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Chapter 8

The recent pandemic of COVID-19 has significantly impacted public health and society, with some
effects persisting long-term. It is unknown when future pandemics will occur, and it is essential to
be prepared. The discussion of this thesis focuses on the three pillars of pandemic preparedness.
The first part will focus on the first pillar (gaining insight in the spread of the disease) and the
second pillar (healthcare resource planning) of the pandemic response. It further examines the
association between coagulation, SARS-CoV-2 infection, and vaccination (third pillar). Insights
gained from the COVID-19 pandemic may contribute to a broader understanding of population

health and healthcare systems, which may enhance preparedness for future outbreaks.

PART 1: SURVEILLANCE OF THE SPREAD OF INFECTIOUS
DISEASE WITH POPULATION DERIVED DATA ON
SYMPTOMS AND BEHAVIOR AND THE APPLICATION OF
THESE DATA.

Initially, the COVID RADAR app proved to be a success, attracting tens of thousands of participants.
Early in the pandemic, it provided valuable insights, introduced innovative methods of delivering
informative feedback to users, and achieved all of this while maintaining user privacy. It was
particularly inspiring to witness the level of user engagement with the app, demonstrated through

their responses to news updates and substantive questions sent via email.

“We use the COVID RADAR as supermarket radar.

We go to areas with low risk behavior and low symptom scores”

Chapter 2 demonstrates that the data from the COVID RADAR app were able to capture patterns
similar to those observed in other data sources, such as number of nationally reported positive
tests. This type of data is particularly relevant for primary care, as it captures early stages in the
trajectory of an infection (during which a primary care physician is involved). In chapter 3 we
show with relatively simple models that, though not perfectly, this type of data is able to predict
COVID-19 related primary care workload, outperforming predictions based solely on positive
test results. Furthermore, the app also unintentionally served as a surveillance tool for tracking
long-term symptoms following SARS-CoV-2 infection. In chapter 4 we describe that 5% —10% of
individuals experienced post-acute COVID symptoms, which persisted until at least 100 days after
a positive test result. These symptoms clustered into distinct entities with varying incidences,
patient characteristics and vaccination effects, suggestive of multiple mechanisms behind the

development of post-acute COVID symptoms.

Though the data from the app yielded valuable insights, applying data from the COVID RADAR app
as a surveillance method during the pandemic proved complex. This complexity stemmed from
the selection of users and heterogeneity in user engagement, uncertainties about measurement

validity, and challenges in effectively leveraging this type of data.
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Selection of users and user engagement

As the pandemic progressed, the app’s user cohort primarily consisted of individuals aged 60
years or older residing in the province South-Holland. This demographic skew naturally limited
both the applicability and the generalizability of the app’s data. Moreover, there was significant

heterogeneity in user engagement, with varying levels of loyalty to app usage.

Rennie et al. investigated factors influencing engagement with this type of app by inviting
participants from an existing cohort to use an app (Fenland cohort, N=4031, aged 45-70).(1) Their
analysis revealed that app users were predominantly from higher socioeconomic classes and
urban areas, a pattern consistent with selection observed in many health cohorts.(2) Qualitative
analysis revealed that the primary factor driving participation was simply “familiarity with the
app.” Additionally, technical design played a critical role, with a streamlined and user-friendly
onboarding process being essential. Sustained engagement was associated with age above 55,
intermediate-level occupations, and above-average health but showed no correlation with gender
or educational level. Notably, the severity of lockdown measures had no impact on engagement

levels. Users emphasized the importance of integrating app usage into their daily routines.

These findings align with the result of several qualitative studies we conducted with end-users
of the COVID RADAR app.(3) Another factor deemed valuable was the app’s ability to provide
personalized feedback, which likely enhanced public engagement during the pandemic. Small
analyses, often conducted at users’ request and subsequently shared within the app, were highly
appreciated. This approach enabled the app to deliver nuanced and valuable information during

the uncertainty of the pandemic.

In summary, sustained engagement with an app requiring regular questionnaire completion
largely mirrors the selection patterns observed in other health cohorts. However, it also depends
on factors such as the level of publicity, the accessibility of the application, and the ability to
integrate its use into a daily routine. Monitoring this selection process with both quantitative and
qualitative methods is crucial to optimize accessibility and inclusivity. These insights are valuable
to take into account in the interpretation of data from such an app, or to decide on changes

during usage, e.g. to include a broader set of participants.

Validity of measurements

Within the COVID RADAR app no standardized or validated questionnaires were employed.
Symptom-related questions were based on expert knowledge and early descriptions of SARS-
CoV-2 symptomatology. However, the included symptoms align with those identified as
most predictive in several other studies,(4-6) although these vary by SARS-CoV-2 variant.(7)
Furthermore, symptom trajectories corresponded to expected patterns around positive and

negative test results (chapter 2).
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In the absence of validated instruments to assess the construct ‘risk behavior,” the questionnaire
was designed to quantify social distancing behavior (e.g., the number of persons within 1.5
meters per time period) and included questions about working from home, facemask usage, and
exercise.(8) However, participants found it challenging to report the number of persons they had
encountered within 1.5 meters, as reflected in numerous emails from users, as well as several
other items. This limitation may have impacted the app’s cognitive validity (i.e., whether the test
or instrument is measuring what it is supposed to, based on how people understand and process

the questions).

“What counts as ‘a person within 1.5 meters’? Also cyclers passing by?”

“I've a question: Is walking the dog considered sporting?”

During the pandemic, instruments were developed to measure “risk” or “preventive” behaviors.
(9, 10) These instruments often included not only social distancing but also hygiene behaviors
(e.g., handwashing) and detailed questions about facemask usage. However, these questionnaires
were typically based on local behavioral recommendations and were often too detailed for daily
use, with a high burden on the users. Moreover, none of these instruments were designed to
examine the relationship between measures of risk-enhancing behaviors and subsequent positive
SARS-CoV-2 tests. However, other studies with less detailed repeated data compared with the
COVID RADAR app found associations between risk-enhancing behaviors and subsequent positive
SARS-CoV-2 tests.(11, 12)

The construct of “risk behavior” is more complex than represented in the COVID RADAR app. The
probability of infection depends not only on the extent of social distancing but also on hygiene
practices and the nature of contacts. The incorporation of additional elements into the app’s
instrument could have enhanced its value, particularly by exploring interactions between behavior
and individual characteristics. However, such an expansion would likely make the questionnaire

lengthier, reducing the app’s usability.

In chapter 2, we observe an association between above-average risk behavior and a positive test,
which suggests good criterion validity. However, it remains questionable whether this above-average
risk behavior sufficiently discriminates between the two outcomes, and whether this association is
truly causal. The actual result of this behavior—contact with a COVID-19 patient—correlated much
more strongly with a positive test result and was therefore utilized in chapter 3. Although defining
the relationship between risk behavior and infection risk at the individual level proved challenging,
at the population level the link between measured behaviors and the proportion of individuals
eventually exposed to a COVID-19 patient provides valuable insights into the current reproduction

number and, consequently, the effectiveness of public health measures.(13)

In summary, despite that the questionnaire was not based on previously validated instruments,

both symptom and behavior data in the COVID RADAR app proved valuable during the pandemic.
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While symptom data were useful at both the individual and population levels, risk behavior data
were most informative at the population level due to limited cognitive validity (i.e., whether
users understand the questions correctly) and the narrow scope of items measured within the
construct of ‘risk behavior! However, the outcome of such behavior—(recent) contact with a
COVID-19 patient—proved highly valuable.

Application of app data

Beyond challenges inherent to the app itself, external factors also impeded the applicability and
impact of the collected data. Collaboration with key institutions, such as the Municipal Health
Services (GGD) and the National Institute for Public Health and the Environment (RIVM) which
were tasked with managing the pandemic, was limited. Potential reasons for this, in addition
to those mentioned earlier, included the overwhelming workload of these organizations, the
presence of similar projects, and the possible misalignment of certain aspects of the COVID
RADAR app with existing international definitions. Consequently, the integration of COVID RADAR

data into pandemic policymaking was significantly constrained.

In Sweden and the United Kingdom, similar apps were developed to predict COVID-19 incidence
and hospital admissions.(4, 5, 14) While these apps provided early insights into the pandemic’s
progression and highlighted differences in symptomatology between SARS-CoV-2 variants, their
subsequent impact on policy remains unclear.(15) In the reports, data were used from app users
who received test results to first fit a model predicting the individual probability of a positive
SARS-CoV-2 test based on symptoms. These individual probabilities were then used to estimate

the daily proportion of untested app users who might be infected.

At first glance, this methodology appears appropriate; however, it carries potential pitfalls, which
is the reason we used a different approach in chapter 3. Specifically, transferring predicted
probabilities of a positive test result from a tested population to an untested population
introduces bias unless adjustments are made for the likelihood of being tested (which is not stable
over time). Additionally, translating these individual probabilities into group risks introduces a
form of ‘reverse ecological fallacy’ or ‘exception fallacy’—when inferences about a group are
based on observations of exceptional cases or individuals.(16-18) Instead, inferences about
groups or populations should be drawn from data collected at the same level, appropriately
weighted, standardized, and periodically recalibrated. Importantly, such inferences should never

be interpreted as applying to an individual.

An unexpected valuable application of the app’s data was its ability to identify patients
experiencing long-term symptoms following an initial infection (chapter 4). Similar symptom
monitoring apps also reported on the duration of symptoms after the acute phase.(19, 20)
Additionally, this method of data collection provided insights into vaccine effectiveness and side

effects.(21, 22) Furthermore, such data-gathering approaches could potentially be used to assess
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the effects of public health measures, both on the pandemic’s progression and broader aspects

of psychosocial health.(23)

In summary, integration of data from a symptom-monitoring, population-based app into the
existing information flow for policymakers is difficult to be effectively achieved during an acute
event like a pandemic. Instead, systems should be designed and incorporated well in advance
of such situations. Inferences should align with the level of analysis (individual to individual,
population to population). Finally, these data platforms can be structured to allow secondary use,
enabling the assessment of the (long-term) impacts of infections, measures, or the pandemic
itself.

General considerations and recommendations for population based
pandemic surveillance

It is important to emphasize that this method is simple, inexpensive, and accessible, and above
all independent of healthcare utilization. This method of pandemic surveillance could be of high
value in locations and periods with limited testing capacity, such as early in the pandemic or
in lower income countries.(24) The voluntary self-reporting of symptoms and (risk) contacts
naturally has drawbacks due to recall bias and missing data. However, when compared to other
forms of surveillance (based on testing or healthcare utilization), it also offers several advantages.
By focusing on symptoms instead of positive tests, surveillance bias is limited. An example of
this type of bias is the increase in positive tests later in the pandemic, not as a result of a higher
number of infections but due to the expansion of testing capacity. Later during the pandemic the
proportion of positive tests increased substantially, not because of more SARS-CoV-2 but a change
of behavior: self-testing prior to PCR testing. Additionally, self-reporting of symptoms and (risk)
contacts provides an earlier picture of the pandemic’s spread, as the data is not tied to healthcare

utilization (situated lower in the pyramid, see Figure 1, p. 11).

Currently, the COVID RADAR app has been discontinued. However, the RIVM still maintains the
“Infectieradar,” a web-based platform, which shares many similarities with the COVID RADAR app.
(25) Strong features of this website include the individual adaptability of the questionnaire and
the ability to offer free testing provided by the RIVM. This testing option can be a significant
factor in attracting more users, as it enhances the “What’s in it for me” aspect. Furthermore, this
data collection is effectively integrated into the overall data streams used by policymakers, which

improves impact and utility of the data.

Building on the experiences with the COVID RADAR app, the “Infectieradar” can become even
more valuable. Making the platform available as an app will lower the threshold for users to share
data and improve overall usability. Additionally, a regular dialogue with users with individual
feedback and small analyses upon request within the app enhances engagement. Insights from

experts in citizen science may further support this approach by the incorporation of recent best
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practices.(26) Although the current number of Infectieradar users is modest (10800 in April 2025),
it can be easily scaled up in the event of a new pandemic. The presence of a pre-established
communication plan for scaling up the application during such a time will prove prudent. The
primary care network can play a key role in this expansion, as this type of data is particularly
valuable in primary care settings.(chapter 3) The questionnaire can also be optimized for specific
circumstances. It is crucial to strike the right balance between minimization of the burden on
participants (keeping the questionnaire brief) and maximization of the relevance of the collected
information. Our experience suggests that the question about “recent contact with a COVID-19
patient” provided more valuable data than all the questions related to the type of (risk-enhancing)
behavior. This balance can be improved by a focus on the moment and type of contact with a

potential contagious patient, and less on the different categories of risk-enhancing behavior.

PART 2: COAGULATION AND VENOUS THROMBOTIC
EVENTS AS ADVERSE EVENTS FOLLOWING SARS-COV-2
VACCINATION AND SARS-COV-2 INFECTION.

During my internship as a general practitioner in 2021, | worked at a practice in The Hague, located
in a beautiful neighborhood with an above average number of immigrants and people with a lower

socioeconomic status. One of our tasks was vaccinating vulnerable groups against COVID-19.

A woman in her 50s from Sub-Saharan Africa came to the practice for her vaccine.
Communication was challenging due to language barriers, particularly when explaining a
consent form about sharing vaccination data with a thing called “the government”. After some

difficulty and several explanations from both the doctors as the supporting staff, she agreed.
Just before administering the vaccine, she asked, “Which vaccine will | get?”
When told it was AstraZeneca, she responded, in perfectly clear Dutch:

“Oh, | don’t want that; it causes Cerebral Venous Sinus Thrombosis.”

Venous thromboembolism and COVID-19 infection

Earlyinthe pandemicastrongassociation between severe COVID-19 and venous thromboembolism
(VTE) appeared evident, and the preventive use of anticoagulation in hospitalized acute COVID-19
patients was recommended.(27-29) A SARS-CoV-2 infection complicated by VTE is associated with
a high rate of mortality, although it can be debated whether this high risk of death is a direct
consequence of the VTE, or that the VTE is a sign of severe COVID-19.(30) The coagulation system
is strongly linked to inflammatory responses, but other mediating mechanisms, such as hypoxia,
immobilization, microvascular injury, or disseminated intravascular coagulation may also explain
the strong association between COVID-19 and VTE.(31, 32) In Chapter 5 we describe that in
addition to these elements, an intrinsic hypercoagulable potential prior to infection is associated

with an increased risk of severe disease. While these data specifically pertain to SARS-CoV-2
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infection, intrinsic factors may also influence the severity of other infections, as thrombosis- and
haemostasis-related complications were also previously observed during the Spanish Flu (33)
and after current severe influenza infections.(34-36) Further research can expand our knowledge
of this increased intrinsic risk, which may be influenced by genetic factors.(37, 38) Promising
pathways from prior research are via ACE-2, Factor V Leiden (R506Q) and several other genes
found via Mendelian Randomization (ABO, ADAMTS13, FUT2).(39-41)

Venous thromboembolism and SARS-CoV-2 vaccines

Later in the pandemic during the vaccination campaign, a potential link between COVID-19
vaccination and VTE emerged.(42-44) In Chapter 6, a small, transient increase in coagulation
parameters is reported that was observed following administration of a mRNA-type SARS-
CoV-2 vaccine. This increase was associated with the inflammatory response, underscoring the
important link between the coagulation system and inflammation. Notably, reduction of the dose
by a different route of administration diminished the vaccine’s impact on both the inflammatory
response and coagulation parameters, without compromising its protective efficacy. This finding
may explain the lower incidence of systemic side effects observed with intradermal vaccination
compared with intramuscular administration in this trial.(45) Future research should explore
the potential for adapting current vaccine administration routes to reduce adverse events.
Additionally, dose reduction can enhance vaccine availability, which was the original reason
underlying the trial, to promote equity and accelerate progress toward herd immunity (third

pillar of pandemic preparedness: fast development of vaccines).(46)

In Chapter 7 we present results of the TERA-study that showed that there is indeed an association
between several SARS-CoV-2 vaccines and VTE. Our results indicate that mRNA-type vaccines
were not or at most mildly associated with an increased risk of VTE. The vector based vaccines
were associated with an increased risk of VTE, with relative risk estimates ranging between 1.5 for
the AZD1222 vaccine to 2.9 for the Ad26.COV2.S vaccine. In addition, we show that confounding
due to the selective vaccination of individuals with specific risk factors for both severe COVID-19
and VTE may explain the conflicting results observed in ours and other observational studies.(47-
51) For example, the mRNA-1273 vaccine was associated with an increased risk of VTE; however,
in the absence of VTE risk factors, this risk returned to baseline. The increased risk after this
vaccine in the overall analyses may be explained by the preferential vaccination of individuals

with risk factors with this vaccine, which was the case in the Netherlands.

The fact that there was no increased risk for these adverse events detected in the original
randomized controlled trials could be explained by the low VTE risk and a lack of power.(52) Even
in a meta-analysis, that combined six RCTs including ~70 000 participants per arm, the power to
detect a risk ratio of 1.5 was less than 20%. Despite this, the authors concluded there was no
increased risk of VTE after SARS-CoV-2 vaccination. From our study, it became clear that in 2021,

under the circumstances in the Netherlands during a large pandemic, even though vaccination
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did lead to thrombotic events, more cases of thrombosis were prevented by vaccination than
caused by it. In fact, under the scenario that everyone had been vaccinated with the vaccine
associated with the highest risk of VTE, VTEs were still prevented overall. This raises the question
whether it is relevant to focus solely on this type of adverse event in the context of another more
urgent and acute problem, such as a pandemic. Of course, this balance may be viewed differently
when discussing it outside the context of an active pandemic, as is currently the case with booster

vaccinations or with flu vaccinations.

Surveillance of adverse events of vaccines during a pandemic

Inthe Netherlands, the Lareb Institute is responsible for detecting and reporting drug- and vaccine-
related adverse events. A reporting portal is in place through which both healthcare professionals
and patients can report potential side effects. By comparing the number of reported cases with
the expected incidence (background incidence) of the relevant symptoms or conditions, the Lareb
Institute assesses whether a particular adverse event occurs more frequently than anticipated in

individuals receiving the medication (observed vs expected analysis).(53)

While healthcare providers are legally obliged to report these adverse events (54), underreporting
has been observed in practice.(55) This is taken into account in the analyses by Lareb by issuing
a signal at a relative risk of >0.8 instead of >1.(56) However, increased media attention regarding
the potential risk of VTE following vaccination may have made physicians more likely to report
these adverse events, leading to an earlier detection of a potential signal.(57-59) The level of
reporting is also affected by the “Weber-effect”, i.e., an increase in adverse effect reporting
in the first period after approval of a drug, resulting in earlier detection of a potential signal.
(53, 60) However, there are more factors that may influence the degree of reporting.
The likelihood of a healthcare professional identifying and reporting a potential adverse event
increases when the same physician both prescribed the medication and diagnosed the adverse
event. In the Netherlands, general practitioners administered the AstraZeneca vaccine. A
case of VTE diagnosed by the general practitioner may have been more frequently perceived
as associated with the AstraZeneca vaccine, and subsequently reported, than VTE following

vaccination performed by other institutions.

Though the current system via Lareb is able to measure the number of reported adverse events
after vaccination,(53) due to these biases it is not able to measure the causal link between
vaccination and adverse events (such as VTE). For this, more in depth and detailed studies are

needed, with adjustment for confounding factors and appropriate controls.

The case-control vs self-controlled case series vs. cohort

In studying the association between SARS-CoV-2 vaccines and the risk of VTE, we specifically

opted for a case-control design, rather than the self-controlled case series (SCCS) design that has
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been conducted frequently in recent years for studies on vaccine-related adverse events.(61) In
the SCCS design, individuals who experience an event serve as their own controls by comparing
the frequency of exposure during a specified period just before the outcome with the frequency
during a period more distant in time from the outcome (either before or after). This design is
efficient, and time-invariant confounding factors are inherently controlled. However, unadjusted
time-varying factors may introduce bias in a SCCS design. More importantly, the design assumes
the absence of specific associations between the outcome and the probability of subsequent
exposure. If this assumption is violated, a common solution is to implement a ‘pre-exposure
period,” during which time is excluded from the reference category. However, determining the
length of this period is arbitrary and context-dependent, yet it can influence the magnitude of the
bias.(62) In the study the relationship between SARS-CoV-2 vaccination and VTE, this assumption
is likely not to hold. After the potential link between SARS-CoV-2 vaccines and VTE became
apparent, VTE (the outcome) may have emerged as a relative contraindication for SARS-CoV-2
vaccination (the exposure). However, individuals with VTE related to risk factors also associated
with severe COVID-19 might also have been more likely to receive vaccination. And finally, VTE
associated with SARS-CoV-2 infection may have led to a lower likelihood of vaccination after
VTE, as immunity from infection would already protect these individuals. In summary, numerous
factors could influence the relationship between the outcome and subsequent exposure in
varying directions and over different time periods (which in addition could differ for each type
of SARS-CoV-2 vaccine), which severely compromises the determination of an appropriate ‘pre-

exposure period’.

We opted for a case-control design, rather than a cohort design, because of two reasons:
feasibility and the impact of misclassification. Starting a new cohort for this research question is
not feasible. The incidence of VTE is approximately 1 in 1000 per year or 1 in 12 000 per month—
the risk period following vaccination. To detect a twofold increase in risk after vaccination during
a four weeks time interval in a cohort study design with 80% power, two groups of approximately
300 000 individuals each (one vaccinated and one unvaccinated) would be required. While such
a study is generally impractical for most types of vaccinations, it was theoretically feasible during
the SARS-CoV-2 vaccination campaign. About 80% of the population was vaccinated, and their
vaccination was documented in a national register. Several studies with this design have been

published, though some of them were not sufficiently powered.(63-66)

A cohort design is only feasible when based on register-based data. However, registration
of the exposure, vaccination, is not perfect. In the Netherlands, the primary contributor to
misclassification of vaccination was that vaccination registration was only possible with the
patient’s consent, which was not granted in approximately 7% of cases.(67) As a result, 7% of
vaccinated individuals were not recorded as such and were instead classified as unvaccinated. In
2021, according to official records, 84% of adults in the Netherlands were vaccinated. However,

the actual vaccination coverage was closer to 90% (+~7%). This misclassification had a particularly
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significant impact on the unvaccinated cohort, reducing its proportion from 16% to 10%, meaning
that, in reality, one in three individuals classified as unvaccinated had actually received a vaccine
in 2021.

The impact of this misclassification on study results depends on the chosen control group. If
the control group consists of individuals for whom no vaccination was registered in 2021,(65)
in fact one third of them was exposed to a vaccine. In a design that uses person time, where
unvaccinated and vaccinated individuals until they were vaccinated contributed to ‘control
time’,(63) 6% of this control time would actually be risk time (see table 1). In both examples this
would result in a underestimation of the true effect. In addition, misclassification of the outcome
and confounders (which is also likely to happen in a register) would inevitably contribute to an

increase of the magnitude of this bias.(68)

Table 1: Effect of exposure misclassification, assuming a true relative risk of 2. If 7% of vaccinated individuals
are not registered as vaccinated, this result in a misclassification of 6% of ‘control time’.

Registered (93% correct)

28d risk 93%
NL 18+ 14 000 000 Risk Control
Vaccinated 11 700 000 84% 897 534 5401233
Unvaccinated 2 300 000 16% 0 2 300 000
Total patient time 897 534 7701233 100
True patient time 897534 7227 132 94%
False patient time 0 474101 6%
Incidence rate true 0.002 0.001
Incidence rate false 0.001 0.002
Number of events 1795 8175
Incidence rate measured 0.002 0.00106
Incidence rate ratio (biased) 1.88
Reality (100% correct)
28d risk 100%

NL 18+ 14 000.000 Risk

Vaccinated 12 580 645 90% 965 091 5807 777

Unvaccinated 1419 355 10% 0 1419 355
Total patient time 965 091 7227 132
True patient time 965 091 7227 132
False patient time 0 0
Incidence rate true 0.002 0.001
Incidence rate false 0.001 0.002
Number of events 1930 7227
Incidence rate measured 0.002 0.001
Incidence rate ratio (true) 2

To address the previously mentioned challenges—uviolations of assumptions inherent to the SCCS

design, the effects of misclassification, and the superior efficiency—we opted for a case-control
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design. However, it should be noted that this design is not without potential bias either. Controls
were selected from a random sample of Dutch residents who participated in a cohort regularly
responding to questionnaires. This may have resulted in a selection of people who do not fully
represent the “source population.” Additionally, because controls could only be selected if they
survived, it was not possible to assess the risk of death due to (vaccine-induced) VTE, which may

have led to the selection of less severe cases that survived after experiencing VTE.

Finally, as with all case-control studies, there is a potential for recall bias, which is also a
misclassification of exposure. Recall bias means that cases are more likely to remember their
exposure than controls, which will result in an overestimation of the true effect. However, in the
TERA-study we primary used data from the national vaccination register. Only if no vaccination
was registered, we used data from the questionnaire. This method reduced the potential impact
of both recall bias from questionnaires and measurement errors leading to misclassification in

registries.

In the TERA study, we found a discrepancy between hospital records and self-reported data from
questionnaires. Therefore, we used a similar approach — combining data from questionnaires
and registers — for confounding factors such as hospitalization, immobilization, and cancer. This
discrepancy between recorded and self-reported data was also evident for major diagnoses, such
as cancer, a finding consistent with prior research.(69) In the TERA study, to verify VTE diagnoses,
we used both hospital data and questionnaire responses. Among 1016 individuals who completed
the questionnaire and had a registered VTE diagnosis in 2021, over 150 reported no VTE. After
confirmation through chart review, only 73 of these cases were found indeed not to have had a
VTE. Combining multiple data sources can help mitigate this issue, though some measurement

error will inevitably remain.

Comparison of methods of surveillance of adverse events of vaccines
during a pandemic

In the study by Pottegard et al., a register-based cohort design was employed, and the researchers
used a historical background incidence as a ‘control group’.(42) The use of background incidences
during a pandemic can be problematic, as the pandemic itself acts as a “background factor” that
may influence the incidence of adverse events.(70) This is particularly pertinent for VTE following
COVID-19 vaccinations. While Pottegard et al. relied on a historical background incidence, this
approach does not account for the numerous secondary effects of the pandemic that could impact
VTE incidence. These include lockdowns, changes in the incidence of other infectious diseases,
and the consequences of delayed medical care. Failing to account for these effects—or their
results—may lead to biased estimates. Despite these theoretical constraints, this study, limited
to the AstraZeneca vaccine, identified relative risks similar to those reported in the TERA case-
control study, with similar patterns observed across subgroups—higher risks noted particularly

among younger individuals and women.
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Using similar (Scandinavian) data sources as Pottegard et al. but with a SCCS design, Berild et al.
also identified a substantially increased risk of VTE following administration of the AstraZeneca
vaccine, particularly among young individuals and women.(71) Additionally, small risk increases
were observed after administration of the Pfizer and Moderna vaccines, primarily among older
individuals (aged >50) (see table 2). These patterns align with the estimates we found in the TERA
case-control study. However, in a post-hoc analysis using femoral fracture as a “negative control”
event, the authors demonstrated the impact of violations of the assumptions underlying the SCCS
design, which resulted in estimates suggesting a doubling of the risk of femoral fracture following
SARS-CoV-2 vaccination (which is unlikely). The authors caution that small positive associations
in an SCCS design should be interpreted with care and argue that the observed associations for

Pfizer and Moderna vaccines are likely invalid.

Comparing the signals identified by Lareb in their observed-versus-expected analysis with
the relative risks found in the TERA case-control study, similar patterns of relative risks were
observed for the AstraZeneca vaccine (overall increased risk, particularly among women and
younger individuals; see table 2).(56) Additionally, for the Moderna vaccine, adverse events were
reported more frequently among men than women in both the Lareb and TERA studies. However,
compared with TERA, Lareb reports lower relative risks following almost all vaccines, accept the
AstraZeneca vaccine. This can be explained by the difference in media coverage about the VTE
side effects of AstraZeneca vaccine, compared with these other two vaccines, resulting in less

underreporting for the AstraZeneca vaccine than the other vaccines.

Table 2: Relative risk estimates (Odds ratios, Observed/Expected, rate ratios) of the relation between SARS-
CoV-2 vaccines and VTE in subsequent 28 days, in different studies using different design and data sources.

Pfizer Moderna AstraZeneca Johnson & Johnson
TERA All 1.0 14 1.5 2.9
Odds ratios Men 0.8 1.7 1.3 4.4
Women 1.2 1.1 1.8 1.6
<60 1.1 1.0 2.0 3.5
SCCS (71) All 1.1 1.3 2.0 X
Rate ratios Men 11 13 1.5 X
Women 11 1.2 2.5 X
<60 1.0 1.3 3.0 X
Lareb (56) All 0.1 0.2 0.5 0.4
O/E Men 0.1 0.3 0.4 0.4
Women 0.1 0.2 0.6 0.4
<60 0.2 0.2 1.2 0.4
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General considerations and recommendations for the surveillance of
adverse events of vaccines during a pandemic

As outlined in the previous section, in the surveillance of adverse events, the O/E (Observed-
to-Expected) design tends to underestimate risks due to underreporting, the extent of which
varies and can significantly affect estimates. As such, it is suitable primarily as a broad signal
detection tool. For interventions administered to a large proportion of the population (e.g.,
vaccines, exceeding 80% coverage), even small differences in risk may have substantial impacts,
with varying effects across population subgroups. A more precise estimation of such (stratified)
risks can be achieved with a SCCS design. However, this approach is effective only for detecting
large effects when assumptions are violated—something that frequently occurs. A prospective
cohort design is often less feasible, and suffers problems due to the use of concurrent or historical
background incidence rates and biases introduced by the misclassification in register data. A case-
control approach, leveraging both register data and data collected for research purposes, is best

suited for measuring and adjusting for confounding factors.

Effective communication of vaccination risks and benefits to the
general public

Vaccination of the majority of the population is the most effective method to rapidly emerge from
a pandemic situation (third pillar). A pandemic (such as COVID-19) will probably be caused by a
novel opportunistic agent for which no vaccine is initially available. Such a vaccine must be newly
developed. Consequently, precise information on the incidence of adverse events in specific
populations associated with this newly developed vaccine is absent at the start of a campaign.
However, given the international emergency, in the case of an effective vaccine, relatively rare
adverse events, undetected in well-conducted randomized controlled trials, will rarely outweigh
the substantial benefits of vaccination for the complete population. Thus, it would be unethical
to delay vaccination until certainty about all possible (rare) adverse events is achieved. It is crucial
that the public can understand this rationale and assess these risks themselves, ultimately leading

to a willingness to be vaccinated.

Clear communication regarding the efficacy and potential side effects of vaccines is essential,
as the effectiveness of vaccination programs relies on achieving high participation rates within
the population. During the COVID-19 vaccination campaign, widespread concern arose among
significant segments of the population concerning potential side effects of the vaccines. This
concern delayed the campaign and may have contributed to a lower than desired vaccination
rate. Furthermore, these concerns about the SARS-CoV-2 vaccines have also undermined trust in
other vaccines, as evidenced by the declining participation rates in other vaccination campaigns
in the Netherlands since the COVID-19 pandemic.(72)

Within the framework of shared decision-making, effectively communicating the benefits and

risks of vaccination is complex, even in the absence of the urgency of a pandemic. A well-informed
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patient must understand both relative and absolute risks, weigh individual risks against benefits
for the broader population (a trait increasingly uncommon in today’s individualistic society), and
also resist the influence of the “prevention paradox.” Even highly educated individuals often

struggle with the latter:

”

“I've received the flu vaccine for years, but it only makes me sick, and I’'ve never had the flu.

- Many of my colleagues working in hospitals and academia-

Since vaccination is one of the most cost-effective forms of modern healthcare, it is essential
to prioritize research and education in the area or risk communication.(73, 74) Previous studies
indicate that public discussions about specific adverse events should not focus on the accuracy or
inaccuracy of their causal relationship with the vaccine. Instead, emphasis should be placed on
the severity of the disease that is being prevented.(75) A compelling narrative is more impactful
on the general public than presenting relative risk figures. Furthermore, it is crucial to build
immunity against misinterpretation and misinformation.(76) As a familiar and trusted figure, the

general practitioner could play a pivotal role in guiding and educating the public.

CONCLUDING REMARKS

Now that the COVID-19 pandemic is behind us, important work begins. We have learned that
being well-prepared is essential. During the acute phase of the pandemic, it is difficult to establish
a high-quality population-based syndromic surveillance system. However, such a system is
immensely valuable for gaining early insights into the pandemic’s progression (first and second
pillars). These pillars prioritize collaboration and require the avoidance of competition. To
ensure the third pillar is robust, a sufficiently large portion of the population must be willing to
receive a vaccine. Clear communication about the (potential impact of) adverse events, but more

importantly about the benefits of vaccination, should not be reserved for times of crisis.

A shift in mindset may also be necessary, moving the focus from the individual to the population.
It is not “What’s in it for me?” but “What’s in it for us?” While the focus on the individual has
brought remarkable advancements (personalized medicine, inclusive care), we must also
recognize the limitations of this perspective. The individual perspective is constrained not only in
scope but also in time. | may not personally benefit from the efforts we make now for pandemic
preparedness, but for us as a society, these efforts will undoubtedly prove vital in the future. This
need for collective thinking extends beyond infectious diseases to other health challenges and

future threats, such as an aging population and issues related to planetary health.

147




Chapter 8

REFERENCES

1.

10.

11.

12.

13.

14.

15.

148

Rennie KL, Lawlor ER, Yassaee A, Booth A, Westgate K, Sharp SJ, et al. Engagement with mHealth
COVID-19 digital biomarker measurements in a longitudinal cohort study: Mixed methods evaluation. J
Med Internet Res. 2023;25:e40602.

Enzenbach C, Wicklein B, Wirkner K, Loeffler M. Evaluating selection bias in a population-based cohort
study with low baseline participation: the LIFE-Adult-Study. BMC medical research methodology.
2019;19:1-14.

Splinter B, Saadah NH, Chavannes NH, Kiefte-de Jong JC, Aardoom JJ. Optimizing the Acceptability,
Adherence, and Inclusiveness of the COVID Radar Surveillance App: Qualitative Study Using Focus
Groups, Thematic Content Analysis, and Usability Testing. JMIR Formative Research. 2022;6(9):e36003.

Menni C, Valdes AM, Freidin MB, Sudre CH, Nguyen LH, Drew DA, et al. Real-time tracking of self-
reported symptoms to predict potential COVID-19. Nature medicine. 2020;26(7):1037-40.

Kennedy B, Fitipaldi H, Hammar U, Maziarz M, Tsereteli N, Oskolkov N, et al. App-based COVID-19
syndromic surveillance and prediction of hospital admissions in COVID Symptom Study Sweden. Nat
Commun. 2022;13(1):2110.

Zoabi Y, Deri-Rozov S, Shomron N. Machine learning-based prediction of COVID-19 diagnosis based on
symptoms. npj digital medicine. 2021;4(1):1-5.

Chen K-F, Feng T-W, Wu C-C, Yunusa |, Liu S-H, Yeh C-F, et al. Diagnostic accuracy of clinical signs and
symptoms of COVID-19: A systematic review and meta-analysis to investigate the different estimates in
a different stage of the pandemic outbreak. Journal of global health. 2023;13.

van Dijk WJ, Saadah NH, Numans ME, Kiefte-de Jong JC. Binnensporten tijdens de COVID-19-pandemie:
analyse met behulp van data uit de COVID RADAR app. TSG-Tijdschrift voor gezondheidswetenschappen.
2022;100(3):92-7.

Toussaint LL, Cheadle AD, Fox J, Williams DR. Clean and contain: initial development of a measure

of infection prevention behaviors during the COVID-19 pandemic. Annals of Behavioral Medicine.
2020;54(9):619-25.

Nesnawy S, M Gamal L, Arafa A, Abdel Kader M, D Mohammed M, M Basiony B, et al. Behavior-based
exposure to droplet infection: development and validation of a self-risk measurement tool during the
COVID-19 pandemic. Egyptian Journal of Health Care. 2020;11(2):690-701.

Baumkétter R, Yilmaz S, Zahn D, Fenzl K, Prochaska JH, Rossmann H, et al. Protective behavior and SARS-
CoV-2 infection risk in the population—results from the Gutenberg COVID-19 study. BMC Public Health.
2022;22(1):1993.

Andrasfay T, Wu Q, Lee H, Crimmins EM. Adherence to social-distancing and personal hygiene behavior
guidelines and risk of COVID-19 diagnosis: evidence from the understanding America study. American
journal of public health. 2022;112(1):169-78.

Uiterkamp MH, van Dijk WJ, Heesterbeek H, van der Hofstad R, Jong JC, Litvak N. Value of risk-contact
data from digital contact monitoring apps in infectious disease modeling. arXiv preprint arXiv:250321228.
2025.

Varsavsky T, Graham MS, Canas LS, Ganesh S, Pujol JC, Sudre CH, et al. Detecting COVID-19 infection
hotspots in England using large-scale self-reported data from a mobile application: a prospective,
observational study. The Lancet Public Health. 2021;6(1):e21-e9.

Menni C, Valdes AM, Polidori L, Antonelli M, Penamakuri S, Nogal A, et al. Symptom prevalence, duration,
and risk of hospital admission in individuals infected with SARS-CoV-2 during periods of omicron and
delta variant dominance: a prospective observational study from the ZOE COVID Study. The Lancet.
2022;399(10335):1618-24.



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
34,

Discussion

Contributors W. Ecological Fallacy 2024 [Available from: https://en.wikipedia.org/wiki/Ecological_
fallacy.

Robinson WS. Ecological Correlations and the Behavior of Individuals. American Sociological Review.
1950;15(3):351-7.

Trochim WMK. Two Research Fallacies: Ecological Fallacy and Exception Fallacy Conjointly2024 [Available
from: https://conjointly.com/kb/two-research-fallacies/.

Schmeelk S, Davis A, Li Q, Shippey C, Utah M, Myers A, et al. Monitoring symptoms of COVID-19: review
of mobile apps. JMIR mHealth and uHealth. 2022;10(6):e36065.

Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer RC, et al. Attributes and predictors of
long COVID. Nature medicine. 2021;27(4):626-31.

Menni C, May A, Polidori L, Louca P, Wolf J, Capdevila J, et al. COVID-19 vaccine waning and effectiveness
and side-effects of boosters: a prospective community study from the ZOE COVID Study. The Lancet
Infectious Diseases. 2022;22(7):1002-10.

Menni C, Klaser K, May A, Polidori L, Capdevila J, Louca P, et al. Vaccine side-effects and SARS-
CoV-2 infection after vaccination in users of the COVID Symptom Study app in the UK: a prospective
observational study. The Lancet Infectious Diseases. 2021;21(7):939-49.

Jaworski BK, Taylor K, Ramsey KM, Heinz A, Steinmetz S, Pagano |, et al. Exploring usage of COVID coach,
a public mental health app designed for the COVID-19 pandemic: evaluation of analytics data. ] Med
Internet Res. 2021;23(3):e26559.

van Herpen MM, Saadah NH, Otieno P, Kiara L, Diehl J. Community health surveillance via digital
collection of syndromic and behavior data by community healthcare workers in rural Kenya: a pilot
study. Discover Health Systems. 2023;2(1):48.

(RIVM) RvVeM. Infectieradar: Rijksinstituut voor Volksgezondheid en Milieu (RIVM); 2024 [Available
from: https://www.infectieradar.nl/welcome.

Tan Y-R, Agrawal A, Matsoso MP, Katz R, Davis SL, Winkler AS, et al. A call for citizen science in pandemic
preparedness and response: beyond data collection. BMJ Global Health. 2022;7(6):e009389.

Cuker A, Tseng EK, Nieuwlaat R, Angchaisuksiri P, Blair C, Dane K, et al. American Society of Hematology
living guidelines on the use of anticoagulation for thromboprophylaxis in patients with COVID-19:
May 2021 update on the use of intermediate-intensity anticoagulation in critically ill patients. Blood
advances. 2021;5(20):3951-9.

Klok F, Kruip M, Van der Meer N, Arbous M, Gommers D, Kant K, et al. Incidence of thrombotic
complications in critically ill ICU patients with COVID-19. Thrombosis research. 2020;191:145-7.

Kollias A, Kyriakoulis KG, Lagou S, Kontopantelis E, Stergiou GS, Syrigos K. Venous thromboembolism in
COVID-19: A systematic review and meta-analysis. Vascular medicine. 2021;26(4):415-25.

Malas MB, Naazie IN, Elsayed N, Mathlouthi A, Marmor R, Clary B. Thromboembolism risk of
COVID-19 is high and associated with a higher risk of mortality: a systematic review and meta-analysis.
EClinicalMedicine. 2020;29.

Hanff TC, Mohareb AM, Giri J, Cohen JB, Chirinos JA. Thrombosis in COVID-19. American journal of
hematology. 2020;95(12):1578-89.

Martin-Nieto J, Uribe ML, Esteve-Rudd J, Herrero MT, Campello L. A role for DJ-1 against oxidative stress
in the mammalian retina. Neuroscience Letters. 2019;708:134361.

Spinney L. Pale rider: The Spanish flu of 1918 and how it changed the world: PublicAffairs; 2017.

Avnon LS, Munteanu D, Smoliakov A, Jotkowitz A, Barski L. Thromboembolic events in patients with
severe pandemic influenza A/H1N1. European journal of internal medicine. 2015;26(8):596-8.

149




Chapter 8

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

150

Obi AT, Tignanelli CJ, Jacobs BN, Arya S, Park PK, Wakefield TW, et al. Empirical systemic anticoagulation
is associated with decreased venous thromboembolism in critically ill influenza A H1N1 acute
respiratory distress syndrome patients. Journal of Vascular Surgery: Venous and Lymphatic Disorders.
2019;7(3):317-24.

Rubino R, Imburgia C, Bonura S, Trizzino M, laria C, Cascio A. Thromboembolic events in patients with
influenza: a scoping review. Viruses. 2022;14(12):2817.

Cappadona C, Rimoldi V, Paraboschi EM, Asselta R. Genetic susceptibility to severe COVID-19. Infection,
Genetics and Evolution. 2023;110:105426.

Elhabyan A, Elyaacoub S, Sanad E, Abukhadra A, Elhabyan A, Dinu V. The role of host genetics in
susceptibility to severe viral infections in humans and insights into host genetics of severe COVID-19: A
systematic review. Virus research. 2020;289:198163.

Abassi Z, Higazi AAR, Kinaneh S, Armaly Z, Skorecki K, Heyman SN. ACE2, COVID-19 infection,
inflammation, and coagulopathy: missing pieces in the puzzle. Frontiers in physiology. 2020;11:574753.

Huang X, Yao M, Tian P, Wong JY, Li Z, Liu Z, et al. Genome-wide cross-trait analysis and Mendelian
randomization reveal a shared genetic etiology and causality between COVID-19 and venous
thromboembolism. Communications Biology. 2023;6(1):441.

Moness H, Mousa SO, Mousa SO, Adel NM, Ibrahim RA, Hassan EE, et al. Thrombophilia genetic mutations
and their relation to disease severity among patients with COVID-19. Plos One. 2024;19(3):e0296668.

Pottegérd A, Lund LC, Karlstad @, Dahl J, Andersen M, Hallas J, et al. Arterial events, venous
thromboembolism, thrombocytopenia, and bleeding after vaccination with Oxford-AstraZeneca
ChAdOx1-S in Denmark and Norway: population based cohort study. bmj. 2021;373:n1114.

See |, Su JR, Lale A, Woo EJ, Guh AY, Shimabukuro TT, et al. US case reports of cerebral venous sinus
thrombosis with thrombocytopenia after Ad26. COV2. S vaccination, March 2 to April 21, 2021. Jama.
2021;325(24):2448-56.

Sharifian-Dorche M, Bahmanyar M, Sharifian-Dorche A, Mohammadi P, Nomovi M, Mowla A. Vaccine-
induced immune thrombotic thrombocytopenia and cerebral venous sinus thrombosis post COVID-19
vaccination; a systematic review. J Neurol Sci. 2021;428:117607.

Prins ML, Roozen GV, Pothast CR, Huisman W, van Binnendijk R, den Hartog G, et al. Imnmunogenicity
and reactogenicity of intradermal mRNA-1273 SARS-CoV-2 vaccination: a non-inferiority, randomized-
controlled trial. npj Vaccines. 2024;9(1):1.

Roozen GV, Roukens AH, Roestenberg M. COVID-19 vaccine dose sparing: strategies to improve vaccine
equity and pandemic preparedness. The Lancet Global Health. 2022;10(4):e570-e3.

Houghton DE, Wysokinski W, Casanegra Al, Padrnos LJ, Shah S, Wysokinska E, et al. Risk of
venous thromboembolism after COVID-19 vaccination. Journal of Thrombosis and Haemostasis.
2022;20(7):1638-44.

Houghton DE, Wysokinski WE, Padrnos LJ, Shah S, Wysokinska E, PruthiR, et al. Venous thromboembolism
after COVID-19 vaccination in patients with thrombophilia. American journal of hematology.
2023;98(4):566-70.

Takeuchi Y, Iwagami M, Ono S, Michihata N, Uemura K, Yasunaga H. A post-marketing safety assessment
of COVID-19 mRNA vaccination for serious adverse outcomes using administrative claims data linked
with vaccination registry in a city of Japan. Vaccine. 2022;40(52):7622-30.

Torabi F, Bedston S, Lowthian E, Akbari A, Owen RK, Bradley DT, et al. Risk of thrombocytopenic,
haemorrhagic and thromboembolic disorders following COVID-19 vaccination and positive test: a self-
controlled case series analysis in Wales. Sci Rep-Uk. 2022;12(1):16406.

Walton M, Tomkies R, Teunissen T, Lumley T, Hanlon T. Thrombotic events following the BNT162b2

mRNA COVID-19 vaccine (Pfizer-BioNTech) in Aotearoa New Zealand: A self-controlled case series study.
Thrombosis Research. 2023;222:102-8.



52.

53.

54.
55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

Discussion

Uaprasert N, Panrong K, Rojnuckarin P, Chiasakul T. Thromboembolic and hemorrhagic risks after
vaccination against SARS-CoV-2: a systematic review and meta-analysis of randomized controlled trials.
Thromb J. 2021;19(1):86.

Oosterhuis I, Scholl J, van Puijenbroek E, Kant A, van Hunsel F. Optimizing safety surveillance for
COVID-19 vaccines at the National Pharmacovigilance Centre Lareb: one year of COVID-19 vaccine
experience. Drug Safety. 2023;46(1):65-75.

Geneesmiddelenwet Art.78 lid 3 (2023).
Hazell L, Shakir SA. Under-reporting of adverse drug reactions. Drug safety. 2006;29(5):385-96.

Lareb TNPC. Overview of classical thromboembolic events (not VITT) after COVID-19 vaccination
(UPDATE) 2022 [updated 28/04/2022 Available from: https://www.lareb.nl/Knowledge/
FilePreview?id=38369&p=33518.

Ferner RE, Stevens RJ, Anton C, Aronson JK. Spontaneous reporting to regulatory authorities of
suspected adverse drug reactions to COVID-19 vaccines over time: the effect of publicity. Drug Safety.
2022;45(2):137-44.

Kant A, van Hunsel F, van Puijenbroek E. Numbers of spontaneous reports: How to use and interpret?
British journal of clinical pharmacology. 2022;88(3):1365-8.

Pariente A, Gregoire F, Fourrier-Reglat A, Haramburu F, Moore N. Impact of safety alerts on measures of
disproportionality in spontaneous reporting databases the notoriety bias. Drug safety. 2007;30:891-8.

de Graaf L, Fabius MA, Diemont WL, van Puijenbroek EP. The Weber-curve pitfall: effects of a forced
introduction on reporting rates and reported adverse reaction profiles. Pharmacy World and Science.
2003;25:260-3.

Petersen |, Douglas I, Whitaker H. Self controlled case series methods: an alternative to standard
epidemiological study designs. Bmj. 2016;354:i4515.

Requena G, Douglas IJ, Huerta C, de Abajo F. Impact of pre-exposure time bias in self-controlled case
series when the event conditions the exposure: Hip/femur fracture and use of benzodiazepines as a case
study. Pharmacoepidemiology and Drug Safety. 2020;29(4):388-95.

Andrews NJ, Stowe J, Ramsay ME, Miller E. Risk of venous thrombotic events and thrombocytopenia in
sequential time periods after ChAdOx1 and BNT162b2 COVID-19 vaccines: a national cohort study in
England. The Lancet Regional Health—Europe. 2022;13.

Burn E, Li X, Delmestri A, Jones N, Duarte-Salles T, Reyes C, et al. Thrombosis and thrombocytopenia
after vaccination against and infection with SARS-CoV-2 in the United Kingdom. Nat Commun.
2022;13(1):7167.

Elkin PL, Brown SH, Resendez S, McCray W, Resnick M, Hall K, et al. COVID-19 vaccination and venous
thromboembolism risk in older veterans. J Clin Transl Sci. 2023;7(1):e55.

Hviid A, Hansen JV, Thiesson EM, Wohlfahrt J. Association of AZD1222 and BNT162b2 COVID-19
Vaccination With Thromboembolic and Thrombocytopenic Events in Frontline Personnel : A
Retrospective Cohort Study. Ann Intern Med. 2022;175(4):541-6.

CBS, RIVM. CIMS: COVID Vaccinatie Informatie en Monitoringssysteem: CBS; 2023.

Kaplan RM, Chambers DA, Glasgow RE. Big data and large sample size: a cautionary note on the potential
for bias. Clinical and translational science. 2014;7(4):342-6.

Leggat-Barr K, Ryu R, Hogarth M, Stover-Fiscalini A, Veer Lvt, Park HL, et al. Early Ascertainment of
Breast Cancer Diagnoses Comparing Self-Reported Questionnaires and Electronic Health Record Data
Warehouse: The WISDOM Study. JCO clinical cancer informatics. 2023;7:€2300019.

Li X, Ostropolets A, Makadia R, Shoaibi A, Rao G, Sena AG, et al. Characterising the background incidence
rates of adverse events of special interest for covid-19 vaccines in eight countries: multinational network
cohort study. bmj. 2021;373.

151




Chapter 8

71.

72.

73.

74.

75.

76.

152

Berild JD, Larsen VB, Thiesson EM, Lehtonen T, Grgsland M, Helgeland J, et al. Analysis of thromboembolic
and thrombocytopenic events after the AZD1222, BNT162b2, and MRNA-1273 COVID-19 vaccines in 3
Nordic countries. JAMA network open. 2022;5(6):e2217375-€.

Knijff M, van Lier A, Boer M, de Vries M, Hament J-M, de Melker HE. Parental intention, attitudes, beliefs,
trust and deliberation towards childhood vaccination in the Netherlands in 2022: Indications of change
compared to 2013. Vaccine. 2024;42(4):801-11.

Dittmann S. Vaccine safety: risk communication—a global perspective. Vaccine. 2001;19(17-19):2446-
56.

Kimmel SR, Wolfe RM. Communicating the benefits and risks of vaccines. Journal of family practice.
2005;54(1):S51.

Omer SB, Amin AB, Limaye RJ. Communicating about vaccines in a fact-resistant world. JAMA pediatrics.
2017;171(10):929-30.

Emery T, Keizer, R., van Gaalen, R., Fokkema, T., Bordone, V., Arpino, B., Komter, A., Silverstein, M., Zhang,

W, Xu, Y., Liefbroer, A., Karpinska, K., van Zoonen, L., Das, M., Das, M., Van Der Meer, L., Koopmans, M.,
Bogaard, T., & Schreijer, A. Fertile Ground: Liber Amicorum of Pearl Dykstra. 2024.



Discussion






