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Key Message

The post COVID-19 condition is a complex and heterogeneous syndrome that
develops in people with prior SARS-CoV-2 infection. More than 100 symptoms have
been reported in people with the post COVID-19 condition, and these appear to be
associated with reduced quality of life, reduced function, and impairments in people’s
ability to work and care for themselves. There remains significant uncertainty in the
definition, magnitude of prevalence, causes, risk factors, prevention, and prognosis of
the post COVID-19 condition, as well as its impact on people’s quality of life, function,
and ability to work. Nonetheless, the reported range of these effects in the published
literature suggests that the post COVID-19 condition poses substantial health risks
to adults across a diverse range of outcomes that have the potential to impart a
considerable burden on individuals and healthcare systems. More contemporary
evidence in the era of widespread vaccination and emerging variants resulting in less
severe illness than earlier variants suggests that the post COVID-19 condition may now
be less frequent following SARS-CoV-2 infection. Still, a proactive and comprehensive
strategy to manage the post COVID-19 condition needs to be developed by health
systems and policy makers. This strategy should include substantial investments in
research and health system resources to mitigate the long-term health, social, and
economic impacts of the post COVID-19 condition in Ontario.

Summary

Background

The post COVID-19 condition is a complex and heterogeneous syndrome that can
develop in people with prior SARS-CoV-2 infection. The goal of this Science Brief is to
identify and support the healthcare care needs of adults living with the post COVID-19
condition and their caregivers, and to inform health system and social resource
planning to be able to meet those needs.

Questions

How has the post COVID-19 condition been defined?

What are the potential underlying causes of the post COVID-19 condition?

What is the prevalence of the post COVID-19 condition?

What are the symptoms and sequelae of the post COVID-19 condition?

Who is at risk of developing the post COVID-19 condition, and can this risk be
mitigated?

What is the impact of the post COVID-19 condition on functional limitations, health
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partners.

system utilization, and utilization of long-term disability and unemployment benefits?

How are healthcare systems delivering care to people with the post COVID-19
condition?

What barriers exist to providing clinical support to those with the post COVID-19
condition?

What are the current knowledge gaps about the post COVID-19 condition?
Findings

The post COVID-19 condition is variably defined as the persistence of symptoms
or sequelae occurring at least 4 or 12 weeks after probable or confirmed SARS-
CoV-2 infection. Combined evidence estimates the prevalence of new or persistent
symptoms at 4 or more weeks from SARS-CoV-2 infection to be 43% (54% among
hospitalized persons, including those admitted to the intensive care unit, and 34%
among those who are not hospitalized) and between 10-20% at 12 or more weeks,
depending on the definition and data used to inform those estimates. Data from more
recent pandemic time periods suggests a much lower overall prevalence. The five most
frequently observed individual symptoms were fatigue (23%, 95% confidence interval
(Cl) 17-30), memory deficits (14%, 95% Cl 10-19), shortness of breath (13%, 95% ClI
0.11-0.15), sleep problems (11%, 95% Cl 5-23), and joint pain (10%, 95% Cl 4-22).
The systemic nature of the condition is believed to be related to viral persistence,
inflammation, autoimmunity, and/or coagulopathy. More than 100 symptoms have
been reported in people with the post COVID-19 condition, and these appear to be
associated with reduced function, impairments in people’s ability to work and care for
themselves, poor quality of life, and high healthcare use. Vaccination against COVID-19
with one or two doses of vaccine prior to SARS-CoV-2 infection was associated with
a reduction of approximately 50% in the risk of developing lingering symptoms at
either time point. The benefits of vaccination in reducing the development of the
post COVID-19 condition were also observed in people who were vaccinated after
SARS-CoV-2 infection, as well as potentially in those with established post COVID-19
condition. High-quality care for people with the post COVID-19 condition is limited by
a lack of proven therapies, potential inequities in care that are driven by limited access
to primary and specialized care, and inconsistent application of insurance policies for
reimbursement. There is also variable use of and lack of diagnostic and physician fee
codes to track and evaluate care delivery and outcomes at a population level.

Interpretation

The post COVID-19 condition poses substantial health risks across a diverse range
of outcomes that may result in a considerable burden for Ontarians, the economy,
and the healthcare system. More contemporary evidence in the era of widespread
vaccination and emerging variants resulting in less severe illness than earlier variants
suggests that the post COVID-19 condition may now be less frequent following SARS-
CoV-2 infection. Due to limitations in the quality of available published evidence,
however, there remains significant uncertainty in the definition, prevalence, causes,
risk factors, prevention, and prognosis of the post COVID-19 condition, as well
as its impact on people’s quality of life, function, and ability to work. There is also
considerable uncertainty about the magnitude of these potential effects. Nonetheless,
a proactive and comprehensive strategy to manage the post COVID-19 condition needs
to be developed by health systems and policymakers. This strategy should include
substantial investments in research and health system resources to mitigate the long-
term health, social, and economic impacts of the post COVID-19 condition in Ontario.
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Background

Globally, there have been more than 500 million SARS-CoV-2 infections to date.! Early
in the pandemic, a substantial burden of symptoms and sequelae were noted to
persist for months after the resolution of the acute COVID-19 illness. Advocacy groups
initially referred to this syndrome as “long COVID”, which has since been described
using several other terms. For the purposes of this Science Brief, the term “post
COVID-19 condition” will be used.

This Science Brief draws on a comprehensive review of existing literature to
characterize the expected burden of the post COVID-19 condition for adults in Ontario
since there appears to be a substantial risk of negative health outcomes associated
with it. However, there remains significant uncertainty in the definition, prevalence,
causes, risk factors, prevention, and prognosis of the post COVID-19 condition, and its
impact on healthcare systems and society due to limitations in the quality of available
published evidence. There is also considerable uncertainty about the magnitude of its
potential effects.

This work is an update of our 2021 Science Brief entitled: “Understanding the Post
COVID-19 Condition (Long COVID) and the Expected Burden for Ontario”.? It does not
review the evidence for the post COVID-19 condition in children as children manifest
disease in distinct ways with often distinct mechanisms. Every attempt has been made
to acknowledge the uncertainty in the spectrum of risks associated with the post
COVID-19 condition throughout the Science Brief. The goal of this Science Brief is to
support the healthcare care needs of people living with the post COVID-19 condition and
their caregivers, and to inform health system resource planning to meet those needs.

Questions

How has the post COVID-19 condition been defined?

What are the potential underlying causes of the post COVID-19 condition?
What is the prevalence of the post COVID-19 condition?

What are the symptoms and sequelae of the post COVID-19 condition?

Who is at risk of developing the post COVID-19 condition, and can this risk be
mitigated?

What is the impact of the post COVID-19 condition on functional limitations, health
system utilization, and utilization of long-term disability and unemployment benefits?

How are healthcare systems delivering care to people with the post COVID-19
condition?

What barriers exist to providing clinical support to those with the post COVID-19
condition?

What are the current knowledge gaps about the post COVID-19 condition?

Findings
Defining the Post COVID-19 Condition

The post COVID-19 condition encompasses a range of symptoms and sequelae that
arise following acute SARS-CoV-2 infection. This heterogeneity poses considerable
challenges in attempting to create a definition that encompasses the spectrum of
symptoms and sequelae associated with the post COVID-19 condition. As a result,
numerous clinical definitions for this condition have been proposed (Table 1). Some
definitions define it as the attributable effects of the post COVID-19 condition related
exclusively to symptoms beyond 12 weeks, while others define it as the attributable
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effects related to symptoms in addition to the development of new, returning, or
ongoing health problems as post-acute sequelae of SARS-CoV-2 infection beyond
four weeks. The establishment of a globally accepted definition of the post COVID-19
conditionis critical toits diagnosis and treatmentin clinical practice, to effective tracking
and evaluation of care at a health systems level, and to further study its expected
burden for the purposes of health resource planning, disability and unemployment
benefits, and social services. To date, there is still no universally accepted definition of
the post COVID-19 condition. In this Brief, we report the evidence across all definitions
to provide a comprehensive overview of the potential risks associated with the post
COVID-19 condition and simultaneously recognize the uncertainty of these reported
risks created by using various definitions in the published literature.

orign | Tem | oefniton |

World Health Post COVID-19 Symptoms occurring at least three months after probable or

Organization condition confirmed SARS-CoV-2 infection. Symptoms must last for at

(WHO)? least two months and cannot be explained by an alternative
diagnosis.

Symptoms may be new onset following recovery from
acute SARS-CoV-2 infection or persist from the initial illness.
Symptoms may fluctuate or relapse.

Government of Post COVID-19 Symptoms of COVID-19 experienced for 12 or more weeks
Canada* condition after initial recovery.
National Long COVID Symptoms of COVID-19 experienced for 12 or more weeks
Institute (includes ongoing after initial recovery.
g ezl symptomatic Persistence of COVID-19 signs and symptoms that continue to
Excellence COVID-19 and post- . .
(NICE)? COVID-19 syndrome) develop after acute COVID-19 and can include both ongoing
symptomatic COVID-19 and post-COVID-19 syndrome.
Ongoing symptomatic COVID-19
Signs and symptoms which persist from 4 to 12 weeks after
acute COVID-19.
Post COVID-19 syndrome
Signs and symptoms that develop during or after an infection
consistent with COVID-19, continue for more than 12 weeks
and are not explained by an alternate diagnosis.
Centres for Post COVID-19 The United States (US) Centers for Disease Control and
Disease condition Prevention uses the term ‘post-COVID conditions’ as an
Control and umbrella term for the wide range of health consequences
Prevention®’ that are present >4 weeks after infection with SARS-CoV-2.

This includes both general complications of prolonged acute
iliness as well as new, returning, or ongoing health problems
as post-acute sequelae of SARS-CoV-2 infection (PASC).

Table 1. Terminology and Common Clinical Definitions of the Post COVID-19 Condition

The Post COVID-19 Condition: A New Disease Framework and Potential Underlying
Causes

The systemic manifestations of the post COVID-19 condition are believed to be related
primarily to the expression of the angiotensin-converting enzyme 2 (ACE2) receptor in
multiple organ systems, through which SARS-CoV-2 enters the cell.® Emerging evidence
suggests that a combination of viral and host factors may bridge the pathophysiologic
mechanisms linking SARS-CoV-2 infection to direct cellular and organ damage with
the development of the post COVID-19 condition. These viral-dependent and viral-
independent mechanisms have been categorized to include the following major
domains: 1) viral persistence; 2) persistent inflammation; 3) autoimmunity; and 4)
coagulopathy.®! Their mechanisms include ongoing cellular damage, tissue hypoxia
(lack of oxygen), perivascular inflammation, inflammatory cytokine production (e.g.,
IL-6, IL-1B, and TNF-a) following robust immune activation, a maladaptive autoimmune
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response leading to the production of autoantibodies directed against self-tissue
antigens that persist after the virus has been eliminated, and increased tendency to
develop blood clots leading to microvascular coagulopathy.®° How long this tendency
to develop blood clots is sustained and its relevance specifically to the development
of the post COVID-19 condition remains unclear.® Recent evidence also suggests a
possible link between Epstein-Barr virus (EBV) reactivation and the development of
the post COVID-19 condition, which is similar to other conditions such as myalgic
encephalomyelitis/chronic fatigue syndrome (ME/CFS).*?> However, it remains possible
that EBV viremia resulting from reactivation may be a consequence of the severity of
initial COVID-19 rather than represent a direct causal mechanism.®3

Emerging research has helped illuminate potential mechanisms that may explain
some of the neurocognitive manifestations of the post COVID-19 condition. The UK
BioBank studied 785 sets of brain scans (an average of three years apart) from people
before and after the onset of the COVID-19 pandemic. Among these participants, 51%
(n=401) were infected with SARS-CoV-2 (most displaying mild to moderate severity of
symptoms) and 49% (n=384) were not. Those who were infected demonstrated loss
of cortical thickness and diffuse atrophy in certain areas of the brain (often associated
with worsening brain health), and increased tissue damage in the regions of the brain
responsible for smell and taste. Further, infected participants also demonstrated
greater cognitive decline compared to those who were not infected with SARS-CoV-2.%4
A prospective observational cohort study of individuals with polymerase chain reaction
(PCR) confirmed SARS-CoV-2 infection and mild COVID-19 presentation examined
neurological impairment four months after infection using neuropsychological, ocular,
and neurological tests, immune marker assays, structural magnetic resonance imaging
(MRI), and ®FDG-PET neuroimaging.’® In approximately 25% of individuals, a specific
vasoconstrictive deficit (atypical difficulty in using visual and spatial information to
guide complex behaviours) was detected, which was associated with changes in
molecular and structural brain imaging as well as correlation with upregulation of
peripheral immune markers.

Research has also attempted to characterize the post COVID-19 condition using
biomarkers. A preliminary study of 63 people with PCR-confirmed SARS-CoV-2
infection detected the SARS-CoV-2 spike antigen from the serum of 65% of those with
the post COVID-19 condition up to 12 months later, whereas spike protein was not
detected in people without the post COVID-19 condition.!® A separate study examined
specific T cell responses in a cohort of seronegative, mostly non-hospitalized people
with PCR-confirmed COVID-19 and/or the post COVID-19 condition.?” Overall, 42-53%
of people with the post COVID-19 condition were found to lack SARS-CoV-2 antibodies
but nonetheless had detectable SARS-CoV-2-specific T cell responses. Release of a
cytokine known as interleukin-2 by T cells (but not interferon-y release) was found to be
both sensitive (75%, SD=13) and specific (88%, SD=7) for previous SARS-CoV-2 infection
more than 6 months after a positive PCR test. These findings may have important
implications for disability claims where there is a lack of prior testing for SARS-CoV-2
infection. Further research is needed to confirm the reliability of these biomarkers.

There remain challenges in disentangling the general effects of any acute or critical
illness from the direct effects of SARS-CoV-2 infection in driving the diverse range of
health outcomes and potential pathophysiological mechanisms thought to be part of
the post COVID-19 condition. People with COVID-19 and critical illness develop severe
long-term complications related to the post-acute respiratory distress syndrome
(ARDS), post-sepsis syndrome, and sequelae of chronic critical illness. The post-
intensive care syndrome (PICS) is also a well-recognized condition with known new or
worsening abnormalities in physical, cognitive, and psychiatric domains after critical
illness and ARDS that can persist for five or more years after the initial illness.>018
PICS is observed in all critical illnesses requiring hospital care and is likely related
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to the effects of factors such as prolonged hospitalization, limited mobility, and/or
mechanical ventilation. New research approaches are needed to distinguish clinical
phenotypes among people with the post COVID-19 condition across a spectrum of
illness severity, and to determine to what extent these are due to PICS. This will have
implications for the evaluation of multidisciplinary longitudinal interventions and for
advancing the care of this condition.

Taken together, there are multiple underlying mechanisms that contribute to
development of the post COVID-19 condition, although it remains unclear which
specific mechanisms are responsible for the diverse range of symptoms among people
with the condition.
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Figure 1. Proposed Mechanisms Related to Development of the Post COVID-19 Condition

The SARS-CoV-2 virus enters the cell through angiotensin-converting enzyme 2 (ACE2) receptor, which is widely expressed
in multiple organ systems and may explain the diverse range of symptoms experienced by those with the post COVID-19
condition. A combination of viral-dependent and viral-independent mechanisms leading to development of the post
COVID-19 condition include: 1) viral persistence; 2) persistent inflammation; 3) autoimmunity; and 4) coagulopathy.

Prevalence of the Post COVID-19 Condition

The reported prevalence of the post COVID-19 condition varies widely, which creates
significant uncertainty in arriving at a true estimate of how common the condition
may be. Perhaps most importantly, it is essential to know the underlying prevalence
of symptoms such as fatigue and shortness of breath that comprise the post COVID-19
condition in people who lived through the pandemic and who were not infected with
SARS-CoV-2. The “true” prevalence of the condition could then be estimated using
analytical strategies to compare nearly identical people at nearly identical points in
time who were and were not infected during the pandemic, including whether they
required any type of hospitalization during these study periods. To date, very few of
these appropriate comparator studies have been published, which has led to reporting
of wider ranges of its prevalence.

Following the release of their clinical case definition, the WHO estimated that 10 to
20% of all people with SARS-CoV-2 infection in the early periods of the pandemic
would develop the post COVID-19 condition — symptoms occurring three or more
months after acute infection that last for at least two months and are not explained by
an alternative condition.>*® Using more contemporary data among adults who were
triple vaccinated, 4.5%, 4.2%, and 5.0% of people self-reported having symptoms of
the post COVID-19 condition beyond 12 weeks after confirmed SARS-CoV-2 infection
compatible with the Omicron BA.1, Omicron BA.2 or Delta variants, respectively.?°
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In double vaccinated adults, 4.0% of people self-reported having symptoms of the
post COVID-19 condition after confirmed SARS-CoV-2 infection for the Omicron BA.1
variant, compared with 9.2% for the Delta variant.?° These findings were supported
by a recent systematic review of 9 studies that examined the prevalence of the post
COVID-19 condition following SARS-CoV-2 infection in non-hospitalized people, which
reported a prevalence estimate ranging from 10-35%.%

Using the CDC definition, the findings of a systematic review of 886,388 confirmed
SARS-CoV-2 cases across 29 studies early in the pandemic estimated a global pooled
prevalence of new or persistent symptoms at four or more weeks from infection of
43% (54% among hospitalized and 34% among non-hospitalized people).?* Examining
this through the lens of overall population impact, the United Kingdom (UK) Office for
National Statistics (ONS) reported that symptoms persisting for four or more weeks
after suspected SARS-CoV-2 infection were present in 2.8% of the 64 million people
living in private households in the UK,?* which was based on weighted survey data
from a population-representative sample.

It is challenging to provide precise prevalence estimates of the post COVID-19
condition given the varying definitions used to inform these estimates in the
published literature (Table 1). Further heterogeneity is related to other important
factors that impact prevalence estimates across studies including: 1) severity of initial
infection (ranging from asymptomatic to critical illness); 2) duration of follow-up
used to measure outcomes; 3) bias in recruitment, including sampling strategy (e.g.,
population-based versus self-reporting via an app); 4) study sample size; 5) eligibility
criteria for enrolment (e.g., positive COVID-19 test versus plausible symptoms with
an epidemiologic-link) and its relation to evolving health system capacity for SARS-
CoV-2 testing during respective waves; 6) the episodic nature of symptoms for
some individuals; 7) the impact of emerging therapeutics and viral variants on the
development of the post COVID-19 condition; 8) COVID-19 vaccination status; and 9)
eligibility and access to SARS-CoV-2 tests (PCR and rapid antigen tests). In addition,
many of the more severe persistent symptoms reported among the subset who were
hospitalized may be related to general findings in people with a critical illness (e.g.,
individuals with PICS).

Current evidence suggests that with a 12-week criterion for symptoms, the post
COVID-19 condition likely affects between approximately 2 and 10% of vaccinated
persons infected with contemporary variants, but more research is required to confirm
these estimates.

Control Comparisons

Few studies on the post COVID-19 condition used comparative control groups to
measure the prevalence of symptoms attributable to SARS-CoV-2 infection, its
impact on quality of life, and health services use.?* This is perhaps one of the most
significant limitations in our ability to accurately estimate the true prevalence of
the post COVID-19 condition. The study with the longest follow-up period to date
included a cohort of 1,192 hospitalized people with COVID-19 in Wuhan, China, who
were matched on age, sex, and comorbidities to controls without COVID-19.% At two
years follow-up, 65% of people with prior COVID-19 experienced one or more of 15
identified symptoms of the post COVID-19 condition, compared to 32% of controls.
The reasons for the high prevalence of symptoms in controls are unclear, which may be
related to the lasting effects of the pandemic on people’s health or other influencing
factors. The proportion of people with prior COVID-19 with at least one or more
symptoms decreased significantly from 68% at six months follow-up to 55% at two
years. A significantly greater proportion of COVID-19 survivors experienced a reduced
quality of life-related to increased pain or discomfort compared with controls, as well
as anxiety or depression and problems with usual activities.
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A limited number of studies compared prevalence estimates of the post COVID-19
condition in both people with the condition and control groups without it. A
retrospective matched cohort study examined 486,149 adults with confirmed
SARS-CoV-2 infection and 1,944,580 propensity-score matched controls without
COVID-19.% Of the 384,137 infected people and 1,501,689 controls with a minimum
of 12 weeks follow-up, 5.4% of infected people and 4.3% of controls reported at least
one symptom of the post COVID 19 condition according to the WHO case definition
(from a list of over possible 100 symptoms). An observational cohort study used data
collected from a larger population-based cohort study in the Netherlands to estimate
the prevalence of the post COVID-19 condition among people with prior SARS-CoV-2
infection compared to controls.?” In 4,321 participants with confirmed SARS-CoV-2
infection and 8,462 matched controls without COVID-19 (matched by age, sex, and
time), 21.4% of participants with confirmed SARS-CoV-2 infection experienced at least
one symptom of the post COVID-19 condition compared to 8.7% of controls at 90-150
days follow-up (symptoms included chest pain, difficulties with breathing, pain when
breathing, painful muscles, loss of taste or smell, tingling extremities, lump in throat,
feeling hot and cold alternately, heavy arms or legs, and general tiredness). The Alpha
variant was dominant during the study period. At the start of the study period, 3.8% of
the sample had two doses of COVID-19 vaccines, which increased to 9.8% at the end
of the study when the final participants were included.

Overall, these findings suggest an increase in the prevalence of symptoms of the post
COVID-19 condition in people who had SARS-CoV-2 infection compared to controls,
although the true magnitude of these estimates remains uncertain.

Incidence of the Post COVID-19 Condition Following Infection with Different Variants
of Concern

Few studies compared the incidence of the post COVID-19 condition for different
variants of concern (VOC).2 A case-control observational study of 56,003 UK adults
who tested positive for SARS-CoV-2 infection examined the relative odds of having the
post COVID-19 condition related to Omicron compared to Delta.? Among Omicron
cases, 4.5% (n=2,501) experienced the post COVID-19 condition compared to 10.8%
(n=4,469) infected with Delta. Overall, people infected with Omicron were less likely to
experience the post COVID-19 condition compared to those infected with Delta (odds
ratio (OR) 0.24 (95% CI 0.20-0.32) to 0.50 (95% Cl 0.43-0.59), which also depended
on the age of the person and timing of their vaccination relative to their infection.
For example, the benefits of vaccination were more pronounced in people who were
vaccinated more than three months before SARS-CoV-2 infection, compared to those
who were vaccinated within three months of infection. A similar study from the
Office of National Statistics, which used survey data from a population-representative
sample, reported that there was no statistical evidence of a difference in risk between
first infections with Omicron BA.1 or BA.2 variants compared with Delta among triple-
vaccinated adults after adjustment for socio-demographic characteristics and time
since lastvaccine dose.? However, among adults who were double vaccinated, the odds
of reporting symptoms of the post COVID-19 condition after confirmed SARS-CoV-2
infection consistent with the Omicron variant were 48.2% lower than for infections
with the Delta variant after adjustment for socio-demographic characteristics.

Based on the very limited number and nature of the available studies, currently it
appears that the risk of developing the post COVID-19 condition after SARS-CoV-2
infection is lower with the Omicron variant compared to the Delta variant.

Vaccination and the Post COVID-19 Condition

The Public Health Agency of Canada (PHAC) and the UK Health Security Agency (UKHSA)
recently reviewed the evidence examining the effects of vaccination on the post
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COVID-19 condition among previously unvaccinated people prior to as well as after
SARS-CoV-2 infection and among those with established post COVID-19 condition.3%3!

PHAC reviewed 17 studies that reported on symptoms assessed at 12 or more weeks
after SARS-CoV-2 infection, and 6 studies that reported on symptoms assessed between
4-12 or more weeks after SARS-CoV-2 infection. In addition to its effects on reducing
SARS-CoV-2 infections, it was found that vaccination against COVID-19 with one or
two doses of vaccine prior to SARS-CoV-2 infection was associated with a reduction
in risk of developing lingering symptoms at either time point by approximately 50%.
Vaccination in close proximity after SARS-CoV-2 infection also appeared beneficial in
reducing the risk of developing the post COVID-19 condition, although the magnitude
of that benefit is uncertain, as is the optimal timing of vaccination, because the
findings were based on only three studies.?>3* The largest of the three studies was a
cohort study of 28,356 community-dwelling adults, which demonstrated that the first
vaccine dose up to 6 months after SARS-CoV-2 infection was associated with a 12.8%
decrease (95% Cl 18.6 to —6.6), and a second dose was associated with an additional
8.8% decrease (95% Cl -14.1 to -3.1) in the odds of developing the post COVID-19
condition.®® Finally, the effect of vaccination after the development of the post
COVID-19 condition was examined in 10 studies. Most studies (70%, n=7/10) reported
an improvement or resolution of symptoms in those who received one or two doses
of vaccine, compared to those who were unvaccinated. Collectively, the evidence
from the PHAC and UKHSA reviews is suggestive of a benefit of vaccination before and
after SARS-CoV-2 infection as well as possibly among people with established post
COVID-19 condition.?!

The above reviews pooled results to provide approximate estimates of the effects of
vaccination. We performed a fixed-effects meta-analysis of existing studies to provide
a more accurate measure of whether vaccine administration before or after acute
SARS-CoV-2 infection was associated with any protective effects on the development
of the post COVID-19 condition. We were able to provide estimates of vaccine effects
administered before and after SARS-CoV-2 infection from a total of four observational
studies (Figures 2 and 3).>*3% However, the certainty of the evidence for both meta-
analyses was rated as low, which limits our confidence in these estimates. We found
that a single dose of vaccination before SARS-CoV-2 infection was not associated with
a change in risk of any post COVID-19 symptom when compared with unvaccinated
individuals (OR 1.03, 95% Cl 0.87-1.22). Those who received two doses of a COVID-19
vaccine had 42% lower odds of experiencing any symptom when compared to
unvaccinated people (OR 0.58, 95% Cl 0.50-0.62). We found that a single dose of
vaccination after SARS-CoV-2 infection was associated with a 13% decrease of any
post COVID-19 symptom when compared with unvaccinated individuals after SARS-
CoV-2 infection (OR 0.87, 95% Cl 0.81-0.93). Those who received two doses of a
COVID-19 vaccine had 10% lower odds of experiencing any symptom when compared
to unvaccinated people (OR 0.90, 95% Cl 0.85-0.95).

Overall, there appears to be some benefit of vaccination in preventing the development
of the post COVID-19 condition when given before or after SARS-CoV-2 infection, and
possibly after the development of the post COVID-19 condition. These findings support
continued efforts to recommend vaccination against SARS-CoV-2.
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Figure 2. Association of Pre-Infection Vaccination and Development of Post COVID Symptoms
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Figure 3. Association of Post-Infection Vaccination and Development of Post COVID Symptoms

Risk Factors

There is limited evidence that biological markers, symptoms, clinical findings, or
baseline risk can accurately predict who will develop the post COVID-19 condition.
Although some studies suggest certain biomarkers measured in blood samples
may identify or predict those who will develop the condition,* the evidence in
this field remains uncertain. However, the results of our meta-analysis (Figure 4) in
combination with a recent study reporting on risk factors provide some insight. A
large retrospective matched cohort study examined risk factors for the post COVID-19
condition in 486,149 adults with confirmed SARS-CoV-2 infection and 1,944,580

Science Briefs | www.covid19-sciencetable.ca/science-briefs

September 07, 2022 | 10


http://www.covid19-sciencetable.ca/science-briefs
https://covid19-sciencetable.ca/glossary/#baseline

Ontario COVID-19 Science Advisory Table Understanding the Post COVID-19 Condition (Long COVID) in Adults and the Expected Burden for Ontario

propensity-score matched controls without COVID-19.2® Among the cohort of people
with confirmed SARS-CoV-2 infection, risk factors significantly associated with the post
COVID-19 condition (p<0.05) included female sex, belonging to an ethnic minority,
socioeconomic deprivation, smoking, obesity, and a wide range of comorbidities. The
risk was also found to increase along a gradient of decreasing age.

We pooled estimates from 18 observational studies and found nine potential risk
factors associated with the post COVID-19 condition (Figure 4). It is important to note
that some risk factor estimates are based on data from multiple studies, whereas
others are limited to a small number. It is also not possible to separate specific risks for
people admitted to the ICU from those who were not. The certainty of evidence per
risk factor based on our GRADE assessments ranged from very low to low, which is an
indication that our certainty in the estimate is limited. Therefore, the variation in risk
associated with each factor may be substantially different from the pooled estimate.

Taken together, emerging evidence suggests that female sex, socioeconomic
determinants of health, and comorbid conditions appear to be independent risk
factors for the development of the post COVID-19 condition.

Risk factors No. of studies No. of participants OR (95% Cl) GRADE 12
Comorbidities 2 517 T—@———1.98(0.95, 3.01) VeryLow 0%
Female 17 33683 —o— 1.82(1.52, 2.12) Verylow 44.8%
Invasive ventilation 2 313 —_— 1.44 (0.37, 2.51) VeryLow 0%
Asthma 3 5790 - 1.41 (1.20, 1.62) Low 2.6%
Obesity 3 6712 L d 1.18 (1.04, 1.32) Low 0%
COPD 2 5933 —t— 1.16 (0.63, 1.68) Verylow 79.4%
Days in hospital 3 446 1.04 (1.01, 1.07) Low 0%
Diabetes 4 1980 1.00 (0.77, 1.23) Low 0%
Age 4 2009 0.99 (0.98, 1.00) Low 0.1%

0.001 1 2 3

Figure 4. Random-Effects Meta-Analysis of Risk Factors Associated with the Post COVID-19 Condition

COPD - chronic obstructive pulmonary disease; REML - restricted maximum likelihood. Interpretation of GRADE ratings:
‘High’- We are very confident that the variation in risk associated with the prognostic factor lies close to that of the
estimate; ‘Moderate’ - We are moderately confident that the variation in risk associated with the prognostic factor is
likely to be close to the estimate, but there is a possibility that it is substantially different; ‘Low’ - Our certainty in the
estimate is limited: the variation in risk associated with the prognostic factor may be substantially different from the
estimate; ‘Very low’ - We have very little certainty in the estimate: the variation in risk associated with the prognostic
factor is likely to be substantially different from the estimate.

Symptoms of the Post COVID-19 Condition

Several systematic reviews pooled data across multiple studies to estimate an overall
prevalence of symptoms among people with the post COVID-19 condition.??4%%” A large
systematic review and meta-analysis examined 41 studies to estimate the prevalence
of individual symptoms of the post COVID-19 condition across participants with SARS-
CoV-2 that experienced symptoms at least 28 days after the index date (first PCR test/
diagnosis, date of hospitalization, discharge date, or date of clinical recovery/negative
test).?? The five most frequently observed symptoms were fatigue (23%, 95% Cl 17-
30), memory deficits (14%, 95% Cl 10-19), shortness of breath (13%, 95% Cl 0.11-
0.15), sleep problems (11%, 95% Cl 5-23), and joint pain (10%, 95% Cl 4-22) (Figure 5).
The meta-analysis included 4,165 non-hospitalized people from five studies, 67,161
hospitalized people from 22 studies, and 1,608,677 SARS-CoV-2 positive people from
23 studies in which hospitalization status was not reported.
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Figure 5. Prevalence of Individual Symptoms Associated with the Post-COVID-19 Condition According to Organ
System

Figure presenting the prevalence of symptoms of the post COVID-19 condition according to organ system. Symptoms in
red-shaded regions have >20% prevalence; symptoms in the orange-shaded region have 10-20% prevalence; symptoms
in the yellow-shaded regions have 5-10% prevalence; and symptoms in the blue-shaded region have <5% prevalence.
Cl, confidence interval. Data sourced from Chen et al.?

Still, determining precise estimates of symptom prevalence in people with the post
COVID-19 condition remains challenging and is related to the same limitations in
estimating the overall prevalence of the condition, including differences in the set
of symptoms used to define the condition. Despite findings from the above meta-
analysis, there are reported differencesin the prevalence of symptoms across the entire
spectrum of illness severity in other studies,? consistent with our understanding of
complications after critical iliness and ARDS.*® Notably, many of these symptoms were
also observed in people who survived critical illness from Severe Acute Respiratory
Syndrome (SARS) caused by viral infection with SARS-CoV-1.® Data comparing
prevalence estimates among rigorously identified control groups to those previously
infected with SARS-CoV-2 are also lacking.

More than 100 symptoms have been reported among people with the post COVID-19
condition spanning all organ systems. Although the true prevalence of each symptom
remains unknown, these symptoms hold the potential to substantially impact people’s
quality of life, function, and their ability to work.

Identification of Symptom Clusters

Beyond reporting of individual symptoms, several studies identified “symptom
clusters” associated with the post COVID-19 condition. These symptom clusters were
defined as the presence of two or more symptoms that were related to each other
and were independent of other clusters.**>! These initial studies suggest a practical
approach that categorizes people’s individual symptoms into symptom clusters. The
use of symptom clusters as phenotypes may be more practical to use clinically in the
assessment, prediction, and treatment of these potentially different phenotypes
of the post COVID-19 condition instead of trying to catalogue the diverse array of
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individual symptoms that a person may report. For example, a “respiratory” cluster
characterized predominantly by shortness of breath may suggest that clinicians
focus their investigations on pulmonary parenchymal, pulmonary vascular, airway,
extrathoracic, diaphragmatic, and cardiac causes of shortness of breath and its related
symptoms. The use of symptom clusters may facilitate more uniform estimates
of symptom prevalence in future studies compared to an accounting of individual
symptoms; however, it should be acknowledged that this benefit may be gained at the
expense of oversimplifying the myriad mechanisms that contribute to these complex
symptom clusters.

Development of Incident Chronic Conditions following SARS-CoV-2 Infection

Emerging evidence suggests that some people will develop new chronic health
conditions, such as diabetes, cerebrovascular disease, cardiovascular disease, or
psychiatric illness, that contribute to the additional burden of persisting symptoms
and sequelae due to acute SARS-CoV-2 infection.>?*¢ Similar to other identified risks,
there remains substantial uncertainty about the incidence and magnitude of these
risks due to limitations in the quality of the evidence that informs them. For example,
many of these studies were conducted in mainly older Caucasian and Black males from
the United States Veterans Affairs Hospitals; therefore, the generalizability to other
populations such as younger adults, females, and other racialized groups remains
unknown. Further, some of these findings may be biased using historical comparator
groups where healthcare delivery and access may have subsequently changed over
time, including during the pandemic, and through increased surveillance and detection
related to the need for healthcare support during and after acute infection.

Cardiovascular and Related Conditions

Two cohort studies of more than 300,000 people hospitalized with PCR-confirmed
SARS-CoV-2 infection used national healthcare databases from the US Department
of Veterans Affairs and found an increased risk of a broad range of cardiovascular
complications beyond 30 days of infection up to one year, compared to more than 10
million controls using data from before (e.g., historical) and during (e.g., contemporary)
the pandemic. These complications included cerebrovascular disease (e.g., stroke
and transient ischemic attacks), dysrhythmias (e.g., atrial fibrillation), ischemic
heart disease, heart failure and cardiomyopathies, thromboembolic disorders (e.g.,
pulmonary embolism and deep vein thrombosis), inflammatory diseases of the heart
or pericardium (e.g., pericarditis, myocarditis) and diabetes. For example, previous
SARS-CoV-2 infection was associated with a 50% increased risk of stroke (hazard
ratio (HR) 1.52, 95% Cl 1.43-1.62), translating to a reported excess burden of 4.03
(95% Cl 3.32-4.79) cases per 1,000 persons at one year, and a 72% increased risk of
heart failure (HR 1.72, 95% Cl 1.65-1.80), translating to a reported excess burden of
11.61 (95% ClI 10.47-12.78) cases per 1,000 persons at one year.>® There was a 40%
increased risk of developing diabetes beyond 30 days of infection (HR 1.40, 95% ClI
1.36-1.44), translating to a reported excess burden of 13.46 (95% Cl 12.11-14.84)
cases per 1,000 people at one year, and an 85% increased risk of the incident need
for diabetes medications (HR 1.85, 95% Cl 1.78-1.92), translating to a reported excess
burden of 12.35 (95% Cl 11.36-13.38) cases per 1,000 people at one year. The risks
of diabetes appeared to increase in a graded fashion according to the initial severity
of acute SARS-CoV-2 infection, but have also been identified among individuals with
asymptomatic infections.>*

Neurocognitive and Mental Health Disease

An analysis of retrospective cohort studies examined neurological and psychiatric
sequelae of COVID-19 occurring primarily in outpatients up to two years after COVID-19
diagnosis.>” People with a confirmed diagnosis of COVID-19 were propensity-score
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matched with a contemporary control group diagnosed with any other upper or lower
respiratory infection. Across 14 neurological and psychiatric sequelae, the majority
had an HR significantly greater than one, which indicates elevated risk (e.g., anxiety
disorders, cognitive deficits, dementia, epilepsy or seizures, insomnia, ischemic
stroke, mood disorder, myoneural junction or muscle disease, nerve, nerve root and
plexus disorders, and psychotic disorders). The risk of common psychiatric disorders
returned to baseline after one to two months (e.g., mood disorders at 43 days, anxiety
disorders at 58 days); however, risks of cognitive deficits (e.g., brain fog), dementia,
psychotic disorders, and epilepsy or seizures were still increased at the end of the two-
year follow-up period.

A meta-analysis of 43 studies comprising 13,232 people found that approximately one
in five individuals exhibited cognitive impairment 12 or more weeks following SARS-
CoV-2 infection (pooled proportion 22% (95% ClI 17-28); approximately 30% of the
people were hospitalized). The prevalence varied depending on whether cognitive
impairment was identified through self-report or objective clinical measures. Studies
that objectively assessed cognitive impairment reported that 36% of people had
cognitive impairment, as compared to 18% of people in whom cognitive impairment
was subjectively ascertained through self-report.*

A cohort study of 153,848 hospitalized people with SARS-CoV-2 infection used
national healthcare databases from the US Department of Veterans Affairs and found
a 35% increased risk of anxiety disorders beyond 30 days of infection up to one year
(HR 1.35, 95% Cl 1.30-1.39), translating to a reported excess burden of 11.06 (95% ClI
9.64-12.53) cases per 1,000 people at 12 months; a 39% increased risk of depressive
disorders beyond 30 days of infection (HR 1.39, 95% Cl 1.34-1.43), translating to a
reported excess burden of 15.12 (95% Cl 13.38-16.91) cases per 1,000 people at 12
months; and a 20% increased risk of substance use disorders (HR 1.20, 95% CI 1.15-
1.26), translating to a reported excess burden of 4.34 (95% Cl 3.22-5.51) cases per
1,000 people at 12 months, compared to more than 10 million contemporary and
historical controls, and 72,207 people with seasonal influenza.*®

A cohort study of 32,525 adults who survived hospital admission for COVID-19 used
linked primary care and national electronic health record databases in England to
measure the associated risks of new-onset neuropsychiatric conditions in the 12
months after discharge from a COVID-19-related hospitalization, compared to 16,679
people who were hospitalized for other types of severe acute respiratory infections
and over eight million general population controls. There was an approximately two-
fold increased risk of anxiety in those hospitalized for COVID-19 (HR 2.36, 95% CI 2.03-
2.74). Similarly, increased risks were found for dementia among those hospitalized for
COVID-19 (HR 2.55, 95% CI 2.17-3.00).%®

Respiratory Disease

Asystematicreview of seven studies thatincluded 380 people examined the prevalence
of a restrictive and obstructive pattern and altered diffusion capacity on pulmonary
lung function testing (PFT) in people with prior SARS-CoV-2 infection. Most studies
measured these abnormalities approximately 30 days after infection or discharge
from hospital. The authors reported a prevalence of reduced diffusion capacity in 39%
of people (pooled prevalence 0.39, 95% Cl 0.24-0.56), restrictive patterns in 15% of
people (pooled prevalence 0.15, 95% Cl 0.09-0.22), and obstructive patterns in 7% of
people (pooled prevalence 0.07, 95% Cl 0.04-0.11). In that review, the authors were
unable to account for pre-existing lung disease, nor did they report the severity of
the restrictive and obstructive patterns.>® These studies did not include comparator
groups, and therefore, the attributable effect of infection on long-term impairments
in lung function remains uncertain, especially in non-critically ill populations.
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Frailty

Emerging literature suggests that the post COVID-19 condition may affect the risk of
becoming frail. A prospective cohort study of 428 survivors of ICU admission with
COVID-19 at a single university hospital in Sao Paolo, Brazil assessed frailty using the
Clinical Frailty Scale (CFS).%° Overall, 31% were frail at day 90 following discharge — 70%
of whom were not previously frail. A separate prospective cohort study included 288
COVID-19 survivors aged 50 years or older (71% were hospitalized for acute COVID-19)
who presented for follow-up 3 or more months after acute COVID-19.5 Prior to the
development of COVID-19, 6% (n=17) of the cohort were considered frail using a CFS
score of >4; after COVID-19, 21% (n=60) developed frailty. Additionally, there is a
proposed role of “inflammaging” and immunosenescence in the immunopathogenesis
of the post COVID-19 condition, and these processes may also increase one’s risk of
frailty.*®® Inflammaging is a chronic state of low-grade inflammation present among
those with advanced age, in the absence of overt infection, which may contribute to
clinical manifestations of other age-related conditions (e.g., SARS-CoV-1, ARDS, and
post-ICU syndrome). Additional studies, particularly those with control comparison
groups, are needed to further confirm and validate these results and examine the
impact of the post COVID-19 condition on the development of frailty across the
spectrum of illness severity in non-hospitalized, hospitalized, and critically ill people.

Impact of Vaccination on the Development of Chronic Conditions

A matched cohort study used data from a large US national health network comprising
1,578,719 people with PCR-confirmed SARS-COV-2 infection to evaluate the associated
effects of vaccination on the development of chronic health conditions (e.g.,
hypertension, diabetes, and heart disease) at 90 days. Among the 1.6% (n=25,225)
of the cohort who were vaccinated at the time and had a breakthrough infection,
vaccination was found to be protective against the development of multiple chronic
conditions and the likelihood of experiencing new or persistent symptoms, compared
to those who were unvaccinated. For example, the incidence of hypertension was
6.42 per 1,000 people (rate ratio (RR) 0.33, 95% Cl 0.26-0.42); diabetes 2.69 per 1,000
people (RR 0.28, 95% CI 0.20-0.38), and heart disease 7.19 per 1,000 people (RR 0.35,
95% Cl 0.29-0.44). Similar findings were observed at four weeks follow-up and suggest
that these differences may be attributable to the effects of vaccination.®

Taken together, there appears to be a substantial increase in the risk of developing
multiple chronic health conditions following SARS-CoV-2 infection, which define the
development of the post COVID-19 condition according to the CDC. It will be critically
important to achieve global consensus on the inclusion or exclusion of these sequelae
to support research, clinical care and policy efforts aimed at improving care for people
with the post COVID-19 condition.

Considerations in Pregnancy

Little is known about the potential spectrum of long-term effects of SARS-CoV-2
infection during pregnancy, especially on the development of the post COVID-19
condition. However, SARS-CoV-2 infection at any time during pregnancy is associated
with an increased risk of maternal death (adjusted HR 2.45, 95% ClI 1.91-3.13) and
blood clots (aHR 3.08, 95% ClI 1.09-8.74), as well as preterm birth (aHR 2.09, 95% ClI
1.75-2.47). Hospitalization for COVID-19 may also increase the risk of pregestational
diabetes (aHR 7.03, 95% Cl 2.22-22.2), which in turn may pose an increased risk
for future development of diabetes and cardiovascular disease.®® For infants born
following SARS-CoV-2 infection during pregnancy, neurodevelopmental disorders may
be more common at one year (aOR 1.86, 95% Cl 1.03-3.36 for SARS-CoV-2 infection
any time during pregnancy; adjusted OR 2.34, 95% Cl 1.23-4.44 for infection during
the third trimester).%® As increasingly transmissible variants emerge, more research is
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urgently needed on long-term risks for women who are infected while pregnant and
their infants.

Patterns of Health System Utilization Among People with the Post COVID-19
Condition

Ontario-Specific Data

A population-based matched cohort study of 530,232 community-dwelling adults
(265,116 with prior PCR-confirmed SARS-CoV-2 infection) in Ontario examined rates of
healthcare utilization — a composite of the number of outpatient clinical encounters,
homecare encounters, emergency department visits, days hospitalized, and days in
long-term care — beginning 56 days after infection. The mean rate of health care
utilization was 11% higher in test-positive individuals (RR 1.11, 95% CI 1.10-1.13).
Individual components of healthcare use were as follows: ED visits RR 1.03 (95% ClI
1.02-1.05); days hospitalized RR 1.49 (95% Cl 1.41-1.57); outpatient clinic encounters
RR 1.05 (95% Cl 1.04-1.05); homecare encounters RR 1.00 (95% Cl 0.96-1.05); and
days in long-term care RR 2.55 (95% Cl 2.28-2.86). These findings translate to an
absolute increase in mean person-specific rate of healthcare utilization of 1.4 additional
encounters (95% Cl 1.2-1.6) per person-year, and an estimated additional 245,000
healthcare encounters per year among those in the top 50% of healthcare use.®’

Primary Care Use

A cohort study of over 450,000 people who tested positive for SARS-CoV-2 and were
followed for an average of 9 monthsin England compared their primary care use before
the pandemic to the period following their positive test. The rates of primary care use
were higher among people who were hospitalized with COVID-19 (adjusted incidence
rate ratio (IRR) 1.73, 95% Cl 1.68-1.77) and those managed in the community (IRR
1.18,95% Cl 1.17-1.19) compared with 12 months before the diagnosis of COVID-19.%
A cohort study of over 1.4 million people tested for SARS-CoV-2 infection in Norway
examined primary care use before and up to six months after a person’s positive test
as well as in those with a negative test. A positive test was associated with a 14%
(95% Cl 7-20) increase in the use of primary care among older women (aged 45-70
years); there was no observed increase in primary care or specialist care use beyond
4 months.*

Mortality and Acute Care Use

A cohort study of 66,287 people with a positive PCR test for SARS-CoV-2 and more
than 250,000 controls who tested negative found that those who tested positive had
a 3-fold increased risk of dying in the following 12 months compared with those who
remained uninfected (HR 3.1, 95% CI 2.9-3.3).7° The risk of dying was highest in the
first five weeks following infection. A separate cohort study of 73,435 non-hospitalized
people within the Veterans Affairs health system in the US compared mortality at
six months following SARS-CoV-2 infection to those without hospitalization or SARS-
CoV-2 infection. The adjusted excess death was estimated at 8.30 (95% Cl 7.09-9.58)
per 1,000 people.”

A cohort study of 47,780 hospitalized adults with COVID-19 in the UK who survived to
discharge with a mean follow-up of 140 days reported rates of hospital readmission and
mortality of 3.5 and 7.7 times greater than general population controls, respectively.”
The rates of hospital readmission were 766.0 (95% Cl 753.4-778.8) per 1,000 person-
years in those with prior COVID-19 requiring hospitalization, compared to 218.9 (95%
Cl 212.4-225.4) per 1,000 person-years in controls. The rates of mortality were 320.0
(95% Cl 311.9-328.3) per 1,000 person-years in those with prior COVID-19 requiring
hospitalization, compared to 41.3 (95% Cl 38.6-44.3) per 1000 person-years among
controls. A cohort of over 164,000 hospitalized adults with COVID-19 matched to
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adults hospitalized with influenza, and to general population controls compared the
medium- and long-term risks of hospital admission and death across these three study
groups.” The main findings were that people discharged following hospitalization for
COVID-19 had a 2-fold higher associated risk for rehospitalization and death than the
general population (HR 2.22, 95% Cl 2.14-2.30), and slightly lower risks compared to
those hospitalized for influenza (HR 0.95, 95% Cl 0.91-0.98). These outcomes were
most pronounced in the first 30 days following discharge yet remained substantially
elevated over time.”

There is considerable variation in published rates of ED visits and hospitalization
across studies and jurisdictions resulting in uncertainty in acute healthcare use
among people with the post COVID-19 condition. This observed variation is likely
related partly to factors ranging from variant type and to differences in how health
care systems managed the pandemic, which further emphasizes the importance of
evaluating a health system’s unique contextual factors when measuring rates of ED
visits and hospitalization. For example, no studies undertook sub-group analyses for
participant subsets, such as rates by pandemic wave, by variant, by vaccine status,
by pre-existing comorbidities, or by health care system features, such as the extent
to which people had access to hospital care. The pandemic itself resulted in massive
shifts in how healthcare was delivered, which may also influence rates of healthcare
use among all people, not just those with the post COVID-19 condition. Presently,
there are no international studies that compare rates of healthcare between countries
to help delineate the potential effects of the post COVID-19 condition on healthcare
use from changes in healthcare use directly related to the effects of the pandemic
itself. This lack of evidence further increases the uncertainty in estimating healthcare
use associated with the post COVID-19 condition, which may be directly impacted by
differences in healthcare system resources and organization of care between countries.

People hospitalized with prior SARS-CoV-2 infection appear to have higher rates of
mortality, use of emergency department (ED) resources, need for re-hospitalization,
and visits to their primary care provider compared to those without infection. These
rates are highest in the 30-day period immediately following hospital discharge, yet
the risk remains elevated over time. Despite the use of comparison groups across
multiple studies, the magnitude of these risks remains uncertain due to the potential
for major shifts in healthcare use before and during the pandemic and the inclusion of
heterogeneous populations with varying degrees of iliness severity.

Prognosis

Anecdotal accounts and published studies suggest that symptoms of the post COVID-19
condition can persist for months, and some may be permanent. While few prognostic
studies of the post COVID-19 condition exist, some studies measured its prevalence
at numerous follow-up periods, which allows some limited insight into its prognosis.

A longitudinal cohort study examined multiple health outcomes for 1,192 individuals
who survived hospitalization due to COVID-19 and were discharged prior to June
2020 from Jin Yin-tan Hospital in Wuhan, China.” The prevalence of 15 symptoms
of the post COVID-19 condition was measured at various follow-up times. The
proportion of participants having any one of the 15 symptoms was 68% at six months,
49% at 12 months, and 55% at two years (Figure 6). This suggests that symptoms
of the post COVID-19 condition may persist for greater than two years in those
previously hospitalized with COVID-19. However, it is unknown if the same is true
for non-hospitalized people. It is also unknown if these symptoms are reversible with
treatment, or if they will spontaneously resolve at some point in the future.
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Figure 6. Proportion of Study Participants with Persistent Symptoms at Various Follow-up Time Points from a Study
of 1,192 Individuals Who Survived Hospitalization Due to COVID-19 and Were Discharged from Jin Yin-Tan Hospital
in Wuhan, China

A 2020 survey of 3,762 participants with confirmed (n=1,020) or suspected (n=2,742)
COVID-19 (91.6% non-hospitalized) was conducted to measure the return to baseline
health over a study period of seven months.>® Respondents were considered
recovered if they identified themselves as no longer experiencing symptoms at the
time of survey completion. A total of 6.8% of respondents (n=257) recovered after
day 28 of illness, and 65.2% (n=2,454) were still experiencing symptoms for at least
six months. The probability of symptoms lasting beyond 35 weeks was 91.8% (95% Cl
89.5-93.5), and the five most common symptoms reported at this time were brain fog,
fatigue, memory issues, post-exertional malaise, and select sensorimotor symptoms
(e.g., weakness, numbness, and tingling).

The prognosis of the post COVID-19 condition remains unknown as there is a very
limited number of longitudinal studies, few studies of non-hospitalized persons, and a
lack of control groups in existing studies. In addition, very few studies followed study
participants to the time of symptom resolution. To better our understanding of the
natural course of the condition among those with the condition, prognostic studies that
include a control group and follow the cohort until symptom resolution are needed.

Impact on Quality of Life, Function, and the Ability to Work

Multiple studies suggest that the associated effects of the post COVID-19 condition
appear to extend beyond the development of burdensome symptoms and incident
chronic health conditions; it is associated with reduced health-related quality of life
(HRQOL) and a person’s ability to function and work.

Quality of Life

The WHO defines health as “a state of complete physical, mental and social well-being
and not merely the absence of disease or infirmity.””> Measures of health-related
quality of life (HRQOL) encompass those aspects of an individual or a population’s
overall quality of life (QOL) that can be clearly shown to affect their physical or mental
health. Studies use a variety of methods to measure QOL, such as validated self-
reported tools like the EQ-5D-5L and the EQ-VAS.*7677
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The proportion of people with the post COVID-19 condition who indicated a reduction
in their QOL ranged between 30%-59% in a report published by Public Health Ontario
that examined six related systematic reviews.?* In one of the six systematic reviews,
the authors meta-analyzed QOL data from 12 studies involving 4,828 people with the
post COVID-19 condition with follow-up periods ranging from 30 to 180 days. The
unadjusted pooled prevalence of reduced QOL using the self-reported EQ-VAS was
59% (95% Cl 42-75; pooled mean score 81.1 (95% Cl 75.6-86.5); scored on a scale
of 0-100 where higher scores represent better health experience). The authors also
examined the proportion of the study population with any impairments across each
of the five domains of the EQ-5D-5L questionnaire and prevalence estimates showed
impairments in mobility (36%, 95% Cl 10-67; e.g., problems with walking around),
personal care (8%, 95% ClI 1-21; e.g., problems with washing), and usual activities
(28%, 95% Cl 2-65; e.g., problems with usual activity), and the presence of pain/
discomfort (42%, 95% Cl 28-55) and anxiety/depression (38%, 95% Cl 19-58). A larger
proportion of people with the post COVID-19 condition who were admitted to the ICU
during their acute COVID-19 reported a poor quality of life compared to those who
did not require ICU-level care.”” These findings were similar to a separate systematic
review of 39 studies involving 8,293 people that evaluated the impacts of the post
COVID-19 condition on QOL between 4 to 12 weeks and >12 weeks after initial SARS-
CoV-2 infection.” The overall mean prevalence of reduced QOL measured using the
EQ-5D-5L was reported in 40% of respondents at 4 to 12 weeks, and 57% at >12 weeks.

These reviews suggest a marked reduction in QOL associated with a substantial
proportion of individuals with the post COVID-19 condition. However, the included
studies did not compare results to population means, most people included in the
reviews were hospitalized, and in one review that included critically ill people, poor
quality of life was more common among people with the post COVID-19 condition
who were admitted to the ICU during their acute infection compared to those who
were not admitted to the ICU. As discussed previously, the long-term sequelae of
critical illness, ARDS and prolonged ICU admission are well characterized and known
to be associated with a greatly reduced QOL.

Taken together, the overall effect of the post COVID-19 condition on people’s QOL
remains uncertain but appears to be associated with overall reductions. Further
evidence is required to confirm the magnitude and duration of reduced QOL among
people with the post COVID-19 condition, including across different iliness severities.

Function and the Completion of Activities of Daily Living

Symptoms and sequelae of the post COVID-19 condition may limit an individual’s
ability to perform activities of daily living (ADLs). These are activities required to
independently care for oneself.”®’® There are two classes of ADLs: 1) basic ADLs,
which relate to personal care and mobility (e.g., personal hygiene, dressing, eating,
ambulating, and toileting) and 2) instrumental ADLs, which include more complex
activities required for a person to interact with their environment (e.g., grocery
shopping or banking).”87®

A multicenter study of 1,969 people hospitalized with a PCR-confirmed diagnosis of
COVID-19 during the first wave of the pandemic measured functional limitations of
people at a mean of 8.4 months after discharge.® Overall, 27.5% (n=542) of people
reported limitations in performing their basic ADLs, and 19.7% (n=389) reported
limitations in performing their instrumental ADLs. The reasons for a lower prevalence
of impairments in instrumental ADLs than in basic ADLs are unclear and may suggest
the predominance of physical over cognitive limitations among those included in the
study. A systematic review of 9 studies involving 1,465 people (81% were hospitalized)
found that ADL performance declined following acute SARS-CoV-2 infection, resulting
in a loss of independence for many people.”
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The existing research on the effects of the post COVID-19 condition on ADLs remains
extremely limited and is primarily reported among people previously hospitalized
with acute COVID-19, some of whom were also admitted to the ICU. Therefore, it is
not possible to draw conclusions about functional impairments that are specific to the
post COVID-19 condition that may not also be related to the effects of hospitalization
or critical illness.

Worker Absenteeism, Return to Work, and Workload Accommodations

Worker absenteeism poses substantial challenges to individuals with the post
COVID-19 condition, their workplaces, the economy, and the government. A review
performed up to July 2021 found 102 primary studies that examined the effects of the
post COVID-19 condition on socioeconomic domains found that 50% of the studies
reported some degree of impairment in social and family life, long absences from
work, the need for adjusted workloads, and loss of employment.® For example, among
studies of non-hospitalized people with mild to moderate SARS-CoV-2 infection, 12%
to 23% remained absent from work or had long absence periods of three to seven
months following infection. Among studies of previously hospitalized people with
COVID-19, work absence was reported in 9% to 40% of those who were previously
employed two to three months after discharge. Among studies of non-hospitalized
people with mild to moderate disease, these proportions ranged between 8% to
45%.8! In the Wuhan cohort study of 1,192 individuals in the first wave who survived
hospitalization due to COVID-19, 12% and 11% of people were unable to return to
their original work at 12 months and two years follow-up, respectively. In the UK,
approximately 2.9 million people (7% of the UK working-age population) have had or
are still experiencing the post COVID-19 condition. Economic inactivity has risen by
over 120,000 people (0.29% of the UK working-age population), contributing to the
current labour shortage in the UK, and approximately 80,000 people (0.19% of the UK
working-age population) have left employment due to the post COVID-19 condition.®
The US Census Bureau estimated that the number of 16-and-older Americans with
a disability has increased by approximately two million since early 2020 and that
between 2 and 4 million people are not able to work.8%

The collective evidence to date suggests that a substantial proportion of individuals
with the post COVID-19 condition miss work, though estimates of worker absenteeism
vary widely across studies, and the duration of the impact of the post COVID-19
condition on one’s ability to work remains unknown.

Treatment of the Post COVID-19 Condition

There are presently no known treatments specifically for the post COVID-19 condition,
including those that improve quality of life, functioning, or a person’s ability to work.
However, several therapies are currently recommended for the treatment of the
most common symptoms (e.g., shortness of breath, fatigue, racing heart) of the post
COVID-19 condition by various guidelines and by experts in the management of the
condition.>72108-8 The discussion of these is beyond the scope of this Brief.

Models of Care

Several models of care for people with the post COVID-19 condition have been proposed
based on experiences with early care delivery. The primary care provider (PCP)*° model
involves direct assessment of people who may have the post COVID-19 condition by
their PCP (provided that the person has one) to identify their care needs. Based on
these assessments, PCPs may provide self-management support, manage medications
and comorbidities, and/or refer people to specialists for ongoing assessment and
management of certain select elements of the post COVID-19 condition they do not
feel comfortable managing or that are out of scope for their practice.?® The specialized
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post COVID-19 condition clinic model involves a dedicated multidisciplinary team of
health providers often with specific expertise in rehabilitation medicine who support
people and their multifactorial care needs. The hybrid care model involves both
specialized clinics and primary care depending on a person’s needs, which may also
include the use of virtual care.®

There is no evidence evaluating which care model is most effective in supporting
people with the post COVID-19 condition, nor are there any studies examining the cost-
effectiveness of different care models. Further, careful consideration and engagement
with rural, remote, and Indigenous communities on models of care will be important.
Health human resources (HHR) are not equally distributed across the province. Rural
and remote regions often have disparate access, and in many cases, chronic shortages
of healthcare providers, despite the increased need for services due to the burden of
health in these regions. Implementation of care models should also consider those
not rostered to or those lacking a PCP.

Two clinical trials evaluating the effectiveness and experience with different care
models are currently underway. The STIMULATE-ICP study is using interviews with
people and health care professionals, follow-up surveys on the outcomes of care and
cost, clinical data, and routine hospital data to examine the “usual care” pathway
in post COVID services in England.®* The LOCOMOTION Trial in the UK uses self-
monitoring surveys built into mobile apps, data from post COVID-19 condition clinics,
and interviews with people to learn about treatment for the post COVID-19 condition
and provide education for healthcare professionals.®?

The optimal care delivery model for people with the post COVID-19 condition
remains unknown, pending the publication of evidence studying their effects across
different jurisdictions.

Barriers to Supporting People with the Post COVID-19 Condition

There are several system-level barriers to assessing and supporting people with the
post COVID-19 condition.®® These include 1) a lack of proven therapies to treat the
post COVID-19 condition; 2) limited access to care including long wait times and
possible staffing shortages; and 3) inconsistent application of insurance policies
for reimbursement, especially for disability claims. Further, variable use or lack of
diagnostic and physician fee codes limits our ability to track and evaluate care delivery
and outcomes at a population level for the purposes of identifying where care gaps
exist more broadly.

In Canada, current average wait times to access multidisciplinary clinics that treat
the post COVID-19 condition are reported to be between 3-6 months. In the US, UK,
and Italy, wait times are reported to be between 7-9 months. The related factors
identified that contribute to lengthy wait times are: 1) a limited number of clinics
due to insufficient funding; 2) increasing demand amidst a high number of existing
patients; 3) low staffing; 4) lengthy triage processes from referral to therapy; and 5) a
limited ability to access existing clinics.®*® Limited resources for primary care, along
with fragmented care resulting from complicated care coordination processes with
specialists, may also contribute to delays in receiving treatment for the post COVID-19
condition.®® In rural, remote, and indigenous communities, there also exist significant
limitations in available HHR, with a disparity in regional distribution of those HHR.

There are also numerous factors that must be considered to ensure equitable provision
of care for people with the post COVID-19 condition. COVID-19 disproportionately
affects marginalized populations.” In turn, these populations may be at higher risk
of developing the post COVID-19 condition due to a higher prevalence of underlying
risk factors, and may also face greater barriers in receiving adequate healthcare and
financial support if they go on to develop the post COVID-19 condition.%1°
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Although many healthcare services in Ontario are universally accessible through the
Ontario Health Insurance Plan (OHIP), including counselling by primary care providers,
some services, such as those provided by some private physiotherapy and psychosocial
counselling, may be limited to those who have private insurance or financial means
to pay for them. An inability to pay for food and housing and an inability to work
due to disability, also poses serious personal and financial risks. Social Assistance is
provided in Ontario through The Ontario Disability Support Plan (ODSP) and Ontario
Works (OW) to support people in financial need who meet the eligibility criteria,*
and many people own private insurance policies for long-term disability in the event
they are unable to work. It is unknown how many people with the post COVID-19
condition in Ontario have applied for ODSP or OW. There may be barriers to receiving
financial support through private insurance for disability related to COVID-19 due to
1) lack of medical evidence of SARS-CoV-2 infection, including the lack of a positive
COVID-19 test. From an equity standpoint, this may be of particular concern after the
first part of the Omicron wave where nearly 40% of the Canadian public was infected,
but very few had access to PCR testing;'%? 2) the presence of subjective symptoms
such as fatigue, brain fog, and depression that are more challenging to measure
and are themselves additional barriers to accessing timely and effective medical
care; 3) denial of post COVID-19 claim by insurance companies even when evidence
of symptoms is provided; and 4) in other jurisdictions there are reported difficulty
obtaining new health, disability, and life insurance policies as COVID-19 is considered
a pre-existing condition.**1® We have incomplete evidence about how this will be
handled in a Canadian context.

It will be important for health systems and policymakers to be proactive in preparing
a comprehensive strategy to address these multiple potential barriers. These may
include increasing the number of specialized clinics and support for primary care,
supporting research efforts to discover new therapies and measure the impacts of
post COVID-19 condition among those with prior disability and among low-income
and marginalized populations, and development of policy to ensure fair and equitable
adjudication of insurance and disability claims.

Administrative and Fee Coding

A potential barrier to supporting people with the post COVID-19 condition is the lack
of specific diagnostic codes that can be used to track and evaluate care outcomes. A
dedicated diagnostic code that is feasible to use across all care settings would help
standardize coding and in turn facilitate research and evaluation at a population level.

Though ICD diagnostic codes have been developed to track the post COVID-19 condition
in Canada (U07.4 - post COVID-19 condition), it has not yet been implemented for
use in the outpatient setting, which limits its use in studying healthcare delivery and
outcomes of people with the post COVID-19 condition across the care continuum.
Without a universally deployed diagnostic code, identifying and characterizing
healthcare use and outcomes (especially for non-hospitalized people) with the post
COVID-19 condition remains extremely challenging.

Further, the lack of a dedicated OHIP physician fee code limits reimbursement of
healthcare services, which in turn may influence care delivery and reimbursement
for private insurance claims.?®% Although the literature in this area is limited, some
studies report that inconsistent insurance reimbursement and billing codes presented
a significant barrier to the follow-up of services.”® Virtual care was used widely
during the pandemic and continues to be used in the care of people with the post
COVID-19 condition. However, there is currently insufficient evidence to evaluate its
effectiveness in delivering high-quality care among people with the condition. Virtual
care may be beneficial for people with the post COVID-19 condition given that some
affected by it may have difficulty attending multiple in-person appointments with
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various specialists related to geography, impairment in mobility or post-exertional
malaise. When reductions on telephone reimbursement of virtual care in Ontario
come into effect in the near future, it will be important to evaluate the impact of
virtual care and changes in physician reimbursement on care delivery to people with
the post COVID-19 condition. This evaluation may be especially important to consider
among those with certain disabilities and impairments in function, those who live in
rural and remote regions, and Indigenous communities.*

There are also calls for increased government funding to support the expansion of
multidisciplinary post COVID-19 condition clinics.®® The creation of specific post-
COVID-19 condition fee codes would facilitate better tracking of healthcare needs and
services, and may also incentivize the provision of care for low-income and marginalized
populations.?® The introduction of a complexity modifier to the capitation payment
system for primary care physicians has been proposed as a potential means to address
structural inequities in access to care; it is one example of how to influence physician
practice behaviour using economic levers.

Unanswered Questions

1. Will distinguishing lingering symptoms of acute COVID-19 from new symptoms
that arise after the resolution of the acute disease further our understanding of
potential disease mechanisms?®

2. Whatisthe prevalence and impact of the post COVID-19 condition on marginalized
and at-risk populations, such as those with low income, those on social assistance,
those with prior disability and Indigenous populations?

3. Do treatments given at the time of acute COVID-19, or after the development
of the post COVID-19 condition (e.g., dexamethasone, remdesivir, tocilizumab,
monoclonal antibodies, Paxlovid) alter the prevalence, associated impairments,
or duration of the post COVID-19 condition?

4. Whatare the patterns of other measures of health system utilization among people
with the post COVID-19 condition, such as the use of certain diagnostic tests (e.g.,
pulmonary function tests, echocardiograms, computed tomography (CT) scans,
and magnetic resonance imaging (MRI) scans, etc.), the use of specialist physician
care (including palliative care), home care, and the use of medical, cardiac, and
pulmonary rehabilitation services?

Interpretation

The post COVID-19 condition is a common, complex, and heterogeneous condition
that develops in people with prior SARS-CoV-2 infection. There are over 100 symptoms
reported in people with the post COVID-19 condition spanning multiple physiologic
systems. These burdensome symptoms appear to be associated with poor quality
of life, reduced function, and impairments in people’s ability to work and care for
themselves. Many people also appear to develop new chronic health conditions
following SARS-CoV-2 infection, which hold the potential to have a further impact on
the health system through increased healthcare service needs and potential disability.
Taken together, the post COVID-19 condition is likely to impart a significant burden on
our citizens, our health systems, and potentially our economy.

Uncertainty remains around the magnitude of these risks due to limitations in the
quality of available published evidence. The lack of a globally accepted definition
continues to hinder efforts to estimate prevalence and risk more accurately, which is
critical to health system planning and resource allocation. There are major theoretical
equity concerns related to rates of infection and, therefore, subsequent development
of the post COVID-19 condition as well as barriers in access to care support among
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marginalized, disabled, and racialized/ethnic populations. One of the most important
questions is whether incident chronic conditions that arise following SARS-CoV-2
infection be considered under the umbrella of the post COVID-19 condition or post-
acute sequelae of SARS-CoV-2 infection? Through the lens of the affected person,
caregiver, and health system planner, it may be an arbitrary distinction given that many
of these chronic conditions are also associated with poor quality of life, burdensome
symptoms, increased need for healthcare services, and often a shortened survival.

Many other limitations in our understanding of the post COVID-19 condition remain.
Current evidence is not sufficient to make definitive conclusions about how many
people with the post COVID-19 condition have overlapping impairments in their quality
of life and ability to work or function. Although our understanding of the underlying
pathophysiologic mechanisms that lead to its development is still limited, ongoing
research in this area continues to provide further evidence for potential therapeutic
targets. The evidence for the effects of vaccination against SARS-CoV-2 continues to
evolve yet demonstrates promise as part of a multi-pronged approach to treatment. It
is still unclear which models of care are most effective in supporting the care of people
with the post COVID-19 condition and their caregivers.

Health systems around the world continue to bear witness to the devastating effects
of the COVID-19 pandemic. Amidst it all, people collaborated on a global scale to
discover preventive strategies and vaccines, new therapies, and innovative care
pathways. One of our next great challenges will be the management of successive
acute COVID-19 waves with a potential long tail of hardship from the post COVID-19
condition. Substantial investments in research, clinical care pathways and health policy
are needed to ensure sustainable care for people with the post COVID-19 condition
in the long term.

Methods Used for This Science Brief

We searched PubMed, Google Scholar, the COVID-19 Rapid Evidence Reviews,
the Joanna Briggs Institute’s COVID-19 Special Collection, LitCovid in PubMed,
the Oxford COVID-19 Evidence Service, the World Health Organization’s Global
Literature on Coronavirus Disease, and other COVID-19 specific resources listed by
the Guidelines International Network and the McMaster Health Forum. In addition,
we reviewed Evidence Synthesis Briefing Notes published by the COVID-19 Evidence
Synthesis Network and Public Health Ontario and retrieved reports citing relevant
articles through Google Scholar and reviewed references from identified articles for
additional studies. The comprehensive search was last updated on May 20, 2022, and
new studies identified in weekly reviews of the literature were added up to August
30, 2022. The methods for the evidence scans performed by the COVID-19 Evidence
Synthesis Network can be found in the methods sections of the Briefing Notes. We
conducted our meta-analyses using STATA Release 16.0 software (StataCorp LLC,
College Station, TX) using a random-effects model to quantify the risk factors and a
Mantel-Haenszel fixed-effects model on the impact of vaccination. We used the QUIPS
tool to evaluate the risk of bias of the included studies,®> and we evaluated the level
of certainty in the evidence of each factor by using Grading of Recommendations,
Assessment, Development and Evaluations (GRADE) criteria.'%®

The outcomes of the post COVID-19 condition are described in existing literature using
sample populations with either previous SARS-CoV-2 infection or established post
COVID-19 condition. Distinguishing how these outcomes were measured is critical to
accurately interpreting the findings of this Science Brief. Measurements of outcomes
are classified in Table 2.
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Post SARS-CoV-2 Infection Established Post COVID-19 Condition

= Chronic conditions = Symptoms®

. Emergency department visits = Quality of life

. Hospitalization . Employment®

. Mortality = Vaccination (after established post COVID-19
condition)®

o Primary care use

= Prognosis

. Function and completion of ADLs

= Vaccination (pre/post SARS-CoV-2 infection)

Table 2. Classification of Sample Populations in the Included Studies and Reviews on Outcomes of the Post COVID-19
Condition

Table classifying the outcomes of the post COVID-19 condition that are examined in this Science Brief as being measured
in individuals after SARS-CoV-2 infection or in individuals with established post COVID-19 condition. °“Researchers used
modified versions of the WHO definition for the post COVID-19 condition that varied in duration of symptoms (28
or more days) and symptoms classified as part of the condition. *Researchers used a mixture of the WHO and CDC
definitions of the post COVID-19 condition.

CanCOVID performed research evidence scans for this Science Brief, which was last
updated on June 13, 2022. CanCOVID is a network of active researchers, academics,
patient partners, decision-makers, and industry partners dedicated to an evidence-

informed response to the COVID-19 pandemic.
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