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Summary

Long COVID is a complex, multi-system illness with the potential for a substantial impact on
society, from increased health care costs to economic and productivity losses. Symptoms
may persist for weeks or months following acute SARS-CoV-2 infection, come and go over
time, or manifest as new onset chronic conditions, such as heart disease, diabetes, kidney
disease and neurological conditions.

Long COVID is an umbrella term used to describe both ongoing symptoms in the medium-
term (4—12 weeks) and longer-term sequelae beyond 12 weeks known as post-COVID
syndrome (National Institute for Health and Care Excellence) or post COVID-19 condition
(World Health Organization).

This review analyses the available Australian and international literature to understand the
impact and scale of long COVID, including:

¢ incidence and prevalence of long COVID in Australia and internationally

e whether SARS-CoV-2 variants and vaccination modify the risk of developing long
COVID

e demographic, clinical and social determinants of long COVID

e outcomes and impact of long COVID on patients, such as burden of disease, health
service use, quality of life and patient experience

e data deficiencies and research gaps around long COVID

Many studies from the early phases of the pandemic were conducted before clear definitions
were developed and produced wide variation in results. In addition, there has been no
consensus on a core set of health outcomes to be measured and reported for long COVID
which has also translated into inconsistent findings.

Prevalence of long COVID

As most cases of COVID-19 have occurred in Australia during 2022 studies of the
occurrence of long COVID have only recently gathered momentum. From the limited data
available, current prevalence estimates of long COVID (defined as >12 weeks) in Australia
range from 5% to 10% of COVID-19 cases.

Wide variation in estimates has been reported from international data, ranging from 9% to
81% in a global systematic review. Sources of heterogeneity include methodological
differences between studies including definitions of long COVID and follow-up time,
geographic region, demographic and clinical profile of study participants and acute
COVID-19 disease severity.

Studies using stricter case definitions for long COVID have produced more modest
estimates. The prevalence of post COVID-19 condition (>12 weeks) ranged from 8% to 17%
in studies from the UK. The global prevalence of post COVID-19 condition was estimated to
be 6.2% of symptomatic COVID-19 infections when only symptoms of fatigue, cognitive
problems or shortness of breath were counted.

Many studies lack non-COVID-19 comparison groups that are needed to establish whether
the prevalence can be attributed to COVID-19, which is particularly important for studies that
rely on self-report of a diverse range of signs and symptoms that are not unique to long
COVID.



Regardless of the precise definition of long COVID used by individual studies, most studies
find a relationship with severity of acute COVID-19. Prevalence is highest in patients who
were admitted to an intensive care unit (ICU) for COVID-19, followed by hospitalised
patients, and lowest in non-hospitalised patients.

There is growing evidence that the risk of long COVID has been lower during the Omicron
wave compared with earlier SARS-CoV-2 variants. However, because many people were
vaccinated when the Omicron variant emerged, observed differences in risk of long COVID in
relation to different SARS-CoV-2 variants could be due to vaccination. A meta-analysis of 18
studies found that the risk of long COVID was 32% lower (relative risk [RR] 0.68, 95%
confidence interval [CI] 0.53—-0.87) based on studies using a >4-week definition and 25%
lower (RR 0.75, 95% CI 0.64—-0.88) for other definitions combined for people double
vaccinated against SARS-CoV-2 compared to unvaccinated people.

Determinants of long COVID

There is growing evidence that severity of acute disease, age, female sex and comorbidities
are the most common risk factors for the development of long COVID:

o severity of illness during the acute COVID-19 infection has been identified by
numerous studies as an important predictor of long COVID. This includes the number
of symptoms, length of hospital stay and ICU admission

¢ long COVID has an inverted U-shaped relationship with age and is most common in
middle-aged adults

o studies have consistently shown that females experience a higher prevalence of
self-reported long COVID than males, a finding that is independent of demographic
and clinical characteristics

e poorer underlying health is also related to an increased risk of long COVID.
Pre-existing chronic conditions and their associated risk factors, such as obesity
and smoking, increase the risk of developing long COVID.

People from lower socioeconomic groups, certain occupations and ethnic backgrounds may
also be at a higher risk of developing long COVID. However, there is a lack of robust
research focusing on social determinants and long COVID. Understanding the burden of long
COVID in specific population groups is important to target prevention and develop treatment
and care programs.

Very few protective factors other than SARS-CoV-2 vaccination have been identified. There
is emerging but preliminary evidence that management of acute COVID-19 infection with
antiviral medication and physical activity may reduce the risk of long COVID.

Long COVID and chronic conditions

Some people develop a range of multi-organ symptoms that may arise as a direct
complication during the acute COVID-19 iliness or develop over the longer term leading to
new-onset chronic conditions.

Studies of large health databases, predominantly from the US, have identified an increased
risk of a range of chronic outcomes, including cardiovascular disease, metabolic disorders,
and mental and neurological complaints up to 12 months following infection. Imaging and
laboratory studies have demonstrated persistent structural damage to the heart which may
result in increased hospitalisation for cardiovascular events such as heart attacks.

One of the most common neurological complaints is ‘brain fog’ characterised as difficulties
with cognitive function, attention and memory. Some symptoms of long COVID, particularly



persistent fatigue and post exertional malaise, overlap with myalgic encephalomyelitis (ME),
also called chronic fatigue syndrome (CFS). ME/CFS has also been associated with previous
viral infections and the underlying pathophysiology between these sets of symptoms may be
similar for the 2 conditions. Continued research into long COVID may provide further
understanding of ME/CFS. Likewise, established research on ME/CFS may point to clues
worth investigating in long COVID.

Impact of long COVID

The review examines 4 dimensions of the impact of long COVID: the population health
impact through the burden of disease and mortality, impacts on the health system, quality of
life and social impacts, and the patient experience with long COVID.

¢ In Australia, since the start of the pandemic and up to 30 September 2022, there had
been 10,279 deaths due to COVID-19 of which 123 (1.2%) were classified as being
due to post COVID-19 condition. Long COVID contributed to 10% of the total burden
of disease from COVID-19 in Australia in the first few months of 2022.

e Several studies have reported increased post-acute COVID-19 health care utilisation
and costs, including rehospitalisation, emergency department visits, outpatient visits
and primary care attendances.

e A significant proportion of people with long COVID report limitations on their daily
activities and a reduced quality of life. In the COVID-19 Impact Monitoring Survey,
22% of respondents with symptoms lasting for 3 months or more reported their ability
to carry out day-to-day activities had reduced substantially compared to before
COVID-19. The impact of persisting symptoms can impact on workforce participation,
including delays in return to work, and ongoing residual difficulties that impact the
ability to perform the same duties or limit working hours.

e The term ‘long COVID’ emerged as social terminology to describe patient’s
experiences of the long-term health effects of SARS-CoV-2 infection. The use of
online support groups and social media has been a key tool for patient advocacy,
demonstrating the evolution of social attitudes and experiences of long COVID. In the
early phase of the pandemic, long COVID sufferers expressed a lack of belief and
recognition of their illness by health care professionals and struggled to access
medical care. Over time, the sentiments have become more positive, reflecting
increased knowledge, acceptance and awareness of long COVID and health system
responses to the condition.

Data deficiencies and future research

One of the main limitations of long COVID research is the inconsistency in the definition of
long COVID used. Specially, there is difficulty in effectively defining the condition’s symptoms
and time course for research and clinical purposes. Two definitions have been developed by
the National Institute for Health and Care Excellence (NICE) and the World Health
Organization (WHO) that define parameters around the timing and duration of symptoms, but
both remain broad in relation to symptoms. An international consensus study has produced a
core outcome set for adults with post COVID-19 condition consisting of 12 outcomes in the
domains of clinical, life impact and survival to improve harmonisation and comparability
across studies.

In September 2020 WHO activated an International Classification of Disease, 10th Revision
(ICD-10) code for post COVID-19 condition. Analysis of the use of the code in US health care
records has shown that the uptake varies widely and currently underestimates the frequency
of long COVID. As use of the code becomes more consistent, health care records will



provide large and rich sources of data to understand the impact of long COVID, such as
patterns of health service use among long COVID patients. However, health records may be
impacted by behavioural differences in seeking care, the need for care depending on the
severity of long COVID symptoms, disparities in the availability of care, obtaining a diagnosis
of long COVID and having that diagnosis recorded in the patient record. These issues may
lead to lack of representation in health records of some population groups.

Most of the evidence presented in this review has been from research conducted overseas.
Some opportunities for research to monitor the impact of long COVID in Australia include:

e The national COVID-19 linked data set is a project being conducted by the AIHW to
link COVID-19 infection notifications from states and territories to national
administrative health data sets including deaths, hospitals, aged care, immunisation,
Medicare Benefits Schedule (MBS) and Pharmaceutical Benefits Scheme (PBS)
data. This data asset will allow investigation of health outcomes post-COVID-19
infection, including the occurrence, risk factors and impact of long COVID. This
information will be valuable for understanding health service demands arising from
long COVID and could be useful in designing targeted long COVID models of care.

e Long COVID clinics have been established across Australia to provide specialised
care to people having long-term symptoms after COVID-19 infection. These clinics
provide an opportunity to collect data on long COVID progression in affected
individuals.

e Large-scale national surveys, like those established in the UK and USA, provide rapid
and relevant long COVID information including the tracking of the prevalence over
time. This information is important for planning prevention and health care demand.

e Several Australian longitudinal studies have included questions on COVID that will
allow for analysis of post-COVID-19 outcomes. This includes the 45 and Up Study
conducted by the Sax Institute.

Long COVID is a new condition and therefore the evidence so far is limited by a relatively
short follow-up time since infection, particularly in Australia where most of the acute burden
of COVID-19 has occurred in 2022 to date. Research and monitoring of long COVID is
required to understand its impact in the Australian population and to corroborate findings with
the evidence from other countries.



1 Introduction

Coronavirus disease 2019 (COVID-19) is a respiratory illness caused by infection with the
SARS-CoV-2 virus. The disease emerged in late 2019 and rapidly spread around the world,
with the first case in Australia identified on 24 January 2020 (Caly et al. 2020). COVID-19
was declared a pandemic by the World Health Organization (WHQ) in March 2020. The initial
reporting focus of COVID-19 was on the acute presentation of COVID-19 and in particular
the number of deaths from the virus — by 1 September 2022, more than 600 million cases
had been confirmed globally and 6.5 million COVID-19 related deaths (Mathieu et al. 2022).

In Australia, there had been 10 million COVID-19 cases by 1 September 2022 (Department
of Health and Aged Care 2022), with over 10,000 registered deaths due to COVID-19 by
30 September 2022 (ABS 2022a). The severity and range of symptoms from a COVID-19
infection varies from person to person. The most common symptoms include fever or chills,
cough, shortness of breath or difficulty breathing, fatigue, muscle or body aches, headache,
new loss of taste or smell, sore throat, congestion or runny nose, nausea or vomiting, and
diarrhea (CDC 2022b).

While most people who get COVID-19 fully recover within 1-2 weeks (AIHW 2022c), it is now
well documented that some people develop persistent symptoms or ‘clinical sequelae’ for
weeks to several months after initial infection. These symptoms have been generally referred
to as ‘long COVID’ and the long-term implications of these ongoing clinical manifestations
pose a major challenge for health care systems (Maglietta et al. 2022).

Box 1.1: Where did the term ‘long COVID’ come from? The Patient Experience

The term ‘long COVID’ was collectively created by the patient community and in the early
stages of long COVID, the symptoms were thought to be pyschological (Callard and Perego
2021). Many patient groups, online communities and support groups have been set up as a
support mechanism to those experiencing long COVID symptoms.

Although this literature review will focus on quantitative results, the patient experience is
central to better understanding long COVID. A number of patient stories are emerging in the
multiple platforms across the media. Generally the experiences reinforce the heterogeneity
of long COVID sypmtoms and the impact that it is having on people’s lives.

1.1 Purpose of the report

The purpose of this report is to draw on Australian and international literature to understand
the impact and scale of long COVID on patients and the health system in Australia, to
understand who may be most at risk of developing long COVID so that strategies and
preventive measures can be tailored accordingly and to inform and assist health policy and
planning and future preparedness.

Long COVID is a significant research priority globally and the evidence base is rapidly
developing. There is limited evidence of the impact of long COVID in Australia. Although the
prognosis of long COVID is uncertain, it is being recognised as a public health concern,
particularly due to its substantial impact on society, from increased health care costs to
economic and productivity losses (DHHS 2022).

The broad objectives of the report are to provide information on:

e the incidence and prevalence of long COVID in Australia and internationally

Long COVID in Australia — a review of the literature 1



e how SARS-CoV-2 variants and vaccination modify the risk of developing long COVID

e demographic, clinical and social determinants of long COVID (including modifiable
risk and protective factors)

e outcomes and impact of long COVID on patients, such as burden of disease,
mortality, health service use, quality of life and patient experience

e data deficiencies and research gaps around long COVID.

1.2 Information sources and data collection

Selection of articles

Peer-reviewed literature was identified from PubMed using the search term ‘long COVID’
under a COVID-19 filter category. The search was conducted on 16 September and
automatically covered studies published from the start of the pandemic. The search strategy
also incorporated a desktop search of the grey literature from reputable public health sources
such as the United States (US) Centers for Disease Control and Prevention (CDC), National
Institute for Health and Care Excellence (NICE), WHO, Office for National Statistics (ONS)
and the Australian Bureau of Statistics (ABS). MedRxiv was also searched to identify pre-
print articles published since 1 January 2022 with the phrase ‘long COVID’ in the title. Any
additional articles identified in reference lists from included studies were also included.

Inclusion criteria consisted of all reports since the beginning of the pandemic examining long
COVID (>4 weeks) in humans. Although studies reporting data from different age groups
were included, studies specifically examining long COVID in adolescents and children,
including the post COVID-19 condition multi-inflammatory syndrome in children (MIS-C),
were excluded. Clinical studies investigating treatment and management of long COVID
were also excluded.

Reviews, editorials and commentaries, qualitative and quantitative study designs were
eligible for inclusion. Case reports, case series studies and study protocols were excluded.
Titles and abstracts were screened by 2 independent authors and irrelevant articles were
excluded. Articles were categorised according to the following themes:

¢ defining long COVID
e symptoms and pathophysiology

e prevalence and incidence of long COVID - including hospitalised and non-
hospitalised COVID-19 patients and general population samples, but excluding
studies of specific clinical patient groups

e demographic, social and clinical determinants

o risks of different underlying chronic conditions

e impact of vaccination and SARS-CoV-2 strains and variants
¢ long COVID and other post-acute infection syndromes

e patient outcomes — mortality and burden of disease due to long COVID, quality of
life, patient experience and societal impacts.

2 Long COVID in Australia — a review of the literature



Evidence synthesis

The findings are presented as a narrative synthesis. Due to the rapidly evolving information
over the 2 years, not all studies identified through the search and screening process are
reported on in this review. Some earlier literature was omitted so that current trends were
highlighted rather than an in-depth analysis. In addition, the review prioritised research based
on high quality study designs, such as large longitudinal studies with comparison groups
(Amin-Chowdhury and Ladhani 2021), and pre-existing systematic reviews.

This report also prioritises literature which meets the definition for post COVID-19 condition
of more than 12 weeks (3 months) following infection. However, given the shifting nature of
the pandemic and the associated literature, there are some papers included that will
reference ongoing COVID-19 symptoms prior to 3 months.

Long COVID in Australia — a review of the literature 3



2 What is long COVID?

2.1 Symptoms of long COVID

Long COVID is a multisystem illness that can affect nearly every organ in the body

(DHHS 2022). It is characterised by persistent symptoms that can affect an individual's
ability to perform daily activities such as work or household chores. Early research compiled
more than 200 possible symptoms of long COVID (Davis et al. 2021), however, the
symptoms reported can overlap with other conditions that are not related to COVID-19,
such as pre-existing health conditions (Castanares-Zapatero et al. 2022). Subsequently,

62 symptoms have been found to be associated with a history of COVID-19 at 12 weeks
after the index date independent of sociodemographic factors, baseline symptoms and
comorbidity (Subramanian et al. 2022).

Some of the most common symptoms include fatigue, breathlessness, persistent cough and
loss of smell but may vary from person to person (Box 2.1). In addition, long COVID can
manifest as new-onset chronic conditions, such as heart disease, diabetes, kidney disease
and mental and neurological conditions (DHHS 2022). While people who have had a more
severe form of COVID-19 are more likely to experience long COVID symptoms, a severe
infection is not a prerequisite for long COVID (Cutler 2022). It is important to note that these
symptoms may come and go and are not explained by another health problem in order to be
considered as long COVID (Johns Hopkins Medicine 2022).

Box 2.1: What are the symptoms of long COVID?

According to the WHO (WHO 2021), the most common symptoms of post COVID-19
condition include:

fatigue

shortness of breath or difficulty breathing
memory, concentration or sleep problems
persistent cough

chest pain

trouble speaking

muscle aches

loss of smell or taste

depression or anxiety

fever.

A recent matched cohort study (Subramanian et al. 2022) found additional symptoms to
those listed by the WHO, including:

hair loss
sheezing
ejaculation difficulty

reduced libido.

4 Long COVID in Australia — a review of the literature



The vast range of individual symptoms identified tend to fall into major groupings related to
organ systems such as respiratory, cardiovascular and neuropsychological abnormalities
(Reese et al. 2022; Umesh et al. 2022). It should be noted that some patients may
experience multi-organ symptoms across these sub-types (Sahanic et al. 2022).
Neuropsychological complaints are the most common group of symptoms, regardless of
the severity of initial infection, with fatigue being the most common (Umesh et al. 2022).

Long COVID symptoms can range from mild to severely debilitating with organ damage,
however, a clear distinction between long COVID and post-intensive care unit syndrome is
often not made in studies (Brodin et al. 2022). Even in studies based on clinical observations,
it is difficult to know if an abnormality was present before acute COVID-19 and was
consequently diagnosed during additional tests performed following COVID-19 (Deer et al.
2021).

Symptoms may also occur in the absence of COVID-19 and, without the use of appropriate
control groups in epidemiological studies, the specificity of symptoms to long COVID are not
well defined. The importance of a control group is highlighted by a recent pre-print study from
the United Kingdom (UK) that compared patterns of symptoms after 12 weeks of COVID-19
onset with individuals who had not had COVID-19 (Bowyer et al. 2022). They found
individuals without COVID-19 also reported moderate levels of many symptoms commonly
associated with long COVID, including headaches, fatigue and musculoskeletal pain.
However, this study was able to demonstrate a higher symptom burden among those who
had COVID-19 more than 12 weeks previously compared to those without COVID-19,
characterised by fatigue, shortness of breath, muscle pain or aches, difficulty concentrating
and chest tightness. A recent systematic review of studies using cardiopulmonary exercise
testing (CPET) found exercise capacity was reduced by 4.9mL/kg/min among individuals with
long COVID symptoms compared with individuals without symptoms more than 3 months
after infection (Durstenfeld et al. 2022).

It is still unclear how long symptoms will persist in people with long COVID. Improvement in
symptoms and quality of life generally occurs between 3 and 6 months, but some people can
experience ongoing symptoms beyond 6 months with only gradual improvement over 2 years
(Fernandez-de-Las-Pefias, Martin-Guerrero, Cancela-Cilleruelo, Moro-L6pez-Menchero,
Rodriguez-Jiménez and Pellicer-Valero 2022; Global Burden of Disease Long COVID
Collaborators 2022; Hastie et al. 2022; Torjesen 2021; Vaes et al. 2021).

Ongoing symptoms following recovery from acute infection is not unique to long COVID.
Several infectious diseases, such as Epstein Barr virus, Ross River virus and other
coronaviruses, also have an increased risk of post-infectious sequelae comprising symptoms
of fatigue, musculoskeletal pain, neurocognitive difficulties and mood disturbance (Hickie et
al. 2006; Moldofsky and Patcai 2011). Chronic fatigue syndrome (CFS) is often preceded by
a viral iliness; however, the precise pathophysiology remains unclear (Bansal et al. 2012).

2.2 What causes long COVID?

The underlying pathophysiology of long COVID is still poorly understood. Like the initial acute
COVID-19 episode, it is likely that the biological processes involved in the development of
long COVID are multiple and overlapping involving a combination of virus and host factors
(Figure 2.1) (Peluso and Deeks 2022; Umesh et al. 2022).
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Figure 2.1: Predictors and proposed pathophysiologic mechanisms of long COVID
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Two overarching mechanisms put forward to explain the underlying pathophysiology of long
COVID are organ damage from the initial acute infection phase, and long-term inflammatory
mechanisms (Castanares-Zapatero et al. 2022). Some specific hypotheses that have been

proposed include (Mehandru and Merad 2022; Merad et al. 2022; Peluso and Deeks 2022):

e unrepaired tissue damage

e residual inflammation

e persistence of viral antigens in tissues

e triggering of autoimmunity after acute viral infection as seen with other viral infections
e alterations in gut microbiome

e microvascular dysregulation.

The specific mechanisms are likely to vary according to the organ system affected
(Castanares-Zapatero et al. 2022). For example, injury to lung tissue can result in a
persistent cough, ongoing inflammation of blood vessels can lead to fatigue, breathlessness
and chest pain, while injury to neural pathways involved in smell can result in loss of smell.

Most studies examining the pathophysiology of long COVID have been conducted overseas.
The Australians’ Drug Use: Adapting to Pandemic Threats (ADAPT) study in Australia
compared the immune response in people with long COVID (defined as fatigue, dyspnea or
chest pain >12 weeks after COVID-19) to COVID-19 patients who did not develop long
COVID (Phetsouphanh et al. 2022). The study found prolonged activation of the immune
system with significant and sustained inflammation even after mild to moderate infection.

Evidence to date, though in its infancy, validates the experience of long COVID patients by
demonstrating measurable biological differences. Understanding the underlying mechanisms
of long COVID is important to identifying potential interventions and treatment targets.

6 Long COVID in Australia — a review of the literature




2.3 How is long COVID defined?

The accumulation of evidence from studies of patients experiencing persistent symptoms
following acute infection with SARS-CoV-2 has informed the development of clinical
definitions for long COVID (Box 2.2). Despite efforts to harmonise the definition and
collection of data on long COVID, there has been no consensus on a core set of health
outcomes to be measured and reported for long COVID (Munblit, Nicholson, Akrami et al.
2022). The heterogeneity in measurement of long COVID in current research translates to
inconsistent findings.

Box 2.2: Clinical definitions of long COVID
Two long COVID clinical definitions that have been developed are outlined below:

1. The World Health Organization (WHO) used a group consensus technique including
input from patients, researchers and others to adopt a clinical case definition, of what
has been termed ‘post COVID-19 condition’ (WHO 2021), that is:

Post COVID-19 condition occurs in individuals with a history of probable or confirmed SARS
CoV-2 infection, usually 3 months from the onset of COVID-19 with symptoms and that last
for at least 2 months and cannot be explained by an alternative diagnosis. Common
symptoms include fatigue, shortness of breath, cognitive dysfunction but also others and
generally have an impact on everyday functioning. Symptoms may be new onset following
initial recovery from an acute COVID-19 episode or persist from the initial illness. Symptoms
may also fluctuate or relapse over time.

There now exists an International Classification of Disease, 10th Revision (ICD-10),
code corresponding to post-COVID-19 condition (Chen et al 2022; WHO 2022a).

2. The National Institute for Health and Care Excellence (NICE) in the UK categorises
long COVID into the following definitions (NICE 2021):

» ongoing symptomatic COVID-19: signs and symptoms of COVID-19 from 4—12 weeks

* 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
alternative diagnosis.

Both the WHO and NICE definitions describe a post COVID-19 condition or syndrome as
symptoms that continue for more than 12 weeks following an acute episode of COVID-19.
Both provide for the onset of new symptoms following recovery from the initial infection.

The NICE definition also defines ongoing symptomatic COVID-19 as signs and symptoms of
COVID-19 for more than 4 weeks, but less than 12 weeks. Taken together, these 2
definitions are included under the umbrella term of long COVID (Figure 2.2). However, the
definitions remain vague and a variety of conditions including those that are psychosomatic
in nature become intertwined with true post-COVID-19 illness (Brodin et al. 2022).

This report uses ‘long COVID’ as a general term to refer to ongoing symptomatic COVID-19
and post COVID-19 syndrome. Other terms that have been used in the literature to describe
similar symptoms include ‘post-acute COVID’, ‘post COVID’, ‘late sequela COVID’, ‘chronic

COVID’, ‘persistent COVID’, ‘COVID long haulers’, and ‘post-acute sequelae of SARS-CoV-
2’ (PASC).
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Figure 2.2: Natural history of the development of long COVID
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3 How common is long COVID in
Australia?

Estimates of the frequency of long COVID vary. There are 2 main measures used to estimate

the frequency of long COVID, which have different purposes and interpretations (Box 3.1). A

lack of universal agreement on the clinical definition of long COVID, variation in data sources

and methodology produce discordant results (Ledford 2022b). In addition, the experience
with COVID-19 in Australia has been quite different to other high-income English-speaking
countries such as the United States of America (USA) and UK against which comparisons
are usually made. The public health restrictions implemented in 2020 and 2021 kept the
COVID-19 infection rate low in the first 2 years of the pandemic compared to the USA and
UK, with most cases occurring in Australia in 2022 after many had been vaccinated, when

the Omicron variant was dominant, and when antiviral treatment for COVID-19 had improved

(AIHW 2022c). These factors may have changed the characteristics of long COVID
compared with earlier in the pandemic and we do not know yet if Omicron has a different
propensity for long COVID compared with earlier variants.

Box 3.1: Measures used to estimate the frequency of long COVID
Incidence

The number of new cases of long COVID as a proportion of people who tested positive for
SARS-CoV-2 in a specified period of time. It is interpreted as the ‘risk’ of developing long
COVID and estimated from longitudinal studies that follow-up COVID cases and collect
information on long COVID symptoms. The best evidence comes from studies that include a
comparison group of non-COVID cases. These studies can also compare the difference in
long COVID risk between population groups and study risk factors for long COVID.

Prevalence

The number of long COVID cases (new and pre-existing) as a proportion of the population
of interest (which may be COVID-19 cases or the broader population) either at a point in
time or over a specified period of time. It can be estimated from cohort or cross-sectional
surveys. Repeated surveys such as those conducted monthly by the UK Office of National
Statistics track the prevalence over time and identify population groups with the greatest
long COVID burden, which informs health policy and planning.

Adjusted (excess) prevalence

The prevalence of long COVID symptoms in COVID-19 cases minus the prevalence of long
COVID-like symptoms in non-COVID-19 controls. It is an estimate of the prevalence of the
experience of long COVID symptoms attributable to COVID-19.

3.1 Australian data

Due to the nature of the COVID-19 pandemic in Australia to date, there have been limited

studies conducted in Australia to assess the prevalence of long COVID. An early study from

New South Wales of 2,000 COVID-19 cases diagnosed in early 2020 found that 80%
recovered within 1 month and the incidence of symptoms continuing for 3 months post-
diagnosis was 5% (Liu, Jayasundara, et al. 2021).

Long COVID in Australia — a review of the literature
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More recent data collected in March 2022 from the 45 and Up Study estimated 7% of
respondents who tested positive for COVID-19 reported persistent symptoms lasting longer
than 3 months (Sax Institute 2022). The most common symptoms were fatigue (82%), cough
(43%) and poor memory and concentration (40%). Although this study was conducted early
in the Omicron wave, there still may have not been enough people who had contracted
COVID-19 to provide a generalisable estimate.

The most recent information comes from the COVID-19 Impact Monitoring Survey Series,

a probability-based panel study that has monitored wellbeing, attitudes, and behaviours of
adult Australians since the start of the COVID-19 period (Biddle and Korda 2022). Based on
a survey of 3,510 adults conducted in August 2022 following the large increase in COVID-19
cases in Australia during 2022, 29% with confirmed or suspected COVID-19 reported they
had experienced symptoms for more than 4 weeks, and 9.7% had experienced symptoms for
3 months or more. The most common symptoms were tiredness (82%) and weakness (58%).
This equates to 14% of adults with symptoms for 4 weeks or more (11% with a reduced
ability to carry out day-to-day actions because of long-COVID symptoms) and 4.7% with
post-COVID-19 syndrome (3 months or more), or around 1 million Australian adults.
However, these figures over-estimate current long COVID cases as it includes people whose
symptoms have resolved.

As there is limited information available on long COVID estimates from observational data,
model-based estimates under differing scenarios and assumptions have been explored
(Angeles et al. 2022). The most recent of these is based on COVID-19 cases to September
2022, which demonstrated a rapid increase in long COVID following the rise in the Omicron
wave from December 2021, peaking in October 2022 (Angeles and Hensher 2022). The
modelling also estimates several hundred thousand Australians will still have long COVID
symptoms by early December 2022, with tens of thousands having symptoms that impact on
their daily activities, such as their ability to work.

From the limited Australian data on long COVID available, the prevalence of post-COVID-19
syndrome (symptoms >12 weeks) ranges from 5% to 9.7% of people with COVID-19.
However, these figures may be an overestimate as all these studies are based on self-
reported long COVID and do not include a control group to adjust for the occurrence of
symptoms in people who have not had COVID-19. In addition, the extent to which ongoing
symptoms impact on quality of life through limiting daily activities or lead to seeking medical
care is unclear, but likely to be significant. Regular time series surveillance data for long
COVID in Australia are lacking, which limits the ability to provide rapid estimates of
prevalence. This is important information needed by policymakers to understand and prepare
for the social and health service impacts of long COVID.

3.2 International data

As the reporting of the occurrence of long COVID in Australia is in its infancy, the literature
search looked to larger and more recent international studies and sources of data on which
to ascertain estimates.

Several systematic reviews have been conducted that aim to document the frequency of long
COVID globally (Alkodaymi et al. 2022; Cabrera Martimbianco et al. 2021; Chen et al. 2022;
d'Ettorre et al. 2022; Han, Zheng, et al. 2022; Nittas et al. 2022). All include studies published
only in 2020 and 2021 and none include any Australian data (Table 3.1).
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Table 3.1: Long COVID prevalence estimates from systematic reviews (ordered by most recent search date)

Study Search date Inclusion criteria Number of Primary outcomes Method of synthesis Prevalence of long COVID and symptoms
studies
(participants)
Chen et al. 13 March Papers relating to 50 (1.68 At least 28 days after index date. Meta-analysis of 31 Overall: 43% (95% CI 39-46)
2022 2022 post .C:OV|D-19 million) Stratified by follow-up time: 30, 60, studies reporting overall Ranged from 9% to 81%
condition that 90 120 days prevalence . )
examine Sources of heterogeneity: study population, sex,
prevalence, risk region, follow-up time, long COVID definition.
factors, and/or Hospitalised patients: 54% (95% Cl 44-63);
duration published varied from 22% to 81%
during the years Non-hospitalised patients: 34% (95% Cl 25-46);
2020-22 varied from 23% to 53%
30 days: 37% (95% CI 26-49)
60 days: 25% (95% CI 15-38)
90 days: 32% (95% Cl 14-57)
120 days: 49% (95% CI 40-59)
Han, Zhenget 6 November  Cohort, cross- 18 (8,591) Post-COVID-19 symptoms lasting Meta-analysis Most common symptoms:
al. 2022 2021 sectional or case 12 months after acute infection

series studies
reporting at least 1-
year follow-up

Fatigue: 28% (95% CI 18-39)

Arthromyalgia: 26% (95% CI| 8—44)
Depression: 23% (95% Cl 12-34)

Anxiety: 22% (95% Cl 15-29)

Breathlessness: 18% (95% CI 13-24)

Memory problems: 19% (95% CI 7-31)
Concentration difficulties: 18% (95% Cl 2-35)
Insomnia/sleep difficulties: 12% (95% CI 7-17)
High level of heterogeneity across studies
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Table 3.1 (continued): Long COVID prevalence estimates from systematic reviews (ordered by most recent search date)

Study Search date Inclusion criteria Number of Primary outcomes Method of synthesis Prevalence of long COVID and symptoms
studies
(participants)
Alkodaymi et September  Peer-reviewed cohort, 63 (257,348) Prevalence of symptoms at 3 to <6 Meta-analysis of Fatigue was most common symptom
al. 2022 2021 case-contr.ol and months, 6 to <9 months, 9 to <12 iqdividual symptoms at 3 to <6 months: 32% (95% Cl 22-44)
cross-sectional months, 212 months different follow-up < hs: 369 % I 274
studies that reported periods. 6 to <9 months: 36% (35% C 6)
prevalence of 9 to < 12 months: 37% (95% CI 16-62)
persistent symptoms = 12 months: 41% (95% CI 30-53)
among individuals o .
with severe COVID- Sources of heterogeneity: world region, sex,
19 diabetes, COVID-19 severity, study quality
Nittas et al. 9 July Reviews thematically 23 reviews Prevalence of long COVID at 12 Narrative Prevalence estimates ranged from 7.5% to
2022 2021 focused on long and 102 weeks 41% in non-hospitalised adults, 2.3% to 53%
CoVID primary Adjusted prevalence (% cases in mixed adult samples, 38% in hospitalised
Surveys or cohort studies, 40 minus % controls) adults, and 2% to 3.5% in primarily non-
studies included in a reported hospitalised children.
review or related prevalence 6 studies with data available to calculated
article search with at adjusted prevalence: ranged from 7.5% to
least 6 weeks follow- 16% in non-hospitalised adults, 38% in
up hospitalised, and 7.8% to 28% in mixed
samples
Cabrera 1 February  Clinical trials, cohort, 25 (5,440) Frequency of long COVID or post- Narrative Long COVID ranged from 4.7 to 80%
Martimbianco 2021 cross-sectional, acute COVID-19 or persistence of
et al. 2021 before-and-after and clinical manifestations after the
case series. acute phase (follow-up varied from
3 weeks after acute phase to 24
weeks after hospital discharge)
d’Ettore et al. 31 Original articles 13 Post-COVID-19 symptoms and/or Narrative Prevalence of post-COVID-19 symptoms

2022

January
2021

reporting post-
COVID-19 symptoms
in working age adults
(15-67 years)

signs (follow-up varied from 9 days
after hospital discharge to 10
months after symptom onset)
Respiratory sequelae most
common outcome studied,
investigated by 10 studies

ranged from 16% to 87%

Breathlessness ranged from 15% to 71% of
COVID-19 patients

ClI = confidence interval
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The most recently published systematic review at the time of writing undertook a meta-
analysis of 31 studies published by 13 March 2022 to examine the global and regional
prevalence of long COVID at least 28 days after the index date (Chen et al. 2022). Most
studies included in the meta-analysis were based on COVID-19 cases from 2020, prior to
COVID-19 vaccination. The global overall prevalence was estimated to be 43% (95%
confidence interval [Cl] 39-46) which equates to 200 million people based on a WHO
estimate of 470 million worldwide COVID-19 cases at the time of the study. To reflect the
NICE and WHO definitions of post COVID-19 condition more closely (>12 weeks), the
prevalence of symptoms at 90 days was 32% (95% CIl 14-57) and 49% (95% CI 40-59) at
120 days. The higher prevalence at 120 days was attributed to the predominance of studies
of hospitalised patients underlying this estimate.

However, there was wide variation in the estimates — from 9% to 81% (28 days definition).
Sources of variation include methodological differences between studies, geographic region,
the demographic and health profile of study participants, and acute COVID-19 disease
severity (Chen et al. 2022). Studies also generally rely on subjective self-reporting of
symptoms, without clinical evaluation, and report a vast array of individual symptoms that are
not specific to long COVID. Control groups are needed to estimate the ‘adjusted prevalence’
that is, the prevalence that can be attributed to COVID-19 (the difference between the
estimate for cases and for controls). The review by Nittas et al. (2022) reported the adjusted
prevalence from 6 population-based studies (Table 3.1), with estimates ranging from 7.5% to
37.6% depending on the mix of hospitalised and non-hospitalised patients.

A recently published longitudinal study from the Netherlands found the adjusted prevalence
of persistent symptoms at 90—150 days to be 13% (21% cases and 8.7% controls) during
2020 and 2021 (Ballering et al. 2022). This study also controlled for pre-existing symptoms,
seasonal fluctuations, and non-infectious health aspects of the pandemic.

Many of the studies summarised so far were conducted prior to the development of the NICE
and WHO definitions, which have been applied in more recent studies. An analysis of
COVID-19 cases from early 2020 identified in 10 population-based longitudinal studies in the
UK found 7.8% to 17% of cases reported symptoms for 12 or more weeks, with the
proportion higher amongst older age cohorts (Thompson et al. 2022). Between 1.2% and
4.8% reported symptoms that limited day-to-day activity. This is consistent with data from the
UK’s Office of National Statistics (ONS) Coronavirus (COVID-19) Infection Survey (CIS)
which found that nearly 14% of people who tested positive for COVID-19 between April 2020
and March 2021 continued to experience symptoms for at least 12 weeks after infection
(ONS 2021). Similarly, in Canada 14.8% of cases to August 2022 reported they had
symptoms at least 3 months after a positive COVID-19 test or suspected infection

(Statistics Canada 2022).

A recent study used a more restrictive application of the WHO definition post COVID-19
condition and found a substantially lower global prevalence than in previous studies (Global
Burden of Disease Long COVID Collaborators 2022). This study focused on the 3 clusters of
symptoms explicitly included in the WHO definition: fatigue, cognitive problems, and
shortness of breath. The study estimated that globally, 6.2% (95% CIl 2.4—-13.3) of
symptomatic COVID-19 infections experienced one or more of the 3 symptom clusters 3
months after infection. The prevalence was higher in cases admitted to intensive care units
(43%) and general hospital wards (27%) than less severe community cases (5.7%).

Some studies have explored the documentation of a long COVID diagnostic code in medical
records. From primary care records in the UK, only 0.4% of people with a COVID-19
diagnostic code also recorded a long COVID code (Thompson et al. 2022). Another study of
the same data set found fragmented, variable and under-ascertainment of long COVID

Long COVID in Australia — a review of the literature 13



based on primary care records (Walker et al. 2021). A study of the US Department of
Veterans Affairs health care system also found great variability in the documentation of long
COVID care across geographic regions and medical centres (loannou et al. 2022).
Nevertheless, the positive predictive value of diagnosis codes for long COVID was found to
be high supporting the utility of registry-based studies of long COVID (Duerlund et al. 2022).

There are several potential explanations for the disparity between results from population
data and health care records. Self-reported symptoms of long COVID in population-based
surveys may be subject to over-reporting and symptoms may have an alternative
explanation. Health care records are limited to those who seek care, receive a long COVID
diagnosis and have the diagnosis correctly recorded in the health record.

An important limitation from an Australian perspective, is that most data relate to cases from
the early phase of the pandemic and there are a lack of data on long COVID from the
Omicron surge in 2022. In the USA, a recent cross-sectional study from a nationally
representative sample conducted in July 2022 during the Omicron BA.5 surge indicated 7.3%
of the population (18.5 million people) were experiencing persisting symptoms for 4 weeks or
more (Robertson et al. 2022).

There are 2 sources of international data that now provide ongoing contemporaneous data
on the prevalence of long COVID using clear definitions (Box 3.2).

Box 3.2: Key sources of information on international estimates of the prevalence of
long COVID

Coronavirus (COVID-19) Infection Survey (UK)

Random sample of private households in England, Scotland, Wales and Northern Ireland
(excludes people living in care homes, communal establishments and hospitals) with
continuous recruitment and longitudinal follow-up (monthly). The survey includes people
aged 2 years and over. Nose and throat swabs are collected to test for SARS-CoV-2 and
blood to test for antibodies. Survey questionnaire obtains demographic information and
symptoms, vaccination, and pandemic experiences including long COVID (ONS 2022a).
Long COVID is defined using the NICE categories of symptoms lasting >4 weeks and >12
weeks. It provides monthly information on the proportion of the UK population with long
COVID symptoms and estimates of the overall frequency of long COVID in confirmed cases
of COVID-19.

Household Pulse Survey (USA)

Random sample of households for which an email or cell phone number could be identified.
The study commenced in April 2020 to measure the impact of the COVID-19 pandemic on
households across the USA from a social and economic perspective. The survey was
administered as a 20 minute online questionnaire every 2 weeks in the early phases moving
to a 2-weeks on 2-weeks off schedule from 1 December 2021. Long COVID is defined as
symptoms lasting longer than 3 months that were not present prior to having COVID-19
(United States Census Bureau 2022a).

Data from the CIS show that the prevalence of long COVID (>4 weeks) has increased over
time, from around 1 million people for each month in 2021 (1.5% of the population) to nearly
2 million (3.1%) in April 2022 (ONS 2022c). As at 1 October 2022, an estimated 2.1 million
people (3.3%) reported ongoing symptoms for more than 4 weeks and 1.8 million (2.8%) for
at least 12 weeks (ONS 2022b). Approximately 300,000 people reported having their day-to-
day activity greatly limited (0.5%).

A question on long COVID has been recently added to the Household Pulse Survey that will
be used to track the prevalence of long COVID in the USA over time (September 2022)
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(CDC 2022a). In the first survey conducted using this question, 30% of adults (18 or over)
who had previously had COVID-19 indicated that they had long COVID symptoms that had
lasted longer than 3 months (United States Census Bureau 2022b). Of these, 51% indicated
that they currently had symptoms, equating to 15% of COVID-19 cases and 6.8% of the adult
population.

In conclusion, estimates of the incidence and prevalence of long COVID are variable, being
hampered by inconsistent approaches to the measurement and definition of long COVID and
lack of non-COVID comparison groups. Studies that have addressed either of these issues
are reporting lower estimates than earlier studies, with a higher prevalence in hospitalised
compared to non-hospitalised patients.

Data from Australian surveys suggest up to 10% of adults with COVID-19 experienced or are
experiencing ongoing symptoms for longer than 12 weeks which is consistent with, and
possibly lower than international data. It is unclear however, what proportion of the Australian
population may currently have long COVID as the prevalence is highest in the medium-term
following infection (4—12 weeks) and some people will have recovered. Point prevalence
estimates of long COVID also depend on the recent burden of acute COVID-19 cases and
were estimated to affect around 2% and 7% of the UK and US populations, respectively,

in September 2022. Robust Australian data are required.

3.3 Long COVID and COVID-19 variants

The course of the pandemic has been shaped by the emergence of different variants of the
SARS-CoV-2 virus. Due to the time needed to follow-up and identify patients with long
COVID, many studies included in this review are based on COVID-19 cases from the early
phase of the pandemic. A small study on hospitalised, non-vaccinated individuals in Madrid,
Spain, found the mean number of post-COVID-19 symptoms was higher in patients infected
with the Wuhan variant than those with the Alpha or Delta variants (Fernandez-de-Las-
Penas, Cancela-Cilleruelo et al. 2022). This study should be interpreted cautiously however,
as each variant cohort only consisted of approximately 200 people.

Research on the impact of different variants on risk of developing long COVID is still
emerging. Some inferences can be suggested based on what we know about the likelihood
of each variant to cause severe disease. A WHO report utilising data from South Africa
suggested that there is reduced severity of disease with Omicron in comparison to Delta
(WHO 2022b). This is supported by Australian evidence showing the proportion of cases
experiencing a severe outcome was lower in the Omicron wave than the Delta wave in
New South Wales (AIHW 2022c). As discussed later in this report, more severe disease is
associated with higher risk of experiencing long COVID.

In addition, because many people were vaccinated when the Omicron variant emerged,
observed differences in risk of long COVID in relation to different SARS-CoV-2 variants could
be due to vaccination.

Analysis from the UK COVID Symptom Study App found that 4.5% of Omicron cases
experienced long COVID symptoms 4 weeks or more after infection, compared to 11%
among Delta cases (Antonelli et al. 2022). Omicron cases were less likely to experience long
COVID symptoms than Delta cases whether vaccination was <3 months, 3—6 months or >6
months prior to infection.

Data from the ONS CIS to 27 May 2022 suggest that, of triple-vaccinated adults, 4.5%, 4.2%
and 5.0% self-reported long COVID compatible with Omicron BA.1, Omicron BA.2 or Delta
variants, respectively (ONS 2022d). The data showed no statistical difference in odds of
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reporting long COVID by these variants after adjusting for socio-demographic characteristics
and time since last vaccine dose.

While there is some evidence that the risk of developing long COVID in those infected

with Omicron compared to previous variants may be lower regardless of the underlying
mechanism, the sheer volume of Omicron cases compared to earlier variants means that the
burden will be substantial. For example, the ONS CIS data showed an increase in monthly
prevalence of long COVID from 2021 and 2022 in the adult population consistent with the
increasing burden of Omicron infections (ONS 2022c).

3.4 How does vaccination affect long
COVID?

The rollout of vaccinations has had a significant impact on the COVID-19 pandemic in
Australia and world-wide. It is of interest to researchers, physicians and sufferers to
determine the impact of vaccination on long COVID. For example, a long COVID clinic in
England reported a 79% drop in referrals that followed the rollout of the second dose of
COVID-19 vaccinations and despite 4 times as many cases of COVID-19 over the same
period (Krishna et al. 2022).

Two peer-reviewed systematic reviews (Gao, Liu et al. 2022; Notarte et al. 2022) and one
pre-print scoping review (Mumtaz et al. 2022) of the effect of SARS-CoV-2 vaccines on long
COVID have been published to date. The most recent study pooled the results from 18
observational studies published up to 19 September 2022 in a meta-analysis covering
185,689 vaccinated and 759,987 unvaccinated participants (Gao, Liu et al. 2022). Overall,
they found that vaccination was associated with a 29% lower risk of long COVID on average,
although uncertainty in the estimate suggests this may be as low as 13% or as high as 42%
(relative risk [RR] 0.71, 95% CI 0.58-0.87). The study found that the protective effect was
similar for people vaccinated with 2 doses (RR 0.83, 95% CI 0.74—0.94) or a single dose
(RR 0.83, 95% CI 0.65-1.07), although the association for a single dose was not statistically
significant.

Some studies have investigated the impact of vaccination on long COVID when vaccines
were administered prior to SARS-CoV-2 infection, and others have examined long COVID
when vaccinated after infection. Further analysis by Gao, Lui et al. (2022) found a similar
effect for vaccination before (RR 0.82, 95% CI 0.74-0.91) and after (RR 0.83, 95% CI 0.74—
0.92) infection.

The studies included in the meta-analysis varied in their definition of long COVID, with 7
measuring symptom development >4 weeks and the remainder using a variety of definitions.
The risk of long COVID was 32% (RR 0.68, 95% CI 0.53-0.87) lower based on studies using
a >4-week definition and 25% lower for other definitions combined (RR 0.75, 95% CI 0.64—
0.88).

All reviews of the topic to date highlight that the estimates of the effect size of vaccination on
long COVID varies across studies. In the meta-analysis, RRs from individual studies ranged
from 0.30 to 1.08 (Gao, Liu et al. 2022). Some of the variation may be explained by
differences in populations studied, data collection and analytical methods, and follow-up
time. Further variation may be caused by the different vaccination doses and types, timing of
study and differences between vaccinated and unvaccinated people that are unaccounted
for.
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There is a risk of bias across all the studies as they were observational designs. Some
differences between studies include:

¢ the populations studied — studies of hospitalised patients will have had more severe
disease during the acute COVID-19 infection than non-hospitalised cases

e selection of participants — the choice to participate in a study, particularly online
surveys, may be influenced by personal experience with acute COVID-19 infection,
long COVID and vaccination

¢ measurement of outcomes — including both the symptoms considered to be long
COVID and the time frame in which symptoms need to be present

e vaccinated and unvaccinated populations differ on other factors which could account
for the findings, although some studies used advanced techniques to account for this

¢ timing of a study in relation to COVID-19 variants.

The overall picture suggests that 2 vaccination doses could reduce the risk of long COVID
between 6% and 26%. Severity of acute COVID-19 infection is a major risk factor for long
COVID (see Section 4 What are the determinants of long COVID?) and it is plausible that the
observed association between vaccination prior to COVID-19 and development of long
COVID could be due to the reduction of severe disease during the acute infection (Stokel-
Walker 2022). The evidence to date also suggests that vaccination may be effective in
preventing long COVID in people who have already had COVID-19. One explanation for both
observations is that vaccination increases antibody levels, which eliminate viral reservoirs
(Sivan et al. 2022).

As with much COVID-19 research, the ever-changing landscape of the pandemic introduces
new factors that will need to be considered for further research in this area. This includes the
effects of booster vaccinations, re-infection and new variants. Further research is required
beyond observational studies to measuring longer term outcomes in randomised controlled
trials. Such research could inform how chronic outcomes of COVID-19 infection are
considered in future vaccination policies.
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4 What are the determinants of long
COVID?

As discussed previously, the aetiology of long COVID is a combination of viral and host
factors (see Section 2.2 What causes long COVID?). Like other chronic conditions, the
determinants of long COVID are multifactorial in nature, comprising:

e biomedical determinants, such as such as severity of acute COVID-19 infection and
pre-existing comorbidities

o lifestyle behaviours such as smoking
¢ demographic and social factors.

Health determinants comprise risk factors that increase the probability and protective factors
that reduce the probability of developing long COVID. It is important to note that the
identification of a risk factor does not mean that it causes the health outcome of interest and
may instead be correlated with other causal and non-causal factors. However, identification
of population groups at increased risk of long COVID helps develop and target prevention
and management strategies.

This section summarises the current available evidence on determinants of long COVID
highlighting both the factors that increase the risk of developing long COVID and protective
factors. Evidence comes from cohort (longitudinal) and case-control studies that report the
strength of a relationship between a determinant and the probability of developing long
COVID. The strength of the relationship is usually expressed using relative measures of
association. The specific measure depends on the study design (Box 4.1).

Box 4.1: Relative measures of association

Many of the estimates presented across the literature use ratio estimates to compare the
occurrence of a health outcome in a group of interest to a reference group. There are 4
main measures.

Risk ratio (relative risk): compares the risk of a health event (e.g., diagnosis of long
COVID) among one group with the risk among another group. It is calculated by dividing the
incidence (as a proportion) of the health event in a group of people with a particular
characteristic by the incidence in another group without that characteristic. It can be
calculated from data collected using cohort and cross-sectional study designs.

Rate ratio: compares the incidence rates (using person-time data) between 2 population
groups as for the risk ratio. It assumes that the rate is constant over time and is obtained
from cohort studies.

Hazard ratio: similar to the rate ratio but allows for a change in the rate over time. Obtained
from multivariable analysis of cohort data using Cox proportional hazard models.

Odds ratio: indicates the odds of a characteristic in cases compared to the odds of that
characteristic in controls. It is the measure of choice in a case-control study because risk
and rate ratios can not be calculated (the size of the population that cases came from is
unknown).

(continued)
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Box 4.1 (continued): Relative measures of association

All measures of association indicate the strength of the relationship a factor has to long
COVID, relative to the reference group. A ratio greater than 1.0 indicates a positive
association (greater risk), a ratio less than 1.0 indicates an inverse association (reduced
risk) and a ratio equal to 1.0 indicates no association.

Ninety-five percent (95%) confidence intervals are also presented to indicate statistical
precision and significance. The result is interpreted as having statistically significant impact
(that is, not due to chance) if the interval does not cross the value of 1.

Sources: CDC 2012; Knol et al. 2012

There is growing evidence that severity of acute disease, age, female sex and comorbidities,
including obesity, are the most common risk factors for the development of long COVID
(Chen et al. 2022; Nittas et al. 2022). The RECoVERED Study, which tracks COVID-19
cases in Amsterdam, Netherlands, diagnosed via the local public health service and from
hospitals, found that female sex and obesity were the most important determinants of speed
of recovery from COVID-19 over 12 months (Wynberg et al. 2022).

Severity of acute COVID-19 infection is an important predictor for long COVID

The severity of iliness during the acute COVID-19 infection has been identified by numerous
studies as an important predictor of long COVID.

An umbrella review (review of reviews) of 23 reviews encompassing 102 primary studies
published to 9 July 2021 suggested that people experiencing more than 5 symptoms during
the acute COVID-19 iliness had a higher risk of developing long COVID (Nittas et al. 2022).

A systematic review and meta-analysis of 20 studies published to 30 September 2021 aimed
to identify factors present during COVID hospitalisation that were associated with the
increased risk of long COVID (>12 weeks) (Maglietta et al. 2022). Acute disease severity,
based on symptom characteristics, intensive care unit (ICU) use and length of hospital stay,
was associated with respiratory symptoms (odds ratio [OR] 1.66, 95% CI 1.03-2.68).

Both reviews concluded that studies were of low to moderate quality and had multiple
methodological issues such as wide variation in definitions, follow-up duration, selection bias
related to loss to follow-up and/or lack of comparison between participants and non-
participants. In addition, the evidence was inconclusive as to whether severity of illness was
related to long COVID independently of other factors.

Several recent large longitudinal studies of health care systems predominately in the USA
using advanced statistical methodology have provided stronger evidence that severity of
COVID-19 infection is an independent predictor of long COVID.

e The National COVID Cohort Collaborative (31 health systems) found long COVID
cases (ICD-10 code U09.9 or a long COVID clinic visit) had higher odds of severe
acute illness compared to COVID-19 cases without long COVID (Hill et al. 2022).
Specific associations were: hospitalisation associated with COVID-19 (adjusted odds
ratio [aOR] 3.8, 95% CI 3.05—4.73), long (8-30 days, aOR 1.69, 95% Cl 1.31-2.17)
or extended (30+ days, aOR 3.38, 95% CI 2.45—-4.67) hospital stay, and receipt of
mechanical ventilation (aOR 1.44, 95% CI 1.18-1.74).

e The US Department of Veterans Affairs health system examined documentation of
COVID-19 related ICD-10 codes (U07.1, Z86.16, U09.9, J12.82) 3 or more months
following acute infection in patients diagnosed between February 2020 and April 2021
(loannou et al. 2022). As seen with other studies, the risk of long COVID was higher
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for individuals requiring hospitalisation (aOR 2.60, 95% CI 2.51-2.69) or mechanical
ventilation (aOR 2.46, 95% CI 2.26—-2.69) and in patients with documented symptoms
at the time of infection (aOR 1.71, 95% CI 1.65-1.78).

¢ Another analysis of the US Department of Veterans Affairs database compared the
excess burden of PASC (>12 weeks) in cases diagnosed between March 2020 and
March 2021 with non-infected controls, followed-up for 6 months (Xie et al. 2021).
Excess burden of PASC was defined as the presence of at least one incidence
clinical manifestation (ICD-10 codes of 33 predefined post-acute COVID-19
outcomes) in excess of non-infected controls. Burden of PASC per 1000 persons at 6
months was higher for those admitted to ICU (227, 95% CIl 216-239), or hospitalised
(158, 95% CI 153—-164) than for those who were non-hospitalised (41, 95% CI 39—
42).

o The TriNetX database measured the development of long COVID features up to 6
months following COVID-19 diagnosis in patients with confirmed COVID-19
compared to patients diagnosed with influenza and matched on baseline
characteristics (Taquet, Dercon, et al. 2021). This study found that the risk of
experiencing any of 10 pre-defined long COVID features was significantly higher in
patients who had more severe COVID-19 iliness indicated by hospitalisation and ICU
admission.

Outside of the USA, the LONG-COVID-EXP study of COVID-19 patients hospitalised during
the first wave of the pandemic (20 February to 31 May 2020) in Madrid, Spain, found that a
higher number of symptoms at hospital admission was the most relevant risk factor for
developing symptoms after COVID-19 (OR 1.31, 95% CI 1.15-1.49) (Fernandez-de-Las-
Penas, Pellicer-Valero et al. 2022).

Evidence is emerging that management of acute COVID-19 infection with antivirals may
reduce the risk of long COVID. There are numerous studies underway which will investigate
the effect of antivirals such as molnupiravir and nirmatrelvir+ritonavir underway (Ledford
2022a), however, due to the limited time since the introduction of these treatments few
studies have been published. A single-centre study from Italy found treatment with the
antiviral drug remdesivir during acute COVID-19 infection had a protective effect on the
diagnosis of long COVID 30 and 180 days after discharge (aOR 0.64, 95% CIl 0.41-0.78)
(Boglione et al. 2022). Remdesivir only became available to patients in Italy in September
2020 and this study included hospitalised patients from March 2020. Consequently, the
influence of temporal bias on the study result needs to be considered.

Poorer underlying health is a risk factor for long COVID

Poorer underlying health is also related to an increased risk of long COVID. In particular,
pre-existing chronic conditions and their associated risk factors, such as obesity and
smoking, increase the risk of developing long COVID.

A UK study of non-hospitalised adults using primary care data found there was a small
increased risk for smokers (adjusted hazard ratio [aHR] 1.12, 95% CI 1.08-1.15) and former
smokers (aHR 1.08, 95% CI 1.05-1.11) at least 12 weeks after infection compared to those
who had never smoked (Subramanian et al. 2022); however, this association was not
apparent in population-based data (Thompson et al. 2022).

In both primary care and population data, overweight or obesity was associated with an
increased risk of long COVID (Subramanian et al. 2022; Thompson et al. 2022). After
adjusting for sociodemographic and clinical factors there was a 10% increase in relative risk
of those with a body mass index >30 kg/m? compared with those who had a lower body mass
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index (18.5-25 kg/m?) (Subramanian et al. 2022). Existing chronic conditions such as poor
mental health, asthma and COPD were also associated with long COVID in these 2 studies.

A study of primary care data from Germany also identified that a diagnosis of lipid
metabolism disorders (OR 1.46, 95% CIl 1.28-1.65) or obesity (OR 1.25, 95% CI 1.08-1.44)
were risk factors for the development of long COVID (Loosen et al. 2022). In the USA, the
National COVID Cohort Collaborative found increased risk of long COVID in those with
obesity (OR 1.23, 95% CI 1.16-1.3), depression (OR 1.50, 95% CI 1.40-1.60) and chronic
lung disease (OR 1.63, 95% CI 1.53-1.74) (Hill et al. 2022).

Psychological health may also impact long COVID risk. A study conducted in participants
from the longitudinal Nurses’ Health studies in the USA and Canada found that pre-infection
psychological distress including worry about COVID-19, perceived stress, loneliness,
depression and anxiety are risk factors for long COVID (Wang et al. 2022). Participants who
reported 2 or more types of distress had an almost 50% increased risk of long COVID (RR
1.49, 95% CI 1.23-1.80).

The level of comorbidity was identified as a risk factor in two studies that analysed the US
Department of Veterans Affairs database. loannou et al. (2022) found that a high Charlson
Comorbidity Index Score was significantly associated with long COVID. Xie et al. (2021)
found that the burden of individual sequela was consistently higher in those with a higher
number of comorbidities.

Only one review identified in an umbrella review (Nittas et al. 2022) discussed protective
factors, indicating that physical activity might reduce the risk of long COVID (de Sire et al.
2021).

Long Covid is most common in middle-aged adults

Findings from the ONS CIS in the UK for the 4-week period ending 1 October 2022, report
the lowest prevalence of long COVID (symptoms>12 weeks) was among children aged 2—11
(0.35%, 95% CI1 0.25-0.45) and highest among people aged 35-49 (4.0%, 95% CI 3.8-4.2)
and 50-69 (4.0%, 95% CIl 3.9—4.1). For people aged 70 or more, the prevalence was 2.3%
(95% Cl 2.4-2.4) (ONS 2022b).

The inverted U-shaped relationship with age reported by the ONS CIS was also found in the
study of UK primary care data (Thompson et al. 2022), where the proportion of COVID cases
with long COVID increased for each decade of adult life to around 60 years of age and then
declined.

Subramanian et al. (2022) found long COVID decreased with increasing age in their analysis
of primary care data that persisted after accounting for the influence of demographic and
clinical factors — adults aged 70 or over had a 25% lower risk (aHR 0.75, 0.70-0.81) of long
COVID compared to those in the 18-29-year-old age group.

Women are more likely to report long-COVID

Several studies have found that women are more likely to report symptoms of long COVID
compared with men. Data from the ONS CIS have consistently shown that females
experience a higher prevalence of self-reported long COVID than males. For the 4-week
period ending 1 October 2022, the prevalence of long COVID (symptoms >12 weeks) was
3.2% (95% CI 3.1-3.3) for females and 2.3% (95% CI 2.2-2.4) for males (ONS 2022b).

Analysis of UK primary care data adjusting for demographic and clinical factors is consistent
with this finding, reporting that women were 1.5 times as likely to have long COVID (>12
weeks) than men (aHR 1.52, 95% CI 1.48-1.56) (Subramanian et al. 2022). A similar
relationship was also observed in the primary care data and population-based data analysed
by Thompson et al. (2022).
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Systematic reviews with coverage of data from outside of the UK have also found a higher
prevalence of long COVID in women than men. The global meta-analysis by Chen et al.
(2022) found a higher proportion of women (47%) had long COVID than men (37%). Female
sex was associated with any symptoms (OR 1.52, 95% CI 1.27-1.82), with mental health
symptoms (OR 1.67, 95% CI 1.21-2.29) and with fatigue (OR 1.54, 95% CIl 1.32-1.79) in a
meta-analysis of studies of hospitalised patients (Maglietta et al. 2022).

A study of hospitalised patients in Spain found the number of long COVID symptoms was
higher in females (2.25) than for males (1.5) (Fernandez-de-Las-Pefias, Martin-Guerrero,
Pellicer-Valero, et al. 2022). The study also found female sex was associated with =3 long
COVID symptoms (aOR 2.54, 1.67-3.86) and with specific, individual long COVID symptoms
including fatigue, pain and mood disorders.

A systematic review of sex differences in long COVID covered 9 articles published before
June 2021 and found the likelihood of long COVID (>4 weeks) was 20% higher for females
compared with males (OR 1.22, 95% CI 1.13-1.32) (Sylvester et al. 2022). The study also
found differences in the types of symptoms reported, with females more likely to report
gastrointestinal, ear nose throat, psychiatric and mood and neurological, and dermatological
symptoms and other symptoms (including fatigue), and males were more likely to have
endocrinology complications and renal disorders. These findings should be interpreted with
caution as the findings were based on small data sets from published studies during the first
18 months of the pandemic. The authors hypothesise that the difference may be due to
differences in immune system function where females have more rapid and robust innate
and adaptive immune responses, which may be protective from initial severity of infection but
can in doing so can increase the risk of prolonged auto-immune-related diseases (Sylvester
et al. 2022).

Female sex has also been found to be higher in attendances to long COVID clinics — 75% of
the first 108 patients to attend the Mayo Clinic post-COVID-19 care clinic were female
(Ganesh et al. 2022). Investigation of these early patients found that females presented more
commonly with a fatigue-predominant phenotype than men and that this was associated with
elevated interleukin-6 levels.

In Australia, there also appears to be a gender imbalance with females making up two-thirds
of the patient load at a Nepean Hospital long COVID clinic as of July 2022 according to Dr
Sharon Wong, a physician working in the clinic (Om 2022).

The reasons for the higher risk of long COVID in females are likely complex and multifactorial
involving biological, behavioural and wider determinants of health (Stewart et al. 2021). A
commentary published in The Lancet Regional Health — Europe suggests that because
female sex and age under 50 are common risk factors for long COVID, sex hormones and
perimenopause and menopause may be contributing factors (Stewart et al. 2021). The
overlap of many long COVID symptoms with those of perimenopause and menopause, such
as fatigue, brain fog, muscle aches and sleep disturbance, creates a diagnostic challenge.
On one hand, clinicians may fail to adequately provide menopause care and on the other,
women with symptoms of menopause or perimenopause may be misdiagnosed with long
COVID. The authors conclude that there is a need for further research to understand the
epidemiology and underlying biological mechanisms for sex differences in long COVID.

Those in ‘caring-type’ service occupation may be at higher risk of long COVID

There is some evidence to suggest that as a higher number of females work in occupations
such as social care, nursing, education or carers, that have higher exposure risks, they are
more likely to be predisposed to COVID-19 and therefore at greater risk of long COVID. In
the UK for example, those working in social-care occupations such as teaching, education
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and health care are more affected as a proportion of the UK population (Figure 4.1). These
results are purely descriptive and do not control for other factors which may increase long
COVID risk in these professions such as age and sex.

Figure 4.1: Estimated percentage of people living in private households in the UK with
self-reported long COVID (>12 weeks) for the 4-week period ending 01 October 2022
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Source: ONS 2022b.

The high levels of long COVID reported in specific occupations are important to

understanding the societal impacts of long COVID. A paper by the US Department of Health

and Human Services on long COVID postulates that as those experiencing long COVID
disproportionately work in the service sector, this has knock-on effects resulting in a labour

shortage in this industry, which may contribute to inflation (Office of the Assistant Secretary

for Health 2022).
Ethnicity and socioeconomic position

The study of primary care data in the UK (Subramanian et al. 2022) found associations
between long COVID (>12 weeks) and ethnicity, controlling for other demographic and
clinical factors including COVID vaccination, with an increased risk seen for Black Afro-
Caribbean ethnic groups (aHR 1.21, 95% CI 1.10-1.34), mixed ethnicity (aHR 1.14, 95%
Cl 1.07-1.22) and other minority groups including patients from native American, Middle
Eastern or Polynesian backgrounds (aHR 1.06, 95% CI 1.03—1.10) compared with white
ethnic groups.

A commentary focused on the effects of long COVID on migrants and ethnic minorities
concluded that the limited studies that include data on these populations suggest they are
disproportionately impacted by long COVID (Norredam et al. 2022). The authors highlight
that inequalities in health and sociodemographic factors in migrant populations may
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contribute to a greater long COVID burden and therefore data from these communities are
required.

The risk of long COVID symptoms increased with increasing levels of socioeconomic
disadvantage; there was an 11% (aHR 1.11, 95% CI 1.07-1.16) increase in risk for those
who were most deprived compared to those who were least deprived (Subramanian et al.
2022).

In an analysis of cross-sectional online survey data from Norway, the UK, the USA and
Australia, there was no association between the sociodemographic variables of age, sex,
education, relationship status or employment and long COVID (Bonsaksen et al. 2022).
This should be interpreted with caution as the number of people who reported long COVID
in this study was small (87 persons).

In conclusion, many of the studies identified to date investigating determinants of long
COVID use populations that come into contact with health services, and therefore capture
more severe cases. It is also unclear whether different risk factors are associated with
different sets of symptoms. For example, data from the US Department of Veterans Affairs
database found sleep disorders, headache, mood disorders and smell problems were more
common in young adults; chest pain arrhythmia, headache, smell problems, hair loss, skin
rash were more common in females (Xie et al. 2021).
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5 Long COVID and chronic conditions

Chronic conditions are the leading cause of illness, disability and death in Australia
(Australian Health Ministers’ Advisory Council 2017), and long COVID will likely increase the
burden of non-communicable disease (Narayan and Staimez 2022). This section of the
report summarises the evidence around the association between COVID-19 and post-acute
new-onset chronic conditions.

The relationship between chronic conditions and COVID-19 is complex and bi-directional.

e People with comorbidities such as cardiovascular disease, chronic lung disease,
obesity, and diabetes have an increased risk of severe disease from COVID-19, with
higher rates of intensive care unit (ICU) admissions and deaths (Feldman et al. 2020;
Liu, Spokes et al. 2021; Zheng et al. 2020).

e Some people develop a range of multi-organ symptoms that may arise as a direct
complication during the acute COVID-19 iliness or develop over the longer term
(Tobler et al. 2022). As a consequence, a number of studies have reported an
increased incidence in new-onset chronic conditions following an episode of
COVID-19.

There is accumulating evidence that COVID-19 can result in organ damage and give rise to
new diagnoses of chronic conditions in the post-acute phase. As seen in previous sections of
this report, the strongest evidence to date comes from large, population-based longitudinal
studies that compare the development of post-COVID-19 sequalae in a case group of people
who have COVID-19 against a control group of people who have not had COVID-19.

Analysis from the US Department of Veterans Affairs database measured the excess burden
of 379 post-acute diagnoses at 6 months (beyond 30 days following acute iliness) (Al-Aly et
al. 2021). Excess burden was expressed as the additional number of new cases of a specific
diagnosis for every 1,000 people in the COVID-19 group compared to the non-COVID group.
The most common excess burden was for respiratory conditions, ranging from 3.37 (95% CI
2.71-3.92) for respiratory failure to 28.5 (95% CI 26.4-30.5) for respiratory signs and
symptoms. Other pertinent findings were:

e diseases of the nervous system: 3.17 (95% CI 2.24-3.98) for neurocognitive
disorders, 4.10 (95% CI 2.49-5.58) for headache and 14.3 (95% CIl 12.2-16.4) for
nervous system signs and symptoms

e mental health: 14.5 (95% CI 11.5-17.4) for sleep-wake disorders and 5.4 (95% CI
3.4-7.3) for anxiety and fear-related disorders. The study also found an excess
burden of incident drug use including anti-depressants (7.8, 95% CI 5.2—-10.3).

¢ metabolic disorders: lipid metabolism (12.3, 95% CI 8.2—16.2), diabetes mellitus
(8.2, 95% CI 6.4-9.9) and obesity (9.5, 95% CI 7.5-11.4)

e cardiovascular system: hypertension (15, 95% CI 11-19), cardiac dysrhythmias
(8.4, 95% CI 7.2-9.5), circulatory signs and symptoms (6.6, 95% CI 5.2-8.0), chest
pain (10, 95% CI 8.6—11.4), coronary atherosclerosis (4.4, 95% CIl 3.0-5.7) and heart
failure (3.9, 95% CI 3.0-4.8)

e gastrointestinal system: oesophageal disorders (6.9, 95% CI| 4.6-9.1), gastrointestinal
disorders (3.6, 95% CI 2.1-4.9), dysphagia (2.8, 95%Cl 1.8-3.8) and abdominal pain
(5.7, 95% CI 3.7-7.6)
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e general wellbeing: malaise and fatigue (13, 95% CI 11-14), muscle disorders (5.7,
95% CIl 4.6-6.7), musculoskeletal pain (14, 95% CI 10-18) and anaemia (4.8, 95% CI
3.5-5.9).

5.1 Chronic respiratory conditions

Almost one-third (31%) of Australians are estimated to have at least one chronic respiratory
condition based on self-reported information in the 2017-18 National Health Survey.

The most common chronic respiratory conditions are allergic rhinitis (19%), asthma (11%)
and chronic sinusitis (8.4%).

4.8% of Australians aged 45 and over were estimated to have chronic obstructive
pulmonary disease.

Source: AIHW 2022b.

Respiratory symptoms such as breathlessness, cough and chest pain are frequent
symptoms of long COVID thought to arise from damage to lung tissue during the acute
infection and ongoing, persistent inflammation. Analysis of the US Department of Veterans
Affairs database identified new diagnoses of respiratory conditions up to 6 months following
infection, such as respiratory failure, and increased use of bronchodilators, antitussive and
expectorant agents, anti-asthmatic agents and glucocorticoids (Al-Aly et al. 2021).
Respiratory impairment and lung damage in individuals with long COVID has been
demonstrated in clinical and radiological studies.

A systematic review of 7 studies that used pulmonary function tests (spirometry, lung
volumes and diffusion capacity) in post-infection COVID-19 patients found 39% of patients
had altered diffusion capacity (Torres-Castro et al. 2021). However, most studies included in
the review assessed patients within a fairly short time frame since infection, ranging from 2
weeks to 3 months.

Another systematic review found that exercise capacity was reduced more than 3 months
after COVID-19 (Durstenfeld et al. 2022). Specifically, a meta-analysis of 9 studies reported
that mean peak oxygen consumption (Vo2) was lower among those with long COVID
symptoms than those without (-4.9 mL/kg/min, 95% CI -6.4 to -3.4). The overall quality of the
evidence was rated as poor due to small sample sizes, selection bias, variability in symptom
measurement and inadequate methods to address confounding.

Radiological findings such as ground-glass opacification (GPO) and interstitial fibrotic
changes are common in patients at presentation with COVID-19, particularly for patients with
more severe disease, and may persist for 6 months or longer (Gao, Liang et al. 2022).

Much of the published research to date on post-acute COVID-19 respiratory complications
evaluates outcomes in COVID-19 cases that occurred early in the pandemic and are likely to
be biased towards more severe clinical courses. Further longitudinal research on cases that
occurred in the Omicron wave with high vaccination coverage are likely to have greater
relevance for the Australian population.
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5.2 Cardiovascular disease

Based on self-reported data from the ABS 2017-18 National Health Survey:
e  6.2% of adults had one or more conditions relating to heart, stroke or vascular disease

e  3.1% of adults had coronary heart disease, the most common type of cardiovascular
disease.

Cardiovascular disease was the underlying cause of 25% of all deaths in 2019 in Australia
Source: AIHW 2021.

There are a range of cardiovascular complications that can arise during the acute phase of
COVID-19 infection, such as myocarditis, pericarditis, acute coronary syndrome, heart
failure, pulmonary hypertension, right ventricular dysfunction and arrhythmia (Tobler et al.
2022). However, cardiovascular complications over the longer term including
cerebrovascular disorders, ischaemic heart disease, heart failure, thrombotic disorders and
arrhythmia are being increasingly recognised (Satterfield et al. 2022; Tobler et al. 2022).

Emerging long-term outcomes data from the US Department of Veterans Affairs national
health care database found an excess 12-month burden of a set of 20 pre-specified incident
cardiovascular outcomes such as dysrhythmias, ischaemic heart disease, inflammatory heart
disease, heart failure and thrombotic disorders in patients 30 days post-COVID-19 when
compared with 2 control groups (Xie, Xu, Bowe et al. 2022). The study found a 60%
increased risk (aHR 1.63, 95% CI 1.59-1.68) of any one of these complications over the
12-month time frame. For every 1,000 people studied, there were 45 more people in the
COVID-19 group than in the control group who had a new cardiovascular diagnosis.

The highest burden of excess risk in cases compared to controls was seen for heart failure
(12 per 1,000 people) and atrial fibrillation (11 per 1,000), while 4 more people per 1,000

in the case group experienced a stroke.

These results were apparent regardless of health risk factors and demographic
characteristics. They also found that the risk increased as the severity of the acute phase of
COVID-19 increased, that is, from non-hospitalised, to hospitalised and those in ICU.

The study also adjusted for vaccination and found that COVID-19 remained associated with
an increased risk of myocarditis and pericarditis.

Although the veteran population included in this study consists predominantly of white men
and the results may not be generalisable to the broader population (Sidik 2022), findings
from studies in other settings corroborate these results (Ayoubkhani et al. 2021; Daugherty et
al. 2021; Tobler et al. 2022). In addition, several imaging and laboratory studies have
demonstrated persistent structural damage to the heart which may result in increased
hospitalisation for cardiovascular events such as heart attacks (Satterfield et al. 2022;

Tobler et al. 2022).

Population-wide analysis of English and Welsh linked electronic health records of 48 million
people demonstrated an increased risk of arterial thromboses and venous thromboembolic
events up to 12-months following acute infection, particularly for people who had been
hospitalised with COVID-19 (Knight et al. 2022). This study also demonstrated that the risk
was highest in the first 1-2 weeks following infection and rapidly declined over time. It should
be noted that this study was conducted on data from 2020 prior to COVID-19 vaccination.

The precise mechanisms that lead to cardiac injury are unclear and the following theories
have been proposed:
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o direct toxicity by the SARS-CoV-2 virus because it gains entry to myocardial cells via
a receptor that is expressed heavily on myocardial and alveolar (lung) surfaces

e cardiotoxic and pro-thrombotic effects of inflammation during the acute infection

e patients with severe COVID-19 are older and more likely to have underlying
cardiovascular disease, and therefore at greater risk of increased cardiovascular
morbidity and mortality (Tobler et al. 2022).

In addition, disruption to cardiac care related to the pandemic, such as obtaining preventive
care or delays in presenting to hospital, plus reduced access to care for some population
groups, may also contribute to poorer cardiovascular outcomes over the longer term in
COVID-19 survivors (Satterfield et al. 2022). Currently there is little evidence to suggest this
had an impact on deaths from cardiovascular disease in Australia. For example, counts of
deaths from ischemic heart disease in 2020 and 2021 were 11% and 9% lower than the
2015-19 average, and 7.8% and 6.9% lower for cerebrovascular disease in 2020 and 2021,
respectively (ABS 2022b).

Longer term data, especially data collected during 2022 when Australia experienced its
highest burden of COVID-19 cases during the pandemic, will shed light on the impact of
COVID-19 on cardiovascular sequelae. Disentangling new-onset cardiovascular disease
from underlying pre-existing but undiagnosed conditions is a particular challenge. However,
there is plausible epidemiological and biological evidence that infection with SARS-CoV-2
can lead to cardiac injury, which if true, will add to the already high burden of cardiovascular
disease seen in Australia and globally.
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5.3 Diabetes

Around 5% of Australians were living with diabetes in 2020, based on linked data from the
National Diabetes Services Scheme and Australasian Paediatric Endocrine Group state-
based registers. This includes people with type 1 diabetes, type 2 diabetes and other
diabetes, but excludes gestational diabetes.

Diabetes contributed to 10.8% of all deaths in 2020 in Australia (17,500 deaths). Diabetes
was the underlying cause in 29% of diabetes deaths (5,100) and an associated cause in
71% of diabetes deaths (12,300).

Source: AIHW 2022c.

COVID-19 has been linked to the development of new-onset diabetes and exacerbation of
metabolic dysfunction in patients with pre-existing diabetes in the post-acute period
(Department of Health and Aged Care 2021).

A recent systematic review of studies published to 8 June 2022 identified 10 articles involving
11 retrospective cohorts (47.1 million patients) mostly from the USA, with 3 from Europe (Lai
et al. 2022). The overall risk of new-onset diabetes was increased by 64% (RR 1.6, 95% CI
1.5—-1.8) in patients with COVID-19 compared with non-COVID controls. This translates to an
additional 701 cases of diabetes per 10,000 persons (95% Cl 558—-865). The risk was higher
for type 2 (RR 1.8, 95% CI 1.6-2.0) than for type 1 diabetes (RR 1.42, 95% CI 1.38-1.46).
Diabetes risk was slightly higher for males (RR 1.45, 95% CI 1.37—-1.53) than females (RR
1.35, 95% CI 1.30-1.41), however, results may be unreliable and were inconclusive for other
sub-groups, such as age, as there were only limited number of cohorts available for each
sub-group analysis. A strength of the review is that it found consistent findings for different
control groups, including historical controls and respiratory infection controls.

Despite the strong evidence emerging from well-designed cohort studies, certain limitations
remain. The nature of observational study designs mean that biases may still be present and
residual confounding may exist even in fully adjusted models (Lai et al. 2022). Some
diabetes cases may be missed, and it is unclear to what extent findings may be due to
exacerbation of pre-existing but undiagnosed diabetes.

The mechanisms that can lead to metabolic dysfunction and new-onset or exacerbation of
pre-existing diabetes are not well known. Some hypotheses are:

o decreased insulin release due to viral damage to pancreatic  cells or local
inflammation

e increased insulin resistance associated with persistent inflammation

o effects of the pandemic such as lockdown that could progress development of type 2
diabetes in at-risk populations (Lai et al. 2022).
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5.4 Kidney disease

An estimated 11% of people (1.7 million Australians) aged 18 and over had biomedical
signs of chronic kidney disease (CKD) in 2011-12, according to AIHW analysis of the
Australian Bureau of Statistics latest National Health Measures Survey (NHMS) (ABS 2013)
— the most recently available data on the total number of people affected by CKD in
Australia (the ‘prevalence’).

There were around 5,100 new cases of kidney failure (also known as end stage kidney
disease) in Australia in 2013, which equates to around 14 new cases per day. Of these,
around 50% were receiving treatment in the form of dialysis or a kidney transplant.

CKD contributed to around 17,700 deaths in 2020 (11% of all deaths in Australia). CKD was
recorded as the underlying cause of death in 24% of these deaths.

Source: AIHW 2022a.

Kidney involvement during the acute phase of COVID-19 is common in patients hospitalised
with COVID-19 (Copur et al. 2022; Yende and Parikh 2021). Ongoing inflammation and injury
can lead to a progressive decline in kidney function over many months, leading to CKD,
however, the precise mechanism remains unclear.

Data from the US Department of Veterans Affairs database found an increased risk of
post-acute kidney outcomes at 6 months and beyond the first 30 days of illness including
acute kidney injury (AKI) (aHR 1.94, 95% CI 1.86—-2.04) and end-stage kidney disease
(ESKD) (aHR 3.0, 95% CI 2.5-3.5) in models adjusted for a wide range of demographic,
health and clinical characteristics (Bowe et al. 2021). For every 1,000 people, these results
corresponded to an additional 11.5 (95% Cl 10.9-12.1) cases of AKl and 1.5 (95% CI 1.3—
1.6) cases of ESKD. The study also reported a decline in kidney function as measured by the
estimated glomerular filtration rate, which was related to acute COVID-19 severity, being
highest in patients admitted to ICU compared to non-hospitalised patients.

5.5 Mental health and neurological problems

In Australia mental and behavioural conditions was the most prevalent chronic condition
experienced in 2020—21 according to the 2021 census, with 1 in 5 people experiencing a
mental or behavioural condition.

The 2021 National Study of Mental Health and Wellbeing estimated that 44% of Australians
aged 18-65 had experienced a mental disorder during their lifetime.

Source: AIHW 2022e.

Persistent symptoms of poor mental health are commonly reported following COVID-19
infection. A survey of 3,510 Australian adults in August 2022 found life satisfaction was
lowest in patients with long COVID who reported this had led to restrictions to carry out their
daily activities compared to people without long COVID, controlling for life satisfaction
pre-COVID-19, age and sex (Biddle and Korda 2022).

A meta-analysis of 51 studies that were published by 20 February 2021 found a high
prevalence of anxiety disorders in the first 6 months following infection (Badenoch et al.
2022). Furthermore, a recent narrative review of the neuropsychiatric manifestations of long
COVID concluded there is consistent evidence of an increase in mental health symptoms
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post infection (Efstathiou et al. 2022). This review also concluded, however, that there is
conflicting evidence on whether these symptoms worsened, improved or ceased over time.
This highlights the need for further longitudinal studies over longer time periods. Some more
recently published studies are outlined below.

A retrospective study using the TriNetX database analysed electronic health records of
236,379 patients with a COVID-19 diagnosis during 2020 and a matched control cohort with
influenza over the same period (Taquet, Geddes et al. 2021). TriNetX is a worldwide data
source with records primarily from the USA, but also from Australia, the UK, Spain, Bulgaria,
India, Malaysia and Taiwan. The study found there was a high prevalence of psychological
outcomes diagnosed in patients 6 months after infection (34%, 95%CI 33-34). This study
also found a 17.4% incidence of anxiety disorder diagnosed in the cohort (95% CI 17.0-
17.7). Interestingly, these outcomes were significantly more prevalent in patients after
COVID-19 infection than after influenza infection (HR 1.44, 95%CI 1.40-1.47 for any
outcome and HR 1.45 95% 1.40-1.49 for anxiety disorder).

A study using data from the US Department of Veterans Affairs health database found similar
results at one year post COVID-19 infection (diagnosed between 1 March 2020 and 15
January 2021) in comparison to a contemporary control cohort without previous COVID-19
infection (Xie, Xu and Al-Aly 2022). The study found an increased risk of incident anxiety
disorders, depressive disorders and stress and adjustment disorders. In addition, this study
identified an increased risk of incident use of antidepressants and benzodiazepines and
increased opioid prescriptions.

A subsequent study investigated a larger cohort of over 1.25 million records in the TriNetX
health records network diagnosed between 20 January 2020 and 13 April 2022 (Taquet et al.
2022). This second study analysed the risk of mental health outcomes over a 2—year period.
Increased incidence of mood and anxiety disorders in the COVID-19 infected group was
observed, however the risk returned to baseline after 1-2 months and was equivalent to that
in the matched comparison group after just over a year.

The associations between long COVID and worsening mental health may not be straight
forward. As previously indicated, psychological distress prior to COVID-19 infection is a risk
factor for many long COVID symptoms (Wang et al. 2022). Additionally, some initial research
suggests that a higher level of depression and anxiety is associated with a greater number of
long-COVID symptoms, findings that were moderated by levels of life satisfaction and social
support (Ocsovszky et al. 2022). This research also found that pre-existing mental health
problems were associated with a higher number of long COVID symptoms and current levels
of depression and anxiety. These findings suggest that the relationship between mental
health symptoms and long COVID symptoms may be bidirectional, with poorer mental health
being both a contributing factor to the perception of long COVID symptoms and an outcome
of the syndrome.

Deteriorating mental health may also be influenced by the impact of the patient experience of
long COVID. In a qualitative study involving interviews of people experiencing long COVID,

it was reported that their mental health and wellbeing is impacted by their symptoms causing
severe disruption to daily life, lack of service and treatment options, uncertainty of illness
trajectories, experiences of care and understanding from others and changes to identity
(Burton et al. 2022).

Cognitive complaints (see Box 5.1 ‘Brain fog’) have also been associated with increased
anxiety and depression in patients after COVID-19 infection (Almeria et al. 2020). It is
important to note, many of the measurement tools that are used to assess cognitive
impairment or sleep quality and symptoms of anxiety and depression have overlapping
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diagnostic criteria. This may contribute to these findings and more generally confound the
research in this area.

Box 5.1: ‘Brain fog’

One of the common ongoing complaints of people post COVID-19 infection is ‘Brain fog’.
Brain fog is a general term describing the experience of neurological symptoms such as
difficulties with cognitive function, attention and memory.

A group in Ireland attempted to characterise ‘brain fog’ by conducting several
questionnaires and clinical assessments in participants with long COVID who self-reported
brain fog (Jennings et al. 2022). This study found that brain fog can be described as a
recognisable symptom cluster characterised by fatigue, dizziness, myalgia, word-finding
difficulties and memory impairment. This study also demonstrated that brain fog is
associated with adverse psychological and psychomotor performance.

Similarly, another study attempting to objectify the symptoms of brain fog post COVID-19
infection found mild decline in attention, executive functions and memory, though within the
normative range (Bungenberg et al. 2022). Interestingly, the study found that fatigue
severity was associated with reduced attention and psychomotor speed tasks. This could
indicate that the fatigue experienced by long COVID patients may be a contributing factor to
some of the neurological symptoms.

A mixed cross-sectional/longitudinal study called the COVID and Cognition Study
(COVCOQG) is being conducted at the University of Cambridge, UK, to specifically
investigate the cognitive effects post COVID-19 infection. The study involves analysis of
cognitive performance across a range of domains in persons post COVID-19 infection and
concurrently tested controls. To date, 2 studies have been published using the data from
COVCOG. The first study found that predictors of cognitive symptoms were
neurological/psychiatric symptoms and fatigue during initial illness and neurological,
gastrointestinal, and cardiopulmonary/fatigue symptoms during the ongoing illness (Guo et
al. 2022a).The second study found memory deficits in previously infected individuals (Guo
et al. 2022b). The deficits were increased with increased severity of ongoing post-infection
symptoms. Fatigue during initial illness and ongoing neurological symptoms, such as
headache, confusion and numbness, were predictors of cognitive performance. These
findings support the findings of Bungenberg (2022), further indicating the role of fatigue in
the cognitive effects experienced post COVID-19 infection.

Australian-led research has investigated potential pathological pathways behind the
neurological effects of long COVID (Charnley et al. 2022). The authors identified that there
are similarities between the early stages of neurological diseases such as Alzheimer’s
disease and Parkinson’s disease and post-COVID-19 neurological symptoms. These
similarities prompted the study to investigate the presence of clumps of proteins called
amyloid assemblies, finding that there are some SARS-CoV-2 proteins that can aggregate
to form amyloid assemblies and these assemblies are highly toxic to neuronal cells. The
study suggests that this may trigger the type of neurological symptoms experienced in long
COVID. The authors caution overinterpreting these results and stress that this result does
not infer that long COVID is chronically degenerative like Alzheimer’s.

Zhao et al. (2022) found that objective testing of neurological consequences demonstrated
significantly worse episodic memory up to 6 months post infection and greater decline in
vigilance with time on task 9 months post infection. Importantly, the study found these
changes were not significantly different to normal after 6—9 months. This may demonstrate
evidence of recovery over time for neurocognitive symptoms of long COVID.

(continued)
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Box 5.1 (continued): ‘Brain fog’

This objective quantitiative research into brain fog in long COVID can be complemented by
qualitative research of the patient experience of brain fog. In research using interviews and
focus groups conducted in the UK, participants highlighted the impact of neurocognitive
symptoms on relationships, personal and professional identity and self-perceptions of guilt,
shame and stigma (Callan et al. 2022). This research is important to understanding the
social consequences of long COVID and to inform the importance of validation of patient’s
experience by health care workers.

The current research available in the area of mental health and long COVID highlights the
need for mental health clinicians to be involved in the assessment and management of long
COVID. Furthermore, given the high rates of mental and behavioural conditions already
present in the Australian population, policymakers will need to consider the potential for long
COVID to exacerbate the demand/strain on mental health services.
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6 Long COVID and other post-viral iliness

Myalgic encephalomyelitis (ME), also called chronic fatigue syndrome (CFS), is a disorder
that has been linked to long COVID due to their similar aetiologies. Some symptoms of
ME/CFS overlap with those experienced in long COVID, specifically persistent fatigue and
post-exertional malaise (Wong and Weitzer 2021). ME/CFS has been associated with
previous viral infections, including Epstein-Barr virus (EBV), human herpesviruses and
cytomegalovirus. As long COVID and ME/CFS are both post-viral illnesses, similarities in
symptoms may suggest related causes. However, further research is needed to investigate
the relationships between the 2 conditions and care should be taken not to conflate the 2
conditions until more is understood.

A literature review of the similarities between long COVID and ME/CFS acknowledges the
highly heterogenous nature of the long COVID condition and focuses on the aspects of long
COVID with most relevance to ME/CFS (Sukocheva et al. 2021). The review identifies
similarities in symptoms and immunological patterns. It suggests that large groups of long
COVID patients may meet the criteria for ME/CFS. It is feasible that they are similar
conditions, however, it may also be true that a subset of long COVID patients is actually
suffering from ME/CFS.

Conversely, some research demonstrates differences between ME/CFS and long COVID.
A study of patterns of symptoms in a small group of long COVID patients compared to a
group of ME/CFS patients found that the long COVID patients reported more severe
symptoms in the immune (e.g., sore throat, fever) and orthostatic (e.g., shortness of breath,
nausea, dizziness) domains initially and over time exhibited significantly less severe
symptoms in all except in the orthostatic domain (Jason et al. 2021).

Despite being first defined by the US Centers for Disease Control and Prevention in 1988
(Holmes et al. 1988), ME/CFS is still not well understood. Continued research into long
COVID may provide further understanding of ME/CFS. Likewise, established research on
ME/CFS may point to clues worth investigating in long COVID.

Ongoing symptoms post infection is not limited to long COVID and ME/CFS. Various other
infections have been known to cause ongoing chronic symptoms collectively referred to as
post-acute infection syndromes (PAIS) (Choutka et al. 2022). Many PAIS conditions
demonstrate parallels in their presentation of symptoms and there is limited understanding of
the mechanisms that lead to these symptoms. Knowledge and experience of other PAIS can
also be leveraged to understand and respond to long COVID (Choutka et al. 2022).
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7 Impact of long COVID

7.1 Burden of disease and mortality

Estimating the burden of disease due to long COVID is challenging, mainly due to the
variation in estimates of incidence and severity of long COVID (Smith 2022).

A US study estimated disability-adjusted life years (DALYs) for 2021 for 3 models of severity
using CFS disability weights (Smith 2022). The study found that most morbidity was due to
disability associated with long COVID and delayed death from organ damage rather than
immediate death during acute COVID-19 illness. Other studies have also attempted to model
the burden of disability associated with long COVID.

A study from the UK modelled quality-adjusted life years (QALYs) due to COVID-19 iliness
(acute COVID-19 and long COVID) but not deaths (Martin et al. 2021). The study found
299,730 QALY were lost within one year of infection (90% due to symptomatic COVID-19
and 10% due to permanent injury) and 557,764 QALY's were lost within 10 years of infection
(49% due to symptomatic COVID-19 and 51% due to permanent injury).

A recent study from Australia published as a pre-print estimated the burden of disease for
symptomatic COVID-19 infections from 10 December 2021 to 9 April 2022 during the
Omicron BA.1/BA.2 wave (Howe et al. 2022). The total DALY attributable to COVID-19 was
estimated as 50,900 (95% uncertainty interval [Ul] 21,000-80,800). Long COVID contributed
10.2% to the DALY total, compared to 3.6% from acute COVID-19. Furthermore, long COVID
contributed to 74% of overall years lived with disability (YLD) from COVID-19 (5,200, 95% Ul
2,100-8,300) compared to 1,800 (95% Ul 1,100-2,600) from acute infection. Unlike the US
modelling (Smith 2022), the largest burden was from death during the acute COVID-19
illness accounting for 86% of the DALY. The results should be interpreted with caution due to
the high level of uncertainty in the results related to severity estimates, and potential biases
that may over-estimate the prevalence of long COVID. The analysis was also limited to
persistent symptoms and did not include morbidity from long-term organ damage and
incident chronic conditions.

There are currently little data on mortality from long COVID and studies have tended to focus
on all-cause mortality in COVID-19 cases. For example, analysis of the US Department of
Veterans Affairs database found the rate of excess death was estimated at 8.39 (95% CI
7.09-9.58) per 1,000 patients with COVID-19 at 6 months compared to non-COVID-19
controls (Al-Aly et al. 2021).

In Australia, since the start of the pandemic and up to 30 September 2022, there had been
10,279 deaths due to COVID-19 of which 123 (1.2%) were classified as being due to post
COVID-19 condition (ICD-10 code U09) (ABS 2022a).

7.2 Impact on the health system

A few studies have demonstrated an association between a positive COVID-19 diagnosis
and increased post-acute activity within health care settings.

A case-control study of linked data in England analysed changes in primary care (general
practice [GP] doctor and nurse attendances and GP prescriptions), secondary care
(emergency department [ED] attendances, outpatient consultations, elective and non-elective
admissions), community care (contacts), and mental health care (contacts) from 3 months
before to 3 months after positive COVID-19 diagnoses occurring in 2020 (Murch 2022).
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In those aged <65, the study found a statistically significant increase in non-elective
admissions for COVID-19 cases who were hospitalised during acute infection. For those not
hospitalised, there were statistically significant increases in GP doctor and nurse
attendances and GP prescriptions for all ages, ED attendances for females <65, mental
health contacts for males and females 265, and outpatient consultations for males >65.

A study from Italy, also based on cases from the first wave of the pandemic in 2020,
observed a greater risk of rehospitalisation, ED attendance and outpatient visits in the 6
months following infection for patients who were admitted to ICU and medical wards
compared to patients managed at home (Mannucci 2022).

A study from the USA also found that a COVID-19 diagnosis between March and September
2020 was associated with increased health care utilisation and costs over a 6-month period
following diagnosis (Koumpias et al. 2022). COVID-19 diagnosis was associated with 0.73
(95% CI1 0.71-0.74) more health care visits per month and an additional US$224 (95% CI
218-229) total monthly medical expenses. The largest increases were seen for inpatient
visits, emergency care and telemedicine.

Another US study of electronic health records across 40 health care systems analysed
common procedures and medications among patients with a long COVID ICD-10 code
(U09.9) assigned between 1 October 2021 and 26 May 2022 (Pfaff, Madlock-Brown et al.
2022). Common procedures around the time of the U09.9 index date included radiographic
imaging (19.3%), electrocardiography (23.6%) and echocardiography (16.9%) in younger
patients aged <21 years. The study also indicated that patients were receiving physical and
occupational therapy in the 60 days following diagnosis and the proportion increased with
age. Common medications included respiratory system drugs, antibacterials and
corticosteroids. The authors concluded that such findings highlight the type of care being
provided for long COVID patients and can inform the development of treatment guidelines.
As there was no control group used in the analysis it is unclear whether the procedures and
treatment described were specific to the management of long COVID. However, uptake of
the U09.9 code is variable across health organisations and the absence of a U9.09 code
does not exclude long COVID.

7.3 Quality of life and social impacts

Most research has focused on symptom burden and clinical sequalae in patients with long
COVID. However, patients with persistent COVID-19 symptoms may experience a
decreased quality of life and limitations on daily activities.

In Australia, the COVID-19 Impact Monitoring Survey found 22.5% of participants with
symptoms lasting more than 4 weeks and 21.6% with symptoms lasting for 3 months or more
reported their ability to carry out day-to-day activities had reduced substantially compared to
before COVID-19 (Biddle and Korda 2022).

Two reviews have documented the impact of long COVID on measures of health-related
quality of life (HRQoL) from studies published to early 2021 (Malik et al. 2022; Poudel et al.
2021). The pooled prevalence of poor quality of life (using the EQ-VAS instrument) was
estimated to be 59% (95% CIl 42—-75) among post-recovery COVID-19 patients and was
highest among patients with ICU admission and fatigue (Malik et al. 2022). However, follow-
up periods ranged from 36 to 156 days. Based on 4 studies of patients with long COVID (>4
weeks from onset of symptoms), mean EQ-5D-5L scores ranged from 0.612 (0.612—-0.613)
to 0.71 (0.67-0.75) (Poudel et al. 2021). A study from Spain suggests that self-perceived
limitations in a range of domains including daily living and leisure/social activities decrease
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during the year following infection (Fernandez-de-Las-Pefas, Martin-Guerrero, Cancela-
Cilleruelo, Moro-Lépez-Menchero, Rodriguez-Jiménez, Navarro-Pardo et al. 2022).

Most studies to date have been conducted in hospitalised patients. A prospective cohort
study of adult outpatients with acute COVID-19 in 2020 found 40% of participants had a
clinically important improvement in quality of life (EQ-VAS) from one month prior and 6—-11
months after COVID-19 diagnosis (Han, Womack et al. 2022). The study also found that a
higher attributable persistent COVID-19 symptom score (the difference in severity of a
prespecified set of symptoms between follow-up and baseline) was associated with a lower
quality of life measured using the EQ-5D-5L at follow-up (aOR 0.65, 95% CI 0.59-0.72)
adjusting for age, race, ethnicity, education and income.

The impact of persisting symptoms may also impact on workforce participation. A systematic
review found that although the ability for people to return to work following COVID-19
increased over time, residual difficulties persisted for a few months after suffering COVID-19
for some people, which influenced their ability to perform the same duties or limited their
working hours (Gualano et al. 2022). A national study in Sweden found that 13% of people
on sickness benefit for COVID-19 in 2020 were on sick leave for at least 12 weeks and were
presumed to have long COVID (Westerlind et al. 2021). In Australia, 11% of survivors had
not returned to work by 6 months following critical illness (ICU patients) from COVID-19
(Hodgson et al. 2021).

A qualitative study of workers predominantly from the health, social care and education
sectors examined barriers and enablers of ‘workability’ following COVID-19 and concluded
that longer term, flexible, co-developed and regularly reviewed return to work plans are
necessary for accommodating the unpredictable nature of post COVID-19 recovery, the
benefits of which also extend to other conditions with unpredictable symptoms such as CFS
(Lunt et al. 2022).

7.4 Patient experience

Long COVID emerged as social terminology to describe patient’s experiences of the long-
term health effects of SARS-CoV-2 infection. Through collective gathering and sharing of
subjective evidence on digital platforms, long COVID advocates converted a patient-made
term to a recognised disease concept (Roth and Gadebusch-Bondio 2022). In a commentary
published in the European Respiratory Journal (Di Mattei et al. 2022), the authors discuss
the importance of belief and recognition of patient’s illness. Without this recognition, long
COVID patients experienced significant fear, isolation, anxiety and self-doubt which
exacerbated their distress.

Qualitative evidence from patients with long COVID has highlighted that the experience of
dismissive attitudes from health care professionals is a consistent theme. A survey of 334
long COVID patients in late 2021 investigated the experience of obtaining medical care in the
USA (Au et al. 2022). The study found common themes of dismissive health professionals
with use of the language ‘medical gaslighting’ to frame their experience.

A similar experience was found in a study of patients seeking medical care for long COVID in
the UK (Baz et al. 2022). The pre-print study conducted interviews with 40 patients from
November 2021 to February 2022 and found a large proportion of participants perceived
inadequate support when accessing primary care. For ethnic minorities, mistrust and fear of
services were further barriers to accessing care. The research also conducted 12 interviews
with health care professionals and found that they reported systematic barriers to delivering
services.
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An analysis of 5 studies published in 2020 found the patient experience seeking long COVID
care was characterised by barriers to access such as unclear messaging and complex
processes, and a perceived lack of knowledge of the condition and its treatment amongst
health care professionals (Macpherson et al. 2022). The analysis also demonstrated the
significant emotional impact of long COVID particularly on self-identity due to changes in
ability to perform jobs and interact with family. This evidence is from earlier in the pandemic,
however, the patient experience of long COVID has evolved as the understanding and
recognition of the condition in the medical field developed.

The narrative of long COVID and patient’s experiences of it has been significantly influenced
by patient advocacy. Online support groups have emerged as a resource for long COVID
patients. A thematic analysis of 11 interviews investigated the impact interactions with these
support groups has had for patients (Day 2022). The analysis highlighted benefits across
several themes; filling professional care gaps, societal awareness, engagement behaviour,
diversity and social connectedness. The potentially harmful impacts of participation in these
groups were also discussed including sharing of unproven therapies and negative emotions
such as fear and jealousy which can arise from comparison to other’s experience.

Analysis of social media data has demonstrated the evolution of social attitudes and
experiences regarding long COVID. An analysis of social media from March 2020 to January
2021 found a disparity in the narratives and terminology from social media users and official
health communication (Miyake and Martin 2021). There was an overwhelming negative
sentiment with the key areas of concern identified as time/duration, symptoms/testing,
emotional impact and lack of support and resources.

Interestingly, an analysis of 62,232 tweets from March to April 2022 demonstrated
comparable levels of positivity and negativity towards long COVID in this period (Awoyemi et
al. 2022). In this study positive sentiments were associated with the words research, support,
health, hope and recovery. Negative sentiments were associated with the words symptoms,
infection, risk, haulers and disease. In a similar analysis also conducted in 2022 the words
support, protect, cure, safe and healthy were predominant in tweets with positive sentiments
and symptoms, infection, risk, suffering and sick were predominant in tweets with negative
sentiments (Bhattacharyya et al. 2022). This demonstrates a shift in attitudes in comparison
to the earlier study conducted in the first wave which found an overwhelmingly negative
sentiment (Miyake and Martin 2021). This may reflect the increasing knowledge and
acceptance of long COVID and awareness of ongoing research and health system
responses to the condition.

Although there appears to have been progress in the understanding and treatment of long
COVID patients, stigma is still experienced. A UK study investigated different types of stigma
experience by long COVID patients (Pantelic et al. 2022). Stigma was characterised as
anticipated stigma (expectation of bias/poor treatment by others), internalised stigma
(internalising negative associations with long COVID and accepting them as self-applicable)
or enacted stigma (overt experiences of discrimination). Internalised and anticipated stigma
were more frequently experienced than enacted stigma by long COVID patients.

38 Long COVID in Australia — a review of the literature



8 Data issues in long COVID research

8.1 Defining long COVID

One of the main limitations of long COVID research is the inconsistency in the definitions of
long COVID used. There is difficulty in effectively defining the condition’s symptoms and time
course for research and clinical purposes. As discussed in Box 2.2, the WHO developed a
clinical case definition for post COVID-19 condition via a group consensus technique (WHO
2021). This definition is broad in relation to symptoms, stating they may fluctuate or relapse
over time. WHO’s consensus definition has not been consistently adopted in research
studies or guidelines.

One of the main differences between the WHO definition and other definitions used in
research is the time after COVID-19 infection that symptoms occur. The WHO definition
defines post COVID-19 condition as occurring 3 months from the onset of COVID-19 (WHO
2021). The NICE guideline distinguishes between ongoing symptomatic COVID-19, that is
symptoms that occur 4—-12 weeks after infection, and post-COVID-19 syndrome, that is
symptoms that develop during or after initial infection and continue for more than 12 weeks
(NICE 2021).

Both definitions also allow for the development of new symptoms, which has resulted in a
large number of symptoms and post-acute sequalae of COVID-19 infection to be reported in
the literature. Many of the symptoms are non-specific and sometime vague or ill-defined
themselves (e.g., brain fog) and are inconsistently reported across studies in the absence of
a standard framework for identifying and assessing symptoms or clinical features. Mapping
of 287 terms used by research studies to describe long COVID clinical manifestations to a
standardised phenotypic ontology identified 18 categories — for example, 30 different
features were mapped to the category ‘neuropsychiatric findings’ (Deer et al. 2021).

Additionally, long COVID is notably heterogenous, meaning not everyone will experience the
same symptoms. Consistent amongst many definitions is that symptoms cannot be explained
by an alternative diagnosis. This is clinically important but difficult to implement in research
where sufficient investigation of other potential causes is unlikely to be adequately
performed.

Ultimately, long COVID is an umbrella term that likely encompasses multiple conditions.
There is also significant overlap with long COVID and other conditions which may be related
or concurrent such as post-intensive-care syndrome, deconditioning and side-effects of
treatments (e.g., steroids).

The above discussion highlights the difficulties in defining long COVID in research studies.
As demonstrated throughout this report, some research has used very broad definitions with
limited restrictions on time frames or symptoms and others have used a more succinct
definition. The practical implications of this choice should be considered when evaluating
long COVID research. A broad definition could produce inconsistent findings and difficulty
identifying clinically meaningful results. Conversely, a more restrictive definition could limit
the generalisability and translation of results. A consistent definition would allow better
comparison between studies. It should be acknowledged that the definition used will change
as our understanding of long COVID progresses.
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8.2 Identifying long COVID in health records

Identifying long COVID in hospitals data is dependent on the assignment of ICD codes to an
episode of care. In September 2020, the WHO activated an ICD-10 code U09.9 for ‘post
COVID-19 condition, unspecified’ (WHO 2022a). The advice released with the code
highlighted that it is to be used to establish a link with COVID-19 and is not to be used where
the patient is still presenting with COVID-19 infection. The US CDC approved the code for
implementation from 1 October 2021. Analysis of the use of the U09.9 code in US health
care records has shown that the diagnoses that have been concurrently coded with U09.9
vary widely and differ with age (McGrath et al. 2022). A similar investigation of the US
National COVID Cohort Collaborative population also found a large variation of diagnoses
coded with U09.9 (Pfaff, Madlock-Brown et al. 2022). Both studies found that a large
proportion (~30%) of those that have a recorded diagnosis of post COVID-19 condition do
not have a recorded diagnosis of initial infection.

The International Statistical Classification of Diseases and Related Health Problems, 10th
Revision, Australian Modification (ICD-10-AM) is used to classify diseases, injury and related
health problems in admitted patient care in Australia. Code U07.4 is used to identify
conditions that are due to previous COVID-19 infection which is allocated where there is
documentation of long COVID. See Box 8.1 for further details of the definition and use of this
code. Where a causal relationship is not established between a patient’s condition and
previous SARS-CoV-2 infection the supplementary code U07.3 can be assigned to identify a
personal history of COVID-19 disease.

Box 8.1: Classification of long COVID in ICD-10-AM

ICD-10-AM 12th edition contains the code U07.4 Post coronavirus disease 2019 [COVID-
19] condition. According to the Australian Coding Standard 0050, this code can not be
asssigned as a principal diagnosis code. Therefore U07.4 is used in addition to a code for
the current condition, where there is documentation that the current condition is due to
previous COVID-19 infection.

Australian Coding Standard 0113 provides instructions and an example on how this code is
assigned.

Instructions
 Code first the condition associated with previous COVID-19.

+» Assign U07.4 in addition to a code for a current condition, where the current condition is
due to a previous COVID-19 diagnosis or SARS-CoV-2 infection.

Example

A patient was diagnosed with interstitial lung disease due to previous COVID-19.
Codes:

J84.9 Interstitial pulmonary disease, unspecified

UQ7.4 Post coronavirus disease 2019 [COVID-19] condition.

In this example, UQO7.4 is assigned in addition to J84.9 to identify that the interstitial lung
disease is due to the previous diagnosis of COVID-19.

With the emergence of large-scale, complex data on long COVID, advanced analytical
techniques and machine learning are being used to develop novel ways to identify long
COVID cases. A study conducted in the USA demonstrated how machine learning can be
implemented in research using health records to identify long COVID cases (Pfaff, Girvin et
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al. 2022). The investigators examined demographics, health care utilisation, diagnoses and
medications for almost 597 adults with long COVID to train models to identify long COVID
cases. The models were then used on a database of almost 100,000 adults with previous
COVID-19 infection. The models performed well at identifying people who potentially have
long COVID in all COVID-19 patients, hospitalised COVID-19 patients and non-hospitalised
COVID-19 patients. This demonstrates how advanced analytical techniques can be
effectively implemented to address the complexities of long COVID research.

8.3 Methodological issues in long COVID research

Several common limitations have been identified throughout the studies discussed in this
review. Confirmation of previous COVID-19 infection is inconsistently conducted across
studies. Confirmation of infection ensures that those included in the long COVID group have
definitively had COVID-19 infection. Variation in testing availability and policies throughout
the pandemic may have caused limitations in testing accessibility. Excluding people who
have history consistent with infection, but no confirmation could limit sample sizes and bias
samples to not include certain demographics which had limited testing access.

To elucidate ‘true’ long COVID symptoms and risk factors for the development of long
COVID, appropriate comparison groups are needed. Selection of comparison groups in long
COVID research is difficult. Some participants may not be aware they had COVID-19, or may
not have documented infection as they did not get tested. This means in studies where non-
infected comparison groups were used, they may contain some people with a history of
COVID-19. Additionally, as infection rates go up the ability to recruit people who have not
had COVID-19 is diminished. Alternatively, some studies have used comparison groups of
people who have had COVID-19 but are not experiencing ongoing symptoms, which may
have more real-world relevance. Well thought out comparison groups will be important for
distinguishing the effects of long COVID from the effects of societal changes in response to
pandemic.

There is a lack of standard tools for use in long COVID research. For example, a lack of
framework for identifying and assessing symptoms makes it difficult to define clear
inclusion/exclusion criteria for studies and a lack of uniform outcomes measures make
measurements of effect difficult. All of these methodological issues lead to highly varied
study designs and study cohorts. This makes it difficult to compare findings amongst studies
and to pool data for meta-analysis. Altogether this makes it challenging for policy makers and
health care professionals to implement research into practice.

A group of researchers and physicians involved in long COVID treatment and research has
called for a core outcome set for post COVID-19 condition to be developed promptly
(Munblit, Nicholson, Needham et al. 2022). They argue that a core outcome set will improve
data quality, harmonisation and comparability between different geographical locations. To
address this an international consensus study was recently conducted that produced a set of
12 outcomes, shown in Box 8.2 (Munbilit, Nicholson, Akrami et al. 2022). The authors
suggest that these should be used to establish instruments that appropriately measure these
outcomes.
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Box 8.2: Core outcome set for adults with post COVID-19 condition
Physiological or clinical outcomes

1 Cardiovascular functioning, symptoms and conditions
2 Fatigue or exhaustion

3 Pain

4 Nervous system functioning, symptoms and conditions
5 Cognitive functioning, symptoms and conditions

6 Mental functioning, symptoms and conditions

7 Respiratory functioning, symptoms and conditions

8 Post-exertion symptoms

Life impact outcomes

9 Physical functioning, symptoms and conditions

10 Work or occupational and study changes

Survival

11 Survival

Outcome from previous COS

12 Recovery *

*Qutcome was included in a previously published COS for COVID-19 and, owing to its
relevance to post COVID-19 condition, was automatically included in this COS.

COS = core outcome set.
Source: Munblit, Nicholson, Akrami et al. (2022).

8.4 Data sources

The research presented in this review has used varying data sources including electronic
health records, surveys and mobile phone applications. Each data source has limitations that
should be considered when interpreting the results.

Health records are advantageous as they provide researchers with large data sets for
analysis. However, health records may be impacted by behavioural differences in seeking
care, the need for care depending on the severity of long COVID symptoms, disparities in the
availability of care, obtaining a diagnosis of long COVID and having that diagnosis recorded
in the patient record. The use of health records is subject to the quality of record keeping of
the providers, therefore good quality control processes are paramount. All of these issues
may lead to lack of representation in health records of certain population groups such as
lower socioeconomic groups, some culturally and linguistically diverse (CALD) populations,
and people who live in rural and remote areas.

Surveys and mobile phone applications have the advantage of being specifically designed to
collect the information of interest. However, they are subject to selection biases and the
results may not be representative of the intended population. For example, people with long
COVID symptoms may be more motivated to participate in a survey and people from some
population groups may be less willing to participate. Data sources that rely on self-reported
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information on long COVID and its symptoms by the respondent are susceptible to recall
bias.

Given the limitations of each data source, it is important that the evidence base for long
COVID incorporates a variety of sources from a range of settings and population groups.

8.5 Long COVID impact in disadvantaged groups

Certain population groups are at greater risk of contracting SARS-CoV-2. Furthermore,
certain population groups are at greater risk of severe disease and death due to COVID-19.
This includes the elderly, people with pre-existing conditions, and unvaccinated individuals,
lower socioeconomic groups and some CALD groups (ABS 2022a; AIHW 2022d). These
population groups may therefore be at an increased risk of developing long COVID, but this
has not been confirmed with robust research.

Additionally, in Australia there are known disparities in health for Aboriginal and Torres Strait
Islanders, people from low socioeconomic backgrounds and people who live in rural and
remote areas. There is a risk these disparities will be exacerbated in those with long COVID,
particularly if there are cultural, economic, or geographical factors inhibiting access to long
COVID care.

This highlights the necessity to consider the impact of long COVID on vulnerable
populations. Research should be designed to specifically investigate the burden of long
COVID in these communities. Treatment and care programs will need to be constructed to
adapt to the needs of these communities.
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9 Monitoring the impact of long COVID in
the future

This review has summarised the current evidence on long COVID. Most of the evidence
presented has been from research conducted overseas. Though much of this is likely still
relevant in the Australian context, particularly evidence from studies conducted in the UK
where the vaccinations used are the same, there is a need to corroborate these findings with
Australian data.

9.1 The national COVID-19 linked data set

The AIHW has been funded through a grant from the Medical Research Future Fund to
develop a national COVID-19 linked data set, which will provide a valuable asset for long
COVID research in Australia. The project will link COVID-19 infection notifications from
states and territories to national administrative health data sets including deaths, hospitals,
aged care, immunisation, MBS and PBS data. The resultant data set will be a large de-
identified research asset of COVID-19 infected individuals. It will allow investigation of health
outcomes post-infection, impact of vaccination and health service use.

Use of linked data in long COVID research has proven valuable. Linked data from primary
care, secondary care, mental health and community services in the UK were used to
investigate health care utilisation post COVID-19 illness (Murch et al. 2022). The study found
increased health care service use post-acute infection. Specifically, there was increased GP
and nurse attendances, and increased GP prescriptions for men and women of all ages,
increased ED presentations for women = 65 years, increased mental health contacts for
males and females 265 years and increased outpatient consultations for males = 65 years.
This information is valuable in understanding health service demands arising from long
COVID and could be useful in designing targeted long COVID models of care.

9.2 Long COVID clinics

Long COVID clinics have been established across Australia to provide specialised care to
people having long term symptoms after COVID-19 infection. These clinics provide an
opportunity to collect data on long COVID progression in affected individuals. For example,
the Kirby Institute’s ADAPT Study is collecting details on people’s symptoms at regular
intervals after infection and blood samples to assess immunological function (The Kirby
Institute 2022).

9.3 Surveys

Surveys can provide valuable insights into the impacts of long COVID populations. As has
been demonstrated throughout this review, the ONS CIS in the UK has been a key data
source for long COVID information. The US National Centre for Health Statistics in
partnership with the US Census Bureau on 1 June 2022 added questions regarding long
COVID to their Household Pulse Survey (CDC 2022a). These large-scale national surveys
provide rapid and relevant long COVID information and are particularly valuable in estimating
prevalence of the condition.
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9.4 Longitudinal studies

Established longitudinal studies can provide a useful resource for monitoring long term health
impacts of COVID-19 infection. Longitudinal surveys follow cohorts over time with repeated
monitoring of health and health behaviours. Several Australian longitudinal studies have
included questions on COVID-19 that will allow for analysis of post-COVID-19 outcomes.
This includes the 45 and Up Study conducted by the Sax Institute (Sax Institute 2022), the
Life in Australia Study conducted by the Social Research Centre at the Australian National
University (Biddle and Korda 2022) and the Australian Longitudinal Study on Women’s
Health (ALSWH 2022). A key advantage of these studies is that as the survey cohorts were
established prior to the pandemic, they include measures of pre-pandemic characteristics.
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10 Conclusion

Long COVID is a new condition and therefore the evidence so far is limited by a relatively
short follow-up time since infection, particularly in Australia where most of the acute burden
of COVID-19 has occurred in 2022. As time progresses, data should become available to
evaluate the longer-term consequences of long COVID.

Timely surveys to estimate and track the frequency of long COVID in Australia are lacking.
The ONS CIS in the UK that was originally established for national reporting of COVID-19
infections was able to rapidly pivot to include information on long COVID. The regular,
monthly reports and publication of detailed data by key demographic variables enable the
tracking of the prevalence over time and identification of population groups with the highest
burden of illness. These data allow targeted prevention strategies and health policy to be
developed.

Estimates of the prevalence of long COVID in Australia range from 5% to 10% of COVID-19
cases and are based on findings from self-reported symptoms from small surveys. Therefore,
the estimates may be subject to biases and not be representative of the Australian
population. Research has shown that many of the symptoms reported for long COVID are
non-specific and are also reported in a substantial proportion of people who have not had
COVID-19. Therefore, inclusion of an uninfected control group is important to provide an
estimate on the prevalence based on the difference between cases and controls. It is also
important to correct for pre-existing symptoms prior to SARS-CoV-2 infection.

Another key data gap that will only be overcome with time is further understanding of the
impact of variants on long COVID. Current evidence is limited as there has not been
sufficient time since Omicron infections to truly comprehend the long-term consequences of
this variant in comparison to earlier variants such as Delta and Alpha, and whether this is a
consequence of vaccination and improved treatment for COVID-19 infections compared to
that available during the early phases of the pandemic.

Research conducted using large data sets such as the US health care organisations, UK
primary care data and linked data has provided insights into the risk factors and outcomes
associated with long COVID. The longitudinal nature of the data sets including look back
periods to account for symptoms, comorbidities and health system usage prior to COVID-19
has provided some of the most robust evidence to date. In addition, these studies can
corroborate self-reported symptoms through clinical evaluation and objective measurements
of physical and psychological function. However, these studies have several limitations. They
are based on people who have contact with the health system and the evidence is therefore
based on findings for more severe cases of long COVID and people who seek care. A
diagnosis of long COVID is dependent on it being recognised and investigated by a health
care provider and at least in the early stages of the pandemic patients felt their symptoms
were dismissed and they did not receive adequate support. Finally, a diagnosis of long
COVID needs to be documented in a patient’s health record.

Research and monitoring of long COVID is required to understand its impact on the
Australian population and to corroborate findings with the evidence from other countries.

Priority research areas identified through consultation with patients, carers, clinicians and
clinician researchers included establishing diagnostic tools, identifying underlying
mechanisms of long COVID, understanding the trajectory of recovery, and evaluation of the
role of interventions during the acute and persistent phases of the illness (Houchen-Wolloff et
al. 2022). Other research gaps include development of care models, impacts of long COVID
on social factors such as education, income and employment, and specific impacts on
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certain occupational or vulnerable populations (Jin et al. 2022).
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AKI acute kidney injury
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CDC Centers for Disease Control and Prevention (US)
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ED emergency department
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ESKD end-stage kidney disease
GP general practice
HR hazard ratio
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HRQoL
ICD
ICU
MBS
ME
MIS-C
NICE
ONS
OR
PAIS
PASC
PBS
QALY
RR

health-related quality of life
International Classification of Diseases
intensive care unit

Medicare Benefits Schedule

myalgic encephalomyelitis
multi-inflammatory syndrome in children
National Institute for Health and Care Excellence (UK)
Office for National Statistics

odds ratio

post-acute infection syndromes
post-acute sequelae of SARS-CoV-2
Pharmaceutical Benefits Scheme
quality-adjusted life year

Relative risk or risk ratio

SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus 2

ul
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us
USA
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YLD

Uncertainty Interval
United Kingdom

United States (of America)
United States of America
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Glossary

adjusted (excess) prevalence: The difference in the prevalence of a condition between 2
population groups.

bias: An error in research findings that can arise from the way participants are recruited to a
study (selection bias), or through data collection processes (measurement bias) and analysis
(confounding). For example, individuals in a study may differ from the population of interest
leading to an error in the result. In studies where participants are required to self-report
information they are more or less likely to recall information on exposures depending on their
outcome. A confounding factor is something, other than the thing being studied, that could be
causing the results seen in a study. Confounding can be controlled in the study design or
analysis; however, residual confounding may persist if all sources have not been identified,
measured and controlled for.

brain fog: A general term describing the experience of neurological symptoms such as
difficulties with cognitive function, attention and memory following acute COVID-19 infection.

burden of disease: the quantified impact of a disease or injury on a population, using
the disability-adjusted life years (DALYs) measure.

cardiovascular disease/condition: Any disease of the cardiovascular system, namely the
heart (cardio) or blood vessels (vascular). Includes angina, heart attack, stroke and
peripheral vascular disease. Also known as circulatory disease.

case-control study: An epidemiological research study design where the distribution of
health determinants in a group of people with a health condition (cases) are compared with
a group of people without that condition (controls).

case-series study: Description of the characteristics of a small number of people
experiencing a particular health condition. Does not include a comparison group.

chronic COVID: See long COVID.

chronic diseases/conditions: A diverse group of diseases/conditions, such as heart
disease, cancer and arthritis, which tend to be long lasting and persistent in their symptoms
or development. Although these features also apply to some communicable diseases, the
term is usually confined to non-communicable diseases.

chronic kidney disease (CKD): Refers to all conditions of the kidney, lasting at least 3
months, where a person has had evidence of kidney damage and/or reduced kidney
function, regardless of the specific cause.

cohort study: An epidemiological research study design where participants are followed
over time to measure the development of health outcomes (conditions, behaviours, clinical
measurements). The proportion or rate of development is compared across different sub-
groups, such as people who were exposed to a risk factor for a condition compared to people
who were not. Also referred to as a longitudinal study.

confidence interval: A range determined by variability in data, within which there is a
specified (usually 95%) chance that the true value of a calculated parameter lies.

comorbidity: Defined in relation to an index disease/condition, comorbidity describes any
additional disease that is experienced by a person while they have the index disease. The
index and comorbid disease/condition will change depending on the focus of the study.
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COVID-19 (Coronavirus disease 2019): An infectious disease caused by the SARS-CoV-2
virus.

COVID long haulers: See long COVID.

cross-sectional study: A survey of a defined population of people administered at one point
in time. Used to calculate the proportion of the population with specific health conditions
(prevalence) and determinants, and to draw comparisons between them.

data linkage/linked data: Bringing together (linking) information from 2 or more data
sources believed to relate to the same entity, such as the same individual or the same
institution. The resulting data set is called linked data. In this report, data linkage is used to
bring together information from data sets that indicate a population of interest (such as
people with dementia) with other data sets that include information on other characteristics or
service usage.

determinant: Any factor that can increase the chances of ill health (risk factors) or good
health (protective factors) in a population or individual. By convention, services or other
programs that aim to improve health are usually not included in this definition.

diabetes (diabetes mellitus): A chronic condition in which the body cannot properly use its
main energy source, the sugar glucose. This is due to a relative or absolute deficiency in
insulin, a hormone that is produced by the pancreas and helps glucose enter the body's cells
from the bloodstream and then be processed by them. Diabetes is marked by an abnormal
build-up of glucose in the blood, and it can have serious short- and long-term effects. For the
three main types of diabetes see type 1 diabetes, type 2 diabetes and gestational
diabetes.

disability-adjusted life year (DALY): A year (1 year) of healthy life lost, either through
premature death or equivalently through living with disability due to illness or injury. It is the
basic unit used in burden of disease and injury estimates.

disease: A physical or mental disturbance involving symptoms (such as pain or feeling
unwell), dysfunction or tissue damage, especially if these symptoms and signs form a
recognisable clinical pattern.

electronic health records: A longitudinal electronic record of patient health information
generated by one or more encounters in any care delivery setting.

emergency department presentation: The presentation of a patient at an emergency
department is the earliest occasion of being registered clerically and occurs following the
arrival of the patient at the emergency department.

EQ-5D-5L: one of a family of instruments (EQ-5D) to describe and value health. On the
EQ-5D-5L patient’s rate their health on the 5 dimensions of mobility, self-care, usual
activities, pain/discomfort and anxiety/depression. Each dimension has 5 levels of severity.

EQ-VAS: The EuroQol visual analogue scale (EQ-VAS) records a patient’s self-rated health
on a vertical visual analogue scale, where the endpoints are labelled ‘the best health you can
imagine’ and ‘the worst health you can imagine’.

fatal burden: Quantified impact on a population of premature death due to disease or injury.
Measured as years of life lost (YLL).

general practitioner: A medical practitioner who provides primary comprehensive and
continuing care to patients and their families in the community.
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gestational diabetes: A form of diabetes when higher than optimal blood glucose is first
diagnosed during pregnancy (gestation). It may disappear after pregnancy but signals a high
risk of diabetes occurring later on.

health outcome: A change in the health of an individual or population due wholly or partly to
a preventive or clinical intervention.

health-related quality of life (HRQoL): An individual’'s or group’s perceived physical and
mental health.

hospitalisation: An episode of hospital care that starts with the formal admission process
and ends with the formal separation process (synonymous with admission and separation).
An episode of care can be completed by the patient’s being discharged, being transferred to
another hospital or care facility, or dying, or by a portion of a hospital stay starting or ending
in a change of type of care (for example, from acute to rehabilitation).

incidence: The number of new cases (of an illness or event, and so on) occurring during a
given period of time. Compare with prevalence.

International Statistical Classification of Diseases and Related Health

Problems (ICD): The World Health Organization’s internationally accepted classification of
death and disease. The 10th Revision (ICD-10) is currently in use. The ICD-10-AM is the
Australian Modification of the ICD-10; it is used for diagnoses and procedures recorded for
patients admitted to hospitals.

late sequala COVID: See long COVID.

long COVID: An umbrella term used to describe ongoing, persistent or new symptoms
following acute infection with SARS-CoV-2. See also post Covid-19 condition and
post-COVID-19 syndrome.

longitudinal study: See cohort study.

mental health: A state of wellbeing in which the person realises their own abilities, can cope
with normal stresses of life, can work productively and can contribute to the community.
Mental health is the capacity of individuals and groups to interact with one another and their
environment in ways that promote subjective wellbeing, optimal development and the use of
cognitive, affective and relational abilities.

mental iliness (or mental health disorder): A clinically diagnosable disorder that
significantly interferes with an individual’s cognitive, emotional or social abilities. The term
covers a spectrum of disorders that vary in severity and duration, including anxiety disorders,
affective disorders (such as depression), psychotic disorders and substance use disorders.

meta-analysis: Statistical pooling of numerical results from a number of similar research
studies.

morbidity: The ill health of an individual and levels of ill health in a population or group.
mortality: Number or rate of deaths in a population during a given time period.
musculoskeletal: A term that relates to the muscles, joints and bones.

neurology: A branch of medicine concerned especially with the structure, function and
diseases of the nervous system.

non-fatal burden: The quantified impact on a population of ill health due to disease or injury.
Measured as years lived with disability (YLD), which is also sometimes referred to
as years of healthy life lost due to disability.
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obesity: Marked degree of overweight, defined for population studies as a body mass
index of 30 or over. See also overweight.

odds ratio: This measure is derived by comparing 2 groups for their odds of exposure to a
health determinant.

overweight: Defined for the purpose of population studies as a body mass index of 25 or
over. See also obesity.

persistent COVID: See long COVID.
post-acute COVID-19: See long COVID.
post COVID: See long COVID.

post COVID-19 condition (WHO): Individuals with a history of probable or confirmed SARS
CoV-2 infection, usually 3 months from the onset of COVID-19 with symptoms and that last
for at least 2 months and cannot be explained by an alternative diagnosis.

post-COVID-19 syndrome (NICE): Signs and symptoms that develop during or after a
COVID-19 infection, continue for more than 12 weeks and are not explained by an alternative
diagnosis.

post-acute sequalae of SARS-CoV-2 infection (PASC): See long COVID.

prevalence: The number or proportion (of cases, instances, and so forth) in a population at a
point in time or over a specified period of time. Compare with incidence.

primary care: The first point of contact an individual has with the health system and relates
to the treatment of non-admitted patients in the community.

protective factors: Factors that enhance the likelihood of positive outcomes and lessen the
chance of negative consequences from exposure to risk.

relative risk: This measure is derived by comparing 2 groups for their likelihood of an event.
It is also called the risk ratio because it is the ratio of the risk in the ‘exposed’ population
divided by the risk in the ‘unexposed’ population.

risk factors: Any factor that represents a greater risk of a health disorder or other unwanted
condition or event. Some risk factors are regarded as causes of disease; others are not
necessarily so. Along with their opposites (protective factors), risk factors are known

as determinants.

social determinants of health: The circumstances in which people are born, grow up, live,
work and age, and the systems put in place to deal with illness. These circumstances are in
turn shaped by a wider set of forces: economics, social policies and politics.

total burden: The sum of fatal burden (YLL) and non-fatal burden (YLD). See burden of
disease.

type 1 diabetes: A form of mostly arising among children or younger adults (but can be
diagnosed at any age) and marked by a complete lack of insulin. Insulin replacement is
needed for survival. It is a lifelong disease, for which the exact cause is unknown, but
believed to be the result of an interaction of genetic and environmental factors.

See diabetes (diabetes mellitus).

type 2 diabetes: The most common form of diabetes, is a condition in which the body
becomes resistant to the normal effects of insulin and gradually loses the capacity to produce
enough insulin in the pancreas. The condition has strong genetic and family-related (non-
modifiable) risk factors and is also often associated with modifiable risk factors.

See diabetes (diabetes mellitus).
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vaccination: The process of administering a vaccine to a person to produce immunity
against infection.

vaccine: A substance used to stimulate the production of antibodies and provide immunity
against one or several diseases. It is prepared from the causative agent of a disease, its
products, or a synthetic substitute, and treated to act as an antigen without inducing the
disease.

years lived with disability (YLD): A measure calculated as the prevalence of a condition,
multiplied by a disability weight for that condition. YLD represent non-fatal burden.
Sometimes referred to as years of healthy life lost due to disability.

years of healthy life lost due to disability: See years lived with disability (YLD).

years of life lost (YLL): for each new case, years of life lost equals the number of years
between premature death and the standard life expectancy for the individual.

54  Long COVID in Australia — a review of the literature



References

ABS (Australian Bureau of Statistics) (2022a) COVID-19 mortality in Australia: deaths
registered until 30 September 2022, ABS website, accessed 28 October 2022.
https://www.abs.gov.au/articles/covid-19-mortality-australia-deaths-registered-until-30-
september-2022

—— (2022b) Provisional mortality statistics Jan 2020 - Dec 2021, ABS website, accessed 21
October 2022. https://www.abs.gov.au/statistics/health/causes-death/provisional-mortality-
statistics/jan-2020-dec-2021

AIHW (Australian Institute of Health and Welfare) (2021) Heart, stroke and vascular
disease—Australian facts, AIHW, Australian Government, accessed 26 October 2022.
https://www.aihw.gov.au/reports/heart-stroke-vascular-diseases/hsvd-facts

—— (2022a) Chronic kidney disease: Australian facts, AIHW, Australian Government,
accessed 26 October 2022. https://www.aihw.gov.au/reports/chronic-kidney-disease/chronic-
kidney-disease/contents/summary

—— (2022b) Chronic respiratory conditions, AIHW, Australian Government, accessed 22
November 2022. https://www.aihw.gov.au/reports/australias-health/chronic-respiratory-
conditions

—— (2022c) Diabetes: Australian facts, AIHW, Australian Government, accessed 26 October
2022. https://www.aihw.gov.au/reports/diabetes/diabetes

—— (2022d) The impact of a new disease: COVID-19 from 2020, 2021 and into 2022, AIHW,
Australian Government, accessed 26 October 2022.
https://www.aihw.gov.au/reports/australias-health/australias-health-2022-data-insights

— (2022e) Mental health: prevalence and impact, AIHW, Australian Government, accessed
26 October 2022. https://www.aihw.gov.au/reports/mental-health-services/mental-health

Al-Aly Z, Xie Y and Bowe B (2021) 'High-dimensional characterization of post-acute sequelae
of COVID-19', Nature, 594:259-264.

Alkodaymi MS, Omrani OA, Fawzy NA, Shaar BA, Almamlouk R, Riaz M, Obeidat M,
Obeidat Y, Gerberi D, Taha RM, Kashour Z, Kashour T, Berbari EF, Alkattan K and Tleyjeh
IM (2022) 'Prevalence of post-acute COVID-19 syndrome symptoms at different follow-up
periods: a systematic review and meta-analysis’, Clinical Microbiology and Infection, 28:657—
66.

Almeria M, Cejudo JC, Sotoca J, Deus J and Krupinski J (2020) 'Cognitive profile following
COVID-19 infection: clinical predictors leading to neuropsychological impairment’, Brain,
Behavior, & Immunity - Health, 9:100163.

ALSWH (Australian Longitudinal Study on Women'’s Health) (2022) COVID-19 survey
reports, accessed 11 November 2022. https://alswh.org.au/outcomes/reports/covid-19-
survey-reports/

Amin-Chowdhury Z and Ladhani SN (2021) 'Causation or confounding: why controls are
critical for characterizing long COVID', Nature Medicine, 27:1129-30.

Angeles M and Hensher M (2022) Estimating the current scale and impact of long COVID in
Australia, Institute for Health Transformation, Deakin University, accessed 18 November
2022. https://iht.deakin.edu.au/2022/11/new-modelling-shows-the-scale-and-impact-of-long-
covid-across-australia/

Angeles MR, Wanni Arachchige Dona S, Nguyen HD, Le LK and Hensher M (2022)
'Modelling the potential acute and post-acute burden of COVID-19 under the Australian
border re-opening plan’, BMC Public Health, 22:757.

Long COVID in Australia — a review of the literature 55



Antonelli M, Pujol JC, Spector TD, Ourselin S and Steves CJ (2022) 'Risk of long COVID
associated with Delta versus Omicron variants of SARS-CoV-2', The Lancet, 399:2263—-64.

Au L, Capotescu C, Eyal G and Finestone G (2022) 'Long covid and medical gaslighting:
dismissal, delayed diagnosis, and deferred treatment’, SSM - Qualitativel Research in Heallth,
2:100167.

Australian Health Ministers' Advisory Council (2017) National Strategic Framework for
Chronic Conditions, Australian Government, accessed 26 October 2022.
https://www.health.gov.au/resources/publications/national-strategic-framework-for-chronic-
conditions.

Awoyemi T, Ebili U, Olusanya A, Ogunniyi KE and Adejumo AV (2022) '"Twitter sentiment
analysis of long COVID syndrome’, Cureus, 14:€25901.

Ayoubkhani D, Khunti K, Nafilyan V, Maddox T, Humberstone B, Diamond | and Banerjee A
(2021) 'Post-covid syndrome in individuals admitted to hospital with covid-19: retrospective
cohort study’, British Medical Journal, 372:n693.

Badenoch JB, Rengasamy ER, Watson C, Jansen K, Chakraborty S, Sundaram RD, Hafeez
D, Burchill E, Saini A, Thomas L, Cross B, Hunt CK, Conti |, Ralovska S, Hussain Z, Butler
M, Pollak TA, Koychev |, Michael BD, Holling H, Nicholson TR, Rogers JP and Rooney AG
(2022) 'Persistent neuropsychiatric symptoms after COVID-19: a systematic review and
meta-analysis’, Brain Communications, 4:fcab297.

Ballering AV, van Zon SKR, Olde Hartman TC and Rosmalen JGM (2022) 'Persistence of
somatic symptoms after COVID-19 in the Netherlands: an observational cohort study’, The
Lancet, 400:452—-61.

Bansal AS, Bradley AS, Bishop KN, Kiani-Alikhan S and Ford B (2012) 'Chronic fatigue
syndrome, the immune system and viral infection’, Brain Behavior & Immunity, 26:24-31.

Baz SA, Fang C, Carpentieri JD and Sheard L (2022) "I don’t know what to do or where to
go”. Experiences of accessing healthcare support from the perspectives of people living with
long Covid and healthcare professionals: a qualitative study in Bradford, UK",
medRxiv:2022.08.04.22278204.

Bhattacharyya A, Seth A and Rai S (2022) 'The effects of long COVID-19, its severity, and
the need for immediate attention: analysis of clinical trials and Twitter data’,
medRxiv:2022.09.13.22279833.

Biddle N and Korda R (2022) The experience of COVID-19 in Australia, including long-
COVID - evidence from the COVID-19 Impact Monitoring Survey Series, August 2022,
Australian National University, accessed 26 October 2021.
https://csrm.cass.anu.edu.au/research/publications/experience-covid-19-australia-including-
long-covid-evidence-covid-19-impact

Boglione L, Meli G, Poletti F, Rostagno R, Moglia R, Cantone M, Esposito M, Scianguetta C,
Domenicale B, Di Pasquale F and Borré S (2022) 'Risk factors and incidence of long-COVID
syndrome in hospitalized patients: does remdesivir have a protective effect?’, QIM: An
International Journal of Medicine, 114:865-71.

Bonsaksen T, Leung J, Price D, Ruffolo M, Lamph G, Kabelenga |, Thygesen H and Geirdal
A (2022) 'Self-reported long COVID in the general population: sociodemographic and health
correlates in a cross-national sample’, Life (Basel), 12(6):901.

Bowe B, Xie Y, Xu E and Al-Aly Z (2021) 'Kidney outcomes in long COVID’, Journal of the
American Society of Nephrology, 32:2851-62.

Bowyer RCE, Huggins C, Toms R, Shaw RJ, Hou B, Thompson EJ, Kwong A, Williams D,
Kibble M, Ploubidis GB, Timpson N, Sterne J, Chaturvedi N, Steves CJ, Tilling K and

Silverwood RJ (2022) 'Characterising patterns of COVID-19 and long COVID symptoms:
evidence from nine UK longitudinal studies’, medRxiv:2022.06.20.22275994.

56  Long COVID in Australia — a review of the literature



Brodin P, Casari G, Townsend L, O'Farrelly C, Tancevski |, Loffler-Ragg J, Mogensen TH
and Casanova JL (2022) 'Studying severe long COVID to understand post-infectious
disorders beyond COVID-19', Nature Medicine, 28:879-82.

Bungenberg J, Humkamp K, Hohenfeld C, Rust MI, Ermis U, Dreher M, Hartmann NK, Marx
G, Binkofski F, Finke C, Schulz JB, Costa AS and Reetz K (2022) 'Long COVID-19:
objectifying most self-reported neurological symptoms’, Annals of Clinical and Translational
Neurology, 9:141-54.

Burton A, Aughterson H, Fancourt D and Philip KEJ (2022) 'Factors shaping the mental
health and well-being of people experiencing persistent COVID-19 symptoms or “long
COVID”: qualitative study’, BJPsych Open, 8:e72.

Cabrera Martimbianco AL, Pacheco RL, Bagattini AM and Riera R (2021) 'Frequency, signs

and symptoms, and criteria adopted for long COVID-19: a systematic review', International
Journal of Clinical Practice, 75:e14357.

Callan C, Ladds E, Husain L, Pattinson K and Greenhalgh T (2022) | can't cope with
multiple inputs”: a qualitative study of the lived experience of 'brain fog' after COVID-19',
BMJ Open, 12:e056366.

Callard F and Perego E (2021) 'How and why patients made long covid', Social Science &
Medicine, 268:113426.

Caly L, Druce J, Roberts J, Bond K, Tran T, Kostecki R, Yoga Y, Naughton W, Taiaroa G,
Seemann T, Schultz MB, Howden BP, Korman TM, Lewin SR, Williamson DA and Catton
MG (2020) 'Isolation and rapid sharing of the 2019 novel coronavirus (SARS-CoV-2) from the
first patient diagnosed with COVID-19 in Australia’, Medical Journal of Australia, 212:459-62.
Castanares-Zapatero D, Chalon P, Kohn L, Dauvrin M, Detollenaere J, Maertens de
Noordhout C, Primus-de Jong C, Cleemput | and Van den Heede K (2022) 'Pathophysiology
and mechanism of long COVID: a comprehensive review', Annals of Medicine, 54:1473-87.
CDC (Centers for Disease Control and Prevention) (2012) Principles of Epidemiology.
Lesson 3: Measures of Risk, CDC website, accessed 26 October 2022.
https://www.cdc.gov/csels/dsepd/ss1978/lesson3/section5.html

—— (2022a) Long COVID. Household Pulse Survey, CDC website, accessed 25 October
2022. https://www.cdc.gov/nchs/covid19/pulse/long-covid.htm

— (2022b) Symptoms of COVID-19, CDC website, accessed 15 September 2022.
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html

Charnley M, Islam S, Bindra GK, Engwirda J, Ratcliffe J, Zhou J, Mezzenga R, Hulett MD,
Han K, Berryman JT and Reynolds NP (2022) 'Neurotoxic amyloidogenic peptides in the
proteome of SARS-COV2: potential implications for neurological symptoms in COVID-19/,
Nature Communications, 13:3387.

Chen C, Haupert SR, Zimmermann L, Shi X, Fritsche LG and Mukherjee B (2022) 'Global
prevalence of post COVID-19 condition or long covid: a meta-analysis and systematic
review', The Journal of Infectious Diseases, 226: 1593—-1607.

Choutka J, Jansari V, Hornig M and lwasaki A (2022) 'Unexplained post-acute infection
syndromes', Nature Medicine, 28:911-23.

Copur S, Berkkan M, Basile C, Tuttle K and Kanbay M (2022) 'Post-acute COVID-19
syndrome and kidney diseases: what do we know?’, Journal of the American Society of
Nephrology, 35:795-805.

COVID-19 NICST (National Incident Centre Surveillance Team) (2022) 'COVID-19 Australia:
Epidemiology Report 65: reporting period ending 28 August 2022', Communicable Diseases
Intelligence, 46, doi:10.33321/cdi.2022.46.57.

Cutler DM (2022) 'The costs of long COVID’, JAMA Health Forum, 3:€221809.

Long COVID in Australia — a review of the literature 57



d'Ettorre G, Gentilini Cacciola E, Santinelli L, De Girolamo G, Spagnolello O, Russo A,
Tarsitani L, Ciccozzi M, Mastroianni CM, d'Ettorre G and Ceccarelli G (2022) 'Covid-19
sequelae in working age patients: a systematic review', Journal of Medical Virology, 94:858—
68.

Daugherty SE, Guo Y, Heath K, Dasmarifias MC, Jubilo KG, Samranvedhya J, Lipsitch M
and Cohen K (2021) 'Risk of clinical sequelae after the acute phase of SARS-CoV-2
infection: retrospective cohort study’, British Medical Journal, 373:n1098.

Davis HE, Assaf GS, McCorkell L, Wei H, Low RJ, Re'em Y, Redfield S, Austin JP and
Akrami A (2021) 'Characterizing long COVID in an international cohort: 7 months of
symptoms and their impact’, EClinicalMedicine, 38:101019.

Day HLS (2022) 'Exploring online peer support groups for adults experiencing long COVID in
the United Kingdom: qualitative interview study’, Journal of Medical Internet Research,
24:e37674.

de Sire A, Andrenelli E, Negrini F, Patrini M, Lazzarini SG and Ceravolo MG (2021)
'Rehabilitation and COVID-19: a rapid living systematic review by Cochrane Rehabilitation
Field updated as of December 31st, 2020 and synthesis of the scientific literature of 2020’
European Journal of Physical Rehabilitation Medicine, 57:181-8.

Deer RR, Rock MA, Vasilevsky N, Carmody L, Rando H, Anzalone AJ, Basson MD, Bennett
TD, Bergquist T, Boudreau EA, Bramante CT, Byrd JB, Callahan TJ, Chan LE, Chu H, Chute
CG, Coleman BD, Davis HE, Gagnier J, Greene CS, Hillegass WB, Kavuluru R, Kimble WD,
Koraishy FM, Kéhler S, Liang C, Liu F, Liu H, Madhira V, Madlock-Brown CR, Matentzoglu
N, Mazzotti DR, McMurry JA, McNair DS, Moffitt RA, Monteith TS, Parker AM, Perry MA,
Pfaff E, Reese JT, Saltz J, Schuff RA, Solomonides AE, Solway J, Spratt H, Stein GS, Sule
AA, Topaloglu U, Vavougios GD, Wang L, Haendel MA and Robinson PN (2021)
'‘Characterizing long COVID: deep phenotype of a complex condition’, EBioMedicine,
74:103722.

Department of Health and Aged Care (2021) Australian National Diabetes Strategy 2021—
2030, Australian Government, accessed 20 October 2021.
https://www.health.gov.au/resources/publications/australian-national-diabetes-strategy-2021-
2030

—— (2022) Coronavirus (COVID-19) at a glance — 1 September 2022, Australian
Government, accessed 31 October 2022.
https://www.health.gov.au/resources/publications/coronavirus-covid-19-at-a-glance-1-
september-2022

DHHS (Department of Health and Human Services) (2022) National research action plan on
long COVID, US Government, accessed 27 October 2022.
https://www.covid.gov/assets/files/National-Research-Action-Plan-on-Long-COVID-
08012022.pdf

Di Mattei VE, Perego G, Milano F, Hill TE and Harari SA (2022) 'The curious incident of long

COVID symptoms, from an imaginary condition to a recognised syndrome: a "small victory"’,
European Respiratory Journal, 59:2200653.

Duerlund LS, Shakar S, Nielsen H and Bodilsen J (2022) 'Positive predictive value of the
ICD-10 diagnosis code for long-COVID, Clinical Epidemiology, 14:141-48.

Durstenfeld MS, Sun K, Tahir P, Peluso MJ, Deeks SG, Aras MA, Grandis DJ, Long CS,
Beatty A and Hsue PY (2022) 'Use of cardiopulmonary exercise testing to evaluate long
COVID-19 symptoms in adults: a systematic review and meta-analysis’, JAMA Network
Open, 5:€2236057.

Efstathiou V, Stefanou MI, Demetriou M, Siafakas N, Makris M, Tsivgoulis G, Zoumpourlis V,
Kympouropoulos SP, Tsoporis JN, Spandidos DA, Smyrnis N and Rizos E (2022) 'Long

58 Long COVID in Australia — a review of the literature



COVID and neuropsychiatric manifestations (review)', Experimental and Therapeutic
Medicine, 23:363.

Feldman EL, Savelieff MG, Hayek SS, Pennathur S, Kretzler M and Pop-Busui R (2020)
COVID-19 and diabetes: a collision and collusion of two diseases’, Diabetes, 69:2549—-65.

Fernandez-de-Las-Penas C, Cancela-Cilleruelo |, Rodriguez-Jimenez J, Gomez-Mayordomo
V, Pellicer-Valero OJ, Martin-Guerrero JD, Hernandez-Barrera V, Arendt-Nielsen L and
Torres-Macho J (2022) 'Associated-onset symptoms and post-COVID-19 symptoms in
hospitalized COVID-19 survivors infected with Wuhan, Alpha or Delta SARS-CoV-2 variant’,
Pathogens, 11:725.

Fernandez-de-Las-Penas C, Martin-Guerrero JD, Cancela-Cilleruelo |, Moro-Lopez-
Menchero P, Rodriguez-Jiménez J, Navarro-Pardo E and Pellicer-Valero OJ (2022)
'Exploring the recovery curves for long-term post-COVID functional limitations on daily living
activities: The LONG-COVID-EXP-CM multicenter study’, Journal of Infection, 84:722—46.

Fernandez-de-Las-Penas C, Martin-Guerrero JD, Cancela-Cilleruelo |, Moro-Lopez-
Menchero P, Rodriguez-Jiménez J and Pellicer-Valero OJ (2022) 'Exploring the trajectory
recovery curve of the number of post-COVID symptoms: The LONG-COVID-EXP-CM
Multicenter Study’, International Journal of Infectious Diseases, 117:201-3.

Fernandez-de-Las-Pefias C, Martin-Guerrero JD, Pellicer-Valero O J, Navarro-Pardo E,
Gomez-Mayordomo V, Cuadrado ML, Arias-Navalon JA, Cigaran-Méndez M, Hernandez-
Barrera V and Arendt-Nielsen L (2022) 'Female sex is a risk factor associated with long-term
post-COVID related-symptoms but not with COVID-19 symptoms: The LONG-COVID-EXP-
CM Multicenter Study', Journal of Clinical Medicine, 11:143.

Fernandez-de-Las-Penas C, Pellicer-Valero OJ, Navarro-Pardo E, Palacios-Cefna D,
Florencio LL, Guijarro C and Martin-Guerrero JD (2022) 'Symptoms experienced at the acute
phase of SARS-CoV-2 infection as risk factor of long-term post-COVID symptoms: the
LONG-COVID-EXP-CM Multicenter Study’, International Journal of Infectious Diseases,
116:241-44.

Ganesh R, Grach SL, Ghosh AK, Bierle DM, Salonen BR, Collins NM, Joshi AY, Boeder Jr
ND, Anstine CV, Mueller MR, Wight EC, Croghan IT, Badley AD, Carter RE and Hurt RT
(2022) "The female-predominant persistent immune dysregulation of the post-COVID
syndrome’, Mayo Clinic Proceedings, 97:454—64.

Gao P, Liu J and Liu M (2022) 'Effect of COVID-19 vaccines on reducing the risk of long
COVID in the real world: a systematic review and meta-analysis’, International Journal of
Environmental Research and Public Health, 19:12422.

Gao Y, Liang WQ, Li YR, He JX and Guan WJ (2022) 'The short- and long-term clinical,
radiological and functional consequences of COVID-19', Arch Bronconeumol, 58:32-38.

Global Burden of Disease Long COVID Collaborators (2022) 'Estimated global proportions of
individuals with persistent fatigue, cognitive, and respiratory symptom clusters following
symptomatic COVID-19 in 2020 and 2021', The Journal of the American Medical Association,
328:1604-15.

Gualano MR, Rossi MF, Borrelli I, Santoro PE, Amantea C, Daniele A, Tumminello A and
Moscato U (2022) 'Returning to work and the impact of post COVID-19 condition: a
systematic review’, Work, doi:10.3233/wor-220103.

Guo P, Benito Ballesteros A, Yeung SP, Liu R, Saha A, Curtis L, Kaser M, Haggard MP and
Cheke LG (2022a) 'COVCOG 1: factors predicting physical, neurological and cognitive
symptoms in long COVID in a community sample. A first publication from the COVID and
Cognition Study', Frontiers in Aging Neuroscience, 14:804922.

—(2022b) 'COVCOG 2: Cognitive and memory deficits in long COVID: a second
publication from the COVID and Cognition Study’, Frontiers in Aging Neuroscience,
14:804937.

Long COVID in Australia — a review of the literature 59



Han JH, Womack KN, Tenforde MW, Files DC, Gibbs KW, Shapiro NI, Prekker ME, Erickson
HL, Steingrub JS, Qadir NK, Khan A, Hough CL, Johnson NJ, Ely EW, Rice TW, Casey JD,
Lindsell CJ, Gong MN, Srinivasan V, Lewis NM, Patel MM and Self WH (2022) 'Associations
between persistent symptoms after mild COVID-19 and long-term health status, quality of
life, and psychological distress’, Influenza and Other Respiratory Viruses, 16:680-9.

Han Q, Zheng B, Daines L and Sheikh A (2022) 'Long-term sequelae of COVID-19: a
systematic review and meta-analysis of one-year follow-up studies on post-COVID
symptoms’, Pathogens, 11:269.

Hastie CE, Lowe DJ, McAuley A, Winter AJ, Mills NL, Black C, Scott JT, O'Donnell CA, Blane
DN, Browne S, Ibbotson TR and Pell JP (2022) 'Outcomes among confirmed cases and a
matched comparison group in the Long-COVID in Scotland Study’, Nature Communications,
13:5663.

Hickie |, Davenport T, Wakefield D, Vollmer-Conna U, Cameron B, Vernon SD, Reeves WC
and Lloyd A (2006) 'Post-infective and chronic fatigue syndromes precipitated by viral and
non-viral pathogens: prospective cohort study’, British Medical Journal, 333:575.

Hill E, Mehta H, Sharma S, Mane K, Xie C, Cathey E, Loomba J, Russell S, Spratt H, DeWitt
PE, Ammar N, Madlock-Brown C, Brown D, McMurry JA, Chute CG, Haendel MA, Moffitt R,
Pfaff ER and Bennett TD (2022) 'Risk factors associated with post-acute sequelae of SARS-
CoV-2 in an EHR cohort: a National COVID Cohort Collaborative (N3C) analysis as part of
the NIH RECOVER program’, medRxiv, doi:10.1101/2022.08.15.22278603

Hodgson CL, Higgins AM, Bailey MJ, Mather AM, Beach L, Bellomo R, Bissett B, Boden |J,
Bradley S, Burrell A, Cooper DJ, Fulcher BJ, Haines KJ, Hopkins J, Jones AYM, Lane S,
Lawrence D, van der Lee L, Liacos J, Linke NJ, Gomes LM, Nickels M, Ntoumenopoulos G,
Myles PS, Patman S, Paton M, Pound G, Rai S, Rix A, Rollinson TC, Sivasuthan J, Tipping
CJ, Thomas P, Trapani T, Udy AA, Whitehead C, Hodgson IT, Anderson S and Neto AS
(2021) 'The impact of COVID-19 critical illness on new disability, functional outcomes and
return to work at 6 months: a prospective cohort study’, Critical Care, 25:382.

Holmes GP, Kaplan JE, Gantz NM, Komaroff AL, Schonberger LB, Straus SE, Jones JF,
Dubois RE, Cunningham-Rundles C, Pahwa S, Tosato G, Zegans LS, Purtillo DT, Brown N,
Schooley RT and Brus | (1988) 'Chronic fatigue syndrome: a working case definition’, Annals
of Internal Medicine, 108:387-9.

Houchen-Wolloff L, Poinasamy K, Holmes K, Tarpey M, Hastie C, Raihani K, Rogers N,
Smith N, Adams D, Burgess P, Clark J, Cranage C, Desai M, Geary N, Gill R, Mangwani J,
Staunton L, Berry C, Bolton CE, Chalder T, Chalmers J, De Soyza A, Elneima O, Geddes J,
Heller S, Ho LP, Jacob J, McAuley H, Parmar A, Quint JK, Raman B, Rowland M, Singapuri
A, Singh SJ, Thomas D, Toshner MR, Wain LV, Horsley AR, Marks M, Brightling CE and
Evans RA (2022) 'Joint patient and clinician priority setting to identify 10 key research
questions regarding the long-term sequelae of COVID-19', Thorax, 77:717-20.

Howe S, Szanyi J and Blakely T (2022) 'The health impact of long COVID during the 2021—
2022 Omicron wave in Australia: a quantitative burden of disease study’ [version 3],
medRXxiv, doi:10.1101/2022.08.01.22278219.

loannou GN, Baraff A, Fox A, Shahoumian T, Hickok A, O'Hare AM, Bohnert ASB, Boyko EJ,
Maciejewski ML, Bowling CB, Viglianti E, Iwvashyna TJ and Hynes DM (2022) 'Rates and
factors associated with documentation of diagnostic codes for long COVID in the National
Veterans Affairs Health Care System’, JAMA Network Open, 5:€2224359.

Jason LA, Islam M, Conroy K, Cotler J, Torres C, Johnson M and Mabie B (2021) 'COVID-19
symptoms over time: comparing long-haulers to ME/CFS', Fatigue: Biomedicine, Health &
Behavior, 9:59-68.

60 Long COVID in Australia — a review of the literature



Jennings G, Monaghan A, Xue F, Duggan E and Romero-Ortuno R (2022) 'Comprehensive
clinical characterisation of brain fog in adults reporting long COVID symptoms’, Journal of
Clinical Medicine, 11:3440.

Jin H, Lu L and Fan H (2022) 'Global trends and research hotspots in long COVID: a
Bibliometric Analysis’, International Journal of Environmental Research and Public Health,
19:3742.

Johns Hopkins Medicine (2022) Long COVID: long-term effects of COVID-19, accessed 20
October 2022. https://www.hopkinsmedicine.org/health/conditions-and-
diseases/coronavirus/covid-long-haulers-long-term-effects-of-covid19

Knight R, Walker V, Ip S, Cooper JA, Bolton T, Keene S, Denholm R, Akbari A,
Abbasizanjani H, Torabi F, Omigie E, Hollings S, North TL, Toms R, Jiang X, Angelantonio
ED, Denaxas S, Thygesen JH, Tomlinson C, Bray B, Smith CJ, Barber M, Khunti K, Davey
Smith G, Chaturvedi N, Sudlow C, Whiteley WN, Wood AM and Sterne JAC (2022)
'Association of COVID-19 with major arterial and venous thrombotic diseases: a population-
wide cohort study of 48 million adults in England and Wales', Circulation, 146:892—-906.

Knol MJ, Algra A and Groenwold RH (2012) 'How to deal with measures of association: a
short guide for the clinician’, Cerebrovascular Diseases, 33:98—103.

Koumpias AM, Schwartzman D and Fleming O (2022) 'Long-haul COVID: healthcare
utilization and medical expenditures 6 months post-diagnosis’, BMC Health Services
Research, 22:1010.

Krishna BA, Metaxaki M, Wills MR and Sithole N (2022) 'Reduced incidence of long COVID
referrals to the Cambridge University Teaching Hospital Long COVID clinic’, Clinical
Infectious Diseases, ciac630.

Lai H, Yang M, Sun M, Pan B, Wang Q, Wang J, Tian J, Ding G, Yang K, Song X and Ge L
(2022) 'Risk of incident diabetes after COVID-19 infection: a systematic review and meta-
analysis’, Metabolism, 137:155330.

Ledford H (2022a) 'Can drugs reduce the risk of long COVID? What scientists know so far’,
Nature, 604:20-21.

Ledford H (2022b) 'How common is long COVID? Why studies give different answers’,
Nature, 606:852-53.

Liu B, Jayasundara D, Pye V, Dobbins T, Dore GJ, Matthews G, Kaldor J and Spokes P
(2021) 'Whole of population-based cohort study of recovery time from COVID-19 in New
South Wales Australia’, The Lancet Regional Health — Western Pacific, 12:100193.

Liu B, Spokes P, He W and Kaldor J (2021) 'High risk groups for severe COVID-19 in a
whole of population cohort in Australia’, BMC Infectious Diseases, 21:685.

Loosen SH, Jensen BO, Tanislav C, Luedde T, Roderburg C and Kostev K (2022) 'Obesity
and lipid metabolism disorders determine the risk for development of long COVID syndrome:
a cross-sectional study from 50,402 COVID-19 patients’, Infection, 50:1165-70.

Lunt J, Hemming S, Burton K, Elander J and Baraniak A (2022) "What workers can tell us
about post-COVID workability’, Occupational Medicine, kqac086.

Macpherson K, Cooper K, Harbour J, Mahal D, Miller C and Nairn M (2022) 'Experiences of
living with long COVID and of accessing healthcare services: a qualitative systematic review’,
BMJ Open, 12:e050979.

Maglietta G, Diodati F, Puntoni M, Lazzarelli S, Marcomini B, Patrizi L and Caminiti C (2022)
'Prognostic factors for post-COVID-19 syndrome: a systematic review and meta-analysis’,
Journal of Clinical Medicine, 11:1541.

Malik P, Patel K, Pinto C, Jaiswal R, Tirupathi R, Pillai S and Patel U (2022) 'Post-acute
COVID-19 syndrome (PCS) and health-related quality of life (HRQoL) —A systematic review
and meta-analysis’, Journal of Medical Virology, 94:253-262.

Long COVID in Australia — a review of the literature 61



Mannucci PMN, Nobili A, Tettamanti, M, D'Avanzo B, Galbussera AA, Remuzzi, G, Fortino |,
Leoni O and Harari S (2022) 'Impact of the post-COVID-19 condition on health care after the
first disease wave in Lombardy’, Journal of Internal Medicine, 292:450—62.

Martin C, Luteijn M, Letton W, Robertson J and McDonald S (2021) 'A model framework for
projecting the prevalence and impact of long-COVID in the UK', PLOS One, 16:€0260843.

Mathieu E, Ritchie H, Rodés-Guirao L, Appel C, Giattino C, Hasell J, Macdonald B, Dattani
S, Beltekian D, Ortiz-Ospina E, and Roser M (2022) Coronavirus Pandemic (COVID-19),
accessed 30 April 2022, https://ourworldindata.org/coronavirus.

McGrath LJ, Scott AM, Surinach A, Chambers R, Benigno M and Malhotra D (2022) 'Use of
the postacute sequelae of COVID-19 diagnosis code in routine clinical practice in the US/,
JAMA Network Open, 5:€2235089.

Mehandru SM and Merad M (2022) 'Pathological sequelae of long-haul COVID', Nature
Immunology, 23:194-202.

Merad M, Blish CA, Sallusto F and Iwasaki A (2022) "The immunology and immunopathology
of COVID-19’, Science, 375:1122-27.

Miyake E and Martin S (2021) 'Long Covid: online patient narratives, public health
communication and vaccine hesitancy’, Digital Health, 7:20552076211059649.

Moldofsky H and Patcai J (2011) 'Chronic widespread musculoskeletal pain, fatigue,
depression and disordered sleep in chronic post-SARS syndrome; a case-controlled study’,
BMC Neurology, 11:37.

Mumtaz A, Sheikh AAE, Khan AM, Khalid SN, Khan J, Nasrullah A, Sagheer S and Sheikh
AB (2022) 'COVID-19 vaccine and long COVID: a scoping review', Life (Basel), 12:1066.

Munblit D, Nicholson TR, Akrami A, Apfelbacher C, Chen J, De Groote W, Diaz JV, Gorst SL,
Harman N, Kokorina A, Olliaro P, Parr C, Preller J, Schiess N, Schmitt J, Seylanova N,
Simpson F, Tong A, Needham DM, Williamson PR, Guekht A, Semple MCG, Warner JO,
Sigfrid L, Scott JT, DunnGalvin A, Genuneit J, Buonsenso D, Sivan M, Siegerink B, Klok FA,
Avdeev S, Stavropoulou C, Michelen M, Aiyegbusi OL, Calvert M, Hughes SE, Haroon S,
Fregonese L, Carson G, Knauss S, O'Hara M, Marshall J, Herridge M, Murthy S, Vos T, Wulf
Hanson S, Parker A, O'Brien KK, Lerner A, Chevinsky JR, Unger ER, Eisinger RW, Hough
CL, Saydah S, Frontera JA, Rosa RG, Cao B, Bhatnagar S, Thiruvengadam R, Seahwag A,
Bouraoui A, Van Kerkhove M, Dua T, Relan P and Soriano Ortiz J (2022) 'A core outcome
set for post-COVID-19 condition in adults for use in clinical practice and research: an
international Delphi consensus study’, The Lancet Respiratory Medicine, 10:715-24.

Munblit D, Nicholson TR, Needham DM, Seylanova N, Parr C, Chen J, Kokorina A, Sigfrid L,
Buonsenso D, Bhatnagar S, Thiruvengadam R, Parker AM, Preller J, Avdeev S, Klok FA,
Tong A, Diaz JV, Groote W, Schiess N, Akrami A, Simpson F, Olliaro P, Apfelbacher C,
Rosa RG, Chevinsky JR, Saydah S, Schmitt J, Guekht A, Gorst SL, Genuneit J, Reyes LF,
Asmanov A, O'Hara ME, Scott JT, Michelen M, Stavropoulou C, Warner JO, Herridge M and
Williamson PR (2022) 'Studying the post-COVID-19 condition: research challenges,
strategies, and importance of Core Outcome Set development’, BMC Medicine, 20:50.

Murch BJ, Hollier SE, Kenward C and Wood RM (2022) 'Use of linked patient data to assess
the effect of long-COVID on system-wide healthcare utilisation’, Health Information
Management Journal:18333583221089915.

Narayan KMV and Staimez LR (2022) 'Rising diabetes diagnosis in long COVID', The Lancet
Diabetes & Endocrinology, 10:298-9.

NICE (National Institute for Health and Care Excelllence) (2021) COVID-19 rapid guideline:
managing the long-term effects of COVID-19, NICE website, accessed 20 October 2022.
https://www.nice.org.uk/guidance/ng188

62 Long COVID in Australia — a review of the literature



Nittas V, Gao M, West EA, Ballouz T, Menges D, Wulf Hanson S and Puhan MA (2022)
'Long COVID through a public health lens: an umbrella review', Public Health Reviews,
43:1604501.

Norredam M, Hayward S, Deal A, Agyemang C and Hargreaves S (2022) 'Understanding
and addressing long-COVID among migrants and ethnic minorities in Europe’, The Lancet
Regional Health — Europe, 19:100427.

Notarte KI, Catahay JA, Velasco JV, Pastrana A, Ver AT, Pangilinan FC, Peligro PJ,
Casimiro M, Guerrero JJ, Gellaco MML, Lippi G, Henry BM and Fernandez-de-Las-Penas C
(2022) 'Impact of COVID-19 vaccination on the risk of developing long-COVID and on
existing long-COVID symptoms: a systematic review', EClinicalMedicine, 53:101624.

Ocsovszky Z, Otohal J, Berenyi B, Juhasz V, Skoda R, Bokor L, Dohy Z, Szabo L, Nagy G,
Becker D, Merkely B and Vago H (2022) 'The associations of long-COVID symptoms, clinical
characteristics and affective psychological constructs in a non-hospitalized cohort’,
Physiology International, 109:230—45

Office of the Assistant Secretary for Health (2022) Services and support for longer-term
impacts of COVID-19, US Government, accessed 14 November 2022.
https://www.covid.gov/assets/files/Services-and-Supports-for-Longer-Term-Impacts-of-
COVID-19-08012022.pdf

Om J (2022), 'Australian data reveals long-COVID sufferers are often younger, active and
female' [news report], ABC News, accessed 26 October 2022.
https://www.abc.net.au/news/2022-07-20/younger-active-female-data-reveals-long-covid-
profile/101251352

ONS (Office for National Statistics) (2021) Prevalence of ongoing symptoms following
coronavirus (COVID-19) infection in the UK: 1 April 2021, ONS website, accessed 6 October
2022.
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddi
seases/bulletins/prevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk/
1april2021

—— (2022a) Coronavirus (COVID-19) Infection Survey: methods and further information,
ONS website, accessed 6 October 2022.
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddi
seases/methodologies/covid19infectionsurveypilotmethodsandfurtherinformation

— (2022b) Prevalence of ongoing symptoms following coronavirus (COVID-19) infection in
the UK: 3 November 2022 [data set], ONS website, accessed 8 November 2022.
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddi
seases/datasets/alldatarelatingtoprevalenceofongoingsymptomsfollowingcoronaviruscovid19i
nfectionintheuk

— (2022c) Prevalence of ongoing symptoms following coronavirus (COVID-19) infection in
the UK: 4 August 2022, ONS website, accessed 6 October 2022.
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddi
seases/bulletins/prevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk/
4august2022

— (2022d) Self-reported long COVID after infection with the Omicron variant in the UK: 18
July 2022, ONS website, accessed 11 October 2022.
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddi
seases/bulletins/selfreportedlongcovidafterinfectionwiththeomicronvariant/18july2022

Pantelic M, Ziauddeen N, Boyes M, O’Hara ME, Hastie C and Alwan NA (2022) 'Long Covid
stigma: estimating burden and validating scale in a UK-based sample’, medRXxiv,
doi:10.1101/2022.05.26.22275585.

Long COVID in Australia — a review of the literature 63



Peluso MJ and Deeks SG (2022) 'Early clues regarding the pathogenesis of long-COVID’,
Trends in Immunology, 43:268-70.

Pfaff ER, Girvin AT, Bennett TD, Bhatia A, Brooks IM, Deer RR, Dekermanijian JP, Jolley SE,
Kahn MG, Kostka K, McMurry JA, Moffitt R, Walden A, Chute CG, Haendel MA, Bramante C,
Dorr D, Morris M, Parker AM, Sidky H, Gersing K, Hong S and Niehaus E (2022) 'ldentifying

who has long COVID in the USA: a machine learning approach using N3C data’, The Lancet
Digital Health, 4.:€532—e541.

Pfaff ER, Madlock-Brown C, Baratta JM, Bhatia A, Davis H, Girvin A, Hill E, Kelly L, Kostka
K, Loomba J, McMurry JA, Wong R, Bennett TD, Moffitt R, Chute CG and Haendel M (2022)
'Coding long COVID: characterizing a new disease through an ICD-10 lens’,
medRxiv:2022.04.18.22273968.

Phetsouphanh C, Darley DR, Wilson DB, Howe A, Munier CML, Patel SK, Juno JA, Burrell
LM, Kent SJ, Dore GJ, Kelleher AD and Matthews GV (2022) 'Immunological dysfunction
persists for 8 months following initial mild-to-moderate SARS-CoV-2 infection’, Nature
Immunology, 23:210-6.

Poudel AN, Zhu S, Cooper N, Roderick P, Alwan N, Tarrant C, Ziauddeen N and Yao GL
(2021) 'Impact of Covid-19 on health-related quality of life of patients: a structured review/,
PLOS One, 16:€0259164.

Reese JT, Blau H, Bergquist T, Loomba JJ, Callahan T, Laraway B, Antonescu C, Casiraghi
E, Coleman B, Gargano M, Wilkins KJ, Cappelletti L, Fontana T, Ammar N, Antony B, Murali
TM, Karlebach G, McMurry JA, Williams A, Moffitt R, Banerjee J, Solomonides AE, Davis H,
Kostka K, Valentini G, Sahner D, Chute CG, Madlock-Brown C, Haendel MA and Robinson
PN (2022) '‘Generalizable long COVID subtypes: findings from the NIH N3C and RECOVER
programs’, medRxiv:2022.05.24.22275398.

Robertson MM, Qasmieh SA, Kulkarni SG, Teasdale CA, Jones H, McNairy M, Borrell LN
and Nash D (2022) 'The epidemiology of long COVID in US adults two years after the start of
the US SARS-CoV-2 pandemic’, medRxiv, doi:10.1101/2022.09.12.22279862.

Roth PH and Gadebusch-Bondio M (2022) 'The contested meaning of "long COVID" -
Patients, doctors, and the politics of subjective evidence’, Social Science & Medicine,
292:114619.

Sahanic S, Tymoszuk P, Ausserhofer D, Rass V, Pizzini A, Nordmeyer G, Hifner K, Kurz K,
Weber PM, Sonnweber T, Boehm A, Aichner M, Cima K, Boeckle B, Holzner B, Rumpold G,
Puelacher C, Kiechl S, Huber A, Wiedermann CJ, Sperner-Unterweger B, Tancevski |,
Bellmann-Weiler R, Bachler H, Piccoliori G, Helbok R, Weiss G and Loeffler-Ragg J (2022)
'Phenotyping of acute and persistent coronavirus disease 2019 features in the outpatient
setting: exploratory analysis of an international cross-sectional online survey’, Clinical
Infectious Diseases, 75:e418—e431.

Satterfield BA, Bhatt DL and Gersh BJ (2022) 'Cardiac involvement in the long-term
implications of COVID-19', Nature Reviews Cardiology, 19:332—41.

Sax Institute (2022) COVID data hub now available, accessed 5 October 2022.
https://www.saxinstitute.org.au/news/covid-data-hub-now-available/

Sidik SM (2022) 'Heart-disease risk soars after COVID - even with a mild case’, Nature,
602:560.

Sivan M, Greenhalgh T, Milne R and Delaney B (2022) 'Are vaccines a potential treatment
for long covid?’, British Medical Journal, 377:0988.

Smith MP (2022) 'Estimating total morbidity burden of COVID-19: relative importance of
death and disability’, Journal of Clinical Epidemiology, 142:54-59.

Statistics Canada (2022) Long-term symptoms in Canadian adults who tested positive for
COVID-19 or suspected an infection, January 2020 to August 2022, accessed 18 November
2022. https://www150.statcan.gc.ca/n1/daily-quotidien/221017/dq221017b-eng.htm

64 Long COVID in Australia — a review of the literature



Stewart S, Newson L, Briggs TA, Grammatopoulos D, Young L and Gill P (2021) 'Long
COVID risk - a signal to address sex hormones and women's health’, The Lancet Regional
Health — Europe, 11:100242.

Stokel-Walker C (2022) 'What do we know about COVID vaccines and preventing
transmission?’, British Medical Journal, 376:0298.

Subramanian A, Nirantharakumar K, Hughes S, Myles P, Williams T, Gokhale KM, Taverner
T, Chandan JS, Brown K, Simms-Williams N, Shah AD, Singh M, Kidy F, Okoth K, Hotham
R, Bashir N, Cockburn N, Lee SI, Turner GM, Gkoutos GV, Aiyegbusi OL, McMullan C,
Denniston AK, Sapey E, Lord JM, Wraith DC, Leggett E, lles C, Marshall T, Price MJ,
Marwaha S, Davies EH, Jackson LJ, Matthews KL, Camaradou J, Calvert M and Haroon S
(2022) 'Symptoms and risk factors for long COVID in non-hospitalized adults’, Nature
Medicine, 28:1706-14.

Sukocheva OA, Maksoud R, Beeraka NM, Madhunapantula SV, Sinelnikov M, Nikolenko VN,
Neganova ME, Klochkov SG, Amjad Kamal M, Staines DR and Marshall-Gradisnik S (2021)
'‘Analysis of post COVID-19 condition and its overlap with myalgic encephalomyelitis/chronic
fatigue syndrome’, Journal of Advanced Research, 40:179-96.

Sylvester SV, Rusu R, Chan B, Bellows M, O'Keefe C and Nicholson S (2022) 'Sex
differences in sequelae from COVID-19 infection and in long COVID syndrome: a review’,
Current Medical Research and Opinion, 38:1391-99.

Taquet M, Dercon Q, Luciano S, Geddes JR, Husain M and Harrison PJ (2021) 'Incidence,
co-occurrence, and evolution of long-COVID features: a 6-month retrospective cohort study
of 273,618 survivors of COVID-19', PLOS Medicine, 18:e1003773.

Taquet M, Geddes JR, Husain M, Luciano S and Harrison PJ (2021) '6-month neurological
and psychiatric outcomes in 236 379 survivors of COVID-19: a retrospective cohort study
using electronic health records’, The Lancet Psychiatry, 8:416-27.

Taquet M, Sillett R, Zhu L, Mendel J, Camplisson |, Dercon Q and Harrison PJ (2022)
'Neurological and psychiatric risk trajectories after SARS-CoV-2 infection: an analysis of 2-
year retrospective cohort studies including 1 284 437 patients’, The Lancet Psychiatry,
9:815-27.

The Kirby Institute (2022) ADAPT Study, Kirby Institute website, accessed 25 October 2022.
https://kirby.unsw.edu.au/project/adapt-study

Thompson EJ, Williams DM, Walker AJ, Mitchell RE, Niedzwiedz CL, Yang TC, Huggins CF,
Kwong ASF, Silverwood RJ, Di Gessa G, Bowyer RCE, Northstone K, Hou B, Green MJ,
Dodgeon B, Doores KJ, Duncan EL, Williams FMK, Steptoe A, Porteous DJ, McEachan
RRC, Tomlinson L, Goldacre B, Patalay P, Ploubidis GB, Katikireddi SV, Tilling K, Rentsch
CT, Timpson NJ, Chaturvedi N and Steves CJ (2022) 'Long COVID burden and risk factors in
10 UK longitudinal studies and electronic health records’, Nature Communications, 13:3528.
Tobler DL, Pruzansky AJ, Naderi S, Ambrosy AP and Slade JJ (2022) 'Long-term
cardiovascular effects of COVID-19: emerging data relevant to the cardiovascular clinician’,
Current Atherosclerosis Reports, 24:563—70.

Torjesen | (2021) 'Covid-19: long covid symptoms among hospital inpatients show little
improvement after a year, data suggest’, British Medical Journal, 375:n3092.

Torres-Castro R, Vasconcello-Castillo L, Alsina-Restoy X, Solis-Navarro L, Burgos F, Puppo
H and Vilaré J (2021) 'Respiratory function in patients post-infection by COVID-19: a
systematic review and meta-analysis’, Pulmonology, 27:328-337.

Umesh A, Pranay K, Pandey RC and Gupta MK (2022) 'Evidence mapping and review of
long-COVID and its underlying pathophysiological mechanism’, Infection, 50:1053-66.
United States Census Bureau (2022a) Household Pulse Survey technical documentation,
accessed 6 Octobe 2022. https://www.census.gov/programs-surveys/household-pulse-
survey/technical-documentation.html

Long COVID in Australia — a review of the literature 65



— (2022b) Week 49 Household Pulse Survey: September 14 - September 26, accessed
6 October 2022. https://www.census.gov/data/tables/2022/demo/hhp/hhp49.html

Vaes AW, Goértz YMJ, Van Herck M, Machado FVC, Meys RD, Delbressine J M, Houben-
Wilke S, Gaffron S, Maier D, Burtin CP, Posthuma R, van Loon NPH, Franssen FME, Hajian
B, Simons SO, van Boven JFM, Klok FAS, Spatgens B, Pinxt CMH, Liu LYL, Wesseling G,
Spies Y, Vijlbrief H, van 't Hul AJ, Janssen DJA and Spruit MA (2021) 'Recovery from
COVID-19: a sprint or marathon? 6-month follow-up data from online long COVID-19 support
group members’, ERJ Open Research, 7, doi:10.1183/23120541.00141-2021.

Walker AJ, MacKenna B, Inglesby P, Tomlinson L, Rentsch CT, Curtis HJ, Morton CE,
Morley J, Mehrkar A, Bacon S, Hickman G, Bates C, Croker R, Evans D, Ward T, Cockburn
J, Davy S, Bhaskaran K, Schultze A, Williamson EJ, Hulme WJ, McDonald HI, Mathur R,
Eggo RM, Wing K, Wong AY, Forbes H, Tazare J, Parry J, Hester F, Harper S, O'Hanlon S,
Eavis A, Jarvis R, Avramov D, Griffiths P, Fowles A, Parkes N, Douglas IJ and Evans SJ
(2021) 'Clinical coding of long COVID in English primary care: a federated analysis of 58
million patient records in situ using OpenSAFELY", British Journal of General Practice,
71:e806—e814.

Wang S, Quan L, Chavarro JE, Slopen N, Kubzansky LD, Koenen KC, Kang JH, Weisskopf
MG, Branch-Elliman W and Roberts AL (2022) 'Associations of depression, anxiety, worry,
perceived Stress, and loneliness prior to infection with risk of post-COVID-19 conditions’,
JAMA Psychiatry, 79:1081-91.

Westerlind E, Palstam A, Sunnerhagen KS and Persson HC (2021) 'Patterns and predictors
of sick leave after Covid-19 and long COVID in a national Swedish cohort’, BMC Public
Health, 21:1023.

WHO (World Health Organization) (2021) Coronavirus disease (COVID-19): post COVID-19
condition, WHO website, accessed 15 September 2022. https://www.who.int/news-
room/questions-and-answers/item/coronavirus-disease-(covid-19)-post-covid-19-condition

—— (2022a) Emergency use ICD codes for COVID-19 disease outbreak, WHO website,
accessed 25 October 2022. https://www.who.int/standards/classifications/classification-of-
diseases/emergency-use-icd-codes-for-covid-19-disease-outbreak

— (2022b) Severity of disease associated with Omicron variant as compared with Delta
variant in hospitalized patients with suspected or confirmed SARS-CoV-2 infection, COVID
19: clinical care, The World Health Organization, Geneva, accessed 14 November 2022.
https://www.who.int/publications/i/item/9789240051829

Wong TL and Weitzer DJ (2021) 'Long COVID and myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CFS)—a systemic review and comparison of clinical presentation and
symptomatology’, Medicina, 57:418.

Wynberg E, van Willigen HDG, Dijkstra M, Boyd A, Kootstra NA, van den Aardweg JG, van
Gils MJ, Matser A, de Wit MR, Leenstra T, de Bree G, de Jong MD and Prins M (2022)
'Evolution of coronavirus disease 2019 (COVID-19) symptoms during the first 12 months
after iliness onset’, Clinical Infectious Diseases, 75:e482—e490.

Xie Y, Bowe B and Al-Aly Z (2021) 'Burdens of post-acute sequelae of COVID-19 by severity
of acute infection, demographics and health status’, Nature Communications, 12:6571.

Xie Y, Xu E and Al-Aly Z (2022) 'Risks of mental health outcomes in people with covid-19:
cohort study’, British Medical Journal, 376:€068993.

Xie Y, Xu E, Bowe B and Al-Aly Z (2022) 'Long-term cardiovascular outcomes of COVID-19’,
Nature Medicine, 28:583-90.

Yende S and Parikh CR (2021) 'Long COVID and kidney disease’, Nature Reviews
Nephrology, 17:792-93.

66 Long COVID in Australia — a review of the literature



Zhao S, Shibata K, Hellyer PJ, Trender W, Manohar S, Hampshire A and Husain M (2022)
'Rapid vigilance and episodic memory decrements in COVID-19 survivors’, Brain
Communications, 4:fcab295.

Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, Li Q, Jiang C, Zhou Y, Liu S, Ye C, Zhang P,
Xing Y, Guo H and Tang W (2020) 'Risk factors of critical & mortal COVID-19 cases: a
systematic literature review and meta-analysis’, Journal of Infection, 81:e16—e25.

Long COVID in Australia — a review of the literature 67



List of tables

Table 3.1: Long COVID prevalence estimates from systematic reviews (ordered by most
recent SEarCh date) ........ooo i

List of figures

Figure 2.1: Predictors and proposed pathophysiologic mechanisms of long COVID .................
Figure 2.2: Natural history of the development of long COVID ..........cccvvieieeiiiiiciiieeee e,

Figure 4.1: Estimated percentage of people living in private households in the UK with
self-reported long COVID (>12 weeks) for the 4-week period ending
T OCIODEN 2022 ... e e

68 Long COVID in Australia — a review of the literature



Related publications

Australian Institute of Health and Welfare (2022) The impact of a new disease: COVID-19
from 2020, 2021 and into 2022, AIHW, Australian Government.
https://www.aihw.gov.au/reports/australias-health/australias-health-2022-data-insights

Australian Institute of Health and Welfare (2022) Establishing a COVID-19 linked data set,
AIHW, Australian Government. https://www.aihw.gov.au/reports/covid-19/establishing-a-
covid-19-linked-data-set/contents/about

Long COVID in Australia — a review of the literature 69


https://www.aihw.gov.au/reports/australias-health/australias-health-2022-data-insights
https://www.aihw.gov.au/reports/covid-19/establishing-a-covid-19-linked-data-set/contents/about
https://www.aihw.gov.au/reports/covid-19/establishing-a-covid-19-linked-data-set/contents/about

Long COVID is a multi-system illness characterised by ongoing
persistent symptoms that can last for weeks or months following
COVID-19 infection. This review investigates the scale and impact
of long COVID in the Australian context. The review found that
most information is from research conducted in the USA and UK
on long COVID related to COVID-19 infections in the first two years
(2020-21) of the pandemic.

aihw.gov.au

ALHW

Stronger evidence,
better decisions,
improved health and welfare




	Contents
	Summary
	1 Introduction
	1.1 Purpose of the report
	1.2 Information sources and data collection
	Selection of articles
	Evidence synthesis


	2 What is long COVID?
	2.1 Symptoms of long COVID
	2.2 What causes long COVID?
	2.3 How is long COVID defined?

	3 How common is long COVID in Australia?
	3.1 Australian data
	3.2 International data
	3.3 Long COVID and COVID-19 variants
	3.4 How does vaccination affect long COVID?

	4 What are the determinants of long COVID?
	5 Long COVID and chronic conditions
	5.1 Chronic respiratory conditions
	5.2 Cardiovascular disease
	5.3 Diabetes
	5.4 Kidney disease
	5.5 Mental health and neurological problems

	6 Long COVID and other post-viral illness
	7 Impact of long COVID
	7.1 Burden of disease and mortality
	7.2 Impact on the health system
	7.3 Quality of life and social impacts
	7.4 Patient experience

	8 Data issues in long COVID research
	8.1 Defining long COVID
	8.2 Identifying long COVID in health records
	8.3 Methodological issues in long COVID research
	8.4 Data sources
	8.5 Long COVID impact in disadvantaged groups

	9 Monitoring the impact of long COVID in the future
	9.1 The national COVID-19 linked data set
	9.2 Long COVID clinics
	9.3 Surveys
	9.4 Longitudinal studies

	10 Conclusion
	Acknowledgements
	Abbreviations
	Glossary
	References
	List of tables
	List of figures
	Related publications



