcomes.”®** We found a 10% higher risk of death
among smokers; however, smoking information was avail-
able only on ~30% of patients and detailed information
on the quantity and duration of smoking were not avail-
able. Obesity is a recognized risk factor for hospitalization
and poor outcomes in patients with COVID-19 and has
been one of the conditions for which individuals are priori-
tized for access to vaccines and treatments. Obesity was as-
sociated with a 24% increase in risk; obesity status was
available for ~45% of patients. Both smoking and obesity
are potentially modifiable risk factors that could be tar-
geted by public health measures. Our results suggest preg-
nancy is associated with a lower risk of death among
people admitted to hospital, which appears to contrast
with other studies suggesting an increased risk of death, in-
tubation or ICU admission for pregnant women.*’
However, the UK Obstetric Surveillance System found that
55% of hospital admissions for pregnant women with
COVID-19 were for the purpose of giving birth,>' whereas
very few other elective and semi-elective admissions were
taking place during the pandemic; this is likely to have in-
creased the proportion of pregnant women in hospital with
less severe COVID-19 compared with the broader cohort,
confounding our observed lower risk of death for pregnant
women.

Globally, CFRs were much higher in the 5% of patients
who were admitted to an ICU on the first day of their ad-
mission than those who required an ICU later during their
admission. The risk of admission to an ICU increased with
age, but then started decreasing from age 60 years, with
patients aged >80 years being very unlikely to be admitted
to an ICU. It has been suggested that patients who have se-
vere illness and are not treated in an ICU have poorer out-
comes.*” This may reflect decisions to admit patients to an
ICU during periods when resources were limited, taking

into account their overall health. Compared with other
studies, these results are consistent for patients aged
<60 years but not for those aged >60 years. For example,
in a study from the USA®? and in a separate meta-analy-
sis,”* elderly patients were more likely to be admitted to an
ICU than their younger counterparts;®> this may reflect
geographical variation in clinical practice.

This international cohort study overcomes some of the
traditional problems of multicentre observational studies
by using standardized variables and outcome measures.
Our data are likely to be of value in modelling and health
system planning. For example, we note the greatly in-
creased risk of death amongst patients with tuberculosis
and malnutrition in our cohort and protecting such indi-
viduals from COVID-19 must be a critical public health
priority for countries with high prevalence rates of these
conditions. Equally concerning is our finding of increased
risk of death amongst PLWH. Many PLWH reside in sub-
Saharan Africa and our data may indicate a phenomenon
that is currently hidden due to under-testing for SARS-
CoV-2%¢ across Africa.

Limitations

Whereas our study includes a broad range of data from dif-
ferent countries, various sites have different levels of data
completeness. For example, we cannot evaluate the pro-
portion of patients with HIV infection or tuberculosis who
were taking appropriate, effective treatments. We have no
further detail on the type of organ received by the trans-
plantation cohort. Missing data may have affected the esti-
mates of prevalence of symptoms, co-morbidities and
other patient characteristics, as well as estimates of associ-
ations between these and risks of outcomes. We presented
missing data in each variable in tables and figures.
Specifically for symptoms and treatments, data from South
Africa were not available and aggregated estimates might
largely reflect data from the UK. Whereas we have pro-
duced a summary of the associations of risk factors with
outcomes in COVID-19, pandemics are complex, dynamic
phenomena. There is variation in the amount and com-
pleteness of data between countries and between sites
within each country. Although we have adjusted for poten-
tial confounders, inclusion of patients in the data varies by
country/site, which may lead to bias in estimates of associ-
ation and of absolute risks such as CFR. Our findings will
increasingly be influenced by the provision of vaccination,
which we have not examined in this study, and effective
treatments, as well as the variability in access to these
measures in the global context. We do not include data on
SARS-CoV-2 variants of concern in this paper. The major-
ity of submitted case records come from two countries: the
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UK and South Africa; however, there were 22 countries
with data on >500 patients.

Conclusion

This paper represents the largest international cohort of
hospitalized COVID-19 patients published to date. We
demonstrate several associations of global importance, in-
cluding an increased risk of death in patients with HIV and
tuberculosis. Co-morbidities were associated with a higher
risk of death, each associated with up to a 2-fold increase.
Smoking and obesity were also associated with a higher
risk of death. Age was most strongly associated with risk
of death, with a ~30-fold difference between the oldest
and youngest groups. These findings may be used to in-
form strategies that involve prioritization of high-risk
patients hospitalized with COVID-19 and prevention strat-
egies. The ISARIC global collaboration continues to collect
standardized data which will enable continued data-led
comparisons as the world implements vaccination, treat-

ment and public health control strategies.
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