Pathology - Research and Practice 246 (2023) 154497

Contents lists available at ScienceDirect 2 !x’s‘s\mgLOGY

AaND
PRACTICE

Pathology - Research and Practice mars

journal homepage: www.elsevier.com/locate/prp

ELSEVIER

Review ' :.)
COVID-19, post-acute COVID-19 syndrome (PACS, “long COVID”) and
post-COVID-19 vaccination syndrome (PCVS, “post-COVIDvac-syndrome”):
Similarities and differences

Felix Scholkmann® ", Christian-Albrecht May "

& University Hospital Zurich, University of Zurich, 8091 Zurich, Switzerland
b Department of Anatomy, Faculty of Medicine Carl Gustav Carus, TU Dresden, 01307 Dresden, Germany

ARTICLE INFO

Keywords:

SARS-CoV-2

COVID-19

Post-acute COVID-19 syndrome

PACS

Long COVID

Post-COVID-19 vaccination syndrome
PCVS

Acute COVID-19 vaccination syndrome
ACVS

Post-acute COVID-19 vaccination syndrome
PACVS

ABSTRACT

Worldwide there have been over 760 million confirmed coronavirus disease 2019 (COVID-19) cases, and over 13
billion COVID-19 vaccine doses have been administered as of April 2023, according to the World Health Or-
ganization. An infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) can lead to an acute
disease, i.e. COVID-19, but also to a post-acute COVID-19 syndrome (PACS, “long COVID”). Currently, the side
effects of COVID-19 vaccines are increasingly being noted and studied. Here, we summarise the currently
available indications and discuss our conclusions that (i) these side effects have specific similarities and differ-
ences to acute COVID-19 and PACS, that (ii) a new term should be used to refer to these side effects (post-COVID-
19 vaccination syndrome, PCVS, colloquially “post-COVIDvac-syndrome™), and that (iii) there is a need to
distinguish between acute COVID-19 vaccination syndrome (ACVS) and post-acute COVID-19 vaccination syn-
drome (PACVS) - in analogy to acute COVID-19 and PACS (“long COVID™). Moreover, we address mixed forms of
disease caused by natural SARS-CoV-2 infection and COVID-19 vaccination. We explain why it is important for
medical diagnosis, care and research to use the new terms (PCVS, ACVS and PACVS) in order to avoid confusion
and misinterpretation of the underlying causes of disease and to enable optimal medical therapy. We do not
recommend to use the term “Post-Vac-Syndrome” as it is imprecise. The article also serves to address the current
problem of “medical gaslighting” in relation to PACS and PCVS by raising awareness among the medical pro-
fessionals and supplying appropriate terminology for disease.

1. Introduction

previous SARS-CoV-2 infection [9,10], co-infections (e.g. with
Epstein-Barr virus) [11,12] and gut microbial dysbiosis [13]. From an

Starting with the first cases reported in China in December 2019 [1,
2], as of April 2023, there have been over 760 million confirmed coro-
navirus disease 2019 (COVID-19) cases (generally defined as positive
tests for the infection with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2)) worldwide, and over 13 billion COVID-19 vaccine
doses have been administered, according to the World Health Organi-
zation (WHO).

In most people, COVID-19 disease progresses without major com-
plications or escalation to a more severe course. Disease severity is
associated with several factors [3], including older age and pre-existing
health conditions like diabetes, arterial hypertension and obesity [4] as
well as the individual vitamin D level [5-7], pre-existing immunity to
circulating human coronaviruses before the SARS-CoV-2 pandemic [8],
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epidemiological point of view, environmental factors including air
pollution, climate and chemical exposures also play a role in relation to
the pandemic [14]. The COVID-19 case fatality rate is mainly
age-dependent [15] and generally fell over the course of the pandemic
parallel to the occurrence of novel SARS-CoV-2 variants [16,17].

After the acute phase of a SARS-CoV-2 infection, a proportion of
those infected show persistent somatic symptoms over weeks, months
and even years, including general tiredness, muscle pain, difficulties
when breathing, tingling extremities, chest pain or a lump in the throat
[18]. This post-COVID-19 condition is termed “long COVID” and is also
referred to as “post-acute sequelae of COVID-19”, “post-COVID-19 syn-
drome”, “post-COVID conditions” or post-acute COVID-19 syndrome
(PACS) (a term we recommend and use in this work). PACS “has a
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multifactorial nature and multiple pathophysiological factors at play”
[19] and is a “multisystemic illness encompassing ME/CFS [myalgic
encephalomyelitis/chronic fatigue syndrome], dysautonomia, impacts
on multiple organ systems, and vascular and clotting abnormalities”
[20] whereby specific types of PACS can be defined depending, for
example, on the type of symptoms [21-24], severity of symptoms [25]
or the timeline of the symptoms’ appearance [26,27]. The probability of
developing PACS depends on many factors, including the type of
SARS-CoV-2 variant infected with. For example, the odds of PACS
development is reduced with the SARS-CoV-2 omicron variant,
compared to the delta variant [28]. According to data from the UK
(December 2021 to March 2022, n = 56003 adults), 4.5% people
experienced PACS (after infection with the Omicron variant), and 10.8%
(after infection with the Delta variant) [28].

While according to the WHO more than 350 COVID-19 vaccines are
currently in preclinical or clinical development (January 2023), ten
have already been approved by the WHO for global use. The vaccines
can be divided into four different types: “inactivated virus vaccines
(Sinopharm’s Covilo, Sinovac’s CoronaVac, and Bharat Biotech’s
Covaxin), messenger RNA (mRNA) vaccines (Moderna’s Spikevax
mRNA-1273 and Pfizer-BioNTech’s Comirnaty BNT162b2), adenovirus
vector-based vaccines (AstraZeneca’s Vaxzevria and Covishield ChA-
dOx1 and Johnson & Johnson-Janssen’s Ad26. COV2. S), and adju-
vanted protein vaccines (Novavax’s Nuvaxovid and Covovax NVX-
CoV2373).” [29]. In addition, there are other vaccines in use that have
been approved by other regulatory authorities (e.g. the self-amplifying
COVID-19 mRNA vaccine GEMCOVAC-19 and the DNA plasmid based
COVID-19 vaccine, both approved for emergency use in India).

The global COVID-19 vaccination campaign started in December
2020 and is ongoing. Currently the global COVID-19 vaccine campaign
faces two challenges: a decrease in the vaccine’s efficacy in preventing a
more severe COVID-19 disease course and/or death, and in parallel an
increased recognition and awareness in relation to possible problems
with the vaccine’s safety.

While a recent mathematical modelling study estimated that the
global COVID-19 vaccination campaign prevented 14.4 million deaths
from COVID-19 in 185 countries and territories [30] (but see also a
critical evaluation of the methodology of this study [311]), the efficacy of
the available COVID-19 vaccines is declining as novel SARS-CoV-2
variants emerge [32,33]. The current use of a bivalent booster for the
two available mRNA COVID-19 vaccines (including the wild-type
(Wuhan-Hu-1) and Omicron (BA.1) SARS-CoV-2 spike messenger
RNAs) “likely only represents a temporizing measure until variants
emerge”, and the “need to repeatedly vaccinate at-risk populations,
combined with the documented emergence of a new dominant
SARS-CoV-2 variant approximately every 3—4 months, presents a public
health dilemma.” [34]. In addition, the “long-term consequences of
ongoing, repeated vaccination campaigns against COVID-19 for viral
ecology and viral mutations inducing vaccine resistance” is seen as a
potential problem, and there is also the serious concern of the risk of
“repeated vaccination to cause vaccine exhaustion and, consequently,
reduce protection against microbial infection” [35]. Repeated vaccina-
tion with the same antigen has been shown to induce overstimulation of
CD4" T cells and subsequent development of autoantibody-inducing
CD4" T cells [36].

The protection gained from a COVID-19 vaccination booster dose
diminishes with increasing number of booster doses received, as
recently found [37]. Repeated vaccination and confrontation with novel
antigen variants are associated with the immune memory phenomenon
of “original antigenic sin” (leading to less efficient immune responses in
comparison to the original antigen variant) and “immune imprinting”
(leading to a progressively narrowed immune response towards a new
antigen variant) [38]. That the “vaccine-induced immune imprinting
against the S [spike] protein partially inhibits the response against the N
[nucleocapsid] protein after SARS-CoV-2 infection” has been shown
already [39], and a recent study came to the conclusion that “protective
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effects from the humoral immunity and cellular immunity established by
the conventional immunization were both profoundly impaired during
the extended vaccination course.” [40]. Immune imprinting was also
concluded to be the reason for the unexpectedly reduced efficacy of the
novel bivalent COVID-19 vaccines since the “immune systems of people
immunized with the bivalent vaccine, all of whom had previously been
vaccinated, were primed to respond to the ancestral strain of SAR-
S-CoV-2” [41]. Also the “antibody dependent enhancement” (ADE)
mechanism becomes relevant, as demonstrated by new results showing
the “possible emergence of adverse effects caused by these [antibodies]
in addition to the therapeutic or preventive effect”; some sera of
mRNA-vaccinated individuals were observed to “gradually exhibited
dominance of ADE activity in a time-dependent manner” [42]. The
recent documentation of an immunoglobulin G4 (IgG4) dominated im-
mune response after three doses of the Pfizer BNT162b2 COVID-19
vaccine [43], possibly inducing immune tolerance [44], must also be
considered in this context.

With regard to the safety of the vaccines, adverse effects following
COVID-19 vaccination are increasingly being noticed and studied,
including cardiovascular [45-49], neurological [50-53] as well as
autoimmune and inflammatory [54-59] disorders.

Researchers and doctors around the world are confronted with pa-
tients with various symptoms after SARS-CoV-2 infection and/or
COVID-19 vaccination. In the work presented here, we address the
current need for appropriate medical terminology that classifies the
syndromes associated with SARS-CoV-2 infection and COVID-19 vacci-
nation, based on specific similarities and differences of these conditions.

2. The need for a new unified medical terminology: COVID-19,
PACS, PCVS, ACVS and PACVS

Based on the facts summarised so far in the introduction, we
hypothesise that (i) the COVID-19 vaccination side effects have specific
similarities and differences to acute COVID-19 and PACS, that (ii) a new
term should be used to refer to these side effects (post-COVID-19
vaccination syndrome, PCVS, colloquially “post-COVIDvac-syndrome”),
and that (iii) there is a need to distinguish between an acute COVID-19
vaccination syndrome (ACVS) and a post-acute COVID-19 vaccination
syndrome (PACVS) - in analogy to acute COVID-19 and PACS (“long
COVID”).

Fig. 1 visualises the definition of the terms. Based on this concept, the
syndromes can be classified according to their cause (infection/vacci-
nation) and according to their general temporal manifestation (acute/
chronic). The transition from the acute to the chronic phase is fluid and
not abrupt.

Fig. 2 visualises our concept, according to which the acute phases
(COVID-19, ACVS) and the chronic phases (PACS, PACVS) of both syn-
drome types (infection-related and vaccination-related) show
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Fig. 1. Definition of the terminology of syndromes with respect to the causative
factor (infection/vaccination) und their general temporal manifestation. The
colour gradient shows that it is a spectrum where the initial syndrome can
change to the following syndrome.
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Fig. 2. Visualisation of the terminology in the form of Venn diagrams based on overlapping symptoms, in terms of (a) COVID-19 and ACVS, (b) PACS and PACVS,

and (c) COVID-19, PCVS and PACS.

similarities in symptomatology, although characteristic differences also
exist (Fig. 2 (a,b)). The entire symptom spectrum of PCVS thus has
similarities but also characteristic differences to COVID-19 and PACS
(Fig. 2 (c)).

Table 1 provides translations of the three newly defined terms into
major European languages to facilitate the application of the new terms
in the local language.

Table 1

The three newly defined terms for COVID-19 vaccine-induced syndromes in
major European languages.

Post-COVID-19
vaccination syndrome
(PCVS, “post-
COVIDvac-syndrome”)

Acute COVID-19
vaccination
syndrome (ACVS)

Post-acute COVID-
19 vaccination
syndrome
(PACVS)

German

French

Italian

Hispanic

Post-COVID-19-
Impfsyndrom (PCIS,
“Post-COVIDvac-
Syndrom™)

Syndrome post-
vaccination COVID-19
(SPVQC)

Sindrome post
vaccinazione COVID-19
(SPVQC)

Sindrome
postvacunacién COVID-
19 (SPVQ)

Akutes COVID-19-
Impfsyndrom
(ACIS)

Syndrome aigu de
vaccination
COVID-19 (SAVC)
Sindrome acuta da
vaccinazione
COVID-19 (SAVC)

Sindrome agudo de
vacunacién
COVID-19 (SACV)

Post-akutes COVID-
19-Impfsyndrom
(PACIS)

Syndrome post-aigu
de vaccination
COVID-19 (SPAVC)
Sindrome post-
acuta da
vaccinazione
COVID-19 (SPAVC)
Sindrome
postvacunal agudo
por COVID-19
(SPAVC)

3. SARS-CoV-2 infection- and COVID-19 vaccination-induced
syndromes: similarities and differences

The clinical symptoms of COVID-19 depend on the disease severity
and most commonly include fever, cough, fatigue and dyspnoea [60,61]
while the symptoms are differentially present through the disease course
[61] and, dependent on the severity of the disease, may lead to mani-
festation of an acute respiratory distress syndrome [62,63]. The types
and severity of COVID-19 symptoms were found also to depend on the
SARS-CoV-2 variant of infection [64-67].

In a subset of people infected with SARS-CoV-2 and developing
COVID-19, symptoms can persist after the acute phase for months and
even years [68]. Common symptoms of this post-COVID-19 condition
(PACS, “long COVID”) include fatigue, dyspnoea, myalgia, chest pain,
cough and sputum production [69-71] but can also include ones asso-
ciated with pathophysiological states and processes in all organ systems.
There is therefore a clear overlap between the symptoms of COVID-19
and PACS. The number of PACS symptoms was shown to be also
dependent on the type of SARS-CoV-2 variant of infection (e.g. higher
number of symptoms in individuals infected with the original (Wuhan)
variant compared to those with the Alpha or Delta ones [66]). For the
definition of PACS, the time interval between SARS-CoV-2 infection/-
COVID-19 and the duration of the subsequent symptoms is relevant as
well. According to the WHO, PACS is characterized by “the continuation
or development of new symptoms 3 months after the initial SARS-CoV-2
infection, with these symptoms lasting for at least 2 months with no
other explanation” [72]. According to the US Centers of Disease Control
and Prevention (CDC) however, the symptoms need to be present for “4
weeks or more after the initial phase of infection” [73]. COVID-19 and
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PACS appear to represent specific states (acute vs. chronic) in a spectrum
of the disease caused by the SARS-CoV-2 infection, where the transition
between COVID-19 and PACS is fluid (with the temporal boundary still
defined differently) and there is an asymmetry of the two syndromes
(PACS without prior SARS-CoV-2 infection: not possible; SARS-CoV-2
infection without subsequent PACS: possible). The PACS symptoms
can last for years; a recent study found that “the proportion of patients
with at least 1 post-COVID-19 symptom 2 years after acute infection was
59.7% for hospitalized patients and 67.5% for those not requiring hos-
pitalization” [74]. Although PACS has unique characteristics, post-acute
infection syndromes (PAIS) can also be present after other types of in-
fections [75-79]. For example, “post-infectious fatigue” (also termed
“post-infectious fatigue syndrome”) and ME/CFS has been documented
after infection with influenza viruses [80-82], Dengue virus [83,84],
Puumala virus [85], Epstein-Barr virus [86-89], enterovirus [90],
human parvovirus B19 [91], the spirochete Borrelia [92-95], bacterium
Coxiella burnetii [96] and the protozoan Giardia [97-103]. A relatively
widespread and increasingly researched PAIS is for example the
“post-treatment Lyme disease syndrome” (also known as “post-Lyme
syndrome™) with fatigue also a key symptom [104-107]. PACS is
therefore a type of PAIS. What must also be taken into account is that
after acute illnesses, physical and cognitive impairments can occur,
especially if intensive medical care has been provided. This phenome-
non, known as “post-intensive care syndrome” (PICS) [108-112], is also
relevant for PACS [113-119] (and in principle also for PACVS).

With regard to the side-effects of COVID-19 vaccinations, the most
frequent ones are mild to moderate, non-serious and include fatigue,
pain at the site of injection, fever, chills, muscle pain, joint pain, and
headache lasting a few days [120-134], indicating generally a transient
production of type I interferons as part of the immune system’s reaction
to a pathogen [135]. In addition, severe adverse events (side effects) can
occur and the phenomenon of long-lasting non-severe side effects is
reported. The symptoms a person experiences after a COVID-19 vacci-
nation (independent of the time after vaccination and the duration of the
symptoms) can be generally assigned to the newly defined PCVS
(“post-COVIDvac-syndrome™). Although in most of the vaccinated peo-
ple the acute symptoms after vaccination disappear after a few days, the
symptoms remain for weeks or months in some. For example, Riad et al.
[121] reported that 3% of the vaccine recipients experienced side effect

4 COVID-19 associated deaths
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symptoms for longer than 1 week, and 1.4% for longer than 1 month. A
similar results was published by Klugar et al. [125] (4.6% for > 1 week
and 0.2% > 1 month). This supports our notion that there is a need to
distinguish between an acute and a chronic form of PCVS: ACVS (acute)
and PACVS (chronic).

Concerning the similarity of symptoms between acute COVID-19 and
ACVS, fatigue is a non-severe adverse event symptom shared by both
conditions [60,136]. ACVS can manifest in different ways, with for
example anaphylaxis [137-142] and vasovagal syncope/presyncope
[143] that can follow immediately after vaccination. In 2021, a specific
lot (41L20A) of the Moderna COVID-19 vaccine was discovered in the
USA associated with a disproportionately frequent triggering of severe
allergic reactions and the California Department of Public Health rec-
ommended to pause the administration of vaccines from this lot [144].

In the worst case, COVID-19 and ACVS (and PACVS) can lead to
death. What distinguishes death in both cases is the timing between
infection/vaccination and occurrence of death (see. Fig. 3). While the
distribution of time intervals with respect to COVID-19 symptom onset
to death peaks at about 1-3 weeks (depending on many factors including
the SARS-CoV-2 variant of infection, age and sex of the deceased
infected) [145,146] (Fig. 3(a,b)), the distribution of time intervals be-
tween COVID-19 vaccination and associated deaths follows a
double-exponential decay function with the most cases immediately
after vaccination [147] (Fig. 3(c)).

Severe side effects of COVID-19 vaccination have particularly an
overlap with symptoms of COVID-19. For example, myocarditis and
pericarditis have been found in association with COVID-19 [148-156]
and COVID-19 vaccination [46,148,157-174] with the onset of cardio-
vascular symptoms after vaccination normally occurring a few days after
vaccination [158,160-162,174,175]. While COVID-19 vaccine induced
myocarditis/pericarditis generally fall in the category ACVS, cases in the
category PACVS seem to occur too (e.g. 3 months after vaccination
[176]). More precise data is currently virtually non-existent, as the
observation period of the approval and post-marketing studies does not
take this long period of time into account and as the data is also much
more difficult to collect. For example, proof must be provided that the
vaccination is causally responsible for the disease. This can be done, for
example, through the detection of mRNA and/or spike proteins from the
COVID-19 vaccine. The spike protein (but not the nucleocapsid protein)
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Fig. 3. Latency between COVID-19 disease onset or COVID-19 vaccination and associated death. (a) Distribution of time intervals of COVID-19 symptom onset to
death (n = 3478, range: 1-97 days) based on data from South Korea (19 January 2020-10 January 2022, covering the phase of the pandemic where the wild-type
(Wuhan-Hu-1), alpha, delta and omicron (BA.1) variants were present) [145]. A double-exponential function is fitted to the data (+* = 0.9597). (b) Distribution of
time intervals between SARS-CoV-2 infection to death (n = 63,855) as a function of sex, age and four time periods during the pandemic based on data from the
United Kingdom (1 January 2020-20 January 2021, covering the phase of the pandemic where the wild-type (Wuhan-Hu-1) and alpha variants were present) [146].
(c) Distribution of time intervals between COVID-19 vaccination and associated deaths (n = 33,904) according to data from the US Vaccine Adverse Event Reporting
System (VAERS) (based on 1509,410 reports through January 20, 2023). The distribution follows a double-exponential decay function (red) (r* = 0.9819). However,
it should be noted that there is very likely a reporting bias, i.e. the probability of reporting deaths after vaccination is higher the closer the death occurred to the time
of vaccination. Therefore, it must be assumed that the exponential decline in reality is slower than the data shows.

(b) Reprinted and modified from Ward & Johnson [146], with permission from the publisher.
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could be detected, for example, “within the foci of inflammation in both
the brain and the heart, particularly in the endothelial cells of small
blood vessels” in an individual that collapsed 2 weeks after the third
dose of the COVID-19 vaccine and died 1 weeks after this incidence
[177]. The SARS-CoV-2 spike protein was also detected in cardiac tissue
in individuals experiencing intramyocardial inflammation after
COVID-19 vaccination, including a case with symptoms 21 days after
vaccination and successful mRNA detection [178]. Furthermore, the
presence of the SARS-CoV-2 spike protein was found in varicella zoster
virus (VZV) lesions in a patient suffering from VZV reactivation after
COVID-19 vaccination [179].

Besides myocarditis/pericarditis due to SARS-CoV-2 infection/
COVID-19 and COVID-19 vaccination, other severe health conditions
were observed, including neurological ones and issues by the reac-
tivation of chronic infections. For example, transverse myelitis has been
documented due to COVID-19 [180-186] and COVID-19 vaccination
[187-194]. In addition, VZV and herpes simplex virus, cytomegalovirus
and Epstein-Barr virus reactivation was found to be possibly occurring
due to COVID-19 [11,12,195-204] and COVID-19 vaccination
[205-213]. The reactivation of chronic infection seems to be also
associated with PACS. For example, Gold et al. found 66.7% of long
COVID patients to be positive for Epstein-Barr virus reactivation
(compared to 10% in control subjects) [214]. Another complication is
thrombosis which has been documented in association with COVID-19
[215-229] and COVID-19 vaccination [230-233]. In case of COVID-19
vaccination, vaccine-induced immune thrombotic thrombocytopenia
(VITT), which can lead to cerebral venous sinus thrombosis, has been
found to be particularly associated with the adenovirus vector-based
COVID-19 vaccines [234-242]. Another example are retinal arter-
y/vein occlusions induced by SARS-CoV-2 infection [243-262] and
COVID-19 vaccination [263-292], which can thus be considered part of
the symptoms of COVID-19 and PCVS. Noteworthy, induced retinal
artery/vein occlusions induced COVID-19 vaccination were found to be
“more common than anticipated” [263]. According to a case-series by
Ashkenazy et al. [245], the median time from COVID-19 diagnosis to
onset of retinal vein/artery occlusion symptoms was 6.9 weeks (range:
1-13 weeks). Shorter time-spans have been documented too, e.g. 3 days
[248] as well as a case of central retinal vein/artery occlusion 8 months
after COVID-19 (and thus falling in the category PACS) [293]. For the
case of retinal vein/artery occlusion symptoms after COVID-19 vacci-
nation, the median time from vaccination diagnosis to onset of retinal
vein/artery occlusion symptoms is significantly shorter, i.e. median 9
days (range: 15 min to 61 days) (based on the case reports cited above)
with cases of fast onset of symptoms, e.g. within 15 min after vaccina-
tion [267], and late onsets in the range of 1-2 months after vaccination
[269,274,288]. While most cases therefore can be classified as part of
ACVS, cases of vaccine-induced central retinal vein/artery occlusion
associated with PACVS can apparently happen too. The time to onset of
symptoms of central retinal vein/artery occlusion is therefore one aspect
that generally distinguishes SARS-CoV-2 infection- and COVID-19 vac-
cination-induced cases. With regard to hepatitis after COVID-19 vacci-
nation, several cases have been reported [294-303] and vaccine
SARS-CoV-2 mRNA has been found in the cytoplasm of hepathocytes
in a case of COVID-19 vaccine-related hepatitis about 2 weeks after
vaccination, demonstrating that “lipid nanoparticles bearing mRNA
molecules encoding SARS-CoV-2 proteins can reach hepatocytes under
certain circumstances and deliver mRNA in high quantities that could be
used by the translational machinery of the cells to produce spike” [304].

The examples given here illustrate that COVID-19, PACS and PCVS
can cause overlapping illnesses with corresponding overlapping symp-
toms. An important distinguishing factor seems to be the length of time
between the onset of the disease/symptoms and the infection or
vaccination.

With regard to the two subtypes of PCVS, the chronic form, i.e.
PACVS, is increasingly being addressed and researched. In January 2022
this topic was addressed in an article in Science concluding that the
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COVID-19 vaccines “may cause rare, Long Covid-like symptoms”.
Different terms were used so far to refer to this conditions, including
“Long post-COVID vaccination syndrome (LPCVS)” [305,306], “post--
vaccination individuals with PASC-like symptoms” [307] or “autoim-
mune post-COVID vaccine syndromes” [57]. In German speaking
countries, the term “Post-Vakzin-Syndrom” or “Post-Vac-Syndrom”
(translated into “post-vac syndrome”) is increasingly used in the media
to refer to this condition. Also the Swiss Agency for Therapeutic Prod-
ucts (Swissmedic) adopted this term recently in their communications
[308]. According to the innovative study of Patterson et al. [307], the
predominant (non-severe) shared symptoms of PACS and PACVS are
fatigue, neuropathy, brain fog and headache, where shortness of breath
and loss of taste/smell is less frequent in PACVS compared to PACS. The
symptoms associated with the myalgic encephalomyelitis/chronic fa-
tigue syndrome (ME/CFS) have a significant overlap with the symptoms
of PACS [309-313] and PACVS (see for example the Individual Case
Safety Reports for “chronic fatigue syndrome” associated with
COVID-19 vaccination documented in the EudraVigilance European
Database for Suspected Adverse Drug Reaction Reports, EDSADRR)
[314]. Unfortunately, studies that explicitly investigate the occurrence
of ME/CFS after COVID-19 vaccination, i.e. as part of PACVS, have not
yet been published. Such studies are also urgently needed because there
is already “epidemiological, clinical and experimental evidence that
ME/CFS constitutes a major type of adverse effect of vaccines” [315].

According to an observation in 120 PACVS patients, the syndrome is
generally characterized by fatigue with post exercise malaise, cognitive
disorders, headaches, visual disturbances, joint and muscle pain, dis-
turbances of the heat-cold regulation and sudden fast heartbeat without
apparent reason (Jorg-Heiner Moller, personal communication).

With respect to fundamental pathophysiological processes underly-
ing COVID-19, PACS and PCVS, the following aspects are of importance:
autoantibodies, vascular disorders, amyloid fibrin microclots, hyper-
activated platelets as well as circulating SARS-CoV-2 mRNA and
proteins.

Autoantibodies were detected during the acute phase of COVID-19
[316-333], months afterwards (predicting PACS symptoms) [334,
335], in PACS [336-340], and in PCVS [295,298,341-365]. In the
absence of PCVS after COVID-19 vaccination, autoantibodies are
generally not present [366-368]. However, in some documented cases,
individuals have shown a significant increase in antiphospholipid IgM
autoantibody levels, for example, after each COVID-19 vaccine dose
(with accompanying transient fatigue and malaise) [368].

Endotheliitis has been documented occurring in the acute phase of
COVID-19 [369-374], but also after COVID-19 vaccination [375,376].
Endotheliopathy has been also shown in PACS [377,378]. Disturbances
of the blood-brain barrier integrity were found during COVID-19
[379-381] and after COVID-19 vaccination [382-384].

Amyloid fibrin microclots and hyperactivated platelets have been
found in the blood plasma of patients with COVID-19 [385,386] and
PACS [386-389] (see Fig. 4). No study about amyloid fibrin microclots
and hyperactivated platelets in the blood of living individuals with PCVS
(i.e. ACVS and PACVS) have been published yet but corresponding ob-
servations have already been made during medical examinations (Beate
R. Jaeger, personal communication). Microthrombi were detected in
biopsies of tissue in case of COVID-19 [390-393] and PCVS (in general
in the case of VITT) [394-402].

In COVID-19 and PACS, circulating SARS-CoV-2 proteins and mRNA
in the blood were detected by several groups (see Fig. 5).

Schulthei et al. [403] found circulating SARS-CoV-2 spike protein
S1 subunits in the blood plasma in 64% of unvaccinated patients with
ongoing PACS (and in 35% with prior COVID-19 but no PACS) (Fig. 5
(a)). Interestingly, circulating spike protein S1 subunit levels showed a
trend toward a positive correlation with SARS-CoV-2 nucleocapsid
antibody levels.

Swank et al. [404] reported the detection of SARS-CoV-2 spike
(full-length and S1 subunit) and nucleocapsid protein in in the blood
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Fig. 4. (a) Amyloid fibrin microclots and (b) hyperactivated platelets in in the blood plasma (platelet poor plasma) in COVID-19 and PACS, compared to healthy
controls. Aggregated platelets are indicated by white arrows. Amyloid fibrin microclots are visualized with Thioflavin T (green fluorescence) and platelets with PAC-1

(green fluorescence) and CD62P-PE (purple fluorescence).

(a) Reprinted and modified from Pretorius et al. [386], with permission from the publisher.

plasma from patients with PACS (Fig. 5(b)). Analyses were performed
up to 12 months post PACS diagnosis and spike proteins were detected in
a certain number of samples by this time. However, a drawback of the
study is that 58.3% of PACS patients received one or more COVID-19
vaccinations during the respective study interval, which is a confounder.

Patterson et al. [405] found that the SARS-CoV-2 spike protein S1
subunit was expressed in non-classical monocytes (CD141°WCD16+) from
the blood of individuals with severe COVID-19 and PACS (up to 15
months post-infection) (Fig. 5(c)). The S1 protein subunit in
non-classical monocytes was interpreted by the authors to be “retained
from prior infection or phagocytosis of infected cells undergoing
apoptosis and is not the result of persistent viral replication”. An “im-
mune response to persistent viral antigens, specifically the S1 fragment
of the spike protein” is considered by the authors to be an important
pathophysiological process of PACS.

Ram-Mohan et al. [406] used quantitative (QPCR) and digital poly-
merase chain reaction (dPCR, i.e. the third generation of PCR enabling
absolute quantification without a standard curve) to quantify
SARS-CoV-2 mRNA from blood plasma of COVID-19 patients. In 23.0%
(44 of 191) of them, viral mRNA could be detected in the plasma with
dPCR (compared to 1.4% (2 of 147) by qPCR). The mRNA load was
correlated with maximum disease severity (Fig. 5(e)). In a subsequent
study, Ram-Mohan et al. [407] found that COVID-19 patients in which
SARS-CoV-2 mRNA could be detected in the blood had a higher chance
of developing PACS symptoms later on (at least 4 weeks afterwards)
compared to those where mRNA could not be detected (83% vs. 41.2%).
mRNA detected on presentation with COVID-19 was associated with
significantly higher rates of PACS for moderate COVID-19 severity.

Craddock et al. [408] detected SARS-CoV-2 mRNA (using
droplet-digital PCR, ddPCR) in 59% of PACS patients, where the prob-
ability of detection correlated with days of hospitalization. SARS-CoV-2
spike protein was found in 64% in the blood of PACS patients, and in

33% of the PACS patients, both SARS-CoV-2 mRNA and SARS-CoV-2
spike protein could be detected. None of the subject of the control
population (subjects who had a SARS-CoV-2 infection in the past but did
not develop PACS) had both detected at the same time. PACS patient
tended to show an increased number of small extracellular vesicles (EVs)
(25-150 nm) in the blood plasma compared to the controls. In 43% of
the plasma samples from PACS patients in which the SARS-CoV-2 spike
protein could be detected, the EVs showed positivity for the SARS-CoV-2
spike protein. The SARS-CoV-2 spike protein was not detected in any of
the EVs of the subjects in the control group. The results are shown in
Fig. 5(f)).

In PACS patients, SARS-CoV-2 proteins and mRNA were also found in
the tissue. Goh et al. [409] reported the detection of the SARS-CoV-2
nucleocapsid protein and spike protein in the appendix of an individ-
ual with PACS and loymphoid hyperplasia of the appendix 426 days
after symptom onset. The SARS-CoV-2 nucleocapsid protein was also
detected in the skin. In another patient with breast cancer and PACS,
viral mRNA as well as the SARS-CoV-2 nucleocapsid protein and spike
protein were found in the tumor-adjacent area 175 days after COVID-19
infection and related symptom onset.

Regarding circulating SARS-CoV-2 proteins and mRNA in the blood
of individuals after COVID-19 vaccination and in patients with PCVS,
some important research work on this has also been published so far
(Fig. 6).

Castruita et al. [410] detected in 9.3% of a cohort of vaccinated
Hepatitis C virus positive patients full-length or traces of SARS-CoV-2
spike mRNA vaccine sequences up to 28 days after COVID-19 vaccina-
tion (Fig. 6(a)). The mRNA nucleotide sequences detected in the blood
plasma was almost 100% identical to those used in the specific mRNA
COVID-19 vaccines (Pfizer-BioNTech (BTN162b2) and Moderna
(mRNA-1273)).

Bansal et al. [411] demonstrated the presence of SARS-CoV-2 spike
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Fig. 5. Circulating SARS-CoV-2 proteins and mRNA in COVID-19 and PACS. (a) Spike protein concentration in blood plasma in individuals with and without PACS.
(b) Time-dependent spike and nucleocapsid protein concentration in blood plasma in individuals with PACS and COVID-19. (c) Spike protein concentration in non-
classical monocytes in healthy controls and individuals with severe COVID-19 and PACS. (d) Presence of SARS-CoV-2 mRNA in individuals with COVID-19 as a
function of the maximum clinical COVID-19 severity. (e) Presence of SARS-CoV-2 mRNA in individuals with PACS as a function of the PACS severity. (f) Presence of
SARS-CoV-2 mRNA (obtained with droplet digital-PCR (ddPRC), spike protein and extracellular vesicles (EV) with (with spike protein) in the blood plasma of in-
dividuals with PACS. A representative transmission electron microscopy (TEM) micrograph shows EVs (50.000 x magnification). The bar plot depicting the dif-
ferences in EVs in controls and PACS refers to small EVs.

(a) Reprinted and modified from SchultheiB et al.[403], with permission from the publisher. (b) Reprinted and modified from Swank et al. [404], with permission
from the publisher. (c) Reprinted and modified from Patterson et al. [405], with permission from the publisher. (d) Reprinted and modified from Ram-Mohan et al.
[407], with permission from the publisher. (e) Reprinted and modified from Ram-Mohan et al., with permission from the publisher. (f) Reprinted and modified from
Craddock et al. [408], with permission from the publisher (TEM image directly obtained by the author).

protein S2 subunit content in EVs (i.e. exosomes) from the blood plasma during which it likely retains its ability to induce S-protein expression in

of COVID-19 vaccinated individuals 14 days after the first vaccine dose,
14 days after the second one and 4 months after the second one (Fig. 6
(b)). The finding was confirmed with electron microscopy showing the
SARS-CoV-2 spike protein in exosomes. The immunogenic potential of
the exosomes was shown by immunizing mice with these exosomes.
Fertig et al. [412] showed that “BNT162b2 vaccine mRNA remains in
the systemic circulation of vaccinated individuals for at least 2 weeks,

susceptible cells and tissues.” (Fig. 6(c)). The vaccine mRNA was over-
whelmingly detected in the plasma fraction.

Ogata et al. [413] found that the spike protein S1 subunit is present
in the blood plasma as early as day 1 after COVID-19 vaccination
(mRNA-1273) and its concentration peaks on average 5 days after the
vaccination with the first dose followed by a decline and reaching the
limit of detection by day 14 (Fig. 6(d)). Spike protein S1 subunits could
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7 Circulating SARS-CoV-2 proteins and mRNA after COVID-19 vaccination
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7 Circulating SARS-CoV-2 proteins and mRNA in post-COVID-19 vaccination syndrome (PCVS, “post-COVIDvac-syndrome”)
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Fig. 6. Circulating SARS-CoV-2 proteins and mRNA after COVID-19 vaccination and in PCVS. (a) SARS-CoV-2 spike mRNA in blood plasma as a function of type of
vaccine and time after vaccination. Shown is the mapping of trimmed and filtered reads to the coding regions of the specific SARS-CoV-2 spike protein from the two
COVID-19 vaccines. (b) Western blot showing the detection of SARS-CoV-2 spike protein S2 subunit in exosomes from blood plasma at 14 days after the first dose, 14
days after the second dose and 4 months after the second dose of the COVID-19 vaccine. (c) Circulating mRNA in blood (plasma and white blood cells) at different
time-points after BNT162b2 COVID-19 vaccination. Left shows the group average, right an example from a single individual. (d) SARS-CoV-2 spike and nucleocapsid
protein concentration after COVID-19 vaccination. (e) Spike protein concentration in non-classical monocytes in the blood of COVID-19 vaccinated individuals with
and without experiencing PCVS symptoms. (f) Free and total full-length SARS-CoV-2 spike protein concentrations in COVID-19 vaccinated individuals who developed
myocarditis compared to healthy ones. Shown is also the concentration of free full-length and S1 subunit spike protein as a function of time after vaccination and for
the two cohorts (myocarditis and healthy controls).

(a) Reprinted and modified from Castruita et al. [410], with permission from the publisher. (b) Reprinted and modified from Bansal et al. [411], with permission from
the publisher. (c) Reprinted and modified from Fertig et al. [412], with permission from the publisher. (d) Reprinted and modified from Ogata et al.[413], with
permission from the publisher. (e) Reprinted and modified from Patterson et al. [307], with permission from the publisher. (f) Reprinted and modified from Yonker

et al. [414], with permission from the publisher.

not be detected after the second vaccine dose. The full-length spike
protein was detectable in around 23% (3/13) of the individuals about 2
weeks after receiving the first dose of the vaccine. The nucleocapsid
protein could not be detected (as expected). The study highlighted that
the spike protein S1 subunit “can be detected by day 1 and is present
beyond the site of injection and the associated regional lymph nodes”,
proving that the vaccine reaches systemic circulation. The study was
conducted with vaccine recipients that did not experience PCVS
symptoms.

Patterson et al. [307] investigated 50 post-vaccinated individuals
who experienced PACS-like symptoms, i.e. PCVS symptoms (or PACVS
symptoms, to be more precise), more than 4 weeks after vaccination and
found significantly more spike protein S1 subunit concentrations in
non-classical CD14"°“CD16" monocytes in the blood of vaccinated in-
dividuals who experienced PCVS symptoms compared to those who did
not (Fig. 6(e)). This investigation also demonstrated that “CD16" cells
from post-vaccination patients also contained S1 protein months after
vaccination” and that “these S1 positive, CD16" cells also contained
peptide sequences of S2, and mutant S1 peptides”. Furthermore, a link
between elevations of specific cytokines (CCL5 (RANTES), sCD40L, IL-6,
and IL-8) and “post-vaccination PASC-like symptoms” (i.e. PCVS/PACVS
symptoms) was found where the IL-8 was identified as a “unique marker
relative to PASC in post-vaccination individuals with PASC-like
symptoms”.

Yonker et al. [414] showed that adolescents that developed
myocarditis after COVID-19 vaccination had higher levels of free
full-length spike protein (unbound by antibodies) in their blood plasma
compared to age-matched asymptomatic COVID-19 vaccinated control
subjects (Fig. 6(f)). However, the time between vaccination and sample
collection was different between these two groups (post-vaccine
myocarditis: 4 days (1-19 days) (median, range), vaccinated control
subjects: 14 days (4-21 days)). Nevertheless, the development of the free
full-length spike protein levels in both groups over the days post
vaccination were different, which reinforces the conclusion that circu-
lating spike protein levels are elevated in cases of post-COVID-19 mRNA
vaccine myocarditis, i.e. PCVS (ACVS).

In a case of a subject experiencing subacute monomelic radi-
culoplexus neuropathy, antibody testing in the cerebrospinal fluid (CSF)
for the SARS-CoV-2 nucleocapsid protein was negative but positive for
the SARS-CoV-2 spike protein, 2 months after the second COVID-19
vaccine dose and 2.5 months after the first one (and symptoms onset)
[415]. This case confirms that the proteins induced by COVID-19
vaccination can be present in the CSF for a long time (months).

Trace amounts of COVID-19 vaccine mRNA (from the Pfizer-
BioNTech (BTN162b2) and Moderna (mRNA-1273) COVID-19 mRNA
vaccines) could be detected in breastmilk of lactating mothers up to 45 h
after vaccination (with an increased concentration in EVs compared to
whole milk) [416]. Low levels of COVID-19 vaccine mRNA were also
found in some breast milk samples from vaccinated mothers in a further
study [417]. Another study, however, could not detect COVID-19 vac-
cine-associated mRNA in breast milk collected 4-48 h after vaccination
[418] (but the validity of the study has been criticised [419]).

Roltgen et al. [420] could demonstrate the presence of abundant
SARS-CoV-2 spike protein in axillary lymph nodes of vaccinated in-
dividuals 16 days post-second dose and a still detectable amount 60 days
post-second dose. The SARS-CoV-2 spike protein was present in the
lymph node tissue as a reticular pattern around the germinal center B
cells.

From what has been presented and summarised here, it is clear that
the SARS-CoV-2 spike protein plays an important role in COVID-19,
PACS and PCVS. However, it must also be taken into account that the
vaccine-induced protein is not identical to the natural one; in the Pfizer-
BioNTech (BTN162b2) and Moderna (mRNA-1273) COVID-19 mRNA
vaccine, for example, the RNA nucleobase N1-methylpseudouridine is
incorporated to enhance protein expression and immune evasion [421].
These modifications could be relevant for differences in infection- and
vaccine-related pathophysiological processes.

The difference in the transmission of the SARS-CoV-2 genetic mate-
rial into humans (by infection via the nose and mouth, or by vaccination
via injection into the muscle) can also make a difference in the patho-
physiological processes triggered by it. It should also be noted here that
an accidental direct injection into the bloodstream can in principle also
occur in the case of vaccination into the muscle, which is probably
associated with an increased complication rate [422,423]. Rzymski and
Fal pointed out that “in vivo evidence suggests that intravenous injec-
tion of [the] mRNA vaccine can potentially lead to myocarditis, while
introducing adenoviral vector to bloodstream can possibly result in
thrombocytopenia and coagulopathy” [422] (a reference to two studies
in this regard [424,425]).

Cosentino and Marino [426] pointed out that adverse effects of the
COVID-19 vaccines could be related to excess SARS-CoV-2 spike pro-
duction in specific individuals “for too long and/or in inappropriate
tissues and organs”, while the probability of this occurrence “is at pre-
sent unpredictable, since systemic biodistribution and disposition of the
COVID-19 mRNA vaccine has so far never been considered an issue, and
as a consequence it has never been studied as it would have actually
deserved.” According to these authors, the problem is therefore the
possibility of an excess of SARS-CoV-2 production, which can also last
too long and/or at the same time can also happen at the wrong place (i.e.
not primarily at the injection site).

Another point to note is that contaminants (process- and product-
related impurities) have been found in the COVID-19 vaccines. In a
recent analysis of vials of the bivalent Pfizer-BioNTech (BTN162b2) and
Moderna (mRNA-1273) COVID-19 mRNA vaccine, McKernan et al.
[427] found DNA contaminations exceeding the safety limits of the
European Medicines Agency (EMA) (330 ng/mg) and the U.S. Food and
Drug Administration (FED) (10 ng/dose).

Krutzke et al. [428] investigated the content of the adenovirus vec-
tor-based COVID-19 vaccines from AstraZeneca (ChAdOx1) and John-
son & Johnson-Janssen (Ad26. COV2. S) and found significant protein
contaminations. In the three lots investigated of the AstraZeneca
(ChAdOx1) vaccine, “about 70% of the detected protein content was of
human and only 30% of virus origin” in one lot, and “approximately
50% of detected proteins were of human origin” in the two other lots.
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More than 1000 different human proteins could be identified that
originate from the human T-REx-293 cells (human embryonic kidney
cells from a female fetus transformed with adenovirus 5 DNA) used in
the vaccine production. The specification limit for protein contamina-
tion defined by the EMA (400 ng), was significantly exceeded by the
amount of protein contamination detected. In the Johnson & John-
son-Janssen (Ad26. COV2. S) vaccine samples, the protein contamina-
tion was significantly less (less than 1% of human origin). With regard to
possible health-related effects of these process- and product-related
impurities the authors concluded that given the significant amount of
protein contamination in the AstraZeneca (ChAdOx1) vaccine “the
question imposes itself, whether or not (some of) the impurities might
have long-term immune-related side effects in some of the vaccinees”.

As pointed out by Milano et al. [429] another concern are
double-strand RNA (dsRNA) contaminations in COVID-19 mRNA vac-
cines. The presence of dsRNA has been documented by the EMA for the
Moderna (mRNA-1273)) [430] and the Pfizer-BioNTech (BTN162b2)
[431] COVID-19 vaccines. Since dsRNA has a high potential to induce
immune-inflammatory reactions, Milano et al. concluded that this
dsRNA contamination “could be hypothetically suspected to trigger the
induction of myocarditis among other possible factors.”

Another possibility to cause adverse effects of the COVID-19 vaccines
are additives, such as the polyethylene glycol (PEG) contained in mRNA-
based formulations [432-440] of the additives polysorbate 80, L-histi-
dine, ethylenediaminetetraacetic acid (EDTA), tromethamine and tro-
methamine hydrochloride [441-443].

4. Summary, conclusion and outlook

In the previous sections, we presented our conclusion that three new
terms for COVID-19 vaccination induced syndromes need to be intro-
duced (PCVS, ACVS and PACVS) for conditions that share similarities
and differences to COVID-19 and PACS. We provided a literature review
supporting the conclusion for the need to introduce these new terms, and
studies were reviewed concerning similar and different symptoms
associated with these infection- and vaccination-associated syndromes.
In addition, possible underlying pathophysiological conditions were
discussed.

Two calls for action result from what has been presented so far.

Firstly, the newly introduced technical terms (post-COVID-19
vaccination syndrome, PCVS; acute COVID-19 vaccination syndrome,
ACVS; and post-acute COVID-19 vaccination syndrome, PACVS) should
be used in medical communication and documentation (scientific pub-
lications, medical documentation, etc.). The general and simplified
version for PCVS, the term “post-COVIDvac-syndrome”, is recom-
mended for communication with the public. The term "post-vac-syn-
drome", which has been used from time to time in the media, should be
replaced by the new terms, as they are more precise. The term “post-vac-
syndrom” should not be used as it does not specify that this is a specific
syndrome caused by the COVID-19 vaccines and not a syndrome caused
by vaccination in general. The use of the new terms may help to ensure
that vaccine-related side-effect syndromes are taken more seriously and
reduce the likelihood that they will be mistaken for infection-related
disease syndromes. It must not happen that people with side effects
due to vaccination are not taken seriously and get misdiagnosed. The
issue of diseases not being taken seriously has been the case in the past
and is still partly prevalent for myalgic encephalomyelitis/chronic fa-
tigue syndrome (ME/CSF) [444,445] and PACS [446,447]. In the case of
ME/CSF, many of those affected are frustrated by the “widespread
negative stereotyping of patients and the marginalization and exclusion
of patient voices by medical authorities” [445]. Concerning PACS, the
“serious implications for individuals and society have been missing from
public communication and pandemic policy” [447]. In a survey with
PACS patients they described “encountering medical professionals who
dismissed their experience, leading to lengthy diagnostic odysseys and
lack of treatment options for Long Covid” [446]. This phenomenon,
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which has been called “medical gaslighting”, must not occur with the
infection-related PACS or with the vaccination-related PCVS. In this
context, it must also be remembered that the term was first coined by
patients and not by doctors or scientists. The same happened with the
term “Long Covid”, which was also first introduced by those affected
[448]. According to Turner et al. “there is hesitancy among patients and
researchers to acknowledge and openly discuss vaccine injury, due to
fear of being labeled ‘anti-vax’. Patients with vaccine injury should be
able to access medical care without fear of being stigmatized, and vac-
cine injury should be researched like any other disease.” [19]. Just as the
term “Long Covid” (i.e. PACS) is now a recognised medical term, so too
should the three new terms introduced here (PCVS, ACVS and PACVS).
These new terms should also be introduced in the International Classi-
fication of Diseases (ICD) system, which already includes (in version
ICD-10) the “post COVID-19 condition” (U09.9) (i.e. PACS) and
COVID-19 (U09.9). The two present COVID-19 vaccine-associated codes
T50. BO5A (adverse effect of other viral vaccines, initial encounter) and
U12.9 (COVID-19 vaccines causing adverse effects in therapeutic use,
unspecified) should be replaced with the three newly introduced terms
to provide clear ICD diagnostic codes for the COVID-19 vacci-
nation-induced disease conditions. At least the ICD diagnostic code
“post-COVID-19 vaccination condition, unspecified” (in analogy to
U09.9: “post COVID-19 condition, unspecified”) should be immediately
introduced in the upcoming version of the ICD.

Secondly, more research is urgently needed to further define and
characterise the vaccine-induced syndromes. The similarities and dif-
ferences of the symptoms of these syndromes with COVID-19 and PACS
need to be studied in detail. In addition, there needs to be detailed
research into the pathophysiology of PCVS (i.e. ACVS and PACVS) and
therapeutic options to help those affected. As there is already a
specialisation on the part of physicians in private practice or facilities in
hospitals for persons with PACS, this should also be implemented for
PCVS. As far as the diagnosis of infection- and vaccine-related diseases is
concerned, it must be noted that the situation has now been complicated
by the fact that mixed forms between both causes are also possible. In
general, four cases can be defined and should be distinguished (see
Fig. 7): (i) COVID-19/ACVS (i.e. COVID-19 + ACVS), (ii) COVID-19/
PACVS (i.e. COVID-19 + PACVS), (iii) PACS/ACVS (i.e. PACS +
ACVS), and (iv) PACS/PACVS (i.e. PACS + PACVS). Unfortunately, there
is almost no research on these second-order syndromes. Future studies
are needed to precisely define these types of combined syndromes in
terms of symptoms and pathophysiology. It should also be noted that the
order of events will be relevant for the characteristics of the syndromes,
i.e. it will probably be relevant whether the infection-related disease
came first or the vaccination-related disease.

In the course of differential diagnostics (with respect to the first-
order syndromes (Fig. 1) and second-order syndromes (Fig. 7)), it

COVID-19 PACS
— g < g
25
, ACVS | COVID-19/ACVS PACS/ACVS 28
Ve i
Vaccination E é
dnduced PACVS | COVID-19/PACVS| PACS/PACVS % L

Days Weeks Months Years

Fig. 7. Definition of the terminology of second-order syndromes as a combi-
nation of infection- and vaccination-induced syndromes. PACS: post-acute
COVID-19 syndrome. ACVS: acute COVID-19 vaccination syndrome, PACVS:
post-acute COVID-19 vaccination syndrome.
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could be useful to search for SARS-CoV-2 mRNA and proteins from
infection and vaccination in the blood and tissue samples of patients.
Since both mRNA COVID-19 vaccine sequences “have been modified
and are only ~70% identical to the spike reference genome on a
nucleotide level” [410], this helps in the differential diagnosis in terms
of finding the cause of the disease (infectious or vaccine-related). Also
the detection of COVID-19 vaccine associated SARS-CoV-2 proteins in
non-classical CD14°"CD16* monocytes, as pioneered by Patterson et al.
[307], is promising in this respect. The examination of the blood of the
sick person for amyloid fibrin microclots and hyperactivated platelets
[385,386,388,389] is also obvious and probably also essential for pa-
tients with PACS and/or PACVS (and PCVS in general).

Consent statement/ethical approval
Not required.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] WHO Pneumonia of unknown cause — China. 2020.

[2] F. Wu, et al., A new coronavirus associated with human respiratory disease in
China, Nature 579 (7798) (2020) 265-269.

L. Zsichla, V. Miiller, Risk factors of severe COVID-19: a review of host, viral and
environmental factors, Viruses 15 (1) (2023) 175.

Y.D. Gao, et al., Risk factors for severe and critically ill COVID-19 patients: a
review, Allergy 76 (2) (2021) 428-455.

J. Mercola, W.B. Grant, C.L. Wagner, Evidence regarding vitamin D and risk of
COVID-19 and its severity, Nutrients 12 (11) (2020).

A. Radujkovic, et al., Vitamin D deficiency and outcome of COVID-19 patients,
Nutrients 12 (9) (2020).

K. Ye, et al., Does serum vitamin D level affect COVID-19 infection and its
severity?-A case-control study, J. Am. Coll. Nutr. 40 (8) (2021) 724-731.

L.A. Abela, et al., Multifactorial seroprofiling dissects the contribution of pre-
existing human coronaviruses responses to SARS-CoV-2 immunity, Nat. Commun.
12 (1) (2021) 6703.

S. Pilz, et al., SARS-CoV-2 reinfections: overview of efficacy and duration of
natural and hybrid immunity, Environ. Res 209 (2022), 112911.

D. Cromer, et al., Prospects for durable immune control of SARS-CoV-2 and
prevention of reinfection, Nat. Rev. Immunol. 21 (6) (2021) 395-404.

T. Chen, et al., Positive Epstein-Barr virus detection in coronavirus disease 2019
(COVID-19) patients, Sci. Rep. 11 (1) (2021) 10902.

G.F. Lehner, et al., Correlation of interleukin-6 with Epstein-Barr virus levels in
COVID-19, Crit. Care 24 (1) (2020) 657.

D. Schult, et al., Gut bacterial dysbiosis and instability is associated with the onset
of complications and mortality in COVID-19, Gut Microbes 14 (1) (2022)
2031840.

AK. Weaver, et al., Environmental factors influencing COVID-19 incidence and
severity, Annu Rev. Public Health 43 (2022) 271-291.

Y. Alimohamadi, et al., Case fatality rate of COVID-19: a systematic review and
meta-analysis, J. Prev. Med Hyg. 62 (2) (2021) E311-E320.

C. Wang, et al., Differences in incidence and fatality of COVID-19 by SARS-CoV-2
Omicron variant versus Delta variant in relation to vaccine coverage: A world-
wide review, J. Med Virol. 95 (1) (2023), e28118.

J. Liu, H. Wei, D. He, Differences in case-fatality-rate of emerging SARS-CoV-2
variants, Public Health Pr. (Oxf. ) 5 (2023), 100350.

A.V. Ballering, et al., Persistence of somatic symptoms after COVID-19 in the
Netherlands: an observational cohort study, Lancet 400 (10350) (2022) 452-461.
S. Turner, et al., Long COVID: pathophysiological factors and abnormalities of
coagulation, Trends Endocrinol. Metab. (2023).

H.E. Davis, et al., Long COVID: major findings, mechanisms and
recommendations, Nat. Rev. Microbiol. (2023).

C. Fernandez-de-Las-Penas, et al., Proposed integrative model for post-COVID
symptoms, Diabetes Metab. Syndr. 15 (4) (2021), 102159.

S.J. Yong, S. Liu, Proposed subtypes of post-COVID-19 syndrome (or long-COVID)
and their respective potential therapies, Rev. Med Virol. 32 (4) (2022), e2315.

[3

=

[4]
[5]
[61
[71

[8]

[91
[10]
[11]
[12]

[13]

[14]
[15]

[16]

[17]
[18]
[19]
[20]
[21]

[22]

11

[23]
[24]
[25]
[26]

[27]

[28]
[29]
[30]

[31]

[32]
[33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]
[46]

[47]

[48]

[49]

[50]
[51]

[52]

[53]
[54]

[55]

[56]

[57]

Pathology - Research and Practice 246 (2023) 154497

J.T. Reese, et al., Generalisable long COVID subtypes: findings from the NIH N3C
and recover programmes, EBioMedicine 87 (2023), 104413.

A.V. Raveendran, R. Jayadevan, S. Sashidharan, Long COVID: an overview,
Diabetes Metab. Syndr. 15 (3) (2021) 869-875.

A. Fischer, et al., Long COVID classification: findings from a clustering analysis in
the predi-COVID cohort study, Int J. Environ. Res Public Health 19 (23) (2022).
C. Fernandez-de-las-Penas, Long COVID: current definition, Infection 50 (1)
(2021) 285-286.

C. Fernandez-de-las-Penas, et al., Defining post-COVID symptoms (Post-Acute
COVID, long COVID, persistent post-COVID): an integrative classification, Int J.
Environ. Res Public Health 18 (5) (2021).

M. Antonelli, et al., Risk of long COVID associated with delta versus omicron
variants of SARS-CoV-2, Lancet 399 (10343) (2022) 2263-2264.

D.H. Barouch, Covid-19 vaccines - immunity, variants, boosters, N. Engl. J. Med
387 (11) (2022) 1011-1020.

0O.J. Watson, et al., Global impact of the first year of COVID-19 vaccination: a
mathematical modelling study, Lancet Infect. Dis. 22 (9) (2022) 1293-1302.
R.J. Klement, H. Walach, SEIR models in the light of Critical Realism - a critique
of exaggerated claims about the effectiveness of Covid 19 vaccinations, Futures
148 (2023), 103119.

A. Khan, et al., SARS-CoV-2 new variants: characteristic features and impact on
the efficacy of different vaccines, Biomed. Pharm. 143 (2021), 112176.

N. Pooley, et al., Durability of vaccine-induced and natural immunity against
COVID-19: a narrative review, Infect. Dis. Ther. (2023) 1-21.

P.W. Marks, P.A. Gruppuso, E.Y. Adashi, Urgent need for next-generation COVID-
19 vaccines, JAMA 329 (1) (2023) 19-20.

M.A. Azim Majumder, M.S. Razzaque, Repeated vaccination and ’vaccine
exhaustion’: relevance to the COVID-19 crisis, Expert Rev. Vaccin. 21 (8) (2022)
1011-1014.

K. Tsumiyama, Y. Miyazaki, S. Shiozawa, Self-organized criticality theory of
autoimmunity, PLoS One 4 (12) (2009), e8382.

Tamandjou, C., et al., Effectiveness of second booster compared to first booster and
protection conferred by previous SARS CoV-2 infection against symptomatic Omicron
BA.2 and BA.4/5 in France. medRxiv, 2023.

M. Aguilar-Bretones, et al., Impact of antigenic evolution and original antigenic
sin on SARS-CoV-2 immunity, J. Clin. Invest 133 (1) (2023).

J.F. Delgado, et al., SARS-CoV-2 spike protein vaccine-induced immune
imprinting reduces nucleocapsid protein antibody response in SARS-CoV-2
infection, J. Immunol. Res 2022 (2022) 8287087.

F.X. Gao, et al., Extended SARS-CoV-2 RBD booster vaccination induces humoral
and cellular immune tolerance in mice, iScience 25 (12) (2022), 105479.

P.A. Offit, Bivalent covid-19 vaccines - a cautionary tale, N. Engl. J. Med 388 (6)
(2023) 481-483.

J. Shimizu, et al., Reevaluation of antibody-dependent enhancement of infection
in anti-SARS-CoV-2 therapeutic antibodies and mRNA-vaccine antisera using FcR-
and ACE2-positive cells, Sci. Rep. 12 (1) (2022) 15612.

P. Irrgang, et al., Class switch towards non-inflammatory, spike-specific 1gG4
antibodies after repeated SARS-CoV-2 mRNA vaccination, Sci. Immunol. (2022)
eade2798.

R. Bianchini, et al., IgG4 drives M2a macrophages to a regulatory M2b-like
phenotype: potential implication in immune tolerance, Allergy 74 (3) (2019)
483-494.

A.A. Shiravi, et al., Cardiovascular complications of SARS-CoV-2 vaccines: an
overview, Cardiol. Ther. 11 (1) (2022) 13-21.

C. Delmas, et al., Post-mRNA COVID-19 vaccines myocarditis: not so rare in
cardiology practice, Arch. Cardiovasc. Dis. Suppl. 15 (1) (2023) 48.

T. Almas, et al., Epidemiology, clinical ramifications, and cellular pathogenesis of
COVID-19 mRNA-vaccination-induced adverse cardiovascular outcomes: a state-
of-the-heart review, Biomed. Pharmacother. 149 (2022), 112843.

R. Liu, et al., Cardiovascular complications of COVID-19 vaccines, Front
Cardiovasc Med 9 (2022), 840929.

T.J. Song, et al., Cerebral venous thrombosis after ChAdOx1 nCoV-19
vaccination: a systematic review, Eur. Rev. Med Pharm. Sci. 27 (1) (2023)
404-410.

J. Finsterer, Neurological side effects of SARS-CoV-2 vaccinations, Acta Neurol.
Scand. 145 (1) (2022) 5-9.

S. Sriwastava, et al., COVID-19 vaccination and neurological manifestations: a
review of case reports and case series, Brain Sci. 12 (3) (2022).

K. Kang, S.Y. Lee, D.C. Lee, Neuro-ophthalmologic symptoms after coronavirus
disease 2019 vaccination: a retrospective study, BMC Ophthalmol. 23 (1) (2023)
11.

S.-N. Chiu, et al., Changes of ECG parameters after BNT162b2 vaccine in the
senior high school students, Eur. J. Pediatr. (2023).

Y. Chen, et al., New-onset autoimmune phenomena post-COVID-19 vaccination,
Immunology 165 (4) (2022) 386-401.

Y. Rodriguez, et al., Autoimmune and autoinflammatory conditions after COVID-
19 vaccination. New case reports and updated literature review, J. Autoimmun.
132 (2022), 102898.

P. Caron, Autoimmune and inflammatory thyroid diseases following vaccination
with SARS-CoV-2 vaccines: from etiopathogenesis to clinical management,
Endocrine 78 (3) (2022) 406-417.

L.J. Jara, et al., Autoimmune post-COVID vaccine syndromes: does the spectrum
of autoimmune/inflammatory syndrome expand? Clin. Rheuma 41 (5) (2022)
1603-1609.


http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref1
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref1
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref2
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref2
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref3
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref3
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref4
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref4
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref5
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref5
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref6
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref6
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref7
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref7
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref7
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref8
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref8
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref9
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref9
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref10
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref10
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref11
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref11
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref12
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref12
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref12
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref13
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref13
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref14
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref14
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref15
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref15
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref15
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref16
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref16
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref17
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref17
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref18
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref18
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref19
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref19
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref20
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref20
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref21
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref21
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref22
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref22
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref23
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref23
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref24
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref24
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref25
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref25
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref26
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref26
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref26
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref27
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref27
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref28
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref28
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref29
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref29
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref30
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref30
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref30
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref31
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref31
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref32
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref32
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref33
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref33
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref34
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref34
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref34
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref35
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref35
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref36
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref36
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref37
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref37
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref37
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref38
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref38
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref39
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref39
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref40
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref40
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref40
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref41
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref41
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref41
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref42
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref42
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref42
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref43
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref43
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref44
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref44
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref45
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref45
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref45
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref46
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref46
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref47
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref47
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref47
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref48
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref48
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref49
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref49
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref50
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref50
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref50
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref51
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref51
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref52
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref52
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref53
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref53
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref53
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref54
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref54
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref54
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref55
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref55
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref55

F. Scholkmann and C.-A. May

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]
[71]
[72]
[73]
[74]
[75]

[76]
[77]

[78]
[79]
[80]

[81]

[82]
[83]

[84]

[85]
[86]
[871

[88]

[89]

[90]

[91]
[92]
[93]

[94]

O. Mirmosayyeb, et al., Multiple sclerosis (MS) and neuromyelitis optica
spectrum disorder (NMOSD) following COVID-19 vaccines: a systematic review,
Rev. Neurol. (2023).

J.R. Gips, T.A. Woreta, It can’t be a coincidence: a comparison of cases of
autoimmune hepatitis after vaccination against COVID-19, ACG Case Rep. J. 10
(1) (2023), e00965.

Y. Alimohamadi, et al., Determine the most common clinical symptoms in COVID-
19 patients: a systematic review and meta-analysis, J. Prev. Med Hyg. 61 (3)
(2020) E304-E312.

B. Mizrahi, et al., Longitudinal symptom dynamics of COVID-19 infection, Nat.
Commun. 11 (1) (2020) 6208.

P.G. Gibson, L. Qin, S.H. Puah, COVID-19 acute respiratory distress syndrome
(ARDS): clinical features and differences from typical pre-COVID-19 ARDS, Med
J. Aust. 213 (2) (2020) 54-56 el.

G. Grasselli, et al., Pathophysiology of COVID-19-associated acute respiratory
distress syndrome: a multicentre prospective observational study, Lancet Respir.
Med 8 (12) (2020) 1201-1208.

M. Whitaker, et al., Variant-specific symptoms of COVID-19 in a study of
1,542,510 adults in England, Nat. Commun. 13 (1) (2022) 6856.

A. Ben-Tov, et al., Dynamics in COVID-19 symptoms during different waves of the
pandemic among children infected with SARS-CoV-2 in the ambulatory setting,
Eur. J. Pedia 181 (9) (2022) 3309-3318.

C. Fernandez-de-Las-Penas, et al., Associated-onset symptoms and post-COVID-19
symptoms in hospitalized COVID-19 survivors infected with wuhan, alpha or
delta SARS-CoV-2 variant, Pathogens 11 (7) (2022).

D. Bouzid, et al., Comparison of patients infected with delta versus omicron
COVID-19 variants presenting to paris emergency departments: a retrospective
cohort study, Ann. Intern Med 175 (6) (2022) 831-837.

S.J. Yong, Long COVID or post-COVID-19 syndrome: putative pathophysiology,
risk factors, and treatments, Infect. Dis. (Lond. ) 53 (10) (2021) 737-754.

A.L. Cabrera Martimbianco, et al., Frequency, signs and symptoms, and criteria
adopted for long COVID-19: a systematic review, Int J. Clin. Pr. 75 (10) (2021),
el4357.

S.A.M. van Kessel, et al., Post-acute and long-COVID-19 symptoms in patients
with mild diseases: a systematic review, Fam. Pr. 39 (1) (2022) 159-167.

D.L. Sykes, et al., Post-COVID-19 symptom burden: what is long-COVID and how
should we manage it? Lung 199 (2) (2021) 113-119.

WHO Post COVID-19 condition (Long COVID). 2022.

CDC Long COVID or Post-COVID Conditions. 2022.

C. Fernandez-de-Las-Penas, et al., Post-COVID-19 symptoms 2 years after SARS-
CoV-2 infection among hospitalized vs nonhospitalized patients, JAMA Netw.
Open 5 (11) (2022), e2242106.

E. Stormorken, L.A. Jason, M. Kirkevold, Fatigue in adults with post-infectious
fatigue syndrome: a qualitative content analysis, BMC Nurs. 14 (2015) 64.

L.E. Salit, Post-infectious fatigue, Can. Fam. Physician 33 (1987) 1217-1219.

S. Wessely, History of postviral fatigue syndrome, Br. Med Bull. 47 (4) (1991)
919-941.

B.A. Bannister, Post-infectious disease syndrome, Post. Med J. 64 (753) (1988)
559-567.

J. Choutka, et al., Unexplained post-acute infection syndromes, Nat. Med 28 (5)
(2022) 911-923.

M.P. Ng, et al., Does influenza A infection increase oxidative damage? Antioxid.
Redox Signal 21 (7) (2014) 1025-1031.

P. Magnus, et al., Chronic fatigue syndrome/myalgic encephalomyelitis (CFS/
ME) is associated with pandemic influenza infection, but not with an adjuvanted
pandemic influenza vaccine, Vaccine 33 (46) (2015) 6173-6177.

R. Vallings, A case of chronic fatigue syndrome triggered by influenza HIN1
(swine influenza), J. Clin. Pathol. 63 (2) (2010) 184-185.

R.C. Seet, A.M. Quek, E.C. Lim, Post-infectious fatigue syndrome in dengue
infection, J. Clin. Virol. 38 (1) (2007) 1-6.

P.C. Sigera, et al., Dengue and post-infection fatigue: findings from a prospective
cohort-the Colombo Dengue Study, Trans. R. Soc. Trop. Med Hyg. 115 (6) (2021)
669-676.

M. Furberg, C. Anticona, B. Schumann, Post-infectious fatigue following Puumala
virus infection, Infect. Dis. (Lond. ) 51 (7) (2019) 519-526.

1. Petersen, et al., Risk and predictors of fatigue after infectious mononucleosis in
a large primary-care cohort, QJM 99 (1) (2006) 49-55.

P.D. White, et al., The nosology of sub-acute and chronic fatigue syndromes that
follow infectious mononucleosis, Psychol. Med 34 (3) (2004) 499-507.

P.D. White, et al., Incidence, risk and prognosis of acute and chronic fatigue
syndromes and psychiatric disorders after glandular fever, Br. J. Psychiatry 173
(1998) 475-481.

M. Pedersen, et al., Predictors of chronic fatigue in adolescents six months after
acute Epstein-Barr virus infection: A prospective cohort study, Brain Behav.
Immun. 75 (2019) 94-100.

J. Chia, et al., Acute enterovirus infection followed by myalgic
encephalomyelitis/chronic fatigue syndrome (ME/CFS) and viral persistence,

J. Clin. Pathol. 63 (2) (2010) 165-168.

M. Seishima, et al., Chronic fatigue syndrome after human parvovirus B19
infection without persistent viremia, Dermatology 216 (4) (2008) 341-346.

D.I. Bujak, A. Weinstein, R.L. Dornbush, Clinical and neurocognitive features of
the post Lyme syndrome, J. Rheuma 23 (8) (1996) 1392-1397.

D. Picha, et al., Symptoms of post-Lyme syndrome in long-term outcome of
patients with neuroborreliosis, Scand. J. Infect. Dis. 38 (8) (2006) 747-748.

J. Treib, et al., Chronic fatigue syndrome in patients with Lyme borreliosis, Eur.
Neurol. 43 (2) (2000) 107-109.

12

[95]

[96]
[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]
[109]
[110]
[111]

[112]

[113]

[114]

[115]

[116]
[117]

[118]

[119]
[120]
[121]
[122]
[123]
[124]
[125]

[126]

[127]

[128]

[129]

Pathology - Research and Practice 246 (2023) 154497

E.A. Gaudino, P.K. Coyle, L.B. Krupp, Post-Lyme syndrome and chronic fatigue
syndrome. Neuropsychiatric similarities and differences, Arch. Neurol. 54 (11)
(1997) 1372-1376.

G. Morroy, et al., Fatigue following acute Q-fever: a systematic literature review,
PLoS One 11 (5) (2016), e0155884.

K. Morch, et al., Severity of Giardia infection associated with post-infectious
fatigue and abdominal symptoms two years after, BMC Infect. Dis. 9 (2009) 206.
G.S. Hunskar, et al., The impact of atopic disease on the risk of post-infectious
fatigue and irritable bowel syndrome 3 years after Giardia infection. A historic
cohort study, Scand. J. Gastroenterol. 47 (8-9) (2012) 956-961.

H. Naess, et al., Chronic fatigue syndrome after Giardia enteritis: clinical
characteristics, disability and long-term sickness absence, BMC Gastroenterol. 12
(2012) 13.

K. Morch, et al., Chronic fatigue syndrome 5 years after giardiasis: differential
diagnoses, characteristics and natural course, BMC Gastroenterol. 13 (2013) 28.
E. Stormorken, L.A. Jason, M. Kirkevold, From good health to illness with post-
infectious fatigue syndrome: a qualitative study of adults’ experiences of the
illness trajectory, BMC Fam. Pr. 18 (1) (2017) 49.

S. Litleskare, et al., Prevalence of irritable bowel syndrome and chronic fatigue 10
years after giardia infection, Clin. Gastroenterol. Hepatol. 16 (7) (2018)
1064-1072 e4.

K.A. Wensaas, et al., Irritable bowel syndrome and chronic fatigue 3 years after
acute giardiasis: historic cohort study, Gut 61 (2) (2012) 214-219.

J.N. Aucott, et al., Risk of post-treatment Lyme disease in patients with ideally-
treated early Lyme disease: a prospective cohort study, Int J. Infect. Dis. 116
(2022) 230-237.

N.A. Shadick, et al., The long-term clinical outcomes of Lyme disease. A
population-based retrospective cohort study, Ann. Intern Med 121 (8) (1994)
560-567.

A.W. Rebman, et al., The clinical, symptom, and quality-of-life characterization of
a well-defined group of patients with posttreatment lyme disease syndrome, Front
Med (Lausanne) 4 (2017) 224.

L. Geebelen, et al., Non-specific symptoms and post-treatment Lyme disease
syndrome in patients with Lyme borreliosis: a prospective cohort study in
Belgium (2016-2020), BMC Infect. Dis. 22 (1) (2022) 756.

G. Rawal, S. Yadav, R. Kumar, Post-intensive care syndrome: an overview,

J. Transl. Int Med 5 (2) (2017) 90-92.

S. Inoue, et al., Post-intensive care syndrome: its pathophysiology, prevention,
and future directions, Acute Med Surg. 6 (3) (2019) 233-246.

M. Lee, J. Kang, Y.J. Jeong, Risk factors for post-intensive care syndrome: a
systematic review and meta-analysis, Aust. Crit. Care 33 (3) (2020) 287-294.
G.A. Colbenson, A. Johnson, M.E. Wilson, Post-intensive care syndrome: impact,
prevention, and management, Breathe (Sheff. ) 15 (2) (2019) 98-101.

D. Ramnarain, et al., Post Intensive Care Syndrome (PICS): an overview of the
definition, etiology, risk factors, and possible counseling and treatment strategies,
Expert Rev. Neurother. 21 (10) (2021) 1159-1177.

A.F. Rousseau, et al., Post-intensive care syndrome after a critical COVID-19:
cohort study from a Belgian follow-up clinic, Ann. Intensive Care 11 (1) (2021)
118.

M. Biehl, D. Sese, Post-intensive care syndrome and COVID-19 - implications post
pandemic, Cleve Clin. J. Med (2020).

N. Nakanishi, et al., Post-intensive care syndrome and its new challenges in
coronavirus disease 2019 (COVID-19) pandemic: a review of recent advances and
perspectives, J. Clin. Med 10 (17) (2021).

K. Nanwani-Nanwani, et al., Prevalence of post-intensive care syndrome in
mechanically ventilated patients with COVID-19, Sci. Rep. 12 (1) (2022) 7977.
C. Daste, et al., Post-intensive care syndrome in patients surviving COVID-19,
Ann. Phys. Rehabil. Med 64 (6) (2021), 101549.

S. Gardashkhani, et al., Post-intensive care syndrome in covid-19 patients
discharged from the intensive care unit, J. Hosp. Palliat. Nurs. 23 (6) (2021)
530-538.

A. Jaffri, U.A. Jaffri, Post-intensive care syndrome and COVID-19: crisis after a
crisis? Heart Lung 49 (6) (2020) 883-884.

A. Alhazmi, et al., Evaluation of side effects associated with COVID-19 vaccines in
Saudi Arabia, Vaccines 9 (6) (2021).

A. Riad, et al., Prevalence of COVID-19 vaccine side effects among healthcare
workers in the czech republic, J. Clin. Med 10 (7) (2021).

A.L. Beatty, et al., Analysis of COVID-19 vaccine type and adverse effects
following vaccination, JAMA Netw. Open 4 (12) (2021), e2140364.

B.Q. Saeed, et al., Side effects and perceptions following Sinopharm COVID-19
vaccination, Int J. Infect. Dis. 111 (2021) 219-226.

0. Abu-Hammad, et al., Side effects reported by jordanian healthcare workers
who received COVID-19 vaccines, Vaccines 9 (6) (2021).

M. Klugar, et al., Side effects of mRNA-based and viral vector-based COVID-19
vaccines among german healthcare workers, Biology 10 (8) (2021).

N.A. El-Shitany, et al., Minor to moderate side effects of Pfizer-BioNTech COVID-
19 vaccine among saudi residents: a retrospective cross-sectional study, Int J.
Gen. Med 14 (2021) 1389-1401.

M.O. Elgendy, et al., Side effects and efficacy of COVID-19 vaccines among the
egyptian population, Vaccin. (Basel) 10 (1) (2022).

H. Omeish, et al., Reported COVID-19 vaccines side effects among Jordanian
population: a cross sectional study, Hum. Vaccin Immunother. 18 (1) (2022)
1981086.

A. Singh, et al., The safety profile of COVID-19 vaccinations in the United States,
Am. J. Infect. Control 50 (1) (2022) 15-19.


http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref56
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref56
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref56
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref57
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref57
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref57
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref58
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref58
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref58
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref59
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref59
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref60
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref60
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref60
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref61
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref61
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref61
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref62
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref62
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref63
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref63
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref63
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref64
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref64
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref64
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref65
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref65
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref65
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref66
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref66
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref67
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref67
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref67
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref68
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref68
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref69
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref69
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref70
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref70
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref70
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref71
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref71
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref72
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref73
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref73
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref74
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref74
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref75
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref75
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref76
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref76
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref77
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref77
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref77
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref78
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref78
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref79
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref79
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref80
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref80
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref80
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref81
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref81
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref82
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref82
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref83
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref83
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref84
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref84
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref84
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref85
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref85
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref85
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref86
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref86
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref86
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref87
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref87
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref88
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref88
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref89
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref89
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref90
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref90
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref91
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref91
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref91
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref92
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref92
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref93
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref93
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref94
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref94
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref94
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref95
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref95
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref95
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref96
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref96
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref97
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref97
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref97
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref98
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref98
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref98
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref99
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref99
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref100
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref100
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref100
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref101
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref101
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref101
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref102
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref102
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref102
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref103
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref103
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref103
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref104
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref104
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref105
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref105
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref106
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref106
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref107
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref107
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref108
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref108
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref108
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref109
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref109
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref109
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref110
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref110
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref111
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref111
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref111
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref112
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref112
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref113
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref113
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref114
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref114
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref114
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref115
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref115
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref116
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref116
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref117
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref117
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref118
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref118
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref119
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref119
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref120
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref120
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref121
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref121
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref122
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref122
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref122
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref123
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref123
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref124
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref124
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref124
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref125
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref125

F. Scholkmann and C.-A. May

[130]

[131]

[132]

[133]

[134]
[135]

[136]

[137]
[138]
[139]
[140]
[141]

[142]

[143]
[144]

[145]

[146]

[147]

[148]

[149]

[150]
[151]

[152]

[153]

[154]

[155]
[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

C. Menni, et al., COVID-19 vaccine waning and effectiveness and side-effects of
boosters: a prospective community study from the ZOE COVID Study, Lancet
Infect. Dis. 22 (7) (2022) 1002-1010.

S. Shapiro Ben David, et al., Inmediate side effects of Comirnaty COVID-19
vaccine: a nationwide survey of vaccinated people in Israel, December 2020 to
March 2021, Eur. Surveill. 27 (13) (2022).

H.A. Mushtaq, et al., A review of adverse effects of COVID-19 vaccines, Infez. Med
30 (1) (2022) 1-10.

A.M. Hause, et al., Safety monitoring of COVID-19 vaccine booster doses among
adults - United States, September 22, 2021-February 6, 2022, MMWR Morb.
Mortal. Wkly Rep. 71 (7) (2022) 249-254.

E.D. Moreira Jr., et al., Safety and efficacy of a third dose of BNT162b2 Covid-19
vaccine, N. Engl. J. Med 386 (20) (2022) 1910-1921.

J. Sprent, C. King, COVID-19 vaccine side effects: the positives about feeling bad,
Sci. Immunol. 6 (60) (2021).

M. Amanzio, et al., Adverse events of active and placebo groups in SARS-CoV-2
vaccine randomized trials: a systematic review, Lancet Reg. Health Eur. 12
(2022), 100253.

H.C. Maltezou, et al., Anaphylaxis rates associated with COVID-19 vaccines are
comparable to those of other vaccines, Vaccine 40 (2) (2022) 183-186.

N. Luxi, et al., Allergic reactions to COVID-19 vaccines: risk factors, frequency,
mechanisms and management, BioDrugs 36 (4) (2022) 443-458.

S.M. Moghimi, Allergic reactions and anaphylaxis to LNP-Based COVID-19
vaccines, Mol. Ther. 29 (3) (2021) 898-900.

M. Sobczak, R. Pawliczak, The risk of anaphylaxis behind authorized COVID-19
vaccines: a meta-analysis, Clin. Mol. Allergy 20 (1) (2022) 1.

E. Lee, et al., Reports of anaphylaxis after coronavirus disease 2019 vaccination,
South Korea, 26 February to 30 April 2021, Eur. Surveill. 26 (33) (2021).

T.T. Shimabukuro, M. Cole, J.R. Su, Reports of anaphylaxis after receipt of mRNA
COVID-19 vaccines in the US-December 14, 2020-January 18, 2021, JAMA 325
(11) (2021) 1101-1102.

T. Akaishi, et al., Reports of acute adverse events in mRNA COVID-19 vaccine
recipients after the first and second doses in Japan, Sci. Rep. 12 (1) (2022) 15510.
CDHP California State Epidemiologist S Rec ding Providers Pause
Administration of Single Lot of Moderna COVID-19 Vaccine. 2021.

E. Shim, W. Choi, Y. Song, Clinical time delay distributions of COVID-19 in
2020-2022 in the Republic of Korea: inferences from a nationwide database
analysis, J. Clin. Med. 11 (12) (2022) 3269.

T. Ward, A. Johnsen, Understanding an evolving pandemic: an analysis of the
clinical time delay distributions of COVID-19 in the United Kingdom, PLoS One
16 (10) (2021), e0257978.

VAERS. Vaccine Adverse Event Reporting System. 2023 [cited accessed January
2023; Available from: (https://vaers.hhs.gov/).

M. Patone, et al., Risks of myocarditis, pericarditis, and cardiac arrhythmias
associated with COVID-19 vaccination or SARS-CoV-2 infection, Nat. Med. 28 (2)
(2021) 410-422.

M.K. Halushka, R.S. Vander Heide, Myocarditis is rare in COVID-19 autopsies:
cardiovascular findings across 277 postmortem examinations, Cardiovasc Pathol.
50 (2021), 107300.

K. Sawalha, et al., Systematic review of COVID-19 related myocarditis: insights on
management and outcome, Cardiovasc Revasc Med 23 (2021) 107-113.

W. Haussner, et al., COVID-19 associated myocarditis: a systematic review, Am. J.
Emerg. Med 51 (2022) 150-155.

S.S. Rathore, et al., Myocarditis associated with Covid-19 disease: a systematic
review of published case reports and case series, Int J. Clin. Pr. 75 (11) (2021),
€14470.

T. Castiello, et al., COVID-19 and myocarditis: a systematic review and overview
of current challenges, Heart Fail Rev. 27 (1) (2022) 251-261.

V. Jaiswal, et al., COVID-19 infection and myocarditis: a state-of-the-art
systematic review, J. Prim. Care Community Health 12 (2021), p.
21501327211056800.

1. Okor, et al., COVID-19 myocarditis: an emerging clinical conundrum, Curr.
Probl. Cardiol. 47 (9) (2022), 101268.

S. Urban, et al., COVID-19 related myocarditis in adults: a systematic review of
case reports, J. Clin. Med. 11 (19) (2022).

J.R. Power, L.K. Keyt, E.D. Adler, Myocarditis following COVID-19 vaccination:
incidence, mechanisms, and clinical considerations, Expert Rev. Cardiovasc. Ther.
20 (4) (2022) 241-251.

0.J. Ilonze, M.E. Guglin, Myocarditis following COVID-19 vaccination in
adolescents and adults: a cumulative experience of 2021, Heart Fail Rev. 27 (6)
(2022) 2033-2043.

M. Fatima, et al., Development of myocarditis and pericarditis after COVID-19
vaccination in children and adolescents: a systematic review, Clin. Cardiol.
(2023).

D.Y. Park, et al., Myocarditis after COVID-19 mRNA vaccination: a systematic
review of case reports and case series, Clin. Cardiol. 45 (7) (2022) 691-700.

M. Fatima, et al., Development of myocarditis and pericarditis after COVID-19
vaccination in adult population: a systematic review, Ann. Med Surg. (Lond. ) 76
(2022), 103486.

S.K. Ahmed, et al., Global reports of myocarditis following COVID-19 vaccination:
a systematic review and meta-analysis, Diabetes Metab. Syndr. 16 (6) (2022),
102513.

S. Lane, A. Yeomans, S. Shakir, Reports of myocarditis and pericarditis following
mRNA COVID-19 vaccination: a systematic review of spontaneously reported data
from the UK, Europe and the USA and of the scientific literature, BMJ Open 12 (5)
(2022), e059223.

13

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]
[177]
[178]

[179]

[180]

[181]

[182]
[183]

[184]

[185]
[186]

[187]

[188]

[189]

[190]

[191]
[192]

[193]

[194]
[195]

[196]

Pathology - Research and Practice 246 (2023) 154497

M. Li, et al., Myocarditis or pericarditis following the COVID-19 vaccination in
adolescents: a systematic review, Vaccines 10 (8) (2022).

B. Heidecker, et al., Myocarditis following COVID-19 vaccine: incidence,
presentation, diagnosis, pathophysiology, therapy, and outcomes put into
perspective. A clinical consensus document supported by the Heart Failure
Association of the European Society of Cardiology (ESC) and the ESC Working
Group on Myocardial and Pericardial Diseases, Eur. J. Heart Fail 24 (11) (2022)
2000-2018.

M. Nassar, et al., COVID-19 vaccine-induced myocarditis: case report with
literature review, Diabetes Metab. Syndr. 15 (5) (2021), 102205.

R.H. Matar, et al., Clinical characteristics of patients with myocarditis following
COVID-19 mRNA vaccination: a systematic review and meta-analysis, J. Clin.
Med 11 (2022) 15.

P.P. Piche-Renaud, S.K. Morris, K.A. Top, A narrative review of vaccine
pharmacovigilance during mass vaccination campaigns: Focus on myocarditis and
pericarditis after COVID-19 mRNA vaccination, Br. J. Clin. Pharm. (2022).

J.H. Chen, et al., COVID-19 vaccine-related myocarditis: a descriptive study of 40
case reports, Cureus 14 (1) (2022), e21740.

S. Hatziantoniou, et al., Comparative assessment of myocarditis and pericarditis
reporting rates related to mRNA COVID-19 vaccines in Europe and the United
States, Expert Rev. Vaccin. 21 (11) (2022) 1691-1696.

A. Fazlollahi, et al., Cardiac complications following mRNA COVID-19 vaccines: a
systematic review of case reports and case series, Rev. Med Virol. 32 (4) (2022),
e2318.

M. Furqan, et al., COVID-19 vaccine-related myocardial and pericardial
inflammation, Curr. Cardiol. Rep. 24 (12) (2022) 2031-2041.

R.R. Ling, et al., Myopericarditis following COVID-19 vaccination and non-
COVID-19 vaccination: a systematic review and meta-analysis, Lancet Respir.
Med 10 (7) (2022) 679-688.

M. Goyal, et al., Myocarditis post SARS-CoV-2 vaccination: a systematic review,
QJM (2022).

T.H. Oh, et al., Clinical features of patients presenting to the emergency
department with cardiovascular adverse reactions after COVID-19 mRNA
vaccination, J. Korean Med Sci. 37 (9) (2022), e73.

N. Gautam, et al., A late presentation of COVID-19 vaccine-induced myocarditis,
Cureus 13 (9) (2021), e17890.

M. Morz, A case report: multifocal necrotizing encephalitis and myocarditis after
BNT162b2 mRNA vaccination against COVID-19, Vaccines 10 (10) (2022).

C. Baumeier, et al., Intramyocardial inflammation after COVID-19 vaccination: an
endomyocardial biopsy-proven case series, Int J. Mol. Sci. 23 (13) (2022).

M. Yamamoto, et al., Persistent varicella zoster virus infection following mRNA
COVID -19 vaccination was associated with the presence of encoded spike protein
in the lesion, J. Cutan. Immunol. Allergy 6 (1) (2022) 18-23.

E.C. Schulte, et al., Systematic review of cases of acute myelitis in individuals
with COVID-19, Eur. J. Neurol. 28 (10) (2021) 3230-3244.

M.C. Moreno-Escobar, et al., Acute transverse myelitis with Dysautonomia
following SARS-CoV-2 infection: a case report and review of literature,

J. Neuroimmunol. 353 (2021), 577523.

Ismail II, S. Salama, Association of CNS demyelination and COVID-19 infection:
an updated systematic review, J. Neurol. 269 (2) (2022) 541-576.

I. Adamec, et al., Transverse myelitis following COVID-19: Insights from a multi-
center study and systematic literature review, J. Neurol. Sci. 443 (2022), 120463.
A. Gudlavalleti, A. Nath, Clinical profile and outcomes of COVID-19-associated
transverse myelitis: a case report and review of literature, Neurol. Clin. Pr. 12 (6)
(2022) e221-€227.

J.0. Ahmed, et al., Post COVID-19 neurological complications; a meta-analysis,
Ann. Med Surg. (Lond. ) 76 (2022), 103440.

S.A. Ahmad, et al., Post COVID-19 transverse myelitis; a case report with review
of literature, Ann. Med Surg. (Lond. ) 69 (2021), 102749.

S.F. Maroufi, et al., Longitudinally extensive transverse myelitis after Covid-19
vaccination: case report and review of literature, Hum. Vaccin Immunother. 18
(1) (2022) 2040239.

H. Nakano, et al., Acute transverse myelitis after BNT162b2 vaccination against
COVID-19: Report of a fatal case and review of the literature, J. Neurol. Sci. 434
(2022), 120102.

V.R. Ostovan, et al., Clinical characteristics, radiological features and prognostic
factors of transverse myelitis following COVID-19 vaccination: a systematic
review, Mult. Scler. Relat. Disord. 66 (2022), 104032.

S. Sriwastava, et al., Spectrum of neuroimaging findings in Post-COVID-19
vaccination: a case series and review of literature, Neurol. Int 13 (4) (2021)
622-639.

Ismail II, S. Salama, A systematic review of cases of CNS demyelination following
COVID-19 vaccination, J. Neuroimmunol. 362 (2022), 577765.

Y.T. Hsiao, et al., Acute transverse myelitis after COVID-19 vaccination, Med.
(Kaunas. ) 57 (10) (2021).

G.C. Roman, et al., Acute transverse myelitis (ATM):clinical review of 43 patients
with COVID-19-associated ATM and 3 post-vaccination ATM serious adverse
events with the ChAdOx1 nCoV-19 vaccine (AZD1222), Front Immunol. 12
(2021), 653786.

E. Khan, et al., Acute transverse myelitis following SARS-CoV-2 vaccination: a
case report and review of literature, J. Neurol. 269 (3) (2022) 1121-1132.

F. Drago, et al., Human herpesvirus-6, -7, and Epstein-Barr virus reactivation in
pityriasis rosea during COVID-19, J. Med. Virol. 93 (4) (2020) 1850-1851.

A. Simonnet, et al., High incidence of Epstein—Barr virus, cytomegalovirus, and
human-herpes virus-6 reactivations in critically ill patients with COVID-19, Infect.
Dis. Now. 51 (3) (2021) 296-299.


http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref126
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref126
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref126
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref127
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref127
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref127
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref128
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref128
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref129
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref129
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref129
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref130
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref130
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref131
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref131
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref132
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref132
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref132
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref133
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref133
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref134
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref134
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref135
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref135
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref136
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref136
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref137
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref137
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref138
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref138
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref138
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref139
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref139
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref140
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref140
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref140
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref141
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref141
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref141
https://vaers.hhs.gov/
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref142
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref142
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref142
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref143
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref143
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref143
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref144
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref144
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref145
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref145
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref146
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref146
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref146
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref147
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref147
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref148
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref148
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref148
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref149
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref149
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref150
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref150
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref151
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref151
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref151
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref152
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref152
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref152
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref153
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref153
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref153
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref154
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref154
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref155
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref155
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref155
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref156
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref156
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref156
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref157
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref157
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref157
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref157
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref158
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref158
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref159
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref159
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref159
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref159
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref159
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref159
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref160
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref160
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref161
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref161
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref161
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref162
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref162
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref162
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref163
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref163
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref164
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref164
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref164
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref165
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref165
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref165
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref166
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref166
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref167
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref167
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref167
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref168
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref168
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref169
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref169
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref169
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref170
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref170
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref171
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref171
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref172
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref172
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref173
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref173
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref173
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref174
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref174
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref175
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref175
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref175
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref176
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref176
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref177
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref177
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref178
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref178
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref178
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref179
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref179
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref180
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref180
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref181
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref181
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref181
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref182
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref182
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref182
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref183
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref183
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref183
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref184
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref184
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref184
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref185
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref185
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref186
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref186
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref187
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref187
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref187
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref187
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref188
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref188
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref189
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref189
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref190
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref190
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref190

F. Scholkmann and C.-A. May

[197]

[198]

[199]

[200]
[201]
[202]
[203]
[204]

[205]

[206]

[207]

[208]

[209]
[210]

[211]

[212]

[213]

[214]
[215]
[216]
[217]
[218]
[219]
[220]
[221]
[222]

[223]

[224]

[225]

[226]
[227]
[228]
[229]
[230]
[231]

[232]

[233]

R. Xu, et al., Co-reactivation of the human herpesvirus alpha subfamily (herpes
simplex virus-1 and varicella zoster virus) in a critically ill patient with COVID-
19, Br. J. Dermatol. 183 (6) (2020) 1145-1147.

B. Brooks, et al., Epstein-barr virus and human herpesvirus-6 reactivation in acute
COVID-19 patients, Viruses 14 (9) (2022).

Y. Xie, et al., Clinical characteristics and outcomes of critically ill patients with
acute COVID-19 with Epstein-Barr virus reactivation, BMC Infect. Dis. 21 (1)
(2021) 955.

S.A. Algaadi, Herpes zoster and COVID-19 infection: a coincidence or a causal
relationship? Infection 50 (2) (2022) 289-293.

J. Katz, S. Yue, W. Xue, Herpes simplex and herpes zoster viruses in COVID-19
patients, Ir. J. Med Sci. 191 (3) (2022) 1093-1097.

A. Pona, et al., Herpes zoster as a potential complication of coronavirus disease
2019, Dermatol. Ther. 33 (6) (2020), e13930.

P. Le Balc’h, et al., Herpes simplex virus and cytomegalovirus reactivations
among severe COVID-19 patients, Crit. Care 24 (1) (2020) 530.

A. Saade, et al., Herpesvirus reactivation during severe COVID-19 and high rate of
immune defect, Infect. Dis. Now. 51 (8) (2021) 676-679.

R.A. Fathy, et al., Varicella-zoster and herpes simplex virus reactivation post-
COVID-19 vaccination: a review of 40 cases in an International Dermatology
Registry, J. Eur. Acad. Dermatol. Venereol. 36 (1) (2022) e6-e9.

M. Gringeri, et al., Herpes zoster and simplex reactivation following COVID-19
vaccination: new insights from a vaccine adverse event reporting system (VAERS)
database analysis, Expert Rev. Vaccin. 21 (5) (2022) 675-684.

E. Eid, et al., Herpes zoster emergence following mRNA COVID-19 vaccine,

J. Med. Virol. 93 (9) (2021) 5231-5232.

M. Birabaharan, D.C. Kaelber, M.Y. Karris, Risk of herpes zoster reactivation after
messenger RNA COVID-19 vaccination: A cohort study, J. Am. Acad. Dermatol. 87
(3) (2022) 649-651.

C.W. Chu, et al., Association of COVID-19 vaccination with herpes zoster: a
systematic review and meta-analysis, Expert Rev. Vaccin. 21 (5) (2022) 601-608.
K. Katsikas Triantafyllidis, et al., Varicella zoster virus reactivation following
COVID-19 vaccination: a systematic review of case reports, Vaccines 9 (9) (2021).
H.D. Desai, et al., Can SARS-CoV-2 vaccine increase the risk of reactivation of
Varicella zoster? A systematic review, J. Cosmet. Dermatol. 20 (11) (2021)
3350-3361.

A. Herzum, et al., Epstein-Barr virus reactivation after COVID-19 vaccination in a
young immunocompetent man: a case report, Clin. Exp. Vaccin. Res 11 (2) (2022)
222-225.

M. Pluss, et al., Case report: cytomegalovirus reactivation and pericarditis
following ChAdOx1 nCoV-19 vaccination against SARS-CoV-2, Front Immunol. 12
(2021), 784145.

J.E. Gold, et al., Investigation of long COVID prevalence and its relationship to
epstein-barr virus reactivation, Pathogens 10 (6) (2021).

T.C. Hanff, et al., Thrombosis in COVID-19, Am. J. Hematol. 95 (12) (2020)
1578-1589.

F. Al-Ani, S. Chehade, A. Lazo-Langner, Thrombosis risk associated with COVID-
19 infection. A scoping review, Thromb. Res 192 (2020) 152-160.

J.D. McFadyen, H. Stevens, K. Peter, The emerging threat of (micro)thrombosis in
COVID-19 and its therapeutic implications, Circ. Res 127 (4) (2020) 571-587.
Y.J. Suh, et al., Pulmonary embolism and deep vein thrombosis in COVID-19: a
systematic review and meta-analysis, Radiology 298 (2) (2021) E70-E80.

K. Dakay, et al., Cerebral venous sinus thrombosis in COVID-19 infection: a case
series and review of the literature, J. Stroke Cereb. Dis. 30 (1) (2021), 105434.
J. Avila, et al., Thrombotic complications of COVID-19, Am. J. Emerg. Med 39
(2021) 213-218.

F.A. Klok, et al., Incidence of thrombotic complications in critically ill ICU
patients with COVID-19, Thromb. Res 191 (2020) 145-147.

T.M. Tu, et al., Cerebral venous thrombosis in patients with COVID-19 infection: a
case series and systematic review, J. Stroke Cereb. Dis. 29 (12) (2020), 105379.
M. Abdalkader, et al., Cerebral venous sinus thrombosis in COVID-19 patients: a
multicenter study and review of literature, J. Stroke Cereb. Dis. 30 (6) (2021),
105733.

R. Ghosh, et al., Cerebral venous thrombosis in COVID-19, Diabetes Metab. Syndr.
15 (3) (2021) 1039-1045.

W.J. Jenner, D.A. Gorog, Incidence of thrombotic complications in COVID-19: on
behalf of ICODE: the International COVID-19 Thrombosis Biomarkers
Colloquium, J. Thromb. Thrombolysis 52 (4) (2021) 999-1006.

M.A.M. Ali, S.A. Spinler, COVID-19 and thrombosis: from bench to bedside,
Trends Cardiovasc Med 31 (3) (2021) 143-160.

H.D. Poor, Pulmonary thrombosis and thromboembolism in COVID-19, Chest 160
(4) (2021) 1471-1480.

C.B. Medicherla, et al., Cerebral venous sinus thrombosis in the COVID-19
pandemic, J. Neuroophthalmol. 40 (4) (2020) 457-462.

M. Levi, B.J. Hunt, Thrombosis and coagulopathy in COVID-19: an illustrated
review, Res Pr. Thromb. Haemost. 4 (5) (2020) 744-751.

C. Bilotta, et al., COVID-19 vaccine-related thrombosis: a systematic review and
exploratory analysis, Front Immunol. 12 (2021), 729251.

C. Brazete, et al., Thrombotic events and COVID-19 vaccines, Int J. Tube Lung
Dis. 25 (9) (2021) 701-707.

M. Tobaiqy, et al., Thrombotic adverse events reported for moderna, pfizer and
oxford-AstraZeneca COVID-19 vaccines: comparison of occurrence and clinical
outcomes in the eudravigilance database, Vaccines 9 (11) (2021).

J. Finsterer, Post-SARS-CoV-2 vaccination thrombosis is frequent and ubiquitous,
Indian J. Ophthalmol. 70 (5) (2022) 1864.

14

[234]
[235]

[236]

[237]

[238]

[239]

[240]

[241]
[242]
[243]

[244]

[245]

[246]
[247]

[248]

[249]

[250]

[251]

[252]

[253]
[254]
[255]
[256]
[257]

[258]

[259]
[260]
[261]
[262]
[263]
[264]

[265]

[266]

[267]

[268]

Pathology - Research and Practice 246 (2023) 154497

A. Greinacher, et al., Pathogenesis of vaccine-induced immune thrombotic
thrombocytopenia (VITT), Semin Hematol. 59 (2) (2022) 97-107.

A. Greinacher, et al., Thrombotic thrombocytopenia after ChAdOx1 nCov-19
vaccination, N. Engl. J. Med 384 (22) (2021) 2092-2101.

A. Greinacher, et al., Vaccine-induced immune thrombotic thrombocytopenia
(VITT): Update on diagnosis and management considering different resources,
J. Thromb. Haemost. 20 (1) (2022) 149-156.

S.H. Ahmed, et al., Vaccine-induced thrombotic thrombocytopenia following
coronavirus vaccine: a narrative review, Ann. Med Surg. (Lond. ) 73 (2022),
102988.

B. Marchandot, et al., Vaccine-induced immune thrombotic thrombocytopenia:
current evidence, potential mechanisms, clinical implications, and future
directions, Eur. Heart J. Open 1 (2) (2021) oeab014.

M.H. Elberry, et al., A systematic review of vaccine-induced thrombotic
thrombocytopenia in individuals who received COVID-19 adenoviral-vector-
based vaccines, J. Thromb. Thrombolysis 53 (4) (2022) 798-823.

P. Saluja, et al., Thrombotic thrombocytopenic purpura (TTP) after COVID-19
vaccination: a systematic review of reported cases, Thromb. Res 214 (2022)
115-121.

D.B. Cines, A. Greinacher, Spotlight on vaccine-induced thrombosis and
thrombocytopenia (VITT), Blood (2023).

L. Schonborn, A. Greinacher, Longitudinal aspects of VITT, Semin Hematol. 59 (2)
(2022) 108-114.

S. Acharya, et al., Unique case of central retinal artery occlusion secondary to
COVID-19 disease, IDCases 21 (2020), e00867.

M. Al-Abri, et al., Central retinal vein occlusion in a young healthy COVID-19
patient: a case report and literature review, Middle East Afr. J. Ophthalmol. 28 (3)
(2021) 199-202.

N. Ashkenazy, et al., Hemi- and central retinal vein occlusion associated with
COVID-19 infection in young patients without known risk factors, Ophthalmol.
Retin. 6 (6) (2022) 520-530.

M.M. Bapaye, et al., Simultaneous bilateral central retinal artery occlusion
following COVID-19 infection, Ocul. Immunol. Inflamm. 29 (4) (2021) 671-674.
A.P. Finn, R.N. Khurana, L.K. Chang, Hemi-retinal vein occlusion in a young
patient with COVID-19, Am. J. Ophthalmol. Case Rep. 22 (2021), 101046.
W.H. Gaba, et al., Bilateral central retinal vein occlusion in a 40-year-old man
with severe coronavirus disease 2019 (COVID-19) pneumonia, Am. J. Case Rep.
21 (2020), €927691.

A. Invernizzi, et al., Impending central retinal vein occlusion in a patient with
Coronavirus disease 2019 (COVID-19), Ocul. Immunol. Inflamm. 28 (8) (2020)
1290-1292.

O. Kilicarslan, A.Y. Cebi, D. Ucar, Central retinal vein occlusion and occlusive
vasculopathy at macula in a patient with recent COVID-19 infection, Taiwan J.
Ophthalmol. 12 (4) (2022) 477-481.

C.G. Miller, B.J. Kim, Central retinal vein occlusion in a 46-year-old man with
covID-19: case report and review of the literature, Case Rep. Ophthalmol. 12 (2)
(2021) 646-652.

H. Mohammad Hassan, et al., Coronavirus Disease 2019 (COVID-19)- associated
central retinal vein occlusion: a case report and literature review, Arch. Hematol.
Case Rep. Rev. 7 (1) (2022) 009-012.

A. Montesel, et al., Case report: central retinal artery occlusion in a COVID-19
patient, Front Pharm. 11 (2020), 588384.

C. O’Donovan, N. Vyas, F. Ghanchi, Retinal vein occlusion with COVID-19: a case
report and review of literature, Ocul. Immunol. Inflamm. (2022) 1-5.

N. Raval, A. Djougarian, J. Lin, Central retinal vein occlusion in the setting of
COVID-19 infection, J. Ophthalmic Inflamm. Infect. 11 (1) (2021) 10.

J.U. Sheth, et al., Retinal vein occlusion in COVID-19: a novel entity, Indian J.
Ophthalmol. 68 (10) (2020) 2291-2293.

H.F. Shiroma, et al., Retinal vascular occlusion in patients with the Covid-19
virus, Int J. Retin. Vitr. 8 (1) (2022) 45.

N. Turedi, B. Onal Gunay, Paracentral acute middle maculopathy in the setting of
central retinal artery occlusion following COVID-19 diagnosis, Eur. J.
Ophthalmol. 32 (3) (2022) NP62-NP66.

1. Ullah, et al., Central Retinal Vein Occlusion in patients with COVID-19
infection: a systematic review, Ann. Med Surg. (Lond. ) 71 (2021), 102898.

R. Venkatesh, et al., COVID-19-associated central retinal vein occlusion treated
with oral aspirin, BMJ Case Rep. 14 (5) (2021).

J.A. Walinjkar, et al., Central retinal vein occlusion with COVID-19 infection as
the presumptive etiology, Indian J. Ophthalmol. 68 (11) (2020) 2572-2574.

T. Yahalomi, et al., Central retinal vein occlusion in a young healthy COVID-19
patient: a case report, Am. J. Ophthalmol. Case Rep. 20 (2020), 100992.

J. Finsterer, Retinal artery/vein occlusion complicating SARS-CoV-2 vaccinations,
J. Stroke Cereb. Dis. 31 (9) (2022), 106617.

N.J. Sonawane, et al., Central retinal vein occlusion post-COVID-19 vaccination,
Indian J. Ophthalmol. 70 (1) (2022) 308-309.

J.I. Fernandez-Vigo, et al., Bilateral retinal vein occlusion after two doses of
SARS-CoV-2 adenovirus vector-based vaccine, J. Fr. Ophtalmol. 45 (9) (2022)
€397-e399.

Y. Ikegami, et al., Combined central retinal artery and vein occlusion shortly after
mRNA-SARS-CoV-2 vaccination, QJM 114 (12) (2022) 884-885.

A.A. Bialasiewicz, M.S. Farah-Diab, H.T. Mebarki, Central retinal vein occlusion
occurring immediately after 2nd dose of mRNA SARS-CoV-2 vaccine, Int
Ophthalmol. 41 (12) (2021) 3889-3892.

B. Endo, S. Bahamon, D.F. Martinez-Pulgarin, Central retinal vein occlusion after
mRNA SARS-CoV-2 vaccination: a case report, Indian J. Ophthalmol. 69 (10)
(2021) 2865-2866.


http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref191
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref191
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref191
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref192
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref192
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref193
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref193
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref193
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref194
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref194
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref195
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref195
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref196
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref196
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref197
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref197
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref198
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref198
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref199
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref199
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref199
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref200
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref200
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref200
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref201
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref201
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref202
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref202
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref202
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref203
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref203
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref204
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref204
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref205
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref205
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref205
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref206
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref206
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref206
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref207
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref207
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref207
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref208
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref208
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref209
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref209
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref210
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref210
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref211
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref211
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref212
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref212
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref213
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref213
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref214
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref214
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref215
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref215
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref216
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref216
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref217
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref217
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref217
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref218
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref218
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref219
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref219
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref219
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref220
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref220
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref221
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref221
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref222
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref222
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref223
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref223
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref224
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref224
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref225
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref225
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref226
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref226
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref226
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref227
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref227
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref228
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref228
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref229
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref229
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref230
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref230
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref230
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref231
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref231
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref231
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref232
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref232
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref232
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref233
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref233
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref233
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref234
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref234
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref234
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref235
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref235
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref236
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref236
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref237
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref237
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref238
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref238
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref238
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref239
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref239
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref239
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref240
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref240
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref241
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref241
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref242
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref242
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref242
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref243
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref243
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref243
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref244
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref244
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref244
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref245
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref245
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref245
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref246
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref246
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref246
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref247
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref247
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref248
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref248
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref249
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref249
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref250
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref250
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref251
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref251
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref252
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref252
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref252
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref253
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref253
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref254
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref254
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref255
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref255
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref256
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref256
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref257
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref257
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref258
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref258
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref259
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref259
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref259
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref260
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref260
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref261
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref261
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref261
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref262
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref262
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref262

F. Scholkmann and C.-A. May

[269]
[270]

[271]

[272]

[273]

[274]

[275]

[276]
[277]

[278]

[279]

[280]

[281]

[282]

[283]

[284]
[285]

[286]

[287]

[288]

[289]

[290]
[291]

[292]

[293]

[294]

[295]

[296]

[297]
[298]
[299]
[300]

[301]

[302]

[303]

S. Werda, et al., Occlusive retinal vasculopathy following AstraZeneca COVID-19
vaccination: a case report, J. Fr. Ophtalmol. (2023).

P.P. Shah, et al., Central Retinal Vein Occlusion Following BNT162b2 (Pfizer-
BioNTech) COVID-19 Messenger RNA Vaccine, Retin Cases Brief. Rep. (2021).
D.R. Pur, L.L. Catherine, Branch retinal vein occlusion in a healthy young man
following mRNA COVID-19 vaccination, Am. J. Ophthalmol. Case Rep. 26 (2022),
101445.

A. Takacs, M. Ecsedy, Z.Z. Nagy, Possible COVID-19 MRNA vaccine-induced case
of unilateral central retinal vein occlusion, Ocul. Immunol. Inflamm. (2022) 1-6.
M. Goyal, S.I. Murthy, Y. Srinivas, Unilateral retinal vein occlusion in a young,
healthy male following Sputnik V vaccination, Indian J. Ophthalmol. 69 (12)
(2021) 3793-3794.

S. Vujosevic, et al., Retinal vascular occlusion and SARS-CoV-2 vaccination,
Graefes Arch. Clin. Exp. Ophthalmol. 260 (11) (2022) 3455-3464.

S. Lee, et al., Combined central retinal artery and vein occlusion with ischemic
optic neuropathy after COVID-19 vaccination, Int. Med. Case Rep. J. 15 (2022)
7-14.

P.K. Sodhi, et al., Central retinal vein occlusion following the first dose of COVID
vaccine, Cureus (2022).

D. Romano, et al., COVID-19 adenoviralvector vaccine and central retinal vein
occlusion, Ocul. Immunol. Inflamm. 30 (5) (2022) 1286-1288.

Y.C. Chen, Combined central retinal artery occlusion and vein occlusion with
exudative retinal detachment following COVID-19 vaccination, Kaohsiung J.
Med. Sci. 38 (10) (2022) 1020-1021.

K. Sugihara, M. Kono, M. Tanito, Branch retinal vein occlusion after messenger
RNA-Based COVID-19 vaccine, Case Rep. Ophthalmol. 13 (1) (2022) 28-32.
0.A.G. Ruiz, J.J. Gonzalez-Lopez, Simultaneous unilateral central retinal vein
occlusion and branch retinal artery occlusion after Coronavirus Disease 2019
(COVID-19) mRNA vaccine, Arq. Bras. De. Oftalmol. 87 (2) (2022).

P. Dutta Majumder, V. Prakash, Retinal venous occlusion following COVID-19
vaccination: report of a case after third dose and review of the literature, Indian J.
Ophthalmol. 70 (6) (2022) 2191.

C. Girbardt, et al., Retinal vascular events after mrnA and adenoviral-vectored
COVID-19 vaccines-a case series, Vaccin. (Basel) 9 (11) (2021).

A.D. Abdin, B.C. Gartner, B. Seitz, Central retinal artery occlusion following
COVID-19 vaccine administration, Am. J. Ophthalmol. Case Rep. 26 (2022),
101430.

S.Y. Chow, Y.R. Hsu, V.H. Fong, Central retinal artery occlusion after Moderna
mRNA-1273 vaccination, J. Formos. Med Assoc. 121 (11) (2022) 2369-2370.

L. Silva, et al., Vascular retinal findings after COVID-19 vaccination in 11 cases: a
coincidence or consequence? Arq. Bras. Oftalmol. 85 (2) (2022) 158-165.

M. Thakar, S. Bhattacharya, Central retinal artery occlusion after vaccination with
whole virion inactivated SARSCoV- 2 vaccine Covaxin, Indian J. Ophthalmol. 70
(10) (2022) 3716-3718.

G. Karageorgiou, et al., Branch retinal vein occlusion following ChAdOx1 nCoV-
19 (Oxford-AstraZeneca) vaccine, Eur. J. Ophthalmol. (2022), p.
11206721221124651.

K. Ishibashi, et al., Branch retinal artery occlusions, paracentral acute middle
maculopathy and acute macular neuroretinopathy after COVID-19 vaccinations,
Clin. Ophthalmol. 16 (2022) 987-992.

S. Groselli, et al., [Retinal arteriovenous vascular occlusion after COVID
vaccination with Vaxzevria(R) (AstraZeneca)-a complication of vaccination or
not?], Ophthalmologie 119 (12) (2022) 1299-1303.

E. Bolletta, et al., Uveitis and other ocular complications following COVID-19
vaccination, J. Clin. Med 10 (24) (2021).

H. Tanaka, et al., Exacerbation of branch retinal vein occlusion post SARS-CoV2
vaccination: case reports, Med. (Baltim. ) 100 (50) (2021), e28236.

R. Sacconi, et al., Retinal vein occlusion following two doses of mRNA-1237
(Moderna) immunization for SARS-Cov-2: a case report, Ophthalmol. Ther. 11 (1)
(2022) 453-458.

C. Quigley, et al., Post-coronavirus disease 2019 (COVID-19) syndrome associated
with central retinal vein occlusion: a case report, Ocul. Immunol. Inflamm. (2021)
1-3.

M. Rela, et al., Auto-immune hepatitis following COVID vaccination,

J. Autoimmun. 123 (2021), 102688.

K.W. Chow, et al., Autoimmune hepatitis-like syndrome following COVID-19
vaccination: a systematic review of the literature, Dig. Dis. Sci. 67 (9) (2022)
4574-4580.

H. Ghorbani, et al., Drug-induced hepatitis after Sinopharm COVID-19
vaccination: a case study of a 62-year-old patient, Int J. Surg. Case Rep. 93
(2022), 106926.

I. Garrido, et al., Autoimmune hepatitis after COVID-19 vaccine - more than a
coincidence, J. Autoimmun. 125 (2021), 102741.

A. Izagirre, et al., Autoimmune hepatitis following COVID-19 vaccination,

J. Autoimmun. 132 (2022), 102874.

G.S. Zin Tun, et al., Inmune-mediated hepatitis with the Moderna vaccine, no
longer a coincidence but confirmed, J. Hepatol. 76 (3) (2022) 747-749.

H. Zheng, et al., Autoimmune hepatitis after COVID-19 vaccination, Front
Immunol. 13 (2022) 1035073.

T. Zhou, et al., New-onset autoimmune hepatitis following mRNA COVID-19
vaccination in a 36-year-old woman with primary sclerosing cholangitis - should
we be more vigilant? J. Hepatol. 76 (1) (2022) 218-220.

M. Mathew, et al., COVID-19 vaccine triggered autoimmune hepatitis: case
report, Eur. J. Hosp. Pharm. (2022).

E. Vuille-Lessard, et al., Autoimmune hepatitis triggered by SARS-CoV-2
vaccination, J. Autoimmun. 123 (2021), 102710.

15

[304]

[305]
[306]

[307]

[308]

[309]

[310]

[311]

[312]
[313]

[314]

[315]

[316]
[317]

[318]

[319]

[320]

[321]
[322]
[323]

[324]

[325]

[326]

[327]

[328]

[329]
[330]
[331]
[332]
[333]
[334]
[335]

[336]

Pathology - Research and Practice 246 (2023) 154497

L. Martin-Navarro, et al., In situ detection of vaccine mRNA in the cytoplasm of
hepatocytes during COVID-19 vaccine-related hepatitis, J. Hepatol. 78 (1) (2023)
e20-e22.

J. Finsterer, A case report: long post-COVID vaccination syndrome during the
eleven months after the third moderna dose, Cureus 14 (12) (2022), e32433.

J. Finterer, F.A. Scorza, A retrospective analysis of clinically confirmed long post-
COVID vaccination syndrome, J. Clin. Transl. Res 8 (6) (2022) 506-508.

B.K. Patterson, et al., SARS-CoV-2 S1 protein persistence in SARS-CoV-2 negative
post-vaccination individuals with long COVID/ PASC-like symptoms, Res. Sqare
(2022).

Swissmedic. Verdachtsmeldungen unerwiinschter Wirkungen der Covid-19 Impfungen
in der Schweiz — 29. Update. 2023 24 Befruary 2023]; Available from: (https
://www.swissmedic.ch/swissmedic/de/home/news/coronavirus-covid-19/co
vid-19-vaccines-safety-update-19.html).

T.L. Wong, D.J. Weitzer, Long COVID and myalgic encephalomyelitis/chronic
fatigue syndrome (ME/CFS)-a systemic review and comparison of clinical
presentation and symptomatology, Medicines 57 (5) (2021).

L.A. Jason, et al., COVID-19 symptoms over time: comparing long-haulers to ME/
CFS, Fatigue 9 (2) (2021) 59-68.

K. Tokumasu, et al., Clinical characteristics of myalgic encephalomyelitis/chronic
fatigue syndrome (ME/CFS) Diagnosed in patients with long COVID, Medicina 58
(7) (2022).

L.A. Jason, J.A. Dorri, ME/CFS and post-exertional malaise among patients with
long COVID, Neurol. Int. 15 (1) (2022) 1-11.

C.R. Oliveira, et al., Improvement of Long COVID symptoms over one year, Front.
Med. 9 (2022) 1065620.

K. Manysheva, et al., Myalgic encephalomyelitis/chronic fatigue syndrome: first
described complication after gam-COVID-vac vaccine, Psychiatr. Danub 34 (Suppl
8) (2022) 189-190.

R.K. Gherardi, G. Crepeaux, F.J. Authier, Myalgia and chronic fatigue syndrome
following immunization: macrophagic myofasciitis and animal studies support
linkage to aluminum adjuvant persistency and diffusion in the immune system,
Autoimmun. Rev. 18 (7) (2019) 691-705.

P. Bastard, et al., Autoantibodies against type I IFNs in patients with life-
threatening COVID-19, Science 370 (6515) (2020).

Y. Zuo, et al., Prothrombotic autoantibodies in serum from patients hospitalized
with COVID-19, Sci. Transl. Med 12 (570) (2020).

0. Hasan Ali, et al., Severe Coronavirus disease 2019 (COVID-19) is associated
with elevated serum immunoglobulin (Ig) A and antiphospholipid IgA antibodies,
Clin. Infect. Dis. 73 (9) (2021) e2869-e2874.

M. Gatto, et al., Frequency and clinical correlates of antiphospholipid antibodies
arising in patients with SARS-CoV-2 infection: findings from a multicentre study
on 122 cases, Clin. Exp. Rheuma 38 (4) (2020) 754-759.

W. Jiang, et al., COVID-19 is associated with bystander polyclonal autoreactive B
cell activation as reflected by a broad autoantibody production, but none is linked
to disease severity, J. Med Virol. 95 (1) (2023), e28134.

E. Hallmann, et al., IgG autoantibodies against ACE2 in SARS-CoV-2 infected
patients, J. Med Virol. 95 (1) (2023), e28273.

E.Y. Wang, et al., Diverse functional autoantibodies in patients with COVID-19,
Nature 595 (7866) (2021) 283-288.

S.E. Chang, et al., New-onset IgG autoantibodies in hospitalized patients with
COVID-19, Nat. Commun. 12 (1) (2021) 5417.

M.G.P. van der Wijst, et al., Type I interferon autoantibodies are associated with
systemic immune alterations in patients with COVID-19, Sci. Transl. Med 13
(612) (2021) eabh2624.

R. Koning, et al., Autoantibodies against type I interferons are associated with
multi-organ failure in COVID-19 patients, Intensive Care Med 47 (6) (2021)
704-706.

P.S. Briquez, et al., Severe COVID-19 induces autoantibodies against angiotensin
II that correlate with blood pressure dysregulation and disease severity, Sci. Adv.
8 (40) (2022) eabn3777.

M.S. Abers, et al., Neutralizing type-I interferon autoantibodies are associated
with delayed viral clearance and intensive care unit admission in patients with
COVID-19, Immunol. Cell Biol. 99 (9) (2021) 917-921.

J. Manry, et al., The risk of COVID-19 death is much greater and age dependent
with type I IFN autoantibodies, Proc. Natl. Acad. Sci. USA 119 (21) (2022) p.
€2200413119.

A.L Rodriguez-Perez, et al., Autoantibodies against ACE2 and angiotensin type-1
receptors increase severity of COVID-19, J. Autoimmun. 122 (2021), 102683.

F. Papola, et al., Anti-AT1R autoantibodies and prediction of the severity of
Covid-19, Hum. Immunol. 83 (2) (2022) 130-133.

H. Shi, et al., Endothelial cell-activating antibodies in COVID-19, Arthritis
Rheuma 74 (7) (2022) 1132-1138.

M. Fagyas, et al., The majority of severe COVID-19 patients develop anti-cardiac
autoantibodies, Geroscience 44 (5) (2022) 2347-2360.

C. Xu, et al., Prevalence and characteristics of rheumatoid-associated
autoantibodies in patients with COVID-19, J. Inflamm. Res 14 (2021) 3123-3128.
K. Son, et al., Circulating anti-nuclear autoantibodies in COVID-19 survivors
predict long COVID symptoms, Eur. Respir. J. 61 (1) (2023).

A.G. L’Huillier, et al., Autoantibodies against apolipoprotein A-1 after COVID-19
predict symptoms persistence, Eur. J. Clin. Invest 52 (10) (2022), e13818.

C. Franke, et al., Association of cerebrospinal fluid brain-binding autoantibodies
with cognitive impairment in post-COVID-19 syndrome, Brain Behav. Immun.
(2023).


http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref263
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref263
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref264
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref264
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref265
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref265
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref265
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref266
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref266
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref267
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref267
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref267
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref268
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref268
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref269
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref269
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref269
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref270
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref270
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref271
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref271
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref272
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref272
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref272
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref273
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref273
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref274
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref274
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref274
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref275
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref275
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref275
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref276
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref276
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref277
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref277
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref277
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref278
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref278
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref279
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref279
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref280
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref280
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref280
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref281
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref281
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref281
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref282
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref282
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref282
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref283
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref283
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref283
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref284
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref284
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref285
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref285
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref286
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref286
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref286
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref287
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref287
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref287
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref288
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref288
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref289
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref289
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref289
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref290
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref290
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref290
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref291
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref291
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref292
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref292
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref293
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref293
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref294
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref294
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref295
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref295
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref295
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref296
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref296
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref297
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref297
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref298
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref298
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref298
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref299
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref299
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref300
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref300
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref301
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref301
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref301
https://www.swissmedic.ch/swissmedic/de/home/news/coronavirus-covid-19/covid-19-vaccines-safety-update-19.html
https://www.swissmedic.ch/swissmedic/de/home/news/coronavirus-covid-19/covid-19-vaccines-safety-update-19.html
https://www.swissmedic.ch/swissmedic/de/home/news/coronavirus-covid-19/covid-19-vaccines-safety-update-19.html
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref302
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref302
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref302
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref303
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref303
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref304
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref304
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref304
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref305
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref305
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref306
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref306
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref307
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref307
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref307
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref308
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref308
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref308
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref308
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref309
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref309
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref310
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref310
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref311
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref311
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref311
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref312
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref312
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref312
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref313
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref313
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref313
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref314
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref314
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref315
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref315
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref316
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref316
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref317
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref317
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref317
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref318
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref318
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref318
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref319
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref319
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref319
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref320
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref320
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref320
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref321
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref321
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref321
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref322
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref322
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref323
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref323
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref324
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref324
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref325
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref325
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref326
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref326
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref327
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref327
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref328
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref328
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref329
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref329
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref329

F. Scholkmann and C.-A. May

[3371

[338]

[339]

[340]

[341]

[342]

[343]

[344]

[345]
[346]
[347]

[348]

[349]

[350]

[351]

[352]

[353]

[354]

[355]

[356]
[357]

[358]

[359]

[360]

[361]

[362]

[363]

[364]

[365]

[366]

[367]

[368]

G. Wallukat, et al., Functional autoantibodies against G-protein coupled receptors
in patients with persistent Long-COVID-19 symptoms, J. Transl. Autoimmun. 4
(2021), 100100.

D. Bertin, et al., Persistent IgG anticardiolipin autoantibodies are associated with
post-COVID syndrome, Int J. Infect. Dis. 113 (2021) 23-25.

C. Szewczykowski, et al., Long COVID: association of functional autoantibodies
against G-protein-coupled receptors with an impaired retinal microcirculation,
Int. J. Mol. Sci. 23 (13) (2022).

L. Thurner, et al., Autoantibodies against SUMO1-DHX35 in long-COVID,

J. Transl. Autoimmun. 5 (2022), 100171.

R. Buchhorn, et al., Autoantibody release in children after corona virus mRNA
vaccination: a risk factor of multisystem inflammatory syndrome? Vaccines 9 (11)
(2021).

R.B. Blank, et al., Low incidence and transient elevation of autoantibodies post
mRNA COVID-19 vaccination in inflammatory arthritis, Rheumatol. (Oxf. ) 62 (1)
(2022) 467-472.

E. Noel, et al., Antineutrophil cytoplasmic autoantibody-associated
glomerulonephritis as a possible side effect of COVID-19 vaccination, Cureus
(2022).

G.K. Dube, L.J. Benvenuto, I. Batal, Antineutrophil cytoplasmic
autoantibody-associated glomerulonephritis following the Pfizer-BioNTech
COVID-19 vaccine, Kidney Int. Rep. 6 (12) (2021) 3087-3089.

S. Brito, et al., A case of autoimmune hemolytic anemia following COVID-19
messenger ribonucleic acid vaccination, Cureus (2021).

S.R.V. Gadi, et al., Severe autoimmune hemolytic anemia following receipt of
SARS-CoV-2 mRNA vaccine, Transfusion 61 (11) (2021) 3267-3271.

G. De Marco, et al., A large cluster of new onset autoimmune myositis in the
yorkshire region following SARS-CoV-2 vaccination, Vaccines 10 (8) (2022) 1184.
S. De Bruyne, et al., Life-threatening autoimmune hemolytic anemia following
mRNA COVID-19 vaccination: don’t be too prudent with the red gold, Clin. Chem.
Lab. Med. (CCLM) 60 (6) (2022) e125-e128.

M. Ghielmetti, et al., Acute autoimmune-like hepatitis with atypical anti-
mitochondrial antibody after mRNA COVID-19 vaccination: a novel clinical
entity? J. Autoimmun. 123 (2021), 102706.

T. Nakamura, et al., Detection of anti-GPIba autoantibodies in a case of immune
thrombocytopenia following COVID-19 vaccination, Thromb. Res. 209 (2022)
80-83.

M. Yano, et al., New-onset type 1 diabetes after COVID-19 mRNA vaccination,
Intern. Med. 61 (8) (2022) 1197-1200.

E. Hammami, et al., Acquired thrombotic thrombocytopenic purpura after
BNT162b2 COVID-19 vaccine: case report and literature review, Lab. Med. 53 (6)
(2022) e145-e148.

K. Chamarti, et al., Thrombotic thrombocytopenic purpura presentation in an
elderly gentleman following COVID vaccine circumstances, Cureus (2021).

Y. Raviv, et al., First presentation of systemic lupus erythematosus in a 24-year-
old male following mRNA COVID-19 vaccine, Case Rep. Rheumatol. 2022 (2022)
1-4.

L. Camacho-Dominguez, et al., COVID-19 vaccine and autoimmunity. A new case
of autoimmune hepatitis and review of the literature, J. Transl. Autoimmun. 5
(2022), 100140.

D.S. Soliman, et al., Acquired hemophilia A developed post COVID-19 Vaccine: an
extremely rare complication, J. Med Cases 13 (1) (2022) 1-4.

K. Mekritthikrai, et al., Autoimmune hepatitis triggered by COVID-19 vaccine: the
first case from inactivated vaccine, ACG Case Rep. J. 9 (7) (2022), e00811.

S. Shimoyama, et al., First and fatal case of autoimmune acquired factor XIII/13
deficiency after COVID-19/SARS-CoV-2 vaccination, Am. J. Hematol. 97 (2)
(2022) 243-245.

A. Cole, et al., Diffuse cutaneous systemic sclerosis following SARS-Co V-2
vaccination, J. Autoimmun. 128 (2022), 102812.

S. Chen, et al., Watch out for neuromyelitis optica spectrum disorder after
inactivated virus vaccination for COVID-19, Neurol. Sci. 42 (9) (2021)
3537-3539.

C.A. Maronese, et al., Bullous pemphigoid associated with COVID-19 vaccines: an
italian multicentre study, Front Med (Lausanne) 9 (2022), 841506.

J. Prema, et al., Two cases of double-positive antineutrophil cytoplasmic
autoantibody and antiglomerular basement membrane disease after BBV152/
covaxin vaccination, Kidney Int Rep. 6 (12) (2021) 3090-3091.

I. Ben Saida, et al., Acquired thrombotic thrombocytopenic purpura following
inactivated COVID-19 vaccines: two case reports and a short literature review,
Vaccines 10 (7) (2022).

A. Muthukumar, et al., In-depth evaluation of a case of presumed myocarditis
after the second dose of COVID-19 mRNA vaccine, Circulation 144 (6) (2021)
487-498.

K. Nakamura, et al., Case of bullous pemphigoid following coronavirus disease
2019 vaccination, J. Dermatol. 48 (12) (2021) e606-e607.

C. Thurm, et al., Homologous and heterologous anti-COVID-19 vaccination does
not induce new-onset formation of autoantibodies typically accompanying lupus
erythematodes, rheumatoid arthritis, celiac disease and antiphospholipid
syndrome, Vaccin. (Basel) 10 (2) (2022).

C. Thurm, et al., Homologous and heterologous anti-COVID-19 vaccination does
not induce new-onset formation of autoantibodies typically accompanying lupus
erythematodes, rheumatoid arthritis, celiac disease and antiphospholipid
syndrome, Vaccines 10 (2) (2022) 333.

H.A. Noureldine, et al., The effect of the BNT162b2 vaccine on antinuclear
antibody and antiphospholipid antibody levels, Immunol. Res 70 (6) (2022)
800-810.

16

[369]

[370]

[371]

[372]

[373]

[374]

[375]

[376]
[377]
[378]

[379]

[380]

[381]

[382]
[383]
[384]

[385]

[386]

[3871

[388]

[389]

[390]

[391]
[392]
[393]

[394]

[395]

[396]

[397]

[398]

[399]

[400]

[401]

Pathology - Research and Practice 246 (2023) 154497

Z. Varga, et al., Endothelial cell infection and endotheliitis in COVID-19, Lancet
395 (10234) (2020) 1417-1418.

D. Kirschenbaum, et al., Intracerebral endotheliitis and microbleeds are
neuropathological features of COVID-19, Neuropathol. Appl. Neurobiol. 47 (3)
(2021) 454-459.

L.A. Teuwen, et al., COVID-19: the vasculature unleashed, Nat. Rev. Immunol. 20
(7) (2020) 389-391.

7. Varga, [Endotheliitis in COVID-19], Pathologe 41 (Suppl 2) (2020) 99-102.
A. Dirican, et al., The role of endotheliitis in COVID-19: Real-world experience of
11 190 patients and literature review for a pathophysiological map to clinical
categorisation, Int. J. Clin. Pr. 75 (11) (2021), e14843.

M. Haberecker, et al., Autopsy-based pulmonary and vascular pathology:
pulmonary endotheliitis and multi-organ involvement in COVID-19 associated
deaths, Respiration 101 (2) (2022) 155-165.

M. Mohammadpour, H. Farrokhpour, R. Sadeghi, Herpetic endotheliitis and
stromal keratitis following inactivated COVID-19 vaccination, Clin. Case Rep. 10
(10) (2022), e6397.

H. Alkwikbi, et al., Herpetic keratitis and corneal endothelitis following COVID-
19 vaccination: a case series, Cureus 14 (1) (2022), €20967.

J. Ahamed, J. Laurence, Long COVID endotheliopathy: hypothesized mechanisms
and potential therapeutic approaches, J. Clin. Invest 132 (15) (2022).

H. Fogarty, et al., Persistent endotheliopathy in the pathogenesis of long COVID
syndrome, J. Thromb. Haemost. 19 (10) (2021) 2546-2553.

V. Bonetto, et al., Markers of blood-brain barrier disruption increase early and
persistently in COVID-19 patients with neurological manifestations, Front
Immunol. 13 (2022) 1070379.

Y. Chen, et al., COVID-19 and cognitive impairment: neuroinvasive and blood-
brain barrier dysfunction, J. Neuroinflamm. 19 (1) (2022) 222.

S. Krasemann, et al., The blood-brain barrier is dysregulated in COVID-19 and
serves as a CNS entry route for SARS-CoV-2, Stem Cell Rep. 17 (2) (2022)
307-320.

A. Rastogi, et al., Reversible neurological and brain MRI changes following
COVID-19 vaccination: a case report, J. Neuroradiol. 49 (6) (2022) 428-430.

G. Cabral, et al., MRI negative myelitis induced by Pfizer-BioNTech COVID-19
vaccine, J. Clin. Neurol. 18 (1) (2022) 120-122.

L. Baldelli, et al., Hyperacute reversible encephalopathy related to cytokine storm
following COVID-19 vaccine, J. Neuroimmunol. 358 (2021), 577661.

E. Pretorius, et al., Prevalence of readily detected amyloid blood clots in
"unclotted’ Type 2 Diabetes Mellitus and COVID-19 plasma: a preliminary report,
Cardiovasc Diabetol. 19 (1) (2020) 193.

E. Pretorius, et al., Persistent clotting protein pathology in Long COVID/Post-
Acute Sequelae of COVID-19 (PASC) is accompanied by increased levels of
antiplasmin, Cardiovasc. Diabetol. 20 (1) (2021) 172.

A. Kruger, et al., Proteomics of fibrin amyloid microclots in long COVID/post-
acute sequelae of COVID-19 (PASC) shows many entrapped pro-inflammatory
molecules that may also contribute to a failed fibrinolytic system, Cardiovasc
Diabetol. 21 (1) (2022) 190.

D.B. Kell, G.J. Laubscher, E. Pretorius, A central role for amyloid fibrin microclots
in long COVID/PASC: origins and therapeutic implications, Biochem J. 479 (4)
(2022) 537-559.

E. Pretorius, et al., Prevalence of symptoms, comorbidities, fibrin amyloid
microclots and platelet pathology in individuals with Long COVID/Post-Acute
Sequelae of COVID-19 (PASC), Cardiovasc. Diabetol. 21 (1) (2022) 148.

W. Chen, J.Y. Pan, Anatomical and pathological observation and analysis of SARS
and COVID-19: microthrombosis is the main cause of death, Biol. Proced. Online
23 (1) (2021) 4.

R. Parra-Medina, S. Herrera, J. Mejia, Systematic review of microthrombi in
COVID-19 autopsies, Acta Haematol. 144 (5) (2021) 476-483.

A. Maiese, et al., Autopsy findings in COVID-19-related deaths: a literature
review, Forensic Sci. Med Pathol. 17 (2) (2021) 279-296.

R.G. Menezes, et al., Postmortem findings in COVID-19 fatalities: a systematic
review of current evidence, Leg. Med. 54 (2022), 102001.

D. Fanni, et al., Vaccine-induced severe thrombotic thrombocytopenia following
COVID-19 vaccination: a report of an autoptic case and review of the literature,
Eur. Rev. Med Pharm. Sci. 25 (15) (2021) 5063-5069.

K. Althaus, et al., Antibody-mediated procoagulant platelets in SARS-CoV-2-
vaccination associated immune thrombotic thrombocytopenia, Haematologica
106 (8) (2021) 2170-2179.

T. Aikawa, et al., Myocardial microthrombi after COVID-19 mRNA vaccination,
Eur. Heart J. 42 (43) (2021) 4501.

M.S. Kang, S.Y. Kim, H.J. Kwon, Case report: recanalization of branch retinal
artery occlusion due to microthrombi following the first dose of SARS-CoV-2
mRNA vaccination, Front Pharm. 13 (2022), 845615.

S. Park, B.-H. Choi, Acute myocardial infarction with microthrombi in cardiac
small vessels after COVID-19 vaccination (ChAdOx1 nCov-19): a case report,
Korean J. Leg. Med. 45 (4) (2021) 127-132.

J.C. Chang, H.B. Hawley, Vaccine-associated thrombocytopenia and thrombosis:
venous endotheliopathy leading to venous combined micro-macrothrombosis,
Medicina 57 (11) (2021) 1163.

R. Ramessur, et al., Cutaneous thrombosis associated with skin necrosis following
Oxford-AstraZeneca COVID-19 vaccination, Clin. Exp. Dermatol. 46 (8) (2021)
1610-1612.

G. Uzun, et al., Organ donation from a brain dead donor with vaccine-induced
immune thrombotic thrombocytopenia after Ad26.COV2.S: the risk of organ
microthrombi, Transplantation 106 (3) (2022) e178-e180.


http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref330
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref330
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref330
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref331
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref331
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref332
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref332
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref332
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref333
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref333
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref334
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref334
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref334
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref335
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref335
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref335
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref336
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref336
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref336
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref337
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref337
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref337
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref338
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref338
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref339
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref339
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref340
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref340
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref341
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref341
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref341
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref342
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref342
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref342
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref343
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref343
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref343
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref344
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref344
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref345
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref345
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref345
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref346
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref346
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref347
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref347
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref347
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref348
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref348
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref348
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref349
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref349
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref350
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref350
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref351
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref351
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref351
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref352
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref352
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref353
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref353
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref353
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref354
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref354
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref355
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref355
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref355
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref356
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref356
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref356
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref357
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref357
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref357
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref358
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref358
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref359
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref359
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref359
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref359
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref360
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref360
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref360
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref360
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref361
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref361
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref361
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref362
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref362
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref363
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref363
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref363
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref364
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref364
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref365
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref366
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref366
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref366
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref367
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref367
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref367
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref368
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref368
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref368
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref369
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref369
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref370
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref370
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref371
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref371
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref372
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref372
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref372
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref373
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref373
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref374
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref374
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref374
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref375
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref375
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref376
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref376
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref377
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref377
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref378
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref378
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref378
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref379
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref379
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref379
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref380
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref380
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref380
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref380
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref381
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref381
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref381
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref382
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref382
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref382
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref383
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref383
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref383
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref384
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref384
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref385
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref385
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref386
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref386
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref387
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref387
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref387
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref388
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref388
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref388
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref389
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref389
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref390
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref390
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref390
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref391
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref391
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref391
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref392
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref392
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref392
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref393
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref393
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref393
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref394
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref394
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref394

F. Scholkmann and C.-A. May

[402]

[403]

[404]

[405]

[406]

[407]

[408]

[409]

[410]

[411]

[412]

[413]

[414]

[415]

[416]
[417]
[418]
[419]

[420]

[421]
[422]
[423]

[424]

C. Pomara, et al., Post-mortem findings in vaccine-induced thrombotic
thombocytopenia, Haematologica 106 (8) (2021) 2291-2293.

C. Schultheiss, et al., Liquid biomarkers of macrophage dysregulation and
circulating spike protein illustrate the biological heterogeneity in patients with
post-acute sequelae of COVID-19, J. Med Virol. 95 (1) (2023), €28364.

Z. Swank, et al., Persistent circulating SARS-CoV-2 spike is associated with post-
acute COVID-19 sequelae, Clin. Infect. Dis. (2022).

B.K. Patterson, et al., Persistence of SARS CoV-2 S1 protein in CD16+ monocytes
in post-acute sequelae of COVID-19 (PASC) up to 15 months post-infection, Front
Immunol. 12 (2022), 746021.

N. Ram-Mohan, et al., SARS-CoV-2 RNAemia predicts clinical deterioration and
extrapulmonary complications from COVID-19, Clin. Infect. Dis. 74 (2) (2022)
218-226.

N. Ram-Mohan, et al., Association between SARS-CoV-2 RNAemia and postacute
sequelae of COVID-19, Open Forum Infect. Dis. 9 (2) (2022) ofab646.

V. Craddock, et al., Persistent circulation of soluble and extracellular vesicle-
linked Spike protein in individuals with postacute sequelae of COVID-19, J. Med.
Virol. 95 (2) (2023).

D. Goh, et al., Case report: persistence of residual antigen and RNA of the SARS-
CoV-2 virus in tissues of two patients with long COVID, Front Immunol. 13
(2022), 939989.

J.A.S. Castruita, et al., SARS-CoV-2 spike mRNA vaccine sequences circulate in
blood up to 28 days after COVID-19 vaccination, APMIS (2023).

S. Bansal, et al., Cutting edge: circulating exosomes with COVID spike protein are
induced by BNT162b2 (Pfizer-BioNTech) Vaccination prior to development of
antibodies: a novel mechanism for immune activation by mRNA vaccines,

J. Immunol. 207 (10) (2021) 2405-2410.

T.E. Fertig, et al., Vaccine mRNA can be detected in blood at 15 days post-
vaccination, Biomedicines 10 (7) (2022).

A.F. Ogata, et al., Circulating severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) Vaccine antigen detected in the plasma of mRNA-1273 vaccine
recipients, Clin. Infect. Dis. 74 (4) (2022) 715-718.

L.M. Yonker, et al., Circulating spike protein detected in Post-COVID-19 mRNA
vaccine myocarditis, Circulation (2023).

M. Coly, et al., Subacute monomelic radiculoplexus neuropathy following
Comirnaty(c) (Pfizer-BioNTech COVID-19) vaccination: A case report, Rev.
Neurol. (Paris) (2023).

N. Hanna, et al., Detection of messenger RNA COVID-19 vaccines in human breast
milk, JAMA Pedia 176 (12) (2022) 1268-1270.

J.M. Low, et al., Codominant IgG and IgA expression with minimal vaccine mRNA
in milk of BNT162b2 vaccinees, NPJ Vaccin. 6 (1) (2021) 105.

Y. Golan, et al., Evaluation of messenger RNA from COVID-19 BTN162b2 and
mRNA-1273 vaccines in human milk, JAMA Pedia 175 (10) (2021) 1069-1071.
T.G. Egwang, Evaluating COVID-19 vaccine-related messenger RNA in breast
milk, JAMA Pedia 176 (1) (2022) 99-100.

K. Roltgen, et al., Inmune imprinting, breadth of variant recognition, and
germinal center response in human SARS-CoV-2 infection and vaccination, Cell
185 (6) (2022) 1025-1040 el4.

K.D. Nance, J.L. Meier, Modifications in an emergency: the role of N1-
methylpseudouridine in COVID-19 vaccines, ACS Cent. Sci. 7 (5) (2021) 748-756.
P. Rzymski, A. Fal, To aspirate or not to aspirate? Considerations for the COVID-
19 vaccines, Pharm. Rep. 74 (6) (2022) 1223-1227.

I. Naasani, Establishing the pharmacokinetics of genetic vaccines is essential for
maximising their safety and efficacy, Clin. Pharm. 61 (7) (2022) 921-927.

C. Li, et al., Intravenous Injection of Coronavirus Disease 2019 (COVID-19) mRNA
vaccine can induce acute myopericarditis in mouse model, Clin. Infect. Dis. 74
(11) (2022) 1933-1950.

17

[425]

[426]

[427]

[428]
[429]
[430]
[431]
[432]

[433]

[434]

[435]

[436]

[437]

[438]

[439]

[440]

[441]

[442]

[443]

[444]
[445]
[446]

[447]
[448]

Pathology - Research and Practice 246 (2023) 154497

L. Nicolai, et al., Thrombocytopenia and splenic platelet-directed immune
responses after IV ChAdOx1 nCov-19 administration, Blood 140 (5) (2022)
478-490.

M. Cosentino, F. Marino, Understanding the pharmacology of COVID-19 mRNA
vaccines: playing dice with the spike? Int J. Mol. Sci. 23 (18) (2022).

K. McKernan, et al., Sequencing of bivalent Moderna and Pfizer mRNA vaccines
reveals nanogram to microgram quantities of expression vector dsDNA per dose,
OSFPREPRINTS (2023).

L. Krutzke, et al., Process- and product-related impurities in the ChAdOx1 nCov-
19 vaccine, eLife 11 (2022).

G. Milano, et al., Myocarditis and COVID-19 mRNA vaccines: a mechanistic
hypothesis involving dsRNA, Future Virol. 17 (3) (2022) 191-196.

EMA, Asessemtn report - COVID-19 vaccine Moderna. Procedure No. EMEA/H/C/
005791/0000, European Medicines Agency, 2021.

EMA, Assessment report - Comirnaty. Procedure No. EMEA/H/C/005735/0000,
European Medicines Agency, 2021.

M.S. Krantz, et al., COVID-19 vaccine anaphylaxis: PEG or not? Allergy 76 (6)
(2021) 1934-1937.

P. Sellaturay, et al., Polyethylene glycol (PEG) is a cause of anaphylaxis to the
Pfizer/BioNTech mRNA COVID-19 vaccine, Clin. Exp. Allergy 51 (6) (2021)
861-863.

B. Cabanillas, C.A. Akdis, N. Novak, COVID-19 vaccine anaphylaxis: IgE,
complement or what else? A reply to: "COVID-19 vaccine anaphylaxis: PEG or
not?", Allergy 76 (6) (2021) 1938-1940.

L. Nilsson, et al., Vaccine allergy: evidence to consider for COVID-19 vaccines,
Curr. Opin. Allergy Clin. Immunol. 21 (4) (2021) 401-409.

L. Klimek, et al., Allergenic components of the mRNA-1273 vaccine for COVID-19:
possible involvement of polyethylene glycol and IgG-mediated complement
activation, Allergy 76 (11) (2021) 3307-3313.

M.D. McSweeney, et al., Anaphylaxis to Pfizer/BioNTech mRNA COVID-19
vaccine in a patient with clinically confirmed PEG allergy, Front Allergy 2 (2021),
715844.

L.H. Garvey, S. Nasser, Anaphylaxis to the first COVID-19 vaccine: is polyethylene
glycol (PEG) the culprit? Br. J. Anaesth. 126 (3) (2021) e106-e108.

G. Guerrini, et al., Monitoring Anti-PEG antibodies level upon repeated lipid
nanoparticle-based COVID-19 vaccine administration, Int J. Mol. Sci. 23 (16)
(2022).

J.M. Kelso, IgE-mediated allergy to polyethylene glycol (PEG) as a cause of
anaphylaxis to mRNA COVID-19 vaccines, Clin. Exp. Allergy 52 (1) (2022) 10-11.
T. Azenha Rama, et al., Hypersensitivity to the moderna COVID-19 vaccine
caused by tromethamine: PEG is not always the culprit excipient, J. Invest.
Allergol. Clin. Immunol. 32 (5) (2022) 414-415.

B. Cabanillas, C.A. Akdis, N. Novak, COVID-19 vaccines and the role of other
potential allergenic components different from PEG. A reply to: "other excipients
than PEG might cause serious hypersensitivity reactions in COVID-19 vaccines",
Allergy 76 (6) (2021) 1943-1944.

S.D. Borgsteede, T.H. Geersing, Z. Tempels-Pavlica, Other excipients than PEG
might cause serious hypersensitivity reactions in COVID-19 vaccines, Allergy 76
(6) (2021) 1941-1942.

E.L. Rogers, Recursive debility: symptoms, patient activism, and the incomplete
medicalization of ME/CFS, Med. Anthropol. Q. 36 (3) (2022) 412-428.

C. Blease, K.J. Geraghty, Are ME/CFS patient organizations "militant"?: Patient
protest in a medical controversy, J. Bioeth. Ing. 15 (3) (2018) 393-401.

L. Ay, et al., Long covid and medical gaslighting: dismissal, delayed diagnosis,
and deferred treatment, SSM Qual. Res Health 2 (2022), 100167.

N.A. Alwan, The teachings of long COVID, Commun. Med (Lond. ) 1 (2021) 15.
E. Perego, et al., Why the Patient-Made Term 'Long Covid’ is needed, Wellcome
Open Res. 5 (2020) 224.


http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref395
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref395
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref396
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref396
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref396
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref397
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref397
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref398
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref398
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref398
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref399
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref399
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref399
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref400
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref400
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref401
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref401
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref401
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref402
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref402
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref402
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref403
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref403
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref404
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref404
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref404
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref404
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref405
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref405
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref406
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref406
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref406
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref407
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref407
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref408
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref408
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref408
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref409
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref409
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref410
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref410
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref411
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref411
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref412
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref412
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref413
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref413
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref413
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref414
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref414
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref415
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref415
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref416
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref416
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref417
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref417
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref417
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref418
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref418
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref418
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref419
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref419
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref420
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref420
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref420
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref421
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref421
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref422
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref422
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref423
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref423
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref424
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref424
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref425
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref425
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref426
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref426
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref426
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref427
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref427
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref427
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref428
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref428
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref429
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref429
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref429
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref430
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref430
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref430
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref431
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref431
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref432
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref432
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref432
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref433
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref433
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref434
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref434
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref434
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref435
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref435
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref435
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref435
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref436
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref436
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref436
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref437
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref437
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref438
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref438
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref439
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref439
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref440
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref441
http://refhub.elsevier.com/S0344-0338(23)00197-8/sbref441

	COVID-19, post-acute COVID-19 syndrome (PACS, “long COVID”) and post-COVID-19 vaccination syndrome (PCVS, “post-COVIDvac-sy ...
	1 Introduction
	2 The need for a new unified medical terminology: COVID-19, PACS, PCVS, ACVS and PACVS
	3 SARS-CoV-2 infection- and COVID-19 vaccination-induced syndromes: similarities and differences
	4 Summary, conclusion and outlook
	Consent statement/ethical approval
	Funding
	Declaration of Competing Interest
	References


