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ABSTRACT

OBJECTIVE

To assess rates of cardiovascular and haemostatic
events in the first 28 days after vaccination with the
Oxford-AstraZeneca vaccine ChAdOx1-S in Denmark
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PARTICIPANTS

All people aged 18-65 years who received a first
vaccination with ChAdOx1-S from 9 February 2021

to 11 March 2021. The general populations of
Denmark (2016-18) and Norway (2018-19) served as
comparator cohorts.

MAIN OUTCOME MEASURES

Observed 28 day rates of hospital contacts for
incident arterial events, venous thromboembolism,
thrombocytopenia/coagulation disorders, and
bleeding among vaccinated people compared

with expected rates, based on national age and
sex specific background rates from the general
populations of the two countries.

and Norway and to compare them with rates observed

WHAT IS ALREADY KNOWN ON THIS TOPIC

Spontaneous adverse event reports and clinical case series have described

thrombocytopenia, bleeding, and arterial and venous thromboses occurring
within days to weeks after vaccination with the Oxford-AstraZeneca covid-19
vaccine (ChAdOx1-S)

Whether these cases represent excess events above expected rates is unknown

WHAT THIS STUDY ADDS

Increased rates for venous thromboembolism were observed within 28 days

of vaccination with ChAdOx1-S in Denmark and Norway, corresponding to 11
excess events per 100 000 vaccinations, including 2.5 excess cerebral venous
thrombosis events per 100000 vaccinations

Results were largely reassuring for arterial events, whereas slightly increased
rates of thrombocytopenia or coagulation disorders and bleeding in the
vaccinated group could be influenced by heightened surveillance

Absolute risks of events were small and should be interpreted in the context of
the benefits of covid-19 vaccination at both the societal and the individual level
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RESULTS

The vaccinated cohorts comprised 148792 people

in Denmark (median age 45 years, 80% women)

and 132472 in Norway (median age 44 years, 78%
women), who received their first dose of ChAdOx1-S.
Among 281 264 people who received ChAdOx1-S,
the standardised morbidity ratio for arterial events
was 0.97 (95% confidence interval 0.77 to 1.20). 59
venous thromboembolic events were observed in the
vaccinated cohort compared with 30 expected based
on the incidence rates in the general population,
corresponding to a standardised morbidity ratio of
1.97 (1.50 to 2.54) and 11 (5.6 to 17.0) excess events
per 100000 vaccinations. A higher than expected
rate of cerebral venous thrombosis was observed:
standardised morbidity ratio 20.25 (8.14 to 41.73);
an excess of 2.5 (0.9 to 5.2) events per 100 000
vaccinations. The standardised morbidity ratio for any
thrombocytopenia/coagulation disorders was 1.52
(0.97 to 2.25) and for any bleeding was 1.23 (0.97 to
1.55). 15 deaths were observed in the vaccine cohort
compared with 44 expected.

CONCLUSIONS

Among recipients of ChAdOx1-S, increased rates of
venous thromboembolic events, including cerebral
venous thrombosis, were observed. For the remaining
safety outcomes, results were largely reassuring, with
slightly higher rates of thrombocytopenia/coagulation
disorders and bleeding, which could be influenced

by increased surveillance of vaccine recipients. The
absolute risks of venous thromboembolic events
were, however, small, and the findings should be
interpreted in the light of the proven beneficial effects
of the vaccine, the context of the given country, and
the limitations to the generalisability of the study
findings.

Introduction

As of early April 2021, the covid-19 pandemic has
affected more than 130 million people worldwide and
2.8 million have died.! Vaccines represent the most
powerful tool for controlling the pandemic.? Currently,
four vaccines are approved for use against covid-19
in the European Union and these are manufactured
by Pfizer-BioNTech (Comirnaty),> Moderna,* Oxford-
AstraZeneca (Vaxzevria),’ ® and, most recently,
Janssen.” In large randomised controlled trials, these
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vaccines have shown 66% to 95% efficacy against
symptomatic covid-19.>¢

During early to mid-March 2021, vaccination
against covid-19 with the Oxford-AstraZeneca
vaccine ChAdOx1-S was paused in several European
countries because of spontaneous reports of severe
and sometimes fatal thromboembolic events among
vaccinated people.® According to a statement from the
European Medicines Agency, 30 cases of predominantly
venous thromboembolic events had been reported by
10 March 2021 among the approximately five million
recipients of ChAdOx1-S in Europe at the time.®

The EMA subsequently stated that “The number
of thromboembolic events in vaccinated people
is no higher than the number seen in the general
population.”® Adverse events might, however,
be substantially underestimated if based only on
spontaneous adverse event reporting. Moreover,
since early March 2021, an increasing number of case
reports from Austria, Norway, Denmark, Germany,
the United Kingdom, and other countries has
suggested a potentially distinct thrombotic syndrome
associated with ChAdOx1-S.'°*3 These reports have
described severe thrombocytopenia, bleeding, arterial
thrombosis, and venous thrombosis in unusual
anatomical locations (cerebral venous sinus thrombo-
sis, or thrombosis in the portal, splanchnic, or hepatic
veins) but also lower limb venous thrombosis or
pulmonary embolism in some patients, occurring
within five to 24 days after vaccination.'* Whether
these cases represent an excess over the expected rate
is yet to be established. The risk of such adverse effects
also remains unknown, as rare events are not identified
in even large clinical trials and adverse effects are often
underreported during post-marketing surveillance.
Given the ongoing covid-19 pandemic and the current
shortage of vaccines, it is crucially important to assess
risks with covid-19 vaccines in real world settings.

The objective of the current collaboration between
scientific centres in Denmark and Norway was to assess
nationwide rates of cardiovascular and haemostatic
events after vaccination with ChAdOx1-S and to
compare these rates with corresponding age and sex
standardised rates in the general populations of the
two countries.

Methods

Data sources

We obtained data from Danish healthcare registries
through an accelerated process involving registry
agencies and national health and data protection
authorities. The emergency preparedness register for
covid-19 (Beredt C19) in Norway supplied Norwegian
data.”® Beredt C19 includes information already
collected by healthcare services, national health
registries, and medical quality registers. Govern-
ment funded healthcare systems in Scandinavian
countries provide all legal residents with free access
to healthcare.’® ¥ The national health registries of
these countries contain prospectively collected health
information on all residents, with civil personal
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registration numbers, permitting individual level data
linkage among national registries.'®

The study was conducted according to the ethical
and legal requirements of each country.’® Owing to
data privacy regulations, no cell counts below five
could be reported.

Study cohorts

The vaccine cohorts consisted of all people aged 18-
65 years in Denmark and Norway who received a first
vaccination with ChAdOx1-S from 9 February 2021 to
11 March 2021 (the date the Danish and Norwegian
vaccination programmes were halted owing to safety
concerns). We excluded vaccine recipients younger
than 18 years and older than 65 years and those who
immigrated to the countries within 365 days before
their first vaccination (ascertained from the civil
registration systems in the two countries). The general
populations aged 18-65 years in Denmark during
2016-18 and in Norway during 2018-19 served as
prespecified comparator cohorts.

Vaccination against covid-19

The Danish vaccination register’® and the corres-
ponding Norwegian immunisation registry SYSVAK*!
provided the dates on which all members of the study
cohorts received their first dose of ChAdOx1-S. The
vaccine was authorised conditionally across the EU
on 29 January 2021%? and launched in Denmark,
Norway, and other European countries shortly after.
In Denmark, Norway, and many other European
countries, ChAdOx1-S has been administered almost
entirely to those younger than 65 years. In accordance
with the Danish and Norwegian covid-19 vaccination
strategies, the majority of ChAdOx1-S recipients were
healthcare and social service workers.

Cardiovascular and haemostatic events

To obtain data on all inpatient stays and hospital
outpatient clinic contacts (including emergency room
visits), we accessed the national patient registers in
Denmark and Norway (covering all hospitals). These
registers contain doctor recorded diagnoses for each
hospital contact according to ICD-10 (international
classification of diseases, 10th revision).'® 17 23 24
We assessed rates of hospital contacts for a range of
prespecified cardiovascular and haemostatic diagnoses,
grouped as arterial events, venous thromboembolism,
thrombocytopenia/coagulation disorders, and bleeding
events (see supplementary file for ICD-10 codes).

In analyses of individual outcomes, we excluded
people from the vaccinated cohorts who had a history
of that specific outcome during the 365 days before
their first vaccination. For the general population
cohorts, we similarly excluded people with a history
of a given outcome during a one year fixed washout
period from calculations of rates of specific outcomes.
Individual outcomes were considered independently—
for example, those with a recent history of stroke were
not excluded from estimates of the age and sex specific
rate of pulmonary embolism.
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Statistical analyses

The observed number of incident events in the
vaccinated cohorts was obtained by following the
cohorts starting on the date of first vaccination for up
to 28 days or until the date of death, emigration, the
event of interest, or end of data availability (31 March
2021), whichever occurred first.

The expected number of events in the vaccinated
cohorts was estimated based on the incidence rates
of the given outcomes in the prespecified general
population cohorts. These incidence rates were
estimated from data for the general population aged
18-65 during 2016-18 in Denmark and during 2018-
19 in Norway, with rates calculated stratified by sex
and age in five year bands (18-24, 25-29, 30-34, 35-39,
40-44, 45-49, 50-54, 55-59, and 60-65, ascertained at
the midpoints of the reference periods). The general
population cohorts were followed for incident hospital
contacts for the individual outcomes from 1 January
2016 to 31 December 2018 (Denmark) or 1 January
2018 to 31 December 2019 (Norway), emigration,
death, or occurrence of the outcome in question,
whichever came first. From these general population
incidence rates, we estimated the expected number
of events in the vaccinated cohort for each of the
individual outcomes using indirect standardisation.
Specifically, we multiplied the age, sex, and country
specific general population incidence rate with the age,
sex, and country specific follow-up time accumulated
in the vaccinated cohorts for up to 28 days after
vaccination. For each age, sex, and country specific
stratum of the vaccine recipients, this yielded a count
for the number of expected events, which we then
summed across stratums. In this way, we obtained the
expected number of outcomes that we would observe
in the vaccinated cohort members if they had the same
rate of outcomes as the general population, when
taking into account age, sex, and country.

For each of the prespecified individual outcomes
and for groups of outcomes, we calculated the Danish
and Norwegian general population incidence rates,
the observed and expected number of events, and the
differences per 100000 vaccine recipients followed
for 28 days: excess events (standardised morbidity
differences) per 100 000 vaccinations and standardised
morbidity ratios. We obtained exact 95% confidence
intervals for both from the Poisson distribution.?®

Supplementary analyses

We conducted a range of prespecified supplementary
analyses. Firstly, to investigate subgroup effects, we
stratified the analyses by sex as well as by young versus
middle aged adults (age categories 18-44 years and
45-65 years). Secondly, to focus specifically on early
outcomes that could be more likely due to vaccination,
we conducted an analysis with follow-up restricted to
14 days. Thirdly, to investigate the potential effect of
heightened diagnostic awareness and thus inclusion
of less serious events associated with brief hospital
contacts among vaccine recipients, as well as the risk
of incorrect coding or rule-out diagnoses from such
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brief contacts being counted as actual outcomes,
we restricted the assessment of events to hospital
contacts with a duration five hours or more. Finally, to
assess whether use of a historical general population
comparator cohort influenced the results, we used a
general population cohort followed from 1 January
2020 to 15 March 2021 in both countries.

Public and patient involvement

No patients were involved in the design, execution, or
interpretation of this study. Owing to both the urgency
and the sensitivity of the study question, as well data
privacy constraints, it was not possible to involve
members of the public in the study.

Results

Among 282572 people vaccinated against covid-19
with ChAdOx1-S in Denmark and Norway from
February 2021 to 11 March 2021, 1308 (0.5%) were
excluded owing to age (<18 years or >65 years) or recent
immigration. The final vaccinated cohorts included
281264 people: 148792 in Denmark (median age 45
(interquartile range 33-55) years; 80.1% women), and
132472 in Norway (44 (32-55); 77.6% women, table
1). Full 28 day follow-up was available for 206 894
people (73.6%) in the final cohorts. Among the
remaining 74 370 people (26.4%) with fewer than 28
days of available follow-up, median available follow-
up was 24 (interquartile range 23-26) days in Denmark
and 23 (22-24) days in Norway.

Main analysis

Arterial events—83 arterial events were observed
versus 86 expected, corresponding to a standardised
morbidity ratio of 0.97 (95% confidence interval 0.77
to 1.20, fig 1). Within the arterial events group, the
rate of intracerebral haemorrhage was increased, with
a standardised morbidity ratio of 2.33 (1.01 to 4.59),
corresponding to 1.7 (95% confidence interval 0.0 to
4.6) excess events per 100000 vaccinations.

Venous thromboembolism—59 venous thrombo-
embolic events were observed versus 30 expected,
corresponding to a standardised morbidity ratio
of 1.97 (1.50 to 2.54) and to 11 (5.6 to 17.0) excess
events per 100000 vaccinations (fig 1). An increase
was also found for several subgroups, including
pulmonary embolism (standardised morbidity ratio
1.79 (1.11 to 2.74); 3.4 (0.5 to 7.5) excess events per
100000 vaccinations), lower limb venous thrombosis
(1.47 (0.92 to 2.23); 2.6 (0.4 to 6.8) excess events per
100000 vaccinations), and other venous thrombosis
(1.99 (1.03 to 3.48); 2.2 (0.1 to 5.5) excess events per
100000 vaccinations). The standardised morbidity
ratio for cerebral venous thrombosis was 20.25 (8.14
to 41.73) corresponding to 7 observed events versus
0.3 expected and an excess of 2.5 (0.9 to 5.2) events
per 100000 vaccinations.

Any  thrombocytopenia/coagulation  disorder—
the standardised morbidity ratio for any
thrombocytopenia/coagulation disorder was 1.52
(0.97 to 2.25), corresponding to 3.0 (-0.2 to 7.4)
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Table 1 | Baseline characteristics of 281 264 study participants aged 18-65 years who
received the Oxford-AstraZeneca vaccine against covid-19 (ChAdOx1-S) in Denmark and

Norway
Characteristics
Women

Denmark (n=148792)
119119 (80.1)

Norway (n=132472)
102848 (77.6)

Median (interquartile range) age (years): 45 (33-55) 44 (32-55)
18-24 13731 (9.2) 13092 (9.9)
25-29 13784 (9.3) 12704 (9.6)
30-34 12774 (8.6) 13002 (9.8)
35-39 13968 (9.4) 13199 (10.0)
40-44 17134 (11.5) 14365 (10.8)
45-49 19827 (13.3) 15582 (11.8)
50-54 19629 (13.2) 15916 (12.0)
55-59 21027 (14.1) 17630 (13.3)
60-65 16918 (11.4) 16982 (12.8)

Month vaccinated:

February 2021

84359 (56.7) 53678 (40.5)

March 2021

64433 (43.3) 78794 (59.5)

excess events per 100000 vaccinations (fig 2). This
was driven by unspecified thrombocytopenia with a
standardised morbidity ratio of 3.57 (1.78 to 6.38),
corresponding to 2.9 (0.9 to 6.1) excess events per
100000 vaccinations.

Any bleeding—the standardised morbidity ratio for
any bleeding was 1.23 (0.97 to 1.55), corresponding
to 5.1 (0.7 to 12.2) excess events per 100000
vaccinations (fig 2). This included a standardised
morbidity ratio of 2.21 (1.54 to 3.08) for bleeding from
the respiratory tract (eg, epistaxis and haemoptysis),
corresponding to 7.1 (3.2 to 12.2) excess events per
100000 vaccinations; and 3.30 (1.42 to 6.50) for
unspecified bleeding, corresponding to 2.1 (0.4 to 4.9)
excess events per 100000 vaccinations.

Deaths—15 deaths were observed in the vaccinated
cohort compared with 44 expected deaths based on the
general population mortality rates, corresponding to a
standardised morbidity ratio of 0.34 (0.19 to 0.57).

Supplementary analyses

Figure 3 presents the results from the prespecified
supplementary analyses. Standardised morbidity ratio
estimates were generally similar among those aged
18-44 years compared with those aged 45-65 years,
with the exception of venous thromboembolism: 2.99
(1.94 to 4.42) among those aged 18-44 years versus
1.58 (1.09 to 2.20) among those aged 45-65 years,
corresponding to a slightly higher absolute excess rate
of events in the younger group (13 excess events per
100000 vaccinations among those aged 18-44 years v
9 excess events per 100000 vaccinations among those
aged 45-65 years). When the analysis was restricted
to women, no excess rate of thrombocytopenia/
coagulation disorders was observed, whereas other
estimates were largely unaltered. When restricting to
men, no excess rate of venous thromboembolism was
observed: standardised morbidity ratio 0.67 (0.22
to 1.56); the results were, however, imprecise. When
the analysis was restricted to 14 day follow-up, the
standardised morbidity ratio for thrombocytopenia/
coagulation disorders increased to 1.93 (1.11 to 3.14),
whereas no excess rate of bleeding was observed.

When hospital contacts of less than five hours
were excluded from the analysis, results for venous
thromboembolism remained unchanged, whereas no
excess bleeding events were observed, and the excess
events of thrombocytopenia/coagulation disorders
was diminished (to 1.3 (-0.8 to 4.6) excess events per
100000 vaccinations). Using the more recent general
population comparison cohort (2020-21), nearly
identical general population rates were found for
all outcomes, and as such effect estimates remained
virtually unchanged (for full results see supplementary
tables 1 and 2).

Post hoc analyses

Firstly, to investigate whether signals for venous
thromboembolism or cerebral venous thrombosis
could be explained by unmeasured confounding from
use of systemic hormone therapy, the proportion of
women were quantified in the Danish vaccinated
cohort who redeemed a prescription for systemic
hormone therapy (oral contraceptives or estradiol)
during the year before cohort entry as well as in the
general population comparator cohort. This showed
that women who received ChAdOx1-S were on average
using systemic hormone therapy slightly less often than
the background population (see supplementary table
3). Secondly, E-values were calculated for the outcomes
of venous thromboembolism and cerebral venous
thrombosis—these represent the minimum magnitude
of association that an unmeasured confounder needs
to have with both the exposure and the outcome to
move the estimate so that the lower boundary of the
95% confidence interval includes unity.?® This yielded
E-values of 2.37 for venous thromboembolism and 15.8
for cerebral venous thrombosis. Thirdly, to provide more
clarity on the estimation of the expected counts and to
investigate whether incidence rates in the background
population were stable over time, yearly incidence rates
were calculated for 2016-18 in Denmark, 2018-19 in
Norway, and 2020-21 in both countries. This showed
generally stable incidence rates over time in both
countries for all outcomes (see supplementary tables
4-7). Fourthly, to investigate the potential influence
from either previous or concomitant SARS-CoV-2
infection, the proportion of vaccine recipients with any
positive test result for covid-19 before vaccination was
identified (6.2% in Denmark and 1.4% in Norway).
When these people were excluded from the analysis,
the estimates for both overall venous thromboembolic
events, and specifically cerebral venous thrombosis,
remained virtually unchanged (data not shown owing
to low counts conflicting with data privacy regulations).
When the follow-up of vaccine recipients was further
censored on a positive covid-19 test result after
vaccination, which occurred for 0.24% (n=643) of the
combined cohorts, results remained unchanged (data
not shown). Finally, to contextualise the study findings
of a cerebral venous thrombosis signal, the 28 day risk
of cerebral venous thrombosis after a positive covid-19
test result was assessed for Denmark and Norway, using
complete nationwide data on SARS-CoV-2 polymerase

doi: 10.1136/bmj.n1114 | BMJ2021;373:n1114 | thebmj



RESEARCH

Outcome

Arterial events
Cardiac events

Acute myocardial infarction (AMI)
Ischaemic heart disease without AMI
Cerebrovascular events

Cerebral infarction

Intracerebral haemorrhage
Occlusion and stenosis§

Stroke, unspecified

Subarachnoid haemorrhage
Transient ischaemic attack
Other arterial eventsy|
Venous thromboembolism
Cerebral venous thrombosis
Pulmonary embolism
Lower limb venous thrombosis
Deep thrombophlebitis of veins in legs

Incidence rate* Observedt Expected Standardised

Unspecified deep thrombophlebitis in lower limbs 0.66/0.05

Splanchnic thrombosis
Other venous thrombosis**

All cause mortality

Standardised

Standardised

(Denmark morbidity morbidity ratio morbidity ratio
/Norway) difference} (95% CD) (95%CI)
/100 000
(95%CI)

4.52/4.71 83 86 -1.0(-7.2t06.4) 0.97(0.77 t0 1.20) 2 2
2.93/3.56 52 57 -19(6.8t04.1) 0.91(0.68t01.19) -&-
1.04/1.21 20 18 0.6(-2.3t04.6) 1.09(0.66to0 1.68) -o-
2.58/3.35 46 52 -2.2(-6.8t03.5) 0.89(0.65t01.18) -&-
1.62/1.21 27 28 -0.5(-3.9t04.0) 0.95(0.63t01.38) -&-
1.03/0.75 16 17 -0.5(3.0t03.2) 0.92(0.53t0 1.50) —o—
0.20/0.14 8 3 1.7(0.0to4.6) 2.33(1.01t04.59) ——
0.07/0.21 n<5 3 NR NR
0.40/0.06 0 5 -1.8(-1.8t0-0.4) 0.00(0.00to 0.78)
0.14/0.09 n<5 3 NR NR
0.07/0.09 0 2 -0.6 (-0.6t0 0.8) 0.00 (0.00 to 2.24)
0.11/0.10 n<5 3 NR NR
1.58/1.26 59 30 10.8(5.6t017.1) 1.97(1.50t0 2.54) R J
0.02/0.01 7 0.3 2.5(0.9t05.2) 20.25(8.14t0 41.73) ——>
0.57/0.57 21 12 34(0.5t075 1.79(1.11t02.74) —-o—
0.94/0.48 22 15 2.6(-04t06.8) 1.47(0.92t02.23) —o-
0.35/0.38 10 7 09(-1.0t04.0) 1.34(0.64to 2.46) ——

12 8 1.6(-0.6t04.9) 1.54(0.79 to 2.69) —o—
0.04/0.06 n<5 1 NR NR
0.22/0.36 12 6 2.2(0.1t05.5) 1.99(1.03 to 3.48) —o—
2.54/1.84 15 44 -10.6(-13.0t0-7.0) 0.34(0.19t0 0.57) <«&—

02 051 2 10 40

Fig 1 | General population incidence rates, observed and expected counts of events, excess events per 100000 vaccinations, and standardised
morbidity ratios of arterial events, venous thromboembolism, and all cause mortality within 28 days of vaccination in a cohort of 18-65 year old
Danish and Norwegian people (n=281 264) receiving their first dose of the Oxford-AstraZeneca vaccine (ChAdOx1-S). NR=not reported owing to
privacy regulations. *Per 1000 person years in the general population. tObserved events are not mutually exclusive (ie, one patient can contribute
to two different third level outcomes. However, two different third level outcomes would only count once towards a common second level outcome,
and similarly only once in a first level outcome). tExpected events based on incidence rates in the general population. §Full name: Occlusion

and stenosis of precerebral or cerebral arteries, not resulting in cerebral infarction. flincluding angiitis hypersensitiva, angiitis hypersensitiva
with Schonlein-Henochs purpura, Buerger’s syndrome, Goodpasture syndrome, microangiopathia thrombotica, other necrotising vasculitis, and
thrombotic thrombocytopenic purpura. **Including embolism and thrombosis in non-specified veins, embolism and thrombosis in other specified
veins, and embolism and thrombosis of caval vein

chain reaction results until 31 March 2021 from
Danish and Norwegian microbiology databases.?” 28
Among all 162222 people with a positive test result
between ages 18 and 65 years in Denmark, fewer than
five cerebral venous thrombosis events were observed
over a 28 day period (precise count not shown owing
to data privacy regulations), whereas among 66721
people aged 18-65 years with a positive test result in
Norway, zero cerebral venous thrombosis events were
observed.

Discussion

In this large binational cohort study of recipients of
the Oxford-AstraZeneca covid 19 vaccine (ChAdOx1 -S)
aged 18-65 years, results were reassuring for most
cardiovascular and haemostatic outcomes. We
did, however, observe an increased rate of venous
thromboembolic events, corresponding to 11
excess venous thromboembolic events per 100000
vaccinations and including a clearly increased rate of

thebmj | BMJ2021;373:n1114 | doi: 10.1136/bmj.n1114

cerebral venous thrombosis with 7 observed events
versus 0.3 expected events among the 282 572 vaccine
recipients (excess of 2.5 per 100000 vaccinations,
or one in 40000 vaccine recipients). Conversely, we
observed no increase in the rate of overall arterial
events. We observed a slight increase in the rate of
thrombocytopenia/coagulation disorders and blee-
ding, which was, however, attenuated after excluding
brief hospital contacts (<5 hours) from the analysis.

Strengths and limitations of this study
The main strength of our study is its true population
based approach, implemented in a setting with
national health services providing free access to
healthcare and with well defined and near complete
follow-up based on computerised registries with full
population coverage and daily updates.

The study also has potential weaknesses. The validity
of our findings depends ultimately on the accurate
coding of outcomes. The complex clinical syndrome
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Outcome

Incidence rate* Observedt Expected Standardised

Standardised

Standardised

(Denmark morbidity morbidity ratio morbidity ratio
/Norway) differencet (95% CI) (95% CI
/100000
(95%CI)
Thrombocytopenia/coagulation disorders 0.60/0.75 24 16 3.0(-0.2t0 7.4) 1.52(0.97 to 2.25) —o—
Thrombocytopenia 0.15/0.38 17 6 42(1.6t08.0) 3.02(1.76 t0 4.83) ——
Idiopathic thrombocytopenic purpura 0.07/0.06 n<5 1 NR NR
Other primary thrombocytopenia 0.00/0.01 0 0.1 -0.0 (0.0 to 1.3) 0.00 (0.00 to 35.70)
Secondary thrombocytopenia 0.01/0.18 NR 2 NR NR
Thrombocytopenia unspecified 0.09/0.20 11 3 2.9(0.9t06.1) 3.57(1.78 t0 6.38) —
Coagulation disorders 0.45/0.38 7 10 -1.3(-2.8t01.5) 0.67(0.27t01.39) | ——&———
Coagulation disorders, purpura 0.45/0.38 7 10 -1.3(-2.81t01.5) 0.67(0.27t01.39) | —&—
Disseminated intravascular coagulation 0.01/0.02 0 0.3 -0.1 (-0.1 to 1.3) 0.00 (0.00 to 12.20)
Bleeding events 2.75/3.04 74 60 5.1(-0.7t012.2) 1.23(0.97 to 1.55) -
Bleeding 2.67/2.96 74 58 5.9(0.0t012.9) 1.27 (1.00 to 1.60) -
Anaemia from bleeding 0.11/0.60 n<5 8 NR NR
Bleeding from respiratory tract 0.85/0.87 35 16 7.1(3.2t012.2) 2.21(1.54 t0 3.08) —o—
Bleeding, not specified 0.15/0.05 8 2 2.1(0.4t04.9) 3.30(1.42t0 6.50) —_—
Haematuria 1.43/1.50 25 31 -2.1(-5.4t02.3) 0.81(0.53 to 1.20) —o
Intestinal bleeding 0.18/-§ n<5 2 NR NR
Haemolytic anaemias| 0.09/0.09 0 2 -0.8 (-0.8t0 0.5) 0.00 (0.00to 1.66)
0.2 05 1 2 10

Fig 2 | General population incidence rates, observed and expected counts of events, excess events per 100 000 vaccinations, and standardised
morbidity ratios of thrombocytopenia/coagulation disorders and bleeding events within 28 days of vaccination in a cohort of 18-65 year old Danish
and Norwegian people (n=281 264) receiving their first dose of the Oxford-AstraZeneca covid-19 vaccine (ChAdOx1-S). NR=not reported owing to
privacy regulations. *Per 1000 person years in the general population. tObserved events are not mutually exclusive (ie, one patient can contribute to
two different third level outcomes. However, two different third level outcomes would only count once towards a common second level outcome, and
similarly only once in a first level outcome). +Expected events based on incidence rates in the general population. §Not available in the Norwegian
data source. flincluding haemolytic anaemia, haemolytic uraemic syndrome, and paroxysmal nocturnal haemoglobinuria

reported with ChAdOx1-S is not captured completely
by any single ICD-10 code. Instead, clinicians are likely
to use the codes that reflect the dominant elements in
individual patients’ presentation. A general lack of
specificity of the outcome diagnoses would reduce
the strength of any potential associations. However,
from early March the increased focus on the adverse
events being examined might have heightened
clinical awareness, and therefore the level of reported
diagnoses, above those documented in our reference
populations. This is probably mainly a concern
for less serious adverse events (eg, epistaxis, mild
thrombocytopenia) that otherwise could have gone
undetected, as these do not necessarily lead to a
hospital contact. This finding is supported by the results
of the supplementary analysis excluding brief hospital
contacts, in which the signal for bleeding events was
removed, and the association for thrombocytopenia/
coagulation disorders was diminished (on an
absolute scale), whereas the observed signal for
venous thromboembolic events, which are generally
more serious, remained largely unchanged. Another
limitation is that our expected counts of outcomes were
based on the general population of each country. Active
healthcare and social services workers—the primary
recipients of ChAdOx1-S in Denmark and Norway—
are likely to be healthier than the average population

of the same age.” To the extent that better health
decreases the risk of the studied outcomes, this will
lead to falsely low estimated standardised morbidity
ratios—that is, make the vaccine appear safer—and
thus could not explain the safety signals observed in
our study. A healthy vaccinee effect is expected to be
particularly pronounced for all cause mortality,>® as
people with severe comorbidity or known terminal
illness in Denmark and Norway will generally not
have received ChAdOx1-S. Moreover, the vaccine is
not administered to people who report acute illness on
the planned vaccination date. These bias mechanisms
are the most likely explanation for the observed low
count for deaths in our study and hinders meaningful
interpretation of the reported all cause mortality
effects of receiving the vaccine. Furthermore, if known
risk factors for venous thromboembolism were more
prevalent among vaccine recipients than in the general
population this might have led to falsely increased
standardised morbidity ratios. This could include risk
factors such as female sex, use of oral contraceptives,
use of menopausal hormone therapy, and recent
surgery or trauma or other immobilisation.>* Our event
rates were, however, standardised for any differences in
sex and age, and use of systemic hormone therapy was
not higher in our vaccine recipients than in the general
population, and surgery or immobilisation is unlikely
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Outcome Incidence rate* Observedt Expected Standardised Standardised Standardised
(Denmark morbidity morbidity ratio morbidity ratio
/Norway) differencet (95% CI) (95% CI
/100 000
(95% CI)
Age 18-44 years
Arterial events 0.90/0.77 6 8 -1.6(-44t03.8) 0.74(0.27t0 1.62) —_—
Venous thromboembolism 0.81/0.60 25 8 12.6(5.9t021.5) 2.99(1.94t04.42)
Thrombocytopenia/coagulation disorders 0.61/0.52 11 8 2.6(-1.6t09.1) 1.45(0.73 to 2.60)
Bleeding events 1.74/1.98 22 20 1.8(-44t010.3) 1.12(0.70to0 1.69)
Age 45-65 years
Arterial events 8.84/10.01 77 78 -0.4(-12.3t013.7) 0.99(0.78 t0 1.24)
Venous thromboembolism 2.48/2.12 34 22 9.1(1.5t018.9) 1.58(1.09 to 2.20)
Thrombocytopenia/coagulation disorders 0.59/1.05 13 8 3.4(-1.0t010.1) 1.57(0.84t0 2.69)
Bleeding events 3.94/4.44 52 40 3.4(-1.0t010.1) 1.29(0.96 to 1.69)
Women only
Arterial events 3.15/2.84 48 54 -29(-8.8t04.4) 0.89(0.65t01.17)
Venous thromboembolism 1.49/1.08 54 22 14.8(8.5t022.5) 2.41(1.81t03.14)
Thrombocytopenia/coagulation disorders 0.78/0.84 NR 13 NR NR
Bleeding events 2.47/2.95 56 46 48(-1.6t012.7) 1.23(0.93 to 1.59)
Men only
Arterial events 5.88/6.50 35 31 6.5(-12.6t031.00 1.11(0.78t0 1.55)
Venous thromboembolism 1.67/1.42 5 7 -44(-104t07.4) 0.67(0.22t0 1.56)
Thrombocytopenia/coagulation disorders 0.95/0.66 n<5S 3 NR NR
Bleeding events 3.03/3.13 18 14 6.3(-6.7t024.9) 1.25(0.74t01.97)
14 day follow-up
Arterial events 4.52/4.71 39 45 -4.3(-123t06.00 0.87(0.62t01.19)
Venous thromboembolism 1.58/1.26 27 16 8.1(1.6t016.9) 1.73(1.14102.52)
Thrombocytopenia/coagulation disorders 0.60/0.75 16 8 550.6t012.6) 1.93(1.11t03.14)
Bleeding events 2.75/3.04 34 31 1.8(-5.6t011.5) 1.08(0.75t0 1.51)
Excluding brief hospital contacts
Arterial events 3.20/3.91 62 64 -0.7(-6.0t05.8) 0.97(0.75t0 1.25)
Venous thromboembolism 0.88/0.81 40 18 83(4.1t013.7) 2.28(1.63t03.11)
Thrombocytopenia/coagulation disorders 0.19/0.57 12 8 1.3(-08t04.6) 1.42(0.73t02.48)
Bleeding events 0.63/1.28 14 20 -2.1(-44t01.4) 0.71(0.39 to 1.20) —
Using more recent general population comparison cohort§
Arterial events 4.44/4.64 83 83 0.1(-6.2t07.5)  1.00(0.80to0 1.24)
Venous thromboembolism 1.55/1.30 59 30 109(5.6t017.2) 1.99(1.51t0 2.57)
Thrombocytopenia/coagulation disorders 0.49/0.75 24 14 35(0.3t07.9)  1.66(1.06to 2.47)
Bleeding events 2.47/2.62 74 52 8.1(22t015.1) 1.42(1.11t01.78)

Fig 3 | Results from supplementary analyses restricted to subgroups of patients on sex, and age, shorter follow-up, and excluding brief hospital
contacts. NR=not reported owing to privacy regulations. *Per 1000 person years in the general population. tObserved events are not mutually
exclusive (ie, one patient can contribute to two different third level outcomes. However, two different third level outcomes would only count once
towards a common second level outcome, and similarly only once in a first level outcome). $Expected events based on incidence rates in the general
population. §The general population comparison cohort was followed from January 2020 through March 2021 in both countries

to be increased in members of the active work force.
Similarly, as also observed in our post hoc analyses,
any increase in observed venous thromboembolic
events was unlikely to be explained by SARS-CoV-2
infections occurring in vaccinated people, as both the
prevalence of covid-19 and the associated absolute
risk of thromboembolic events was low in our setting.>?
Our post hoc confounder analysis (E-values) suggested
that our findings were unlikely to be explained by
unmeasured confounders. Nevertheless, residual
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confounding from other factors cannot be ruled out
owing to the non-randomised observational design
of our study. Lastly, important boundaries exist as to
the generalisability of our study findings. Firstly, as
our study was restricted to people aged 18-65 years, it
cannot inform evaluations of the safety of ChAdOx1-S
in older people. Similarly, data were only available for
those who received their first dose of the vaccine, and
as such do not provide information on the safety of the
second dose. Finally, the study was conducted in two



Scandinavian countries and therefore the results might
not be generalisable to populations of predominantly
non-white ethnicities.

Comparison with other studies

Specific immune mediated mechanisms might contri-
bute to the increased risk of venous thromboembolism
after vaccination with ChAdOx1-S. This is currently
under investigation. Reports in the New England Journal
of Medicine by now have described three detailed case
series of 39 patients (5 in Norway,'® 11 in Germany
and Austria,’* and 23 in the UK'?) who presented
with thrombocytopenia and thrombosis beginning
five to 24 days after vaccination with ChAdOx1-S.
Another case was reviewed in Denmark.> Among
these 40 patients, 35 (88%) experienced any venous
thrombosis, including a high proportion (26 patients,
65%) who experienced cerebral venous thrombosis,
whereas 6 (15%) had splanchnic thrombosis and 7
(18%) pulmonary embolism, with multiple embolisms
being common. This is now collectively referred to as
vaccine induced thrombotic thrombocytopenia (VITT)
or thrombosis with thrombocytopenia syndrome (TTS),
with a suggested potential mechanism involving
platelet activating antibodies directed against platelet
factor 4, which are known to be triggered by heparin
and sometimes other environmental factors.> As of
yet, no individual level risk factors for vaccine induced
thrombotic thrombocytopenia or thrombosis with
thrombocytopenia syndrome have been confirmed,**
with previously reported cases among both, for
example, men and women and among users and
non-users of hormone therapy.’®"® To the extent
that the excess rate of venous thrombosis events
reported in this manuscript is associated with vaccine
induced thrombotic thrombocytopenia or thrombosis
with thrombocytopenia syndrome, our study has
insufficient data, and it is not designed to identify
subgroups at particular risk, which constitutes an
important area for further research.'® Importantly,
whether this safety concern is specific to ChAdOx1-S
or whether it is associated with either all adenovirus
vector based covid-19 vaccines or even all covid-19
vaccines, is an important issue that remains to be
elucidated. The European Medicines Agency recently
raised “embolic and thrombotic events” as a new
signal for the adenovirus vector based vaccine from
Janssen,>* and its use was put on temporary hold by
the Centers for Disease Control and Prevention and
the Food and Drug Administration in the United States
while further investigations were ongoing.'*

Policy implications

The regulatory implications of our study findings are
complex. Given ChAdOx1-S’s nearly 70% protection
against a potentially lethal infection,’ ® the risk to
benefit ratio of the vaccine in a pandemic scenario and
on a population level is likely to remain favourable.
From a public health perspective, multiple factors
should be considered, including regional availability of
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other vaccines, capacity of the local healthcare system,
delays in reaching the desired level of herd immunity,
regional control of the epidemic through other
measures, and the importance of trust in authorities
and confidence in the vaccination programme. Many
of these factors directly influence the benefit of
receiving a covid-19 vaccine, at both the societal and
the individual level. Furthermore, the applicability
of our findings to a given context needs to consider
the limitations to the study’s generalisability. Thus,
vaccine recommendations must be context dependent
and country specific. In any case, access to valid data
on the magnitude of risk is essential. Such information
must be made available and continuously updated for
all covid-19 vaccines in the real world setting—ideally
including studies that provide direct head-to-head
comparisons of vaccines on both safety and efficacy,
which constitutes an important area for further study.

Conclusions

Our study provides evidence of an excess rate of
venous thromboembolism, including cerebral venous
thrombosis, among recipients of the Oxford-
AstraZeneca covid-19 vaccine ChAdOx1-S within
28 days of the first dose. The absolute risks of these
events were, however, small. For the remaining safety
outcomes, results were reassuring, with slightly higher
rates of thrombocytopenia/coagulation disorders and
bleeding, which could be influenced by heightened
surveillance. The absolute risks described in this
study are small in the context of the proven benefits
of vaccination against covid-19, and the globally high
incidence of serious cases of SARS-CoV-2 infection.
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