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Abstract: Objective: The aim of this study was to investigate a possible relationship
between the time to onset (TTO) of adverse events following immunization (AEFIs) and
recall bias and to compare it between AEFIs of COVID-19 vaccines reported though the
spontaneous reporting system (SRS) and those from a cohort event monitoring (CEM)
study. Methods: A retrospective study comparing TTO patterns of AEFIs of four COVID-
19 vaccines from the SRS and those from a CEM study was performed. Reports concerning
AEFIs related to COVID-19 vaccination were used for the study. TTO patterns were
stratified for vaccination dose number, perceived burden of the AEFI, and for being pre-
defined. Additionally, since menstrual disorders received much media attention, their effect
on the TTO pattern was investigated for SRS reports only. Results: A total of 160,613 reports
from the SRS and 19,979 from the CEM, containing 755,647 and 103,703 AEFlIs, respectively,
were included. For AEFIs with a short TTO, no differences in TTO patterns were observed.
However, the median TTO for AEFIs from the SRS was lower with increasing TTO duration.
There were differences in both median TTO and time to reporting for AEFIs reported before
and during episodes of media attention, but no correlation between the two could be found.
Conclusions: Based on the performed TTO analyses, recall bias does not seem to be more
evident in SRS compared to CEM studies for AEFIs with a short TTO. For AEFIs with a
longer TTO, this may be more pronounced.

Keywords: vaccine signal detection; COVID-19 vaccines; time to onset; latency;

pharmacovigilance; AEFI; recall bias; spontaneous reporting; cohort event monitoring

1. Introduction

Spontaneous reporting of adverse drug reactions (ADRs) and adverse events follow-
ing immunization (AEFIs) has a vital role in pharmacovigilance. Spontaneous reporting
systems (SRS) have proven to be fast and efficient ways to generate a hypothesis on the
safety signals of medicines, including vaccines, based on clinical observations [1,2]. A
signal in this context is ‘information on a new or known adverse event that is potentially
caused by a medicine and that warrants further investigation” [3].

The signal detection process in pharmacovigilance is usually based on either a qual-
itative analysis of individual case safety reports (ICSRs) or a quantitative analysis of the
dataset, e.g., disproportionality analysis. These methods may be applied to different data
sources. During the COVID-19 pandemic, SRS had an important place in the (global) safety
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monitoring of the COVID-19 vaccines [4], but AEFIs were also monitored prospectively
with other methods such as in a large longitudinal cohort event monitoring study. Often
multiple, complementary monitoring systems were used in pharmacovigilance for the
detection, assessment, and verification of vaccine safety signals [5-10].

Considering the detection of signals, various types of bias may interfere with both these
qualitative and quantitative signal detection processes [11-14]. One of these is recall bias, a
type of information bias that is based on differences in the ability to correctly remember
information between groups. It is conceivable that this type of bias affects spontaneously
reported AEFIs more than those acquired from other data sources. In particular, it is
conceivable that the absence of a trigger for reporting other than implied causality would
make spontaneous reporting systems more susceptible to recall bias. This would be
less of an issue for AEFIs occurring in prospective studies (clinical trials/prospective
cohort studies) because participants are actively asked about possible AEFIs on multiple
occasions during the study, which may be a trigger for reporting. However, to the best of
our knowledge, differences in reporting patterns possibly related to recall bias between
spontaneous data and trial /cohort data have never been investigated, and no publications
on this topic could be found in the scientific literature.

Investigating recall bias in spontaneous reporting poses a challenge as this type of
bias may lead to the underreporting of AEFIs. In other types of information bias, it may
be possible to gather additional information from reporters or involve their healthcare
providers to obtain accurate information. For example, the risk of misclassification of an
AEFI can be reduced using specific (follow-up) questions that support the reporting of
a correct diagnosis. In the case of spontaneous reporting, recall bias likely results in the
underreporting of AEFIs with a longer time to onset (TTO) or in a relative higher reporting
of those with a short TTO. This is because, in general, a reporter is more likely to assume
a causal relationship between the drug and the complaint when the TTO is shorter. This
renders the received information on AEFIs biased or absent and therefore hampers the
request for additional information. As mentioned before, this may be less pronounced for
AFEFIs reported in prospective cohort studies because individuals are asked at multiple
time points if any AEFIs have occurred. Based on the above, the TTO may be useful when
addressing recall bias and, although this parameter has been studied extensively in the
field of statistical signal detection [15-21], its possible relationship with recall bias has not
been investigated previously.

The aim of this study was to investigate the TTO patterns of COVID-19-related AEFIs
and explore potential differences in these patterns between spontaneous reports and reports
derived from cohort studies. The two methods for vaccine safety monitoring present at the
Dutch Pharmacovigilance Centre for COVID-19 vaccine monitoring, SRS and a large CEM
study, offered the possibility to study difference in timing of AEFIs in both approaches.
The TTO patterns were stratified for vaccination dose number, perceived burden of the
AEFI, and for solicitation. Furthermore, we explored whether these differences could
be explained by recall bias. The AEFIs related to the COVID-19 vaccination campaign
were used, since a substantial number of spontaneous reports (>230,000 reports received
since 2021) and inclusions in a prospective cohort study were available [6,22]. During the
COVID-19 vaccination campaign, the number of reports of menstrual abnormalities in-
creased rapidly [23]. An unprecedented number of reports were received on this association,
with peak moments in reporting after media attention [24]. Thus, additionally, our sec-
ondary aim was to investigate the effect of media attention on TTO patterns for AEFIs
related to menstrual disorders for SRS only.
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2. Results

2.1. Descriptive Statistics

A total of 160,613 reports from the SRS and 19,979 from CEM, containing 755,647 and
103,703 AEFlIs, respectively, were included into the analysis. There were 2862 (0.38% of all
AEFIs from SRS) spontaneously reported AEFIs excluded from the analyses because the
onset of the AEFI incorrectly preceded the moment of vaccination. Additional descriptive
information is presented in Table 1.

Table 1. Descriptive statistics of reports included in the study.

SRS CEM
Number of reports 160,613 26,730 *
Vaccination dose number 1 103,127 (64.2%) 18,177 (68.0%)
Number of AEFIs 755,647 103,703
Solicited 696,965 (92.2%) 101,466 (97.8%)
High burden 202,399 (26.8%) 13,910 (13.4%)
Median TTO in days (IQR) 1(0.1-1) 1(0-1)

* The reports were received from 19,979 participants. Due to the longitudinal character of the CEM study, more
reports per participants are possible. SRS, spontaneous reporting system; CEM, cohort event monitoring.

2.2. TTO Analyses (All AEFIs)

Overall, no differences in the TTO pattern were observed between reports from the
SRS and those from the CEM (see Figure 1). Furthermore, after stratification for burden
and vaccination dose number, TTO patterns were similar for reports from the SRS and
CEM. For non-solicited AEFIs, the was a difference in the median TTO (SRS: 3 days;
CEM: 1 day; p < 0.001). However, this difference could not be attributed to a particular
AEFI or group of AEFIs. Although no relevant differences in TTO patterns were found in
general, we observed an increasing difference in reported TTOs between the CEM and SRS
with an increase in the median TTO (see Figure 2). In particular, the reported median TTOs
for a particular AEFI were, in general, lower for reports from the SRS compared to CEM. It
should be noted, however, that these results mainly apply to menstrual disorders and the
number of reports from the CEM were small for several AEFIs.
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Figure 1. Empirical cumulative distribution plot of the TTO for (A) all AEFIs, (B) solicited AEFIs, and
(C) unsolicited AEFIs.
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Figure 2. Difference in median TTO between CEM and SRS. The x-axis displays the median TTO
for AEFIs from CEMs, whereas the y-axis displays the difference in the median TTO between CEM
and SRS (calculated as median TTO SRS-median TTO CEM). Numbers in brackets represent the
number of reports for the particular AEFI. The grey area represents the 95% confidence interval of
the regression line. CEM: cohort event monitoring; SRS: spontaneous reporting system.

2.3. Effect of Media Attention (Menstrual Disorders Only)

Descriptive statistics of menstrual disorder reports included in media attention analy-
sis are shown in Table 2. The comparison of spontaneously reported menstrual disorders
showed distinct differences in the median TTO depending on the time of reporting in
relation to the media attention. Figure 3A shows that reported median TTOs were signif-
icantly higher for AEFIs reported during media attention than for those reported before
(9 vs. 3 days, respectively; p < 0.001). A similar significant difference was seen for the
reporting delay with median values of 32 days (during) and 5 days (before), respectively
(see Figure 3B). This led to the hypothesis that the TTO might somehow be related to
the reporting delay, but no correlation between these two variables could be found (see
Figure 3C).
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Figure 3. Relationship between the TTO and reporting delay for spontaneously reported menstrual
disorders in and its relationship with media attention. (A) Empirical cumulative distribution plot
of the TTO for different time frames. (B) Boxplots comparing the reporting delay for different time
frames. (C) Scatterplot for the TTO vs. the reporting delay for different time frames.
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Table 2. Descriptive statistics of menstrual disorder reports included in media attention analysis.

SRS
Number of reports 22,296
Number of AEFIs 30,016
Before media attention 702 (2.4%)
During media attention 29,314 (97.6%)

SRS, spontaneous reporting system.

3. Discussion

For vaccine pharmacovigilance, it is crucial that reliable methods are in place to ensure
that safety issues can be detected in a timely manner. Aspects such as time to onset (TTO)
and time to recovery (TTR) of AEFIs can be important factors in signal detection but also
in the characterization of the AEFI profile of a vaccine [18,19,25]. In this light, it is also
important that we have a good understanding of the potential biases in the methods that
we use for vaccine safety surveillance. In this exploratory study, we investigated differences
in TTO patterns of AEFIs for COVID-19 vaccines from SRS and CEM and the possible
relationship the TTO has with recall bias. The results show that the TTO is relatively short
(less than 2 days) for the majority of AEFIs, which comes as no surprise since this is the
case for the majority of vaccine-related AEFIs (mainly AEFIs related to reactogenicity, such
as injection site reactions and pyrexia) [26]. For these fast-occurring AEFIs, no differences
in TTO pattern were observed between SRS and CEM. And, although no unambiguous
conclusions can be drawn from these results, it is an indication that recall bias is not more
pronounced in spontaneous reporting than it is in cohort studies, at least for AEFIs with a
short TTO. The situation may be different for AEFIs with a longer TTO. With an increasing
median TTO, we observed an increasing difference in TTO between SRS and CEM (where
TTOs from SRS were, in general, shorter than those from CEM), suggesting that recall bias
in SRS may be more substantial for these AEFIs. An explanation for this could be that,
for SRS, reporters are less likely to assume a causal relationship between vaccination and
an event as the TTO increases. As a result, AEFIs with a longer TTO are reported less
frequently in SRSs than those with a shorter TTO, and the median TTO for that particular
AEFl is lower compared to the situation where the ones with a longer TTO would have been
reported. For CEMs, however, the questionnaires triggered the participants to evaluate
their events and a possible causality, and AEFIs with a longer TTO are more likely to be
reported, leading to higher median TTOs in our analysis. However, one could also debate
that the triggering by the questionnaire in a CEM results in events with a longer TTO,
not causally related to the vaccine, being misclassified as AEFIs where they should be
considered adverse events, not reactions. Because of the set-up of the CEM study (pre-
defined questions on common adverse events to all participants and multiple questionnaire
moments), the rate of underreporting is likely to be low. However, not all reported events
in the CEM study will be true adverse reactions. That is incorporated in the definition of
an AEFIL: an adverse event following immunization is any untoward medical occurrence
that follows immunization and that does not necessarily have a causal relationship. An
experienced AEFI can also be due to nocebo effect or background incidence [27,28]. A
complicating factor in this analysis is that most AEFIs were related to menstrual disorders,
which may have a cyclic pattern, making TTO analysis more challenging. Furthermore, as
women may sometimes experience an irregular cycle, this may not immediately be a point
of concern. Finally, the number of CEM reports for several of these AEFIs was relatively
low. This hampers the generalizability of the results.

The effect of media attention on the reported TTOs is not quite clear from our study.
It was difficult to exactly determine the time window for media attention, as social me-
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dia played an important role and media outside the Netherlands also reported on this
association [23,29]. We hypothesized a relationship with the reporting delay, which was
higher for AEFIs reported during the window of media attention and lower prior to it. In
itself, this difference in reporting delay could make sense when someone experiencing the
complaints reports them when they occur in the period prior to media coverage (based on
presumed causality), whereas someone who learns about the AEFI in the media sometime
after it occurred (or discusses it with someone who learned about it that way) may report it
in retrospect. Due to recall bias, this reporting delay could translate into a different TTO
pattern, and, although a difference in median TTO among the different time windows was
observed, a correlation between the two was clearly not present (see Figure 3C). As indi-
cated above, this analysis was limited to menstrual complaints. These types of complaints
are characterized by a cyclic nature and are, therefore, not representative of all AEFIs that
may occur.

The major strength of this study is the large numbers of AEFI reports, both from SRS
and CEM, allowing for a proper analysis of the TTO patterns. Furthermore, the reports were
obtained in the same time window, limiting the effect of time-varying confounding. Finally,
the extensive media attention on COVID-19-vaccine-related menstrual disorders allowed
us to explore their effect on TTO patterns for spontaneously reported AEFIs. An important
limitation is the use of COVID-19 vaccines only, and the question remains whether our
findings can be extrapolated to other vaccines and/or drugs. Additionally, TTOs could
not be compared for all types of AEFIs because not all AEFIs reported spontaneously were
reported in sufficient amounts in the CEM studies. Also, the use of days as the unit for TTO
for vaccines could be considered a rough estimate, given that the majority of AEFIs occur
within two days, leading to limited variability in the data. Related to this, spontaneous
reporting tends to cause TTO clustering around particular units of time (days/weeks),
diminishing statistical precision [15]. For example, an injection site reaction that occurs
12 h after administration is likely to be reported having a TTO of 1 day. Our study aimed
to investigate the relationship between reported TTOs for different reporting methods.
Based on this aim, determining the causality (which includes biological plausibility) of
individual AEFIs was not within the scope of this study. In assessments of the individual
AEF], biological plausibility is a key feature. At the Dutch Pharmacovigilance Centre
Lareb, where this study was performed, causality assessment is a continuous process that
is performed by trained clinicians. When a signal is suspected, a more detailed analysis
is performed. Regarding the menstrual disorders, it is important to highlight that media
attention is not the sole factor in this association. The causal relationship with COVID-19
vaccination was the subject of investigation of prior study [30,31].

The National Institute for Public Health and the Environment (RIVM) collects vac-
cination data on a national level in the COVID Vaccination Information and Monitoring
System (CIMS) database. Based on data from CIMS, we estimated that the number of
vaccinees in the ‘before” group was approximately 1.3 million and in the ‘during” group,
approximately 11.3 million. It should be noted that persons that did not consent to share
their data with the RIVM, i.e., around 6% of the Dutch vaccinated persons, are not included
in CIMS [32,33]. Our centre previously found that the population in our CEM study was
not entirely representative of the vaccinated population. For the Pfizer vaccine, the study
population was predominated by men and an older age group compared with the other
vaccines. This was largely due to the vaccination strategy in the Netherlands at the time
the study started [6]. Finally, it should be emphasized that recall bias cannot be measured
directly and the use of differences in TTO patterns as a proxy for recall bias is hypothetical.
We therefore recommend additional research to confirm or disprove our findings.
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4. Methods

In this study, we performed a retrospective analysis of reports of suspected AEFIs
related to the COVID-19 vaccination campaign in the Netherlands. TTO patterns were com-
pared between AEFIs reported spontaneously and those reported in a cohort monitoring
event study and used as a possible proxy for recall bias. Differences in TTO patterns may
provide information on AEFIs underrepresented in SRS, indicating possible recall bias. All
statistical analyses and TTO plotting were performed using R statistics version 4.3.2.

4.1. Data Selection

Data from the SRS maintained by The Netherlands Pharmacovigilance Centre Lareb
received from 6 January 2021 at the start of the vaccination campaign until 18 January
2022 and from a cohort event monitoring (CEM) study on the safety of COVID-19 vaccines
in the Netherlands from February 2021 until March 2022 were used. Study design and
inclusions of the CEM study has been described in detail elsewhere [5-7]. All AEFIs from
reports having one of the four COVID-19 vaccines available in the Netherlands during the
COVID-19 pandemic (Pfizer-BioNTech’s Comirnaty, Moderna’s SpikeVax, AstraZeneca’s
Vaxzevria, Janssen’s Jcovden) as the suspect vaccine were included. In this study, we
used a reporting form with predefined terms for the most commonly reported AEFIs
(e.g., pyrexia, injection site reactions) that we considered to be solicited AEFIs for the scope
of this study. If the time of onset of the reported reaction erroneously preceded the moment
of vaccination, the ICSR was excluded. Because the CEM studies contained AEFISs related to
the first and second doses of COVID-19 vaccine only, AEFIs for subsequent doses from the
SRS were excluded. All AEFIs were coded using the preferred terms (PTs) from the Medical
Dictionary for Regulatory Activities (MedDRA, version 26.1). A subset of PTs that was
sufficiently present in both SRS and CEM was included for analysis (see also Supplementary
Table S1). Common, listed AEFIs were solicited in the spontaneous reporting form and the
CEM questionnaires: injection site reactions, fatigue, malaise, myalgia, headache, arthralgia,
chills, nausea, and pyrexia. In both the SRS reporting form and the CEM questionnaires,
vaccinated persons were asked to score the burden of the reported AEFL The perceived
burden was retrieved in a question with five answer options ranging from ‘not at all’,
‘slightly’, ‘somewhat’, ‘moderately’, to ‘extremely’ burdensome [7,34].

4.2. Variable Selection
The following variables were used for stratification of the results:

1. Solicited vs. unsolicited AEFIs. Solicited AEFIs were those specifically mentioned in
the reporting forms and questionnaires and could be selected. Unsolicited reports
were those that could be reported in open text-fields and subsequently coded (see
Supplementary Table S1 for details).

2. Vaccination dose number (1 vs. 2). Since no information on subsequent vaccination
dose numbers was available for the CEM studies, only these two were included from
the spontaneous reports.

3. Perceived burden of the AEFI (high vs. low).

The perceived burden of the AEFI was based on the patient-reported burden.

4.3. TTO Analysis

The TTO was defined as the time window (in days) between the vaccination date
and the date of the first occurrence of the AEFIL. TTO patterns were inspected visually
using empirical cumulative distribution plots. For accurate visual inspection of the TTO
distributions, plots were limited to a TTO of 0-31 days. Differences in median TTO
were tested two-sided using the Mann-Whitney U test at a significance level of o = 0.05.
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Additionally, for AEFIs with a TTO of more than 2 days, the difference in TTO between SRS
and CEM was plotted to investigate a possible correlation between an increasing median
TTO and increasing differences in TTO between SRS and CEM. The cut-off value of a
minimum of 2 days was based on the fact that the vast majority of AEFIs (mainly injection
site reactions) occur within the first 2 days, which may bias the results.

4.4. Effect of Media Attention, Menstrual Disorders as an Example

There was wide media coverage on menstrual disorders as a possible AEFI of COVID-
19 vaccination in the Netherlands, both via traditional media such as newspapers and
TV and via social media [24]. Details on categories of menstrual disorders can be found
in Supplementary Table S2. The TTO patterns for this type of AEFI were compared for
reports received prior to and during media coverage. The time period prior to 1 July 2021
was chosen as the ‘before” period and the period from 1 July 2021 until 18 January 2022
was chosen as the ‘during’ period. Because media attention is not limited to a specified
period, it was decided to classify the moment of first media attention until the end of data
collection as the ‘during’ period.

To investigate the role of media attention in this setting, three analyses were performed.
First, the cumulative probability distribution of the TTO for the time frames ‘before’ and
‘during’ media attention were analysed. Second, differences in reporting delay (defined as
the time window between the start of the AEFI and the moment of reporting it to Lareb)
were inspected because an increase in this delay could be correlated with recall bias. Finally,
we examined the possible association between the reported TTO and the reporting delay to
see if an increasing reporting delay was associated with increasing TTO values.

Differences in median TTO were tested two-sided using the Mann-Whitney U test
at a significance level of o« = 0.05. A temporal overview of received reports of menstrual
disorders associated with COVID-19 vaccines can be found in Supplementary Figure S1.

5. Conclusions

For AEFIs with a short TTO, this study does not show significant changes in TTO
between spontaneously reported AEFIs and those reported through CEM studies. We,
therefore, hypothesize that recall bias in this subgroup of AEFIs is limited. For AEFIs with
a longer TTO, this seems to be less evident and studies with larger datasets are needed.
The effect of media attention on the TTO and possible recall bias could not be confirmed.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390 /pharma4020008 /s1: Table S1: Overview of solicited and unsolicited
ADRs in SRS and CEM based on MedDRA® Preferred Terms (PTs). Table S2: Categories of menstrual
abnormalities. Figure S1: Temporal overview of reports of menstrual disorders associated with
COVID-19 vaccines.
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