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Disclosures

o | participate in phase-4 studies on adverse events after drug use,
imposed by the European Medicines Agency (EMA), funded by MA

holders (Novo Nordisk and Leo Pharma)
» Not related to this work

® My role at NIPH/FHI

» Researcher investigating adverse events after vaccination and drug use
® NOT part of decision making regarding vaccination programme or pandemic response

Monitoring of vaccine safety during
pandemic
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BEREDT-19 — The Emergency Preparedness
Register for COVID-19

Inform recommendations for pandemic response
Helseberedskapsloven § 2-4 (Health Contingency Act)

Data lake collected from registers and databases

Updates daily/weekly/yearly
Analysts have restricted access
Unfortunately, only NIPH/FHI employees can access data

Norwegian Institute of Public Health Positive covid-19 cases (MSIS)

Tested covid-19 positive and negative (MSIS-lab)
Tested flu positive and negative (MSIS-lab)
Vaccinated covid-19, influenza, pneumococcus {SYSVAK)
Side effects covid-19 and flu vaccine (BIVAK)
Births (mother and child) (MFR)
Death and cause of death (DAR)
The Medicines Register

Nf)rwegian Hospitalizations (NPR)
Directorate of Health  Gp emergency room etc. (KPR)
Nursing Home Residents (KPR)

Bergen Respiratory patients and
Health Trust intensive care (NiPaR)
Statistics Income, education, social security, living
Norway conditions, cramped living conditions

Immigrant background

The Norwegian

Tax Administration The population register

The entire population, age, gender
municipality of residence, family
relations, country of birth

The Norwegian
Medicines Agency

Side effects covid-19 vaccine
Side effects flu vaccine

Realtime and historical data
‘Admitted yesterday — in Beredt C19
today’

Beredt C19

Beredskapsregisteret
for covid-19

NAV Occupation and workplace (AA-register) \
Residents of old age and nursing homes (Inst2)
DSB . .
Cross border registration (IRRS) N
KS Fiks smittesporing (ReMin/Pasinfo) ‘Smittesporing’ : i FH I
Infection tracing From Anja Schou Lindmann Folkehelseinstituttet
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Surveillance of adverse events

» Spontaneous reports of adverse events (SLV+FHI)
® Questionnaires in cohort studies (MoBa etc)
o Register studies in BEREDT-19 data

» Weekly/monthly monitoring of Adverse events of special interest (AESI)

o Historical comparator by Observed-Expected analysis
» Concurrent comparator in poisson model
» Self-controlled case series

» Investigation of signals

» Astra Zeneca vaccine and VITT (thrombosis and thrombocytopenia)
» mRNA Vaccines and Myocarditis

Emergency epidemiology?!?

Astra Zeneca and VITT

» 25/3: Denmark +
Norway collaboration
in place

thebmj covid-19 Researchv Educationv News&Viewsv Campaigns~ Jobs v

B orenaccrss  Arterial events, venous thromboembolism, thrombocytopenia,
M oneekiorupanes| - aNd bleeding after vaccination with Oxford-AstraZeneca

» 29/3: Combined ' T—— ChAdOx1-S in Denmark and Norway: population based
cohort study

Anton Pottegérd,] Lars Christian Lund,l Dystein Kar!stad,"‘]esper Dahl,” Morten Andersen,’
Jesper Hallas," @jvind Lcdegaard * German Tapla Hanne Lovdal Gulseth,’
A Paz Lopez- Donga Ruiz,” Sara Viksmoen Watle,” Anders Pretzmann Mikkelsen,*
® 9/4 Paper su bmitted Lars Pedersen,® Henrik Toft Sgrensen,®” Reimar Wernich Thomsen,*’ Anders H\.'ndj 8

results finalized

BM) 2021 ;373 doi: https.//doi.org/10.1136/bmj.n1114 (Published 05 May 2021)
Cite this as: BM/ 2021;373:n1114

» 5/5: Paper published
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Myocarditis study

Background

o News reports from Israel

® Some spontaneous reports from
doctors

o Few events observed in registry
data

o Urgent need for studies

® Vaccinating 1,000s per day, also
younger age groups

THE TIMES OF ISRAEL

Israel said probing link
between Pfizer shot and heart
problem in men under 30

Leaked Health Ministry probe raises concerns as 62 cases of myocarditis
found out of 5 million vaccinated — most after second dose; 2 deaths, but
no direct link established

Buonz 00000
23 April 2021,10:56pm | B
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Nordic collaboration established

Public health agencies involved in pandemic response

» Danish Statens Serum Institut (SSI)

» Finnish Institute for Health and Welfare
» Swedish Medical Products Agency

» Norwegian Institute of Public Health

» Similar types of registers updated regularly
» Signal validation
Combined Nordic analysis of rare events

Set up a common protocol for analysis

11

Myocarditis — for epidemiologists

» Inflammation of the heart muscle, symptoms typically chest pain, shortness of breath,
elevated troponin, imaging (e.g. MRI)

» May overlap with pericarditis
Highest incidence in young men
Triggered by viral infections, some drugs, autoimmunity

Very crudely can say:
» High recovery rate after acute phase
But can be serious with hospitalization/death
Linked to adverse longterm outcomes, especially for severe cases (e.g. heart failure)

12
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Study design
Cohort study of all individuals 12+ years in Denmark, Finland, Norway and
Sweden

Follow-up
From December 27 2020 until outcome, a positive SARS-CoV-2 test,
emigration, death, or end of follow-up 5 October 2021

Exposure
Risk window 28-days after vaccination
by vaccine type (BNT, MOD, AZ) and dose number (1st and 2nd dose)

13
Figure 1. Schematic lllustrations of Follow-up Time Windows in the Cohort Study
'A| Vaccinated person
1st dose 1st dose 2nd dose 2nd dose
Follow-up time windows BNT162b2 = BNT162b2 = BNT162b2 BNT162b2
Unvaccinated 0-28d 229d 0-28d 229d
Study time line I t } t t }
December 27, 2020 October 5, 2021
Start of follow-up End of follow-up
May 20, 2021 June 25, 2021
Exposures
1st dose 2nd dose
BNT162b2 BNT162b2
B | Unvaccinated person
Follow-up time windows Unvaccinated
Study time line } {
December 27, 2020 October 5, 2021
Start of follow-up End of follow-up
Exposures
14
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Outcome

First myocarditis event after washout period (4-6 years)

Primary/secondary myocarditis diagnosis as inpatient overnight hospital stay
ICD-10 codes: 140.0.140.1.140.8.140.9.141.1.141.8.151.4

Covariates

Age, sex, previous SARS-CoV-2 infection, healthcare worker, nursing home resident,

5 comorbidities (pulmonary, renal, autoimmune, cardiovascular/diabetes, malignancy),
Calendar period (3-month bins)

Analysis

Rate ratios from Poisson regression — 28-days post vaccination vs unvaccinated persontime.

Excess events per 100,000 vaccinee.
Stratify by age, sex, vaccine type, dose number

Combined country-specific results by random effects metaanalysis

15

Data sources

Deaths and migrations (National Population Register)
Vaccinations (SYSVAK)

Positive PCR test for corona (MSIS)

Hospitalization myocarditis (NPR)

Comorbidities (NPR)

Healthcare worker status (NAV AA register)

Nursing home stays (IPLOS)

16
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Results

17

Vaccination uptake in 4 Nordic countries

23 million individuals Age group
Vaccine type and schedule® 212y

81% vaccinated at least once  Population at start of follow-up, No. 23122522

27 Dec 2020 -5 Oct 2021 Unvaccinated by end of follow-up, 4308454
No. (%) (19)

AZD: Astra Zeneca At least first dose AZD1222, No. (%) 1356 457 (6)

. . _Dfi At least first dose BNT162b2, 15064 585

BNT162b2: Biontech-Pfizer No. (%) (65)

mMRNA-1273: Moderna At least first dose mRNA-1273, 2390870
No. (%) (10)

18
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Crude
incidence rate
Follow-up, per 1000 No. of excess events
No.of 1000 person-years in 28 d per 100 000
Subgroup, exposure® events® person-years of follow-up®  IRR (95% Cl) vaccinees (95% Cl)
Males 12+ years M, a9 =1Ly
Unvaccinated 520 5340.6 0.097 1 [Reference] 0 [Reference]
AZD1222 6 43.0 0.139 2.39(1.04 to 5.48) 0.62 (0.00 to 1.24)
AZD1222/AZD1222 <5 29.2 ND 1.29(0.31t0 5.33) 0.12 (-0.48t0 0.72)
BNT162b2 70 560.9 0.125 1.40 (1.09 to 1.80) 0.27 (0.09 to 0.46)
BNT162b2/BNT162b2 85 495.0 0.172 2.04(1.61t02.58) 0.67 (0.46 to 0.88)
BNT162b2/mRNA-1273 34 23.7 1.433 16.99 (11.51t0 25.07) 10.34 (6.86 to 13.83)
mRNA-1273 13 93.2 0.139 1.45 (0.84 t0 2.52) 0.33(-0.11t00.78)
mRNA-1273/mRNA-1273 53 723 0.733 8.55(6.40 to 11.41) 4.97 (3.62 t0 6.32)
Females 12+ years Females, ages 212 y
Unvaccinated 211 4942.2 0.043 1 [Reference] 0 [Reference]
AZD1222 <5 64.1 ND 1.87 (0.58 t0 6.03) 0.17 (-0.13 t0 0.46)
AZD1222/AZD1222 <5 316 ND 1.67 (0.40 t0 6.97) 0.19 (-0.30 to 0.69)
BNT162b2 35 5723 0.061 1.46 (1.01t0 2.11) 0.15 (0.02 t0 0.28)
BNT162b2/BNT162b2 30 522.7 0.057 1.25 (0.77 t0 2.05) 0.09 (-0.09 t0 0.26)
BNT162b2/mRNA-1273 <5 19.1 ND 9.62 (3.11t029.77) 1.44 (0.02 to 2.87)
mRNA-1273 <5 90 ND 1.45 (0.35 t0 5.97) 0.05(-0.13t0 0.23)
mRNA-1273/mRNA-1273 7 71.6 0.098 2.73(1.27 t0 5.87) 0.48 (0.07 to 0.89)
19
Crude
incidence rate
Follow-up, per 1000 No. of excess events
No. of 1000 person-years in 28 d per 100 000
Subgroup, exposure® events® person-years of follow-up®  IRR (95% Cl) vaccinees (95% Cl)
Males 16-24 years  Males, ages 16-24y
Unvaccinated 149 794.6 0.188 1 [Reference] 0 [Reference]
BNT162b2 24 63.9 0.376 2.16 (1.40to0 3.33) 1.55(0.70 to 2.39)
BNT162b2/BNT162b2 37 415 0.891 531 (3.68t07.68) 5.55 (3.70 t0 7.39)
mRNA-1273 <5 11.5 ND 2.90(1.05t07.97) 1.75(-0.20t0 3.71)
mRNA-1273/mRNA-1273 15 5.8 2.584 13.83 (8.08 to 23.68) 18.39 (9.05t0 27.72)
Males 25-39 years  Males, ages25-39y
Unvaccinated 146 1440.6 0.101 1 [Reference] 0 [Reference]
BNT162b2 17 109.2 0.156 1.62 (0.94 to 2.80) 0.46 (0.00 t0 0.92)
BNT162b2/BNT162b2 15 83.9 0.179 1.75 (1.03 to 2.99) 0.59 (0.07 to 1.10)
mRNA-1273 <5 30.6 ND 1.27 (0.40 to 3.99) 0.16 (~0.55 to 0.86)
mRNA-1273/mRNA-1273 26 23.0 1.132 12.96(8.23t020.42) 8.01(4.92t0 11.11)

20
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A| Males aged 16-24y

Consiste ncy by country Exposure Country IR (95% CI)

BNT162b2
Denmark 2.69 (1.08-6.69) —
Finland  2.03 (0.86-4.80) e ——
Norway  1.89(0.55-6.44)
Sweden  2.07 (1.04-4.13) —
Total 2.16(1.40-3.33) —

BNT162b2/BNT162b2
Denmark 5.02 (2.40-10.48) _
Finland  4.70(1.98-11.14) —
Norway  7.25(2.65-19.86) _—
Sweden 5.25(3.01-9.18) _—
Total 5.31(3.68-7.68) _

mRNA-1273
Denmark 9.63 (1.28-72.40) —_—
Norway  4.50 (0.59-34.02)
Sweden  1.29(0.32-5.26)

Total 2.90(1.05-7.97) e
mRNA-1273/mRNA-1273
Denmark 10.47 (1.39-78.75) —_——
Finland 17.38 (4.18-72.35)
Norway 24.96 (7.18-86.70) ==
Sweden 11.28(5.64-22.57) St
Total 13.83(8.08-23.68) —_—
03505 1 3 4 & 1o 3
IRR (95% C1)
21
Additional analyses
» 7-day risk window
» Secondary outcome: myocarditis or pericarditis (combined outcome)
» Secondary exposure: 28 days after infection (positive PCR test)
» Descriptive tables of comorbidities, time to onset, length of stay, death
within 28 days,
22
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Summary results

Risk higher by:
Vaccine type: Moderna > Biontech-Pfizer
Dose number: 2" > 1t
Age: younger > older
Sex: males > females
Schedule: heterologous > homologous ?

Consistent across Nordic countries (and other countries/reports)

23

Challenges for interpretation

There is a pandemic...

Disruptions in society and healthcare system
Changes in exposure to other viral triggers

“Everyone” is vaccinated in short timespan => changes exposure group

Biologic mechanism? Spike protein?

Corona infection changes over time

Seasonality
Virus variants
Corona infection (what we want) vs positive PCR test (what data we get)

Vaccination programme changes over time

» Type of vaccine available
Number of doses recommended
Dose interval
Previous or concurrent corona infection in vaccinated

24
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» Strong association and short time to hospitalisation
Similar findings in different designs (O/E, SCCS, cohort)

Consistent within Nordic countries

Consistent with other data and approaches (France, Canada, US, Israel)

25

» Summer 2021: established

collaboration and common protocol

September 2021: Started Nordic
analysis

6 October 2021: draft report FHI

6 October 2021: draft report to

European Medicines Agency (EMA)
» And WHO, FDA, ECDC, Japan, UK etc

» Manuscript submitted 10 nov 2021,
accepted 24 Feb 2022, online 20 April

2022

wens

Mpyocarditis in boys and young men can occur more often
after the Spikevax vaccine from Moderna

Myocarditis (inflammation of the heart muscle) is a rare side effect of mMRNA vaccines. The side effect is observed especially
in boys and young men and mainly after the second dose. Updated knowledge indicates that this accurs more often with the
use of Moderna's vaccine Spikevax than BioNTech / Pfizer’s vaccine Comirnaty. This seems to apply regardless of which
mRNA vaccine was given as the first dose.

o EUROPEAN MEDICINES AGENCY

Medicines ~  Humon regulatory ¥ Veterinary regulatory v Commiltees v NewsBevents ¥ Portners Snetworks v Aboutus v

Meeting highlights from the Pharmacovigilance Risk
Assessment Committee (PRAC) 29 November - 2 December
2021 [zo]

News 03/12/2021
PRAC update on risk of myocarditis and pericarditis with mRNA vaccines

EMA's safety committes (PRAC) has assessed recent data on the known risk of myocarditis and pericarditis
following vaccination with COVID-19 vaccines Comimaty and Spikevax (previously COVID-19 Vaccine
Moderna). This review included two large European epidemiological studies. One study was conducted using
data from the French national health system (Epi-phare) and the other one was based on Nordic registry data.

26
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JAMA Cardiology | Original Investigation

SARS-CoV-2 Vaccination and Myocarditis in a Nordic Cohort Study
of 23 Million Residents

@ystein Karlstad, MScPharm, PhD; Petteri Hovi, MD, PhD; Anders Husby, MD, PhD; Tommi Harkanen, PhD; Randi Marie Selmer, MSc, PhD;
Nicklas Pihlstrém, MSc; Jergen Vinslav Hansen, MSc, PhD; Hanna Nohynek, MD, PhD; Nina Gunnes, MSc, PhD;

Anders Sundstrém, BA, PhD; Jan Wohlfahrt, MSc, DMSC; Tuomo A. Nieminen, MSocSc; Maria Griinewald, MSc, PhD;

Hanne Levdal Gulseth, MD, PhD; Anders Hviid, MSc, DMSC; Rickard Ljung, MD, PhD, MPH

JAMA Cardiol. doi:10.1001/jamacardio.2022.0583
Published online April 20, 2022.

Communicating the Benefits of Vacdnation in Light of Potential Risks Editor's Note

Editor's Note

MORE.

Citations
Communicating the Benefits of Vaccination in Light of Potential Risks I 15 0imensor
Ann Marie Navar, MD, PhD: Robert O. Bonow, MD Readers on
W s
27
Further studies
®» Risk in children/adolescents and after booster dose (ongoing)
» Outcome after vaccine-related myocarditis
» 90-day follow-up of heart failure, death, readmission (submitted)
» Longer-term outcomes (cardiac death etc)
® Clinical examination of all cases in Norway (ongoing)
28
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Thoughts on Nordic collaboration

29

o Interesting and terrifying! High impact + short time

o Collaborate before doing «emergency epidemiology»
® Real-time data — yes!

o Legal hurdles for sharing data...

® Common protocol and combine results in meta-analysis

Selmer et al, Pharmacopi Drug Safety, 2016, Individual-based versus aggregate meta-analysis in multi-
database studies of pregnancy outcomes

o Data harmonization by Common data Model (CDM)

Cohen et al, Norsk Epidemiologi 2021, A common data model for harmonization in the Nordic Pregnancy Drug
Safety Studies (NorPreSS)

® Team collaboration at FHI
shared responsibilities, several analysts per project, code review,

30
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