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DIFFERENT
TYPES OF
VACCINES

There are several types
of vaccines currently
under development for
COVID-19, each with
different potential
strengths and
weaknesses.

Types of Covid vaccines

NUCLEIC ACID VACCINES

» New type of vaccine that uses fragments of mRNA or DNA
to produce an adaptive immune response through the host
cells, producing copies of that target antigen

» Elicits both antibody and cytotoxic T-lymphocyte responses
» Can scale up and produce quickly
» Expensive & booster doses likely needed
» >90% efficacy in initial phase 3 data from Moderna, Pfizer
Vaccines in development " ;

» Moderna ‘;\“ oy, ¥

> Pfizer = RNA 2

> Inovio = s

» CureVac % S DHA

» SanofifTranslate Bio L/ >

INACTIVATED VACCINES

» Uses a killed version of the virus to generate immunity

» Elicits neutralizing antibodies without a cell-mediated
response

» Can be safely given to immunocompromised patients

> Proven vaccine technology already in use for several
diseases (hepatitis A, influenza, polio, rabies)

» Booster doses likely needed

Vaccines in development

VIRAL VECTOR

» Uses modified non-coronaviruses (adenoviruses, vesicular
stomatitis virus) expressing SARS-CoV-2 spike protein

» Elicits both antibody and cytotoxic T-lymphocyte responses

> Potential safety concerns in immunocompromised patients

» Host immunity to the viral vector may reduce vaccine

efficacy
» Single dose possible T T
» Can quickly produce
i e o, _»
Vaccines in development Y i & t H H
> Johnson & Johnson §"»_ & 3 H H
> CanSinoBIO orgp i e, i e e
» AstraZeneca - 'r \?
> Merck

PROTEIN

Uses recombinant viral proteins to induce immune response
Elicits neutralizing antibodies without a cell-mediated
response

Can be safely given to immunocompromised patients
Proven vaccine technology already in use for many diseases
(eg, hepatitis B, HPV, pertussis, herpes zoster)

» Booster doses likely needed

YV YV

Types of DNA and RNA

vaccines

How it works This vaccine uses
DNA or RNA
molecules to teach
the immune system
to target key viral
proteins.

Advantages Easy and quick to
design.

Disadvantages Never been done
before. There are no
licensed DNA or RNA
vaccines currently in
use.

Existing » None

examples

Group testing  + Moderna (RNA)

this approach  * Inovio (DNA)

for COVID-19

» Chinese Academy of
Medical Sciences

» Wuhan Institute of Biologic
Projects

» Sinovac

Live attenuated

e
sy

This is a weakened
version of the actual
virus.

Stimulates a robust
immune response
without causing
serious disease.

May not be safe
for those with
compromised
immune systems.

and Rubella
» Chickenpox

» Codagenix
« Indian
Immunologicals Ltd.

R

.
"t
Inactivated

<TT,
't‘m)‘;\
¥ gon

\’2, 1 ;Y

An inactivated
vaccine uses the
whole virus after it
has been killed with
heat or chemicals.

virus is already dead
and is easy to make.

Not as effective as a
live virus. Some
previous inactivated
vaccines have made
the disease worse;
safety for the novel
coronavirus needs to
be shown in clinical
trials.

» Polio

« Sinovac
» Sinopharm

Vaccines in development a1,
» Sanofi/lGSK a 4 L
> Novavax - e
> Walter Reed Army Institute Eo
of Research (WRAIR) 4 X >
Subunit Viral vector

oS
A r\

This vaccine uses a
piece of a virus’
surface to focus your
immune system on a
single target.

Focuses the immune
response on the most
important part of the
virus for protection
and cannot cause
infection.

May not stimulate a
strong response,
other chemicals may
need to be added to
boost long-term

This approach takes
a harmless virus and
uses it to deliver viral
genes to build
immunity.

Live viruses tend to
elicit stronger
immune responses
than dead viruses or
subunit vaccines.

Important to pick a

viral vector that is
truly safe. An
immune response to
the viral vector could

immunity. make the vaccine
less effective.

* Pertussis » Ebola

* Hepatitis C « Veterinary medicine

* Human Human
papillomavirus (HPV)

» Novavax
« AdaptVac

Figure 1: Different types of covid vaccines
(Centers for Disease Control and Prevention)

« University of Oxford
& AstraZeneca

= CanSino Biologics

« Johnson & Johnson



Johnson &

86% effective

against severe disease

d\e/\?glcc::Szr Pfizer Moderna AstraZeneca Johnson Novavax
When Given full FDA Not yet available. Not yet available.
approved/expected | approval Aug. 23, Dec. 18, 2021 Phase 111 clinical trials in Feb. 27 (ﬁ.ens.ﬂgffrﬁ{?ﬁf&fiﬁe'é
approval 2021 progress as of Feb. 27 June 14.
66.1% globally;
Protection % 95% 94.1% 70% 2% in the U.S. 89.7%

Recommended for?

12 years and older

18 years and older

Not yet available

18 years and older

Not yet available

Doses Two doses, Two doses, Two doses, One dose Two doses,
3 weeks apart 4 weeks apart a month apart 21 days apart
Time for abooster | 8 months after your | 8 months after your To be
dose? second dose second dose determined
. Fever, muscle aches, :
Fa_tlgue, headach_e, headaches lasting a Local Pain, fever, Local Pain, Local Pain, fatigue,
. chills, muscle pain, headache,
Side effects . few days. Effects muscle aches, . headache, muscle
especially after the fatigue, muscle ;
worse after second headache . pain
second dose dose pain

The FDA issued a

The FDA issued a

In July, the FDA
issued a warning
about an increased

one.

receive the vaccine.

Any warnings? warning in June warning in June for der\llsglo in
about myocarditis. about myocarditis. LOeveloping
Guillain-Barre
syndrome.
Pregnant women or
Pregnant women nurgs]ing moms who The C?C Says Discuss with
and nursing want the COVID-19 pregnar;] women your health care Not yet available
moms? vaccine should get may CNoose 1o provider.

Contraindications

People with a history of serious allergic
reactions, anyone with a history of allergic
reactions to vaccine ingredients, including

polyethylene glycol, and anyone with a

Anyone who’s had

an allergic reaction

to an ingredient in
the vaccine, like

Not yet available

shots if they have no other reasons to avoid
vaccination.

history of allergic reactions to polysorbate polysorbate
. Four total serious side
N Extremely rare cases of anaphylaxis in X -
An_y significant people who received the vaccine. effects, including two TTS Not yet available
side effects? Ext | £ Bell's pal cases of transverse
xtremely rare cases of Bell's palsy myelitis
OK for people whose immune function is
Wfﬂ;ﬁg&ggﬁple lowered by HIV or immunosuppressing Not yet available Not yet Not yet available
immune function? drugs if they have no other reasons to avoid y available y
No data is available on the safety or
What about people effectiveness of mMRNA vaccines in people
with autoim?nuﬁe with autoimmune disease. People with Not yet available Not yet Not yet available
diseases? autoimmune conditions may still get the y available y

Is the vaccine safe
for people with a

To date, no cases of GBS have been seen in

There’s a possible,
but rare risk in

. people vaccinated for COVID-19. The CDC . developing :
Gur::IS;?r:YBo:rre says a history of GBS is not a reason to avoid Not yet available Guillain-Barre - Not yet available
vaccination. syndrome.after this
syndrome (GBS)? vaccine.

Table 1: comparison between different types of covid vaccines 22"




Possible side effect of the vaccines

COVID-19 vaccination will help protect against COVID-19 infection. Some side effects may
develop, which are normal signs that the body is building protection. These side effects may affect
the ability to do the daily activities, but they should go away in a few days. Some people have no
side effects (1

Serious side effects that could cause a long-term health problem are extremely unlikely following
any vaccination, including COVID-19 vaccination. Vaccine monitoring has historically shown that
side effects generally happen within six weeks of receiving a vaccine dose. For this reason, the FDA
required each of the authorized COVID-19 vaccines to be studied for at least two months (eight
weeks) after the final dose. (/-

- Local side effects at the site of injection:

- Pain. — Redness. - Swelling

- General side effects:
- Tiredness.  — Headache. - Muscle pain
- Chills. — Fever. — Nausea

- Treatment:

o To reduce pain and discomfort at the site of injection:
= Apply a clean, cool, wet washcloth over the area.
= Use or exercise the arm.
o To reduce discomfort from fever
= Drink plenty of fluids.
= Dress lightly.
o NSAIDs and antihistamines:
= |buprofen, acetaminophen, aspirin, or antihistamines

Side effects after the second shot may be more intense than the ones experienced after the first
shot. These side effects are normal signs that the body is building protection and should go away
within a few days. ("%

Side effects after getting a booster shot are similar to side effects after the 2-shot series. The most
common side effects after a booster shot are fatigue and pain at the injection site and overall, most
side effects were mild to moderate. Like the 2-shot primary series, serious side effects are rare, but
may occur. (/-

If a severe or immediate allergic reaction developed after getting the first dose of an mRNA
COVID-19 vaccine, the second dose of either of the mMRNA COVID-19 vaccines is
contraindicated.

Need to contact health care provider:
e In most cases, discomfort from pain or fever is a normal sign that the body is building
protection.

e Contact healthcare provider:
o If the redness or tenderness at the site of injection gets worse after 24 hours.
o If side effects are worrying or do not seem to be going away after a few days(°-


https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/allergic-reaction.html

Myocarditis and pericarditis.

Epidemiology:

Historically, postvaccination myocarditis has been reported as a rare adverse event after vaccinations,
especially smallpox vaccination, influenza, hepatitis B, or other vaccinations.:

In the general population, myocarditis is diagnosed in approximately 10 to 20 individuals per 100 000
per year,2 and occurs more commonly and at younger ages in males compared with females.:

In the pre-COVID-19 era, among 620 195 reports filed at the Vaccine Adverse Event Reporting System
(VAERS) between 1990 and 2018, 0.1% were attributable to myopericarditis. Of those myopericarditis
reports, 79% were in males.:

Recently, a Centers for Disease Control and Prevention (CDC) Advisory Committee on Immunization
Practices identified a likely association between the 2 COVID-19 mRNA vaccines from Pfizer-BioNTech
and Moderna and cases of myocarditis and pericarditis.:

Patient reports in VAERS were categorized according to CDC work case definitions as probable
myocarditis, confirmed myocarditis, or acute pericarditis:.

According to the Advisory Committee on Immunization Practices, after =300 million COVID-19 mRNA
vaccine doses administered through June 11, 2021, there were 1226 reports of probable
myocarditis/pericarditis cases in VAERS, 67% of which followed the second dose.c Seventy-nine percent
were in males, with the majority in individuals <30 years of age with a median age of 24.

Age Females Males
groups | Doses administered | Expected Doses administered | Expected
12-17y 2189 726 0-2 19 2039871 0-4 128
1824y 5237262 1-6 23 4337287 1-8 219
25-29y 4151975 0-5 7 3625574 1-7 59
30-39y 9356296 2-18 11 8311301 2-16 61
4049y 99271773 2-19 18 8 577766 2-16 34
50-64 y 18 696 450 4-36 18 16255927 3-31 18
65+y 21708975 4-42 10 18 041 547 3-35 11

Table 2. Expected Versus Observed Number of Myocarditis/Pericarditis Cases in 7-Day Risk Window
After Dose 2 of mMRNA Covid-19 Vaccination®?®)

Age groups Female rates per million doses Male rates per million doses
All doses Dose 1 All doses Dose 1

12-17y 4.2 1.1 9.1 32.4 9.8 66.7
18-24y 3.6 1.5 5.5 30.7 8.7 56.3
25-29y 2.0 0.8 2.6 12.2 4.5 20.4
30-39y 1.8 1.4 1.8 6.9 2.0 10.0
4049y 2.0 0.9 2.8 3.5 1.0 5.1
50-64y 1.6 1.0 1.8 1.9 1.0 2.3

65+ Yy 1.1 0.6 1.2 1.2 0.7 1.4

Table 3: Crude Reporting Rates of Myocarditis/Pericarditis Cases per Million Doses After mRNA
COVID-19 Vaccination @2
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Acute Myocarditis

Acute Pericarditis

Probable Case

Confirmed Case

Probable Case

e Presence of > 1 new or worsening of the
following clinical symptoms

e chest pain/ pressure/ discomfort
e dyspnea/shortness of breath
¢ palpitations
® syncope
¢ AND 2 1 new finding of
¢ elevated troponin above upper limit of
normal
e abnormal ECG or rhythm monitoring
findings consistent with myocarditis”
e abnormal cardiac function or wall
motion abnormalities on
echocardiogram
e cardiac MRI findings consistent with
myocarditis
¢ AND no other identifiable cause of the

¢ Presence of 2 1 new or worsening of the
following clinical symptoms
e chest pain/ pressure/ discomfort
¢ dyspnea/shortness of breath
e palpitations
® syncope
e AND
e histopathologic confirmation of
myocarditis ¥
* OR
e elevated troponin above upper limit of
normal AND cardiac MRI findings
consistent with myocarditis*
¢ AND no other identifiable cause of the
symptoms and findings

e Presence of 2 2 new or worsening
of the following clinical symptoms
e acute chest pain (typically
described as pain made worse by
lying down, deep inspiration,
cough, and relieved by sitting up
or leaning forward, although
other types of chest pain may
occur) §
e pericarditis rub on exam
* new ST-elevation or PR-
depression on ECG
* new or worsening pericardial
effusion on echocardiogram or
MRI
e Autopsy cases may be classified as
pericarditis on basis of meeting
histopathologic criteria of the

symptoms and findings pericardium

Figure 2. Centers for Disease Control and Prevention working case definitions for acute myocarditis and
acute pericarditis’.

additional analyses of CDC Vaccine Safety Datalink with data from 9 participating integrated health care
organizations revealed an increased risk of myocarditis/pericarditis events among individuals 12 to 39 years
of age in the 7-day risk interval after vaccination with mRNA COVID-19 vaccines compared with
unvaccinated individuals or individuals vaccinated with non-mRNA COVID-19 vaccines on the same
calendar days (rate ratio of 10.8 [95% ClI, 3.2-49.0], adjusted for site, age, sex, race/ethnicity, and calendar
date).®

The estimated myocarditis/pericarditis chart-confirmed rate was 12.6 cases per million doses with
second-dose mMRNA vaccine among individuals 12 to 39 years of age.’ The rates based on International
Classification of Diseases, 10th Revision—coded cases were also higher in males than in females. °

All chart-confirmed cases with follow-up had resolution of symptoms; and among those who had follow-
up ECG/echocardiography and laboratory testing, most had returned to normal or baseline=®

On this basis, the Food and Drug Administration will add a warning to the product label of both mMRNA
vaccines regarding the risk of myocarditis.”

Female Female rates per Male Male rates per million
Age group 12-39y -
cases million doses cases doses
Any mRNA both doses 6 3.2 (1.2-6.9) 26 16.9 (11.0-24.8)
Any mRNA dose 1 2 1.9 (0.2-7.0) 4 4.7 (1.3-12.0)
Any mRNA dose 2 4 4.7 (1.3-12.0) 22 32.0 (20.1-48.5)

Table 4. Myocarditis/Pericarditis Rates Based on International Classification of Diseases, 10th
Revision Codes?®

Clinical Presentation of Myocarditis After COVID-19 Vaccination:

Time to onset of symptoms was a median of 3 days, with the highest rate at day 2 after vaccination and
among patients 16 to 18 years of age. In 484 probable myocarditis/pericarditis cases among patients <29
years of age that were reviewed and characterized by the CDC, 86% had reports of chest pain on
presentation, 61% had reports of ST- or T-wave changes on ECG, 64% had reports of elevated cardiac
enzymes, and 17% had reports of abnormal cardiac imaging. In 323 of the reports that met the CDC

8


https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.121.056135#R5
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.121.056135#R5
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.121.056135#R5
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.121.056135#R7

definition of confirmed myocarditis/pericarditis, 96% were hospitalized, but most were discharged with a
resolution of symptoms. The observed myocarditis/pericarditis reports were higher than expected case rates
for males compared with females, and higher at younger ages compared with older ages >

Several myocarditis cases after COVID-19 vaccination have been published in peer-reviewed journals,
with reports predominantly after the second dose of mMRNA COVID-19 vaccines (BNT162b2 mRNA-Pfizer-
BioNTech and the mRNA-1273-Moderna &

Patients in these reports invariably presented with chest pain, usually 2 to 3 days after a second dose of
mRNA vaccination, some preceded with fever and myalgia 1 day after vaccination. These were
predominantly young males requiring hospitalization for myocarditis and without a history of COVID-19 or
comorbidities. All tested negative for current COVID-19 by polymerase chain reaction testing. A majority
had spike antibody levels for SARS-CoV-2 suggesting effective immunization. All had elevated cardiac
troponin, the highest-level peaking usually 3 days after vaccination. ECG was abnormal with ST elevations
in most presentations. An echocardiogram was abnormal in only 40%, with only a small percentage having
a left ventricular ejection fraction<50% on presentation. Cardiac MRI was abnormal in all tested patients,
with findings suggestive of myocarditis such as late gadolinium enhancement and myocardial edema. B-
type natriuretic peptide or N-terminal pro-B-type natriuretic peptide levels were only mildly elevated in
approximately two-thirds of the patients when measured. C-reactive protein levels were elevated in most
and decreased along with troponin through the hospital stay. Almost all patients had resolution of symptoms
and signs and improvement in diagnostic markers and imaging with or without treatment &L
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COVID-19-Associated Myocarditis

With the emergence of COVID-19 in Hubei Province, China, there was an expectation that the SARS-
CoV-2 would cause predominantly respiratory illness, similar to that seen with SAR) in 2002 to 2003.2

However, with the next phase of the COVID-19 epidemic in Southern Europe and later New York City,
it became apparent that there were cardiovascular involvement and thromboembolic
complications.z Therefore, COVID-19 emerged as a virus pathogen affecting the vasculature and resulting
in myocardial injury, requiring far different therapeutic approaches compared with SARS. 22

Historically, pre—-COVID-19, coronaviruses have not been commonly associated with significant
myocardial damage. SARS infected >8000 individuals without significant incidence of myocarditis. In 1
autopsy series, SARS-CoV-1 was polymerase chain reaction amplifiable in 7 of 20 (35%) hearts, but was
not associated with lymphocytic myocarditis, the hallmark of classic viral myocarditis.

Similarly, Middle East respiratory syndrome coronavirus infected >2000 individuals, with only 1 case
report of MRI-diagnosed Middle East respiratory syndrome coronavirus myocarditis.22 On the other hand,
epidemiological data suggest that ~12% to 20% of hospitalized patients with COVID-19 have evidence of
cardiac injury as indicated by elevated levels of cardiac troponin.z2

Furthermore in young athletes recovering from COVID-19 infection,z cardiac MRI abnormalities
consistent with myocarditis have been reported at a higher prevalence than expected, in ~1% to 3% of the
athletes.z-2

It was also recognized that COVID-19 can result in a multisystem inflammatory syndrome in children
and younger adults. This rare but serious condition is defined by an excessive hyperinflammatory response
that can affect multiple organs including the lungs, kidneys, brain, skin, eyes, the gastrointestinal system,
and the cardiovascular system, resulting in ventricular dysfunction, coronary aneurysms, and shock.zs3

Although some investigators have proposed direct virus invasion as the most likely mechanism, others
focus more on host inflammatory cell responses. Emerging data indicate that a maladaptive host immune
response fueled by excessive activation of innate immune pathways along with proinflammatory cytokine
surge, deregulated thromboinflammation, thrombotic microangiopathy, and endothelial dysfunction may
play a role in pathogenesis of cardiac injury related to COVID-19.:5:8

Other hypothesized mechanisms include demand ischemia, and stress- and hypoxia-induced myocardial
injury.2 Baseline comorbidities including metabolic syndrome, hypertension, and cardiovascular disease
likely also play a role.

Although SARS-CoV-2 can enter the cardiomyocyte through an angiotensin-converting enzyme 2—
mediated entry and SARS-CoV-2 copies have been detected in heart tissue,z=% cardiac histopathology
studies have reported the absence of diffuse lymphocytic myocarditis traditionally seen in viral myocarditis
or confluent myocyte necrosis expected in fulminant myocarditis.z24-4

It is important to note that macrophages can mediate both local and systemic responses to viral infection,
are also capable of fixing complement, and therefore could cause the direct death of nearby myocytes through
the activation of apoptotic attack complexes.z

These findings suggest that COVID-19 may incite a form of myocarditis that is different from the typical

lymphocytic myocarditis associated with other viral myocarditis presentations and may instead be associated
with diffusely infiltrative cells of monocyte/macrophage lineage.4.4
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Potential Mechanisms of COVID-19 Vaccine Myocarditis

SARS-CoV-2 mRNA vaccines contain nucleoside-modified mRNA, encoding the viral spike
glycoprotein of SARS-CoV-2, but not live virus or DNA. They are encapsulated in lipid nanoparticles that
act as delivery vehicles to transport mMRNA into the cells and may include inactive ingredients such as buffer
and salts. Once inside the host cells, the vaccine’s mRNA causes the cells to build the spike protein which
then stimulates an adaptive immune response to identify and destroy a virus expressing spike protein.
Vaccine-induced spike protein IgG antibodies prevent attachment of SARS-COV-2 to its host cell via spike
protein binding to the angiotensin-converting enzyme 2 receptor, and thereby neutralizes the virus.??®

Selected RNA molecules can be immunogenic and stimulate the mammalian innate immune system,
destroying the mRNA before it reaches target cells, preventing the spike protein and neutralizing antibody
production. Nucleoside modifications of mMRNA have been groundbreaking, shown to reduce innate
immunogenicity, and result in less activation of cytokines, paving the path for mRNA vaccine
development.

COVID-19 mRNA vaccines have been shown to be highly effective and safe in large-scale
trials.«42 Systemic reactions to the vaccine, which are usually mild and transient, were reported more
commonly among the younger population and more often after the second dose. Adverse cardiovascular
effects in these trials were isolated, with incidences <0.05%, and did not include myocarditis.44

Although nucleoside modifications of mRNA have been shown to reduce their innate
immunogenicity,% in certain individuals with genetic predisposition, the immune response to mMRNA may
not be turned down and may drive the activation of an aberrant innate and acquired immune response. The
dendritic cells or Toll-like receptor expressing cells exposed to RNA may still have the capacity to express
cytokines and activation markers in certain individuals, although this may be markedly less when exposed
to mRNA with nucleoside modifications than when treated with unmodified RNA.«

The immune system may therefore detect the mRNA in the vaccine as an antigen, resulting in activation
of proinflammatory cascades and immunologic pathways that may play a role in the development of
myocarditis as part of a systemic reaction in certain individuals.44

In published reports of myocarditis after COVID-19 vaccination, cardiac biopsy was reported in only 2
cases and did not demonstrate myocardial infiltrate:t or any evidence of myocarditis.c This could be
attributable to a sampling error in these few cases, or a different mechanism causing myocardial injury
detected by cardiac biomarkers and MRI not manifest as traditional lymphocytic or eosinophilic myocarditis
or myonecrosis on cardiac histopathology.

SARS-COV-2 polymerase chain reaction and viral serology for other causes including hepatitis, Epstein-
Barr virus, cytomegalovirus, parvovirus, mycoplasma, HIV, influenza A/B, respiratory syncytial virus,
rhinovirus, enterovirus (Coxsackie A, Coxsackie B), adenovirus, and other causes were negative for acute
or active infection, when tested, arguing against myocarditis caused by COVID-19 or other infections.101-18

Serology for autoimmune disorders with antinuclear antibodies and rheumatoid factor were negative,
with no evidence of predilection to individuals with preexisting autoimmune disorders.

There was also no evidence of leukocytosis, eosinophilia, anemia, thrombocytopenia, or transaminase
elevation.e22

D-Dimer was slightly elevated in 2 patients without evidence of pulmonary embolus or venous
thromboembolic events,22¢ and erythrocyte sedimentation rate was mildly elevated in some cases.
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In 1 case report, a panel testing for variants in 121 genes potentially linked to cardiomyopathy was
negative, arguing against an existing predisposition to cardiomyopathy attributable to known gene variants
in that case.

By 1 case report, SARS-CoV-2 spike IgM and 1gG neutralizing antibody levels were not significantly
different in the patient with myocarditis than in individuals without myocarditis post-COVID-19 mRNA
vaccination, arguing against a hyperimmune response...

In the same report, the patient with myocarditis had elevated levels of IL-1 (interleukin 1) receptor
antagonist, 1L-5, IL-16, but not proinflammatory cytokines such as IL-6, tumor necrosis factor, IL-1B, IL-
2, or interferon-y levels. However, the patient had diminished levels of leukemia inhibitory factor, varying
bidirectional profiles for IL-10, macrophage migration inhibitory factor, and vascular endothelial growth
factor relative to an unvaccinated individual or a vaccinated individual without myocarditis..z This patient
also had higher levels of antibodies against some self-antigens such as aquaporin 4, endothelial cell antigen,
and proteolipid protein 1.

Historically, circulating heart-reactive autoantibodies have been reported at a higher frequency in
patients with myocarditis and have been implicated in pathogenesis. These autoantibodies are usually
directed against multiple antigens, some of which may have functional effects on cardiac myocytes.« Thus,
autoantibody generation could be one of the mechanisms whereby myocarditis may develop in susceptible
individuals after vaccination. However, it should be noted that in the patient studied, autoantibody levels
peaked on day 2 along with symptoms, but they did not recede as expected, as the clinical condition
improved, although the follow-up was rather short.«

Another important potential mechanism for myocarditis is molecular mimicry between the spike protein
of SARS-CoV-2 and self-antigens.x

Antibodies against SARS-CoV-2 spike glycoproteins have been experimentally shown to cross-react
with structurally similar human peptide protein sequences, including o-myosin.=

However, severe adverse events or autoimmune reactions have been very rare.«4 Although COVID-19
vaccination does not appear to provoke de novo immune-mediated adverse events, it is possible that it may
trigger preexisting dysregulated pathways in certain individuals with predisposition, resulting in a polyclonal
B-cell expansion, immune complex formation, and inflammation.:

Reports to date also do not suggest a delayed hypersensitivity reaction, such as serum sickness—like
reaction or eosinophilic myocarditis as a cause for myocarditis after mMRNA COVID-19 vaccination.:

Although rare, delayed localized skin hypersensitivity reactions have been described with mRNA
COVID-19 vaccination with a median latency of 7 days,

unlike myocarditis emerging earlier within 3 to 4 days after vaccination. None of the case reports
published to date had evidence of eosinophilia in peripheral blood or immune complex deposition or
eosinophilic infiltrates in endomyocardial biopsy samples arguing against hypersensitivity, allergic or
eosinophilic myocarditis.e Lipid nanoparticles or adjuvants used in mRNA vaccines have not been shown
to result in an immune or inflammatory response and have not been associated with myocarditis either. &2

Rare occurrences of vaccine-induced immune thrombotic thrombocytopenia have been reported after
vaccination with the recombinant adenoviral vector encoding the spike protein antigen of SARS-COV-
2.2 Although very rare thrombotic complications have been reported after mMRNA COVID-19 vaccinations,
these patients did not have thrombocytopenia or antiplatelet antibodies.s52
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None of the myocarditis cases reported after mMRNA vaccination had evidence of thrombotic events,
thrombocytopenia, or disseminated intravascular coagulation. These patients also did not have persistent
fever beyond the first few days, lymphadenopathy, hepatosplenomegaly, cytopenias (anemia, leukopenia,
and thrombocytopenia), hypofibrinogenemia, transaminitis, extreme elevation in ferritin or multiorgan
impairment to suggest a cytokine storm, hemophagocytic lymphohistiocytosis, or macrophage activation
syndrome that results from overactivation of T lymphocytes and macrophages.&:&

Male predominance in myocarditis/pericarditis cases has been described in clinical and experimental
studies before, and the reasons are unknown. An important possible explanation relates to sex hormone
differences.zs55 Testosterone is thought to play a role, by a combined mechanism of inhibition of anti-
inflammatory cells:&=2 and commitment to a Thl-type immune response.s Estrogen has inhibitory effects
on proinflammatory T cells, resulting in a decrease in cell-mediated immune responses; and pericarditis
incidence is higher in women during the postmenopausal period. Another contributing factor could be
underdiagnosis in women. &

Assessing the risk

Despite these rare cases of myocarditis, the benefit-risk assessment for COVID-19 vaccination shows a
favorable balance for all age and sex groups:.

Given the known potential risk of complications with COVID-19 infection, including hospitalizations
and death even in younger adults (mortality remains 0.1-1 per 100 000 for persons 12—-29 years of age), the
risk-benefit decision remains overwhelmingly favorable for vaccination. Therefore, COVID-19 vaccination
is currently recommended for everyone >12 years of age® .

COVID-19 vaccination not only prevents COVID-19-related hospitalizations and death, but also
COVID-19-related complications such as myocarditis, multisystem inflammatory syndrome,2 and post—
acute sequelae of SARS-CoV-2 infection or long COVID-19.

Potential Prevention of COVID-19,
Hospitalizations, ICU admissions and
Death with COVID-19 Vaccination

Potential Risk of Myocarditis with
COVID-19 Vaccination
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Risks Benefits
Potential prevention of COVID-19 related myocardial injury,

MIS-C, post-acute sequelae SARS-CoV-2 infection

for every million second dose COVID-19 mRNA vaccinations
Figure 3: Predicted benefits of reduction in COVID-19-related hospitalizations and death and risks
of myocarditis after second dose of mMRNA COVID-19 vaccination by age group.

Adapted from Centers for Disease Control and Prevention® with permission. Predictions for hospitalization and myocarditis
rates were calculated for every million doses of mMRNA vaccine based on hospitalization rates from Coronavirus Disease 2019
(COVID-19)-Associated Hospitalization Surveillance Network (COVID-NET) as of May 22. Benefit/risk were calculated over
120 days. "*
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To meet the ECG or rhythm-monitoring criterion, at least 1 of the following must be included: ST-segment or T-wave
abnormalities, paroxysmal or sustained atrial, supraventricular, or ventricular arrhythmias, atrioventricular nodal conduction
delays or intraventricular conduction defects. 226 COVID-19 indicates coronavirus disease 2019; ICU, intensive care unit; MIS-
C, multisystem inflammatory syndrome in children; and SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.
+Using either the original or revised Lake Louise criteria.’? Using the Dallas criteria.”® §Autopsy cases may be classified as
pericarditis on the basis of meeting histopathologic criteria of the pericardium.

Predicted Prevented COVID-19 Predicted Cases of
Associated Hospitalizations Myocarditis
Age Groups
B 12-17|)
I 1524 ]
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Figure4. Potential risk of myocarditis with COVID-19 mRNA vaccination in the 120 days after
vaccination and predicted prevention of COVID-19 cases, COVID-19-related hospitalizations,
intensive care unit admissions, and deaths according to age groups and sex.

Adapted from Centers for Disease Control and Prevention® with permission.

Predictions for hospitalization and myocarditis rates were calculated for every million doses of mRNA vaccine based on

hospitalization rates from Coronavirus Disease 2019 (COVID-19)-Associated Hospitalization Surveillance Network (COVID-
NET) as of May 22, 2021. Benefit/risk was calculated over 120 days.

Management Strategies

Although rare, clinicians should be aware of the myocarditis and pericarditis risk, which should be
considered in individuals presenting with chest pain within a week after vaccination, especially in the
younger population.??

For initial evaluation, ECG and cardiac troponin level should be obtained, and inflammatory markers
such as C-reactive protein and erythrocyte sedimentation rate can be helpful.s

For suspected cases, cardiology consultation and evaluation with echocardiography and cardiac MRI
should be considered. 226

An evaluation for acute COVID-19 infection (via polymerase chain reaction of respiratory tract sample)
and past disease (via SARS-CoV-2 nucleocapsid and spike protein antibodies) would be helpful. 228

Evaluation and management may vary depending on the patient’s age, clinical presentation, potential
other causes and comorbidities, hemodynamic and rhythm stability, and clinical course. 22°

Patients with chest pain, evidence of myocardial injury, ECG changes, cardiac imaging abnormality,

arrhythmia, hemodynamic instability after COVID-19 vaccination likely will require hospitalization and
close follow-up. 225
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In published case reports, in addition to supportive care, nonsteroidal anti-inflammatory drugs, steroids,
and colchicine were used for management of some of the patients with myocarditis after COVID-19
vaccination. 2%

A few patients were treated with intravenous immunoglobulin and aspirin, and some were initiated on
B-blocker and angiotensin-converting enzyme inhibitor therapy because of left ventricular systolic
dysfunction. 22

Although there are no prospective or randomized studies, it is reasonable to consider these therapies,
especially in patients with significant symptoms and findings. 2%

Among patients with rapid resolution of symptoms, with preserved cardiac function and normal
biomarkers or resolving cardiac biomarker abnormality, therapy may be deferred. 22

In patients with persistent mild symptoms without hemodynamic instability, arrhythmia, significant left
ventricular dysfunction or heart failure, colchicine, nonsteroidal anti-inflammatory drugs, and steroids may
be considered. 2%

In patients with left ventricular dysfunction, heart failure, new-onset arrhythmia, or hemodynamic
instability, intravenous steroids and intravenous immunoglobulin along with other cardiac or circulatory
supportive measures can be considered. 228

In patients with left ventricular systolic dysfunction, guideline-directed therapy including B-blockers and
angiotensin-converting enzyme inhibitors should be initiated. 22

Management should include a cardiologist for initial assessment, evaluation, treatment, and follow-up,
and an infection disease specialist for guidance on subsequent immunization strategies. 22

Although the clinical course appears mild with likely resolution of symptoms and signs, it is reasonable
to restrict or defer strenuous physical activity and competitive sports until after complete resolution of
symptoms, signs, hemodynamic, rhythm, diagnostic, and biomarker abnormalities. 22

If a person develops myocarditis or pericarditis after the first dose of an mRNA vaccine, CDC
recommends that their second dose be delayed and that the second dose could be reconsidered on resolution
of symptoms, signs, and findings, under certain circumstances.

There is evolving evidence that a single-dose mMRNA vaccine does not offer adequate protection in the
general population against new SARS-COV-2 variants, and further studies are needed to determine efficacy
of a single versus 2 doses of mMRNA vaccination in different age groups.z

CDC recommends that all cases of myocarditis and pericarditis post—-COVID-19 vaccination be reported
to VAERS.:

Future Directions and Research Priorities

Studies are needed to elucidate the incidence, risk factors including genetic predisposition, prognosis,
potential mechanisms, reasons for sex differences, clinical course, treatment strategies, and the long-term
impact of myocarditis after COVID-19 vaccination.s
Future research studies should be designed and supported specifically to:

(1) Characterize the role of specific immune cell populations, their similarities and differences in the
development of COVID-19, immunity post-COVID-19 vaccinations, myocardial injury and
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multisystem inflammatory syndrome in children related to COVID-19, and myocarditis related to
COVID-19 vaccines. 2

Characterize histopathology, immunohistochemistry, ultrastructural, and functional changes of the
myocardium in the setting of myocardial injury related to COVID-19, and myocarditis related to
COVID-19 vaccines, and their correlation with cardiac imaging and cardiac biomarker findings. 28

Prospectively screen for the development of myocarditis and myocardial injury after COVID-19
vaccinations in different populations with specific emphasis on sex- and age-related differences. 228

Explore predisposing factors for the development of myocardial injury with COVID-19 or myocarditis
with COVID-19 vaccines (eg, genetic factors, comorbidities, immunity or autoimmunity profile). 228

Explore the mechanisms for development of myocarditis related to COVID-19 mRNA vaccination,
including but not limited to molecular mimicry, autoantibody formation, mMRNA immune reactivity,
trigger of preexisting dysregulated immune processes; it is also important to determine whether these
factors are specific for spike delivery through the mRNA technology or possibly a rare event from
mMRNA vaccinations. 22

Prospectively characterize the clinical course and short- and long-term outcomes of myocardial injury
related to COVID-19, and myocarditis related to COVID-19 vaccines. 228

Explore appropriate treatment and management strategies for myocardial injury related to COVID-19
and myocarditis related to COVID-19 vaccines. 22

Characterize cardiac biomarkers, cardiac function and structure in patients with prolonged symptoms
after COVID-19, or myocarditis related to COVID-19 vaccine. 22

Determine a risk-benefit ratio for different age and sex groups with different doses of COVID-19
vaccination. 228

(10) Provide guidance on return to play and return to activity for patients with evidence of myocardial injury

related to COVID-19 and myocarditis related to COVID-19 vaccines. 228

Conclusions

In summary, >177 million people have received at least 1 dose of COVID-19 vaccine (>300 million

doses) in the United States, and CDC and other international organizations continue to monitor the safety of
COVID-19 vaccines for any health problems including rare cases of myocarditis after vaccination.= Despite
rare cases of self-limited myocarditis, the benefit-risk assessment for COVID-19 vaccination shows a
favorable balance for all age and sex groups; therefore, COVID-19 vaccination is currently recommended
for everyone 12 years of age and older. 2%
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Vascular thrombosis
Thrombosis with thrombocytopenia syndrome (TTS)

Other names:

e Vaccine induced thrombocytopenia thrombosis (VITT).
e Vaccine-induced immune thrombotic thrombocytopenia (VIITT)
e Vaccine-induced prothrombotic immune thrombocytopenia (VIPIT) (229

Background:

Since March 2021, cases of thromboses associated with thrombocytopenia have been reported in
patients vaccinated with the Oxford-AstraZeneca ChAdOx1-S and Johnson & Johnson (J&J) Janssen
Ad26.COV2-S COVID-19 vaccines. Evaluation of the cases by national and international bodies concluded
that there was a plausible causal link between these two adenovirus vectored vaccines and the events 76-78)

The association was based on the temporal association with vaccination, an increased incidence
when compared with expected baseline rates, for cerebral venous sinus thrombosis (CVST), the
presence of simultaneous multiple thromboses in some patients, the presence of thrombocytopenia and anti-
platelet factor 4 antibodies (anti-PF4), and a higher mortality rate than that reported in the literature (6-106)

TTS is a very rare adverse event following immunization (AEFI) and the benefits of COVID-19
vaccination clearly outweigh the potential risks 25

Case definition

The definition of TTS is based on the combined presence of a thrombosis and new onset
thrombocytopenia. Three levels of certainty are proposed, based on the anatomical location of the
thrombosis, the severity of thrombocytopenia and the outcome of laboratory investigations (%26

The most common thromboses in the general population are limb vein thrombosis, pulmonary
artery/vein thrombosis, cerebral artery thrombosis or myocardial artery thrombosis. However, in the case
of TTS, the thromboses have been observed mainly in cerebral and splanchnic veins. Multiple-organ
thromboses have also been observed, although less commonly. In view of these observations, the term
‘unusual location” thrombosis is used to describe the thromboses in TTS26)

WHO classification of TTS following vaccination with a COVID-19 vaccine is based on the degree of
certainty (Table 7). It includes three mandatory criteria (A, B and C) with C defining the degree of certainty
based on the combination of major and minor criteria presented in Table 6:

A. Vaccination against COVID within last 30 days.

B. No alternative explanation for the condition (i.e., no heparin exposure within the previous
C. Combination of thrombosis and thrombocytopenia 26!
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Classification Major criteria Minor criteria

CONFIRMED diagnosis
of
thrombosis
by
imaging study,surgical, or pathology
consistent with
thrombosis / thromboembolism
ina
common location:

e Pulmonary arteries/veins
OR
e Limb veins
OR
o Coronary arteries
OR
e Cerebral arteries
OR
e Other arteries/veins

Thrombosis

OR
SUGGESTIVE thrombosis by supporting imaging or laboratory
findings suggestive but not definitive of
thrombosis/thromboembolism in any location

OR
SUGGESTIVE thrombosis by specific clinical syndromes consistent
with thrombosis or thromboembolism event in any location

Platelet count:
> 50 x 109/L - <150 x 108/L
Thrombocytopenia OR

>50% decrease from baseline platelet count

Laboratory (other than

: D-dimer > 4000 pg/L fibrinogen equivalent units (FEU)
thrombocytopenia)

Table 6: Major and minor criteria for thrombocytopenia, thrombotic events and laboratory examinations 2%

Level 1 (Confirmed case) Level 2 (Probable case)

Thrombosis

Major / Minor Minor

Thrombocytopenia Major / Minor Minor e
Laboratory (Other than . .
thrombocytopenia) Minor Minor / No laboratory

Table 7. WHO classification of TTS following vaccination with a COVID-19 vaccine is based on the degree of certainty (26)

Cases with incomplete investigation or the presence of other possible explanations should be classified as
possible cases of TTS until better evidence is available 26
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Thrombosis Thrombocytopenia
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Figure 5: Algorithm for the clinical diagnosis of thrombosis thrombocytopenia syndrome 229

Incidence

Incidence of CVST in the general population and in COVID-19 patients

The incidence of CVST in the general population is estimated to be between 1.2 and 2.0 cases/100
000 person/year - In a national study done in the United States of America from 2006 to 2016, the
incidence varied by sex (more frequent in women), age (more frequent between 18-44 years) and race (more
frequent in African American > Caucasian > Asian). The incidence of venous thromboembolism has been
reported( to)be almost 70% less frequent in southeast Asian populations compared to those of European
descent (1)

Thrombotic complications are frequent in patients with active or recent SARS-CoV-2 infection (12
Thrombocytopenia (<150 000 platelets/uL) has been reported to occur in about 15% of COVID-19 patients
with CVST. The relative risk of having CVST for patients with COVID-19, compared with those without,
is estimated to be at least 14 times higher. The incidence of CVST in COVID-19 patients was analyzed in
a study collecting real-time data from electronic medical records between 24 March 2020, and 1 March
2021. Among the 667 551 COVID-19 patients at risk there were 42 CVST cases and among the 65 796 480
non-COVID patients there were 1022 cases (rate 0.0001 vs. 0.000002, OR: 41.0; 95% CI: 30.1-55.8), with a
higher mortality rate in the COVID-19 group (11.9% vs. 2.8%, OR: 4.6; 95% CI: 1.3-13.0) 110

Thrombocytopenia may also be present in patients with COVID-19 infection, including patients
with thrombotic complications, however it is generally milder than thrombocytopenia reported in patients
with TTS 2 The presence of an active SARS-CoV-2 infection was ruled out in most TTS cases reported
to date (76-109)
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Incidence of CVST following vaccination with a COVID-19 non-replicant adenovirus-vectored vaccine

A report from the European Medicines Agency (EMA), published on 8 April 2021, assessed the number
of reported cases in the European Economic Area member states and the United Kingdom up to 22 March
2021, using databases from Italy (Agenzia Regionale di Sanita, ARS) and Spain (Foundation for the Promotion
of Health and Biomedical Research of Valencia Region, FISABIO) as comparators, reported a global
observed-to-expected rate of 7.73 (95% Cl: 5.3-10.8) per 100 000 persons over 14 days ©2-

A population study conducted in Denmark and Norway in patients who received the first dose of
ChAdOx-1 vaccine, from 9 February 2021 to 11 March 2021, reported an observed-to-expected incidence
of 20.25 (95% CI: 8.14-41.73) cases within 28 days of vaccination, and an excess of 2.5 (95% CI: 0.9-
5.2) CVST cases per 100 000 vaccinations over 28 days. The observed-to-expected rate for venous
throm?oe)mbolic events was 1.97 (95% CI: 1.5-2.54) with 11 (95% CI: 5.6-17.0) excess events per 100 000
doses (113

The incidence of CVST after vaccination with a non-replicant adenovirus vector-based COVID 19
vaccine is also proportionally higher in women (although this may have been due to vaccination of priority
groups that may have included more women) and patients aged <60 years (% 77

The incidence of cerebrovascular events per 100 000 person-years after ChAdOx1-S vaccination was
higher in women (29.4; 95% CI: 19.8-42.0) compared with men (6.2; 95% CI: 1.3-18.0) within one month
in a German study % The median age was 40 years, with few cases occurring in patients aged >60 years.
This study reported a CVST rate of 20.52 (95% CI: 5.59-52.5) per 100 000 person-years in females aged
>60 years, but not in males aged >60 yeas (18). The EMA signal assessment report published on 8 April
2021, reported an increased SMR for CVST over 14 days, in patients vaccinated with the ChAdOx1-S
COVID-19 vaccine, compared with the background rate, particularly in patients aged 18-60, in patients with
and without thrombocytopenia. The association with disseminated intravascular coagulation (DIC) or other
embolic and thrombotic events was inconclusive at that time®®

Most cases of TTS have been reported after the first dose of ChAdOx-1, but there are still insufficient
data to establish whether the risk of TTS differs between the first and second dose because substantially fewer
second doses of the ChAdOx-1vaccine have been given. The Ad26.COV2-S vaccine is administered as a
single dose. Data about Ad26.COV2-S was initially reported in the United States of America. The Center
for Disease Control and Prevention reported 28 confirmed TTS cases among 8 739 657 people vaccinated,
as of 12 May 2021, which appears less frequent than for ChAdOx1-S, with the highest rate reported being
12.4 cases per million doses for women aged 30-39 years 34 No TTS cases have been reported following
vaccination with other adenovirus vector-based COVID-19 vaccines or mRNA COVID-19 vaccines. It is
also important to acknowledge that although TTS events have been reported following vaccination with
the two adenovirus vector-based vaccines, other vaccines using adenovirus as a vector, should also be
under careful surveillance since the absence of TTS cases may be due to underreporting 5
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First Date of Study Countr vaccine Cumulative incidence per
author/source publication period y 100 000 vaccinees
Unknown- . 3.8
Schultz 9/4/21 20/03/2021 Norway ChAdOx-1 First (95% CI 1.4-9.3)
Spanish
. 01/02/2021- . . 0.5
Medicines 11/5/21 25/04/2021 Spain ChAdOx-1 First [1.3 in patients aged 30-39]
Agency
Centers for .
Disease 12/5/21 Unknown- | United States of| BNT162b2, First [(13I20?r?lf-e(r)1.1?;|2e
Control and 07/05/2021 America Ad26.COV2S -
b ; patients aged 30-39]
revention
6.5
) i (95% ClI 4.4-9.2) overall;
Schulz 13/5/21 lejlr/]g:/%\ggl Germany C%’?‘\Id%)ézlbgnd First 17.9
(95% CI 11.8-26.1) for
ChAdOx1
Medicines &
Healthcare . .
products 27/5/21 LAY United Kingdom| ChAdOx-1 P Ee I T Bl
R 26/05/2021 second 0.13 second dose
egulatory
Agency
Norway e
’ 0 -
Denmark. The (95% C1 0.43-1.23).
Netherlands, Age <65 years:
. Unknown- It_aly, anada, . 1.60
Chan Preprint 15/04/2021 United Kingdom,| ChAdOx-1 First (95% CI 0.71-3.62),
Germany,
Australia Age 55-64 years:
, France,
Spain 0.41
P (95% CI 0.1-1.65)

Table 8. Cumulative incidence of TTS following vaccination with a non-replicant adenovirus vector-based vaccine 226)

Risk factors

The main risk factors for TTS are age (41-48) and the type of non-replicant adenovirus vector-based
COVID- 19 vaccine, with a higher risk associated with ChAdOx1-s than with Ad26.COV2-S (76-105)

There is no evidence that supports an increased risk of vaccine-related TTS or a more severe clinical
presentation in patients with pre-existing thrombotic risk factors. The frequency of thrombotic risk factors
in TTS (approximately 30%) does not appear to differ from the reported frequency of thrombotic risk
factors (37- 84%) in patients with thrombotic events unrelated to vaccination 24133 However, the presence
of additional causes for the thromboses must be evaluated according to the local standard of care, to ensure
that patients are treated appropriately, whenever necessary, particularly in common location thromboses,
such as deep vein thrombosis (DVT) or pulmonary embolism (PE) @26)

Pathophysiology

The etiology of TTS is thought to be immune-mediated. The presence of anti-PF4 antibodies, the temporal
association with immunization, the clinical onset of symptoms and the presence of multiple thromboses
supports this hypothesis 34
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Since there are several similarities with autoimmune heparin-induced thrombocytopenia (aHIT), it is
thought that the pathophysiology of TTS is similar to that of a HIT’s. Hence, like for aHIT, TTS may be
caused by the binding of PF4 antibodies to an unknown polyanion, which then leads to a conformational
change in the PF4 antibodies which reveals a new antigen, resulting in IgG antibodies being developed
against this neo complex of polyanion-PF4 antibodies (%818 134-139). The PF4-polyanion bound to the anti-
PF4 antibodies subsequently binds to the Fc-gamma receptors of platelets, thereby crosslinking the
platelets which results in platelet activation and aggregation. This leads to platelet consumption and
thrombocytopenia as well as microparticle production and thrombin generation that contributes to
development of thrombosis 134144

There are clinical and laboratory similarities between TTS and a HIT, however, the explanation for
unusual intracranial or splanchnic vein locations is currently unknown. Some of the cases reported had normal
platelet counts but positive anti-PF4 antibodies/abnormal platelet function test or a highly suggestive clinical
presentation but were negative for anti-PF4 antibodies (76-10%:

It is still unclear whether cases without thrombocytopenia are variations of the same syndrome or due to

a different cause. The technique and the timing of laboratory tests may partially explain the negative results
(144-149).

Clinical presentation

The most specific elements of TTS are the delayed onset after vaccination and greater severity. Most
adverse events and symptoms following immunization occur within the first 72 hours and tend to resolve
spontaneously, while vaccine-related TTS typically presents after these have resolved (6105

The median time from vaccination to symptom onset is 8-9 days with a range of 1 to 37 days. As of 27
May 2021, only one of the 21 case series reported cases that occurred within the first 72 hours 3

Onset within the first 72 hours was described for 4 of the 62 cases who had all received the ChAdOx-
1 vaccine in that study ©2, while the remaining 165 cases reported so far, all occurred within 3 to 25 days,
based on the available data, with one case occurring after day 30, reported on day 37 (76-105)

Cases could be expected to occur within 30 days, the estimated elimination time of antibodies. Therefore,
any case of concurrent thrombosis and thrombocytopenia within 30 days after vaccination with an adenovirus
vector-based vaccine must be managed as a potential TTS case, with platelet count monitoring. However,
cases occurring between 30-100 days should also be carefully monitored ?26)

TTS is associated with a more severe thrombosis profile, with greater extension of thrombi and a
higher frequency of concomitant intracranial hemorrhage in the case of CVST. Mortality rates (20-25%) are
two-to- three times higher compared with non-vaccine related thrombotic events. In addition, the use of
heparin- based anticoagulants could have influenced the clinical outcome of the initial cases that have been
reported. Importantly, the clinical symptoms of thromboses in TTS may be similar to those of thrombotic
events in the general population *50-157)

1. Cerebral venous sinus thrombosis

The most frequently reported vaccine-related TTS location is CVST. The most frequent symptom of
CVST is headache (50%), mostly severe, which typically presents with other symptoms or signs. Vaccine-
related CVST presents with an increased rate of intracranial hemorrhage (approximately 40% of patients)
and a higher mortality rate, compared with non-vaccine related CVST. The mortality rate of CVST in
patients with COVID-19 is similar to that in patients with vaccine-related TTS, however, thrombocytopenia
is less frequent in COVID-19-related CVST and when present, tends to be less marked (between 100 000
and 150 000 platelets per pL) 26
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2. Splanchnic vein thrombosis
The second most common TTS involves splanchnic vein thrombosis (SVT), including portal,
superior mesenteric and/or splenic veins, reported in approximately 30% of cases. The symptoms of SVT are
expected to be similar in vaccine-related TTS and TTS related to another etiology, with the most frequent
symptom being abdominal pain ?26)

3. Deep vein thrombosis and pulmonary embolism

DVT and PE have been described in the reported cases of patients with TTS following vaccination
with an adenovirus vector-based COVID-19 vaccine. The clinical symptoms of the DVT and PE are non-
specific, and these symptoms are as likely to be due to DVT or PE as other alternate diagnoses.
Consequently, clinical prediction tools, such as the Wells score for PE and DVT, which takes into
consideration the symptoms and signs of DVT/PE, risk factors, and the possibility of an alternate diagnosis,
have been derived and validated. Patients who are determined to be ‘likely’ based on such prediction scores
should undergo further investigation with appropriate imaging to confirm or exclude DVT or PE®?26)

4. Multiple organ thromboses

Approximately 20-25% of patients with vaccine-related TTS have multiple-organ thromboses, which
requires thorough clinical examination and appropriate investigations, as necessary 25
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New onset/unexplained headache:

e In some cases, may have headache-specific red flags,

including resistance to symptomatic treatment and
progressive worsening, sudden onset, strict
unilaterality in some cases

e Headache may present with or without symptoms of
increased intracranial pressure, as worsening by
decubitus, sudden onset, strict unilaterality,

¢ Meningeal irritation signs:
e  Kernig sign.
e  Brudzinski sign.
e Jolt accentuation sign.

e Papilledema

e Focal neurological signs:

worsening with Valsalva manoeuvres. e Dysphasia.
e Mild headaches immediately after vaccination are e Dysarthria.
common. Headaches associated with TTS typically e Hemiparesis.
start or worsen 3-4 days after vaccination and e Hemi-hypoesthesia.
progressively become very severe e Hemianopia.
e Visual disturbances: e Aphasia.
e Blurred vision. e Dysarthria.
e Diplopia. e Cranial nerve palsies.
e  Ophthalmodynia e Ophthalmoplegia.
e Seizures e Ataxia.
e Altered mental status/encephalopathy . . MeP:
e Decreased level of conscioushess/coma * Cushing triad maysuggest ICP:
e Focal neurological symptoms: e Bradycardia
e Weakness. * Badypnea )
e Sensory abnormalities. e Arterial hypertension.
e (Gait instability
e  Speech disorders.
e Dysarthria
e Vomiting with or without nausea.
e Abdominal pain
e Bloating, nausea, vomiting L
. . o Portal hypertension signs
¢ Diarrhea /increased frequency of bowel movements . . . .
S e Abdominal distension/ascites
e Constipation
. e Hepatomegaly
o Fever, anorexia .
. e Jaundice
e Back pain
o Gastrointestinal bleeding.
e Homan’s sign (discomfort or pain
¢ Unilateral or bilateral swelling In the calf, or be_hlnd the knee, or
. involuntary flexion of the knee
e Painful and tenderness . e
X . with forced dorsiflexion of the
e Limb swelling foot)
* Redness, distended veins o Asymmetric limb perimeter
circumference
e Dyspnea, with sudden onset, shortness of breath,
cough e Tachypnea
e Chest pain, with pleuritic characteristics ypnea.
o . . e Tachycardia
o Difficulty to perform any physical exercises 4 .
. o Arterial hypotension
e Hemoptysis
e Syncope palpitations

Table 9. Clinical syndromes suggestive of thrombosis or thromboembolism 226
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Laboratory diagnosis

1. Platelet count

Complete blood count must be done for all patients. Thrombocytopenia is defined as a platelet count
<150 000/uL or a50% decrease from a recent previous platelet count. In most of the reported cases, the platelet
nadir was <50 000 platelets/uL, with a median value around 25 000 platelets/pL (1°8-163)

A few of the reported cases had a normal platelet count but they were positive for anti-PF4 antibodies
which was not explained by another cause of thrombosis. If the platelet count is normal, follow-up CBC must
be repeated daily as the patient might be in the early stages of TTS. In inconclusive cases, an increased D-
dimer values may be equally suggestive and additional laboratory parameters may be helpful (6109

2. Blood smear/film

A peripheral blood smear should be done to rule out a pseudo thrombocytopenia, caused by platelet
clumping. The presence of schistocytes (fragmented RBCs) was reported in one case of TTS @b

3. D-dimer

A D-dimer value of four times the upper limit of the normal range (i.e., usually >4000 pg/L FEU
(fibrinogen equivale is also highly suggestive, and a value of between 2000 and 4000 pg/L FEU may
be suggestive (&8

4. Anti-platelet factor 4 antibodies

The presence of anti-PF4 antibodies, in the absence of heparin therapy, is highly specific for TTS.
However, the sensitivity of the assay is influenced by the type of technique used (ideally based on ELISA,
since rapid immunoassays are neither sensitive nor specific and should not be used) and the timing of the
analysis. The anti-PF4 ELISA must be done on a sample taken prior to the administration of intravenous
immunoglobulin (IVIG) treatment, as IVIG can interfere with the results (/%82

5. Fibrinogen
Fibrinogen concentrations tend to increase in TTS, but when the blood fibrinogen concentrations
decrease or remain low (<1.5 g/L), this should be considered a sign of worsening TTS 2%
6. Other coagulation parameters: prothrombin time, activated partial thromboplastin time.
Prothrombin time (PT) and activated partial thromboplastin time (APTT) should be evaluated
whenever possible, as part of a differential diagnosis for other coagulation disorders, such as DIC?%5)-

7. SARS-CoV-2 tests

SARS-CoV-2 real-time polymerase chain reaction (PCR) test on an oropharyngeal swab sample should
be done for all patients with a suspected TTS and the result provided at the time of the notification. Serum
antibody testing should also be considered to evaluate potential past exposure to SARS-CoV-2 (226)
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Variable

Variable

Moderate to

Usually 20-50 x 10s/L . . severe
thrombocytopenia | thrombocytopenia thrombocytopenia
Reduced if there is
Normal bleeding Normal Reduced
Normal/schistocytes Normal/large Schistocytes Normal/Schistocyt
platelets es
Yes (depending on
No No Yes the cause of DIC,
usually non-
diagnostic)
Yes No No No
Normal or slightly Normal Normal Prolonged
prolonged
Normal or slightly Normal Normal Prolonged
prolonged
Initially increased, then Normal Normal Decreased
decreased
Increased (>4 times Normal Normal to Increased
ULN) increased
ADAMST13 <10%

Table 10. Laboratory tests for the differential diagnosis of TTS (22

TTS: thrombosis with thrombocytopenia syndrome; ITP: immune thrombocytopenic purpura; TTP: thrombotic
thrombocytopenic purpura; DIC: disseminated intravascular coagulation; PT: prothrombin time; APTT: activated partial
thromboplastin time; ULN: upper limit of normality; ADAMST13: a disintegrin and metalloproteinase with a
thrombospondin type 1 motif, member 13, also known as von Willebrand factor-cleaving protease.

Heparin use during the past 4-30 days.

Decreased complement factor H, and decreased
complement factors 3 and 4 (C3, C4)

Positive antiphospholipid antibodies, including
cardiolipin antibodies, beta 2-glycoprotein |
antibodies or lupus anticoagulant

Decreased fibrinogen, extremely high
concentration of ferritins (>10 000 pg/L) and
high concentration of lipids

Prior treatment with quinine, ticlopidine,
clopidogrel, trimethoprim-sulfamethoxazole,
alendronate, vancomycin, pentostatin,
chemotherapy (mitomycin, cyclosporine,
tacrolimus, gemcitabine, carmustine, cytarabine,
Taxotere), illicit drugs (cocaine, ecstasy)

Table 11. Other conditions that should be included in the differential diagnosis of
thrombosis/disseminated thrombosis and thrombocytopenia @
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Imaging diagnosis
Imaging and clinical workup for thrombosis should be based on the symptoms and location 164173

* Ultrasound - Doppler

+ CT scan - contrast/angiography

» Magnetic resonance venography or arteriography

* Echocardiogram

* Perfusion V/Q scan

« Conventional angiography / digital subtraction angiography

* Surgery
« Thrombectomy

* Biopsy
* Autopsy

+ Chest radiography

+ Echocardiogram

+ CT scan without contrast

* D-dimer (elevated above upper limit of normal for age)

Table 12. Specific diagnostic methods that provide results that may be consistent or suggestive of
thrombosis/thromboembolism 226
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o Non-contrast e CT/MR venogram: Filling defect in sinus (empty delta sign)
CT. e Non- contrast CT:
e Contrast brain . . o Hyperdense vein or sinus (cord sign)
CTwithCT * _I?;al_lrlegvlv\:wth o Venous infarcts: Parenchymal hypodensity in a non-
venogram GR'E t’ime-olf- arte_rial territory, typically in a_parasag_ittal _distribution
fIight, venogram o Brain oedema signs: compression, obliteration of the basal
e MRI brain for those who cisterns, effacement of cerebral sulci, midline shift, optic
with MR with cannot receive nerve tortuosity, flattening of the posterior sclera,
contrast/MR MR gadolinium intraocular protrusion of the optic nerve hea
venogram contrast o Intracranial hemorrhage with early oedema in parasagittal
locations
o Fundoscopy e Fundoscopy: papilledema
e Doppler ultrasound: intraluminal echogenic material,
absent signal on colour doppler consistent with thrombosis
« Doppler . UItraSOl_Jn_d: Hepatic enlargement, hepatic hypo
e CT angiography ultrasound echogenicity
e Contrast-CT: filling defects
¢ Non-contrast CT: Non-enhanced hypo-attenuation
suggesting infarct
e Doppler ultrasound: intraluminal echogenic material, absent
signal on color doppler consistent with thrombosis. Increased
e Doppler « MRI flow in superficial veins
ultrasound e Ultrasound: increased venous diameter, non-compressible
venous segment with intraluminal material, loss of phasic flow
on Valsalva maneuver or with calf squeeze.
o CTPA: filling defects, thrombus surrounding by rim of
contrast
e Echocardiogram: signs of right ventricular dysfunction,
thrombus-in-transit, flattening or dyskinesis of the
o Echocardiogram | interventricular septum
« CTPA e Chest X ray e Chest radiography: Enlarged pulmonary artery, peripheral
e ECG wedge of airspace opacity, regional oligemia, pleural effusions,
¢ V/Q scan enlarged right pulmonary artery, dilated right descending
pulmonary artery with sudden cut-off
e ECG: Tachycardia, S1Q3T3 pattern
e V/Q scan: even distribution of radionuclide through both
lungs (normal ventilation) with perfusion defects
e ECG e ECG: ST segment elevation or depression, abnormal Q wave,
e Echocardiogram T wave abnormalities
e Coronary e Echocardiogram: left ventricle ejection fraction, wall motion
angiography abnormalities
o MRI
¢ Non-contrast : ,ZE:;?SI%?CT e CT: loss of grey-white matter differentiation, hypoattenuation
head CT « Doppler of deep nuclei, cortical hypodensity, gyral effacement
ultrasound

Table 13: Optimal and alternative investigational tests used in TTS workups and typical
diagnostic findings 2
CT: computerized tomography; CTPA: computerized tomography pulmonary angiography; GRE: gradient echo sequences;

MR: magnetic resonance; MRI: magnetic resonance imaging; SWI: susceptibility weighted imaging; V/Q scan: ventilation
perfusion scan

Clinical case management

Patients with suspected TTS within 30 days post-vaccination must be referred urgently to a hospital
emergency room/urgent care for evaluation. Management of patients with suspected TTS may benefit
from multidisciplinary evaluation, whenever available, including hematology, neurology, neurosurgery,
radiology, intensive care, internal medicine and emergency department clinicians. Patients must be
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hospitalized and whenever possible, transferred to a tertiary-care hospital equipped with all the facilities.
(158, 159, 174-177).

Clinical evaluation of patients must include the presence of symptoms and signs of thrombosis. CVST
may present with headache, visual disturbances, seizures, altered mental status, decreased level of
consciousness, focal neurological symptoms and/or vomiting; splanchnic thrombosis may present with
abdominal pain, nausea, diarrhea/constipation, fever, anorexia, back pain or gastrointestinal bleeding; deep
vein thrombosis manifesting as limb swelling, pain or tenderness, redness and vein distension; pulmonary
embolism may present as dyspnea, chest pain, difficulty to perform physical exercise, hemoptysis, syncope
or palpitations; myocardial infarction may present with chest or left arm pain, shortness of breath or
cyanosis; and ischemic stroke may present as sudden onset focal neurological symptoms 26

In settings of high COVID-19 incidence and transmission, patients should be tested for COVID- 19, and,
whenever possible, fundoscopy carried out to assess for papilledema. Imaging studies should be requested
based on the clinical index of suspicion and should not be delayed while waiting for the PCR result or the
fundoscopy. Patients must be monitored closely, since new-onset thrombosis might occur, and multiple
thromboses have been reported in 20-25% of patients. 26)

If a venous or arterial thrombosis is diagnosed or suspected and has a temporal relationship with
vaccination with an adenovirus vector-based COVID-19 vaccine, laboratory workup should be requested,
with at least a CBC, and, whenever possible, a D-dimer test. If the index of suspicion for TTS remains high
in a patient who presents with a normal platelet count, then the platelet count must be rechecked at least daily.
Additional laboratory tests that can be done include peripheral blood smear, D-dimer test, fibrinogen
concentration, additional coagulation parameters and anti-PF4 antibodies. It is important to consider that
patients with high D-dimer and persistently low platelet count, or organ specific laboratory abnormalities
(such as increased liver enzymes) may have subtle or paucisymptomatic thrombosis. %26

Treatment recommendations

e Recommendation 1:

o WHO advises against the use of heparin for individuals with TTS following vaccination
with a COVID-19 vaccine (conditional recommendation, very low certainty evidence) @29

e Recommendation 2:

o WHO recommends against platelet infusion for individuals with TTS following
vaccination with a COVID-19 vaccine in all cases other than emergency situations where
surgery is strongly indicated, thrombocytopenia is severe, and platelet transfusion is
required to be able to proceed with emergency surgery (strong, very low certainty) 26

o WHO recommends the use of IVIG and non-heparin-based anticoagulants (NHAC) for
individuals with TTS following vaccination with a COVID-19 vaccine (strong, very low
certainty) 29

31



Uncommon location

-

Cerebral venous sinus
thrombosis: o
headache, visual disturbances, :
seizures, focal neurological
symptoms, decreased level of
consciousness

Splanchnic thrombosis:
abdominal pain, bloating, nausea,
vomiting, diarrhoea, fever,
bleeding, anorexia

Platelet count
Platelets <150 x 10%/L

Platelets <50% baseline %

Peripheral smear

‘% .
Reduced platelets T;

No platelet clumping - | A (
o \
- at

Common location

Ischemic stroke: sudden onset
focal neurological symptoms

Pulmonary embolisms: dyspnea,
chest pain, haemoptysis, syncope,
palpitations

Myocardial infarction: chest pain,
shortness of breath, cyanosis,
sudden death

Deep vein thrombosis: unilateral or
bilateral swelling, pain, tenderness,
swelling, redness

Anti-platelet factor 4 antibodies
ELISA
D-dimer > 4000 pg/L FEU

Figure 6: Clinical workup in patients with clinical symptoms and signs suggestive of thrombosis with 30 days of
vaccination with a COVID-19 adenovirus vector-based vaccine @29
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Patients should be hospitalized and closely monitored

Avoid platelet transfusions

In all cases other than emergency
situations where surgery is strongly
indicated, thrombocytopenia is severe,
and platelet transfusion is required to be
able to proceed with emergency surgery
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Avoid heparin based

anticoagulation
For individuals with TTS following
vaccination with a COVID-19

vaccine i

- 5 A
Administer non-heparin - “
based anticoagulants ——
Argatroban, bivalirudine, ﬂ
fondaparinux, danaparoid,
rivaroxaban, apixaban, dabigatran ‘

B

Consider IV

Immunoglobulins
1 g/kg x 2 days or 0.4g/kg x 5 days

-
~

y PCR test for COVID-19

Monitor platelet count

- Complete
examinations per
patient

Report the case

I

Figure 3: Clinical management of patients with confirmed, probable or possible vaccine related TTS 226)
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0.5-2 pg/kg/min
(Continuous IV infusion)

APTT monitoring
(Therapeutic range: 1.5-3)

Argatroban should ideally be
monitored by a direct thrombin
inhibitor assay, if available, e.g.,
HEMOCLOT™
as
APTT correlates poorly with the
Argatroban effect
due to the
high concentrations of factor VIII

<14 days

0.75 mg/kg bolus
and
continuous IV infusion 1.75mg/kg/h

APTT monitoring
(Therapeutic range: 1.5-3)

Up to 3 months
or until switch to
oral anticoagulation

5mg/24h (<50kg)

50% dose in case of platelet count <30

Up to 3 months

7.5mg/24h (51-99kg)  000/uL or until switch to
10 mg/24 h (SC) >100kg Reduce dosing with severe renal . _
impairment oral anticoagulation

500 1U/kg /12h 1x2 (<50 kg) or 750
IU/kg / 12h(SC)
1V bolus < 60 kg 15001U60-75 kg 2250
|0]
75-90 kg 3000 IU
>90 kg 3750 1U.

Infuse: 400 1U/h for 4h->300 1U/h for 4h-
maintenance dose 200 IU/h, if GFR
(<50mI1/min)150 1U/h and anti-FXa

activity target (0.3-0.5 1U/ml, or trough
with SC dosing),
SC: 750-1250 1U/8-12 h
Prophylactic dose: 750 IU / 12h (SC)

Measure anti-FXa activity, if
available.

Up to 3 months
or until switch to

oral anticoagulation

To be considered in less severe
patients, with no active bleeding

From day 22: 20 mg/24 h

15mg/12 h and once daily Adjust the dose in
platelet count >50 000/uL. case of renal impairment
petent,with no acive bleeding | 710 €2 8 5 mg/12
10 mg/12 h ' and Adjust the dose in case of
platelet count >50 000/uL renal impairment
110 mg/12 h .
or CSVT or DVT or PE Accort‘?“”?,to G.Fita”d
150 mg/12 h patient's Welg

Table 14: Examples of non-heparin anticoagulant treatments for TTS

(226).

APTT: activated partial thromboplastin time; GFR: glomerulus filtration rate; IV: intravenous; PO: per 0s
(oral); SC: subcutaneous

The GDG did not provide any judgment on steroid treatment, but noted the general use of steroids and the
likelihood that steroids would usually be given in combination with other treatments. 229
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Recommendations addressing vaccination, prevention and lifestyle changes in post-recovery TTS
patients and the general population:

1. Future vaccination
Patients with TTS following non-replicant adenovirus-vector-based vaccine should not receive the
second dose of this vaccine to avoid repeated exposure to the antigen that caused the syndrome. 26

2. Possible prophylactic medication to prevent thrombotic/thrombocytopenic events or other prophylactic
measures

Although no studies have yet assessed the use of prophylactic medication in patients with post vaccine-
related TTS, there are some studies on the long-term use of anti-thrombotic drugs to prevent TTS in
patients recovering from COVID-19 disease. There is presently no indication or guideline for prophylactic
treatment, including prophylactic anticoagulation or anti-aggregation in patients with other risk factors for
thrombosis. (¢26)

3. Contraindicated drugs
The use of heparin-based anticoagulants is not recommended in patients with suspected TTS. There
is insufficient evidence to contraindicate other drugs that have been associated with immune
thrombocytopenia syndrome. (26

4. Contraindication of adenovirus vector-based COVID-19 vaccines

Adenovirus vector-based COVID-19 vaccines and other adenovirus vector-based vaccines must be
avoided in patients with a prior history of HIT or major venous and arterial thromboses occurring with
thrombocytopenia.

Possible research gaps for future prophylactic management: (226).
1. Should hydroxychloroquine be used in patients having TTS?
2. Genetic markers for ‘at risk’ patients.
3. Risk factors for TTS and the role of other thrombotic risk factors.
4

Role of point-of-care devices and diagnostics like the thromboelastography (TEG), that gives an indication of
fibrinogen levels, or point-of-care ultrasound (POCUS) which would enable frequent testing of
coagulation/bleeding profiles.

5. Duration and persistence of anti-PF4 antibodies in COVID-19 vaccine-related TTS. In patients with HIT, the
median time to antibody clearance is 50 days for platelet activation assays and 85 to 90 days by
immunoassays. Immunoassays may remain positive in ~35% of patients for up to 1 year, with levels
decreasing over time. Hence patients may be at risk for thrombosis because of circulating anti-PF4/heparin
antibodies.

Duration of immunosuppressive treatments.
Management of treatment-resistant cases.
Possibility of organ donation in TTS-deceased patients.

© o N o

Consider rapid literature search to identify the most common cause of hypercoagulability.

10. Research on increase in hypercoagulopathy in patients with a previous of COVID-19 infection, given any
COVID-19 vaccine.

11. Randomized controlled trials (RCTs) to determine the safety of proposed anticoagulation, alternate
anticoagulants and the role for anti-platelets, such as Ticagrelor, in patient management.

12. RCTs to evaluate the efficacy of using new oral anticoagulants (NOACS) as prophylaxis in patients
recovering from TTS after COVID-19 vaccine? (If anti-PF 4 antibodies are present).
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