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ABSTRACT

Introduction A proportion of people develop Long Covid
after acute COVID-19, but with most studies concentrated
in high-income countries (HICs), the global burden is
largely unknown. Our study aims to characterise long-term
COVID-19 sequelae in populations globally and compare
the prevalence of reported symptoms in HICs and low-
income and middle-income countries (LMICs).

Methods A prospective, observational study in 17
countries in Africa, Asia, Europe and South America,
including adults with confirmed COVID-19 assessed at
2 to <6and 6 to <12 months post-hospital discharge.
A standardised case report form developed by
International Severe Acute Respiratory and emerging
Infection Consortium’s Global COVID-19 Follow-up
working group evaluated the frequency of fever,
persistent symptoms, breathlessness (MRC dyspnoea
scale), fatigue and impact on daily activities.

Results Of 11860 participants (median age: 52 (IQR:
41-62) years; 52.1% females), 56.5% were from
HICs and 43.5% were from LMICs. The proportion
identified with Long Covid was significantly higher in
HICs vs LMICs at both assessment time points (69.0%
vs 45.3%, p<0.001; 69.7% vs 42.4%, p<0.001).
Participants in HICs were more likely to report not
feeling fully recovered (54.3% vs 18.0%, p<0.001;
56.8% vs 40.1%, p<0.001), fatigue (42.9% vs 27.9%,
p<0.001; 41.6% vs 27.9%, p<0.001), new/persistent
fever (19.6% vs 2.1%, p<0.001; 20.3% vs 2.0%,
p<0.001) and have a higher prevalence of anxiety/
depression and impact on usual activities compared
with participants in LMICs at 2 to <6and 6 to <12

months post-COVID-19 hospital discharge, respectively.

Conclusion Our data show that Long Covid
affects populations globally, manifesting similar
symptomatology and impact on functioning in both HIC
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Prior to this study, global data on Long Covid were
sparse, with most studies focused on high-income
countries (HICs).

= Long Covid sequelae identified in previous studies
included a wide range of symptoms, with fatigue,
breathlessness, cognitive dysfunction and various
physical complications.

= The lack of precise case definitions, standardised
protocols and tools has hindered a comprehensive
understanding of Long Covid and its impact globally.

WHAT THIS STUDY ADDS

= This study, employing a collaborative harmonised
approach to data collection across four continents,
reveals key Long Covid characteristics affecting
populations worldwide.

= Although the prevalence was higher in HICs, the in-
dividual and broader socioeconomic impact may be
higher in resource-limited settings.

= Codevelopment of a standardised protocol using val-
idated tools facilitated implementation in resource-
restricted settings during the pandemic.

and LMICs. The prevalence was higher in HICs versus
LMICs. Although we identified a lower prevalence,

the impact of Long Covid may be greater in LMICs if
there is a lack of support systems available in HICs.
Further research into the aetiology of Long Covid and
the burden in LMICs is critical to implement effective,
accessible treatment and support strategies to improve
COVID-19 outcomes for all.
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= Our data highlight the need for further research into underlying
aetiologies of Long Covid to inform precise case definitions, trials
and evidence-based care pathways to improve equitable COVID-19
outcomes.

= Further, research to identify the impact of Long Covid globally, to
inform targeted strategies to support recovery and mitigate wider
socioeconomic impact.

= Prepositioned standardised follow-up protocols nested in strategic
observational and adaptive trial platforms should be incorporated in
epidemics and pandemic preparedness plans.

INTRODUCTION
The COVID-19 pandemic has caused a substantial
burden on healthcare systems and economies worldwide,
especially in lower-income and middle-income countries
(LMICs)," * with 774million confirmed cases globally,
3.42million in LMICs and 7.02million deaths world-
wide (as of 24 January 2024).” SARS-CoV-2 can cause
prolonged sequelae and complications, as previously
documented for other infections.”™ People affected by
long-term sequelae coined the term Long Covid. WHO
later defined post-COVID-19 condition/Long Covid as
occurring in individuals with a history of probable or
confirmed SARS CoV-2 infection, usually 3months from
the onset of COVID-19 with symptoms that last for at least
2months and cannot be explained by an alternative diag-
nosis, generally impacting on functionality.” Since then, a
number of studies have documented a broad spectrum of
physical and psychological postacute COVID-19 sequelae
affecting both adults and children.'’ It is estimated that
6%—10% of adults are affected by Long Covid following
SARS-CoV-2 infection."" Post:COVID-19 sequelae affect
adults of all ages across acute disease spectra.'” Hospital-
isation has been identified as a risk factor for prolonged
COVID-19 recovery.””Due to heterogeneous study
designs, case definitions, limited research resources and
most studies being concentrated in high-income (HICs)
countries, underlying aetiology, precise clinical charac-
teristics, optimal care, the global burden and the wider
individual and socioeconomic impact remain uncertain.
While studies have shown that COVID-19 vaccination can
provide protection against Long Covid, the protection is
imperfect.” '* Limited access to treatment trials has led
to people resorting to trialling non-evidence-based exper-
imental Long Covid treatments, with associated risks and
costs to individuals, creating moral and ethical dilemmas
for clinicians and challenges for trial implementation.
Despite the many studies exploring Long Covid char-
acteristics, the lack of precise case definitions and hetero-
geneity in study design and outcome measures have
been a challenge for meta-analyses.'”” Key commonly
reported Long Covid sequelae identified include but are
not limited to, fatigue, breathlessness, cognitive dysfunc-
tion and cardiovascular, muscular and endocrinolog-
ical complications.'®'” A systematic review including 39

COVID-19 follow-up studies identified 60 physical and
psychological signs and symptoms, with 41% of patients
reporting weakness, 31% fatigue, 26% concentration
difficulties and 25% breathlessness.'” The review did
not identify any studies set in LMICs. LMICs might not
have sufficient research or surveillance infrastructure to
accurately report the magnitude and effect of COVID-
19. Limited access to surveillance and healthcare systems
may hide a high burden of Long Covid."® To address this
knowledge gap, we convened an International COVID-19
Global Follow-up Working Group of diverse clinical
specialists, researchers and Long Covid patient group
representatives to develop a standardised, open-access
Global COVID-19 follow-up protocol and case report
form (CRF) for implementation in any resourced setting
during the pandemic.'” The primary aim was to char-
acterise Long Covid, explore risk factors for developing
Long Covid and the impact on daily activities and quality
of life (QoL) in different regions. The data are relevant
for informing strategies and policies to improve equi-
table long-term COVID-19 outcomes globally.

METHODS

This is a prospective, observational, international cohort
study set in 25 sites in 17 countries (Brazil, Colombia,
France, The Gambia, Gibraltar, India, Israel, Italy,
Malaysia, Norway, Portugal, Russian Federation, South
Africa, Spain, Sudan, Ukraine and the UK). The sites
were identified through an open call to sites to collabo-
rate via the International Severe Acute Respiratory and
emerging Infection Consortium’s (ISARIC’s) clinical
research network, website, newsletter and social media
and included sites with a capacity to follow up with partici-
pants post-COVID-19 hospital discharge. Adults admitted
to the hospital due to or identified with SARS-CoV-2
infection during hospital admission were eligible to
participate. Participants were contacted at 2 to <6 months
and/or 6 to <12 months postdischarge for a follow-up
assessment using ISARIC’s Global COVID-19 follow-up
protocol and electronic CRF. We established a diverse,
inclusive, open-access ISARIC follow-up working group
in May 2020, consisting of international multidisciplinary
specialist physicians, researchers, public health profes-
sionals and people living with Long Covid and developed
the protocol through a series of meetings and email iter-
ations.”” The CRF was piloted in three countries before
being finalised as described previously. The CRF was
designed to facilitate implementation in any resourced
setting by focusing on critical key data, using validated
tools and enabling a combination of clinician-led assess-
ments (in-clinic or by phone) and patient self-assessment
via (post and online) to support wide dissemination and
uptake during the pandemic restrictions. The data were
entered into a Research Electronic Database Capture
system (REDCap, V.8.11.11, Vanderbilt University, Nash-
ville, Tenn*) and linked with data documented previ-
ously during the acute COVID-19 admission collated
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by the ISARIC Clinical Characterisation Group (online
supplemental file) for the analysis. Data were shared
with ISARIC’s Global Support Centre at the University of
Oxford for integration into a central dataset. Each site
investigator was responsible for ensuring local ethical and
regulatory approvals and conducting the study on-site.

Study population

Patients aged 18 years and over admitted to a partici-
pating hospital between February 2020 and April 2022
were included in this analysis. Participants were iden-
tified via convenience sampling. Patients with labora-
tory or clinically confirmed COVID-19 diagnosed on or
during admission, who consented to be contacted for
a posthospital follow-up, for whom a valid contact was
provided and who were discharged at least 60 days ago,
were eligible for inclusion. We included patients with
laboratory or clinically diagnosed COVID-19 since labo-
ratory confirmation depended on the local availability of
PCR testing. Any patients with demographic data and at
least one answer to the follow-up questions were included
in the analysis.

Variables and outcomes

Explanatory variables at the time of hospital admission,
including age, sex and pre-existing comorbidities, were
recorded in the acute CRE* and the data captured
during the follow-up assessment in the linked follow-up
CRE* Patients receiving ICU care, high-flow nasal
cannulation, non-invasive respiratory support, invasive
ventilation and/or vasopressors, were defined as having
severe acute COVID-19 as described previously.' *#” The
primary outcome was self-reported recovery at 2 to <6 or
6 to <12 months following hospital discharge. Secondary
outcomes included new or persistent symptoms, breath-
lessness, fatigue, impact on daily functioning and quality
of life (QoL). Breathlessness was measured using the
Medical Research Centre (MRC) dyspnoea scale, which
grades the effect of breathlessness on daily activities. This
5-point scale measures perceived respiratory disability,
with 0 representing no breathlessness and 4 representing
an inability to undertake activities of daily living due to
breathlessness. Fatigue was measured on a 1-10 Visual
Analogue Scale (VAS) where 0 represents no fatigue
and 10 represents the worst possible fatigue. The impact
on functionality, psychosocial complications and QoL
was measured using the EuroQol 5-Dimension 5-level
(EQ-5D-5L) instrument. This tool covers five dimensions:
mobility, self-care, usual activities, pain/discomfort and
anxiety/depression. The person indicates his/her health
state for each of the five dimensions. New and persistent
symptoms not present prior to their COVID-19 illness
were categorised into organ systems and systemic symp-
toms: (a) Cardiological: palpitations; (b) Dermatolog-
ical: skin rash, Covid toes; (c) Fatigue; (d) Fever (meas-
ured or self-reported), (e) Gastrointestinal: abdominal
pain, diarrhoea, constipation, vomiting/nausea; (f)
Musculoskeletal: muscle aches/joint pain, ankle swelling;

(g) Neurocognitive: headache, problems with sleeping,
altered consciousness/confusion, dizziness, tinnitus,
problems with balance, paraesthesia, tremor, prob-
lems with speaking or communicating, fainting/black-
outs, loss of sensation, seizures; (h) Respiratory: cough,
cough productive, cough non-productive, shortness of
breath, pain in breathing, chest pain and (i) Sensory: lost
or altered sense of smell, lost or altered sense of taste
(online supplemental file 1: box S1). Patients with at least
one symptom group affected at the first follow-up assess-
ment, which was not present prior to COVID-19 onset,
were categorised as Long Covid in line with WHO’s defi-
nition.*®

Statistical analysis

Categorical data were expressed as counts and percent-
ages, and continuous data as median (25th-75th percen-
tiles). We described the frequencies of the outcomes
across demographic groups (age categories and sex),
comorbidities and acute disease severity. We grouped
all measures by time interval (2 to <6 months and 6 to
<12 months postdischarge). Countries were categorised
as LMICs or HICs based on the World Bank country
income classification? (HICs included France, Gibraltar,
Israel, Italy, Norway, Portugal, Spain and the UK; LMICs
included Brazil, Colombia, The Gambia, India, Malaysia,
Russian Federation, South Africa, Sudan and Ukraine).
To test for differences across groups, we used a two-
proportion z-test. Confidence for the means was calcu-
lated using a bootstrap procedure with 1000 iterations
group. Risk factors were evaluated using logistic regres-
sion, with countryincome included as a separate covariate.
The sensitivity analysis for logistic regression is included
in online supplemental file 6 table S3. Other covariates
were age, gender, comorbidities and severity at hospital-
isation. For breathlessness, we calculated the change in
value reported by participants at the follow-up assessment
versus before COVID-19 onset. For the health state at the
follow-up assessment, we used the EQ-5D-5L tool with
the English standardised valuation study protocol value
set on the composite time trade-off valuation (https://
euroqol.org/publications/user-guides). Overall changes
in summary health index, before and after COVID-19
onset, were summarised for the cohort using the Pare-
tian Classification of Health Change method. Summary
of the EQ-5D-5L indices index was measured on a scale
of 0-1, with 0 reflecting the worst health imaginable; 1
reflecting perfect health. We calculated overall estimates
and estimates for individual EQ-5D-5L. dimensions, as
well as changes in the summary index and individual
dimensions. All data processing and statistical analysis
were performed using secure RV.4.2.0 (R Foundation for
Statistical Computing, Vienna, AUT), with the tidvverse,
readxl, ggplot2, gtsummary, reshape and forcats pack-
ages using SPSS V.29 (IBM). Scales were transformed
into binary variables. For fatigue intensity (10-point VAS),
scores <4 were classified as 0 (none-to-mild, and scores
25 as 1 (moderate-to-severe). Incomplete recovery was
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measured on a 5-point Likert scale converted to numer-
ical values. Values 1-2 (agree and strongly agree) were
categorised as 1 (not completely recovered), values 4-5
(disagree and strongly disagree) categorised as 0 (recov-
ered) and value 3 (neither disagree/agree) as unknown.
For breathlessness (initial scales 0—4), the values <2 were
classified as 0 (none-to-mild breathlessness); values >2 as
1 (moderate-to-severe). The components of EQ-5D-5L
(initial range 1-5) were classified as 0 (none-to-mild
problems) if the initial value was <2and for values >2 as 1
(moderate-to-severe problems).

Public and patient involvement

Patients and people living with Long Covid, including
the founding members of the UK Charity, Long Covid
Support, were involved in informing the CRF design
and in the interpretation and representation of the data
and review of the manuscript. The CRF was piloted with
patients presenting in clinics in three countries and
the feedback incorporated into the final version. This
included suggestions on the data on symptoms collected,
how questions were asked and the patient information.

RESULTS

Of 35637 participants included in the follow-up
studies, 11860 met the inclusion criteria for this anal-
ysis. Of these, 64.3% (7625/11860) were assessed at 2
to <6 months, 55.0% (6520/11860) at 6 to <12 months

postdischarge; 19.3% (2285/11860) were assessed at
both time points (online supplemental file 2: figure S1:
Strengthening the Reporting of Observational Studies
in Epidemiology flow chart). 56.5% (6698/11 860) were
included in sites in HICs, and 43.5% (5162/11 860) in
LMICs sites, in countries in Africa (18.8%, 2228/11
860), Asia (15.8%, 1874/11 860), Europe (60.2%,
7141/11 860) and South America (5.2%, 617/11
860) (figure 1, online supplemental file 3: table S1).
The median age was 52.0 (IQR: 41-62) years, 52.1%
(6147/11860) were female and 48.5% (5751/11860)
were of white ethnicity.

Pre-existing risk factors

Most participants (87.3%) were classified as having had
moderate acute disease. Hypertension (22.4%, 2659/11
860), diabetes mellitus (10.0%, 1187/11 860) and
chronic cardiac disease (6.0%, 707/11 860) were the
most common comorbidities. 10% (1190/11860) were
obese, and 12.7% (1507/11860) were classified as having
had a severe illness during acute hospitalisation (table 1).
The participants in LMICs and HICs had a similar age
distribution, while those included in LMICs had higher
rates of pre-existing hypertension, chronic cardiac
disease, HIV and obesity. In contrast, HICs reported a
higher prevalence of asthma, chronic pulmonary disease
and rheumatological disorders.

HIC
LMIC

Figure 1 Geographical distribution of participating sites. The map shows the distribution of the participating sites in Brazil,
Colombia, France, The Gambia, Gibraltar, India, Israel, Italy, Norway, Malaysia, Portugal, Russian Federation, South Africa,
Spain, Sudan, Ukraine, and the UK, and their country income classification. HIC, high-income country; LMIC, low-income and

middle-income country.
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Continued

Table 1

6 to <12 months assessment

HIC
N

2 to <6 months assessment

HIC
N

LMIC
N

LMIC
N

=3827

2693

=2945

=4680

11860

N
2285) who followed up at both intervals are included under each assessment time point.

Characteristic

The respondents (n

*Acute severity is defined as receiving any of the following during the acute hospitalisation: Intensive care unit (ICU), High-flow nasal cannula (HFNC), Non-invasive respiratory support,

Invasive ventilation, Vasopressors.

T

HIC, high-income country; LMIC, low-and middle-income country.

Medium-term and longer-term impact on physical and
psychosocial health

The most commonly reported symptoms were fatigue/
malaise, headache, shortness of breath and muscle/
joint pain at both follow-up assessments, with a higher
frequency reported in HICs versus LMICs (online
supplemental 4: figure S2). Of the participants, 37.0%
(2400/6402) reported not feeling fully recovered at 2 to
<6 months and 46.5% (2863/6152) at 6 to <12 months
postdischarge. (online supplemental file 5: table S2).
At the 2 to <6 months assessment, participants in HICs
were significantly more likely to report moderate-to-
severe fatigue (42.9 vs 27.9%, p<0.001), feeling not fully
recovered (54.3% vs 18.0%, p<0.001), fever (19.6% vs
2.1%, p<0.001) and have at least one persistent or new
symptom (69.0% vs 45.3%, p<0.001) compared with
those in LMICs. The proportion reporting anxiety/
depression (9.2% vs 5.6%, p<0.001), pain/discomfort
(11.6% vs 6.7%, p<0.001) and problems doing usual
activities (10.0% vs 3.5%, p<0.001) was also higher in
HICs compared with LMICs. In contrast, there were no
significant differences in the proportion of moderate-
to-severe breathlessness across settings and time points,
ranging from 8.4% to 11.8%.

Similar differences were observed at the later follow-up
assessment (6 to <12 months), with a higher proportion
of participants in HICs reporting fatigue (41.6% vs 27.9%,
p<0.001), not feeling fully recovered (56.8% vs 40.1%,
p<0.001), fever (20.3% vs 2.0%, p<0.001) and experi-
encing at least one persistent or new symptom (69.7%
vs 42.4 %, p<0.001) compared with in LMICs. This was
also reflected in the QoL and psychosocial assessment;
a significantly higher proportion of participants in HICs
reported depression/anxiety (11.0% vs 6.3%, p<0.001),
pain/discomfort (11.9% vs 7.0%, p<0.001) and having
problems doing usual activities (10.6% vs 3.8%, p<0.001)
compared with those in LMICs.

When grouping symptoms into physiological symptom
clusters, all clusters were significantly more common
in the study population in HICs versus LMICs at both
time points. Neurocognitive symptoms were the most
commonly reported (48.2% vs 21.8%, p<0.001) at 2 to <6
months; (51.5% vs 19.9%, p<0.001) at 6 to <12 months in
HIC vs LMIC), followed by respiratory symptoms (32.9%
vs 19.8%, p<0.001 at 2 to <6 months; 32.2% vs 18.7%,
p<0.001 at 6 to <12 months in HICs vs LMICs) (figure 2,
online supplemental file 4:table S2)

Breathlessness

There was a significant increase in the proportion of
people experiencing breathlessness at the follow-up
assessment compared with prior to their COVID-19illness.
Although the frequency was lower at the 6 to 12months
assessment compared with the earlier assessment, a
proportion had still not recovered to pre-COVID-19
levels (figure 3). The most considerable deterioration
was observed in breathlessness dynamics: the proportion
of those whose breathlessness worsened after COVID-19
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Figure 2 Post-COVID-19 sequelae post-hospital discharge in HICs compared with LMICs. The figures present the differences
in post-COVID-19 manifestations among participants in lower-to-middle-income settings (blue dots) compared with those

in high-income settings (orange dots). The grey shading illustrates the level of significance, dark grey=p< 0.01, medium
grey=p<0.05, white=non-significant differences. EQ5D5L, EuroQol 5-Dimension 5-level; HICs, high-income countries; LMIC,

lower-income and middle-income countries.

is larger than those whose breathlessness remained the
same or improved.

Risk factors for developing postacute COVID-19 physical
sequelae

Patients with severe acute COVID-19 during hospital-
isation had a higher risk of developing Long Covid,
moderate-to-severe fatigue, decreased functioning and
QoL at 2 to <6 months follow-up than patients with
moderate acute COVID-19 (figure 4a-c). Males had
a lower risk of developing Long Covid, moderate-to-
severe fatigue, with reduced functioning and QoL than
females. Participants from LMICs had a lower risk of
developing Long Covid, moderate-to-severe fatigue, with
decreased functioning and QoL compared with partici-
pants in HICs. Being 45—65 years old was associated with
a significantly increased risk of experiencing reduced
functioning and QoL compared with younger adults.
Pre-existing asthma, chronic pulmonary and rheumato-
logical disease were identified as significant risk factors
for developing Long Covid and fatigue, hypertension

and chronic cardiac disease were additional risk factors
for experiencing reduced functioning and QoL.

DISCUSSION

Our data show that Long Covid affects populations
globally, manifesting with similar symptomatology
and impact on functioning and QoL. Although the
frequency of Long Covid was higher in countries in
high-income settings, the impact on individuals may
be higher in lower-resourced settings where the health-
care and socioeconomic support infrastructure may be
more limited. Our data highlight an urgent need for
investment into research, care and support, to iden-
tify underlying pathophysiology inform treatment and
trials and identify effective and accessible treatment
strategies to improve long-term COVID-19 outcomes.
The higher rates of persistent symptoms, fatigue
and reduced functioning observed in participants
from HICs compared with LMICs may be explained
by multiple factors. Differences in awareness of the
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Figure 3 Breathlessness before and after SARS-CoV-2 infection by setting. The graph shows the level of breathlessness
before and after developing COVID-19 measured using the Medical Research Council (MRC) dyspnoea scale. 0=no
breathlessness; 1=mild breathlessness, 2=breathlessness, 3=moderate breathlessness; 4=severe breathlessness. HIC, high-

income country; LMIC, lower-income and middle-income country.

condition, limited healthcare access and ability to
seek medical care in lower-resourced settings may lead
to underdiagnosis and under-reporting of long-term
COVID-19 sequelae. Cultural differences in how symp-
toms are perceived and reported may also contribute
to reporting biases. The differences may also be due
to varying underlying pandemic trajectories and viral
factors such as the dominating circulating strain at
different time points and settings. Later circulating
SARS-CoV-2 strains, such as Omicron, were associated
with a lower risk of COVID-19 sequelae than earlier
pandemic strains.”® The first sites to establish Long
Covid cohorts in this study were in HICs, which may bias
the inclusion of people with early SARS-CoV-2 strains
in these settings.31 In addition, the higher rates of risk
factors identified, such as hypertension and asthma in
HICs, may also play a role. Due to the complexity of
recording ethnicity in large international studies due to
the rich, diverse ethnic groups in a globalised world, it
was not possible to draw any conclusions on the associa-
tion between ethnicity and the risk of developing Long

Covid. Further research is needed to explore the differ-
ences in Long Covid burden observed and explore the
impact of host and pathogen factors.

The most commonly reported symptoms were fatigue/
malaise, headache, shortness of breath and muscle/joint
pain. Neurocognitive symptoms were the most common
when grouping symptoms into clusters, followed by respi-
ratory symptoms. These findings are in agreement with
other studies.'® '” Prolonged recovery has featured in
other postviral and postintensive care syndrome studies,
describing some commonality in symptoms such as
breathlessness, fatigue, muscle weakness and impact on
QoL. However, these studies identified a lower frequency
of postviral complications than post-SARS-CoV-2 studies.
This may partly be explained by the challenges in
comparing patients with different disease severity. When
disease severity is similar to when comparing classic acute
respiratory distress syndrome (ARDS) versus COVID-
19-associated ARDS (CARDS), a study identified that
persisting disability may be more common in survivors
of classic ARDS compared with CARDS.”> However,
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da
Variable N Odds ratio [
Age group below 45 2601 ] Reference
45-65 years 3437 E*.* 1.17(1.04, 1.30) 0.008
above 65 1355 - 0.98 (0.85, 1.14) 0.833
Sex Female 3882 L] Reference
Male 3511 - 0.68 (0.61, 0.75) <0.001
Acute phase severity Non-severe 6326 i Reference
Severe 1067 H - 1.94 (1.66, 2.25) <0.001
Country income level HIC 4528 i Reference
LMIC 2865 | M- : 0.37 (0.33, 0.41) <0.001
Asthma no 6895 n Reference
yes 498 e 1.70 (1.36, 2.15) <0.001
Chronic cardiac disease no 7094 n Reference
yes 299 . 1.21(0.92, 1.61) 0.170
Chrenic pulmonary disease no 7155 Reference
yes 238 2.49 (1.72,8.70) <0.001
Hypertension no 5896 Reference
yes 1497 1.16 (1.01, 1.33) 0.031
Obesity no 6640 Reference
yes 753 1.01 (0.86, 1.20) 0.870
Rheumatologic disorder no 7129 Reference
yes 264 2.41(1.70,3.52) <0.001
Diabetes no 6708 Reference
yes 685 1.32(1.10, 1.59) 0.003
HIV no 7292 Reference
yes 101 § 1.23 (0.82, 1.85) 0.313
4b
Variable N Odds ratio p
Age group below 45 2232 n Reference
45-65 years 2905 :-.— 1.15(1.01, 1.30) 0.029
above 65 1017 —— 0.97 (0.81, 1.16) 0.735
Sex Female 3266 ] Reference
Male 2888 i i 0.54 (0.48, 0.60) <0.001
Acute phase severity Non-severe 5245 * Reference
Severe 909 H —— 1.64 (1.40, 1.92) <0.001
Country income level HIC 3297 i Reference
LMIC 2857 - : 0.56 (0.49, 0.63) <0.001
Asthma no 5710 [ ] Reference
yes 444 i —— | 2.06(1.68,2.54) <0.001
Chronic cardiac disease no 5875 n Reference
yes 279 + 1.00(0.76, 1.31) 0.996
Chrenic pulmonary disease no 5964 L ] Reference
yes 190 i —m— | 1.84(1.34,259) <0.001
Hypertension no 4775 L] Reference
yes 1379 L 1.09 (0.94, 1.26) 0.247
Obesity no 5547 * Reterence
yes 607 S 1.16 (0.95, 1.40) 0.144
Rheumatologic disorder no 5923 [ ] Reference
yes 231 L —— 1.74 (1.31,2.31) <0.001
Diabetes no 5554 m Reference
yes 600 '-:-.—- 1.12(0.92, 1.35) 0.260
HIV no 6050 n Reference
yes 104 [ ——@—— ‘ § 0.48 (0.28, 0.78) 0.005
¢
Variable N 0Odds ratio p
Age group below 45 1453 | ] Reference
45-65 years 1451 —— 1.26 (1.07,1.47) 0.005
above 65 378 -—-— 0.99 (0.76, 1.29) 0.950
Sex Female 1925 . Reference
Male 1357 —— : 0.62 (0.53, 0.72) <0.001
Acute phase severity Non-severe 3085 | | Reference
Severe 197 E ——— | 2.67(1.94,3.70) <0.001
Country income level HIC 2402 * Reference
LMIC 880 | —M— : 0.56 (0.48, 0.67) <0.001
Asthma no 3084 ! Reference
yes 198 Soom 1.38 (1.02, 1.86) 0.036
Chronic cardiac disease no 3187 - Reference
yos 95 . 1,63 (1.04, 2.58) 0.033
Chrenic pulmonary disease no 3237 i Reference
yes 45 '—I'—— 1.05 (0.56, 1.97) 0.886
Hypertension ne 2884 n Reference
yes 398 E —— 1.42(1.11, 1.81) 0.005
Obesity no 3212 ] Reference
yes 70 -—i—l— 1.18(0.70, 2.08) 0.536
Rheumatologic disorder no 3169 n Reference
yes 13 e 1,57 (1.06, 2.35) 0.025
Diabetes no 3045 * Reference
yes 237 + 1.12 (0.83, 1.51) 0.467

Figure 4 Risk factors for long -term COVID-19 sequelae The graphs present risk factors for experiencing Long Covid (4a),
fatigue (4b) and reduced functioning and quality of life (QoL) (4c), respectively, at 2 -to- < 6 months post-COVID-19 hospital
discharge. HIC: high-income country; LMIC: lower-income and middle-income country.
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cognitive and psychological health status may be relatively
less frequently impaired than physical functioning.”

Interestingly, in contrast to the other outcomes with
diverse frequencies between study populations and over
time, there were no significant differences in the propor-
tion of participants with moderate-to-severe breathless-
ness between LMICs and HICs, nor assessment time
points. Approximately 1 in 10 participants was affected
by moderate-to-severe breathlessness, which aligns with
global estimates of Long Covid. Breathlessness was
assessed using a validated, well-recognised and tested
tool, the MRC dyspnoea scale, recognised as the key
instrument for measuring core outcome sets in Long
Covid studies.™

Our data illustrate the importance of implementing
standardised and validated tools to identify reliable data
and facilitate comparative analysis. The reason for the
differences in presentation may relate to wider factors
as described earlier, but it also suggests that there may
be different underlying aetiology, such as specific organ
damage, persistent, infection-triggered autoimmunity
and dysautonomia behind different clusters of symp-
toms. Breathlessness, may be related to direct lung or
cardiovascular organ damage, cellular gas exchange
and/or diaphragm muscle impairment. Radiological
Long Covid abnormalities have been identified in various
organs, including the olfactory bulb, brain, heart and
lungs®™ Micro clots and hypercoagulation biomarkers
indicating endothelial activation and abnormal clotting
have been implicated as causative agents for some Long
Covid symptoms.” The high proportion of people with
new or persistent fever identified in our study might be
explained by a persistent infection. Both persistent SARS-
CoV-2 infection and reactivation of Epstein-Barr virus
have been proposed as possible underlying causative
agents of long COVID.” * Further research is needed to
identify the underlying pathophysiological mechanisms
to guide treatment trials and provide more precise case
definitions to guide diagnostic and care referral pathways
and inclusion in trials.

The proportion of people reporting newly developed
or persistent symptoms not experienced before onset of
their COVID-19 illness was higher than those reporting
not feeling fully recovered. This indicates that existing
Long Covid definitions are too broad, lacking the preci-
sion needed to guide clinical and public health manage-
ment. This poses arisk of Long Covid being misdiagnosed,
with associated risks and impact on patients and health
systems from both overdiagnosis and underdiagnosis.

This study has limitations: it was not possible to follow
up with all possible participants discharged from the
study hospitals due to a combination of factors, including
pandemic resource constraints, contact details not being
available, patients not responding to the invitation or not
consenting to participate. Although efforts were made
to facilitate inclusion, such as using multiple contact
methods (mail, telephone and online) in different
languages, it may be that non-responders were too unwell

to respond, did not receive the invite, had died or moved
away, had recovered or were not interested in partici-
pating. Therefore, the results may not fully represent
the population of people hospitalised with COVID-19 in
the participating hospitals and countries. This potential
completion bias may mean that the data is underesti-
mating or overestimating the prevalence. Further, patients
were asked to retrospectively rate their health status
before their COVID-19 onset, which may be impacted
by recall bias. The different data collection methods
(clinician-led assessment in the clinic and by phone or
online) designed for broad uptake during the pandemic
constraints and cultural interpretation of the questions
may add heterogeneity. Due to resource and pandemic
constraints, we could not include a control group of
participants hospitalised with a non-COVID-19 illness. As
the pandemic progressed through waves of new and more
transmissible strains, identifying and ascertaining mean-
ingful controls became increasingly difficult. Therefore,
it was not possible to fully assess pandemic-related factors
impacting QoL. However, similar symptoms presenting in
different countries during the study period indicate that
pandemic restrictions are not the likely aetiology. Finally,
due to the different ethnicity definitions in countries,
and regulations in some countries preventing documen-
tation of ethnicity, a sensitive analysis based on different
ethnicities was not feasible.

Despite these limitations, this is, to our knowledge,
the largest international study on Long Covid using a
standardised data collection form and predominantly
clinician-led assessments, enabling characterisation and
comparison of Long Covid and its impact on functioning
in participants following COVID-19 hospitalisation in
different resourced settings globally.

Reflecting on this study, similar research in future
could be improved by (1) developing a pathogen-
blind protocol including appropriate control groups,
hibernating studies and making logistical provision
for swift deployment of a study for future epidemics
and pandemics; (2) collecting information about post-
infection sequelae in both hospitalised and commu-
nity cohorts in a single study to facilitate comparison
between these groups; (3) linking postinfection studies
to studies of the acute illness to facilitate improved data
linkage and reduce loss to follow-up and (4) consider
strategies to include poorly represented groups such
as low-income countries, rural communities, children,
the elderly and any minority ethnic groups within
countries.

The data show that a significant proportion of adults
hospitalised with COVID-19 in HICs and LMICs are
impacted by long-term sequelae l-year postdischarge,
presenting with similar symptoms, illustrating that Long
Covid is a universal health issue. The WHO Post-Covid
Condition definition is broad and does not distinguish
between different underlying pathophysiology. Our data
show the urgent need to define Long Covid clusters, to
guide clinical referral pathways and inclusion in trials.
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The wide range of symptoms identified indicates that
patients may present to multiple specialities within the
healthcare system. Highlighting the need to establish
clear referral pathway guidelines accessible in frontline
primary and secondary care clinics, supported by access
to appropriate diagnostics and treatments. Despite the
global research effort during the pandemic, most funding
was channelled into acute trials. Many research priorities
identified at an international stakeholder forum organ-
ised by the WHO and GloPID-R in December 2020 remain
unanswered, largely due to a lack of investment into and
coordination of research during the pandemic.”’” In
the future, we need to integrate standardised follow-up
protocols into clinical studies and adaptive trial platforms
to strengthen our capacity for timely data generation to
inform the clinical and public health response.

CONCLUSIONS

Our study shows that Long Covid affects populations
globally, with a significant proportion of people experi-
encing persistent symptoms impacting on functioning
and QoL a year after COVID-19 onset. The data empha-
sise the potential long-term impact on population health
globally, which may disproportionately impact economi-
cally disadvantaged populations.

In HICs, the prevalence of Long Covid is higher. This
may reflect better awareness, along with a broader range
of reported symptoms, including significant neurocog-
nitive and psychosocial issues. This underscores the
importance of accessible and comprehensive health-
care systems, as well as robust mental health and social
support. In LMICs, the lower reported prevalence may
suggest under-reporting due to limited healthcare access
and resources, however, the proactive follow-up that this
study required may have ameliorated these issues.

Long Covid may have a disproportionately severe
impact on daily functioning in LMICs, compounded by
inadequate healthcare infrastructure and higher rates of
pre-existing conditions.

There is an urgent need for significant investment in
healthcare capacity building in both HICs and LMICs to
improve diagnosis, management and support for Long
Covid. As COVID-19 becomes endemic, continuing to
infect and reinfect people worldwide, further investments
in identifying effective prevention and treatment of acute
and long-term complications accessible to all populations
are essential to improve outcomes.
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