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ARTICLE INFO ABSTRACT

Keywords: With the decrease in severity of COVID-19 there is a sense of relief in the general population. However, there has
COVID-19 been an increased incidence of cardiovascular and other organ complications post-infection, which have raised
Long-COVID

concerns about long COVID. The term “long COVID” was first used by Perego on social media to denote the
persistence of symptoms weeks or months after initial SARS-CoV-2 infection and the term ‘long haulers’ was first
described by Watson and by Yong to identify post-COVID conditions. There has been an increased incidence of
sudden cardiac death and MI post-COVID-19 in healthy individuals, sports persons and prominent movie stars.
Potential mechanisms contributing to the pathophysiology of post-acute COVID-19 may include 1) Damage to
tissues and cells that are important for blood flow, so clotting of blood is increased. 2) Persistence of fragments of
virus or its sub-particles/ protein material in a wide range of body sites and, 3) an immune system gone haywire.
As the majority of countries across the globe are easing coronavirus precautionary measures, there is an urgent
need by health care organizations and policymakers worldwide to generate awareness by educating the public at

Myocarditis
Post-acute sequelae of COVID-19

large, about the ill effects of long-COVID and varied types of post-acute sequelae of COVID-19.

1. Introduction
1.1. The alarm

While the severity of COVID-19 seemed to be decreasing worldwide
giving a sense of relief to the health care community, hospitals and
policymakers, at this juncture a critical study, published in “Nature
Medicine” Journal on 22 May 2022, has analyzed data of 1,54,000 US
veterans with SARS-CoV-2 infection. It has reported that in the year
2022, after recovering from the acute phase of illness the patients have
increased risk of multiple cardiovascular problems, including heart
muscle inflammation, abnormal heart rhythm, strokes, blood clots,
myocardial infarction, and heart failure. What was more alarming from
the findings of this study was that increased risk was present even among
those who were not hospitalized after the acute COVID-19 infection.
They further observed that even those people who were previously
healthy, did not have high BMI, were not obese, did not smoke, and did

not have kidney disease or diabetes had a higher risk of heart problems
post COVID-19 infection [1].

There have been recent findings of increased incidence of heart-
related morbidity and mortality including fatal myocardial infarction
and sudden death among young athletes, movie stars and individuals
with a healthy lifestyle, who had a recent history of COVID-19 infection
even with mild symptoms. It has raised genuine concerns about the
current limits of our knowledge and understanding regarding the
potentially high-risk and occult prevalence of COVID-19 heart mani-
festations [2]. COVID-19 has tested the knowledge of humankind and
has shown how the desire of society to return to pre-pandemic “normal”
can clash with science.

The results of another study done by Ziyad Al-Aly and published in
“Nature” showed that individuals who survive for 4 weeks or more after
COVID-19 diagnosis have an increased risk of death and are more likely
to use health care resources, as well as a substantial burden of health
loss, that includes both pulmonary as well as extra-pulmonary organs
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[3]. So a long-term approach to patient care in the post-COVID-19
setting is very important and needs to be holistic with the participa-
tion of multidisciplinary teams.

1.2. The science behind long-COVID

A long-lasting disorder that does not resolve over many months
(persisting for at least more than 4-8 weeks), arising following infection
with SARS-CoV-2 (virus that causes COVID-19), has been termed “long-
COVID”, “post COVID-19 condition” “post-acute sequelae of COVID-19”
(PASC) or post-acute sequelae SARS-CoV-2 infection. It may impact as
many as 40% of COVID-19 survivors [4,5]. The World health organi-
zation defines Post COVID-19 condition or long COVID as “the illness
that occurs in people who have a history of probable or confirmed
SARS-CoV-2 infection; usually within three months from the onset of
COVID-19, with symptoms and effects that last for at least two months.
The symptoms and effects of the post-COVID-19 condition cannot be
explained by an alternative diagnosis.” [6] The term long COVID was
first used by Perego on social media to denote the persistence of
symptoms weeks or months after initial SARS-CoV-2 infection and the
term ‘long haulers’ was first described by Watson and by Yong to
identify post-COVID conditions [7]. Long COVID has proved difficult to
study and define, not only because the array and varied severity of
symptoms makes it hard to objectify but also because of the fact that
there is no specific timeline which can be drawn to define the occurrence
of symptoms.

An important observation made by researchers regarding long
COVID is that the symptoms fluctuate, and people often go through
phases of feeling better before relapsing [8]. Nalbandian et al. reviewed
nine studies related to the prevalence of “long COVID” and found that
between 32.6% and 87.4% of patients reported at least one symptom
persisting after several months [9]. Long COVID seems to be more
commonly observed in females as compared to males. Post-acute
sequelae of COVID-19 are being diagnosed equally in patients who
developed severe acute COVID-19, and also in those patients who
experienced only mild symptoms or asymptomatic cases. Evans and her
PHOSP-COVID colleagues found little relationship between the severity
of the acute phase, or levels of organ damage, and the severity of long
COVID [10]. However, in a recent study published in Nature, the authors
found that the frequency of long COVID exhibit a graded increase in
severity of the spectrum of the initial acute phase of COVID-19 (from
asymptomatic or symptomatic non-hospitalized, to hospitalized in-
dividuals to those admitted to ICU) [11].

An extensive list of symptoms in varying combinations and severity
has been reported by a survey of thousands of people which includes
shortness of breath, fatigue, dry cough, headache, muscle aches,
insomnia, palpitations, chronic rhinitis, dysgeusia, chills, sore throat
and cognitive dysfunctions. Athena Akrami with her team found 205
different symptoms in a study in an international cohort of more than
3500 people [12].

Potential mechanisms contributing to the pathophysiology of post-
acute COVID-19 may include 1) damage to the tissues and cells that
are important for blood flow and clotting of blood is increased. Also,
there may be an increased incidence of circulating minute blood clots/
amyloid micro clot formation, due to acute viral infection or fueled by its
aftermath, which might lead to micro-infarcts in various organs
including the heart 2.) Persistence of fragments of virus or its sub-
particles/ protein material in a wide range of body sites, especially
nerves and other tissues like the heart, which may keep on hurting
chronically, 3.) an immune system gone haywire and attacking the rest
of the body, hence the proposition that long COVID could be an auto-
immune condition [13,14]. Most of the studies conclude that there are
multiple mechanisms at work that lead to long COVID, so there are
different and varied clinical presentations.

A significant increase in the level of dysregulated molecules (x(2)-
antiplasmin, various fibrinogen chains, as well as serum amyloid A
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(SAA)) was seen in supernatant and micro-clots in acute COVID-19 as
well as Long COVID/PASC by a research team of South Africa, and they
propose that it might be because of the prolonged inflammatory status in
long COVID/PASC [13]. So the suspected symptoms caused due to
long-COVID may be caused by the inflammatory molecules trapped in-
side the tiny blood clots.

1.3. Nature of the previous coronavirus and its latest counterpart: is there
any difference?

Respiratory tract infections are the main pathology of the previous
seven coronaviruses known to infect humans, without prominent
involvement of the heart. However, the coronavirus (SARS-CoV-2)
which led us to the current devastating pandemic has shown significant
infection of the heart in addition to the lung and can lead to necrosis of
myocytes mimicking heart attack, and myocarditis (inflammation of the
heart), blood clot, heart failure due to muscle dysfunction and
arrhythmias.

The Middle East respiratory syndrome (MERS; caused by MERS-CoV)
can very occasionally cause inflammation of the myocardium and very
few case reports of cardiac involvement in patients with SARS (caused
by SARS-CoV) have been documented [15]. The four “common cold”
human coronaviruses—H CoV-229E, H CoV-NL63, H CoV-OC43, and H
CoV-HKU1—have not shown any involvement in the heart [16].

The level of organ damage experienced by younger healthy adults
and children with long COVID is a major concern, since the development
of long COVID could greatly impact the future quality of life by pre-
disposing otherwise healthy people to chronic ailments.

1.4. The beginning

In the early days of the pandemic, most of the autopsy studies have
shown minimal to negligible direct viral cytopathic changes on the
myocytes: this could be due to limited samples examined. Then in March
2020, a case series from Wuhan, China was published in which re-
searchers studied 41 patients with COVID-19 which showed five patients
(12%) had a myocardial injury with elevated levels of high-sensitivity
cardiac troponin I [17]. Later in May 2020, a meta-analysis of six pub-
lished studies from China found that 8% of patients with COVID-19 had
associated cardiac injury [18].

1.5. The first significant “bugle” of myocardial involvement

As the cases started increasing, it became clear that Coronavirus was
wreaking havoc on the heart. In the beginning, troponin levels were
reported to be significantly high in patients suffering from COVID-19,
which alarmed clinicians and it was taken as an indicator of cardiac
injury. Early reports from China showed that 7-20% of patients suffering
from COVID-19 had increased levels of cardiac biomarkers or electro-
cardiographic (ECG) abnormalities indicating underlying myocardial
injury [19]. A retrospective study published from Wuhan, China, of 416
COVID-19 hospitalized patients found that 20% had an underlying
myocardial injury; these patients had a much higher mortality rate
(51%) as compared to patients without cardiac injury (5%) [20].

In hospitalized patients with COVID-19, acute heart failure, ar-
rhythmias, and blood clots began to be commonly encountered.
Myocarditis began to be identified as an important cardiovascular
complication at autopsy, especially in patients with high viral loads and
mononuclear cell infiltrates [21-23] One study suggested that up to 7%
of the deaths were caused due to myocarditis in COVID 19 patients [24].
Soon it was observed that acute myocarditis presents across a variable
range of clinical severity with increased serum troponin values, in pa-
tients with COVID-19 infection.
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1.6. The backstage to cardiac involvement

In a systematic review of 316 cases of cardiac autopsy taken from 41
studies, Roshdy et al. found a wide range of cardiac abnormalities
including gross pathology or histology in almost all cases, myocyte or
ventricular wall hypertrophy was seen in 85 cases (26.8%) and fibrosis
in 72 cases (22.8%). They noted acute myocardial ischemia in 25 cases
either in the form of acute myocardial infarction (MI) (n = 11) or
microscopic evidence of acute or early ischemia (n = 14). Also, fibrin
micro-vascular thrombi were identifiable in 27 cases. They also noted
that many studies reported the presence of SARS-CoV-2 within the
myocardium using different techniques in 50 of 105 hearts (47%) [25].
In a study of 50 cases of a cardiac autopsy by Sang J C et al., they
observed myocardial fibrosis in 80.0%, hypertrophy in 72.0%, and
microthrombi in 66.0% of cases. A review cohort consisting of 50 studies
including 548 hearts was observed by Raghed Almamlouk and his col-
leagues. They noted that the most prevalent acute cardiovascular find-
ings were myocardial necrosis (median: 100.0%; IQR, 20-100%; the
number of studies = 9; the number of patients = 64) and myocardial
oedema (median: 55.5%; IQR, 19.5-92.5%; the number of studies = 4;
the number of patients = 46). The most prevalent chronic changes were
myocyte hypertrophy (median: 69.0%; IQR, 46.8-92.1%) and fibrosis
(median: 35.0%; IQR, 35.0-90.5%). SARS-CoV-2 was detected in the
myocardium with a median prevalence of 60.8% (IQR 40.4-95.6%)
[26].

There are several studies demonstrating that SARS-CoV-2 binds to
ACE2 receptors with greater affinity compared to SARS-CoV. This may
partially explain the increased affinity of SARS-CoV-2 in different organs
including the heart of patients getting infected with the coronavirus
[27-29].

Multiple mechanisms have been shown to have a role in the patho-
genesis of multi-organ injury in response to infection with SARS-CoV-2
including direct viral toxicity, dysregulation of the immune response,
endothelial cell damage and thrombo-inflammation, and dysregulation
of the renin-angiotensin-aldosterone system (RAAS) [30]. There is sig-
nificant tropism of SARS-CoV-2, to organs other than the lungs,
including the heart, kidneys and liver, as has been demonstrated by
various studies. In a study from Germany by Puelles and his team, copies
of the virus were detected in the heart of 16 of 22 (72.7%) patients who
died of COVID-19 [31] In another autopsy series of 39 patients dying
from COVID-19, the virus was documented in 24 of 39 patients (61.5%),
whereas 31% had a high viral load above 1000 copies in the heart [32].
Besides directly infecting heart muscle cells, the viral entry has been
documented in the endothelial cells that line the blood vessels to the
heart and interstitial cells or macrophages invading the myocardial
tissue[32].

SARS-CoV-2 in cardiac tissue does not lead to an obligatory inflam-
matory reaction consistent with clinical myocarditis, it may lead to other
long-term consequences [32]. Many potential indirect effects have been
observed including secondary immune response to the infected heart
and endothelial cells (endothelitis). Juan A Pérez-Bermejo and his team
from the USA observed, the exposure of human induced pluripotent
stem cell (iPSC) derived heart cells to SARS-CoV-2 and found active
infection and marked transcriptomic and morphological hallmark of
damage, particularly in cardiomyocytes. Transcriptomic disruption of
structural proteins was directly associated with the adverse morphologic
features, which consisted of a specific myofibrillar fragmentation and
numerous iPSC-cardiomyocytes lacking nuclear DNA. Similar sarco-
meric disruption, as well as cardiomyocytes without DNA staining, has
also been observed from human autopsy specimens in patients of
COVID-19 infection. They raised concerns that these striking cytopathic
effects may adversely lead to long-term consequences on the COVID-19
heart [33].

Other indirect effects on the heart which can lead to long-term
consequences include, dysregulation of the renin-angiotensin-
aldosterone system that modulates blood pressure, downregulation of
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ACE2 and activation of a proinflammatory response involving platelets,
neutrophils, macrophages, and lymphocytes, with the release of cyto-
kines and a prothrombotic state. A propensity for clotting, both in the
microvasculature and large vessels, has been reported in multiple au-
topsy series and young COVID-19 patients presenting with strokes.

There has been an increased incidence of microvascular and large
vessel clot formation, especially in young COVID-19 patients with
strokes. These blood clots can block microcapillaries thereby inhibiting
oxygen exchange in various organs including the heart leading to late
cardiovascular pathologies. Pretorius E. and her colleagues at Stellen-
bosch University observed from their study that plasma samples from
Long COVID/PASC patients still contain large anomalous (amyloid)
deposits (micro clots). They further showed that these micro clots in
both acute COVID-19 and Long COVID/PASC plasma samples were
resistant to fibrinolysis (compared to plasma from controls and T2DM),
even after trypsinization. It was only after the second round of trypsi-
nization that, the persistent pellet deposits (micro clots) were solubi-
lized. They also detected various inflammatory molecules that were
markedly increased in both the supernatant and trapped in the solubi-
lized pellet deposits of acute COVID-19 and Long COVID/PASC as
compared to controls, especially a(2)-antiplasmin («2AP), various
fibrinogen chains, as well as Serum Amyloid A (SAA) [34]. The persis-
tence of micro clots in long-COVID/ PASC patients might have a sig-
nificant role in sudden cardiac death and other morbidities associated
with the heart.

A study was published in 2015 in JAMA, performed by Corrales-
Medina et al., on the association between hospitalization due to pneu-
monia and subsequent risk of cardiovascular disease. The investigators
followed-up of 591 pneumonia cases (community-based cohorts: Car-
diovascular Health Study) over 10 years and found that 206 developed
cardiovascular diseases (CVD) events during this period. CVD risk
among pneumonia cases compared with controls was highest during the
first year after hospitalization and remained significantly higher than
that among controls throughout 10 years [35]. Similarly COVID-19
associated pneumonia and pneumonitis may also indirectly increase
the risk of cardiovascular disease in the patients over some time, this
association also has to be studied in detail.

1.7. Bumpy Road ahead for cardiac manifestations of long COVID

There was an increased incidence of sudden cardiac death and MI
post-COVID-19 in healthy individuals, sports persons and prominent
celebrities, most of them young and healthy who had suffered from mild
manifestations of COVID-19. Since these were widely reported from
different parts of the globe on news and social media platforms, it led
researchers to thoroughly investigate possible causes.

Researchers soon noted that not only symptomatic people with
active infection but also those who were asymptomatic had heart-
wrecking effects of COVID-19. In a large-scale study, published in Na-
ture Medicine by researchers at the Veterans Affairs (VA) St Louis Health
Care System, long-term cardiovascular outcomes of COVID-19 were
analysed from data of nearly 154 000 US veterans with SARS-CoV-2
infection and this showed a very grim picture. They found that within
a year after recovering from the acute phase of illness, patients had
increased risks of several cardiovascular problems, including heart
muscle inflammation, abnormal heart rhythms, myocardial infarction,
blood clots, strokes, and heart failure. The increased risk was even more
evident among those who weren’t hospitalized with acute COVID-19. In
the 12 months follow up period, it was estimated that for every 1000
people, COVID-19 was associated with an extra 45.29 incidents of car-
diovascular condition, as compared to the control group. There were,
23.48 incidents of major adverse cardiovascular events (MACEs),
including myocardial infarction and stroke, 19.86 incidents of dys-
rhythmias, including 10.74 incidents of atrial fibrillation, 12.72 in-
cidents of other cardiovascular disorders including 11.61 incidents of
heart failure and 3.56 incidents of non-ischemic cardiomyopathy, 9.88
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cases of thromboembolic disorders, consisting of 5.47 incidents of pul-
monary embolism and 4.18 incidents of deep vein thrombosis, 7.28 in-
cidents of ischemic heart disease including 5.35 incidents of acute
coronary disease, 2.5 incidents of angina, 2.91 incidents of myocardial
infarction, 5.48 incidents of cerebrovascular disorders, including 4.03
incidents of stroke and 1.23 incidents of inflammatory disease of the
heart or pericardium, including 0.98 incidents of pericarditis and 0.31
incidents of myocarditis. There were increased risks of post-COVID
complications which did not have any correlation with age, race, sex,
obesity, smoking, hypertension, diabetes, chronic kidney disease,
hyperlipidemia, and pre-existing cardiovascular disease. Patients with
more severe diseases (determined by whether they recuperated at home,
were hospitalized, or were admitted to the intensive care unit) had
higher risks.

In July 2020, Puntmann and his team described the outcomes of
cardiovascular Magnetic Resonance Imaging in patients who recently
recovered from COVID-19. They observed that, high-sensitivity troponin
T (hsTnT) was detectable (greater than 3 pg/mL) in 71 patients recently
recovered from COVID-19 (71%) and significantly elevated (greater
than 13.9 pg/mL) in 5 patients (5%). More alarming and eye opener was
the finding that of the 100 people studied, 78 had some kind of heart
irregularity around two months after infection — and 60 showed signs of
ongoing myocardial inflammation, some of whom were even asymp-
tomatic [36].

1.8. How are children facing long COVID

Globally it has been observed that children are at a higher risk of
SARS-CoV-2 infection, although the severity of the disease is mild in
most of them. This is not just due to a lack of approved vaccines for
children aged 0-4 years but only a few countries allowing vaccination
for children aged 5-11 years, difficulties in practicing social distancing
among children because of their schooling and less effectiveness of the
vaccine, specifically against the Omicron variant of SARS-CoV-2 [37,
38]. In certain European countries, up to 58% of all children have had
laboratory-confirmed infection. After the acute phase of SARS-CoV-2
infection, children can also develop long COVID symptoms. The most
common, post Covid condition/ long COVID symptoms observed in
children are headache (3-80%), fatigue (3-87%), sleep disturbance
(2-63%), concentration difficulties (2-81%), and abdominal pain
(1-76%) [37].

Professor Berg and his team did a nationwide survey-based study in
Denmark to study long COVID symptoms in SARS-CoV-2-positive chil-
dren aged 0-14 years. Their study group comprised SARS-CoV-2-
positive children by PCR test aged 0-14 years (cases) and matched
controls from Danish national registers. Cases and controls were selected
between Jan 1, 2020, and July 12, 2021. Responses to the survey were
received from 10 997 (28-8%) of 38 152 cases and 33 016 (22-4%) of
147 212 controls. For their study, they further divided both cases and
controls into three age groups. They investigated the prevalence of long-
lasting symptoms, the duration and intensity of symptoms, quality of
life, number of sick days and absences from daycare or school, and
psychological and social outcomes. They noticed cases had higher odds
of reporting at least one symptom lasting more than 2 months than did
the controls in all three age groups. They concluded that children with a
confirmed history of SARS-CoV-2 infection between 0 and 14 years of
age had prevalent long-lasting symptoms compared to the control group
[39].

Another study from Germany by Martin Roessler and colleagues
titled “Post COVID-19 in children, adolescents, and adults: results of a
matched cohort study including more than 150,000 individuals with
COVID-19” showed that for all health outcomes combined, incidence
rates (IRs) in the COVID-19 cohort were significantly higher than those
in the control cohort in both children/adolescents. They used overall, 96
pre-defined health outcomes which were aggregated into 13 diagnosis/
symptom complexes and three domains (physical health, mental health,
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and physical/mental overlap domain) [40]. A sample-based observation
from the United Kingdom showed the prevalence of persistent symptoms
lasting > 4 weeks in children during the second and third U.K. wave of
the COVID-19 pandemic was1.7% overall, and 4.6% among children
with a definite history of SARS-CoV-2 infection [41]. Long COVID must
also be recognized as an alarming condition in children, and the need of
the hour is a multi-disciplinary long COVID clinic for children as has
been advocated for adults.

1.9. Vaccination and long COVID, it is protective. Think again!

Vaccination has a definite role in markedly decreasing the severity of
COVID-19 and this has been proven without any doubt. Whether vaccine
has a role in long COVID patients, including those with breakthrough
infections, is however a matter of debate.

In the beginning, multiple smaller studies and one comparatively
larger study found that vaccination has significant protection against
long COVID [42,43]. The larger study by Michela Antonelli et al. found
after analyzing the data of a cohort of 1.2 million UK smartphone users,
who self-reported their condition, that two doses of a COVID-19 vaccine
halved the risk of long COVID. This came as a relief for vaccinated
people in which the severity of breakthrough infection was markedly
reduced.

However soon after it was found in a large-scale study of more than
13 million people published in “Nature Medicine” on 25 May 2022, that
vaccination against SARS-CoV-2 lowers the risk of long COVID after
infection by only about 15%. The authors of this study also found that
there was no difference in type or severity of long COVID symptoms in
unvaccinated SARS-CoV-2 infected patients and those having a break-
through infection [1].

1.10. The pandemic seems to be dwindling but not the suffering

As the majority of countries worldwide are easing coronavirus pre-
cautionary measures, there is an urgent need by health care organiza-
tions and policymakers to generate awareness by educating the public at
large, about the ill effects of long-COVID and varied types of post-acute
sequelae of COVID-19. This is important as it may affect vital organs like
the heart and brain. Cardiac conditions need special attention, as there
has been an increasing incidence of sudden cardiac death, myocarditis,
stroke and myocardial infarction, especially in healthy individuals and
sports persons who had a definite history of suffering from even mild
COVID-19 in the recent past.

Even if we are vaccinated shall we need to protect ourselves from re-
infection? This is an important question because due to widespread
vaccination, the severe manifestations of COVID-19 have decreased
drastically and people have started considering it at par with the usual
flu and mild infective condition /pneumonia. How much vaccination
can prevent the long-term complication of COVID-19 is still unclear, as
the long COVID condition is prevalent in people who suffered from mild
symptoms,/ were asymptomatic and those who had severe COVID-19.

Nephrologist Ziyad Al-Aly at VA Saint Louis Health Care System in St
Louis, Missouri, whose ground-breaking research published in Nature
journal along with his colleagues, regarding “long COVID-19 after
breakthrough SARS-COV-2 infection” has aptly said, “ We collectively
dropped the ball on COVID-19” and “ I believe we are about to drop the
ball on long COVID” [1]. COVID-19 proved to be a devastating
multi-systemic disorder [44,45]. So, it is now high time that attention
should be focused on long COVID, as the majority of long COVID pa-
tients are young adults and a significant population of children. So the
risk of unproductivity, morbidity and mortality should not be forgotten
as a huge population world over has already been infected by
SARS-CoV-2. Let’s not drop the ball on long COVID.
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