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APPENDIX – Key questions about Long Covid and summary of recent evidence  
 
This Appendix to our main article lists key questions about Long Covid, including its 
features, risks, prevention, and management. It summarises more recent published 
evidence on these points. 
 
A. Features of Long Covid / Post Covid Conditions 
1. It is a cluster of chronic illnesses 
There are three direct longer-term clinical manifestations of infection with SARS-CoV-2: 

• Long Covid (LC), also called Post Covid Conditions (PCC) and Post-Acute 
Sequelae of Covid (PASC) as defined in the main text – namely, disease present 
at ≥3 months presenting as a syndrome, a collection of symptoms, or a single 
symptom. 

• Inapparent illness manifest as sudden death – typically during the subsequent 
12 months, with or without existing chronic illness, due in part to Covid, but 
without a formal diagnosis of LC;1-5 (see: 2. Increased cardiovascular disease 
and mortality risk below). 

• Inapparent illness manifesting as pathologic changes (silent cell and organ 
damage) that may predispose to later illness – including beyond 12 months and 
particularly among children and young people;6-8 (see: 3. Evidence of increased 
vulnerability to other illnesses below). 

 
Thus, LC encompasses a constellation of health effects caused by infection with SARS-
CoV-2. As noted in the main text, it is a complex, multisystem disorder that can affect 
nearly every organ system. Pathophysiologic mechanisms include:  

• Viral persistence in tissue reservoirs9-13 and possible replication of SARS-CoV-2 
leading to the generation of viral antigens and RNA;9 12 this results in widespread 
immune responses,11 including overactive inflammation, autoimmunity, and 
reactivation of dormant herpesviruses.14 Post-Covid auto-immune disorders 
include lupus, rheumatoid arthritis, and Sjögren’s syndrome;15 

• Downstream pathologies as a result of this immune dysfunction, including: 
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o mitochondrial dysfunction and impaired energy metabolism:12 16 as with 
myelo-encephalitis/chronic fatigue syndrome (ME/CFS),17 general fatigue 
and post-exertional malaise are key symptoms and indicators of this 
mitochondrial pathology;18 

o dysfunction (dysbiosis) of microbiota19-21 and intestinal nervous system 
dysregulation: diarrhoea, vomiting, and abdominal pain are consistent 
and somewhat neglected symptoms of LC; 

o nervous system inflammation which compromises neuronal activity:22-24 
brain fog (including memory dysfunction) is a cardinal LC symptom25 26 
and mental health can be impaired.27 Specific anatomical changes to 
brain include:  

▪ depletion of cortical grey matter;28 
▪ tissue damage to the frontal lobe,29 known, among many other 

functions, to be important in moral socialisation and, with 
damage, the emergence of antisocial behaviour;30 

▪ disruption of connectivity between the hippocampus (known to be 
important in memory) and other brain areas31 and enlargement of 
areas of the hippocampus;32 

▪ damage to the brainstem,33 central to the control of many 
involuntary functions such as heart rate, breathing, swallowing, 
sleep, and balance; 

▪ persistence of SARS-CoV-2 spike protein at the skull-meninges-
brain axis;34 

o other pathologies, including: complement dysregulation,35 inflammation 
of the lining (endothelium) of blood vessels,7 36 37 and platelet activation 
and red blood cell breakdown (lysis) leading to clotting (microthrombus 
formation) and cardiovascular tissue injury.38 39 
 

These mechanisms overlap and cause inflammation, tissue dysfunction, and tissue 
damage in almost all organ systems, leading to the clinical manifestations of LC, 
especially fatigue, impaired cognition, and breathlessness, which appear to be the 
three most common symptoms. It has major impacts on individuals and their 
whanau/family and on health systems and economies. 
 
There are less direct post-infection health outcomes: 

• Neurodevelopmental disorders following in utero exposure;40-43  
• The possibility of congenital anomalies as a consequence of viral exposure in 

utero, seen in some registries,44 45 but not others,46-48 and perhaps a surveillance 
artifact; 

• Injuries as a secondary consequence of symptomatic illness (e.g., cognitive 
impairment affecting driving ability49 50 or workplace safety51), perhaps greater 
susceptibility to injury,52 and mental distress as a result of being 
disabled/unable to work.53-55 
 

2. Increased cardiovascular disease and mortality risk 
LC increases the risk of major cardiovascular events, including myocardial injury, 
dysrhythmias, coagulation abnormalities, and heart failure; these events, in turn result 
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in poor health outcomes and elevated mortality. LC-associated cardiovascular 
complications occur independent of age, hypertension, and diabetes, although these 
factors influence outcomes.39 56 57 
 
During 2020–22, almost 230,000 individuals were included in the COMEGEN (a network 
of General Practitioners in Naples, Italy) database. More than 30,000 were infected with 
SARS-CoV-2. The proportion of individuals with a new diagnosis of major adverse 
cardiovascular and cerebrovascular events was 1.7-fold higher in the 2020–22 Covid-19 
group than in the 2017–19 COMEGEN propensity-score-matched comparison group. All 
major adverse cardiovascular and cerebrovascular events showed a statistically 
significantly higher risk in Covid-19+ individuals. Thus, there was a persistent excess 
risk of major cardiovascular and cerebrovascular events over a 3-year observation 
period, well beyond the acute phase of Covid-19 infection.38 
 
In the US, from March 2020 to March 2022, there were more than 90,000 excess deaths 
due to cardiovascular disease; this represents almost 5% more cardiovascular deaths 
than would be expected, based on recent years.5 Two large peaks occurred in March to 
June 2020 and June to November 2021; these peaks coincided with peaks of Covid-19 
deaths, although there were variations by state, age, sex, and race and ethnicity. There 
were more excess cardiovascular deaths among men than women. 
 
There is evidence that vaccination reduces the risks of major adverse cardiovascular 
events: a cohort study of >10 million vaccinated and >10 million unvaccinated people 
across UK, Spain, and Estonia revealed that vaccination was associated with reduced 
risks of LC-related venous thromboembolism, arterial thrombosis/thromboembolism, 
and heart failure; e.g., the hazard ratios (HR) at 91–180 days were 0.53, 0.72, and 0.61, 
respectively.58 
 
3. Evidence of increased vulnerability to other illnesses 
As noted above, in addition to the accepted World Health Organization (WHO) 
definition of LC, there was an excess of sudden unexpected death, particularly from 
heart disease, following acute infection with SARS-CoV-2. Further, there is an excess of 
several long-term conditions, including diabetes (both type 159 and 259 60), 
neurodegenerative disorders,34 61 and poorer mental health.62 It is likely that these 
events are the early to mid-term overt manifestations of more widespread, less obvious 
disease processes. Evidence for this can be derived from biomarkers of future risk, as 
we described in detail earlier: markers of brain injury, metabolic dysfunction, immune-
system disturbance, musculoskeletal damage, dysfunctional mitochondria, long-term 
viral persistence, and some suggestion that there may be an elevated risk of cancer, 
perhaps as a consequence of immune and metabolic dysfunction.63  
 
Evidence of viral persistence as well as complement-system and immune dysfunction 
continues to accumulate,9-11 64-66 as does evidence of early manifestations of impaired 
cognitive (particularly executive) function.67-69 In this last regard, two studies are of 
particular relevance: 

• University of Otago undergraduates showed post-Covid altered prefrontal-
cortex blood-flow patterns during cognitive tasks, patterns reminiscent of those 
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observed in adults four decades older; these abnormalities were especially 
marked among those who reported brain fog.25 

• A challenge study was conducted relatively early in the pandemic, focused on 
wildtype SARS-CoV-2.27 Despite this being early in the pandemic, it is important 
for two reasons. The study closely tracked cognitive function among previously 
uninfected people and followed them for 12 months. It is also important 
because it raises (again) the wisdom and the ethics of challenge studies with 
infectious agents about which little is known. Thirty-four young, healthy, 
seronegative volunteers were inoculated with SARS-CoV-2 (March 2021 to July 
2022). Participants completed daily physiological measurements and 
computerised cognitive tasks at 30, 90, 180, 270, and 360 days. The main 
cognitive endpoint was a baseline-corrected composite cognitive score. 
Eighteen developed infection (evidenced by sustained viral load); one was 
symptomless; and the remainder had mild illness. Infected individuals showed 
statistically significantly lower global composite cognitive scores than those 
uninfected, both acutely and during follow up (up to 360 days). Memory and 
executive function tasks showed the largest between-group differences.27 In the 
Discussion section of their report, the authors remark “Notably, none of the 
volunteers reported subjective cognitive deficits,” suggesting strongly that 
people may not be aware of cognitive dysfunction even when it is detectable by 
testing; the true prevalence of cognitive dysfunction in the population may thus 
be substantially underestimated. 

 
Finally, the emergence of some of these disorders (metabolic, cognitive, etc.) in 
children and young people raises a concern that there may be even more deeply hidden 
damage that we have not yet detected and that may emerge as overt disease years or 
decades hence. Lifecourse impacts of early inflammation on the developing brain were 
already well-characterised years before the Covid pandemic.70 There is a great deal of 
uncertainty of exactly what the post-Covid disease landscape will look like. 
 
B. Risk and consequences of LC 
4. Level of LC risk (during current Omicron period) 
For now, the dominant SARS-CoV-2 variants are all descendants and cousins of 
Omicron. Accordingly, we have a picture (albeit blurry, as noted above) of risk of LC 
associated with infection (particularly in the Omicron era) and reinfection. 
 
Reinfection 
The US Department of Veterans Affairs researchers were able to explore, quite early in 
the pandemic, whether reinfection adds to risks incurred after a first infection.71 They 
assembled a cohort of >440,000 individuals with one infection; a cohort of >40,000 with 
two or more infections, and a cohort of >5.3 million without a history of infection. 
Compared to those with no reinfection, reinfection contributed additional risks of death 
(hazard ratio (HR) = 2.2), hospitalisation (HR = 3.3), and LC sequelae including 
pulmonary, cardiovascular, haematological, gastrointestinal, kidney, mental health, 
musculoskeletal, and neurological disorders, and diabetes. The elevated risks of these 
deleterious outcomes of reinfection were independent of a large array of potential 
confounders and were found among both vaccinated and unvaccinated people.71 
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Data from >2500 essential workers, mainly first responders, with confirmed  
SARS-CoV-2 infection from March 2020 to February 2024 revealed a prevalence of LC of 
18.9%. There was a higher risk of LC among those who experienced multiple SARS-
COV-2 infections (relative risk [RR] = 1.4), severe Covid-19 (RR = 3.2), and being 
unvaccinated at first infection (RR = 3.3).72 
 
An online questionnaire study was conducted in China (22 November 2023 to 24 
January 2024).73 The design, particularly because of its online nature, its voluntary 
participation, and its daisy-chained recruitment, was subject to various biases. 
However, the pattern of findings, analysing 68,200 valid responses, was similar to other 
more rigorous studies, namely that: 

• 10%–30% of respondents reported LC symptoms 
• the most frequent LC symptoms were fatigue (30.5%), memory decline (27.9%), 

decreased exercise ability (18.3%), and brain fog (16.9%); 
• reinfection was, itself, associated with milder symptoms but led to a higher 

incidence and severity of LC. 
Al-Aly commenting on this study, noted that China has a burden of LC similar to that 
reported elsewhere, that multiple infections increase risk, and that vaccination reduces 
risk.74 
 
A study covering  the entire population of Qatar identified two patterns for the impact of 
natural infection against reinfection for Omicron compared with the pre-Omicron 
variants.75 Prior to the Omicron era, natural infection provided strong and durable 
protection against reinfection, with little waning over time. In contrast, protection 
following infection with Omicron was robust only for recently infected individuals, 
declining rapidly over time and largely disappearing within a year. The investigators 
concluded that “SARS-CoV-2 immune protection is shaped by a dynamic interaction 
between host immunity and viral evolution, leading to contrasting reinfection patterns 
before and after Omicron’s first wave.”75 This weaker and declining immune response 
may seem paradoxical given that the frequency of LC76-78 is lower with the Omicron 
variant but perhaps these are related: the waning severity of the acute disease may 
result in a lesser insult to all organs and this, in turn, in a weaker immune response. 
What it does emphasise is the need, in the current era, for continued episodic vaccine 
updates to sustain immunity. 
 
Change over time 
We also now know how risk has changed over time, across the dominant SARS-CoV-2 
eras. The US Veterans study (which has been one of the most informative sources on 
the Covid pandemic and its consequences) assembled a population of >440,000 
veterans with SARS-CoV-2 infection between March 1, 2020, and January 31, 2022, and 
>4.7 million noninfected contemporaneous controls.77 The cumulative incidence of LC 
at one year after SARS-CoV-2 infection and the differences among the outcomes of pre-
Delta, Delta, and Omicron infections were reported. Among the unvaccinated, the 
cumulative incidence of LC during the first year was 10.42 events per 100 persons in the 
pre-Delta era, 9.51/100 in the Delta era, and 7.76/100 in the Omicron era. The 
researchers concluded that there were 2.66 fewer episodes of LC per 100 persons 
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(Omicron vs. pre-Delta) and 1.75 fewer/100 (Omicron vs. Delta). Among the vaccinated, 
the one-year cumulative incidence of LC was 5.34 events/100 persons during Delta and 
3.50 /100 persons during Omicron (1.83 fewer events/100). Those vaccinated had a 
lower cumulative incidence of LC at one year than the unvaccinated (4.18 events/100 
persons fewer during Delta and 4.26/100 fewer during Omicron). At one year, there 
were 5.23 fewer LC events per 100 persons during Omicron than during pre-Delta and 
Delta combined. Over a quarter (28.1%) of this decline was attributed to era-related 
effects (including changes in the virus) and 71.9% to vaccines.77 
 
Risk in children and young people 
By the beginning of 2024, it was established that children and adolescents could 
present with LC, albeit, perhaps, in smaller numbers,79-81 (although see below for some 
of the problems estimating prevalence in children and young people) and with milder 
disease than adults,80 81 but with a symptom profile that overlaps that of adults.82 83 Risk 
was reported to be higher in older children and lower following infection with the 
Omicron variant.81 Specific manifestations included an excess risk of diabetes59 84 85 and 
of abnormal coagulation profiles,86 and the presence of anxiety, depression, and sleep 
disturbance.87 
 
Pinto Pereira et al. had previously shown, in children and adolescents at 3- and 6-
months post infection, that 12–16% of those infected with the Omicron variant of SARS-
CoV-2 met the research definition of LC, with no differences between first-positive and 
reinfected children and adolescents.88 At 12 months post-infection with the Omicron 
variant, the most common symptoms in first-positive and reinfected children and 
adolescents (12-months post-testing) were fatigue (35.7% and 33.6% respectively) and 
sleeping difficulties (27.5% and 28.3% respectively). Symptom profiles, severity, and 
impact were similar in the two infection-status groups. Overall, by 12-months, 17.4% of 
first-positives and 21.9% of reinfected children and adolescents fulfilled the research 
consensus LC definition (p=0.13).89 
 
A total of 898 school-age children (mean age, 8.6 years), 751 with previous SARS-CoV-2 
infection (infected) and 147 without (uninfected) and 4469 adolescents (mean age, 14.8 
years), 3109 infected and 1360 uninfected, were studied to establish the most common 
LC symptoms, how these symptoms differed by age, and how they clustered into 
distinct phenotypes.90 In models adjusted for sex and race/ethnicity, 14 symptoms in 
both school-age children and adolescents were more common in the infected than the 
uninfected, with four additional symptoms only in school-age children and three only in 
adolescents; these symptoms affected almost every organ system as has been shown 
more generally.91 LC indices – emphasising neurocognitive, pain, and gastrointestinal 
symptoms in school-age children and change or loss of smell/taste, pain, and 
fatigue/malaise in adolescents – correlated with poorer overall health and quality of 
life. Clustering analyses identified four LC phenotypes in school-age children and three 
in adolescents.90 
 
Using data from the 2023 US National Health Interview Survey (NHIS), just over one 
million (1.4%) of children were reported to have ever experienced LC and just fewer 
than 300,000 (0.4%) were reported to be currently experiencing LC. Prevalence of both 
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ever and current LC were higher among older children. Among children currently 
experiencing LC, 80.0% had some limitation of activity compared with their pre-Covid 
habit.92 
 
Estimating the true prevalence of LC in children and young people is challenging for 
several reasons: 

• It is difficult to estimate prevalence accurately in studies: i) that assess only 
symptoms when many are not unique to LC; and ii) in which the controls are 
children who are defined as never having had an infection (even an 
asymptomatic infection). These limitations blur differences between cases and 
controls and make true differences harder to see; 

• LC symptoms in children and young people are often misattributed to simple  
anxiety, so surveys such as the NHIS (cited above) that depend on parents or 
practitioners identifying LC as the cause for ill-health will also tend to 
underestimate prevalence;93 

• Children and adolescents have a far lower prevalence of chronic disease than 
adults, so their functional reserve is much higher. As a result, LC biomarkers 
detected in research studies, such as endothelial dysfunction and persistently 
elevated blood pressure,36 are less likely to cause medical events such as heart 
attack and stroke in the short term, compared with the same risks in older 
adults. The potential for accumulation of hidden pathology is particularly 
concerning given the number of reinfections (many perhaps undetected) to 
which children and young people are likely to be exposed during their lifetimes; 

• Young children, in particular, move rapidly through developmental stages, so 
they may lack a stable pre-Covid baseline for comparison; further, core LC 
experiences such as ‘brain fog’ are likely to be difficult for young children to 
identify or describe. These factors are again likely to cause under-ascertainment 
of LC in these age groups, despite evidence that early life is a critical period for 
brain development and that infections and inflammation are well-established 
causes of neurodevelopmental disorders,70 94 95 including high-quality evidence 
emerging for Covid-19.96 

 
The observed high prevalence of LC in children and young people are serious enough to 
indicate an urgent need for action, including better treatment modalities and measures 
to reduce the number of Covid-19 infections that children experience. The probably 
very large number of unobserved cases creates additional urgency because of 
increasing evidence suggesting that the Covid-19 pandemic may have decades-long 
impacts for this generation. 
 
Severity of initial infection 
A clear relationship between severity of the initial acute infection and the subsequent 
risk of developing LC was established early in the pandemic, with evidence of a gradient 
of risk that increased with that severity across: not hospitalised, hospitalised, admitted 
to intensive care.97 This relationship has persisted into the Omicron era,60 including in 
studies of specific manifestations of LC. For instance, severity of the initial infection 
was associated with the greatest degree of cognitive deficit (which was also identified 
by elevated brain-injury markers) one year after Covid-19.67 Several studies have 
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reported a higher risk of gastrointestinal disorders following acute infection with SARS-
CoV-2,98 including evidence of excess risk even among people who were not 
hospitalised during the acute phase of Covid-19. As earlier, these risks increased in a 
graded fashion across the severity spectrum of the acute phase of Covid-19.99 100 
 
As noted above, overall prevalence of LC has declined from the Delta era to the 
Omicron era.76 However, there is complicated knot of relationships around the severity 
of acute disease, primary infection, reinfection, and prevalence of LC: 

• Reinfections are consistently reported to be less severe than primary infections, 
including when both infections involve Omicron;75 101 102 

• Risk of LC is, however, related to repeated infection,72 100 103 although somewhat 
less obviously in children and adolecents.103 

 
Sex differences 
A key sex difference is the higher risk of LC among women.73 104 105 The NIH Researching 
Covid to Enhance Recovery (RECOVER)-Adult cohort consists of individuals across the 
US followed prospectively. Data were explored (29 October 2021 to 5 July 2024) to 
establish differences between the sexes among those who had a study visit six months 
or more after an initial SARS-CoV-2 infection.106 Among >12,000 participants (73% 
female) who had been infected, female sex was associated with 31-44% (depending on 
the statistical model) higher risk of LC. This finding was consistent across all age 
groups except those 18-39 years, for which the female and male prevalence was 
similar.106 
 
Other risk factors 
There are good data on which other risk factors contribute to the likelihood of 
developing LC. The pattern appears consistent across recent studies. A UK study of 
>5000 healthcare workers reported that risk factors for LC included direct contact with 
Covid-19 patients, pre-existing respiratory illnesses, female sex, and older age.105 A 
meta-analysis of >200 eligible studies and >13 million individuals identified female sex, 
older age, severe illness during the acute phase of Covid-19, multiple comorbidities, 
extended hospital stay, and a high body mass index.104 An online study in China using 
68,200 valid responses reported the presence of underlying diseases, female sex, 
alcohol consumption, smoking, and the severity of acute infection.73 
 
Subtypes of LC 
As noted above for children and adolescents,90 it is also possible to identify several 
subclasses of LC among adults. For instance, data from >13,000 adults participating in 
the Researching Covid to Enhance Recovery (RECOVER-Adult) study allowed a recent 
update to a research index that classifies symptomatic LC into subtypes that differ in 
demographic features and quality of life.107 Symptoms that contributed to the updated 
2024 index included post-exertional malaise, fatigue, brain fog, dizziness, palpitations, 
change in smell/taste, thirst, chronic cough, chest pain, shortness of breath, and sleep 
apnoea. Five subtypes were identified: 

• fatigue and postexertional malaise were prominent in all but subtype 1; 
• additional prominent features included: 

o change in smell or taste (subtype 1); 
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o chronic cough (subtype 2); 
o brain fog (subtype 3); 
o palpitations (subtype 4); and 
o postexertional soreness, dizziness, and gastrointestinal symptoms 

(subtype 5); 
• participants with a high burden of multisystem symptoms (subtype 5) more 

frequently reported poorer quality of life, physical health, and daily function than 
those with the other subtypes. 

 
Long Covid vs. Long Influenza 
Finally, as has been noted, there are post-viral syndromes associated with infection 
and with many other viruses. What has made LC stand out is essentially that many 
more people have been infected over a short period, giving rise to a global cumulative 
incidence of perhaps 400 million people with LC. However, it is also possible that 
SARS-CoV-2 infections have a higher risk of causing long-term effects than other 
infections. This possibility can be assessed by comparing aspects of LC with the 
downstream consequences of another common infection, namely influenza. The US 
Department of Veterans Affairs study allowed such a comparison between longer-term 
outcomes following SARS-CoV-2 and seasonal influenza. More than 80,000 
participants admitted to hospital for Covid-19 between March 1, 2020, and June 30, 
2022, and almost 11,000 admitted for seasonal influenza between October 1, 2015, 
and February 28, 2019 were followed for up to 18 months to compare risks of death and 
other outcomes.108 Compared to those with seasonal influenza, the Covid-19 group had 
an increased risk of death (hazard ratio [HR]:1.5). Those with Covid-19 had an increased 
risk of 68.1% (64 of 94) of a pre-specified set of health outcomes; seasonal influenza 
was associated with an increased risk of 6.4% (6 of 94) including three of four pre-
specified pulmonary outcomes. Organ-systems data showed that Covid-19 was 
associated with a higher risk across all organ systems except pulmonary, which was 
higher among those with influenza. In both Covid-19 and seasonal influenza, there was 
a greater burden of health loss in the post-acute than the acute phase. Finally, Covid-
19 had a higher burden of health loss across all organ systems (except pulmonary) than 
influenza. Hospital readmission and admission to intensive care were higher for the 
SARS-CoV-2 group. The researchers note that although rates of death and adverse 
health outcomes following hospital admission for seasonal influenza are high, hospital 
admission for Covid-19 was associated with higher long-term risks of death and 
adverse health outcomes in nearly every organ system.108 
 
5. Duration of LC and prevalence 
Duration of LC 
Earlier data from the US Department of Veterans Affairs population (studying almost 
140,000 infected and almost 6 million noninfected individuals followed for two years), 
showed that increased risk of post-Covid death was not statistically significantly 
elevated beyond six months after infection among those who were not hospitalised but 
remained statistically significantly elevated throughout the two years among 
hospitalised individuals.109 Within the 80 prespecified sequelae, 69% and 35% of them 
became statistically non-significant at 2 years after infection among non-hospitalised 
and hospitalised individuals, respectively. Although risks of many sequelae declined 
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two years after infection, these findings showed that there is a substantial long-term 
cumulative burden of health loss due to LC.109 
 
The US Department of Veterans Affairs researchers undertook a further follow-up of 
this cohort to establish the risks of LC at three years after the initial infection.110 A 
cohort of >135,000 people with SARS-CoV-2 infection and >5.2 million controls were 
followed to estimate risks of death and LC. Among the non-hospitalised, the elevated 
risk of death was no longer present after the first year of infection and risk of incident LC 
declined over the 3 years but still contributed 9.6 disability-adjusted life years (DALYs) 
per 1,000 persons in the third year. Among the hospitalised, risk of death declined but 
remained statistically significantly elevated (incidence rate ratio: 1.29) in the third year. 
Risk of incident LC among the hospitalised declined over the three years, but 
substantial risk remained in the third year, accounting for 90.0 DALYs per 1,000 
persons. Thus, elevated risks of death and LC decline over time, but the burden of LC 
remains in the third year among those who had been hospitalised.110 
 
A cohort of 3663 participants with SARS-CoV-2 infection were followed from early in the 
pandemic (December 2020 to August 2022) to April 2024. They were classified 
according to vaccination status and LC status: 2604 (71.1%) never-had; 994 (27.1%) 
current; 65 (1.8%) resolved.111 Compared to never having LC, those with current LC had 
poorer physical and mental health and a higher, statistically significant, likelihood of 
moderate-to-high stress (adjusted odds ratio [aOR]=2.0); moderate-to-high loneliness 
(aOR=1.6); moderate-to-severe fatigue (aOR=3.0); insufficient activity (aOR for Exercise 
Vital Sign ≤150 min/week=0.7); and worse dyspnoea (aOR=5.0). Central to the findings 
were that: i) the vast majority of those with LC did not resolve, with less than 2% having 
resolved over an observation period of 19-39 months; ii) those with resolved LC still had 
poorer physical and mental health than the never-had-LC group; and iii) the number of 
Covid-19 vaccinations was associated with better outcomes across all measures.111 
 
Cumulative incidence and prevalence of LC 
Cumulative incidence is a measure of new cases over a defined passage of time; with 
Covid-19, it is usually dated from the beginning of the pandemic. Prevalence is the 
number of cases at a particular point in time and is a function of both incidence of new 
cases and duration of illness. 
 
Greenhalgh et al. note that estimates of the initial incidence of LC after acute SARS-
CoV-2 infection range from 50–85% among those both unvaccinated and hospitalised, 
10–35% among the unvaccinated who were not hospitalised, and 8–12% for people 
who had been vaccinated.112 
 
CDC analysed US data on adults aged ≥18 years using the 2022 Behavioral Risk Factor 
Surveillance System (BRFSS) cross-sectional survey and reported that 6.4% of non-
institutionalised adults had experienced LC.113 
 
Based on a “conservative estimated incidence of 10%” of those initially infected with 
SARS-CoV-2 and more than 651 million documented Covid-19 cases globally, Davis et 
al suggested in 2023 that at least 65 million individuals around the world would have 
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LC, but acknowledged that this was likely to be a marked underestimate because of the 
large number of undocumented acute infections and LC cases.114 
 
In some contrast and perhaps with a more realistic estimate of global incidence, in 
2024, Al-Aly estimated the cumulative global incidence of LC at about 400 million (i.e. 
approximately 5% of the global population).12 
 
A 2023 meta-analysis of 194 studies with 735,006 participants <18 years of age 
reported that at least 45% of Covid-19 survivors, regardless of hospitalisation status, 
experienced at least one unresolved symptom at four months post-infection.115 
 
Using a random-effects model to pool prevalence of persistent symptoms and risk 
ratios comparing Covid-19 patients with non-Covid-19 individuals, across 211 eligible 
studies published from December 2019 to January 2023 and covering  >13 million 
individuals (almost 3.5 million with a history of Covid-19 and almost 10 million 
unaffected controls), Luo et al concluded that fatigue, dyspnoea, post-traumatic stress 
disorder, anxiety, and depression were the most frequently reported LC symptoms, 
many of which continued to be highly prevalent even one year after the initial SARS-
CoV-2 infection. The authors declined to provide an overall estimate of prevalence but 
noted that these five symptoms showed prevalences between 14.8% and 25.7% of 
individuals (see the paper’s Appendix).104 
 
What the wide range of these figures for cumulative incidence and prevalence shows is 
that we still do not have a reliable estimate of the prevalence of LC. The estimate of 5% 
(as proposed by Al-Aly) is very much a lower bound. This uncertainty is partly a 
consequence of the fact that population prevalence is, as noted above, a function of 
incidence (here, new LC cases) and duration of illness; therefore, individuals can both 
join the numerator of the prevalence estimate when they develop LC as well as exit that 
numerator if/when their LC resolves or they die. The uncertainty is also a consequence, 
again as noted above, of not having an accurate estimate of incidence (many 
unreported cases) and, finally, although we have a minimum duration in order to define 
LC, its maximum duration remains, necessarily, unspecified because we do not yet 
have the relevant data. 
 
Several other important features of LC116 117 add to the difficulty of understanding its 
impact and its real prevalence, notably LC: 

• can follow SARS-CoV-2 infection at all levels of severity including asymptomatic 
and even unrecognised; 

• can itself be of varying severity; 
• can begin at the time of acute infection or be delayed for weeks or months; 
• is not restricted by age group; health, disability, or socioeconomic status; sex; 

race/ethnic group; or geographic location; 
• can resolve over a period of months or can persist for years; and 
• can be diagnosed only on clinical grounds in routine primary or secondary 

healthcare settings because biomarkers remain available only within research 
studies or in highly specialised clinics (e.g., signatures of neurological, 
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mitochondrial, and immune dysfunction plus viral persistence); even in these 
settings, these biomarkers remain indicative not definitive.  

 
6. Economic impact of LC 
In 2024, Al-Aly estimated the cumulative global incidence of LC at about 400 million 
(i.e., approximately 5% of the global population), carrying an annual economic impact 
of approximately $1 trillion - about 1% of the global economy.12 
 
A recent simulation model covering clinical course, health effects, and associated 
costs for a person with LC produced the following picture for the US: 

• assuming symptoms last only 1 year, average total cost of an LC case would be 
US$5,084-$11,646 with >90% of these costs being loss of productivity;  

• the current number of LC cases would cost: 
o US society at least US$2.0-$6.6 billion per year; 
o employers at least $2.0-$6.5 billion per year in productivity losses; and  
o third-party payers $21.0-$68.5 million per year; 

• every 10-point increase in Covid incidence would result in an additional $365 
million per year. 

The authors concluded that the current health and economic burden of LC may already 
exceed that of a number of chronic diseases from other causes and “will continue to 
grow each year as there are more and more Covid-19 cases.”118 
 
If the assumptions underlying this model hold for Aotearoa New Zealand (NZ), the 
yearly cost to society would be NZ$55-$180 million. LC is conservatively costing the 
Australian economy approximately 0.5% of GDP in reduced productivity.119 In NZ, a 
comparable GDP loss would amount to around NZ$2 billion per year.120 
 
In one modelling exercise regarding future mortality from pathogens of epidemic and 
pandemic potential, Madhav et al correct the perception that an event having the 
mortality level of the Covid-19 pandemic can be considered a “once in a century” risk. 
They note that it should rather be thought of as having an annual probability of 2–3% 
and hence being a one in 33–50-year occurrence.121 
 
Prevention of LC 
7. Public Health and Social Measures 
In the early stages of a pandemic, particularly if it is caused by a novel agent, the only 
available interventions are public health and social measures (PH&SM).122 In the 
prevention of primary disease to reduce the risk of LC, they are still crucial. Such 
interventions begin with the individual and involve masking,123 physical distancing, and 
choosing to avoid crowded places to slow spread.124 Structural-level protections 
include ensuring better quality ventilation and air filtration, especially in healthcare 
settings and schools;63 123 124 provision of high-quality respirator masks and requirement 
for their use in health settings; and paid sick leave. Sometimes there is a case for 
contact tracing and quarantine.124 These measures have been shown to be sufficient to 
interrupt transmission of SARS-CoV-2 in multiple jurisdictions and to protect a sizeable 
proportion of the world’s population from infection, particularly in the Asia Pacific 
region.125 They were effective in high-income island jurisdictions such as Australia, New 
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Zealand, Taiwan, and Singapore; they were also effective in low- and middle-income 
countries with long land borders, such as Vietnam, Thailand, Laos, and Mongolia during 
the early stages of the pandemic. These actions were largely taken by individual 
jurisdictions, without either global or regional coordination. 
 
Also central to protection are steps to protect others – particularly the social 
acceptance and wide employment of testing126 and of self-isolation.124 More recent 
work indicates the effectiveness and safety of using far-UV-C systems (i.e., using 
ultraviolet light with wavelengths between 200 and 230 nanometers), to remove 
airborne viruses in indoor settings.127 
 
Central to everything, we need clear and succinct information/education and specific 
guarding against, and rebuttal of, mis- and dis-information.26 128 
 
In the management of a pandemic, PH&SM is typically the key strategy that is the least 
dependent on access to high-cost resources and, thus, least plagued by inequities. 
Nonetheless, the effectiveness of PH&SM would be greatly enhanced if WHO provided 
strategic and operational support and international coordination for their use when 
appropriate. Such support would include documenting their role and providing 
guidance on the legal and practical aspects of effective implementation. One benefit of 
better coordinating these responses, particularly at a regional level, is the capacity to 
create ‘green zones’ where neighbouring countries have all eliminated the emerging 
pandemic, resulting in easing of travel restrictions among them.129 130 
 
8. Vaccines 
Protective effectiveness of vaccines 
Consistent with observations earlier in the pandemic,77 131 vaccinated individuals have 
been consistently shown to be at lower risk of LC after an acute SARS-CoV-2 infection 
in the Omicron era,132-134 including children and adolescents,135-137 and against specific 
manifestations of LC, including cardiac and thromboembolic disorders,58 diabetes,60 132 
and impairment of mental health.62 138 Covid vaccines have also been shown to be safe 
following in utero exposure.48 139 140  
 
9. Antivirals 
Protective effectiveness of antivirals targetting SARS-CoV-2 
A retrospective cohort study of ~39,000 patients aged ≥18 years who tested positive for 
SARS-CoV-2 between March 11, 2022, and October 10, 2023, and who were admitted 
to hospital with Covid-19 was undertaken in Hong Kong.141 Those treated with 
molnupiravir were excluded. Those prescribed nirmatrelvir-ritonavir (N-R) within five 
days of symptom onset (>15,000) patients and a control group with no exposure to N-R 
(>23,500) were compared. Outcomes were post-acute inpatient death and 13 
sequelae, evaluated starting at 21 days after a positive diagnosis of SARS-CoV-2. They 
were followed for a median of 393 days. In the N-R group, compared with the control 
group, there was a statistically significantly lower risk of post-acute inpatient death, 
congestive heart failure, atrial fibrillation, coronary artery disease, chronic pulmonary 
disease, acute respiratory distress syndrome, interstitial lung disease, and end-stage 
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renal disease. N-R treatment of acute Covid-19 of patients admitted to hospital 
reduced the risk of early death and of LC cardiovascular and respiratory disorders.141 
 
The PANORAMIC trial was a UK multicentre, primary care, open-label, multi-arm, 
prospective randomised controlled trial of participants aged ≥ 50 years (or ≥18 years 
with a comorbidity) and ill for five days or fewer with confirmed Covid-19 in the 
community. Participants were randomly assigned to the usual care (~13,000) vs. 
molnupiravir (800 mg twice a day for five days) plus usual care (~13,000). Molnupiravir 
reduced time to recovery in acute Covid-19 over 28 days.142 However, although the 
decrease in initial viral load was faster with molnupiravir vs. usual care, five days of the 
antiviral failed to clear the virus in some cases, resulting in substantial viral mutation 
and greater persistence at day 14, as well as blunting the boost to anti-SARS-CoV-2 
spike antibody concentrations usually associated with acute infection.143 The primary 
outcome of the initial trial was hospitalisation or death at 28 days;142 all longer term 
outcomes were considered secondary. Long-term follow-up data were available for 
>23,000 (89·2%). Almost 23,000 (99·1%) had at least one previous dose of a SARS-CoV-
2 vaccine. Any severe or persistent symptoms (three months: adjusted risk difference –
2·1%) were reduced in severity, and health-related quality of life was better, in the 
molnupiravir arm at three months and six months. Ratings of wellness, experiencing 
severe symptoms, and healthcare use were superior among those with molnupiravir 
treatment. There were statistically significant differences in persistence of any 
symptom at six months and reported time off work. There were no differences in 
hospitalisations at long-term follow-up. The absolute differences in this open-label 
study were small. 
 
A meta-analysis covering a broader period (14 papers) across the pandemic concluded 
that antiviral treatment had an overall protective efficacy against LC of 61% (meaning 
risk was reduced by 39%);144 in contrast, corticosteroid and monoclonal-antibody 
treatments did not show efficacy. Subgroup analysis revealed that antivirals provided 
stronger protection among older people, males, unvaccinated individuals, and people 
without diabetes. Antivirals reduced 8 of the 22 analysed LC symptoms. 
 
Protective effectiveness of Metformin 
Metformin has been shown to have antiviral activity against RNA viruses including 
SARS-CoV-2, probably by suppressing protein translation via targeting the host mTOR 
pathway.145 In a randomised trial of treatment of outpatient Covid-19, metformin (in 
addition to reducing emergency department visits, hospitalisations, and death) 
reduced the odds of LC through 10 months by 42%.146 
 
A retrospective cohort analysis using databases of both the National Covid Cohort 
Collaborative (N3C) and Patient-Centered Clinical Research Network (PCORnet) 
electronic health records examined metformin-exposed individuals versus those taking 
other diabetes medications. After six months, risk of death or LC was statistically 
significantly lower by 15-21% among N3C participants who were taking metformin but 
not statistically different among individuals included in the PCORnet data.147 
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Weakly confirmatory evidence comes from another study of >5500 people with 
diabetes, showing that those who were prevalent users of metformin compared with 
other diabetes medications, had a 20% (not statistically significant) lower risk of LC.148 
 
C. Treatment and management of LC 
10. Diagnosis 
At the present time, the capacity to diagnose LC in routine primary and secondary care 
settings is largely restricted to clinical presentation. Diagnostic suspicion is raised by 
the appearance of specific symptoms, particularly fatigue, impaired cognition, and 
breathlessness but, as noted in the main text, essentially every system can be affected: 
cardiovascular,38 57 149 musculo-skeletal,150 nervous,23 55 62 151-154 immune,11 35 155-157 
gastrointestinal,19 98 99 158 endocrine60 84 159-161, renal,162 and reproductive systems.163 In the 
face of the widespread pathology (as discussed above and previously63, there is a 
steadily growing catalogue of imaging, cellular, and tissue data) and in the absence of 
definitive diagnostic tests or biomarkers, definitions and attempts at clinical models 
are continuing to evolve.164 165 As noted above, there appear to be identifiable 
phenotypic subsets of LC among both adults107 and children,90 but these are not 
associated with specific approaches to disease management. 
 
At a practical level, what is urgently needed in NZ are specialised LC clinics including a 
focus on children. 
 
11. Treatment and management 
There is much that can be learned from the treatment and management of ME/CFS as 
LC is either essentially the same cluster of chronic manifestations or a cousin with 
closely overlapping characteristics.32 166-168 
 
SARS-CoV-2 is capable of widespread persistence with autopsy and tissue-biopsy 
studies showing  SARS-CoV-2 RNA and protein across body sites weeks or months after 
acute Covid-19.169 170 Hence, one particular target to manage or even cure LC might be 
to find ways to target the virus itself.171 
 
At present, symptomatic treatment/management is the best that current medical 
practice has to offer; definitive treatment is somewhere in the future. However, to 
reiterate, there is an urgent need for well conducted, well informed clinical services at 
primary and secondary level. Many quite basic questions are still being actively 
debated, such as the place of exercise after LC.172 
 
D. Surveillance, research, coordination, policy, communication 
12. Establishing comprehensive layered surveillance 
One of the achievements of the International Health Regulations (IHR) was that it 
provided a high-level plan for a global health-surveillance system for emerging 
infectious diseases that have the potential to become a Public Health Emergency of 
International Concern (PHEIC).173 This international law was prescriptive in some areas 
of surveillance, even at the level of member states; these key functional requirements 
have yet to be met. Because LC is necessarily downstream of acute Covid infection, it 

https://www.who.int/health-topics/international-health-regulations/#tab=tab_1


16 
 

is relevant that jurisdictions, including Aotearoa NZ, now have a wide array of 
infectious-disease surveillance methods from which to choose: 

• Reports to a central registry, which have been in use since the 17th century174 
(e.g.: https://www.cdc.gov/nndss/index.html); 

• Sentinel systems, which usually involve a representative subset of the 
population of interest, have been used to monitor pandemic,175-178 epidemic,179-

181 endemic,182 183 sexually transmitted,184 185 and food-borne186 diseases in low-, 
middle, and high-income countries. They have also been used to monitor 
vaccine effectiveness in more-or-less real time;187 

• Waste-water monitoring for virus,188-192 which can be established as a 
sustainable and equitable nationwide surveillance system;193 

• Genomic surveillance,194-197 which can be used to augment sentinel systems and 
waste-water testing by monitoring the prevalence of organisms of interest 
(including identifying bacteriophages associated with specific infectious 
organisms;198 199) and, as with SARS-CoV-2, establishing the emergence, 
prevalence, behaviour, and impact of variants;200-210 

• Social-media monitoring as an early warning of the spread of queries regarding 
specific symptoms and other relevant internet activity.211-216 

 
We do not yet have data that point to: i) which combinations of these systems would 
provide optimal surveillance based on well established criteria,217 sufficient 
redundancy, or the most cost-effective layered surveillance system; ii) if or how these 
systems should be selected in relation to the organism and disease under surveillance; 
iii) how surveillance systems might vary by level of economic and infrastructure 
development. Accordingly, there is an urgent need to undertake the relevant research 
to augment the WHO surveillance handbook, recently updated.218 
 
The Covid-19 pandemic has produced highly responsive, accessible, essentially real-
time reporting of cases, mortality, and vaccination uptake in many countries and 
coordinated global reporting; for example, the WHO Coronavirus (Covid-19) dashboard 
and Our World in Data. Despite the increasing sophistication of such reporting systems 
over time,219 which accelerated during the Covid-19 pandemic, retrospective 
exploration of data shows that earlier notification could have been made of the Covid-
19 pandemic.215 220 Further, the real burden of mortality associated with infection with 
SARS-CoV-2 has been substantially underestimated221-223 and this excess burden is 
inequitably shared;2 see also other literature.224-227 Additionally, some important 
descriptive data such as race/ethnicity are poorly recorded.228 229 
 
Specifically considering surveillance of LC, it is worth noting that there are systems in 
place elsewhere. For instance, the UK has a routine Covid surveillance, which includes 
questions on the proportion of individuals with, and living in households with, LC by 
time from the initial acute infection. The US CDC currently still reports that it is 
monitoring Long Covid; more details here.230 Data on LC are also gathered across OECD 
countries.231 
 
Aotearoa NZ has some relevant capacity in place for Covid-19 surveillance, e.g., routine 
waste-water testing but no surveillance of LC. At the very least, we need substantive 

https://www.cdc.gov/nndss/index.html
https://covid19.who.int/
https://ourworldindata.org/coronavirus
https://www.gov.uk/government/publications/covid-19-surveillance/covid-19-surveillance-and-immunity-studies-up-to-march-2024
https://www.cdc.gov/covid/php/long-covid/index.html#cdc_generic_section_8-explore-cdc-data
https://esr-cri.shinyapps.io/wastewater/#region=Auckland&site=Auckland%20Region&log_or_linear=linear&period=eighteenMonthsButton
https://esr-cri.shinyapps.io/wastewater/#region=Auckland&site=Auckland%20Region&log_or_linear=linear&period=eighteenMonthsButton
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surveillance drawing on experience with high quality systems used internationally. 
Aotearoa NZ has an LC registry232 that invites voluntary registration by those affected. 
Expanding this system to match something like the sophistication and reporting 
requirements of our cancer registry could be considered. 
 
13. Research 
There is a crucial need to develop an LC research strategy that can be coordinated with 
the rest of the world and bringing to bear relevant resources that allow the investigation 
of questions specific to NZ.12 Included in this scope is a need for research on LC 
management, particularly clinical trials, again taking advantage of opportunities to 
collaborate internationally. 
 
14. Coordination, policy, communication 
The NZ Royal Commission of Inquiry into Covid-19: Lessons Learned is an assessment 
of the way in which the acute early stages of the pandemic were handled in Aotearoa 
NZ. It has important implications for future government policy regarding the prevention 
and management of pandemics, which, in turn, have important implications for the 
prevention of LC (or its future relatives), particularly the need:233 

• to stop the spread of misinformation …; 
• to stockpile or manufacture personal protective equipment and testing kits locally 

to improve future pandemic preparedness; 
• for a future pandemic plan, including lessons from other countries;  
• for increased funding and resourcing of the health system; 
• for more research and science funding to help prepare for future pandemics. 

More specifically, there was a brief reference (p110) to the need for “support for those 
suffering from long-term health impacts from Covid-19, especially people with Long 
Covid, and that more should be done to raise awareness of the condition”.233 
 
In useful contrast, the comparable Australian inquiry report focused considerable 
attention on LC itself,234 expending several pages defining and describing the disorder 
(pp260-263). That report also noted the lack of relevant data and preparedness: “There 
remain large gaps in our knowledge about long Covid, and about vaccine effectiveness 
in preventing long Covid. Identifying control groups early in the pandemic would have 
helped to address potential evidence gaps in advance. Established data linkages would 
have allowed for early monitoring and analysis of long Covid and supported the 
translation of evidence into clear public health messaging,” a conclusion that applies 
essentially without modification to the need in Aotearoa NZ. 
 
Throughout, the Australian report reiterated the recommendation (Action 25) that there 
is a need “to invest in monitoring and evaluating the long-term impacts of Covid-19, 
including long Covid …”.234 
 
A recent Nature Editorial reminded us not to forget or distort the lessons of the Covid 
pandemic, concluding, “Public-health authorities must learn how to better 
communicate uncertainty to both policymakers and the public, so that changes in 
guidance during the next pandemic do not give rise to distrust. But, ultimately, the first 

https://www.tewhatuora.govt.nz/for-health-professionals/clinical-guidance/diseases-and-conditions/cancer/new-zealand-cancer-registry-nzcr
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step is to hold on to the urgency of 2020. Do not let history be forgotten — or worse, 
rewritten.”235 
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