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To the Editor:
In the aftermath of our recent research letter that sug-
gested a batch-dependent safety signal with the BNT162b2
mRNA COVID-19 vaccine (Pfizer-BioNTech),! concerns
have been raised in the journal about the methodology
and interpretation of the data.>™ As was explicitly stated
in our letter, the results were hypothesis-generating and
not usable to infer causality. Unsurprisingly, however, the
study received massive public exposure, especially on so-
cial media platforms, with responses ranging from unre-
served acclamation to obsessive criticism® whereas new
formal peer-reviewed BNT162b2 mRNA vaccine batch-
dependent data have yet not become available. Against
this background, we here briefly address some of the prin-
cipal points that were rasised.”™

First, as stated in our report,’ spontaneous (or pas-
sive) adverse events reporting systems like the US VAERS
and the system managed by the Danish Medical Agency
(DKMA) used in our study carry inherent limitations,
for example, underreporting, and incomplete and inac-
curate data.®’ Notably, unlike VAERS, SAEs reported to
the DKMA are reviewed and processed by the DKMA
before their public release. The WHO VigiBase is subject
to similar limitations as VAERS and the relevance of the
worldwide study of suspected adverse events (SAESs) re-
ported to VigiBase with BNT162b2 and Moderna mRNA
vaccines compared to conventional influenza vaccines
that was highlighted by one respondent®® for our study
of BNT162b2 batch-dependent safety in Denmark is
unclear to us. Furthermore, our study was based on re-
ported SAEs from 13,635 subjects and such substantial
population-based sample renders underreporting (if
consistent between vaccine batches) less important. As
inferred by a respondent from the Danish Statens Serum
Institut (SSI),3 on June 24, 2021, the DKMA issued a
press release that requested for people to not report sim-
ple and transient SAEs. This request, however, was not
linked with a noticeable concomitant drop in reported
SAEs and our current data show that use of the blue

trendline batches was completed by mid-March 2021,
indicating that the DKMA request did not contribute to
the highly significant reduction of SAEs/1.000 doses ob-
served between the blue and the green trendline batches
(figure 1 in our report)."

Second, at the time of submission of our report we
had been denied FOTI access to temporal data from the SSI
which is responsible for vaccine safety in Denmark, and
we were hence unable to meaningfully speculate about
the apparent ‘zero SAE’ yellow batches that are questioned
by the respondent from the SSI.*> However, after publica-
tion of our report it became apparent in public statements
made by the SSI that these batches were the last batches
used during the study period and that the alphanumeric
order of batch identification codes did, in fact, reflect their
temporal order of use. Accordingly, the blue, green, and
yellow trendline batches were the first, second, and last
batches to be used, respectively, and the most likely rea-
son for ‘zero SAE’ batches was a backlog of unprocessed
SAE reports present at the DKMA at the time of our data
retrieval. A subsequent inclusion of this backlog in our
analyses indicates that the slopes of the green and yellow
batch trendlines increased slightly, that is, the ‘zero SAE
batches’ disappeared, but that the overall trends presented
in figure 1 of the report' were relatively unchanged (own
unpublished results). Regarding shipped vs. administered
batches, the batch size data that we received from the
SSI were presented to us by the SSI as ‘number of doses
per batch, that have been delivered and used in Denmark’.
Although this would appear to assume complete 100%
usage of all shipped vaccines, we compared these data to
the total number of administered vaccines on the precise
cut-off time of data retrieval that was displayed on the
Danish vaccine dashboard that is managed by the SSI and
we found only a<0.15% difference between the number
of shipped and administered doses. Accordingly, after
having also checked that no vaccine batch (in part or as
a whole) remained stored at the SSI warehouse was in-
cluded in our data, we reported doses as being the number
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of ‘administered’ doses, since the phrase ‘shipped doses’
would lead readers to wrongly think that the reported
number of doses per batch differed significantly from the
number of administered doses per batch.

Third, since we had been denied access to temporal
data by the SSI, we were unable to explore whether the
high SAE blue trendline batches were administered at the
start of the vaccine rollout, but as indicated above this was
confirmed publicly by the SSI after publication of our re-
port. However, the notion that high SAE batches in our
study was a result of these batches being administered to
old and frail subjects at the start of the vaccine campaign
disregards that these individuals are not those most likely
to report their SAEs and they were vaccinated not only
twice at the start of the vaccination campaign, but once
again hereafter during the early campaign period, and
then again from mid-September 2022. These consecutive
revaccinations should likely then have given rise to a sub-
stantial lift in SAEs from batches used in the later study
periods, that is, the green or yellow batch trendlines.! Yet
no such lift was observed, but rather a steady decline over
time in rates of batch-dependent SAEs pr. 1000 doses.
Moreover, younger front line health care workers were,
of course, also among the first to be vaccinated. We have
now gained access to data on the age of subjects with re-
ported SAEs and for the high SAE batches (report's fig-
ure 1, blue trendline),’ only 21% of SAEs were reported
in people >70years, while this ratio was 22% for ‘medium
SAE batches’ (green trendline) and 27% for the ‘low SAE
batches’ (yellow trendline), respectively. Therefore, it ap-
pears highly unlikely that selective administration to old
and frail persons during the first phase of the pandemic
was a primary contributor to the emergence of the ap-
parent high SAE batches. Notably, a potential for vastly
increased risk of SAEs in elderly and frail persons is not
mentioned in the summary of product characteristics for
the BNT162b2 vaccine.

Fourth, regarding the comment from the respondent
from the SSI about our use of non-hierarchical cluster
analysis methodology,’ it was clearly apparent from the
x-y plot (report's figure 1) that the relationship between
numbers of SAEs and BNT162b2 vaccine doses in differ-
ent batches was highly heterogeneous. Therefore, con-
ventional linear regression statistics were not considered
readily applicable. Furthermore, standard methods for
examining heterogeneity in linear models, for example,
latent class analysis’ and finite mixture modeling'® did
not yield usable results, likely because the discriminatory
ability of these models is markedly reduced when regres-
sion line slopes approach zero (report’s figure 1, yellow
trendline).! Accordingly, we applied a more robust strat-
egy by use of the simple fact that any plausible trendline
must pass through origin (0,0) as there are invariably 0

SAEs with 0 doses. Therefore, the trendline for each single
vaccine batch was characterized by the equation ‘y=p « x’,
where y was number of SAEs per batch, x was number
of doses per batch, and p was the slope of the individual
batch trendline, respectively. By isolating ‘B°, nonhierar-
chical cluster analysis could be applied to the vectors of all
‘Bs’ after log transformation, since ‘p’ showed a roughly ex-
ponential distribution and vectors were hereby segmented
into three clusters with maximized homogeneity within
trendline clusters, as well as maximized heterogeneity be-
tween these clusters, respectively. Hereafter, analysis of
variance (general linear model [GLM]) was performed be-
tween the three trendline clusters as groups and showed
significant differences (p <0.0001) between the groups as
reported in our letter."

Fifth, other respondents have claimed that Poisson
GLM should have been used to connect the linear model to
the nonlinear response variable representing SAE counts
per 1.000 doses and that the choice of the three clusters
should have been justified.4 However, as described above
we did not use the GLM directly on the count data but
performed a nonhierarchical cluster analysis followed by
Poisson GLM test on the § value for each batch. The latter
variable is theoretically a linear continuous variable that is
suitable for both GLM and cluster analysis. Also, it is nota-
ble that nonhierarchical cluster analysis does not contain
any mechanism for determining the optimal number of
clusters. Indeed, this deduction is often done (as we did)
by first using hierarchical cluster analysis. The presence of
three clusters was clearly apparent in figure 1 of our report
and the GLM tests revealed that this solution provided sta-
tistically significant separation of the batch profiles.!

Finally, after publication of our report, we have become
aware of the first Periodic Safety Update Report (PSUR)
for the BNT162b2 vaccine covering the period 19 Decem-
ber 2020 to 18 June 2021 that was submitted to the Euro-
pean Medicines Agency on 19 August 2021 by the market
authorization holder (BioNTech).!* This PSUR appears to
confirm a large variation in numbers of adverse events be-
tween different BNT162b2 batches and batches with the
highest number of adverse events reported here were all
those represented by the blue ‘high SAE’ trendline in the
figure of our published study.""!

In conclusion, the preliminary findings in our report
emphasize that the results are hypothesis-generating and
cannot be used to establish causality." We eagerly await
more definitive studies of batch-dependent safety of the
BNT162b2 mRNA COVID-19 vaccine, for example, from
the SSI, to refute or validate our results and increase the
evidence base for this important area of research.
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