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1. EXECUTIVE SUMMARY

BNT162b2 (Comirnaty®, PF-07302048, Pfizer- _
for active immunization against COVID-19. Myncarditisz’myﬂpericarditis has been associated

in some, but not all, studies following administration of BNT162b2. A variety of potential
mechanisms may be involved, and more than one may be acting in a given subject, Or
between subjects. No clear mechanism has been elucidated.

BioNTech COVID-19 vaccine) is a vaccine

2. INTRODUCTION AND OBJECTIVES

BNT162b2 is a vaccine developed to prevent COVID-19 which is caused by the virus SARS-
CoV-2. During clinical trials in which >20.000 individuals were vaccinated with 30 pg
BNT162b2. side effects were limited primarily to vaccine associated reactogenicity

However, upon more widespread administration after EUA, rare cases (estimated overall
incidence of 2.13/100,000 in one study) of generally mild myocarditis, more frequent
(10.69/100,000) in males 16-29 years of age, were reported; these resolved 1n most
individuals with or without treatment (Mevorach 2021, Witberg 2021). Interestingly, other
large studies have shown increased risk of myﬂcarditisfmyﬂpericarditis after administration
of the Moderna mRNA-1273 vaccine, but not with BNT162b2 (Husby 2021). In addition,
Husby reported increased risk in females but not males. Heymans (2022) reviewed a variety
of studies and concluded that COVID-19 infection caused 1,000-4,000 cases of
myocarditis/100,000 people, while the vaccine cause 0.3-5 cases/100,000, indicating a much
higher risk of myocarditis following natural infection compared with vaccination. Thus, the
risk of myﬂcarditisfm}fupcricarditis varies between studies and our understanding is evolving
at the present time, and likely will continue to evolve over the next several years. At the
present time, myocarditis/myopericarditis has not been defined as an adverse drug reaction
(ADR) by Pfizer, and thus a causal relationship to BNT162b2 vaccination has not been made
by Pfizer. Despite rare cases of reported myncarditisfmyopericarditis, the benefit-risk
assessment for COVID-19 vaccination is considered to have a favorable balance for all age
and sex groups; therefore, COVID-19 vaccination 1S recommended for everyone >12 years of
age (Bozkurt 1021, Heymans 2022, Husby 2021). Interestingly, the “background” incidence
of viral myocarditis in general 1s estimated at 1-10/100,00 people (Heymans 2022).

The objectives of this white paper are 10 1) review the potential causes of
myocarditisfmyﬂpericarditis, as well as determine the most likely mechanism(s) involved in
the myocarditis/myopericarditis that has been associated in some reports with BNT162b2
administration, 2) outline potential nonclinical (in vitro and in vivo) models and
investigations that could be conducted to better understand the myocarditis/myopericarditis
observed. and 3) provide recommendations on next steps.

At the present time, this white paper should be considered a living document as information
is rapidly evolving. Thus, this information and recommendations is this document should be

wns'ldﬁggdpi'umi"&“‘light'ﬁr- ] e =

b
¥
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3. BACKGROUND
3.1. Composition of BNT162b2

RNT162b2 (frozen liquid formulation) compon

ents are listed

in Error! Reference source

not found..
Table 1. Composition of BNT162b2 Drug Product, Multi-Dose Vial (225 ng/vial)
Name of Reference to Function Concentration Amnu.nt Amount per
Ingredient Standard (mg/mL) per vial 30 pg dose
BNT162b2 In-house Active ingredient 0.5 225 pg 30 pg
mRNA drug specification
substance
ALC-0315 In-house Functional lipid e, 3.23 mg 0.43 mg
specification
ALC-0159 In-house Functional lipid 0.89 0.4 mg 0.05 mg
specification
DSPC In-house Structural lipid 1.56 0.7 mg 0.09 mg
specification
Cholesterol USP-NF Ph. Eur.* |Structural lipid 3312 1.4 mg 0.2 mg
Sucrose USP-NF, Ph. Eur.¢ | Cryoprotectant 103° 46 mg 6 mg
Sodium USP-NF, Ph. Eur. | Buffer component 6 2.7 mg 0.36 mg
chloride
Potassium USP-NF, Ph. Eur.© | Buffer component 0.15 0.07 mg 0.01 mg
chloride
Dibasic sodium | USP-NF, Ph. Eur.© | Buffer component 1.08 0.49 mg 0.07 mg
phosphate,
dihydrate?
Monobasic USP-NF, Ph. Eur. | Buffer component 0.15 0.07 mg 0.01 mg
potassium
phosphate®
Wlatem: for USP-NF, Ph. Eur. | Solvent/vehicle q.s. q.s. q.s.
Injection

a. ln'cc:m ing testing at each manufacturing site may initially be performed only in accordance with the
receiving market’s local compendia.
b. Values are rounded to maintain the same level of precision as the label claim, with trailing zeros not
shown, wher? applicable. For example, 46 mg sucrose is rounded from 46.35 mg (103 mg/mL)

f-i Grades qf mcn_ming II'..Ia[El'iEI]S are the same across sites as confirmed by the supplier Ceniﬁca-te of Analysis.
e ;:e:gs 1:1:;:}1?0%1 tpe::::iga ‘at each manufacturing site may initially be performed only in accordance with
d. Dibasic spdium phosphate, dihydrate is named as disodium phosphate dihydrate in the Ph. Eur

e Mnnqba_slc potassium phosphate is named as potassium dihydrogen phosphate in the Ph. éur .
Abbreviations: ALC-0315 = ((4-hydroxybutyl)azanediyl)bis(hexane-6, | -di}'l)his(Z-hexyidecan;}ate)'
ALCO159 = 2-[(polyethylene glycol)-2000]-N,N-ditetradecylacetamide; '

DSPC =

1,2-distearoyl-sn-glycero-3-phosphocholine; q.s. = quantum satis (as much as may suffice).

Since EUA was gramed, a sccond hquld frozen formulation has been developed for

BNT162b2 (

: 1
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Drug Product, Multi-dose Vial

Table 2. Composition of BNT162b2 Tris/Sucrose
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Table 2. Composition of BNT162b2 Tris/Sucrose Drug Product, Multi-dose Vial

(225 ng/vial)
Name of Reference to Function Concentration Amount per 0.3
Ingredients Standard (mg/mL) mL dose
BNT162b2 mRNA |In-house Active ingredient 30 ug
drug substance specification
ALC-0315 In-house Functional lipid 1.43 0.43 mg
specification
ALC-0159 In-house Functional lipid 0.18 0.05 mg
specification
DSPC In-house Structural lipid 0.31 0.09 mg
| - | specification
Cholesterol ~ ~|Ph. Eur. | Structural lipid 0.62 | olomg
Sucrose USP-NF, Ph. Eur. Cryoprotectant | 103 | 31 mg'
Tromethamine (Tris | 1ap._ | Buffer component | 630 A - 0.06 mg
base) ! N J/ ' r.";: J 18 & B \ :
Tris B/ Buffer component | - 132 | 0.4 mg
(hydroxymethyl) o WG S
aminomethane o
HC]) ) CEENTEINRITL. JEELE e —

Abbreviatior |

ALC-0315 = ((Mymxybutynamed;ynbm(hmw I-diyl)bis(2-hexy demo'ate
ALC-0159 = 2-[(polyethylene glycol)-2000]-N, N-ditetradecylacetamide

DSPC = I.Z-d]steamyl-m-glymn-B-phusphmhulme
q.s.ﬂqummm(asmuchasmaysufﬁue)

HEPES = 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
EDTA = edetate disodium dihydrate

! 5 -
] -
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Figure 1. Schematic of BNT162b2 Nucleuside-Mndiﬁed mRNA

BNT162b: Nucleoside-
modified mRNA (modRNA)

.

The BNT162b2 nucleoside-modified mRNA consists of a single-stranded, _Sf'-capped MRNA, with 5 and 3'
untranslated regions and a pnly-adenusine tail, that 1s translated upon entering the cell.

BNT162b2 also includes the incorporation of modified nucleosides (N 1-methyl
pseudouridine) with blunted innate immune S€NSOT activating capacity (ss- and dsRNA

sensors [TLR7 and TLR3, respectively] and RIG-I/MDAS 1n cytosol) and thus augmgnted
expression. These structural elements of the vector backbone of Comirnaty are optimized for

prolonged and strong translation of the antigen-encoding RNA component. The [LNP protects
the RNA from degradation by RNAses and enables transfection of host cells after IM

delivery.

3.1.2. BNT162b2 Lipid Nanoparticle and Lipid Components

The LNPs in BNT162b2 are comprised of four lipids (Table 2): (1) ALC-0315 (4-
hydroxybutyl)azanediyl)bis(hexane-ﬁ,1#diyl)bis(Z-hexyldecanoate), a proprietary ionizable
aminolipid, (2) ALC-01 59 (2-[(polyethylene glycnl)—ZUOO]-N,N-ditetradecylacetamide), a

] EG-lipid, (3) DSPC, and (4) cholesterol. ALC-0315 is the major lipid
component in BNT162b2 and is included in the LNP to confer distinct physicochemical
properties that regulate particle formation, cellular uptake and endosomal release of the
mRNA. ALC-0159 (PEG-lipid) stabilizes the particles, facilitates homogeneous particle
sizes, and when administered, provides a rransient steric barrier to minimize interactions with
plasma proteins. DSPC and cholesterol are naturally oceurring lipids, present in mammalian
cell membranes, and are included in the LNP as structural lipids. Of the four lipids that form
the LNP in BNT162b2, two are novel excipients (ALC-0315 [aminolipid] and ALC-0159

[PEG-lipid]). The BNTI 62b2 LNP diameter is <100 nm.

A A=Y ™y

LARZEN = | RME=R2E

‘- | I | -
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Table 4. Basic Characteristics and Dosing Information for Other Nucleic Acid
COVID-19 Vaccines and an RNA Therapy .
Name Manufacturer Type of Nucleic | Target LNP? Dose, Route, Dosing
Acid Used Schedule, Number
Doses
COVID-19 Vaccines
mRNA-1273 Moderna Modified- SARS-CoV-2 | Yes' 100 ug RNA/dose
(Moderna nucleoside spike protein IM
COVID-19 mRNA 0 and 28 days,
Vaccine; Booster at > 6 mo
elasomeran, 2 doses
Spikevax) ' _
Ad26.COV2-S | Johnson and Adenoviral SARS-CoV-2 | No 3.‘5{2 log o infectious
[recombinant] Johnson vector spike protein units
(Janssen or (Chimpanzee IM
Johnson& Ad26) Single dose
Johnson Booster dose
COVID-19
Vaccine)
AZDI1222 Oxford/Astra- | Adenoviral SARS-CoV-2 | No 2.5 x 10%infectious
(AZ COVID- Zeneca vector spike protein units
19 Vaccine, (Chimpanzee IM
Vaxzevria) ChAdOx1) Single dose
Relevant RNA Therapy
Onpattro Alnylam siRNA Transthyretin | Yes" 0.3 mg/kg (<100 kg),
(patisiran) mRNA 30 mg (>100 kg)
IV infusion
Every 3 weeks
amRNA-1273 LNP is composed of cholesterol, DSPC, SM-102 (heptadecan-9-yl 3-{(2-hydmxyethyl)[6-
nx&&(mdecylnxy)hexyl]aminu}octannate), l,2—Dimyristnyl-rac*glycern&-methuxypnlyethylene glycol-
2000 (PEG2000 DMG).
b. The Onpattro LNP is composed of cholesterol, DSPC, DLin-MC3-DMA, and PEG2000-C-DMG.

3.3. Description of Myocarditis,

Myocarditis 1s characterized microscopi
:filtrates in the heart muscle, with or wi
021). Pericarditis
the heart. The two cond
opericarditis, depending on
y. In the context of mRN
carditis are most often used.

Lampejo et al, 2
sac which surrounds
perimyocarditis or my
predominant, respectivel

: ;:-.F‘ os a1
symptoms

the majority of patients with biopsy co

-— —

minimal ventricular dyscti

avariety of ways, ranging from mild

is characterize

Myopericarditis, and Pericarditis

G change

Bk
fZk,
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cally as focal or widespread inflammatory cell
thout cardiac myocyte injury (Lasrado et al, 2020;
d by inflammation of the outer membranous
itions may occur together and be described as
if myocarditis or pericarditis are
A-related heart effects, the terms

n mild symptoms of
inges to life i
( al;2013). M
n often resolve without
nfirmed myocardi

threatening

arditis with mild

siﬁ*é“fcfﬁé' treatment, and
tis do not progress to dilated




ng cause of the myocarditis will
s may also present with chest

ardial effusion and pericardial friction rub

s is self-limiting and will respond to anti-
ocarditis and pericarditis has been
teria to determine the level of

gnosis. The underlyi

thy, which has a poot pro |
al. 2007). Pericarditi

cardiomyopa
sis (Carforio €l

often determine progno
pain and EC G changes, but also with peric

(Lasrado et al, 7020). In most patients, pericardit
. flammatory medications. Clinical diagnosis of my
defined by the Brighton Collaboration, which lays out cri

certainty of the myocarditis or pericarditis diagnosis
(hups:.ffbrighmncnllabnratiun.us»’myﬂcardilis—case-deﬁnitiﬂn—update/). Myocarditis 1S
definitively diagnosed by endomyocardial biopsy. [t is important to note that incidental
microscopic cardiac inflammatory infiltrates are not uncommon (18% of hearts), and
nflammation with necrosis may also be seen (~5%) and may be considered contributory t0

}he cause of death in some cases (Zhang 2013). Thus, there is a background of inflammatory
mﬁltr::ﬂcs and even myocardial necrosis. However, less invasive methods may be used in
C{?mb1natiﬂn to diagnose myocarditis and include clinical signs, elevations in cardiac
bmplarkers (eg, cTnl), ECG alterations, and heart abnormalities by imaging (€g, MRI,
radiographs, echocardiogram). Pericarditis is definitely diagnosed by pericardial biopsy but,
may also be diagnosed to varying degrees of certainty by clinical symptoms and physical

exam findings, ECG changes, and cardiac imaging.

ditis is not determined, but when identified, it is usually

thF result of a viral ir}fectinn. In_mnune-mediated myocarditis may also occur in.individuals
with underlying autoimmune diseases such as lupus, or in those who may be genetically

predisp@e-:d tn_cardiﬂmyopathy._ Other causes of myocarditis, such as hypersensitivity
myocarditis, giant cell myocarditis, and sarcoidosis are uncommon. While myocarditis and

pericarditis can occur at any age, young males <30

. ; years of age are more comm

ggrzr'gaared with men older than 50 or females of any age (Wang et al, 2021 Lasr?c;lg ;f:l?ﬂﬂd
. Kyto et al, 2013). Testosterone has been implicated as a risk factor f;::ur cnxsackiev{ms-

related myocarditis susceptibility in rodents (Leyden et al, 1987)

In most cases, the cause of myocar

Myocarditis may be classified in several w ‘ '
ol S ays, including by cause, microscopi "
Elu;lmga;h ologic criteria (BIYSZQ_zuk 2019). Microscopically, the type of IS:I: U(I:;C f;flfllngS, o
ﬁe ine g the cellular infiltrate identified from endomyocardial biopsies o;: a ?1' ey
ssue, when such information is available. Some microscopic 1&:1!..—1.*.-:5&ﬁcat*.i:::rns.l;r‘:;pf-rf‘]iF g
own

below:

e Active myocarditis is associated with myocyte necrosis
' Bor L] L] Ll L] L]
derline myocarditis includes inflammatory infiltrate without myocyte necrosi
rosis

e Lymphocytic myocarditis is typi : :
ks typically associated with viral infections, toxicants, and

© Em 1 - N Ay _§u - e
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‘myocyte necrosis, .
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it] ' ' toimmune
e Giant cell infiltrates (giant cell mchardms) may be associated with au
diseases but, are generally idiopathic.

Granulnmawus inflammation is usually due to the disease sarcoidosis.
L

adult males
Myocarditis unrelated to vaccination is most commnn in adstc;l;;ﬁt and zaulutll{ngeta % R
(Figure 2) and 1s typg?ally mJld Most cases improve with Inmedla mmun}y 2 s
t . ving heart f\mctlon or cor,rectmg n&mﬂ heart 1 %014* Y o ol cmsZOZO)
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Figure 2. Age Distribution of All (n=3198) Myocarditis Patients
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(A). Age group (16-20 years, 21-25 years, etc) distribution of patients by gender (B). Black
bars mark men and grey bars women, error bars represent upper 95% CI (B) (Kyto et al
2013), | :

T:he background incidence of clinical myocarditis in any age group, regardless of cause. is
difficult to determine as endomyocardial biopsies, the gold standard for confirmation Oti
myocarditis, are infrequently conducted (Caforio et al, 2013). In young individuals with
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sudden death attributed to cardiac causes, microscopic diagnosis of myocarditis at autopsy

has been reported with high variability, ranging from 2% to 42%
2013). However, scant infiltrates are common in the heart una
been reported in up to 48% of autopsy specimens from young
traumatic injuries (Kitulwatte et al, 2020; Claydon et a
dilated cardiomyopathy, biopsy-proven myocarditis has been

respectively (Caforio et al, 2013). In cases where patients have mi
minimal ventricular dysfunction, myocarditis often resolves without specific treatm

However, myocarditis in some individuals can progress 10 dilated cardiomyopathy,
generally has a poor prognosis.

1. 1989).

in prevalence (Caforio et al,
ssociated with disease and have
individuals dying acutely from
[n adults and children with
reported at 9% to16% and 46%,
Id signs/symptoms and

ent.
which

Elfstrom et al (2007) investigated the risk of myocarditis, cardiomyopathy, and pericarditis in

a general population cohort of approximately 14000

approximately 69000 age- and sex-matched reference
indicated that the median age of onset in the reference group was 22.5 years old for
myocarditis and 57 years old for pericarditis. In individuals <15 yo, the incidence per
100,000 person-years was 3.45 for myocarditis and 3.16 for pericarditis. In individuals
>16 yo, the incidence per 100,000 person-years was 4.4 for myocarditis and 18.0 for

pericarditis.

individuals with celiac disease and

individuals in Sweden. The analysis

Li X (2021) used observational data collected from 01 Jan 2017 through 21 Dec 2019 from
13 databases in eight countries (Australia, France, Germany, Japan, the Netherlands, Spain,

the UK. and the US) to describe the background incidence of 15 pre-specified AESIs, during

a time prior to the COVID-19 pandemic, that may be associated with COVID-19 vaccines

(Li X 2021). While large variations were observed between databases in age and sex-specific
estimates for each AESI, similar age and sex-related trends were observed in most databases

and pooled rates. Table 5 outlines the background incidence rates per 100,000 person-years
for myocarditis or pericarditis as described by Li X (2021). Overall, the incidence of
myocarditis or pericarditis was higher in males compared with females.

Table 5. Background Incidence of Myocarditis or Pericarditis: Pooled Estimated Age and
Sex Stratified Incidence Rates (Li X 2021)
. Incidence Rate per 100,000 Person Years (95% prediction interval)
Age -5y 6-17y 18-34 y 35-54y 55-64 y 65-7T4y 75-84 y >85y
Cohort 5
Female | 6 7 16 22 31 35 39 34
(11025) | @t021) | (81032) | (9t053) | (13t072) | (121097 | (1110138) | (810 143)
Male 7 T 37 37 45 49 54 a1
(1t1032) | (5t024) | (16t088) | (16t087) | (2010 102) | (1710 139) ﬁls 0 193) | (9to 193)

The background incidence of subclinical myocarditis has been estimated based on

nucrosmpi?’wilﬁ

necrosis) was also present, with moderate inflammation only identified in individuals under

14 uﬁlh:!

tion of the heart in autopsy specimens from individuals dying acutely of
on by Kitulwatte et al, scant myocardial inflammation was

in the heart of individuals <40 years of age (Table 6; Kitulwatte et al,
2010). However, mild and moderate inflammation (which was associated with myocyte
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f 48 individuals]) (Table 6). The inflammatory
some mixed inflammation. These lesions
yte hypertrophy. In another review of the

of that age group [3 out ©
primarily lymphocytic, with
were not associated with edema, fibrosis or myoc
incidence of myocarditis as an incidental finding at autopsy in men aged 15-25 years
revealed 4 of 27 : - dividuals had subclinical myocarditis (Claydon, 1989). The inflammation
between individuals was variable and ranged from primarily lymphocytic to primarily
neutrophilic and included one individual with lymphocytes, neutrophils, eosinophils,

f myocytolysis (Claydon,

macrophages, and plasma cells. All individuals had some degree O
1989). These data indicate that subclinical myocarditis is a common finding in men under
30 years of age. Because most of the sudden death due to trauma cases were males, there was

no discerning a sex difference in subclinical myocarditis from autopsy specimens.

25 years of age (6%
cell infiltrates were

psy in Different Age Groups from

Table 6. Incidence of Myocardial Inflammation at Auto
Males, 19% Females with No

Individuals Dying of Traumatic Injuries. (81%

History of Myocarditis)

Age <15y 16-20 y 21-25y 26-30 y 31-35y 36-40 y Total
Groups
None 3 12 7 7 5 2 36
Scant | 5 13 14 9 6 48
Mild | 1 2 4 3 13
Moderate 1 1 1 0 0 0 g
Total 6 19 23 23 18 11 100

i:[tn[:akrﬂiiﬁ;;::iierﬁlﬁu;mal Trial and Post-Authorization Experience Relative to

Within the p:artic?;_sants 16 years of age and older from the Pfizer clinical trial dataset, tw
cases of pericarditis were reported through the data cut-off date of 18 June 2021 Th;se ;
originated from the Phase 3 clinical study C4591001 and both were deemed not related f 2
study treatment by the Investigator. There were no cases of myocarditis reported as sz o
adverse events through the data cut-off date of 18 June 2021 (US Pharmacovigilance ;rfm

the BLA 28 July 2021).

Since April 2021, increased cases of m iti Py
. * yocarditis and pericarditis have bee :
U:ﬁtil:rt?m ﬂer mRNA COVID-19 vaccination (Pfizer-BioNTech and &:‘f;r;t:;l i
i 8 just s and young adults (CDC 2021). There has not been a similar
e, hnsi observed after administration of the Janssen COVID-19 Vacci

n) (CDC 2021). accine (Johnson

Cases of M i et _
o ;f ‘y.ocardlv . :s a;:d Pericarditis are assessed internally as per Brighton Collaborati

% E o o ip_l?l i) ,;__.. | and Version_1.0.( July.20 o Wy iy
WQ‘ ia point to remarkable. ndi gs of dié g 8 %x‘ 21), rgspegtively. In
'3 : . | > B eas S - ,*;’ ot "‘_]:* = T_ i- ,sjs‘]@' :i'; a0 £

i :
- u e, Jd 0 "4 I ..:| : f ! - P ft A v | Fr——— § ’ vl :
f e N OE N il - Ardiogram. as ) : N B SN
-d" s '.ri' oy fin % 55' ..-k:: o - i e L I -1
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e ). Sentémber -t &owi
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conform. as per the label, to a pattern of Myocarditis cases occurring in majority of young
males below 29 years of age within the first two weeks postvaccination, and recovering with

standard treatment.

In most cases, patients who presented for medical care have responded well to medications
and rest and had prompt improvement of symptoms. Reported cases have occurred
predominantly in male adolescents and young adults >16 yo. Onset was typically within
several days after mRNA COVID-19 vaccination (from Pfizer or Moderna), and cases have
occurred more often after the second dose than the first dose. The CDC and its partners are
investigating these reports of myocarditis and pericarditis following mRNA COVID-19
vaccination. The severity of myocarditis and pericarditis can vary. For the cases reported
after mRNA COVID-19 vaccination, most who presented for medical care have responded

well to conservative medications and rest.

Rased on these data and those from other geographic regions including Isragl and the EU,
and at the request of Health Authorities, the product labels were updated to include the

following:

The USPI and EUA Fact Sheets now include the following statement in Warning and
Precaution: Post marketing data demonstrate increased risks of myocarditis and pericarditis,
particularly within 7 days following the second dose of the 2-dose primary series (USPI
revised 12/2021). The observed risk is higher among males under 40 years of age than among
females and older males. The observed riskis highest in males 12 through 17 years of age.
Although some cases required intensive care support, available data from short-term follow-
up suggest that most : 1dividuals have had resolution of symptoms with conservative
management. Information is not yet available about potential long-term sequelae. The CDC
has published considerations related to myocarditis and pericarditis after vaccination,

:ncluding for vaccination of . dividuals with a history of myocarditis or pericarditis (CDC

The European Union (EU) Summary of Product Characteristics (SmPC) was updated to
include myocarditis and pericarditis as adverse drug reactions in Section 4.8, as well as to
Section 4.4 Special warnings and precautions. In addition, at the request of the
Pharmacovigilance Assessment Committee (PRAC), a Direct Healthcare Provider
Communication (DHPC) was distributed in all EEA countries to ensure that healthcare
providers (HCPs) are aware of the potential for myocarditis and pericarditis associated with
COVID-19 mRNA vaccine use. Myocarditis and pericarditis were also included as an
Important identified risk in the EU RMP Version 2.3 (dated 04 August 2021, ongoing
oracedure) and in the US PP Version 0.6 dated 28 July 2021, ’

Ad{litio:}a_l pgst-authnrization}post-markcting studies to assess risks of myocarditis and

icarditis, incl ing r term follow i
|; Uﬁ\‘;ﬁé" ' %‘E OJHE ‘ghﬂ{;%ng‘mgmke AMEE
S Nonclnica Safety Data on mRNA COVIDA19 Vaceines | |
o 8 A o ey T rovea o ST TOPMULNINE
reveal no special hazard for humans based on conventional

studies of repeat-dose toxicity and reproductive and developmental toxicity. Rats
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s of 30 pg mRNA or 100 pg
and erythema. higher white
Ils but, including monocytes
higher acute phase proteins consistent

f portal hepatocytes without evidence

reversible. There were no vaccine-related microscopic
OVID-19 vaccines candidates

n with 2 other C
studies that used a similar study design: BNT162bl1 at 30 or
a combined fertility and

100 ng mRNA/dose and BNT162b3 at 30 pg mRNA/dose. In

developmental study, female rats (44/group) were administered 4 IM doses (30 ug
mRNA/dose) of BNT162bl, BNT162b2, or BNT162b3 (21 and 14 days prior to cohabitation
with untreated males and on Gestation Days 9 and 20). There were no vaccine-related
changes identified on mating performance, female fertility, pregnancy, Of embry-fetal or

postnatal survival, growth, or development.

of three dose
tion site edema

ge unstained c€

2b2 IM (receiving a total
demonstrated SOME injec
 neutrophils and lar

administcred BNTI16

T RNA once weekly

blood cells {predominanﬂ} i .
and to a lesser extent basophils and eosinophils), and

with an inflammatory response, as well as vacuolation O

eart. Similar results Were Sec
evaluated in repeat-dose toxicity

e heart were identified

dence of vaccine-related microscopic findings in th
gel et al,

e study (VR-VTR-10671) in rhesus monkeys (Vo
unized with BNT162b2 IM (receiving two doses of

21 days) or BNT162bl IM (receiving two

In addition, no evl
- an immunogenicity and challeng

2021). In that study, 6 monkeys were imm

30 [human dose] or 100 pg mRNA once every
doses of 100 pg mRNA once every 21 days) and subsequently challenged with 1.05 x 10°

plaque-forming units of SARS-CoV-2 (strain USA-WA1/2020) between 41 and 55 days after

the second dose of BNT162b2. Necropsies were conducted 7 or 8 days after the SARS-CoV-
2 challenge and a microscopic evaluation of a limited tissue set was conducted, including the

heart. There were no macroscopic observations in any of the tissues and the main
microscopic finding was lung inflammation.

* 19 mRNA-1273), also an mRNA/LNP-based vaccine, was
assessed 1n general toxicity studies in rats (Moderna COVID-19 Vaccine SmPC and ép AR
Public Assessment Report). IM administration of up to 4 doses (doses ranging from 9 to 150
ug mRNA/dose; once every 2 weeks) caused transient and reversible injection site edema
and_ erythema ax}d rransient and reversible changes in laboratory tests (including higher
eosinophils, activated partial thromboplastin time, and fibrinogen). Similar to BN’[gmz})z
there were no reports of vaccine-related microscopic findings in the heart with mRN A-12‘73

The Moderna COVID-19 vaccine (

None of the nonclinical studies with either the Modern :
: a COVID-
suggested a risk of myocarditis/pericarditis in humans. B ad ot

3.5.1. ACE2 Expression Pattern

gfsz.,ot:ﬁeceptog forlS ARS-CoV-2 cell binding, is widely expressed in human tissues
= (ﬁ:::::ll; nrli'ﬂ';lm: ;}tlas data, .K‘i.CE?. protein/RNA expression is greatest in the l
and e B ETR €0 e RNA), kidney, gallbladder, pancreas, bronchus, nasopharynx
Howe o S ﬂ;mw" Tow in other tissues (Human Protein Alas, 2021).
and that tiliil--exprcs' ression maygtjﬁe(ﬁmm :t" Iglénf.rftor&‘a%;% Expsu:;sgﬂm, e heart
. ' ' _ AN Y]

;ﬂiﬁfgitﬂiat;%ezso(*?e Hznan Protein Atlas, 2021; Goulter et al, 253{}4- Cha:n et al. 2020:
il fE et 212020), Internal data (Zoomap) indicated s similaf pattern of -

cynomolgus monkey, dog, and mouse; internal data for ral: or l'ht;;l

us are
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not available {http:f;’rstudiﬂ—hpc.pﬁzer.conﬂrscanuecﬂprmenme_zunmapf?GENl?,=AC E2).

External mRNA expression data for rhesus available at bgee.OTg indicates a 51mllgr pattern 10
human and other preclinical species. Table 7 shows transcript (MRNA) and protein sequence
similarities between human and nonclinical species. ACE2 has at least 79% protein sequence

homology between human and nonclinical species.

Table 7. ACE2 Homology Between Human and Animal Species

% Identity % Identity

: Gent Ortholog to Human to Ortholo
Species N e Ensembl Gene ID Human Oﬁh“h{g g Type
(Transcript | (Transeript |
Protein Protein
cyno.  ACE2 ENSM;;;EEUUUOU 80 | 95 3595 one2one
doviie WACES ENSCA;?TUOUOI 37 | 84 34 84 one2one
Y Ace) ENSRNOG000000 85| 83 26179 one2one
31665
G 0
mouse Ace2 ENSM:‘E(}?OUU 0 84 | 82 40 | 82 oneZone
. ENSOCUG000000
rabbit ACE2 17782 86 | 85 37|85 one2one

ol ase b RO B e

4. POTENTIAL MECHANISMS OF MYOCARDITIS AND PERICARDITIS

4.1. Known Causes of Myocarditis and Pericarditis

Myocarditis is inflammation of the heart muscle (myocardium) (Tschope et al, 2021), and
pericarditis is swelling and inflammation of the thin, sac-like tissue surrounding the heart
.(pcricardium) (Troughtom et al, 2004). In both cases, the body’s immune systeém Causes
inflammation in response to a variety of infections and non-infectious triggers.

Myocarditis may be infectious ‘idiopathic, or autoimmune and ma

. be infectious, S d may heal or pro ss to DCM.
Amoqgitl[gﬁnfq:ﬁous causes of myocarditis, viruses (eg, coxsackievirus, ndmog:rus. HIV,
and hepatitis C, etc) are presumed to be the most common pathogen (Tschope et al, 2021). In

a recent study from Israel, SARS-CoV-2 infection was also found to be associ '
. . b sociated with
increased risk of myocarditis, 11 events per 100,000 persons (Barda et al, 2021). Other -
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Borrelia burgdorferi — the cause
(eg, C andida) (Tschope et al,
ude a wide range of
hibitors, reported
diseases (Palaskas €t al,

ated are bacteria (€.

yave been implic (€g.
and fungl

nfectious agents that | .
Trypanosomd cruzi),

Lyme disease), protozod (eg, | ) g1 (€
2021: Cooper Jr, 009). Non-infectious causes of myocarditis incl |
d drugs (such as immune checkpoint 10

chemicals, toxic su . |
incidence of 0.04% ne—mcdlated
2020: Tschdpe €t al, 2021).

yocardium s often progressive W

phase. In acutc phase 1, initial insult (infectious Or non-1

The further development of myocarditis 1n the subacute phase 1 is tho

predominantly 2 result of autoimmune responses triggered by the initia

phase (chronic), DCM develops In approximately one-third of the myocarditis cases and may
progress despite cessation of the first two processes (Mason, 2003).The cause of pericarditis
is often unknown. Acute pericarditis 18 often accompanied by some degree of myocarditis as
the common etiologic agents arc shared. Viral infections are the most common reason.
Chronic and recurring pericarditis may be caused by autoimmune disorders (such as lupus,
scleroderma, and rheumatoid arthritis). Other causes of pericarditis include heart attack and
Pve,_art_ surgery, kidney failure, HIV/AIDS, cancer, tuberculosis and other health problems,
injuries from accidents or radiation therapy and certain drugs, such as phenytoin (an anti-
seizure medicine), warfarin and heparin (both blood-thinning medicines), and procainamide

(a medicine to treat irregular heartbeats) (Imazio et al, 201 5).
Pericarditis, and Perimyocarditis

ith three palhﬂgenetically distinct
nfectious) to the myocardium Occurs.
ught to be

| injury. In the third

The damage to the m

4.2. Vaccine-Related Myocarditis, Myopericarditis,

Several terms have been used for inflammation of the pericar ' * '
re_laEes to vac:.':inatiﬂns, and the use of the terms does ntp;t alwa?s?pgggrr?g [l;za;g:lumtas lt1
clinical practice, bmzh_ pericarditis and myocarditis often coexist (Imazio and Trinill'sl ol
?OQS). Myn_penc_:ardms indicates a primarily pericarditic syndrome, while perim enzl' !
E?:-::zaites pl;l"lrlaﬂl};l a mygcarditic syndrome, but the terms may be ilsed intl;rchaiz::rbl;us
0 and Trinc ero 2008). To confirm a diagnosis, microscopic evaluation 1

T;cl::;?iz?;i :an tissue can be risky (Imazio and Trinchero 2038). Mﬁ:t::;;s nf:ded’ :Lﬂ

pic confirmation, and thus technically would be considered iy
probable. For the purposes of this section, the term myocarditis will bsz:;tid 3};

. In the

current discussions in scientific literat
USSLpRS ure around the mRN ‘
and myopericarditis appear most frequently. Aeiecchisig (SIS JRgGATcins

Myocarditis has onl

' y rarely been reported in relationshi :

true incid 4 . elationship to vaccinat .

e tfllc aeln::dolt; myocarditis after vaccination is likely 1.1n¢:l<=:resti1rr.maﬂ'::=,:i_§l1L é:del et al 2018). The
onspemﬁg ql_m;_t_;g]__t_nanifestations in most cases (Kim et aiaél;?;f 2

Myocarditis following : TR o
cases (see Table gguﬂ . e {?fﬁm Ph?ieﬂb@‘ﬂ;‘ﬁﬂﬁawiﬁﬂQﬁpc_iﬁ-vaccination
o e b S

European adults, there were 7 f
the 1950°s and 1960’s (review:j b VSR mvocarditis i
At s el mid(;:SSlm:;lsb et al 2004). The estimated irl;?ird:ncelgsnm d
of vaccinated subi S not y Cassimatus gec
subjects was 234 (Helle et al 1978, only abstrac: ;:]ai(lzag?:))'lt::?u‘:m g
. €r reports,
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the abstracts (the only information available) did not specify the total nu_mber of subjects..
Lymphocytic infiltration in the heart was reported in 2 fatal cases (Mathieu 1953 as described
by Cassimatus et al 2004 [original article in French and not available]; Dalgraad 1957). It

was not mentioned whether tissue from hearts from other fatal cases were available for
microscopic examination. In children in the same timeframe, the European literature reported

at least seven non-fatal cases of post-vaccinial myocarditis and two fatal cases, both with
inflammatory infiltrates (but no eosinophils) in the myocardium (Larbre 1966, and Gatta and
Pieroni 1976. as described by Cassimatus et al 2004 [original articles in French and Italian
and not available]). The Australian literature reported 11 non-fatal and 1 fatal adult cases o‘f
post-vaccinial myocarditis (reviewed by Cassimatus et al 2004), the last with a mixed cardiac
infiltrate (Finlay-Jones 1964). In contrast, cardiac complications were rarely described during
that time period in the US, with only two non-fatal adult cases and two fatal adult cases. It
was thought that this difference was due to the use of a different strain of vaccinia in the US
(the New York City Board of Health strain [Dryvax, Wyeth [aboratories, Marietta,
Pennsylvania]). However, between Dec 2002 and Dec 2003 the US military vaccinated over
540,000 personnel with this strain and higher than expected rate of myocarditis was observed
(Cassimatus et al 2004, Eckart et al 2004). Detection of cases was based on surveys of initial
small numbers of vaccinated individuals, or reporting of sick individuals (thus, asymptomatic

cases would not have been detected). A total of 67 subjects developed myocarditis 10.4 + 3.6
days after vaccination out of 540,824 vaccinated, or 12 cases/100,000 (0.012%). While the
expected background rate of myocarditis was not provided in this study (Eckart et al 2004), a
report slightly early in the vaccination campaign indicated a background rate of 2/100,000

(Amess et al 2004), and this number appears to be a good estimate of the background
incidence in this population, and suggests an incidence ~6x that of the background. Given the

higher incidence of myocarditis, it was thought that the lower rate reported previously in US
might be due to variations in monitoring and reporting, and not actual differences in

incidence (Cassimatus et al 2004).
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ine-Related 1\1}'m:arditis!M}*upericarditis

e
Selected Reviews on Smallpox Vace

¢ Included)

_________.._-———-—'—_'__-_ e
1950’'sand | 1960'S

Table 8.

——

'_'_-_-_-_-_ ]
Appm.‘-&unatc

Time of 1960's .

Vaccination trali United States (Military United States

Location Europe Ao Vaceination Campaign) (G'E!"‘E"'a“y
Military and
Their |
Beneficiaries)

: : lications | Engler €t al
Summarized Summarized | A number of pub n
Refrogt described the myocarditis 2015

b}r by & & L]
Cassimatus | Cassimatus following vaccination as

et al 2004 et al 2004, the issue evolved. Eckart et
Finlay- al 2004 provides the most
Jones 1964 | complete data set from the
end of the campaign. Some
other publications also
have useful commentary, n
particular Halsell et al 2003
who published on
information up to the early
middle of the campaign, as
well as Cassimatus et al
2004 and Arness et al 2004
who published on
information up to the late
middle of the campaign.

In the case of the LfS military vaccinations, several articles were published in the midst of the
vaccination campaign (Hal_sell et al ?00_3, Cassimatus et al 2004, Arness et al 2004, Eckart et
al 2004). Halsell et al.pubh:shed earlier in the vaccination campaign on ~230,000 vaccinees,
Cassimatus et al published in the late middle on ~450,000 vaccinees, Arness et al 2004 also
published in the late middle on ~492,000 vaccinees, and Eckart et al published at the end of
the cammxgn with 540,824 vaccinees. Thus, the same cases are presented in multiple
publications a!nd the incidence is slightly different across the publications. A numbp;r of
additional articles were published, but do not add additional information (eg, Grabenstein and
Winkenwerder 2003), and these are not presented in this white paper. Eckar': etalc tqn al:ln
the largest cohort and could be seen as the definitive report. Eckart et al reported 6702:;eﬁf
ﬂlqpectt:cdl,a[:réat;aﬁliizour coqﬂnned myocarditis (67/540,824 = 12.4/100,000; background rate
the right vent::iclc folfgggr:; g::isrllitsgaﬂ;:lybﬁpﬁmess i ?3004). S e ar e IO
nght y In one subject revealed infil
of this patient with steroids was effective, suggzlsl:i:;“t;\j: E:leen;:a:o(t:glfg::llifi:. Lr;'aluntﬁm
: e the
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authors attributed the findings to smallpox vaccine, the palien‘t also received pneum%c;nct;;ls‘
meningococcus, influenza, and anthrax vaccines in the same tlrmeframe _(MUFPh)’ 2{? )-

this was true of many of the other cases (which is unknown), it seems difficult to 1 'enufy
smallpox vaccine as the actual cause vs other vaceines. It should be noted that cardiac =
inflammation can also occur in natural smallpox infection (Cann et al 2913,_Wﬂﬂdmff
1980). In a review, Cann et al (2013) notes that “By today’s standards llittle is known about
the systemic pathology of human smallpox....... descriptions of changes in major organ |
systems [other than cutaneous and mucosal lesions] are absent or incumplete ‘and difficult to
interpret”. Cann et al (2013) also note that cardiac lesions as reported in t}_le llteratufe were :
“infrequent” or “rare” depending in different areas of the article (note, I c!u:l not review all the
papers Cann referenced). Changes were described as multifocal myocardial and
subendocardial hemorrhage, and lymphohistiocytic and eosinophilic myocarditis and

epicarditis (Cann et al, 2013).

To address some of the questions, a prospective study evaluating the cardiac effects of
smallpox vaccination or trivalent influenza vaccination was conducted (Engler et al 2015).

Myocarditis (4 males) and pericarditis (1 female) was observed in smallpox vaccinees out of
a total of 1081 subjects. and this incidence (0.46%) was over 200x the background

population (background estimate of 0.0022% for clinical myocarditis); the 0.46% was higher
than that reported by Eckart et al (2004). In addition, 31 smallpox vaceinees without cardiac
symptoms had over 2x higher cardiac specific troponin (2.87%). This provides a total of
3.42% of subjects with heart effects in this study. No evidence of myopericarditis was seen in
the influenza-vaccinated group. The peak inflammation following smallpox vaccination
occurs around day 8-9 and included a predominantly Th1 cytokine pattern (IFN gamma,
TNF, IL-6, etc) (Cohen et al, 2010; Simon et al, 2014), which matched the peak of
myocardial injury (Engler et al, 2015), suggesting a link between the vaccine-induced
inflammation and myocarditis or pericarditis. Due to the prospective nature of this study, it is
probably the best data set regarding the true incidence of myocarditis following smallpox
vaccination, and we are not aware of other prospective studies after smallpox vaccination.
The higher incidence of myocarditis reported prospectively by Engler et al (2015) supports
the suggestion that myocarditis following smallpox vaccination was underreported prior to
the 2002-2003 vaccination campaign (Cassimatus et al 2004), and that assessments that rely
in subjects to self report also likely underreport the actual incidence. On the other hand., it is
also likely that underreported cases are mild and resolve without treatment.

Beyond smallpox , myocarditis associated with vaccination has been reported only very
rarely. Vaccination against HPV; meningococcus; hepatitis A: typhoid; Japanese encephalitis
virus; anthrax; combined diphtheria tetanus; polio (TdP) vaccines; and influenza have all
been associated with myocarditis, but clear causality has not been shown (Mei et al 201 8).

Boccara et al 2001 reported on a case of acute myopericarditis after vaccination wi
Left veaidt Bollothcalbiial I acute myopericarditis er vaccination with TdP.

ntricular endomyocardial biopsy did not show inflammatory infiltration izi
oo T ks B by A R M voone
and also noted that there was no definite evidence to support a causal link between the ‘

administration of vaccine and myopericarditis. Streifler et al fi '
ninistre : yoperic : rst described recurrent
pericarditis after influenza vaccination in 1981, Kim et al (2018) reported a case ofnacute

fulminant myocarditis in a previously health .
: R . calthy young female following the administrat;
quadrivalent inactivated influenza vaccination. Cheng et al (2016) reported a s str?::n of a
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induced by adjuvants (ASIA), with signs
nation with the MF59 adjuvant. The case
adrivalent influenza vaccine without

the case reported by Cheng et al

known as autoimmune/ inflammatory syndrome

including myocarditis following inﬂucnzz} VE!C(.‘:i
reported by Kim et al (2018) received an inactivated qu

adiuvant (GC Flu Quadrivalent, Green Cross), whereas_ ‘ '
(23)16) received an inactivated trivalent influenza vaccine with MF59 adjuvant (Fluad,

Novartis). Thus, the presence of the adjuvant is not required to initiate myncarc!itis. A ‘fatal
case of myocarditis was reported in children between 6 to 23 months after administration of a

trivalent inactivated influenza vaccine (Rosenberg, 2009). The authors concluded the caus:al
relationship between influenza vaccination and development of myocarditis was not certain
(Rosenberg, 2009). Overall, it is controversial whether myocarditis 1S causally related to

- fluenza vaccination or merely a serendipitous occurrence. Engler et al (2015) did not report
evidence of myocarditis following influenza vaccination of 189 subjects, although other new
onset cardiac signs were seen in a small number of subjects. Helle et al (1978) report that up
to 3% of Finnish military conscripts had evidence of myocarditis following vaccination
against mumps, polio, tetanus, smallpox, diphtheria and type A meningococcal disease based

on serial ECG changes suggestive of myocarditis.

The specific mechanism of post-vaccination myopericarditis is unclear. Cassimatus et al
(2004) note that myocarditis remains a poorly understood entity and may be the final result

of a process that can be comprised of multiple pathways (eg, ischemic, infectious, post-
infectious, autoimmune, toxic). Vaccination with adjuvant influenza A results in systemic

inflammation and impacts on heart rate variability suggesting the inflammation impacts the
heart (Lanza et al 2011); the finding of systemic inflammation following vaccination is not

surprising. Engler et al (2015) suggested a link between inflammation and myocardial

effects. Cytokines such as IL-1 and TNF have been shown to play a role in experimental
myocarditis (Lane et al 1993, Mann 2001, Lim et al 2002, Yamada et al 1994). Cytokines
associated with sepsis, including TNF, IL-1, IL-2, IL-6, and IFN-gamma, are considered to
be myocardial depressants following the acute response, which can be mixed stimulatory and
depressant (reviewed by Prabhu 2004). As noted above, the timing of the peak inflammatory
response to smallpox coincides with the peak incidence of myocarditis around day 8 to 9
(Cohen et al, 2010; Simon et al, 2014), suggesting there may be a relationship (Engler et al
2015). although this timing is later than the 2 to 3 day range often reported with BNT1 62ba,

In conclusion, myocarditis or pericarditis has been associated with several vaccines. Most
datz«_l come from a relatively small number of case reports. Substantially more information is
available on myocarditis and pericarditis associated with the smallpox vaccine because it was
wm to 11';1dmduals in the military, allowing for better follow up. None of the existing
information provides evidence of a clear, specific mechanism for inducing myocarditis
Hypotheses tend to center around induction of systemic inflammation by the vaccine x;.rhich
leads to myocarditis or pericarditis by uncertain specific mechanisms. Maﬁy case rer.;ons do
not consider other causes, and do not factor in the background incidence, which may impact

conclusions.
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4.3. Discussion of Potential Mechanisms Related to BNT162b2 Administration

4.3.1. Direct cardiotoxicity

It has been reported that modRNA can be delivered to damaged myocardium via LNPs
(Evers et al 2022). However, based on the infrequent occurrence alone of the peric::}rdms and
myocarditis after vaccination as well as the most frequent timing when the observations
occur (after the second dose), it is highly unlikely that administration of BNT162b2‘ 1S l:lavmg
a direct cardiotoxic effect. In addition, repeat-dose toxicity and biodistribution studies 1n

animals do not support this conclusion.

The components of BNT162b2 are not known cardiotoxins. The vaccine is composed of

mRNA, comprised of naturally occurring nucleosides, as well as lipids. Cholesterol and

DSPC are naturally occurring lipids. ALC-0159 and ALC-0315 are similar to lipids (DLin-
MC3-DMA and PEG2000-C-DMG) used in Onpattro (patisiran), an siRNA/LNP therapy for
treatment of transthyretin-mediated amyloidosis, which did not show evidence of direct
cardiotoxicity (Onpattro Public Assessment Report). The other excipients of the vaccine

include phosphate or tris buffers, NaCl, and sucrose.

4.3.2. Viral/bacterial, underlying condition, drug/toxin-related

4.3.2.1. Acute/active viral infection

In the published reports of myocarditis after mRNA COVID-19 vaccine administration,
SARS-CoV-2 polymerase chain reaction and viral serology for other main cardiotropic
viruses were negative, and therefore, although we cannot rule out the viral myocarditis
completely, there is no strong evidence linking myocarditis after mRNA COVID-19 vaccine
administration to SARS-CoV-2 or other viral infections (Abu Mouch et al, 2021, Mclean et
al. 2021; D’ Angelo et al, 2021; Albert et al. 2021; Muthukumar et al, 2021; Montgomery €t

al, 2021).

4.3.2.2. Genetic predisposition and pre-existing conditions

Possible predisposing factors for the development of myocarditis with COVID-19 mRNA
vaccines. including genetic factors, baseline comorbidities, immunity or autoimmunity
profile, have not been fully explored. In the reported case studies where evaluation of such
predisposing factors were described, relevant information is briefly summarized below.

Prior history of myocarditis - In a case report, a 29-year-old man had an episode of recurrent
acute myocarditis six days after the received the first dose of Moderna COVID-19 vaccine
(mRNA-1273) (Tano et al, 2021). Although the causal nature of this recurrent myocarditis
remains elusive, this case appears to be very peculiar as it occurred after the first dose of
COVID-19 vaccine in a subject with a history of previously healed myocarditis (confirmed

by cardiac magnetic resonance imaging) which had been treated with anti-inflammatory
dmwm‘g‘? "?'. > clinical reso 10N 1 amm

s e A |
;"t;’eﬁh , ' cimately 11% of

yed my : B6 u D- ccination ) x'f,\‘n COVID-19
(Bozkurt et al, 2021). SARS-CoV-2 infection has been linked to the onset of autoimmune

. . = . l
diseases (Talotta et al, 2021; Vojani et al, 2020), which may predispose individuals to
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myocarditis after COVID-19 vaccination (S€€ helow “Pre-existing systemic 1mmunes

ated diseases’ ).
s has been described 1n

h as lupus, sarcoidosis, and
fter COVID-19 mRNA
pothyroidism, and chronic
festing as acute myocarditis
er, no autoantibody tests

f the individuals with pre-
evels

med]
ted diseases - Myocarditi

ne-mediated diseases SUC
developed myocarditis a

stemic fﬂ"ﬂﬂﬂt‘-—ﬂlt’dfﬂ

association with many systemic 1mmu

others. In one Cas¢ report, a patient who
vaccination has a past medical history of asthma, autoimmunc hy

atrophic gastritis. A vaccine-triggered autoimmune reaction mani
was speculated in 2 cased individual (Bautista et al, 2021); howev

were performed 1n this cased individual. In another report, none o
existing autoantibodies or anti-cytokine antibodies experienced adverse events, nor did |

of pre-existing autoantibodies or anti-cytokine antibodies change in response to vaccination
(Arunachalam €t al, 2021). In addition, in the USA., of the 8.5 million people with

autoimmune diseases, 80% are women. This is in contrast the male predominance in
myocarditis and pericarditis incidence post COVID-19 vaccination, arguing against pre-
existing systemic :mmune-mediated diseases as a main cause of myocarditis and pericarditis

after COVID-19 vaccination.

Pre-existing )

ough there have been no reports of genetic mutations as a cause of

dies suggested that genes regulating :nflammation may be important in
mini isease. Genetic polymorphisms (eg. HLA allele polymorphism,
Martinetti et al, 201 1), epigenetic signatures (Movassagh et al, 2011a; Movassagh et al

201 ll?), and sex chromosome complement (Robinson et al, 2011) may influence the ty;;e and
severity of inflammation during myocarditis. Panel testing of genes potentially linked to
cardiomyopathy was included in a case report, but were negative (Muthukumar et al, 2021)
However, potential predisposing genetic factors for the development of myocarditis ,with |

COVID-19 vaccines have not yet been fully explored and understood.

Genetic factors - Alth
myocarditis, many Stu
determining susceptibility to d

Sex-related effects

cidered as a male predominance disease historically (Fairweather D
male to male ratio of myocarditis is between 1:1.5 and 1:1.7 (Mason
Magnani et al, 2006). Reported female to male ratio of DCM
al, 1984; Gillum et al, 1986; Coughlin et al, 1993).

Myocarditis has been co

et al. 2013). Reported fe
et al, 1995; Caforio et al, 2007;

is between 1:1.3 and 1:1.5 (Bagger et

’ll";i zzs;anﬁ ;'zr malf:: p:;:ﬁ;minance in myocarditis and pericarditis incidence post COVID
remain own. In acute inflammatory reactions (such ' :
women have a better clinical course and survival while 1 A inte, W e
: hronic inflamm '
(such as severe asthma and chronic obs | ey W
‘ _ tructive pulmonary disease) women f
g:;ﬁﬁ 1}{{ Lefévre et al, 2019 introduction). Both hormonal and genetic rea;seo\:: 1;1'3:*'..13 b
. Testosterone was reported to .play a role through multiple mechanisms includi::
ry cell_s (F megt_hgr .et al, 2013; Lyden, 1987, Girbn-Gonzﬁlfz
) e&u to a Thl-ty immune response
narkers 1 : B8 R '
hﬂﬂl R rmones alont . ot +’%-I;rgu .Ij nili)b"oy; and glrls
mechani - llerences VTE ei. "' '
e h:?ns; ::: :Ezmmfld because women have two XX chromosomes Vs 6n§%g:n)-ege:§:ll ;
encodes for a variety or proteins involved in immune reactions inc'lud‘n
. Ing
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al, 2019; Souyris et al, 2019). In female cells, normally one X

chromosome is inactivated to equalize gene dosage with males, but it is estimated thateltSal
23% of X-linked genes escape inactivation so that both alleles are expressed (Scruy::::s

2019), which could lead to differential immune responses in males vs females. In Vi ;ﬂ
studies have shown that stimulation of whole blood from males leads to greater cyltq ]ellieb
release compared with females, and that the differences cannot be completely exl:;l ain muze
concentrations of estradiol or testosterone (Lefévre et al, 2019). On the other hE}n , Im 2
cells from females have been shown to have higher TLR7-driven responses vs 1ménune cells
from males (Souyris et al, 2019); because TLR7 detects single-stranded RNA, an

BNT162b2 is single-stranded RNA, this would be expected to result in greater inflammatory

TA S o of 1S
responses to vaccination in females. Thus, the role of sex in inflammatory responses

complex and not well understood. Another contributing factor ﬂ_f male predomman?: in
myocarditis and pericarditis incidence post COVID-19 vaccination could be underdiagnosis

In women.

toll-like receptors (Lefévre et

4.3.3. Immune-mediated mechanisms

The involvement of host immune responses in myocarditis and inflammatory ‘
cardiomyopathy is well established. An example is viral myocarditis: in ﬂddltlm.l to the direct
damages generated during viral infection, host immune responses may pmdu:r:.e. md_lrect ‘

lesions of the cardiac muscle by killing cardiomyocytes that are infected (antiviral immunity)

or uninfected (autoimmunity) (Zhao et al, 2018). Although the vaccine-induced_ immune
response is linked mainly to protective immunity, an undesired or exaggerated immune
responses may potentially augment the risk of inflammation and immunopathology.

A system-level analysis of innate and adaptive immunity to an mRNA vaccine revealed that
BNT162b2 vaccination stimulated antiviral immunity with little type I IFN response after the
first dose, and a notably enhanced innate response after the secondary immunization

(Arunachalam et al, 2021).

4.3.3.1. mRNA-LNP platform associated mechanisms of host immune activation

COVID-19 mRNA vaccines contain LNP-encapsulated nucleoside-modified mRNA
encoding the viral spike glycoprotein of SARS-CoV-2. The increased cases of myocarditis
and pericarditis have been reported mainly after mMRNA COVID-19 vaccination, while there
has not been a similar reporting pattern observed after administration of COVID-19 vaccines
using adenovirus vector vaccine platform. It is therefore worth discussing potential immune-
mediated mechanisms related with the mRNA vaccine platform.

One of the major hurdles during the development of the mRNA therapeutic platform is the
degree of reactogenicity. The presence of unmodified uridine chemistry and dsRNA
impurities contribute to the mRNA-LNP-associated immune activation in vitro and in vivo
(Nelson et al, 2020). Non-self nucleic acids are usually identified by two families of PRRs:
the endosomal membrane-bound TLR and eytoplasmic sensors of viral nucleic acids.

Although the BNT16262 mRNA vaccine is-optimized to reduce its detection by the innate
imizing double-

|

immune system through the addition of nucleoside modifications and min
straqd RNA impurity, it is possible, especially in certain individuals with genetic
predisposition and underlying conditions that the immune responses to mRNA may not be
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and adaptive immune response

rive the activation of an innate
flammatory cascades

sufficiently turned down and d _ | Inn nd ac
excessive activation ol proin

(Pelka et al, 2016). This may lead to the e
which contribute to the development of myocarditis.

the LNP may also activate host :mmune responses following systemic

). For example, PEG-lipids may stimulate the

Lipid components in
lso been reported to stimulate the

or local administration (Hou et al, 2021

complement system. C ationic and ionizable lipids have a ' |
secretion of pro-inflammatory cytokines and reactive oxygen SpeCIES. Although the immune

responses to these lipids has not yet been fully understood, complement system apd Toll-like
receptors may participate in innate s mmune activation (Hou et al, 2021). ‘a'-'ﬁklsmn3 minor
differences in biophysical characteristics of NP (eg. particle size, homogeneity, shape and
liposome lamellarity), may also have an eftfect.

4.3.3.2. Vaccine-associated autoimmunity
phenomenon attributed most often to

Vaccine-associated autoimmunity is a well-known
ffect of adjuvant. For example, HPV

either the cross-reactivity between antigens or the ¢
vaccine is linked to Guillain-Barré syndrome and other neuropathies (Watad et al, 2017). For

COVID-19 mRNA vaccines, this matter becomes more complicated due to the nucleic acid
formulation and presence of LNP as discussed above. SARS-CoV-2 infection has been
linked to the development of autoantibodies and the onset of autoimmune diseases (Talotta et

al. 2021% Vojani et al; 2020). This observation raises the speculation that a similar scenario

might occur following COVID-19 vaccination (Talotta et al, 2021). However, it is worth
noting that immune responses to COVID-19 infection and the BNT162b2 vaccination are

different (Arunachalam et al, 2020; Arunachalam et al, 2021). In one study, none of the
healthy volunteers are reported to develop autoantibodies after BNT162b2 vaccination

(Arunachalam et al, 2021).

In one published report of myocarditis after COVID-19 vaccination (Muthukumar et al

2021), a 52-year-old man developed symptoms consistent with myocarditis 3 days aﬂe;
receiving the second dose of Moderna COVID vaccine (mRNA-1273). This patient was
negative for active SARS-CoV-2 infection and has no previous history of SARS-CoV-2

infection. Tl3e S@S-?oV-Z spike IgM and IgG neutralizing antibody levels were
comparable in this patient versus a vaccinated individual without myocarditis, suggesting that

myuc:ardi_tis in this cased individual is not vaccine antibody mediated. Also, the patient was
negative in a genetic !Ja{lel testing of 121 genes potentially linked to cardio;nyopathy

arguing against an existing genetic predisposition to cardiomyopathy. Screening of ¢ ’ tokine
response in tpe case patient revealed elevated levels of 4 cytokines (IL-1ra, IL-5 IL-:;’G d
MIG)E. diminished levels of 1 cytokine LIF (leukemia inhibitory factor) an‘d 3 other A
cytokines ([I:.-IO, lV.Il'F,: and VEGF) with bidirectional pattern (increase ,or decrease) relati

to an unvaccinated individual or a vaccinated individual without myocarditis. Al g
clevated frequency of a distinct subset of NK cells (CD3negCD1 6posCDS56 . S) fuﬁ’ "
observed._ngg, cher lvelg.  of antibodies against some self-antigens E:ch asa;quapnrin

o f Yk = ferorted i this Batlen
9 €po patient. Therefore,

the me
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4.3.3.3. Delayed hypersensitivity

Published reports to date do not suggest a delayed hypersensitivity reaction (D’ Angelo et al,
2021; Bozkurt B et al, 2021). None of the case reports published to date had e-vifience of
eosinophilia in peripheral blood or immune complex deposition or eosinophilic 1-nﬁltr:::1tn'es in
endomyocardial biopsy samples arguing against hypersensitivity, allergic or eosinophilic

myocarditis (Bozkurt et al, 2021).

4.3.4. Molecular mimicry to spike protein

Another potential mechanism for myocarditis and pericarditis is molecular mimicry between
the spike protein of SARS-CoV-2 and self-antigens. A recent preprint (Marrama et al, 2021)
examined whether previously identified myocarditis antigens (35 antigens were explored)
contained any sequence homology to SARS-CoV-2 spike protein-derived peptides. The
authors found no significant enrichment and concluded that increased occurrence of
myocarditis after SARS-CoV-2-spike vaccination is not supported to be mediated by a cross-

reactive adaptive immune response.

In order to further explore the phenomenon of molecular mimicry, we und}enunk a stud}_r
(21IT091) to determine if there are human endogenous proteins that contain peptides with

strong homology to the spike protein. Such homology could potentially lead to immune
responses raised against the vaccine to cross react with human proteins. The SARS-CoV-2

spike protein sequence (1,275 amino acids) that was used to construct BNT162b2 was used

to search the public protein database UniProt for human proteins containing homologous
peptides. Since the focus of the study was to-understand if there was an association to peri or

myocarditis, heart expression data (Human Protein Atlas and internal Zoomap) was also
considered for any potential endogenous proteins containing homologous peptides.

No peptides >9 amino acids with 100% similarity in human endogenous proteins were
identified. Only two proteins containing 8-mers with 100% similarity were identified;
unconventional myosin-XVI (MYO16), a cytoplasmic protein and amiloride-sensitive
sodium channel subunit alpha (SCNN1A) that is a plasma membrane protein. Neither of
these proteins are predominantly expressed in the heart, MYO16 is most highly expressed in
the cerebral cortex, testes and frontal lobe at the mRNA level (Zoomap). SCNN1A has broad
tissue expression and is very low in heart (Zoomap). Therefore, these two proteins are not

considered to be potential antigen mimics that could lead to peri or myocarditis.

The typical length of MHC-I peptide epitopes is 9-mers and MHC-II peptide epitopes is 15-
mers respectively, however the percent similarity required for cross-reactivity is uncertain.
Therefore, proteins containing shorter peptides with 75-100% similarity were evaluated
further. There were 22 heptapeptides and 354 hexapeptides identified with 100% homology
to human proteins. These results are very similar to those reported by Kundac and Shoenfeld,
2020. Since 1t 1s not certain that 100% homology is necessary for cross-reactivity, human
proteins containing peptides (6-10-mers) with 75-100% homology to the spike protein were
PP oW Xp.g. . O % . ; _ ~ | | _ A 3

ECTHEMTRAC RO
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immunogenicity potential was explored with predictive algorithms in the Immune Epitope
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5. ANIMAL MODELS OF MYOC ARDITIS AND PERICARDITIS

Myvocarditis models
Myocarditis has an assortment of causes, ous, autoimmune, and toxic. Many
animal models have been developed to he

induction by these various mechanisms. In
viral (e.g., coxsackievirus B3 [CVB3]-induced),

protozoal (e.g., Trypomastigotes-induced). Non-

autoimmune myocarditis (eg, experimental autoimmune myocarditis [EAM], which 1s

induced by administration of cardiac myosin or Complete Freund’s Adjuvant), and toxic
deficient or CTLA-4 knockout mice to

models to understand drug-induced toxicity (g, PD-1
study immune check point inhibitor-related myocarditis) (Blyszezuk 2019; Tschope et al,

2021: Upadhrasta et al, 2019).

including infecti
Ip elucidate the pathophysiology of disease

fectious disease models of myocarditis include
bacterial (e.g., Borrelia-induced), or

infectious disease models include

Most often. mice and rats are the species used for myocarditis models. The relatively low

cost, ease of handling, short disease induction times, and rapidity of development of
ph:enutypes are the primary reasons for their use in myocarditis studies. Although larger
animals such as dogs, NHPs, guinea pigs, sheep, and pigs may have more direct relevance to
humans, they have considerable disadvantages compared to mouse or rat in terms of expense
space, reagents, and ethics. Because of this, large animal models have been rarely used to |

study myocardial disease (Ross et al, 2013).

Disease course in both infectious and non-infectious animal mod
‘ ' ' els depend upon the ti
backgrogrtd (i.e., species and strain) and sex. Mice are often used. In the CVBPB-inducgeZne i
myocarditis qodel, BALB/c, .A.BY/SnJ, and A/J mice, but not C57BL/6, progress to a
phenotyge_of mﬂamm_axory dll:fated cardiomyopathy (DCM), characterized by chronic
m?'ocardms, myocardial fibrosis, and cardiomyopathy (Fairweather et al, 2007). Similarly
mice ;E bBlftI.,oBE/mJ r.;; lASW back(g:rsound which have more mast cells expressing TLR4 ;re
susce , while mice on C57BL/6 background are resistan
pagriey _ . . t (Blyszczuk 2019).
Cg:;ci:nlgia:;mauﬁn develops in male animals more often than females. Male mice Wl)lh
Aty o t” PEYE -deéop..fnpr@,s:wrgmxmdial inflammation than females; the
al irmun .‘s.i nse | ilﬂ ﬁcﬁ Ts"'drae _ ‘T’a,-“re&i)ﬁﬂl&fﬂ-’lﬂmacro ha
résponse, ¢ female anima S S ()5 'J" nee @?* & I £ e Y e ¥ e
2020). Cardiac inflammation during CVB3-i ' macrophage response (Di Florio et al,
on during CVB3-induced myocarditis in mice was increased by

testo '
stosterone and reduced by 17f-estradiol (Coronado et al 2019). In the EAM model, male

I.‘
*

+

o

1*- ”-

PFIZER CONFIDENTIAL
Page 32



[ ewis rats showed an impaired inflammatory response and an exaggerated collagen
deposition affecting the cardiac function while females demonstrated a protective response

(Barcena, 2021). Animal age is another determinant for the development of myﬂcarditis.
Murine adenovirus-1 was shown 10 induce myocarditis in C57B1/6 mice age in an age
dependent manner causing neonatal mice t0 develop lethal infection; on the other hand,
infection was not lethal in adult mice (McCarthy et al, 2015). Finally, housing conditions Or
environmental factors may also influence the myﬂcarditis outcome in these animals. For
example, in CVB3-induced models mice exposed to bispheno
and water bottles had increased myocarditis and pericarditis compare
glass cages that drank out of glass water bottles (Bruno et al, 2019).

] A leached from plastic cages
4 with mice housed in

Both infectious and non-infectious models have their advantages and disadvantages.
Infectious models combine the immune response - volved in pathogen clearance with
autoimmune responses and hence more closely reflect the physiological processes in the

human disease than do models of EAM. For example, high titers of heart-specific
autoantibodies (eg, troponin autoantibodies) have been detected in mouse models following

CVB3 infection; heart-specific autoantibodies are also commonly detected in human
myocarditis patients (Blyszczuk 2019). Like humans, autoimmune responses (eg, to cardiac
myosin) following infection in animal models contribute to the cardiac pathology (Huber,
1997: Blyszezuk 2019). However, handling of zoonotic infectious agents is hazardous and
requires special containment, and it is often difficult to uncouple autoimmune responses from
- 'mune responses involved in pathogen clearance i1 infectious models. Non-infectious
models facilitate the investigation of the progression of myocarditis to inflammatory
cardiomyopathy and DCM and allow interrogation of the involvement of specific
components of the immune Sy stem in the disease process without complications from the
infectious agent or autoimmune reSponses that are often generated in infectious models.

The course of myocarditis among humans varies widely, depending upon the individual
genetic makeup, causative agents, autoimmune response, course of inflammation,
progression to DCM/inflammatory DCM, age, and sex (Di Florio et al, 2020; Elamm et al,
2012: Tschope etal, 2021). These factors should be carefully considered along with animal
specific factors described above (such as strain, housing conditions) when developing an
animal model of myocarditis. Although many animal models have been developed, they
rarely if ever reproduce the full spectrum of human myocarditis. Animal models have been
rarely used to study vaccine-associated myocarditis and/or pericarditis. A recent study
showed myopericarditis (WBC infiltration with myocardial degeneration) In a BALB/c
mouse model upon intravenous administration of the BNT162b2 mRNA vaccine (Li C et al,

2021). However, the IV dose used in this study was extremely high (almost 500 times the
' ns) and the anir did not develop heart lesions with the clinically

dose given o hur

; m- e(’{f mﬁ latable to
RITAS.COM:
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re reviewed early 1n the pandemic

la et al, 2020). SARS-Cov-2 spike
herefore normal mice are

ID-19-related myocarditis we

(Cleary et al, 2020a; Cleary et al, 2020b: Muiioz-Fonte
protein does not effectively bind mouse Of rat ACE2 receptors, and t
"ot suitable models for evaluating SARS-C ov-2 Infec |

’ rats are likely not suitable for

2020, Piplani et al 2021). This also means that norma

assessing direct effects of the spike protein binding to ACE2 receptors, ot downstream

effects. However, recently emerging SARS-Cov-2 variants containing N501Y can infect
models where human

mice and rats and lead to disease (Shuai et al 2021). Transgenic mouse
ACE2 receptors are expressed have been developed (Mufioz-Fontela et al 2020). In contrast

to the mouse, the spike protein of “original” SARS-Cov-2 does bind to ACE2 receptors in the
Syrian hamster, ferret, rabbit. rhesus monkey, and cynomolgus monkey (as well as other
species) (Zhao et al 2020, Piplani et al 2021), making them potential models for assessing
effects related to spike protein binding to ACE2 receptors (in addition to being models to
study infection [Cleary et al. 2020a; Cleary et al, 2020b: Muiioz-Fontela €t al 2020]). It
should also be noted that spike protein has been shown to circulate in €X0SOMES (Bansal et al
2021), and these could fuse with cardiomyocytes (Eguchi et al 2019) and allow spike protein

to enter the cell.

Animal models for COV

Pericarditis models
Unlike myocarditis,

the number of animal models developed and tested for pericarditis is
rather limited. There are few reports in the literature on animal models of pericarditis,
including right ventricular perimyocarditis induced by CVB3 infection in BALB/c mice
(Matsumori et al 1980), pericarditis in sheep induced by injection of heat-killed

staphylococci and Freund’s adjuvant directly into the peritoneal cavity (Leak et al, 1987),
development of pericarditis in TGF-B1-KO mice (Kulkarni et al, 1995), and
pericardiectomy-induced pericarditis in dogs and pigs (Page et al. 1986; Loging et al, 199).
None of these earlier models demonstrated the presence of pericardial constriction which is a
rare but significant complication of acute pericarditis. To study constrictive pericarditis
Jssociated with autoimmune heart disease [FN-y—knockout mice model was developed. This
model develops grossly detectable adhesive pericarditis and is characterized by increased
pericardial inflammation and fibrosis (Afanasyeva et al, 2004). Recently, a rat model of
c_onstrictive pericarditis has been developed by injecting a solution of 1-mg/mL
lipopolysaccharides [0.5 mL] and a 10% talc suspension [0.5 mL] (Wang et al, 2020). The
role of NLRP3 inﬂwme in pericarditis was studied recently by developing a mouse
model of acute pericarditis through the intrapericardial injection of zymosan A (Mauro et al,

2021).

Conclusion: Currently there are no good, established animal models to study vaccine-

associated m%pcarditis and/or %:ricarditis. Good animal models should exhibit adequate

haman fSPR-geo TS {0 logfro R AR ood 4 requires identifying
S known mechanism(s), which ¢an then be reproduced in
. ough various vaccines have been associated with myocarditis (details in
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section 4.2), the incidence is generally very low and underlying cause/pathogenesis 1S

unknown. The mechanism and pathogenesis of reported COVID-19 vaccine-related |
myocarditis is also unknown at the present time. Although it should be possible to determine

the effect of vaccination on a model with underlying autoimmunity or DCM, the
translatability to humans is unclear. Thus, there is currently no good model of vaccine-
associated myocarditis and/or pericarditis in animals, although model development could be

explored.

6. OTHER POTENTIAL INVESTIGATIONS INTO CAUSE OF
MYOCARDITIS/MYOPERICARDITIS

The diagnosis of myocarditis/myopericarditis is primarily based on clinical presentation,
histopathology and immunohistochemistry (including anti-CD3, T lymphocytes; anti-CD63,
macrophages; anti-CD20, B lymphocytes; and anti HLA-DR, antigen presenting cells
including macrophages, dendritic cells and B-cells) of endomyocardial biopsy samples (gold
standard), advanced non-invasive imaging methods (ECG, nuclear imaging, cardiovascular
magnetic resonance [CMR] imaging), presence of inflammatory biomarkers (C-reactive
protein, erythrocyte sedimentation rate), cardiac biomarker elevations (cardiac troponins and
natriuretic peptides), inflammatory and immune cell markers and cell ratios, microRNAs and
antibodies (Tschope et al, 2021). Circulating exosome analysis could provide an innovative
future approach to myocarditis/myopericarditis diagnosis. The presence of serum exosomes
containing a specific miRNA profile (panel including has-miR-30a, hsa-miR192, hsa-miR-
146a, hsa-miR-155, and hsa-miR-320a may serve as more sensitive indicators of myocarditis
than ¢Tnl, but would not distinguish vaccine-related myocarditis from other causes

(Yingying et al, 2021).

There are no biomarkers that provide a definitive diagnosis of vaccine-related myocarditis
(vaccine as cause of myocarditis). The diagnosis of vaccine-related myocarditis is based on

clinical presentation and exclusion of other causes of myocarditis, including microbial
infection, systemic disease (eg, coronary artery disease, kidney failure, cancer, tuberculosis),
exposure to cardiotoxic substances (eg, phenytoin, warfarin, heparin, procainamide), and
systemic immune-mediated diseases. Infectious myocarditis is confirmed by viral genome
analysis of EMB samples via quantitative PCR. Autoimmune myocarditis has negative PCR
for infectious agents with or without serum cardiac autoantibodies (anti-heart autoantibodies
(AHAs) and anti-intercalated disk autoantibodies (AIDAs) (Caforio et al, 2013). In addition,
the idiosyncratic nature of myocarditis/myopericarditis suggests that genetic, host, and
environmental factors contribute to susceptibility, progression, and prognosis. Provocation
tests could ascertain the causal relation between vaccination and myocarditis/myopericarditis,

but these are generally not performed for ethical reasons.

Althgugh there are no def_initi\fe. tests to prove a causal link between the administration of
vaccine and myo/myopericarditis, human tissues may proyide insight.into the mechanisms

involved. Potential investigations to terize immune-related mechanisms include
circulating antibody characterization from affected and unaffected vaccinated and
unvaccinated individuals, inflammatory cytokine analysis, complement activation, evaluation

of circulating leukocyte frequencies, absolute numbers and phenotypes, HLA typing on DNA
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alpha-myosin heavy chain autcgeaitw!: i ce11152 Lt 2
‘Vdovenko et al, 7018. Zarak-CrnKoVvic et al, . My , 2L : -
t::irculating dendritic cells subsets have been shown 10 be reduced in humans u_flth myocarditis
(Pistulli et al, 2020). If available and obtainable, stored pre- and post-vaccination serum ’
specimens from affected and unaffected military personnel could be ElSStj:S.SEd fﬂr_ pre-existing
serum anti-heart antibodies to rule out autolmmune mechanisms. In addm*n-n to tissue -
analysis, a variety of in vitro assays may be utilized to elucidate myocarditis/ mympencardms
mechanisms, including auto-reactive T cell and B cell proliferation assays, cy

tokine
induction by cardiac antigens, cytotoxic response assays. and surface plasmon resonance
‘bodies involved In myocar

assays to characterize potential autoanti ditis (Landsberger et al,

2008).
nvalescent plasma Or affected

uld demonstrate an antibody-
binding to extracted

Tissue cross-reactivity assays comparing binding of healthy co
plasma to healthy human heart tissue or affected heart tissue €O
mediated immune mechanism. A similar analysis could assess

myocardial proteins.

olecular mimicry could play a role in vaccine-
clinical specimens could be interro gated for
infiltrating lymphocytes in myncarditisfmyOpericarditis and injection site by T cell receptor
next generation sequencing (CDR3 region, the antigen-binding portion of the T cell receptor
beta chain) could address the distribution, clonality and diversity of T cell receptor, and
determine if clones are shared between cardiac lymphocytes and injection site lymphocytes.
In addition to the role of T cells, mechanisms that involve other cellular components of the

immune system including B cells. NK cells, dendritic cells, and macrophages can be
explored both histologically and using in vitro assays.

7. SUMMARY OF POTENTIAL MYOCARDITIS/PERICARDITIS MECHAN
AND RECOMMENDED ACTIVITIES )

Myocarditis and/or pericarditis have previously been linked with vaccine administration
esp;c:allly smallpox vaccination; however, a definitive mechanism has not been identiﬁéd In
reviewing the potential known causes of myocarditis or pericarditis in general, an immmé-
nediated mechanism seems most likely. It is possible that the innate immune 1;13:;prt::-rl'.-;f:
generated by the mRNA COVID-19 vaccines could lead to myocarditis in individuals with

an underlying condition/predisposition to myocarditis.

If in silico investigations suggest that m
associated myocarditis/ myopericarditis,

There are no established models for vaccine-related myocarditis and translatabili

. " " & " " Of an
urc::lts ge:;ie;tﬁ Eh\::w or }::u Vivo in animal n{.odels to patients is unclear. Untiltg bettel?’
m:rsta.nm VaYat! gecnﬂ irlusm may;fbc; leading to myocarditis in patients, it is
caution, méy"*‘mky iﬁol1§26ﬂwuﬁ“f$zzﬂﬂﬂngi;ﬁﬁw¢m§ " G?ﬂd‘!!:ted i
Eqn:::r;i; ] cause issues. Itis rééomﬁ}eﬁaéémﬁi a&m;oﬁm%ﬁmu;;mn:ogﬂg t
e ples (eg, blood, serum, heart tissue, etc) or information (eg, genetics) from hum

experienced myocarditis afier vaccination is obtained. .
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At the present time, there are a number of discussions on what additional work cnu']cl b‘e .
ver than include that rapidly evolving information in this

done, and what should be done. Rat
white paper, colleagues should reach out to contributors to this document for the latest

information.
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