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Due to the high intensity of the COVID-19 vaccination campaigns and heightened

attention for safety issues, the number of spontaneous reports has surged. In the

Netherlands, pharmacovigilance centre Lareb has received more than 100 000

reports on adverse events following immunization (AEFI) associated with Covid-19

vaccination. It is tempting to interpret absolute numbers of reports of AEFIs in sig-

nal detection. Signal detection of spontaneously reported adverse drug reactions

has its origin in case-by-case analysis, where all case reports are assessed by clini-

cally qualified assessors. The concept of clinical review of cases—even if only a few

per country—followed by sharing concerns of suspicions of potential adverse reac-

tions again proved the strength of the system. Disproportionality analysis can be

useful in signal identification, and comparing reported cases with expected based

on background incidence can be useful to support signal detection. However, they

cannot be used without an in-depth analysis of the underlying clinical data and

pharmacological mechanism. This in-depth analysis has been performed, and is

ongoing, for the signal of vaccine-induced immune thrombotic thrombocytopenia

(VITT) in relation to the AstraZeneca and Janssen Covid-19 vaccines. Although not

frequency or incidence rates, reporting rates can provide an impression of the

occurrence of the event. But the unknown underreporting should also be part of

this context. To quantify the incidence rates, follow-up epidemiological studies are

needed.
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1 | INTRODUCTION

Late 2020 to early 2021, the COVID-19 vaccination campaigns

started. Multiple brands of vaccines from different manufacturers

became available, at the time based mainly on two vaccine types

(mRNA and viral vector). These vaccines were tested for efficacy and

safety in large clinical trials.1–3 Near real-time post-marketing

pharmacovigilance was needed, because of the large-scale vaccination

in a short time span.

Reports on adverse events following immunization (AEFI) can

be reported to national spontaneous reporting systems (SRS).

These systems have proven their worth as the backbone of post-

marketing safety surveillance. SRS reporting remains one of the

main methods to detect new safety signals in an efficient way

once drugs are authorized on the market.4–6 Due to the high

intensity of the vaccination campaigns and heightened attention for

safety issues of both healthcare professionals and the public, the

number of spontaneous reports has surged. In the Netherlands,

pharmacovigilance centre Lareb has received more than 100 000

reports on AEFI associated with Covid-19 vaccination by June

31, 2021, with 15.5 million vaccines administered in less than

6 months. It is tempting to interpret absolute numbers of reports

of AEFIs in signal detection. How can these numbers be used and

interpreted?
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2 | SIGNAL DETECTION

Signal detection of spontaneously reported adverse drug reactions, or

in the case of vaccines AEFI, has its origin in case-by-case analysis

where all case reports containing one or more ADRs are assessed by

clinically qualified assessors. Key in the assessment of the causal rela-

tionship between the vaccine and the reported AEFI is the clinical

information provided by the reporter, among which information on

timing and course of the reaction and other characteristics. In the case

of COVID-19 vaccination, they have shown to be of irreplaceable

value in finding signals, such as thrombosis with thrombocytopenia

syndrome (TTS) linked to the vaccination with AstraZeneca vaccine

Vaxzevria® and COVID-19 vaccine Janssen®.7–9 The concept of

clinical review of cases—even if only a few per country—followed by

sharing concerns of suspicions of potential adverse reactions again

proved the strength of the system.

3 | DISPROPORTIONALITY ANALYSIS

Case-by-case signal detection by clinical experts remains important.

Because of the very specific combination of clinical symptoms TTS

was detected. With a triage of incoming cases, serious ADRs with

clearly defined diagnosis can be quickly selected for further assess-

ment and analysis. However, with large numbers of reports

received, it is no longer possible to rely solely on case-by-case anal-

ysis because manual review of all reports is no longer feasible and,

in addition, patterns in data that may reveal risk factors or other

characteristics of the AEFIs are not always easily detectable.

Methods for statistical signal detection were developed which help

to drill down the number of associations that can be further

reviewed manually. Because, in an SRS, data on the actual number

of users for a drug (denominator data) are usually missing, the

reports in the SRS itself are often used as a proxy. In this so-called

quantitative signal detection, combinations of a drug or vaccine and

a clinical event that are disproportionately highly represented in the

database may represent a safety signal based upon a difference

from the background frequency.10 It should be noted that neither

the absolute number of reports, nor the level of disproportionality is

indicative of the occurrence of AEFIs in the population. In addition,

it should be recognized that, given the use of this proxy and the

likelihood of biased reporting, additional studies are needed to con-

firm the safety signals.

Calculations of measures of disproportionality are based primarily

upon a two-by-two contingency table (Figure 1). One of the basic sta-

tistical approaches that has been in place for many years is the use of

the reporting odds ratio (ROR), which is currently also in use by the

European Medicines Agency.11 The ROR compares the rate of

reporting a specific adverse effect in a drug with the rate of reporting

the same adverse effect in all other drugs. The ROR is calculated by

the following division: the numerator is the number of cases in which

the suspected drug (or vaccine) was used and a specific ADR (or AEFI)

was reported divided by the number of cases using the suspected

drug in which this ADR was not reported; the denominator is the

number of cases using other suspected drugs, reporting a specific

ADR divided by the number of cases using other suspected drugs

without reporting that specific ADR. It is expressed as a point

estimate with corresponding 95% confidence intervals (95% CIs).10,12

See Figure 1.

Analysing large numbers of reports in routine signal screening

by means of disproportionality analysis usually do not take into

account clinical and pharmacological knowledge. This limits the

capability to detect potential signals. For vaccines, statistical signal

detection can be further optimized by taking into account detailed

information from the reported AEFIs as well as background

F IGURE 1 Calculation of the
reporting odds ratio (ROR)

What is already known about this subject

• Spontaneous reports are used for case-by-case signal

detection. The number of reports can be used to calcu-

late reporting rates.

What this study adds

• This study provides more insight into how to use and

interpret numbers of spontaneous reports.
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information, like the numbers of vaccines and the vaccinated

populations, administered vaccines and batch numbers. Defining co-

variables for stratification of disproportionality analysis, e.g., latency,

age, gender, injection site, vaccination moment or vaccine brand

name, may be useful.13

Disproportionality analysis can also be used to highlight potential

batch-related issues. At Lareb, for each batch within a vaccine, local

and systemic reactogenicity is compared with all other batches of the

same vaccine, based on the 2 � 2 table shown in Figure 1.14

In addition to disproportionality analysis, other methods may be

performed such as analysis of reporting patterns/clustering,15 time-

to-onset16 and trend analyses.17

4 | OBSERVED/EXPECTED ANALYSIS

When a possible signal has been identified, by disproportionality

analysis or case-by-case review, observed-over-expected (O/E)

analyses can be performed. Numbers of reports can be used in O/E

analyses that take into account background incidence rates for an

event and total person–time at risk in the vaccinated population. The

background incidence rate is the number of new cases occurring

naturally in the population, expressed in person–time. The role of OE

analyses is to refine previously detected signals when there is not

enough information to determine whether further action is necessary.

For instance, Lareb used this method to investigate cases of thrombo-

sis for the different Covid-19 vaccines used in the Netherlands.18

Stratification, for example for age and sex, can be incorporated in this

method if data are present.

In this O/E method, the reported cases are considered as

observed cases. However, the degree of underreporting is unknown.

Even with the high reporting rate during this vaccination campaign in

the Netherlands, probably not all suspected ADRs will be reported.

Underestimation of the observed number of cases is therefore likely.

Also, the accuracy of calculations also depends on quality of data

used for background incidence and may vary according to the

dataset that has been used.Nevertheless, if observed is higher than

or, because of the underreporting, even close to expected, this is

supportive for a signal.

5 | REPORTING RATES ARE NOT
INCIDENCE RATES

Over the past few months, the number of cases suspected for TTS

gradually increased. Based on a limited number of cases, a possible

relationship between AZ and TTS was suspected. However, an

incidence rate could not be calculated. For those working in the field

of spontaneous reporting, this is obvious, but for those not so familiar

with this approach, this is less obvious. Although it may give an

indication, reporting rates cannot be interpreted as an incidence rate.

For an incidence rate, the nominator is inappropriate, because the

degree of underreporting is unknown. Media attention and increasing

awareness among clinicians stimulates reporting, also known as

notoriety bias.19 Although underreporting will be reduced because of

all this attention for TTS, still it is not known whether all reactions will

be reported. Underreporting is obviously variable by country, time,

type of drug and type of adverse events. Another problem is that

spontaneous reports may lack clinical information and are not always

conclusive on the event.

Nevertheless, reporting rates are useful. The ratio of the number

of reports of TTS divided by the number of vaccines administered

gives an impression of the rarity of this adverse reaction.

6 | CONCLUSION

Disproportionality analysis can be useful in signal identification, and

comparing reported cases with expected cases based on background

incidence can be useful to support signal detection. However, they

cannot be used without an in-depth analysis of the underlying clinical

data and pharmacological mechanism. This in-depth analysis has been

performed, and is ongoing, for the signal of vaccine-induced immune

thrombotic thrombocytopenia (VITT) in relation to the AstraZeneca

and Janssen Covid-19 vaccines.4,5

Although not frequency or incidence rates, reporting rates can

provide an impression of the occurrence of the event. But the

unknown underreporting should also be part of this context. To quan-

tify the incidence rates, follow-up epidemiological studies are needed.
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