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ARTICLE INFO ABSTRACT

The ChAdOx1 nCoV-19 (ChA) (AstraZeneca) and Ad26.COV2.S (AD26) (Janssen) vaccines are virus-based
coronavirus disease 2019 (COVID-19) vaccines used worldwide. In spring 2021, venous blood clots and
thrombocytopenia were described in some vaccine recipients. We evaluated the frequency of severe adverse
events (SAEs) documented in the EudraVigilance European database in young adult (18-64 years old) and older
(>65 years old) vaccine recipients up to 23 June 2021 and related them to coagulation disorders and arterial,
cardiac, and nervous system events. Comparison between the frequency of SAEs and SAE-related deaths in ChA
and AD26 vs. BNT162b2 COVID-19 (BNT) (Pfizer/BioNTech) vaccine recipients demonstrated: 1) ChA and AD26
recipients than BNT recipients had higher frequencies of not only SAEs caused by venous blood clots and
hemorrhage, but also thromboembolic disease and arterial events, including myocardial infarction and stroke; 2)
a corresponding higher frequency of SAE-related deaths. The frequency was higher in both young adults and
older adults. Comparison between the frequency of SAEs and SAE-related deaths in AD26 vs. ChA recipients
demonstrated in AD26 recipients: 1) lower frequency of thrombocytopenia; 2) lower frequency of SAEs in young
adult recipients; 3) higher frequency of SAEs in older recipients. Interestingly, most of the venous thrombotic
SAEs associated with ChA and AD26 vaccines were not associated with thrombocytopenia, suggesting that TTS
(thrombosis with thrombocytopenia syndrome) is not the only type of thrombosis observed following virus-based
vaccines. In conclusion, both virus-based COVID-19 vaccines show more SAEs than BNT, but the frequency of the
SAE type in the different age groups differs, suggesting that the mechanisms responsible of SAEs overlap only

partly.
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1. Introduction occur extremely rarely in the healthy populaticn, are promptly detected

by pharmacovigilance, but SAEs consisting of events that happen rela-

Vaccines against severe acute respiratory syndrome coronavirus
(SARS-CoV)-2 that cause an immune response against the SARS-CoV-2
spike protein are, at present, the primary method of fighting the coro-
navirus disease 2019 (COVID-19) pandemic. Real-world studies have
described similar vaccine efficacy in preventing COVID-19 and severe
COVID-19 [1-3]. To evaluate the benefit-risk profile of each vaccine, it
is crucial to know the adverse events (AEs) each vaccine causes not only
in the short-term but also in the mid/long-term, with particular refer-
ence to severe AEs (SAEs) and death. SAEs, consisting of events that

tively frequently in the population may be more challenging to discover
because attributed to underlying disease and underreported [4-7].

In March 2021, the ChAdOx1 nCoV-19 COVID-19 adenovirus-based
vaccine (ChA) produced by AstraZeneca was associated with bloed clots
in unusual sites and bleeding events [8]. Subsequently, Greinacher and
colleagues demonstrated thrombocyte aggregation in the presence of
anti-platelet factor 4 antibodies (anti-PF4) [9] that were produced in
response to SARS-CoV-2 spike protein, adenovirus proteins, and a
co-factor present in ChA but not in the Ad26.COV2.S vaccine (AD26)
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(manufactured by Janssen), another adenovirus-based vaccine [10].
Kowarz and colleagues suggest in a version of a manuscript that has not
completed journal peer review that a spliced spike scluble protein
derived from the codon-optimized DNA present in the ChA and AD26
vaccines binds to ACE2 and promotes antibody-dependent cell cyto-
toxicity (ADCC) and complement-dependent cytotoxicity (CDC) of
endothelial cells when the recipients preduce anti-spike antibodies [11].

In a further document, the European Medicine Agency (EMA) stated
that ChA might cause cerebral venous sinus thrombosis (CVST),
splanchnic venous thrombosis (SVT), and/or other rare thromboses in
the presence of thrombocytopenia (thrombosis with thrombecytepenia
syndrome, TTS) in about 10 ChA recipients out of one million doses
(OMD) [12]. Presently, the EMA reports that thrombosis in combination
with thrombocytopenia may occur in fewer than 1 in 10,000 people (the
formal definition of the rarest AE) so that the actual frequency is not
specified [13].

In a recent publication, we demonstrate that SAEs in ChA recipients
are not only related to CVST and SVT, but also other blood clots and
bleedings. In particular, we cbserved 151 and 33 SAEs/OMD in ChA
recipients and recipients of BNT162b2 COVID-19 (BNT) vaccine (man-
ufactured by Pfizer/BioNTech) based on nanoparticle mRNA-based
technelogy [14], respectively. This observation means there are more
blood clots and bleedings in ChA vs. BNT recipients of =1 SAE out of 10,
000 doses [15].

In AD26 recipients as well, CVST was observed in about 1 recipient/
OMD [16]. The EMA reports that thrombosis in combination with
thrombecytopenia may occur in fewer than 1 in 10,000 people (the
definition of the rarest AE) [17], but the frequency is not specified.
Another EMA document reports that fatal outcomes have been reported,
but again does not specify the frequency [18]. Therefore, it is unclear
whether ChA and AD26 recipients have a similar frequency of blood
clots and bleedings.

In the present manuscript, we compared the frequency of SAEs re-
ported in the EudraVigilance European database [19] following the
administration of the ChA, AD26, or BNT. In particular, we investigated
not only the frequency of SAEs related to coagulation disorders (venous
thrombetic and hemorrhagic events, including thrombocytopenia) but
also to arterial, cardiac, and nervous system events. To discover whether
SAE frequency differed from the baseline frequency of events in the
unvaccinated population, we hypothesized that the BNT vaccine does
not cause SAEs and that the SAEs observed in BNT recipients represent
the baseline event frequency [15].

The specific objectives of the study were to verify: i) whether ChA
and AD26 recipients have differing frequency of ccagulation disorder-
related SAEs and deaths; ii) whether the risk of virus-based vaccines is
limited to thrombotic/hemorrhagic events or involves arterial events;
iii) the frequency of SAEs and SAE-related deaths caused by cardiac and
nervous system events in ChA and AD26 recipients.

2. Material and methods
2.1. Data source

Data on reported AEs after administration of the ChA [reported as
“COVID-19 VACCINE ASTRAZENECA (CHADOX1 NCOV-19)"], AD26
[reported as “COVID-19 VACCINE JANSSEN (AD26.COV2.5)"] or BNT
[reported as “COVID-19 MRNA VACCINE PFIZER-BIONTECH (TOZI-
NAMERAN)"] vaccines were obtained from EudraVigilance [19] using
the in-site tools Number of Individual Cases and Number of Individual
Cases By Reaction Groups - By Seriousness. For in-depth analyses of
SAEs, a list of single case reports was obtained using the Line Listing
in-site tool using the parameters specified below. The data were
downloaded from EudraVigilance on 23 June 2021.

Data on the total number of ChA, AD26, and BNT vaccine doses
administered were downloaded from the European Centre for Disease
Prevention and Contrel (ECDC) database COVID-19 Vaccine Tracker
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tool [20] on 21 June 2021, and were equal to 48,071,531 (ChA), 5,891,
506 (AD26), and 213,021,122 (BNT) doses.

The vaccine administration data of the different age ranges were
downloaded from the ECDC database and referred to “Vaccine rollout
overview week 23rd, 2021" (www.ecdc.europa.eu/en/covid
-19/vaccine-roll-out-overview).

2.2. Parameters for downloading SAE single case reports

A specific search was undertaken using the EudraVigilance Line
Listing in-site teel using the following parameters:

» Seriousness: Serious

» Geographic Origin: All selected

» Reporter Group: All selected

o Sex: All selected

» Age Group: All selected

» Reaction Groups: All selected

» Reported Suspected Reaction: Keywords specified below
» Gateway Date: 2021

The keywords we used for the AE case report download are reported
in the Supplementary material (Tables S1-56).

The output of the Line Listing tool is an Excel™ table (Microsoft,
Redmeond, WA, USA) in which we reported AE single case reports,
specifying: EU Local Number, Patient Age Group, Patient Sex, Reaction
List PT (Duration — Outcome - Seriousness Criteria), Suspect/interacting
Drug List (Drug Char - Indication PT — Action taken — [Duration - Dose -
Route]), and the link for downloading the original single case report
form.

2.3. Analyses of AE reaction groups

We used the EudraVigilance in-site tool Number of Individual Cases
By Reaction Groups — By Seriousness to assess the absolute number of
non-SAEs and SAEs for all vaccines. Data were organized by the tool into
reaction groups. Eleven reaction groups were considered for further
analyses.

2.4. Data normalization

2.4.1. Data normalization using the total number of administered doses
The total number of administered deses for all vaccines was down-
loaded on 21 June 2021, from the ECDC database using the COVID-19
Vaccine Tracker tool. Therefore, the number of events (recipients with
AFs, SAEs, or death)/OMD was calculated using the following formula:

total number of events

total number of administered doscs] B 00,000

2.4.2. Normalization of AE data of administered doses by age range

For all vaccines, the number of administered doses in the different
age ranges was obtained from the “COVID-19 Vaccine rollout overview
week 23rd, 2021" data from the ECDC database for the available
countries (25 out of 30) (Table §7). Not all European countries provided
these data. Hence, we created six simulations to extend the available
data to all of Europe. One of these simulations, “European mean",
considered the data of all 25 countries to calculate the percentage of
administration in each age range. Each of the other five simulations
considered the data of 5 of the 25 available countries chosen in a sto-
chastic manner. For selecting the countries used in each of the five
simulations, all 25 European countries were numbered using the * -
RAND()" formula provided by Excel. Therefore, we selected only the five
countries with the highest numbers to calculate the percentage of
administration in each age range. The countries selected in the five
simulations were: Austria, Croatia, the Czech Republic, Luxembourg,
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and Portugal (Simulation 1); Belgium, the Czech Republic, Ireland, Italy,
and Romania (Simulation 2); Bulgaria, Iceland, Italy, Malta, and
Romania (Simulaticn 3); Greece, Ireland, Malta, Romania, and Sweden
(Simulation 4); and Estonia, Latvia, Romania, Slovakia, and Sweden
(Simulation 5). For all vaccines, the overall number of doses adminis-
tered was distributed in the age ranges using the fraction of adminis-
tered doses in each age range obtained from the six simulations with the
following formula:

[numbcr of doses administered in an age range,
total number of administered doses !

Consequently, the number of doses administered to each age range
was cbtained by multiplying the total number of administered vaccines
according to the fraction of administered doses.

Data on the SAE distribution in each age range were obtained
directly from the table generated by the Line Listing tool (the age ranges
required for analyses were 18-64 years and =65 years).

Each datum on AE frequency normalized for the two age ranges was
calculated six times using the percentage of the administered dose cb-
tained in the six simulations and was reported as the mean (with SD or
95% confidence interval [CI]) of the obtained results.

2.5. Statistical analyses

Statistical analyses were conducted using Prism v.9.1.2 (GraphPad,
San Diego, CA, USA). We evaluated the differences between the distri-
bution of the SAEs and death events following ChA, AD26, and BNT
vaccination in the two age ranges. The Kolmogerov-Smirnov normality
test was used on data from each group before statistical evaluation.
When three experimental groups were compared, if the Kolmogor-
ov-Smirnov normality test was passed, significance was calculated using
the Welch and Brewn-Forsythe one-way analysis of variance (ANOVA)
and Dunnett T3 multiple-comparison post-hoc analysis, and
multiplicity-adjusted p-values were reported. If the Kolmogor-
ov-Smirnov normality test failed, significance was calculated using the
Kruskal-Wallis test and Dunn's multiple-comparison post-hoc analysis,
and multiplicity-adjusted p-values were reported. When two experi-
mental groups were compared, the unpaired t-test with Welch's
correction was used if the Kolmogorov-Smirnov normality test passed,
and the Mann-Whitney test was used if the Kolmogorov-Smirnov
normality test failed.

3. Results

3.1. The frequency of SAEs and death following vaccination is higher in
ChA and AD26 than in BNT recipients

We first evaluated the number of SAEs reported by the European
EudraVigilance databank and normalized it with the number of doses of
each vaccine administered in European countries. We detected 9126,
1911, and 1104 SAEs/OMD in the ChA, AD26, and BNT recipients,
respectively. To understand which body part showed higher SAE fre-
quency in the ChA and AD26 recipients as compared to BNT recipients,
we evaluated SAEs and deaths affecting different organs/tissues/sys-
tems (10 AE reaction groups), as reported by EudraVigilance following
normalization with the number of doses of each vaccine administered in
European countries (Fig. 1A and B). We also considered the frequency of
SAEs and death that required instrumental diagnostics (AE reaction
group “investigations™).

Both SAEs and deaths were more frequent in ChA and AD26 re-
cipients than in BNT recipients in all reaction groups except for “immune
system disorders” and “infection and infestaticn”. Of note, vascular
disorder-related deaths were 3.8- and 7.1-fold more frequent in ChA and
AD26 recipients, respectively, compared to BNT recipients. In several
reaction groups, AD26 recipients had lower SAE frequency than ChA
recipients (Fig. 1A), but in the same reaction groups, AD26 and ChA
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recipients had similar frequencies of death (Fig. 1B). In particular,
“cardiac disorders”, “nervous system disorders”, and “vascular disor-
ders"” caused a death frequency of =1/100,000 doses in AD26 recipients.

3.2. AD26 and ChA recipients had a higher frequency of SAEs and SAE-
related death related to coagulation disorders and arterial, cardiac, and
nervous system events than BNT recipients

Considering that most of the deaths following the virus-based vac-
cines were due to “cardiac disorders”, “nervous system disorders”,
“respiratory, thoracic and mediastinal disorder”, and “vascular disor-
ders” (Fig. 1A), and some recipients of the virus-based vaccines showed
thrombocytopenia and venous blood clots possibly respensible for the
abovementioned SAEs, we evaluated the SAEs and death events related
to coagulation disorders (venous thrombotic, hemorrhagic events,
thrombocytopenia) and arterial, cardiac, and nervous system events
normalized with the number of doses administered (Figure S1) in vac-
cine recipients. AD26 and ChA recipients had much higher frequencies
of SAEs and SAE-related death in each group of SAEs than BNT re-
cipients. The hazard ratio (HR) of AD26 and ChA as compared to BNT
ranged between 1.57 and 12.87 for SAEs and between 2.19 and 18.81 for
death (Table 1).

To evaluate the data correctly, we needed to consider that the fre-
quency of hemorrhagic, arterial, cardiac, and nervous system events in
the general population (unvaccinated) increases with age. Such events
are considered SAEs when occur following drug administration (in this
case, vaccines). Therefore, even if the vaccine does not cause any AEs,
we expect more SAEs in an older vaccinated population than in a young
one. To evaluate whether the comparison among vaccine SAEs is cor-
rect, we evaluated the age of European people vaccinated with each
vaccine. Not all European countries report to the ECDC the number of
doses of a specific vaccine administered to people within an age range;
therefore, the recipient age for less than half of the administered doses is
known. Therefore, we inferred the number of people vaccinated in each
age range with BNT, ChA, or AD26 by knowing the number of doses
administered to the whole European population (with/without indica-
tion of the age range) and the percentage of vaccinated people in a
particular age range, calculated based on the information from the
abovementioned countries. Figure S2A shows that the BNT vaccine has
been administered to people aged 18-59 years at a similar percentage to
the ChA vaccine but smaller than that of the AD26 vaccine. Conse-
quently, the AD26 vaccine has been administered to people aged >60
years at a lower percentage than the BNT and ChA vaccines. Moreover,
the BNT vaccine has been administered much more often to people aged
=70 years (Figure 52A) and >80 years (Figure 52C) than the ChA and
AD26 vaccines. Therefore, in the hypothesis that vaccines do not cause
SAES, it is expected to find fewer SAEs in AD26 than ChA recipients and
fewer SAEs in ChA than BNT recipients when the SAEs and deaths of the
whole vaccinated population are evaluated. In the few cases in which
events in the unvaccinated population are more frequent in young rather
than older adults, the opposite would occur. This makes it difficult to
compare the data.

To make the data comparable, we evaluated the SAEs and deaths in
two age ranges: young adults (18-64 years old) and clder adults (>65
years old). The age distribution of vaccines in the young adults was
similar among the three vaccines (0.3-11.2% difference among the same
age range) (Figure S28), minimizing the risk of bias due to the admin-
istration of different vaccines to people of different ages. The age dis-
tribution of vaccines in the older adults was similar between AD26 and
ChA (no more than 5% differences among the same age range)
(Figure S20), rendering the SAEs and deaths following the administra-
tion of these vaccines comparable. On the contrary, among the older
adults, about two-thirds of BNT doses had been administered to people
aged =70 years, different from the AD26 and ChA vaccines, which have
been administered mainly to pecple aged 60-69 years. Therefore, in the
hypothesis that vaccines do not cause SAEs, it is expected to find more
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Fig. 1. Frequency of individual cases with AEs divided into reaction groups following BNT, AD26, or ChA vaccination. The frequency of individual cases of AEs
organized by reaction groups, as reported in the EudraVigilance database, was calculated by normalizing the number of individual cases with the vaccine doses
administered in Europe. SAEs (A) and SAE-related deaths (B) are reported. For focusing on life-threatening events, reaction groups with >2 deaths/OMD (the mean
between ChA and AD26 recipients) are reported, except for “surgical and medical procedures” and "general disorders and administration site conditions”, which
mainly refer to the vaccine inflammatory response. “Renal and urinary disorders™ and “immune system disorder” are also reported despite the occurrence of <2
deaths/OMD (the mean between ChA and AD26 recipients).
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Table 1
HRs of specific SAEs and SAE-related deaths following ChA and AD26 vacci-
nation, using BNT vaccination as the baseline reference.

SAEs Death events

ChA/BNT AD26/BNT ChA/BNT AD26/BNT
Venous thrombotic events  7.03 B.34 7.63 5.96
Hemorrhagic events 5.74 3.01 4.01 285
Thrombocytopenia 12.87 7.61 18.81 12.31
Arterial events 5.11 5.28 37N 5.44
Cardiac events 272 1.57 219 2.22
Nervous system events 4.13 4.22 4.05 373

SAEs and deaths in BNT rather than AD26 and ChA older adult re-
cipients. The expectation is enforced by the fact that in several countries,
more BNT than ChA and AD26 doses were administered to people with
co-morbidities [15].

Fig. 2 and Table S8 and 59 show the normalized frequency of
coagulation disorders, arterial, cardiac, and nervous system events, and
SAE-related deaths in young adult and older adult BNT, ChA, and AD26
recipients. The frequency of events and SAE-related deaths in each event
and age group was significantly higher in AD26 and ChA rather than
BNT recipients, despite the bias concerning the more frequent admin-
istration of the BNT vaccine to clder adults.

Among the most relevant SAEs in the ChA and AD26 recipients,
venous thrombotic SAEs were detected at a similar frequency (about 1-2
SAEs out of 10,000 doses) in young adults and older adults. Surprisingly,
an even higher frequency of arterial events was observed in both ChA
and AD26 recipients, but the frequency of these SAEs in AD26 recipients,
with particular reference to older adults, was higher than in ChA re-
cipients. Indeed, in AD26 recipients, arterial-related events were
responsible for about four deaths ocut of 100,000 doses. A high frequency
of cardiac event-related death was observed in older adult ChA and
AD26 recipients, showing about one death out of 100,000 doses. Inter-
estingly, young adult ChA recipients had more cardiac-related SAEs than
young adult BNT and AD26 recipients, with AD26 recipients showing
similar SAE frequency to BNT recipients. However, the frequency of
cardiac event-related death in young adult recipients was similar for
ChA and AD26 recipients and higher than for BNT recipients. A high
frequency of nervous system events was observed in ChA and AD26
recipients. In particular, older adult AD26 recipients showed high SAE
frequency, leading to about tweo deaths out of 100,000 doses. Notably,
the ChA recipients showed more SAEs than AD26 recipients for hem-
orrhagic events (young adults only) and thrombocytopenia, with a two
times higher frequency.

3.3. The frequency of SAEs and SAE-related deaths derived from
thrombosis and coagulation disorders is much higher than the TTS
frequency in AD26 and ChA recipients

The frequency of vaccine recipients with SAEs or death by venous
thrombesis, hemorrhage, and/or thrombocytopenia was equal to 195
SAEs/OMD and 12.1 deaths/OMD in ChA recipients, as expected [15],
and was slightly lower in AD26 recipients (173 SAEs/OMD and 9.5
deaths/OMD) (Table S10). In both the ChA and AD26 recipients,
thrombocytopenia frequency was much lower than that for venous
thrombosis, suggesting that not all people with venous thrombotic
events had thrombocytopenia. Moreover, not all recipients with
thrombecytopenia had thrombeosis (Figure 53). Therefore, the frequency
of vaccine recipients with TTS must be lower than that of recipients with
thrombesis.

To evaluate the frequency of TTS in ChA and AD26 recipients, we
evaluated the frequency of recipients with thrombosis and thrombocy-
topenia. The analysis suggested that TTS frequency was equal to 19.4
SAEs/OMD in ChA recipients, causing 3.6 deaths/OMD, and was lower
in AD26 recipients (11.2 SAEs/OMD, causing 2.0 deaths/OMD). As
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expected, in both ChA and AD26 recipients, TTS was more frequent in
young adults than in older adults (Table S10). Therefore, in ChA re-
cipients, TTS was responsible for about 20% of the venous thrombotic
SAEs and 10% of the SAEs caused by venous thrombosis, hemorrhage,
and/or thrombocytopenia (Table 510). In AD26 recipients, the per-
centages were even lower (Table S10).

3.4. Thromboembolic disease is the most frequent venous thrombotic SAE
in ChA and AD26 recipients

We evaluated the venous thrombotic SAEs of vaccines in all
(Table 512), young adult (18-64 years old), and older adult (=65 years
old) recipients (I'ig. 3A). Cerebral venous thrombosis (CVT) was virtu-
ally absent in BNT recipients and was observed at a similar frequency in
young adult ChA and AD26 recipients (about 20 SAEs/OMD). As ex-
pected, CVT was more frequent in young adults than in older adult ChA
recipients [15] but showed a similar frequency in young adult and older
adult AD26 recipients. Among the ChA and AD26 recipients, there were
higher numbers of CVT-related deaths in young adults (2-4 death-
5/OMD) rather than older adult recipients (about 1 death/OMD)
(Fig. 4A). If the CVT frequency in BNT recipients was considered equal
to the baseline event frequency in unvaccinated people, the HR in the
young adult ChA and AD26 recipients was about 22 and 20, respectively
(Table 2).

The most frequent venous thrombosis event in ChA and AD26 re-
cipients was the thromboembolic disease, showing a similar frequency
in the ChA and AD26 recipients (about 1 SAEs/10,000 doses). The fre-
quency of SAE-related death was similar to that of CVT in young adults
(3-4 deaths/OMD) and was higher in older adult recipients (3-7 deaths/
OMD). Considering that thromboembolic disease was observed even in
BNT recipients (likely representing its baseline frequency), the fre-
quency of SAFEs and death caused by the virus-based vaccines must be
evaluated by subtracting the SAEs observed following BNT from the
SAEs observed following virus-based vaccines. After subtracting the
baseline frequency, Fig. 5 shows that in ChA and AD26 recipients, a
frequency of thromboembolic disease higher than expected is observed.
The excess affects 69 and 89 young adult recipients/OMD and 80 and
122 older adult recipients/OMD following ChA and AD26, respectively,
whereby the HR of death in young adult ChA and AD26 recipients was
about 11 and 14, respectively (Table 2).

Figs. 3-5 show that SVT and venous thrombotic events different from
those mentioned above were detected in ChA and AD26 recipients at 2
higher frequency than in BNT recipients but were less relevant from the
quantitative point of view, even if they were responsible for some
deaths.

3.5. TTS is more frequent in CVT than in the other thrombotic SAEs in
ChA and AD26 recipients

In Section 3.3 and Table 510, we show that only 17.5% and 8.5% of
venous thrombotic events consisted of TTS in ChA and AD26 recipients,
respectively. We evaluated if TTS frequency was low even in vaccine
recipients with CVT. Table S11 shows that 59% of young adult ChA
recipients with CVT had thrombocytopenia, and 83% of the recipients
who died due to CVT had thrombocytopenia. If possible gaps in the
preparation of the AE reports by physicians were considered, the latter
percentage might mean that virtually all life-threatening CVT in young
adult ChA recipients are associated with thrombocytopenia. Older adult
ChA recipients with CVT had lower percentages of thrombocytopenia
and related death (Table S11).

Young adult AD26 recipients with CVT had a similar percentage of
TTS to ChA recipients (Table S11). In older adult AD26 recipients, CVT,
despite being more frequent than in ChA recipients (15.3 vs 7.4), was
virtually not associated with thrombecytopenia.
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Fig. 2. Frequency of individual cases with specific
SAEs and SAE-related deaths among BNT, ChA, and
AD26 recipients divided according to age group. The
frequency of individual cases with specific AEs
divided according to age range (18-64 years and >64
years) was obtained by normalizing the number of
individual cases with the doses apparently adminis-
tered to cach age range in Europe at week 23
{Table 57). We needed to evaluate the doses appar-
ently administered to each age range in Europe.
Hence, we considered the doses administered by the
European countries providing data on the adminis-
tration of each vaccine to these age ranges and
established a method for evaluating the variance of
the doses (see the Method section for details). The
figure shows the frequency (mean = SD) of individ-
ual cases with SAEs and SAE-related deaths consist-
ing of coagulation disorders (venous thrombotic and
hemorrhagic events, thrombocytopenia) and arterial,
cardiac and nervous system events. Significance was
calculated using the Welch and Brown-Forsythe one-
way ANOVA; the difference between ChA and BNT,
AD26 and BNT, and ChA and AD26 was assessed with
Dunnett T3 multiple-comparison post-hoc analysis,
and multiplicity-adjusted p-values are reported. ns
{not significant) = p > 0.05, *p < 0.05, **p < 0.01,
***n < 0.001, ****p < 0.0001.
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Fig. 3. Frequency of individual cases with specific SAEs among BNT, ChA, and AD26 recipients divided according to age group. The frequency of individual cases
with specific AEs divided according to age range (18-64 years and >64 years) was obtained by normalizing the number of individual cases with the doses supposedly
administered to each age range in Europe at week 23 (Table 57). To do this, we considered the doses administered by the European countries providing data on the
administration of each vaccine to these age ranges and established a method for evaluating the variance of the doses (see the Method section for details). The figure
shows the frequency (mean = SD) of individual cases with SAEs consisting of (A) venous thrombotic SAEs (CVT, SVT, thromboembolic disease, other venous
thrombotic events); (B) hemorrhagic SAEs (nervous system hemorrhage, gastrointestinal hemorrhage, other hemorrhagic events); (C) thrombocytopenia; (D) arterial
SAEs (cardiac arterial events — myocardial infarction, cerebral arterial events, other arterial events); (E) cardiac SAEs (cardiac arterial events — myocardial infarction,
arrhythmias, cardiac inflammation); myocardial infarction SAEs are also reported in (D); (F) nervous system SAFEs (stroke, venous stroke, nervous system hemor-
rhage, cranial nerves); nervous system hemorrhage is also reported in (B). Significance was calculated using the Welch and Brown-Forsythe one-way ANOVA test; the
difference between ChA and BNT, AD26 and BNT, and ChA and AD26 was assessed using Dunnett T3 multiple-comparison post-hoc analysis, and multiplicity-

adjusted p-values are reported. ns = p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

3.6. Nervous system hemorrhage is the most life-threatening hemorrhagic
SAE in ChA and AD26 recipients

We evaluated the hemorrhagic SAEs of vaccines in all (Table 512),
young adult (18-64 years old), and older adult (>65 years old) re-
cipients (Iig. 3B). Nervous system and gastrointestinal hemorrhage were
relatively frequent in young adult and older adult ChA and AD26 re-
cipients {(8-19 SAEs/OMD) and less frequent in BNT recipients so that
5-15 more SAEs/OMD were cbserved in the ChA and AD26 recipients.
Interestingly, a high frequency of non-cerebral, non-gastrointestinal
hemorrhagic SAEs was cbserved in young adult ChA recipients
(exceeding BNT by 58 SAEs/OMD) (Figs. 38 and 5), but not in older
adult ChA or young adult and older adult AD26 recipients. Nervous
system hemorrhage was the only life-threatening hemorrhage cbserved
in the ChA and AD26 recipients (Fig. 4B), with 5.0 and 2.7 more deaths
than BNT recipients in young adult recipients and an HR of about 21 and
11, respectively (Fig. 5 and Table 2).

Thrembocytopenia was much more frequent in ChA and AD26 than
in BNT recipients (Fig. 3C). However, it was more frequent in young
adult ChA rather than AD26 recipients, with 44 and 23 more SAEs than
BNT recipients, respectively, causing a relevant frequency of death in
young adult ChA recipients (5.9 more deaths/OMD than for BNT)
(Figs. 4C and 5).

3.7. Arterial SAEs are the most life-threatening in older aduit AD26
recipients

We evaluated the cardiac (myocardial infarction), cerebral (stroke),
and non-cardiac, non-cerebral arterial SAEs in all (Table S12), young
adult (18-64 years), and older adult (=65 years) recipients (Fig. 3D). In
young adult BNT recipients, the frequency of arterial SAEs was no more
than 5 SAEs/OMD, and in young adult ChA and AD26 recipients, the
frequency of cardiac, cerebral, and non-cardiac, non-cerebral arterial
SAEs was about 16 (both), 47 (both), and 50 (ChA), or 100 (AD26)
SAEs/OMD, respectively. The frequency of stroke and non-cardiac, non-
cerebral arterial SAEs was even more striking in older adult AD26 re-
cipients, exceeding that in BNT recipients by 34-139 SAEs/OMD
(¥ig. 5). Moreover, in older adult AD26 recipients, 10-20 deaths/OMD
were correlated to arterial SAEs (Fig. 4D), exceeding that in BNT re-
cipients by 8-20 deaths/OMD (Fig. 5) and with HR = 4-21 (Table 2).
The greater SAEs and deaths compared to the BNT vaccine are surely
more relevant than that reported, given the bias concerning the age
distribution of older adult vaccine recipients (Figure S2C), with BNT
recipients being older than ChA and AD26 recipients. In fact, arterial
events are much more frequent in older rather than young people in the
vaccine untreated population.

3.8. Cardiac arrhythmias are more frequent in ChA and AD26 recipients

To determine whether there were cardiac SAEs different from
myocardial infarction in ChA and AD26 recipients, we evaluated the
frequency of arrhythmias and cardiac inflammations in the vaccine re-
cipients (Table 512) (Fig. 3E). The frequency of cardiac arrhythmia-
related SAEs was similar (about 23 SAEs/OMD) in young adult BNT

and AD26 recipients and was much higher in ChA recipients, exceeding
that in BNT recipients by 50 SAEs/OMD (Fig. 5). In older adult ChA and
AD26 recipients, the frequency of cardiac arrhythmia-related SEAs was
twice that observed in BNT recipients. Interestingly, there were more
cardiac arrhythmia-related deaths not only in older adults but even in
young adult ChA and AD26 recipients (2.1-6.1) than in BNT recipients
(Fig. 5).

In young adult vaccine recipients, there were more cardiac
inflammation-related SAEs than in older adult recipients (Fig. 2E), and
the differences among the BNT, ChA, and AD26 vaccines were not
relevant (Fig. 5).

3.9. Venous strokes are more frequent in ChA and AD26 recipients

To determine whether there were SAEs affecting the central nervous
system and different from stroke and hemorrhage in ChA and AD26
recipients, we evaluated the frequency of venous stroke and SAEs
affecting the cranial nerves (Fig. 3F) (Table S12).

Venous stroke was very rare in BNT recipients and was observed at a
frequency of about 15/0MD in young adult ChA and AD26 recipients,
with some deaths (Figs. 3F and 4F). There were 13-16 more SAEs/OMD
than that in BNT recipients (Fig. 5), with HR = 25-20 (Table 2). Cranial
nerve-related SAEs were observed in BNT recipients, particularly the
young adults (about 7 SAEs/OMD). In the same age range, compared to
BNT recipients, cranial nerve SAEs were more than twice as frequent in
ChA recipients, while AD26 recipients had a lower frequency thereof.

3.10. The frequency of SAEs in older adult AD26 recipients and arterial
SAEs in young adult and older adult AD26 recipients was higher than in
ChA recipients

There were many more SAEs and SAE-related deaths for the ChA and
AD26 vaccines than for the BNT vaccine concerning coagulation disor-
ders and arterial, cardiac, and nervous system events. The greater
number of SAFs and deaths in the ChA and AD26 recipients is relevant in
most of the AE types we considered and were present in both young
adults and older adults (Fig. 5). However, several differences were
observed in the frequency of specific SAEs in the ChA and AD26
recipients.

To determine whether there were systematic differences between
SAE frequency in the ChA and AD26 recipients, we evaluated the SAE
frequency ratio in young adult and older adult ChA and AD26 recipients.
Fig. 6 shows that the SAE frequency in the ChA and AD26 recipients was
3-4-fold in favor of either the former or the latter. There was a similar
SAE frequency for only 15 out of 36 SAES in the ChA and AD26 recipients
(white background). The differences suggest that: 1) with the relevant
exception of arterial events, the ChA vaccine is associated with more
SAEs than the AD26 vaccine in young adults; 2) the AD26 vaccine is
associated with more SAEs than the ChA vaccine in older adults; 3)
AD26 vaccination is followed by more arterial events than ChA vacci-
nation, specifically concerning myocardial infarction and stroke in older
adults and nen-cardiac, non-cerebral arterial events in both young
adults and colder adults; 4) despite thrombocytepenia being caused even
by the AD26 vaccine, it was more [frequent in ChA than in AD26
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Fig. 4. Frequency of individual cases with specific SAE-related death among BNT, ChA, and AD26 recipients divided according to age group. The frequency of
individual cases with specific AEs divided according to age range (18-64 years and >64 years) was obtained by normalizing the number of individual cases with the
dases supposedly administered to each age range in Europe at week 23 (Table 57). To do this, we considered the doses administered by the European countries
providing data on the administration of each vaccine to these age ranges and established a method for evaluating the variance of the doses (see the Method section for
details). The figure shows the frequency (mean = SD) of individual cases with deaths related to SAEs consisting of (A) venous thrombotic SAEs (CVT, SVT,
thromboembolic disease, other venous thrombotic events); (B) hemorrhagic SAEs (nervous system hemorrhage, gastrointestinal hemorrhage, other hemorrhagic
events); (C) thrombocytopenia; (D) arterial SAEs (cardiac arterial events — myocardial infarction, cerebral arterial events, other arterial events); (E) cardiac SAEs
(cardiac arterial events - myocardial infarction, arrhythmias, cardiac inflammation); myocardial infarction SAEs are also reported in (D); (F) nervous system SAEs
(stroke, venous stroke, nervous system hemorrhage, cranial nerves); nervous system hemorrhage is also reported in (B). When deaths were observed for all three
vaccines, significance was calculated using the Welch and Brown-Forsythe one-way ANOVA test: the difference between ChA and BNT, AD26 and BNT, and ChA and
AD26 was assessed with Dunnett T3 multiple-comparison post-hoc analysis, and multiplicity-adjusted p-values are reported. When deaths were observed for only two
vaccines (#), the unpaired ¢-test with Welch's correction was used. ns = p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

Table 2
HRs of specific SAEs and SAE-related deaths in the age groups following ChA and AD26 vaccination, using BNT vaccination as the baseline reference.
HR of SAEs mean = SD (95% (1) HR of death events mean = SD (95% CI)
1864 y =65y 18-64 y =63y
ChA/BNT AD26/BNT ChA/BNT AD26/BNT ChA/BNT ADZ6/BNT ChA/BNT ADZ6/BNT
Cerebral venouws thrombosis 21.59 = 2.05 15.78 + 1.20 5.45 = 0.70 11.34 £ 3.70 57.00 £ 5.42 35.33 £ 2.14 B17 = 1.04 5.99 £ 1.5

(19.44-23.74)  (18.52-21.04) (4.72-6.18) (7.46-15.22) (51.32-62.69) (33.08-37.58) (7.08-9.27) (3.94-8.04)
Splanchnic vein thrombosis 14.58 = 1.38 .09 £ 0.55 7.05 =090 1252+ 4.08 18.49 + 1.76 740 = 045 7.99 + 1.02 NAS
(13.13-16.03) (8.51-9.67) (6.11-7.99)  (8.24-16.80) (16.65-20.34) (6.93-7.87) (6.92-9.06)

Thromboembolic disease 10.09 = 0.96 12.85 £ 0.78 5.03 =064 7191234 10.58 + 1.01 13.85 = 0.84 4.39 L 056 2321076
(8.08-11.10) (12.03-13.67) (4.36-5.70) (4.73-9.65) (9.53-11.64) (12.97-14.73)  (3.81-4.98) (1.52-3.11)
Other venous thrombotic 9.53 =091 9.17 £ 0.56 4832062 4.38+143 NA NA. 3.03 L 0.39 3842+ 1252
events (8.58-10.48) (8.58-9.75) (4.18-5.47)  (2.88-5.88) (2.63-3.44) (25.28-51.56)

Nervous system: hemorrhage 1142 = 1.09 7.98 + 048 2632034 4491146 2062 1 1.56 11.41 = 0.69 1.84 £ 0.23 2224072
(10.28-12.56) (7.47-8.49) (2.28-2.98) (2.95-6.02) (18.56-22.67) (10.68-12.14) (1.60-2.08) (1.46-2.98)
Gastrointestinal hemorrhage 5.63 = 0.53 3.33 £ 0.20 2632033 281 L0092 7.57 £ 072 5.67 = 0.34 1.73 £ 0.22 280109
(5.07-6.19) (3.12-3.55) (2.28-2.98} (1.85-3.77) (6.82-8.33) (5.31-6.03) (1.50-1.97) (1.85-3.76)

Other hemorrhagic events 7.06 = 0.67 1.80 £ C.11 367 +0.47 467 £1.53 26.98 1 2.57 23.75 = 1.45 202 L 0.26 NAS
(6.36-7.76) (1.65-1.92) (3.18-4.16) (3.07-6.27) (24.29-29.67)  (22.23-25.27) (1.75-2.28)
Thrombocytopenia 19.47 = 1.85 10.48 £ 0.64 7722098 4.60+1.50 63.37 + 6.02 32.98 - 2.00 7.20 £ 0.92 807 + 263
(17.52-21.41)  {9.81-11.15) (6.69-8.74)  (3.03-6.18) (57.05-65.69) (30.88-35.08) (6.23-8.16) {5.31-10.83)
Cardiac arterial events 6.05 = 0.57 6.74 £ 041 279 :035 581189 6.64 L 0.63 7.83 = 0.47 230 £ 0.29 4.23 +1.38
(infarction) (5.45-6.63) (6.31-7.17) (2.41-3.16)  (3.82-7.80) (5.98-7.30) (7.33-8.32) (1.55-2.61) (2.78-5.67)
Cerebral arterial events 8.05 = 0.76 891 = 0.54 3.26 =042 6.03 196 21.07 = 2.00 20.68 = 1.26 246 £ 0.31 4.89 + 1.58
(7.24-8.83) (8.34-9.48) (2.83-3.70) (3.96-8.09) (18.97-23.17)  (19.36-22.0) (2.13-2.79) (3.22-6.56)
Other arterial events 9.79 = 0.93 19.73 + .20 5.60 = 0.71 18.66 = 6.08 20.20 + 1.92 34.81 = 212 5.10 £ 0.65 21.34 L 6.95
(8.82-10.77) (18.47-20.98) (4.85-6.34) (12.28-25.04) (1B.19-22.22) (32.59-37.03) (4.41-5.78) {14.05-28.64}
Cardiac arterial events 6.05 = 0.57 6.74 = 041 279035 581189 6.55 L 0.62 7.83 = 0.47 230 £ 0.29 4.23 +1.38
(infarction) (5.45-6.65) (6.31-7.17) (2.41-3.16}  (3.82-7.80) (5.89-7.20) (7.33-8.32) (2.00-2.61) (2.78-5.67)
Cardiac arrhythmias 259 = 0.28 0.82 = 0.05 214 =027 217 =071 3.79 £ 0.36 3.37 = 0.20 1.46 £ 0.19 226 + 0.74
(2.70-3.29) (0.77-0.87) (1.85-2.42) {1.43-291) (3.41-4.17) (3.16-3.59) (1.26-1.65) (1.45-3.04)
Cardiac inflammations 1.25 = 0.12 0.80 =+ 0.05 1322017 097 = 0.32 3.37 £ 0.32 NAS 1.22 £ 0.16 NAS
(1.12-1.37) (0.75-0.84) (1.15-1.50}  {0.64-1.31) (3.03-3.70) (1.05-1.38)
Stroke 8.11 = 0.75 899 = 0.67 3.29 =044 6.06 =192 21.23 1 1.97 20.86 = 1.54 248 £ 0.33 4.92 1 1.56
(7.32-8.50) (8.25%-9.70) (2.83-3.75) (4.04-8.08) (19.17-23.30)  (19.24-22.48)  (2.13-2.83) (3.28-6.56)
Venous stroke 2483 = 2.36 20.21 = 1.23 7.59 =097 10.36 = 3.38 58.66 1+ 5.58 30.23 - 1.84 13.90 L 1.77 15.37 £ 5.01

(22.35-27.31)  (18.92-21.50) (6.57-8.60} (6.82-13.90) (52.80-64.51}  (28.30-32.15) (12.05-15.76) (10.11-20.62}
Nervous system hemorrhage 1142 - 1.09 7.98 £ 048 263034 449146 2062 1+ 1.56 11.41 = 0.69 1.84 £ 0.23 222+ 0.72
(10.28-12.536)  (7.47-B.49) (2.28-2.98) (2.95-6.02) (18.56-22.67) (10.68-12.14) (1.60-2.09) (1.46-2.98)
Cranial nerves 226 = 0.22 0.76 £ 0.05 211 2027 1.55+0.51 N.A NAS NAS NAS
(2.03-2.48) {0.71-0.80) (1.83-2.39) (1.02-2.08)

* No death events reported for AD26 vaccine.
” No death events reported for BNT vaccine.
© No death events reported for both vaccines.

recipients. Indeed, TTS was more frequent in ChA rather than AD26 vaccination, but exclusively involved recipients experiencing coagula-
recipients (Section 3.3). tion disorders and arterial, cardiac, and nervous system events.

¥ig. 7 shows that 2 much higher frequency of ChA and AD26 re-

cipients than BNT recipients were affected by SAEs. In particular, there

3.11. ChA and AD26 show similar levels of SAEs with regards to the were 200-400 more SAEs/OMD for the ChA and AD26 vaccines than for

considered events the BNT vaccine (i.e., 2-4 SAEs related to ceagulation disorders and

arterial, cardiac, and nervous system events for every 10,000 deses).

To determine the burden of SAEs and SAE-related deaths from vac- There were slightly more SAEs for the ChA vaccine than for the AD26

cines, it would be incorrect to sum the above-described SAEs and deaths. vaccine in the young adult recipients and a similar SAE frequency to the

In fact, a recipient may have developed and died from =1 SAE. There- AD26 vaccine in older adults, even if there was a tendency for more SAEs
fore, we evaluated the number of recipients affected by SAEs and who for the AD26 vaccine in this subpopulation.
died from SAEs following BNT, ChA, and AD26 vaccination. The data did Fig. 7 also shows a much higher frequency of SAE-related death in

not involve all recipients with SAEs and SAE-related death following
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Fig. 5. Frequency of SAEs and SAE-related deaths due to specific AEs in ChA and AD26 recipients over that in BNT recipients. (A) The frequency of SAEs in ChA and
AD26 recipients over those in BNT recipients, divided according to age group. In the hypothesis that the BNT vaccine does not cause SAEs (i.e., the SAE frequency in
BNT recipients reflects the frequency of severe events in the unvaccinated population), the number in cach rectangle represents the frequency of SAEs/OMD caused
(not observed) by ChA and AD26. Darker colors indicate a higher frequency of events caused by the virus-based vaccines. White represents SAEs with a similar
frequency between the virus-based vaccines and BNT. (B) The frequency of SAE-related deaths in ChA and AD26 recipients over those in BNT recipients, divided
according to age group. In the hypothesis that BNT does not cause death (i.e., the frequency of deaths in BNT recipients reflects the frequency of deaths in the
unvaccinated population), the number in each rectangle represents the frequency of deaths/OMD caused {(not observed) by the ChA and AD26 vaccines. Darker colors
indicate a higher frequency of deaths caused by the virus-based vaccines. White indicates SAE-related deaths with a similar frequency between the virus-based

vaccines and BNT.

ChA and AD26 recipients than in BNT recipients. The greater frequency
compared to the BNT vaccine was: 1) about 16 deaths/OMD in young
adults, meaning 1.5 more deaths for the ChA and AD26 vaccines every
100,000 deses; 2) 17-38 deaths/OMD in older adults, meaning 1.5-4
more deaths for the ChA and AD26 vaccines every 100,000 doses. In ChA
and AD26 young adult and recipients the frequency of death associated
with the vaccines was similar, even if in old adult AD26 recipients a
tendency for more SAE-associated deaths is observed.

4. Discussion

SARS-CoV-2 promotes humoral immunity dysregulation and auto-
antibody preduction, possibly contributing to the complication of
COVID-19 [21-27]. Among the SARS-CoV-2 proteins, the spike protein,
whese production is favored by each vaccine, carries a relevant number
of amino acid sequences similar to those of human self-tissues {(molec-
ular mimicry), resulting in a higher possibility of the production of an-
tibodies cross-reactive with human proteins [28]. Despite that, vencus
thrombesis and thrombocytopenia are much more frequent in ChA re-
cipients than in BNT recipients [15,29,30], and we demonstrate here
that coagulation disorders and arterial events were much more frequent
in ChA and AD26 recipients rather than BNT recipients, with a high SAE
and SAE-related deaths frequency in both young adult and older adult
recipients. Therefore, the data suggest that the viral spike protein pro-
duced following vaccination with the abovementioned vaccines is not
the main party responsible for the SAEs of ChA and AD26 vaccination.
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However, virus involvement in autoimmune diseases has long been
known [31]. Indeed, several viral proteins show melecular mimicry [32,
331, Therefore, the virus-based ChA and AD26 vaccines may be associ-
ated with a higher frequency of SAEs because of adenoviral proteins or
the preduction of aberrant spike proteins, as discussed below.

4.1. The higher frequency of SAEs related to coagulation disorders and
arterial, cardiac, and nervous system events in ChA and AD26 recipients
than BNT suggest that ChA and AD26 cause or participate in causing such
events

To assess the safety profile of a drug, the temporal asscciation of an
undesirable event with drug administration is not sufficient to demon-
strate the cause-effect relationship between the drug and the event
despite the event being formally defined AE or side effect (usually
related to a drug). In fact, undesirable events are present in the un-
treated population regardless of drug administration and it must be
considered that they occur with the same frequency (reference fre-
quency) after drug administration. If the frequency is higher, the drug is
known to cause the AE.

To assess whether ChA and AD26 cause SAEs, we used BNT re-
cipients as a reference here and in a previous study [15]. Considering
that BNT is not a long-term treatment, it is unlikely to protect people
from unwanted events, Consequently, the frequency of SAEs in BNT can
be equal to that of the untreated population or higher, if BNT also causes
coagulation disorders and/or arterial, cardiac, and nervous system SAEs.



