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Abstract

Introduction The UK Medicines and Healthcare products Regulatory Agency (MHRA) has published frequent summaries
of spontaneous reports of suspected adverse drug reactions (ADRs) (Yellow Cards) to vaccines against severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2). The EudraVigilance database has provided similar data for the European
Economic Area.

Objective Our objective was to characterize the evolution over time of spontaneous reports of suspected ADRs to coronavirus
disease 2019 (COVID-19) vaccines and to observe the effect of a publicized reaction (cerebral venous and sinus thrombosis
[CVST]) on reporting rates.

Methods We used publicly available data on reports of suspected ADRs and doses of vaccine administered, published by
the MHRA, EudraVigilance, and the European Centre for Disease Prevention and Control to calculate reporting rates.
Results Approximately 4814 Yellow Card reports (23 fatal) per million doses of ChAdOx1 nCoV-19 (AstraZeneca) and
2890 (13 fatal) per million doses of tozinameran (Pfizer/BioNTech) have been lodged. Between 15 March and 31 October
2021, cumulative European reports of CVST rose from 0 to 443 (183 with thrombocytopenia, 72 fatal) with ChAdOx1
nCoV-19 and from 2 to 315 (9 with thrombocytopenia, 28 fatal) with tozinameran. European cases of retinal vein occlusion
and thrombosis rose from 0 to 168 with ChAdOx1 nCoV-19 and from 1 to 220 with tozinameran; four of the ChAdOx1
nCoV-19 cases were associated with thrombocytopenia.

Conclusion Reports of fatal adverse reactions to coronavirus vaccines are very rare. Reports of CVST have been made in
relation to both vaccines. Most were submitted after the reaction had been publicized. Thrombocytopenia occurred in a
minority of cases. Reports linked both vaccines to cases of retinal vein thrombosis, just four cases with thrombocytopenia.
This suggests two different mechanisms of thrombosis associated with the vaccines.
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Reporting rates for the AstraZeneca vaccine have
remained higher than those for the Pfizer vaccine,
although reports of suspected fatal reactions to either
vaccine are very rare.

The reporting rate for cerebral venous and sinus throm-
bosis increased rapidly after this possible adverse reac-
tion was publicized, but fewer than half the cases are
associated with thrombocytopenia.

There may be two separate mechanisms of venous
thrombosis, only one of which is related to thrombocy-
topenia.

1 Introduction

Two vaccines against severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) are widely used in the UK:
tozinameran (Comirnaty®, Pfizer/BioNTech) and ChAdOx1
nCoV-19 (Vaxzevria®, COVID-19 AstraZeneca Vaccine,
AstraZeneca). Both are highly effective in preventing
severe coronavirus disease 2019 (COVID-19) [1, 2]. They
are also, by the standards usually applied, remarkably free
from serious adverse effects. Adverse events after admin-
istration of tozinameran were assessed, before temporary
regulatory approval, in over 18,000 subjects who received
two doses of the vaccine in a randomized placebo-controlled
trial [1]. Two patients in the treatment arm and four in the
placebo arm died; none of the deaths was suspected to have
been caused by the intervention. A pooled analysis assessed
harms in over 12,000 people who had received ChAdOx1
nCoV-19 and nearly 12,000 placebo-treated control subjects
[2]. Serious adverse events were recorded in 79 participants
in the active treatment group and 89 in the control group.
One non-COVID-19 death occurred in the vaccine group
and three in the control group; none was considered related
to the vaccine.

In these randomized trials, fewer than 1 in 3000 people
died, and no death was attributed to the vaccine. If there
were no fatalities in 12,000 people randomized to receive
ChAdOx1 nCoV-19, then the upper limit of a 95% confi-
dence interval for fatal adverse reactions is 1 in 4000 [3].
Similarly, an upper confidence bound for fatal adverse reac-
tions to tozinameran is 1 in 6000. Adverse reactions are
classed as rare according to standard definitions if they occur
in fewer than 1 in 1000 people, and very rare in fewer than
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1in 10,000 [4]. Such adverse events would not be detected
in trials of conventional size.

The data on vaccines against COVID-19 are unusu-
ally accessible, because information on both spontane-
ous reports of adverse events that are suspected of being
adverse drug reactions (ADRs) and the numbers of doses
administered have been published frequently. Such data
can provide information on reporting in relation to admin-
istration [5].

ChAdOx1 nCoV-19, developed in Oxford and widely
used in the UK, later attracted criticism in continental
Europe. On 10 March 2021, the European Medicines
Agency (EMA) issued a news bulletin in which they
reported three thromboembolic events in Austria after
administration of ChAdOx1 nCoV-19 [6]. On 11 May
2021, the UK national news media reported that Denmark
and Norway had suspended use of the vaccine [7], as many
other European countries did subsequently, although not
the UK. A particular concern was cerebral venous and
sinus thrombosis (CVST) as part of the syndrome of vac-
cine-induced thrombosis and thrombocytopenia (VITT)
[8]. The syndrome resembles heparin-induced thrombosis
and thrombocytopenia (HITT). Both conditions are asso-
ciated with antibodies to platelet factor four [9]. VITT
has been particularly associated with CVST [10], which
is otherwise very rare, although it is recognized to occur
in HITT [11]. The UK Medicines and Healthcare products
Regulatory Agency (MHRA) stated in May 2021 that the
“evidence to date does not suggest that the COVID-19
Vaccine AstraZeneca causes venous thromboembolism
without a low platelet count” [12]. We therefore sought
to establish reporting rates of CVST with and without
thrombocytopenia.

Retinal vein thrombosis and retinal vein occlusion,
potential thrombotic complications, are rarely reported in
association with HITT [13]. It was therefore of interest to
establish the frequency of reports of retinal vein occlusion
or thrombosis (RVT) with and without thrombocytopenia
as a suspected ADR to vaccines against SARS-CoV-2.

We hypothesised that the reporting rate might be
affected by administration of a second dose, either because
people sensitized by the first dose might experience worse
reactions or because severe reactions with the first dose
might have precluded a second dose.

The MHRA summaries list only numbers of reactions and
of reports (which can include more than one reaction). They
do not include associated demographic data; nor do they link
reactions to specific reports. We therefore also examined data
from the EMA EudraVigilance database for the two vac-
cines [14], restricted to reports designated as coming from
the European Economic Area (EEA, i.e. the EU plus Nor-
way, Iceland, and Liechtenstein). The population of the EU
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is approximately 447 million [15] and of Norway, Iceland,
and Liechtenstein combined approximately 5.8 million [16].

2 Methods

We used data published by the MHRA, the EMA, and the
European Centre for Disease Prevention and Control.

We calculated reporting rates for each vaccine by divid-
ing the number of reports of suspected ADRs by the num-
ber of doses of vaccine administered.

We collected data on Yellow Card reports of suspected
adverse reactions to ChAdOx1 nCoV-19 and tozinam-
eran from the MHRA’s summary of coronavirus vaccines
issued each week from 24 January 2021 (the first collec-
tion date for data in the MHRA summary) to 27 October
2021 [12]. The numbers of first and second doses of a vac-
cine were taken from the MHRA summary. The numbers
of suspected reactions and reports were taken from the
relevant Vaccine Analysis Prints for ChAdOx1 nCoV-19
and tozinameran [17, 18], referred to in the weekly update.

We looked specifically for reports of cerebral venous
thrombosis, cerebral venous sinus thrombosis, superior
sagittal sinus thrombosis, and transverse sinus thrombosis.
We also looked at reports of retinal vein thrombosis and
retinal vein occlusion.

We examined whether reporting rates changed follow-
ing the wide publicity given to reports that ChAdOx1
nCoV-19 was associated with clotting abnormalities by

comparing the rates of total and fatal reports per million
doses for the weeks up to 14 March 2021 and from 23
March 2021 to 27 October 2021 for all reports and reports
of suspected cerebral venous and sinus thrombosis and
of RVT. We used data from EudraVigilance to assess
how often patients in whom thrombotic events had been
reported also reportedly had thrombocytopenia.

3 Results
3.1 UKData

The MHRA data run from 4 January 2021 for ChAdOx]1
nCoV-19 and from 9 December 2020 for tozinameran.
Approximately 4814 Yellow Card reports (23 fatal) per mil-
lion doses of ChAdOx1 nCoV-19 (AstraZeneca) and 2890
(13 fatal) per million doses of tozinameran (Pfizer/BioN-
Tech) were logged. The rate of new reports of suspected
ADRs fluctuated between 2620 and 10283 total reports per
million new doses for ChAdOx1 nCoV-19 and between 1339
and 9197 total reports per million doses for tozinameran
over the summaries issued once a week (Fig. 1). The rates
of reported reactions did not appear to change markedly as
the proportion of second doses increased (Fig. 1).

Reports of fatal events that were suspected to be ADRs
(fatal reports) in the MHRA data varied between 7 and
56 reports per million doses for ChAdOx1 nCoV-19 and
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Fig.2 Yellow Card reports of
fatal suspected adverse drug
reactions received in each time
interval, per million doses
administered in that time
interval. Error bars denote the
imprecision due to rounding
errors in the denominator,
which is reported to the nearest
100,000 doses. Circles indicate
ChAdOx1 nCoV-19, squares
indicate tozinameran
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Table 1. Reports of suspected

. Vaccine ChAdOx1 nCoV-19 Tozinameran

adverse reactions to ChAdOx 1

nCoV-19 (AstraZeneca) and Initial date of regulatory authorization 4 January 2021 9 December 2020

tozinameran (Pfizer/BioNTech) Number of doses administered (millions)

from the MHRA Yellow Card

database (from licensing to 27 First 24.9 23.5

October 2021) Second 24.1 20.3
Total doses given 49.0 43.8

Number of reports

Total reports 235,875 126,603
Total reports/million doses 4814 2890
Fatal 1112 577
Fatal/million doses 23 13
Percentage fatal 0.47% 0.46%

Reports can list several reactions, each of which is counted separately in the database
MHRA UK Medicines and Healthcare products Regulatory Agency

Table 2 Suspected adverse reactions to ChAdOx1 nCoV-19 (Astra-
Zeneca) and tozinameran (Pfizer/BioNTech) from the MHRA Yellow
Card database (from licensing to 27 October 2021)

Number of suspected reactions ChAdOx1 nCoV-19  Tozinameran
by selected SOC [19]

General 251,191 88,915
Nervous system 177,777 61,595
Respiratory system 28,291 15,341
Cardiac 9706 6428

Blood 7528 12,214

All fatal reports 1112 577

Total reactions 836,957 357,048
Total reactions/million doses 17,081 8152

Reports can list several reactions, each of which is counted separately
in the database

MHRA UK Medicines and Healthcare products Regulatory Agency,
SOC system organ class
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between 3 and 73 reports per million doses for tozinameran
(Fig. 2).

Table 1 shows the numbers of reported reactions for the
two vaccines, and Table 2 presents the reactions by major
system organ classes [19]. Overall, the number of fatal
reports was 13 per million doses for tozinameran and 23 per
million doses for ChAdOx1 nCoV-19.

There were 298 Yellow Card reports of CVST for
ChAdOx1 nCoV-19 (Fig. 3a), 29 of which were fatal, and
59 similar reports, four fatal, for tozinameran by 27 October
2021 (Fig. 3b).

There were 104 Yellow Card reports of suspected reac-
tions leading to RVT with ChAdOx1 nCoV-19 (Fig. 3c) and
33 with tozinameran (Fig. 3d). None of the cases attributed
to ChAdOx1 nCoV-19 and just two of the tozinameran cases
were reported before 10 March 2021.
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Fig.3 a Incident numbers of Yellow Card reports of CVST for
ChAdOx1 nCoV-19 and tozinameran at intervals; b total numbers of
EudraVigilance European Economic Area reports of CVST at inter-
vals; ¢ total numbers of Yellow Card reports of RVT at intervals; d
total numbers of EudraVigilance European Economic Area reports
of RVT at intervals. The European Medicines Agency issued a press
release on 10 March 2021 regarding three Austrian cases of thrombo-

3.2 European Economic Area Data

The EudraVigilance database contains fuller information on
individual cases, since the age band, sex, and all the reac-
tions reported for each case are available. Table 3 lists data
abstracted from the spontaneous reports of suspected ADRs
(relevant reports) that listed as reactions one or more of cer-
ebral venous thrombosis, cerebral venous sinus thrombosis,
superior sagittal sinus thrombosis, or transverse sinus throm-
bosis. The data are from 1 January to 31 October 2021. No
reports of cerebral venous or sinus thrombosis were received
for tozinameran in 2020.

EudraVigilance contained 443 EEA reports of CVST for
ChAdOx1 nCoV-19, of which 72 were fatal, and 315 similar
reports, 28 fatal, for tozinameran up to 31 October 2021.
Of the 73 patients in the EEA reported to have had CVST
who received ChAdOx1 nCoV-19 and whose concomitant
treatment was listed, three were taking aspirin, three enoxa-
parin, and two rivaroxaban, and one each took argatroban,
apixaban, fondaparinux, phenprocoumon, and warfarin; 24
women were taking hormonal contraceptives or hormone
replacement therapy.

Of the 66 patients in the EEA reported to have had CVST
who received tozinameran and whose concomitant treatment
was listed, one was taking aspirin with rivaroxaban, four
others took aspirin, two warfarin, and one each acenocou-
marol, clopidogrel, and dabigatran; 19 women were taking

RVT reports
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sis after the ChAdOx1 nCoV-19 vaccine. Occasional points in the UK
Medicines and Healthcare products Regulatory Agency Yellow Card
data showed a decline in case numbers, perhaps because of recoding
of suspected adverse drug reactions. CVST cerebral venous and sinus
thrombosis, RVT retinal vein occlusion and thrombosis, orange/red
shading indicates ChAdOx1 nCoV-19, blue/white shading indicates
tozinameran

hormonal contraceptives or hormone replacement, and one
vaginal levonorgestrel.

The EudraVigilance database distinguishes between
reports from healthcare professionals and others. In total,
102 (23%) of 443 relevant reports for ChAdOx1 nCoV-19
and 94 (30%) of 315 relevant reports for tozinameran were
from non-healthcare professionals.

In the EEA by 31 October 2021, the total number of doses
administered of ChAdOx1 nCoV-19 was 68.8 million and
of tozinameran 435.6 million. Approximately 5900 reports
of suspected reactions per million doses had been logged
for ChAdOx1 nCoV-19 and 1300 reports per million doses
for tozinameran.

The EudraVigilance database included 168 reports of
RVT suspected to be associated with ChAdOx1 nCoV-19,
four with thrombocytopenia; 220 cases were suspected to be
associated with tozinameran, none with thrombocytopenia.

4 Discussion

4.1 Implications of the Data

These publicly available data from two sources support the
view that fatal suspected reactions to ChAdOx1 nCoV-19

and tozinameran are very rare. Importantly, they avoid the
need to estimate the relative reporting incidence indirectly,
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Table 3 Data from the EudraVigilance database for reports of sus-
pected adverse drug reactions submitted from a country in the Euro-
pean Economic Area for the ChAdOx1 nCoV-19 and tozinameran
vaccines from 1 January 2021 to 31 October 2021

Vaccine ChAdOx1 nCoV-19 Tozinameran
Total number of reports® 406,132 549,762
Relevant reports 443 315
Female sex 291 196
Age, years
0-17 1 5
18-64 233 132
65-85 46 47
>85 3 9
Not specified 8 3
Male 150 117
Age, years
12-17 0 1
18-64 111 79
65-85 37 28
>85 0
Not specified 2 3
Sex not specified 2
Reports of fatal reactions
Female 43 9
Male 29 19
Total 72 28
Thrombocytopenia or reduced platelet count or both also reported
Female 120 2
Male 63 7
Total 183 9

Relevant reports cite reactions as one or more of cerebral venous
sinus thrombosis, cerebral venous thrombosis, superior sagittal sinus
thrombosis, and transverse sinus thrombosis

#Up to 6 November 2021

because of the availability of data on the number of doses
administered. They demonstrate the association between
adverse publicity and the reporting rate for ADRs. They also
provide a signal of a possible link between both vaccines and
rare and unusual thrombotic events in the intracranial venous
circulation and retinal vein thrombosis, in the absence of
thrombocytopenia.

ADREs that occur in fewer than 1 in 1000 people are con-
sidered rare, and most medicines are marketed on the basis
of clinical trials that are too small to detect rare or very rare
risks of harm. The detection of very rare adverse reactions
relies initially on detection of pharmacovigilance ‘signals’
[20], often by examination of databases of spontaneously
reported suspicions of ADRs, such as the MHRA’s Yellow
Card database [21] and the EMA’s EudraVigilance data-
base [22]. Furthermore, clinical trials exclude groups of
patients who may be especially susceptible to ADRs, such
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as pregnant or elderly people and those with co-morbid
conditions.

The rates of spontaneous reporting of adverse reactions
to ChAdOx1 nCoV-19 and tozinameran have fluctuated
since the introduction of the vaccines into clinical use in the
UK. Especially high rates were observed for total reports
on ChAdOx1 nCoV-19 in February and for total and fatal
reports on both ChAdOx1 nCoV-19 and tozinameran in
March 2021. One possible explanation for these peaks in
reporting is negative publicity in the press. For example, one
UK newspaper carried the headline “Five countries halt use
of one batch of AstraZeneca jab after fatal blood clot” on 10
March 2021 [23]. Reporting in the Yellow Cards database
of CVST for ChAdOx1 nCoV-19 increased rapidly after that
date (Fig. 3). The proportion of people being given a second
dose of tozinameran had started to increase above 20% in the
last week of March 2021, with little evidence of a change
in total reporting rate; the proportion of vaccinees given a
second dose of ChAdOx1 nCoV-19 reached 20% only in the
last weeks of April, again with little evidence of an effect
on reporting of suspected ADRs. This makes an alternative
explanation—that adverse reactions were more common
after the second dose of a vaccine—unlikely.

Data from the EEA for the period 1 January 2021 to 31
July 2021 showed total reports for ChAdOx1 nCoV-19 at
similar rates to those in the UK but lower rates of reports
for tozinameran. Reports of CVST as a suspected adverse
reaction were more common for ChAdOx1 nCoV-19. Of 443
reports, 183 (41%) were associated with thrombocytopenia.
There were 315 reports of CVST to tozinameran, but only
nine (2.9%) of these were associated with thrombocytope-
nia. There were also several EudraVigilance reports of reti-
nal vein thrombosis with both vaccines, but very few cases
were associated with thrombocytopenia. This raises the
possibility that the vaccines can cause two different forms
of cerebral venous thrombotic events and that, while one—
which is primarily associated with ChAdOx1 nCoV-19—is
accompanied by thrombocytopenia, the other—which can
occur with both vaccines—is not. An alternative explanation
is that, especially after 10 March 2021, reports of suspected
associations represented adverse events that were not ADRs.
One important confounder is COVID-19, since the illness
itself is associated with thrombotic events.

4.2 Limitations

The data we used in our study came from spontaneous
reports of suspected ADRs. As the MHRA states, “A
report of a suspected ADR to the Yellow Card scheme
does not necessarily mean that it was caused by the vac-
cine, only that the reporter has a suspicion it may have.
Underlying or previously undiagnosed illness unrelated
to vaccination can also be factors in such reports. The
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relative number and nature of reports should therefore not
be used to compare the safety of the different vaccines”
[12, 17]. Spontaneous reports are subject to confounding
and biases, the most important of which include under-
reporting of suspected adverse reactions and reporting of
events that are associated with treatment but not caused
by it. Novel ADRs can easily be missed in practice and
may be reported to regulators only after they have been
publicized in the medical literature [24]. By contrast, wide
publicity can stimulate reporting [25, 26]. Thus, the data
we reviewed constitute signals of possible ADRs, which
would require formal studies—which might or might not
be confirmatory. An example of the former is practolol,
which was shown to be associated with an oculomucocu-
taneous syndrome, reports of which increased after an
initial observation [27]. An example of the latter is mon-
telukast, which was suspected of being associated with an
increased risk of suicide following an initial report [28], an
association that has not subsequently been confirmed [29].
In our analysis of the reports of suspected ADRs to the
SARS-CoV-2 vaccines, the rapid accumulation of reports
of CVST after the initial publicity strongly supports the
view that novel ADRs can initially be missed and that
adverse publicity leads to a rapid increase in reporting.

A few reports about vaccines against SARS-CoV-2 did
not specify which of the vaccines was given. The syndrome
of VITT may occur more often in younger people; in the
vaccination campaign in the UK, patients were recruited by
age, so susceptibility may have differed in cohorts recruited
at different times. Some reports in the EudraVigilance data-
base, and an unknown number of reports in the Yellow Card
database, were submitted by people who were not health-
care professionals. While such reports can be helpful [30,
31], they may not be comparable to reports from clinically
trained personnel. We used weekly reports to provide both
the numerator (number of reactions) and the denominator
(number of vaccine doses administered), but we cannot be
sure that the date of report registration corresponds with
the date of the suspected reaction or of the delay between
immunization and reaction. In consequence, variation in the
denominator may account for some of the variation in the
weekly reporting rate.

5 Conclusion

Reports of fatal adverse reactions to coronavirus vaccines
are very rare. Cerebral venous and sinus thrombosis has
been associated with both ChAdOx1 nCoV-19 and tozina-
meran, although the spontaneous reporting rate with the lat-
ter is about one-quarter of that with the former. Reporting
increased after the reaction was first suggested. Very few of

the cases associated with tozinameran were accompanied by
thrombocytopenia. This raises the possibility of two mecha-
nisms for thrombotic reactions to these vaccines. Rates of
any form of CVST are so low that they would not be reliably
detected by any form of standard clinical trial.
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