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ABSTRACT

The COVID-19 pandemic was unprecedented in the number of people affected from all
cultures and countries. It posed immediate challenges of how to counter the Severe Acute
Respiratory Syndrome-Coronovirus-2 that was causing fatalities, overburdening hospitals,
and to develop effective vaccines and antivirals to complement the public health measures.
The ribonucleic acid technology used to develop a novel class of vaccines proved highly
successful in reducing the severe case numbers and fatalities. More challenging were the
secondary long lasting effects from the viral infection in a relatively high proportion of patients
now estimated to be in the range of 5-15%. The post viral condition, termed publicly Long
COVID, and clinically Post Acute Sequelae of COVID-19 surprised many clinicians with its
intractability. However, it mirrored previous experiences of patients suffering from ongoing
post-viral (stressor) conditions, covered by the umbrella term, Myalgic Encephalomyelitis/
Chronic Fatigue Syndrome. From over 775 million worldwide COVID-19 infections reported
to date there has arisen an estimated 60 million cases of Long COVID. Long COVID is a
hetergeneous condition with ~50% having a classic Myalgic Encephalomyelitis/Chronic
Fatigue Syndrome-like syndrome with over 200 similar symptoms to those reported for
this syndrome, but in addition ~25% are debilitated following the specific acute effects of
the virus on body organs like the lungs, heart, and kidneys. This heterogeneity highlights
the challenges of developing future management strategies, and treatments for the group
as a whole to at least lessen the burden for all, and to reverse the fatigue syndrome post-
viral condition for those with that clinical phenotype. Opportunities to understand Long COVID
as a model of post-viral conditions are possible because the condition has arisen with such
a large number of cases specific from this single stressor at the same time. Meaningful
longitudinal patient studies can now be initiated and its immediacy and frequency has
caught the attention of clinicians and scientists worldwide. Myalgic Encephalomyelitis/Chronic
Fatigue Syndrome cases by contrast have arisen constantly as a ‘drip feed’ in small numbers
from boutique infectious outbreaks like the first Severe Acute Respiratory Syndrome virus
epidemic in 2003 where there were only ~ 9000 infections, or from endemic viruses like
Epstein-Barr virus (glandular fever) from which ~5-10% develop a post-viral condition, but
additionally from other major stressors. Widespread interest and investment in Myalgic
Encephalomyelitis/Chronic Fatigue Syndrome research has been lacking. Long COVID
has now many talented scientists and clinicians researching its pathophysiology, and there
has been significant investment, spearheaded in the United States through the ‘Recover
Initiative’. It is hoped promising treatments can now be developed and tested in clinical trials.
This gives hope for the ‘missing millions’ of Myalgic Encephalomyelitis/Chronic Fatigue
Syndrome patients worldwide, many of whom have had their condition neglected for decades.
Beyond the core symptoms that define the clinical case definitions for both Long COVID
and Myalgic Encephalomyelitis/Chronic Fatigue Syndrome it is becoming clear the
broader symptoms of an individual patient can not only reflect their previous health
histories and co-morbidities, but also their specific genetic background. The major
challenge ahead is there will likely need an individual-focused treatment strategy to
improve the quality of life for these patients. Fundamental advances are still needed like
simple accessible diagnostic tests based on molecular markers that can rapidly confirm the

condition, follow its progress, and identify those at risk.

© 2024 European Society of Medicine 1



Introduction

The COVID-19 pandemic in its inital phase presented
as a huge risk to the world population with serious
illness and death following Severe Acute Respiratory
Syndrome-Coronovirus-2 (SARS-CoV-2) infections.
The aim of the following discussion is to highlight the
importance of public health measures and successful
vaccine development in reducing the impact of these
devastating effects and in managing the pandemic
and post-viral conditions that arose. As the pandemic
progressed it became clear there were serious
ongoing post-viral effects from the SARS-CoV-2
virus infection in susceptible people. These were
heterogenous and were given the generic name of
LONG COVID (LC). The growing knowlege of the
characteristics and pathophysiology of LC are
discussed here together with how the condition
might be managed. Since about half the cases of LC
resemble the post-viral/stressor syndome known as
Myalgic Encephalomyelitis/Chronic Fatigue Syndrome
(ME/CFS), the growing evidence for the close
relationship between these two condtions is evaluated.
As the COVID-19 pandemic has now seemingly
become endemic, it is still generating continuously
many cases of debiltating LC, and the need for
continuing public health measures is highlighted to
keep the infection rate low and thereby limit new
cases of LC. Emphasised is the need to maintain
the intense research investment and effort arising
with the appearance of LC, aimed at finding
treatment options that can give a better quality of
life if not a cure for patients. The goal of being able
to permanently reverse the aberrant physiology of
these post-viral conditions and their regulation,
now with >100million affected worldwide, should

not be lost.

The pandemic

The COVID-19 pandemic has been unprecedented
in human history in the number of people infected
from all cultures and countries. To date almost 776
million COVID-19 infections have been reported
worldwide' and from those has arisen an estimated

60 million cases of a post-viral debilitating syndrome

generally now referred to as (LC)*®. The extent and
rapidity of the SARS-CoV-2 spread in 2020 posed
immediate challenges with high fatalities within older
people in high risk housing complexes like rest
homes*, and in the number of severe cases requiring
hospitalisation and specialist ~ treatment,
overburdening many health systems even in highly
developed countries®. It was unknown whether it
would be possible to counter the devastating effects
of the SARS-CoV-2 virus by developing effective
vaccines and/or antivirals as powerful tools to
complement sound public health measures.
Fortunately highly innovative scientists among the
developed world were able to draw on their ongoing
work to mount a multipronged attempt to produce
different vaccine types®, and to repurpose’®, and to
develop new antivirals ? to blunt the worst effects

of the SARS-CoV-2 virus.

The challenge of producing an

effective vaccine

In 2020 many deaths from COVID19 were being
reported worldwide initially at a rate of ~1.7% of the
infections; there were graphic images of hospitals
in major cities overwhelmed with patients, which
required emergency storage of the bodies of the
deceased. Treatments to prevent deaths and lower
hosptitalisation rates were desperately needed, and
yet it was well known producing effective vaccines
against coronoviruses had previously been incredibly
challenging'™". The time required to produce vaccines
in the huge quantities that were needed, to test their
effectiveness, and to validate their safety in test
populations - in this case against COVID19 - seemed
to be an impossible task to be able to provide
immediate benefit. Yet remarkably within a relatively
short time many potential vaccines were developed,
including a new type using delivery of mRNA encoding
the immunogen, as well as some delivering the viral
spike protein directly as the antigen. Those that met
the safety and efficacy criteria became available as
choices for countries to mount in their mass vaccination
campaigns. Despite this, hoarding of large amounts

(several fold over requirements) in some developed
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nations left a shortage for those in the developing
world. An important lesson and challenge from this
pandemic, to aid in the preparation for future
pandemics, is the need for a universal worldwide
treaty with obligations on all signees to guarantee
wide and fair access to vaccines and other

resources'?3,

It was the success of the new class of vaccines based
on messenger ribonucleic acid (MRNA) delivery that
has revolutionised our thinking on vaccine production,
now post-COVID, providing an exciting opportunity
for application to widespread, or boutique endemic
infections, as well as for existing diseases. Already
development of an Ribonucleic acid (RNA) vaccine
against a highly pathogenic clade of bird flu (avian
influenza virus) has been achieved' and there is
intense activity underway on several other fronts.
The speed of the production of mRNA vaccines,
and the ease by which the mRNA can be modified
to combat new variants as they arise, was fortunately
complemented by both their relative safety and
relative efficacy for those developed against COVID19.
This predicts an exciting future for successful vaccine

production.

An extra potential biological safety feature provided
by mRNA vaccines is the ability to restrict high
concentrations of an immunogen circulating within
the blood that could have damaging effects. For
example, the SARS-CoV-2 spike protein binds to
the human Angiotensin Converting Enzyme 2 (ACE2)
receptor and enhances its carboxypeptidase activity™,
thereby affecting control of vasodilation and vascular
permeability. With the RNA vaccines the antigen
itself would be produced within the muscle cells
around the injection site'® after translation from the
specifc MRNA. The mRNA has a limited lifetime,
despite having been produced for vaccine
development with stabilising modifications to extend
its half life to a few days. The result of limited controlled
production of the foreign antigen that the immune
system could rapidly respond to and degrade
suggested that free circulation would be limited.

Indeed, a study of vaccinated subjects who had no

adverse reactions did not detect the spike protein
in plasma. By contrast, the damage of relatively high
concentrations of antigen in plasma unbound to
antibodies was demonstrated in rare cases of patients
who developed post-vaccine myocarditis'’.
Unfortunately, even with such successful vaccines
that passed their safety tests showing a very low
fequency of adverse reactions, with so many of the
world’s population receiving the vaccine, the absolute
number of rare adverse acute reactions like anaphylaxis
and myocarditis was significant. More challenging
was to highlight prior to vaccination those vulnerable
groups with co-morbitities that might experience
chronic ongoing debilitating effects on their health

from the vaccines themselves.

Impact of the vaccines and

opportunities for the future

The gold standard of hope was that the vaccines,
RNA based or otherwise, would prevent COVID-19
transmission, give long lasting protection, and thereby
prevent deaths and hospitalisations. For most of
world’s population who could get access to the
vaccines there were significant benefits as seen by
the reductions in the incidence of the severe effects.
A recent report on hospitalisation and fatality rates
pre-vaccination in the United States deduced a
hospitalisation rate of 5.7% and fatality rate of 1.7%®.
A comparison of rates of these outcomes between
vaccinated and non vaccinated people in 13 US
states between January 2001 and April 2022 showed
vaccination with three doses gave over 10-fold
protection from hospitalisation, and 2.5-fold if there
was no third booster, indicating the strong effect of
vaccination'. After the multi dose vaccination
campaigns, the cumulative fatality rate from COVID-
19 infection has dropped worldwide to around now
~7 million of ~776 milion reported cases'. Perhaps
surprisingly, in the 28 days of June 2024 there was
a higher apparent death rate (1860 from 126,316
reported cases), but it is acknowledged there is
now a significant under-reporting of infections, both
because some countries are no longer reporting, and

because there are less stringent reporting practices
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in those countries still collecting data so that many
people with only mild symptoms not requiring
clinical care no longer report their infection.

This achievement of vaccination containment led to
Katalin Kariko and Drew Weissman being awarded
the Nobel prize in Medicine in 2023 among many
other awards for their groundbreaking developmental
work on RNA vaccines that was exploited in this time
of dire need?®.

What was less clear was the extent to which the
vaccines protected against transmission from infected
people, for example within families. A systematic
review of 42 studies comparing the efficacy of seven
COVID-19 vaccines?' suggested the vaccines did
indeed provide benefit against COVID-19 infection
for the earlier variants, at least for a period of time.
By contrast, peak viral titers in the upper airways of
the lungs have been reported as similar between
vaccinated and unvaccinated individuals infected
by these early variants in several studies??. While
the evidence is somewhat confusing, key factors for
this paradox may have been the evolution of the new
variants, and/or the waning of the immunity with

time.

A challenge for the future that arises is that the
SARS-CoV-2 virus shows no signs of becoming
dormant and has now become endemic with mini-
waves of fluctuating rates of infection still frequently
occurring?®. Therefore understanding whether it was
the waning efficacy of the vaccine that could no longer
invoke an effective immune response to prevent
transmission, and/or the arrival of new variants that
were less effectively neutralised, was important.
New variants might be able to escape high efficacy
protection from a vaccine raised to the specific spike
protein sequence of the initial strains. This raised
the question of whether it would require frequent
production of new modified vaccines to match the
rather high frequency of change observed of a new
dominant variant? From April 2024, nearly all Sars-
CoV-2 sequences in public data bases were
derived from the JN.1 strain and the World Health
Organisation (WHO) has advised “the use of a

monovalent JN.1 lineage as the antigen for future
formulations of COVID-19 vaccines” 4.

The experience in New Zealand (NZ) is that JN.1
and sub variants of it have rapidly become the
predominant strain currently. As well, a significant
proportion of those vaccinated have now become
infected. Over 4.3 million (>95% of those of
appropriate age) were vaccinated with multiple doses,
the vast majority prior to infection. Now over half
the population have since been infected or re-
infected with the new variants, and reinfections make
up a significant proportion of the new cases each
week?. For example, in a week in June 2024 during
a new COVID-19 mini-wave there was a reported
4700 new infections of which 72% were re-infections,
385 of those were in hospital, and there were 45
fatalities with COVID-19 for the week. Internationally,
Hall et al studied 35,000 highly vaccinated (97%)
participants, 27% of whom had had a prior infection?.
Importantly, in the vaccinated group not previously
infected they found protection from two doses of
vaccine waned considerably after 6 months although
immunity of those previously infected was boosted
by such vaccination and was still high >1 year after
infection. These data are consistent with the evidence
that the degree of protection against SARS-CoV-2
re-infection, hospitalisation, and mortality by COVID-

19 vaccines reduces over time?’.

Immune imprinting is a phenomenon where prior
exposures to immunogen influences subsequent

2829 Recently

responses to infection or vaccination
it has been shown when the original vaccines were
used as a booster at a time of new variants, they
invoked antibody responses from the historical
immunisation that were against the new variant
thereby driving expansion of cross neutralizing
antibodies that provided more widespread
protection®. This provides some hope that producing
vaccines against every new variant might not be so
critical in the future and that new infections might

not be so damaging.

Forthe 5-10% of the population who have genetic
or co-morbidity susceptibility to develop Long COVID
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(LC), new infections are still likely to continue to
generate this debilitating ongoing post-viral condition
at a significant frequency despite the vaccinations.
Early studies were contradictory whether vaccination
was providing some protection against LC and
lowering the rates of its occurrence. Very recent
data®' perhaps resolves that paradox as rates of LC
were similar in unvaccinated (8.4%) and people
vaccinated with 2 doses (8.7 %) but reduced in those
who had had a third vaccination booster (5.8%).
Hence, vaccination seems to provide some protection
against the post-viral condition but with the significant
number of infections still occurring, even in this
reduced phase of the pandemic, new LC cases are
occurring in significant numbers to add to the world
burden of this disease. On these rates reported by
Fang et al,®" the Long COVID case load worldwide
currently would be between 45-66 million but are
likely significantly under reported. A very recent
study®? examined the records >400 000 US veterans
who had infection during the period March 2020 to
February 2022 to deduce the comparative rates of
developing LC from the original COVID-19 strain,
the subsequent delta variant and the omicron variant
that spanned this time frame. Encouragingly at one
year post infection in the unvaccinated group the
rates declined from 10.4% (original) to 9.5 % (delta)
to 7.7% (omicron), and in the vaccinated the rates
were 5.3% (delta) and 3.5% (omicron). These trends
are very encouraging not only from the progressively
lower rate with newer variants, but also the
effectiveness of the vaccination to lower the rates
even further. Nevertheless, the authors emphasized
with the large numbers still getting infected with
COVID-19 the risk is not trivial and reinforced the
conclusion that a high absolute number still becoming
affected by LC remains, adding to the health burden.

Tolerance of at risk people for the

protective vaccine

Most people had no more than a sore arm after
vaccination, while others suffered reactions like
chills, fatigue, headaches and generally were feeling
quite unwell for a few days. A study of those vaccinated

with two doses of the Pfizer mRNA vaccine highlighted
that this group had higher levels of neutralising
antibodies of 1.4 and 1.6-fold at 1 and 6 months after
vaccination. So this short term mildly uncomfortable
symptom reponse was a positive feature of the
efficacy of the vaccination for those individuals®.
There were also some rare acute adverse reactions
that became more obvious with the sheer number
of vaccinations given. Those presenting with acute
life-threatening symptoms in general were recognised
and could be managed immediately by a clinical
response, but more difficult to manage were chronic
ongoing reactions in vulnerable population subgroups
that were debilitating but not life threatening. Patients
reported responses from public health systems to
these reactions tended to be dismissive of their
condition being connected to the vaccination,
adding to the difficulties of those affected to manage
their condition as best as they could without good
clinical support. This is summarised in Figure 1.

In the phase Il clinical trials of the Pfizer and Moderna
mRNA vaccines there was a rare risk of serious
adverse events documented of 10 and 15 per 10
000 subjects vaccinated respectively®. Thrombosis
was most frequent, but strokes, myocarditis,
myocardial infarction, pulmonary embolism, and
arrythmias. Rarer transverse myelitis and disseminated
encephalomyelitis and other severe neurological
complications were also documented as well as

non life threatening chronic debilitating effects®>*.
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r )
REACTION TO COVID VACCINES
General population
(excluding ME/CFS patients)
Common Common Rare Common Rare Common
NO ADVERSE Acute Acute Chronic Acute NO ADVERSE
REACTION reaction reaction reaction reaction REACTION
Short term Stroke LOﬂg Vax Hospitansation
Fever Myocarditis ME/CFS relapse with abnormal
Fatigue Thrombosis physiology
Headaches Encephalomyelitis
Transverse myelitis
Myocardial infarction
Pulmonary embolism
\ Cerebral haemorrhage y

Figure 1. Reactions of the general population and those with a previous post-viral condition to the COVID

vaccines. Most in the general population had only transient discomfort but rarely there were acute responses

requiring medical attention. In ME/CFS patients a chronic adverse reaction with a significant worsening of their

condition was common.

Vaccination has been known prior to COVID-19 to
lead to the onset of a post-viral/stressor-like condition
mirroring ME/CFS in a small group of susceptible
people. Therefore it was not unexpected that there
might be similar cases arising from the COVID-19
vaccination programme among apparently healthy
individuals (see Figure 1). Indeed onset of chronic
debilitating symptoms of an ME/CFS-like condition
has been reported and called post-COVID-19
vaccination syndrome (PACVS)**. The term Long
Vax has also been coined for this condition as it has
gradually gained more acceptance among scientists
and clinicians, but is often now also referred to as
vaccine-caused LC. The evidence for such a ‘Long
Vax effect’ has been more clearly demonstrated in
people already suffering from the post-viral fatigue
condition ME/CFS (indicated as separate group on
the right side of Figure 1). They have proved to be
highly susceptible to a significant worsening of
their condition, as if the vaccination is boosting a
serious relapse of their pre-existing illness*. Similar
ME/CFS patient surveys completed in the United
States reported frequencies of adverse reactions as
high as 1 in 3 that were ongoing *.

The challenges of post COVID health

effects

Chronic health problems following COVID-19
infections are now presenting as a major ongoing
challenge as we contininue to live with the SARS-
CoV-2 virus seemingly permanently entrenched as
an endemic. There are two aspects to LC (a) organ
damage occurring at the time of infection that
manifests itself as a chronic consequential health
issue, for example a debilitating respiratory condition
particularly after infection with the early alpha and
delta variants and prior to vaccination, and (b) a classic
example of a post-viral fatigue syndrome from this
specific virus. Additionally there is an increased
susceptibility to develop other conditions, for example,
the incidence of heart attacks has increased 2-fold,
lung failure 4-fold, and type-2 diabetes by 1.5-fold".

Long COVID as originally defined encompasses
the first two groups of patients but it is important
to distinguish them so that the each subgroup can
be treated appropriately. Several significant issues
must be faced: understanding (a) the subgroups
falling within LC, (b) in depth the pathophysiology

© 2024 European Society of Medicine 6



of each subgroup, (c) what makes the 5-10%
susceptible to developing the post-viral fatigue
syndrome, (d) why some people with no ongoing
health problems post-COVID infection are now
showing susceptibilty to develop co-morbidities
like diabetes, heart disease, and lung disease arising
some time later, and what determines that this

subgroup of people are particularly susceptible.

For the post-viral fatigue ME/CFS-like subgroup of
the LC patients alone there are important issues to
resolve (a) how some people recover within 1-2
years (b) why others have their condition entrenched
long-term like ME/CFS patients, (c) developing
treatments to provide at least a better quality of life
for these long term patients, (d) understanding
whether treatments have to be personally tailored
to each patient, given that in ME/CFS patients
potential therapies have shown the range of some
benefit, no benefit or, a negative effect with individual
ME/CFS patients, (e) elucidating a way by which
the condition might be reversed.

The heterogenity of Long COVID

Since the observation of ongoing health problems
in some people after COVID-19 infection, the popular
term Long COVID (LC) became inclusive for all of
those now in poorer health. That meant they were a
heterogeneous group. The World Health Organisation
moved quickly and decisively to derive a clinical case
definition for LC. One consequence in this process
was by selecting out the most frequently experienced
symptoms of the now over 200 different symptoms
reported by patients, minor subgroups with a
particular symptom profile would be excluded. Indeed
the clinical case definition that emerged was very
similar to that derived for ME/CFS, suggesting the
"ME/CFS - like post-viral fatigue syndrome’ was likely
the dominant subgroup ®. In the conclusions of the
WHO report it was stated “as new evidence emerges
and our understanding of the consequences of
COVID-19 continues to evolve the definition would

likely change”“.

Recently, four clinical phenotypes were proposed

from a study of a cohort of 1800 patients; as inferred

from the WHO clinical case definition, the dominant
phenotype was an ME/CFS-like syndrome (~42%),
then a respiratory syndrome most likely from damage
to the lungs at infection from the early variants (23%),
a chronic pain syndrome, which can be found in
ME/CFS but more accompanying severe pain falls
within the diagnosis of fibromyalgia (22%), and a
neurosensorial syndrome of loss of taste and smell
(11%) — a feature specific to the SARS-CoV-2 virus®.

Without differentiation of research cohorts of LC
into such distinct subgroups for studies to understand
the pathophysiology and derive potential beneficial
treatments, there is the risk that different compositions
within cohorts used in studies could generate
inconsistent findings. Complicating this, is that the
> 200 symptoms reported by ME/CFS patients whose
condition arose from multiple different triggers
overlapped by ~95% with those identified in LC
despite the specificity of there being a single trigger
virus for LC*°. Moreover, patient to patient variation
has been found in the molecular changes that
underpin the ME/CFS syndrome, even those with
very similar symptom profiles®', suggesting symptom
variation among patients was not determined
primarily by the viral or stressor trigger but rather
arose from the genetic profile of each indiviual
patient. Hence each patient in a sense forms their
own clinical phenotype. Despite this, it would still
be hoped to be able to classify patients into a small
number of subgroups. This can explain why it has
been so difficult to develop any treatments for
those suffering from ME/CFS that can benefit the
majority. Promising targeted therapies have affected
some patients positively, some negatively, and
many not at all. There is the same challenge for LC
patients who have the ME/CFS-like phenotype.

Understanding what makes a person
susceptible to developing Long

COVID
This section relates to the ME/CFS-like phenotype

of LC. A quantitative survey we carried out on the
first cohort of LC patients in New Zealand, showed
prior health history of a highly stressful event seems

© 2024 European Society of Medicine 7
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to prime susceptibility. This could include a previous
infection with Epstein-Barr virus that was difficult to
recover from, a reaction to a vaccination that required
several months to recover from, or a deeply
traumatising emotional stress event®®. Additionally,
a wide range of co-morbidities are a risk factor for
developing LC*. There was also a significant familial
connection with multiple members of a family
developing the condition®. There were families who
reported multiple members with ME/CFS and/or
other fatigue conditions. Additionally the inability
to recover in the normal time frame from childhood
illnesses, and their frequency seemed to signal
susceptibility and that could also be explained by
genetic factor(s). These observations are sumarised

in Figure 2A.

Linkage of genetic factors to the development of

ME/CFS have been poorly understood until very

recently. Genome Wide Association studies (GWAS)
had failed to detect strong links between specific
genes and ME/CFS. However, an advance in the
GWAS technology with addition of a combinatorial
platform by Precision Life in Oxford has enabled
small clusters of single nucleotide polymorphisms
(SNPs) in combination to be linked to ME/CFS as
shown in Figure 2. Fifteen clusters of 3-5 SNPs
linked to 14 genes, relevant to cellular mechanisms
dysfunctional in ME/CFS, could account for 91% of
the samples from ME/CFS patients in the United
Kingdom Biobank®. A follow up paper examining
several cohorts of Long COVID gave more complex
results — with 73 genes linked to the condition but
39 of the SNPs detected were also linked to 9 of the
genes identified in the ME/CFS study *.

A
Family medical history . .
Previous health history
Genetic susceptibility Comorbidities
TRIGGER EVENT
Stressor (virus/bacteria/trauma/environment)
Chronic immune/inflammatory response
ME/CFS or LONG COVID
B ; C Abundant SNPs
SNPs linked to ME/CFS
(Das et al 2022) Sample SNP

rs2904106 rs10420798 | rs6832769
ME007 |Homozygous No Mutation | Heterozygous

15 clusters MEO015 | No Mutation No Mutation | No Mutation

(3 -5 5NPs) ME016 | Heterozygous Homozygous |Homozygous
MEO32 [ No Mutation No Mutation | Heterozygous

MEO33 | Heterozygous Heterozygous | Homozygous
14 COV09 [No Mutation No Mutation | Heterozygous
COV10 [ No Mutation No Mutation | Heterozygous

COV11 | Heterozygous No Mutation | Homozygous

COV1i2 [|No Mutation No Mutation |Homozygous

COV13 |No Mutation No Mutation |No Mutation

91% of ME/CFS
samples tested

from UK biobank CO32 No Mutation No Mutation | Heterozygous

CO34 No Mutation No Mutation |Homozygous

CO035 No Mutation No Mutation | Homozygous

CO39 No Mutation No Mutation |Homozygous

© 2024 European Society of Medicine 8



Figure 2. Factors determining susceptibility to developing Post — viral conditions.

A. Silent genetic susceptibility and personal health history, that may involve the development of co-morbidities, can

prime individuals for developing the post stressor/viral fatigue condition ME/CFS after a major stress event/viral

infection or with LC in response to SARS-CoV-2 infection.

B. The results reported by Dass et al 3 using a new combinatorial platform together with a Genome Wide Association
Screen (GWAS) with ME/CFS patient samples. C. Frequencies of three of the most abundant SNPs in small cohorts
of ME/CFS, LC and Healthy controls (Griffiths and Tate unpublished).

This provides an exciting opportunity and challenge
to determine whether it is possible to develop a
readily accessible genomic signature utilising a
fraction of the SNPs identified that could be a
predictor of susceptibility in families, where there
is already a member affected. We have determined
whether the 5 most frequently found SNPs reported
in the ME/CFS patient samples from the 15 clusters
of 3-5 SNPs >* were enriched singly or collectively
in small sample cohorts of ME/CFS and LC over
healthy controls; two SNPs were found only in some
of the ME/CFS patients, but for the other three they
were found at the same frequency in all groups, with
a common SNP illustrating this (Figure 2C). Not
surprisingly, these SNPs are all relatively common
variations in the general population. If a combination
of SNPs in an affected family member were sufficient
to form a ‘family signature’, albeit that might vary from
family to family, then identifying at risk members
within the family might be possible. Prophylactic
measures could then be taken within those at risk
when they were exposed to a major stressor event
or a viral outbreak to lower the probability of
developing the post-event condition. Indeed some
ME/CFS clinicians took such measures during the
vaccination campaign to protect their ME/CFS patients
from adverse reactions utilising antihistamines to
prevent mast cell activation, and in some cases

steroids, with apparent beneficial outcomes.

Pathophysiology of the subgroups
of Long COVID

Using the Gentilotti et al 2023 classification® the
respiratory syndrome characterised by coughs and
dyspnoea (shortness of breath) has focussed
symptoms that can be attributed to some damage

to the lungs from COVID-19 infection. The chronic
pain syndrome clinical phenotype involved arthalgia
(joint pain) and myalgia (muscle pain) as the dominant
symptoms. These forms of pain occur from multiple
causes, but may be underpinned by ME/CFS-like
symptoms, as in fibromyalgia, where there is
widespread musculoskeltal pain but also by fatigue,
sleep dysfunction, brain fog, and mood fluctuations.
The ME/CFS-like subgroup of LC, as described above,
has a complex plethora of symptoms. We have
proposed holistic models> to explain how ME/CFS
and LC develop, starting with a failure of the peripheral
immune inflammatory response to move out of the
transitory phase so that instead the response becomes
chronic. There can be an inflammatory reflex where
afferent neurons sense this state and communicate
to the brain for activation of the separate immune/
inflammatory system of the central nervous system,
or the communication could be via a disturbed blood
brain barrier, or vascular gateway reflex through a
specific blood vessel. Neuroinflammation has been
shown to occur in the brain in both LC and ME/CFS,
and classic neurological symptoms appear affecting
fatigue, sleep, cognition and memory (brain fog).
There is then disruption to the precise regulation
of body physiology (blood pressure, heart rate,
temperature, blood sugar, and the gastrointestinal
system)®. A dysfunctioning stress centre in the
paraventricular nucleus of the hypothalamus we
postulate explains why the affected person is very
sensitive to even small daily stresses and subject to
relapses®8. It can then be interpreted that daily
minor stresses sustain the disease so it is ongoing.
Much research is now underway trying to fill in the gaps
and explain the detailed mechanisms underpinning

these major symptoms, particulalry in LC.
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Understanding and treatment of

Post-viral fatigue syndromes

The rapid appearance of many cases of LC worldwide
from the COVID-19 pandemic simultaneously since
2020 has provided an opportunity to understand in
depth the post-viral conditions that have been with
us throughout history. The first evidence of their
occurrence can be dated back to descriptions of
Hammurabi, a Babylonian philosopher of the
eighteenth century BCE. Prominent people in history
like Florence Nightingale, the ‘mother of nursing’
and Charles Darwin, have been suggested to have
suffered from a similar condition®. In the last 100
years there have been ~70 reports of “boutique”
outbreaks of infectious disease that have given rise
to post-infection fatigue syndromes. Each was
geographically isolated, and with relatively small
numbers of cases, those developing the post-event
conditions were modest and so did not result in high
interest among the clinical and scientific communities,
nor significant investment in research. Nevertheless,
the numbers of people affected world wide have
gradually accumulated by stealth as the vast majority
of people (~95%) diagnosed with these complex
conditions have a fluctuating array of debilitating
symptoms for the duration of their lives®. It was
estimated that there were 20-30 million people
worldwide affected with ME/CFS before the

appearance of LC.

Abewildering list of at least 34 different names have
been given to the conditions we now group under
the collective name of ME/CFS. Aftera 1955 outbreak
in London the post-infectious disease condition
was called Myalgic Encephalomyelits (ME), the name
by which it became known in Europe, Canada, and
Australasia. It has now become linked with the name
Chronic Fatigue Syndrome (CFS) that was commonly
used in the United States®’. The same complex
symptomology can occur from external toxic assaults
on the body other than infectious agents such as from
an agricultural chemical, or a major life stress event.
This implies the complexity of the condition arises

from a chronic reaction in a susceptible person trying

to counter a major assault whatever the stressful
trigger might be.

In 2015 The Institute (now Academy) of Medicine
of the United States Academy of Sciences® published
an extensive report on Chronic fatigue Syndrome
(CFS) concluding it was a serious condition that
warranted much more attention from clinicans, and
social support for patients and their carers. The name
CFS was inferred to underplay the seriousness of
the syndrome, and a new name, Systemic Exercise
Intolerance Disease (SEID) to give the condition
‘gravitas’ was put forward in this expert report. While
this ‘35th proposed name’ has not been generally
used, and particularly by patients, the report was
critically important in raising the public profile of
ME/CFS in the US such that in 2019 the senate
recognised it as a serious disease, and affirmed a
commitment to support research, medical education,
and promote public awareness. The importance of
those health care professionals and medical
researchers working to discover the causes, and
working towards, diagnosis, treatments, and a cure
for ME/CFS was affirmed. May 12th was recognised
as International ME/CFS awareness day.

Medical education profiling ME/CFS within medical
schools, even in the highly developed countries, has
been sporadic so that many clinicians had limited
understanding of post-viral conditions when COVID-
19 arrived. For example, in the United Kingdom, of
22 medical schools that responded to a survey out
of 34 contacted requesting information, only 13
taught ME/CFS but by 6 different clinical disciplines
so that different perspectives of the disease were
delivered at different locations®.

This greater awareness of ME/CFS that had evolved
just before the appearance of COVID-19, a uniquely
widespread infectious disease event that suddently
generated large numbers of post-viral cases from
its single viral trigger. The welcomed financial support
that had been committed for research of ME/CFS just
prior to COVID-19 was dwarfed by that committed
by the US Congress for the ‘Recover initiative’ of the
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National Institutes of Health®, with over a billion
dollars given in December 2021 to find the causes
and develop treatments for LC, and now in 2024 an
additional half billion dollars. For the first time this
would allow definitive clinical trials to be carried out
on promising potential therapies. There were high
but perhaps unrealistic hopes among patient groups
of rapid advances in understanding and providing
treatments for LC that would also be relevant to ME/
CFS but, so far many of those affected have been
disppointed with the progress, and with their own
expected engagement, as living experts of their own

illness.

Patient-inspired not for profit organisations like
‘Patient Led Research Collaboration’ (PLRC) have now
been founded to provide more patient focus and
funding for patient-relevant research®. Another non-
profit organisation, The Open Medicine Foundation
has raised many millions of dollars to support
collaborative research, which includes their first
clinical trial, the Life Improvement Trial (LIFT), of two
promising drugs: the anti neuroinflammatory Low
Dose Naltrexone and the vagus nerve enhancer
Pyridostigmine (aka Mestinon), both singly and in
combination®. So the promise still is that the LC
research initiatives will give a huge boost to our
understanding of how to control the debilitating
effects of post-viral/stressor conditions and generate
effective treatments so that those affected will have
a much improved quality of life and be enabled to

play a fuller part in their familes and communities.

The benefit of Long COVID research

for ME/CFS patients

A key question is whether ME/CFS, and the known
characteristics of its pathophysiology elucidated so
far, is a suitable model to give us insight to understand
at least the ME/CFS-like syndome representing ~50%
of LC cases. Conversely, and importantly, will ME/
CFS patients in reality benefit from the findings of
the Recover intiative and the subsequent clinical
trials now beginning, and those from the patient-
consortiums arising from the current research effort
targeted at LC. Underpinning these questions is

whether the physiological response in susceptible
people to the SARS-CoV-2 virus is similar or markedly
different from their responses to the diverse range
of triggers that lead to ME/CFS?

An excellent pointer comes from a comparison of
the wide array of > 200 symptoms reported by both
groups of patients. For example, while the loss of
taste and smell, breathing difficulties, skin problems
and effects on the voice (of singers) are more
predominant in the LC syndrome, most of the 200
symptoms overlap between the two conditions.
There seems to be a much lower incidence of
gastrointestinal disturbances like irritable bowel
syndrome in this relatively early stage of LC than in
later stage ME/CFS. Indeed several authors have
referred to LC as becoming ME/CFS if it lasts
beyond 2 years®. This implies, since LC has been
with us for only 3-4 years, it might present biologically
currently as a juvenile form of ME/CFS since the
mean time of those affected with ME/CFS would be
>10 years. Comparative studies of the two conditions,
unless able to assemble cohorts of early stage ME/
CFS to match the LC time length of their condition,
must always have this factor as a limitation of their

conclusions.

Nevertheless, evidence-based predictions suggest
the likelihood that ME/CFS and LC will be mutually
beneficial in setting the priorities for productive
future studies®®¢?. Jason and colleagues have
outlined “what LC investigators can learn from four
decades of ME/CFS research”’®. Komaroff in his
talk at the 40th anniversary of the Massachussetts
ME/CFS and FM in 2022 (his interest in ME/CFS
spans this time) also strongly affirmed the similarity
between the ME/CFS and LC and that ME/CFS will
most likely benefit from the intensive activities to
understand LC¥. Supporting this view, he listed a
wide range of biological dysfunctions in common
between the two conditions: dysautonomia,
generation of autoantibodies, switch in energy
generation, low energy/hypometabolic state,
increased oxidative stress, mast cell activation,
abnormal cardiopulmonary responses to exercise

tests, blood vessel/coagulation disturbances, Epstein
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Barr virus and other herpes viral reactions, small
fibre neuropathy, cognitive dysfunction, disturbed
HPA axis, neuroinflammation, and gut micriobiome
changes. Those affected with the ME/CFS-like LC
syndrome experience the same core defining
symptom of ME/CFS Post-exertional malaise but
some differences in its expression that were attributed

to the early stage of the condition in LC"".

Comparative studies of molecular changes found
in LC and ME/CFS are re-inforcing those predictions.
For example, our study of DNA methylome changes
between ME/CFS and LC signalling gene expression

changes (Peppercorn et al unpublished) have
identified 13 sites in the genome where every
patient within the small cohorts of both conditions
showed differential methylation compared with
age/gender matched controls and all were in the
same direction whether hypo- or hypermethylated
(Figure 3A). Three cases of hypomethylation and ten
cases of hypermethylation in both conditions are
shown when compared with healthy controls. The
conclusion was that the changes likely caused the
same change in gene regulation in ME/CFS and LC.
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Figure 3. Changes in regulation at specific sites in the DNA methylome and the proteome of ME/CFS and Long

COVID. A. The 13 genomic sites where methylation changes have occurred in every patient of the ME/CFS and LC

cohorts (5 patients each) compared with 5 healthy controls. Three show hypomethylation, and 10 hypermethylation.

B. Twenty one examples of the many differentially regulated immune cell proteins in LC and ME/CFS illustrating up

or down regulation in common, but also in the opposite direction in the two condtions.

Our comparative study of immune cell proteins also
identified a group of differentially regulated proteins
in immune cells in common to both ME/CFS and LC
patients. In most cases the proteins were up or down
regulated similarly but in a minority of cases the
differential regulation occurred in opposite directions
(an illustrative subset are shown within Figure 3B).
There were more differentially regulated proteins
overall in the ME/CFS patient group study (346)

whose illness had lasted on average 16 years, than
the LC patients study (146) with an illness duration of
1 year, and that likely reflected the stages of illness of
the two conditions. Nevertheless, the differentially
regulated proteins identified reflected similar
molecular pathways like mitochondrial functions
linked to energy production (54 in ME/CFS and 21
in LC), immune system processes and cytokine
regulation (83 in ME/CFS and 37 in LC). Major
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overlapping clusters in both cases were also found
among proteins related to gene expression. The
conclusions from this study were that the two
conditions have similar dysfunctions in theirimmune
physiology as a prominent feature and, in both,
energy production was also significantly affected’2.
The unique differences might reflect the relatively
earlier stage of the LC illness or reflect the unique
footprint from the SARS-CoV-2 infection.

Public health issues arising from a
pandemic now downgraded to an

endemic

At the height of the pandemic in NZ there were
daily TV briefings from the Prime Minister and the
Director General of Health giving updates on the
effects of the pandemic and advocating for strong
public health measures. Coupled with emergency
border closures and quarantine restrictions to detect
cases as they entered the country, this saved many
lives among our elderly in rest homes and in the
community in general, and remarkably resulted in
a 95% approval rating for the Prime Minister's
actions, at least for a period of time that allowed
for a comprehensive vaccination strategy to be
implemented that protected ~95% of the population.
A national programme was instituted to monitor
not only the infections through wide spread testing
of patients and of waste water tnat allowed an
understanding of the dynamics of new viral variants

as they arose.

Restrictive measures however, could only be kept
in place for a finite period to ensure population
compliance. The challenge then has become how
to contain the ongoing waves of SARS-CoV-2
infections to prevent a significant secondary public
health crisis within a population who craved for
normality. When daily messenging from the
leadership stopped, so did public attention to the
remaining recommended health measures like mask
wearing on public transport, and avoiding large
gatherings that acted as nuclei for new outbreaks.
Of course the majority of the population has had

COVID-19 now, and most recovered from it
apparently without ongoing negative health
outcomes, and some have been infected multiple
times. New infections are generally being treated
like ‘an annoying flu’ that is tolerated among this
majority, but to the susceptible group who have
become new cases of LC it presented a totally

different threat to their well being.

Can this understandable reaction signal that there
will be ongoing waves of people developing chronic
disease as SARS-CoV-2 settles into becoming a
year long endemic virus, not only with the ME/CFS-
like condition but also with the silent increased risk
of diabetes, heart disease, kidney problems and
neurological disorders? The stark reality is very week
in NZ now with up to 5000 reported new cases of
COVID-19 there would be expected to be 250 new
cases of LC.

Even for the developed economies this likely will
present a struggle for their health services to provide
appropriate care, sufficient specialist clinics, and
specialist clinicians. Clinical coding of LC in the UK
between 2020 and 2023 has been shown to be very
low, limiting the identification of actual cases for
approriate treatment’®. A citizen science approach
whereby those affected by LC can direct a patient
needs-based research agenda has been explored’.
For those in lower middle income societies, their
public health sectors will not have the capacity and
the breadth of clinicans with the knowledge and
medical education to ensure good health care for
those severely affected. This has been documented
and described as a hidden public health crisis”.
Despite the lack of studies, the evidence suggests
the incidence of LC is the same as in the wealthier
countries, but there are also claims that few clinicians
acknowledge it even exists 7.

Will the past experiences of ME/CFS patients be
repeated worldwide with LC patients valiantly trying
to have their condition recognised and validated?
These infection-associated chronic conditions are
predicted to grow to at least 200 million in another
10 years and there is real concern LC research may
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gradually lose its current intensity and momentum

before effective treatments become available 77.

Conclusions

COVID-19 has not disappeared like the first COVID
outbreak in 2003, and SARS-CoV-2 has likely become
a non-seasonal endemic virus, with increased rates of
infection when a new variant emerges to outcompete
the dominant resident strain. This predicts a
significant future challenge. There will have to be
constant public health attention and surveillance
worldwide, and continued vaccination campaigns
to regulate case numbers and thereby mitigate a
significant ongoing and growing health burden.

One positive highlight has been the development
of the new vaccines, and now the further ongoing
innovation that is being applied to their evolution.
These innovations have provided highly encouraging
tools along with antivirals to be able to lower the
deaths and hospitalisation rates that overwhelmed
health systems at the beginning of the pandemic.
It is hoped however, there will be appropriate
widespread readily available treatment strategies
in anticipation for use with those unfortunate small
minority of individuals who will develop damaging
rare adverse reactions to their vaccinations, and
then ongoing social and financial support if that is
needed. The scale of the ongoing vaccinations
required for a best public health response will mean
a significant number of these adverse reactions will
continue to result and must be openly acknowledged.

The good news with respect to the post viral
condition Long COVID is that the later SARS-CoV-2
variants have led to a decreasing rate of long COVID,
and that prior vaccination can decrease it even
further. But because the ongoing COVID-19 case
numbers week by week are still significant there will
be many more affected people added to the growing
numbers with long term illness, and with increased
susceptibility to develop common serious diseases.
With only a four year follow-up time, insufficient time
has yet elapsed to see a comprehensive picture of
how seriously LC is going to affect our public health

systems but there have been many gloomy
predictions. The fact that LC is known to affect all
ages, apparently all ethnic groups, strike after first
infection or later infections, and arise from all virus
variants means preventing future COVID-19 cases
is critical. In NZ public health experts have called
for a comprehensive LC risk assessment, having
public health settings that will reduce markedly
infections and re-infections, and for the expansion
of vaccine eligibility and coverage as an attempt to
mitigate the serious effects on our health system’®.
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