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Abstract: Background and Objective: An unexpected batch-dependent safety signal for the BNT162b2
mRNA COVID-19 vaccine was recently identified in a nationwide study from Denmark, but the
generalizability of this finding is unknown. Therefore, we compared batch-dependent rates of
suspected adverse events (SAEs) reported to national authorities in Denmark and Sweden. Materials
and Methods: SAE and vaccine batch data were received from national authorities in Denmark and
Sweden, and analyses of heterogeneity in the relationship between numbers of vaccine doses and
SAEs per batch were performed, along with comparison of SAE rates and severities for batches
that were shared between the two countries. Results: Significant batch-dependent heterogeneity
was found in the number of SAEs per 1000 doses for both countries, with batches associated with
high SAE rates detected in the early phase of the vaccination campaign and positive correlations
observed between the two countries for the severity of SAEs from vaccine batches that they shared.
Mild SAEs predominated in the batches used in the early part of the vaccination roll-out, where
markedly higher SAE rates per 1000 doses in Denmark for the batches that were shared between
the two countries suggested that a large proportion of these SAEs were under-reported in Sweden.
Conclusions: The batch-dependent safety signal observed in Denmark and now confirmed in Sweden
suggests that early commercial batches of BNT162b2 may have differed from those used later on, and
these preliminary and hypothesis-generating results warrant further study.
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1. Introduction

The critical appraisal of data from the global emergency vaccination program against
COVID-19 has identified concerns about risks associated with the predominant COVID-19
mRNA–lipid nanoparticle vaccine platform [1,2]. For example, secondary analyses of
the pivotal placebo-controlled randomized trials indicated an excess of severe adverse
events and irregularities in data integrity and regulatory oversight of the BNT162b2 vac-
cine (Comirnaty, Pfizer-BioNTech) trials [3,4]. Moreover, data from Pfizer showed that
manufacturing changes were made during upscaling from clinical to commercial vaccine
batches, and leaked documents from the European Medicines Agency (EMA) suggested
that early commercial BNT162b2 vaccine batches contained unexpectedly low amounts of
intact mRNA [1,2,5]. Along this line, the first Periodic Safety Update Report (PSUR) for the
BNT162b2 vaccine submitted to EMA by the market authorization holder (BioNTech) on
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19 August 2021 suggested considerable variation in the numbers of SAEs between different
BNT162b2 batches administered during the early vaccination campaign [6].

We recently reported the results of a nationwide study from Denmark indicating a
batch-dependent safety signal for the BNT162b2 vaccine, with unexpected heterogene-
ity in the relationship between the rates of reported suspected adverse events (SAEs)
per 1000 doses and the number of doses in individual vaccine batches [7]. Three distinct
clusters of BNT162b2 vaccine batches were identified, with highly variable SAE reporting
rates. Also, a temporal reduction in batch-dependent SAE rates was found that paralleled
the temporal sequence of vaccine batch roll-out, with batches administered at the beginning
of the vaccination campaign displaying disproportionally high SAE rates [7,8]. Interest-
ingly, the batches with the highest SAE rates were also among those reported to have high
numbers of SAEs in the PSUR from the market authorization holder [6]. However, these
hypothesis-generating results called for validation, preferably in a country with compara-
ble demographics and where vaccine batches exhibited overlap with those distributed in
Denmark. Sweden and Denmark are proximate Scandinavian countries that shared several
BNT162b2 vaccine batches, albeit they otherwise displayed somewhat different responses
to the COVID-19 pandemic, with extensive use of authoritative politics-led regulatory
instruments in Denmark compared to Sweden, which exhibited expert-led management
and abstained from imposing a national lockdown [9]. Therefore, we compared BNT162b2
batch-dependent SAE rates in Denmark and Sweden, including in these analyses also
newly obtained data from Denmark that had not been processed by the Danish regulatory
authorities at the time of our previous report [7].

2. Materials and Methods
Data Sources

The Danish BNT162b2 data covering a period from the start of the vaccination campaign
(27 December 2020) to 5 October 2023 were received on request from the Danish Medical
Agency (DKMA) on 6 October 2023. Notably, the current data from the DKMA differed
from our previously published Danish study by including a backlog of a total of 49,749 SAEs
that had not been processed by the DKMA at the time of our earlier report [7]. The SAE
reporting system run by the DKMA is a spontaneous passive surveillance system that receives
SAE reports from any source, e.g., patients, healthcare workers, and other members of the
public [10]. Summary demographics (sex, age, and status as a private citizen or healthcare
worker) of the SAE registrants were obtained. The data were classified by the DKMA according
to SAE severity (mild, severe [hospitalization, life-threatening illness, permanent disability or
congenital malformation], or SAE-related death, respectively) and included 34,410 registered
and processed reports, with a total of 93,245 SAEs or 2.71 SAEs per report. The vaccine batch
label codes, which were usually two capital letters followed by four numbers, e.g., ‘FE2090’,
and displayed a time-dependent alpha-numerical progression throughout vaccine roll-out,
were incomplete or missing for 19.2% of reported SAEs, and these batches were not used in
the analyses. The number of doses per vaccine batch shipped from the Danish State Serum
Institute (SSI) until 28 March 2023 were obtained on request on this date, by which time
72 separate BNT162b2 batches had been distributed by the SSI. Since data on the number
of doses administered per individual batch during the latter part of the examined period
were not made available to us by the SSI despite repeated requests, we limited the current
direct comparison with data from Sweden to the 52 batches (including batches that were
shared between the two countries) used in the period from 27 December 2020 to 11 January
2022, for which we previously found a <0.15% difference between numbers of shipped and
administered doses in Denmark [7,8]. During this period, 30,646 reports were registered and
processed in Denmark, with a total of 83,667 SAEs, or 2.73 SAEs per report.

For the Swedish BNT162b2 data, reported SAEs and the number of administered
doses per vaccine batch from the start of the vaccination campaign on 27 December 2020 to
19 January 2024 were received on request from the Swedish Medical Products Agency (SMPA;
Läkemedelsverket). The number of administered doses per vaccine batch was obtained from



Medicina 2024, 60, 1343 3 of 9

the Public Health Agency of Sweden (Folkhälsmyndigheten) on 29 January 2024. The SMPA-
managed SAE reporting and data capture system is a passive surveillance reporting system
akin to the DKMA-managed system [11]. The Swedish SAE data included 56,784 registered
and processed reports, with a total of 219,731 SAEs, or 3.87 SAEs per report. At the time
of data retrieval, only 401 reports from the accessed period had not been processed and
4.4% of SAE registrations did not include details of the vaccine batch, and these incomplete
records were not used in the cluster analyses. During the period, doses from 112 separate
BNT162b2 vaccine batches were utilized, and out of a total of 22,333,887 administered doses,
10,780 (0.05%) doses did not have a valid batch label code and were not included in the
analyses. The period from 27 December 2020 to 11 January 2022 included 48,172 registered
and processed reports, with a total of 186,672 SAEs, or 3.88 SAEs per report.

3. Statistical Analysis

All data were received in tabular format and registered on an SAE level. Each SAE
was registered separately, and in case several SAEs were reported by an individual, these
were registered on separate SAE lines. The batch label code of a vaccine dose with the
reported SAEs was recorded on respective SAE lines, so that data were organized to allow
for the determination of SAEs on a batch level. The rate of SAEs per 1000 doses for each
individual batch was calculated by dividing the total number of SAEs registered by the
number of administered doses from the respective batches. Analysis of heterogeneity
in the relationship between the number of doses and number of SAEs per batch was
performed by normalizing SAE rates per batch by logarithmic transformation, followed
first by hierarchical cluster analysis to determine the appropriate number of clusters and
second by nonhierarchical cluster analysis, after which the resulting batch clusters were
tested for significant differences using ANOVA (the general linear model [GLM]), as
undertaken previously [7,8]. This approach was selected since all modeled relationships
(trendlines) between SAEs and dose numbers were assumed to be linear and passed
through the graphical origin point (0,0), as there was invariably 0 SAEs with 0 vaccine
doses. Heterogeneity was hereby reduced to one dimension only (the SAE rate), which
was segmented using nonhierarchical cluster analysis. For the cluster analyses, data from
27 December 2020 to 11 January 2022 and from 27 December to 19 January 2024 were
used for Denmark and Sweden, respectively. For comparison of SAEs for batches used in
the period from 27 December 2020 to 11 January 2022 in the two countries, batches were
organized according to the alpha-numerical progression of batch label codes, apart from
the few batches that did not comply with the alpha-numerical code label and which were,
therefore, placed according to the month of the peak number of administered doses from
the respective batches. Thereafter, correlation analyses were performed between the rates
of mild SAEs, severe SAEs, and SAE-related deaths, respectively, in the two countries for
the 12 batches that were used in both Denmark and Sweden.

This study relied exclusively on publicly available anonymized data and was, therefore,
not subject to research ethics board review.

4. Results

Most reported SAEs were for women, who comprised approximately 70% and 75% of all
SAE reports in Denmark and Sweden, respectively, during the study period. In both countries,
women represented 85–90% of SAE reports in the early phase of BNT162b2 vaccine roll-out,
where high SAE rate batches were apparent (see below). In Denmark, approximately 40% of all
SAE reports were from healthcare workers, and this proportion was lower in Sweden, where
healthcare workers submitted approximately 15% of reports. However, in both Denmark and
Sweden, the percentages of SAE reports from healthcare workers were higher (approximately
50% and 30%, respectively) for the early administered vaccine batches compared with those
administered later on. In both countries, a majority of persons (up to 90%) reporting SAEs
with the early high SAE rate vaccine batches were <70 years of age, while the proportion of
elderly people with reported SAEs rose sharply thereafter.
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4.1. Cluster Analyses of Heterogeneity in SAE Rates between BNT162b2 Batches

The SAE data from Denmark during the period from 25 December 2020 to 11 January
2022 with the inclusion of a backlog of SAEs that had not been processed at the time of
our previous report [7] demonstrated three distinct batch clusters with highly significant
differences in SAE rate trendlines delineating high, moderate, and low SAE rate batches,
respectively (Figure 1A). The temporal sequence of these batch clusters was in overall
accord with the course of vaccine roll-out determined by the alpha-numerical progression
of batch label codes. The initial hierarchical cluster analysis of Swedish data from the full
data retrieval period was also segregated into three predominant batch clusters comprising
40, 33, and 18 batches, respectively. However, owing to the non-negligible statistical
influence of two additional smaller clusters, a model with four clusters was deemed most
appropriate and showed highly significant differences between batch cluster trendlines
(Figure 1B). Accordingly, the final four clusters comprised 40, 33, 23, and 16 vaccine batches,
with the fourth cluster consisting of 16 batches mainly comprising batches with few doses
administered during the late part of the study period. In addition to the increased inter-
cluster heterogeneity observed for the Swedish data, the temporal evolution of the batch
clusters was not entirely uniform in the two countries. Indeed, in Denmark, shifts from
the high SAE rate (Figure 1, blue trendline) to the moderate SAE rate (Figure 1, green
trendline) batches and from the moderate SAE rate to low SAE rate (Figure 1, yellow
trendline) batches, respectively, occurred with the batch label codes ‘EM’-‘EP’ and ’FE’-‘FG’,
respectively, while in Sweden, these transitions were observed later on, i.e., around batch
label codes ‘FG’-‘FH’, ‘FN-FP’, and (for transition from yellow to brown trendline batches)
‘GJ-GL’, respectively.
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Figure 1. Number of suspected adverse events after BNT162b2 mRNA vaccination in Denmark in the
period from 27 December 2020 to 11 January 2022 (A) and in Sweden in the period from 27 December
2020 to 19 January 2024 (B) according to the number of doses per batch. Each dot represents a single
vaccine batch. Trendlines are linear regression lines from cluster analyses. (A): blue: R2 = 0.90,
β = 0.1021 (confidence interval [CI] 0.0710–0.1332); green: R2 = 0.94, β = 0.0066 (CI 0.0058–0.0074);
yellow: R2 = 0.86, β = 0.0018 (CI 0.0014–0.0021). (B): blue: R2 = 0.97, β = 0.0186 (CI 0.0175–0.0196);
green: R2 = 0.94, β = 0.0073 (CI 0.0067–0.0079); yellow: R2 = 0.90, β = 0.0015 (CI 0.0013–0.0017).

4.2. Batch-Dependent SAE Rates for Vaccine Batches Shared between Denmark and Sweden

The SAE rates for consecutive batches were compared by matching the order of batches
(reflecting their temporal roll-out) between the two countries, e.g., Danish batches ‘FE2083’
and ‘FE2090’ were placed in between Swedish batches ‘FD9309’ and ‘FE3065’ (Figure 2A–C).
This organization of the data disclosed that batch-dependent rates of mild SAEs were
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markedly higher in Denmark for vaccine batches used early in the study period. This
pattern was less pronounced for severe SAEs, and for SAE-related deaths, batch-dependent
data were comparable between the two countries.
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Figure 2. Suspected adverse reactions (SAEs) per 1000 doses from individual BNT162b2 batches
administered in Denmark (red) and Sweden (blue) according to SAE severities reported for consec-
utive vaccine batches during vaccine roll-out from 27 December 2020 to 11 January 2022. Note a
ten-fold increase in y-axis scales in (A–C). Batches were arranged consecutively according to the
alpha-numerical progression of batch label codes and/or (for batches that did not conform with
the standard two-letter-and-four-digit labeling scheme, e.g., ‘1F1013A’) the month where the peak
number of doses was administered from the respective batches. Due to space constraints, not all
batch labels codes are identified on the abscissa. Black diamonds represent batches that were shared
between the two countries.
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Twelve vaccine batches were administered in both countries, and for Denmark vs.
Sweden, these shared batches represented 6 vs. 9 high-SAE-rate batches, 4 vs. 1 moderate-
SAE-rate batches, and 2 vs. 2 low-SAE-rate batches, respectively. The correlation coefficients
between the shared batches from the two countries were 0.682 for mild SAEs, 0.685 for
severe SAEs, and 0.078 for SAE-related deaths, indicating a moderate-to-strong associa-
tion for mild and severe SAEs, but a very low correlation for SAE-related deaths. The
large (0–2.55) variation in reported SAE-related deaths per 1000 doses for the shared
batches likely contributed to the observed very low correlation of these SAEs between the
two countries, while the large decline in SAE rates per batch over time for subsequent
batches probably added to the considerably stronger correlation between the batches for
mild and severe SAEs, respectively.

5. Discussion

The present study extends our previous report on significant heterogeneity in
BNT162b2 batch-dependent SAE rates for the BNT162b2 vaccine in Denmark by demon-
strating a similar batch-dependent safety signal in nationwide data from Sweden. Both
countries had high-SAE-rate batches in the early phase of vaccine roll-out, followed by
declining rates of batch-dependent SAE rates over time, and summary demographic data
did not provide any obvious explanation for these observations. Also, a positive corre-
lation was observed between the two countries regarding the severities of SAEs from
the batches that they shared. Notably, however, Danish batch-dependent SAE rates per
1000 doses exhibited somewhat more pronounced heterogeneity than the Swedish data,
especially in the early phase of the vaccination campaign and with regard to mild SAEs,
where markedly lower SAE rates were reported in Sweden for batches shared between the
two countries.

Retrospective and independent analyses have enabled a reappraisal of the risk/benefit
ratio of COVID-19 mRNA vaccines, which has become subject to increasing debate. For
example, excess risk of adverse events in BNT162b2 clinical trials has been suggested, and
alterations in the vaccine product during upscaling of the manufacturing process may have
occurred [1–6]. Numerous sources of bias influencing the estimated effectiveness of COVID-
19 vaccines have also been identified that limit the interpretation of results of subsequent
nonrandomized observational studies [12,13]. Along this line, the established system for
the quality control of vaccines has been questioned, reinforcing calls for unconstrained,
precise, and timely pharmacovigilance of vaccines from the point of production to the
point of care, including both reactive and preventive measures with the use of SAE data on
individual doses [14,15].

The current findings of a batch-dependent safety signal, in both Denmark and Sweden,
are corroborated by the observed correlation between batch-dependent mild and severe
SAEs for vaccine batches administered in both countries. The large majority of reported
SAEs concerned women, and it is notable that in October 2022, the EMA requested that
the product information of the BNT162b2 and mRNA-1273 (Spikevax, Moderna) mRNA
vaccines was updated with information about heavy menstrual bleeding as a side effect,
and an increased risk of unexpected vaginal bleeding in nonmenstruating women has been
reported [16,17]. Although we did not have access to the clinical description of SAEs, it
seems unlikely, however, that irregular vaginal bleeding alone would fully account for
the higher percentage of reports concerning women, and more studies are required to
understand why women may more frequently report and/or be affected by mRNA vaccine
adverse effects.

A commercial vaccine product should be identical in all batches including those
shared between countries, and it is surmised that vaccinated individuals in Denmark
and Sweden objectively encountered the same rates of SAEs and had similar means and
opportunity to report SAEs. Therefore, our data suggest that mild SAEs were markedly
under-reported in Sweden during the early phase of vaccine roll-out. The factors that
modulate the spontaneous reporting of SAEs on a population scale are multifactorial, but it
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is notable that the governmental response to the COVID-19 pandemic differed considerably
in Denmark and Sweden, with a high hierarchical command and control governance in
Denmark (including societal lockdown and selective engagement with healthcare expertise)
and a network-based approach with extensive regional and local autonomy in Sweden [9].
For example, in June 2021, i.e., during the period of the administration of the ‘green’ mod-
erate SAE rate batches, the DKMA issued a request for the public not to report simple
and transient SAEs, whilst to our knowledge, similar regulatory pleas were not issued
in Sweden. Altogether, the differing control governance arrangements in Denmark and
Sweden might, therefore, have suggested that, contrary to our findings, the under-reporting
of SAEs in the early phase of the vaccination campaign would be most likely in Denmark
compared with Sweden. However, we also observed that during the study period, a con-
siderably higher percentage of SAE reports (40 vs. 15%) were from healthcare workers
rather than private individuals in Denmark compared to Sweden. Interestingly, periodic
yearly reports from the SMPA summarizing SAE reports for all marketed pharmaceutical
products in Sweden have shown a distinct shift in ratios of SAE reports from healthcare
workers/the public in 2021, with ratios of 72/28% in 2020 and 53/47% in 2021, respectively,
with this shift mainly determined by changes in reporting ratios for the COVID-19 vac-
cines [18,19]. Whether healthcare workers in Sweden were less inclined to report SAEs
from the BNT162b2 vaccine in Sweden requires further study, including to determine the
potential role of the perceived risk that such reports may be linked to repressive measures
from governmental and regional health authorities [20]. Notably, the importance of po-
litical observance for the reporting of SAEs related to COVID-19 vaccines was recently
suggested in a study from the US Vaccine Adverse Events Reporting System (VAERS), a
passive surveillance system like the reporting systems managed by the DKMA and SMPA,
which showed that the more likely it was that US states voted Republican, the more likely
these states were to report vaccine-related SAEs [21]. In any case, the under-reporting of
data that best represent objective rates of SAEs may have important public health conse-
quences, e.g., by impeding long-term follow-up of subjects with SAEs and reducing the
likelihood of backtracking later clinical events to SAEs. Also, it seems plausible that if short-
and medium-term SAEs are under-reported, then long-term SAEs are even less likely to
be reported.

The current validation by Swedish data of the batch-dependent safety signal reported
from Denmark adds weight to the hypothesis that early commercial BNT162b2 vaccine
batches may have differed from the latter batches and that batch-level product quality
surveillance and pharmacovigilance may have been suboptimal during the BNT162b2
vaccine roll-out. However, we emphasize that our results are preliminary and hypothesis-
generating, given the inherent limitations of spontaneous SAE reporting systems like the
DKMA and SMPA. Notably, such passive reporting systems may capture <15% of SAEs [22].
Also, the current data were incomplete and subject to variable quality information, and
factors such as vaccine efficacy, pre-existing immunity and booster schedules, and clinical
details and long-term effects of reported SAEs were not examined.

6. Conclusions

The batch-dependent safety signal observed in Denmark and now confirmed in Swe-
den, may suggest that early commercial batches of BNT162b2 may have differed from those
used later on, and these preliminary and hypothesis-generating results call for further
studies of their causes and consequences.
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