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Abstract: Background/Objectives: Controversy exists over the use of passive reporting
systems, especially the Vaccine Adverse Event Reporting System, in risk assessment. One
limitation of these systems is that adverse event (AE) reporting rates cannot be calculated
without knowing the number of shots administered or prescriptions in the case of pharma-
ceuticals. Adverse event reporting rates can be a factor in a risk assessment, though they
should not be solely relied on; they can be used to compare the relative safety profiles of
different vaccine products or pharmaceuticals. This study introduces the Denominator-
Adjusted Rate Estimates of Substance Adverse Events Frequency Evaluation (DARE-SAFE)
method to analyze pharmacovigilance reporting rates for vaccines and common pharma-
ceuticals. Methods: We calculated reporting rates for the top 250 most prescribed drugs in
the US Food and Drug Association (FDA) Adverse Event Reporting System and common
vaccines in the Vaccine Adverse Events Reporting System. For vaccines, we used USA Cen-
ters for Disease Control (CDC) dose data and OpenVAERS reports. For pharmaceuticals,
we utilized prescription data from ClinCalc and FAERS reports for 2022. Results: VAERS
reporting rates varied significantly across vaccine types. COVID-19 vaccines showed a
63.0 £ 0.6 times higher rate of VAERS deaths per dose and an 18.95 + 0.02 times higher
rate of total adverse event reports per dose compared to influenza vaccines. The ratio of
total VAERS reports to deaths for vaccines was 73 + 4 to 1 (R? = 0.94). For pharmaceuticals,
the ratio of total adverse event reports to deaths was 26 + 2 (R? = 0.46), with a strong corre-
lation between serious adverse events and deaths (ratio 9.1 & 0.3, R? = 0.79). Conclusions:
DARE-SAFE provides a standardized method for comparing reporting rates across different
medical products. The observed differences between vaccines and pharmaceuticals, as well
as among different vaccine types, warrant further investigation into reporting practices,
actual safety profiles, and potential biases in surveillance systems.

Keywords: pharmacovigilance; vaccine adverse event; drug safety; vaccine adverse event
reporting system

1. Introduction

Post-marketing surveillance utilizing passive reporting carries the caveat that, lacking
knowledge on the number of people administered a drug, raw numbers of reports do
not reflect actual safety risk. We aim to calculate the reporting rates for the top 250 most
prescribed drugs in the US Food and Drug Association’s Adverse Event Reporting System
(FAERS), as well as common vaccines in the Vaccine Adverse Events Reporting System
(VAERS). While we acknowledge that reporting rates and incidence rates are two different
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quantities, we believe these data may be valuable as a resource in pharmacovigilance
to identify changing trends in reported drug and Vaccine Adverse Events (AEs), while
remaining agnostic to the source of the trend, be it in reporting behavior or actual risk.

The use of pharmacovigilance systems has come with caveats to the use of said systems;
one is unable to assign causality or to determine rates of AEs from reporting frequencies.
The use of any dataset comes with caveats, and VAERS is no different, requiring care in
analysis and reporting. While we cannot calculate incidence rates from VAERS reports,
it is possible to calculate the reporting rates, given a suitable denominator (number of
doses). We make this clarification at the outset. AEs are typically underreported, where
more serious and temporally associated events are more likely to be reported, and minor
events with a less salient association with vaccination tend to be more underreported (less
likely to be reported) [1].

Pharmacovigilance is crucial for monitoring the safety of drugs and vaccines post-
marketing. However, passive reporting systems like VAERS and FAERS face limitations,
including underreporting and inconsistent reporting practices. Understanding these re-
porting rates is vital for assessing the relative safety of different medical products.

1.1. The Problem of Inferring Rates in the Vaccine Adverse Event Reporting System

Pharmaceutical drugs are commonly understood to have side effects associated with
them. These side effects are measured against their benefits to determine if it is in the
patient’s best interest to take a prescription for a drug. By comparison, vaccines are
understood to have side effects, ranging from site pain and cold and flu symptoms to
severe impairments and death [2], yet outside of special cases of allergy to a component, are
almost unanimously determined by medical professionals to be in the patient’s best interest.

Promotion by physicians is encouraged by public health agencies and quality of care
programs of medical organizations or insurance providers. This may include financial
incentives based on how many people get vaccinated [3,4].

While vaccines can lower the incidence and severity of infectious diseases [5], they may
not be appropriate in every case [6]. For a proper comparison of utility with downsides,
it is important to quantify levels of risk to compare with benefits [7]. Fear of adverse
effects is a prominent reason for vaccine hesitancy [8], and vaccine-hesitant people tend
to not be swayed by messaging they perceive as dismissive of safety concerns [9]. Polls
of parents show a higher degree of skepticism towards COVID-19 vaccines than other
vaccines, such as Measles, Mumps, and Rubella (MMR), commonly used in the childhood
vaccination schedule [10]. A comparison of safety profiles may help researchers to address
vaccine hesitancy.

It is commonly said that VAERS cannot be used to infer AE rates. While this is
technically true, it can provide a helpful estimation. If the number of doses is known, then
it is possible to provide the reporting rate per a constant number of doses. This should be
considered only a proxy measurement for risk and not an absolute measure, as it does not
account for the reporting rate, which may differ between vaccines due to increased salience
of pharmacovigilance reporting.

Many factors influence the reporting rate of VAERS reports, though it is widely
accepted to be underreported, with reporting rates differing by condition, severity, and
salience of the connection with vaccination. While caveats need to be accounted for, this
does not mean that VAERS reports per dose is a useless measure, as is often implied. It may
be informative of the relative safety of vaccines and should importantly be corroborated by
active surveillance tools. In principle, researchers are allowed to access active surveillance
data; but in practice, requests can be declined by the agencies acting as custodians for
the data.
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Some AE rates for vaccines are reported, though our literature search has not revealed
data on VAERS reports per dose for major vaccines as a resource. We include these data as
a means of comparison of relative reporting rates between vaccines.

If there is a large difference in VAERS reporting rates per dose between vaccines that
does not correspond with an actual increased risk of AEs for a given vaccine, it becomes
informative to study the factors resulting in the discrepancy. As vaccine AE underreporting
is a significant challenge, studying the factors behind greater reporting (as long as reports
are truthful) can help pharmacovigilance efforts for current and future vaccines. In the
case where differential reporting rates correspond to discrepancies in actual risk, it is
important to study the factors driving the increased risk, as this may improve the safety
of the vaccination program as a whole. Currently, a lack of standardized methods for
comparing reporting rates between different vaccines hampers regulators’ ability to assess
and compare safety profiles of vaccines, which DARE-SAFE aims to enable.

1.2. Pharmacovigilance Reporting for Pharmaceutical Drugs

It is less controversial that pharmaceutical drugs have side effects and potential AEs
associated with them. However, awareness of pharmacovigilance programs is limited,
and AEs are underreported for drugs as well as vaccines [11]. In the below analysis, we
reported the crude rates of drug-associated AEs per prescription. We wish to emphasize
that the dataset for VAERS reporting rates is different from the dataset we provide for
pharmaceutical adverse event reporting rates, and we provide these by prescription, instead
of per dose, as is the case for vaccine AEs, i.e., the rates are not directly comparable.

Establishing the VAERS and FAERS reporting rates for vaccines and pharmaceuticals
is useful for performing a risk assessment when recommending vaccines or drugs. This
may also enable estimations of healthcare usage associated with drugs and pharmaceu-
ticals. This also serves as a potential benchmark for risk prediction using in silico [12],
in vitro [13], or in vivo assays [14] for drug toxicity. Successful pharmacovigilance uses
many methodologies and synthesizes insights from computational or systems biology pre-
diction of toxic effects, with cell and animal models and lastly clinical and post-surveillance
data in humans. DARE-SAFE provides risk estimation from existing pharmacovigilance
data, enabling comparisons between the reporting rates of various drugs, which the FAERS
dashboard by itself does not provide.

2. Results
2.1. VAERS Reporting Rates by Vaccine Type

Calculating the VAERS reporting rate per dose produces significant variation in the
reporting rates for AEs across vaccine type. Given the possible variation in AE rates,
especially for common and non-serious events like site pain and cold/flu symptoms, we
examine deaths, finding significant variation per dose as well, with COVID-19 vaccines
being considerably more dangerous than other commonly administered vaccines, such
as influenza [15].

For COVID-19 vaccines, we observe a 63.0 £ 0.6 times higher rate of VAERS deaths
per dose than influenza (Table 1). For total AEs, COVID-19 vaccines have a rate of VAERS
reports 18.95 times the influenza rate, consistent with other reported results [15]. These
findings suggest differences in vaccine safety and/or reporting practices between the
two vaccines.
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Table 1. Vaccine doses given in the USA and rates of AEs and deaths reported to VAERS. VAERS
reports and the number of deaths are taken from reference [16]. * The number of doses for the
COVID-19 vaccines is taken from reference [17]. All other values for the number of doses are
taken from [18].

Vaccine Name Number of Doses Number of VAERS Reporting Rate VAERS VAERS Deaths Reporting
Distributed (2006-2022)  VAERs Reports per 100,000 Doses Deaths Rate per 100,000 Doses
DT 794,777 462 58.1 2 0.252
DTaP 122,237,653 25,629 21 656 0.537
DTaP-Hep B-IPV 94,331,585 9990 10.6 419 0.444
DTaP-HiB 1,135,474 380 33.5 1 0.0881
DTaP-IPV 40,456,384 9818 24.3 8 0.0198
DTaP-IPV-HiB 89,568,786 8906 9.94 224 0.250
DTaP'IP\gHiB'HeP 2,021,770 526 26.0 3 0.148
DTP 0 556 N/A 3 N/A
DTP-HiB 0 57 N/A 2 N/A
Hep A+Hep B 19,811,507 2893 14.6 8 0.0404
Hep B-HiB 4,787,457 1000 20.9 18 0.376
Hepatitis A (Hep A) 231,034,565 30,930 13.4 85 0.0368
Hepatitis B (Hep B) 248,816,802 19,737 7.93 222 0.0892
HiB 159,451,493 21,526 13.5 435 0.273
HPV 158,878,541 42,464 26.7 109 0.0686
Influenza 2,407,000,000 149,512 6.21 650 0.0270
1PV 85,815,525 16,104 18.8 93 0.108
Measles 135,660 118 87.0 2 1.47
Meningococcal 152,565,553 31,050 204 54 0.0354
MMR 134,424,338 35,743 26.6 88 0.0655
MMR-Varicella 42,936,444 15,668 36.5 20 0.0466
Mumps 110,749 65 58.7 0 0
orv 0 188 N/A 5 N/A
Pneumococcal 517,159,908 83,537 16.2 810 0.157
Rotavirus 150,866,652 19,899 13.2 476 0.316
Rubella 422,548 98 23.2 0 0
Td 79,443,263 3322 4.18 9 0.0113
Tdap 358,134,237 39,153 10.9 59 0.0165
Tetanus 3,838,993 1226 319 4 0.104
Varicella 143,906,028 48,863 34 84 0.0584
COVID-19 663,000,000 * 781,075 117.7 11,288 1.70

Using a fixed intercept model and weighting by the number of doses of a given vaccine,
the ratio of total reports to deaths is 73 & 4 (R? = 0.94) (Figure 1, Table S1).
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Figure 1. The relationship between the number of reported AEs to deaths in VAERS. Reporting rates
for AEs and deaths for the vaccines in VAERS; bubble size shows the number of doses. The orange
line shows the linear fit for the model y = mx, weighted by the number of doses given between
1 January 2006 and 31 December 2022. The fit produces a slope value of 0.0136 £ 0.0007, which
corresponds to a ratio of 73 £ 4 AEs per death.

2.2. VAERS Reporting Rates by COVID-19 Vaccine Manufacturer

Reporting rates for AEs and deaths differ slightly between manufacturers of COVID-19
vaccines (Table 2). While Johnson & Johnson has the highest reporting rate for death, the
magnitude of this difference is less when accounting for the Johnson & Johnson vaccine
being a single shot compared to the two shots required for Pfizer or Moderna.

Table 2. AE rates and death rates reported in VAERS by COVID-19 vaccine manufacturers. Dose
values are taken from [19], and numbers of VAERS reports are taken from [16].

COVID-19 Vaccine
Manufacturer

Doses (Cumulative VAERS Death
to 31 December 2022
in USA)

Number of VAERS  Number of VAERS  VAERS Reporting Rate

Reports Death Reports per 100,000 Doses Reporting Rate per

100,000 Doses

Pfizer /BioNTech

395,801,679 398,648 6530 101 1.65

Moderna

248,752,253 371,774 6056 150 243

Johnson & Johnson

18,953,653 61,262 1093 323 5.77

Novavax

69,623 627 0 901 0

2.3. FAERS Reporting Rates for 250 Most Prescribed Pharmaceuticals in 2022

For the sake of brevity, we have included only the top 10 most prescribed medications
in 2022 in Table 3. The full dataset is available in Table S2.

We observe a strong correlation between the reporting rates of AEs and the reporting
rates for deaths. Using a fixed intercept model and weighting by the number of prescrip-
tions given, the ratio of AE reports to deaths is 26 + 2 (R? = 0.46) (Figure 2, Table S3). Using
a fixed intercept model and weighting by the number of prescriptions, the ratio of serious
AE reports to deaths is 9.1 + 0.3 (R% = 0.79) (Table S4). and the ratio of AEs to SAEs is
2.43 4 0.07 (R? = 0.82) (Table S5).
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Table 3. AE rates and deaths for the ten most commonly prescribed prescription drugs in the USA.

Values for the number of prescriptions and patients are from [20] for the year 2022. Numbers of total
FAERS reports, serious AEs, and deaths for each medication are taken from FAERS [21]. The full
dataset is available in Table S2.

Total Pre- Total . Serious Deaths
A . . AEs per Serious AEs Deaths per AEs per
Drug scriptions Patients Total  Serious AEs per per
Name (2022, 022, AEs AEs Deaths . 100{02,0 I’per 1(.)0;(.)00 . 100{0(’:? ;03,00? 100,000 100,000
Millions) Millions) rescriptions rescriptions rescriptions atients Patients Patients
Atorvastatin  109.583 27.936 3834 3601 305 3.50 3.29 0.28 26.4 23.7 3.39
Metformin 86.748 19.536 5164 4631 663 5.95 534 0.76 12.6 6.83 1.41
Lisinopril 82.514 20.314 2564 1387 286 3.11 1.68 0.35 9.69 7.56 1.39
Levothyroxine 82.432 18.130 1756 1370 252 2.13 1.66 0.31 21.9 20.7 4.08
Amlodipine 70.766 17.790 3903 3682 726 5.52 5.20 1.03 15.2 135 2.57
Metoprolol 65.245 15.543 2360 2096 400 3.62 3.21 0.61 12.0 10.8 0.57
Albuterol 59.075 19.265 2305 2073 109 3.90 3.51 0.19 9.08 7.45 1.19
Losartan 53.556 13.150 1194 980 157 2.23 1.83 0.29 35.1 31.9 3.88
Omeprazole  52.133 13.802 4844 4405 536 9.29 8.45 1.03 53.2 42.0 12.1
Gabapentin 40.141 9.890 5263 4149 1195 13.1 10.3 298 26.4 23.7 3.39
250
- 200
g
=
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Figure 2. Relationship between FAERS reporting rates for AEs and deaths for the top 250 prescribed
drugs in the USA. Bubble size represents the number of prescriptions given in 2022. We perform a linear
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fit to the model y = mx, producing a value for slope of m = 0.038 + 0.003, consistent with a ratio of AE
reports to deaths of 26 & 2. Top panel. Full range of possible AE rates. Bottom panel, subset focusing
solely on drugs with AE rates less than 450 per 100,000.

3. Discussion

DARE-SAFE analysis provides a comprehensive examination of AE reporting rates
for both vaccines and pharmaceuticals, offering valuable insights into pharmacovigilance
data. This study calculates reporting rates for the top 250 most prescribed drugs in FAERS
and common vaccines in VAERS.

A key finding of the analysis is the significant variation in VAERS reporting rates
across different vaccine types. Notably, COVID-19 vaccines showed considerably higher
reporting rates compared to other commonly administered vaccines, such as influenza. The
study found that COVID-19 vaccines had a 63.0 £ 0.6 times higher rate of VAERS deaths
per dose than influenza vaccines and an 18.95 £ 0.02 times higher rate of total AE reports.

The analysis also revealed a consistent ratio of approximately 70:1 for total VAERS reports
to deaths for vaccines. This ratio was determined using a fixed intercept model weighted by
the number of VAERS reports, with an R? value of 0.966, indicating a strong correlation.

For pharmaceuticals, the study examined the FDA Adverse Event Reporting System
(FAERS) data for the year 2022. The analysis found a lower ratio of about 43:1 for total AE
reports to deaths, compared to the 70:1 ratio observed in vaccines. Additionally, a strong
correlation was observed between serious AEs and deaths in pharmaceutical reporting,
with a ratioof 9.1 £ 0.3 to 1.

Drug safety requires a multifaceted approach, including passive and active pharma-
covigilance, as well as understanding of the drug’s effects. Understanding of a drug’s
or vaccine’s effects need not be restricted to mere clinical observation but can include
more detailed Omics technologies by monitoring biological parameters including gene
expression [22] and drug kinetics and biodistribution [23,24].

These findings underscore the importance of context when interpreting pharmacovigi-
lance data. While DARE-SAFE provides a standardized method for comparing reporting
rates, it is crucial to remember that these rates do not directly equate to incidence or causal-
ity. The observed differences between vaccines and pharmaceuticals, as well as among
different vaccine types, warrant further investigation into reporting practices, actual safety
profiles, and potential biases in surveillance systems.

Any passive pharmacovigilance system carries with it the caveat that many of the
reports are not verified, and reports cannot be verified as reports are anonymous. Ideally,
an analysis would include active surveillance data; active surveillance data, such as with
the Vaccine Safety Datalink (VSD), has several advantages, as it follows a group of people
for a period of time following vaccination, the amount of doses administered and patients
is well known, and rates of AEs can be calculated. However, access to VSD data is limited
for scientists outside the CDC and VSD network. However, the VSD only allows the public
to access datasets from already published studies, published within the last ten years, and
does not provide raw data [25]. Additionally, they provide links to only two published
datasets available to the public [26,27], which are both published more than ten years ago
(in 2007 and in 2010), meaning that their datasets are inaccessible to the public.

4. Methods
4.1. VAERS Reporting Rates by Vaccine Type

Using numbers of doses in US Centers for Disease Control (CDC) data, we searched
the number of VAERS reports for a given vaccine type using the resource OpenVAERS.com,
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which aggregates reports and provides the numbers of reports for given search terms.
Additional filters can filter for deaths. We reported both the total number of reports and
the deaths for a given vaccine type for the time period specified by the CDC data, ranging
from 1 January 2022 to 31 December 2022, available at [18], accessed 9 January 2025.

We calculated the ratio of reports to deaths by using a linear regression of the relation-
ship between VAERS reports and VAERS deaths. We assume a proportional relationship
between the two and choose a fixed intercept (y = 0) model to fit the relationship between
total reports and deaths. This is a reasonable assumption, as for a sufficiently large sample
size, there will be many nonserious AEs, fewer serious AEs, and yet fewer deaths. Fits
are made using the LINEST function in Microsoft® Excel® for Microsoft 365 MSO (Version
2408 Build 16.0.17928.20336) 64-bit.

The advantage of the fixed intercept model is that the slope can be converted to the ratio
of AEs to deaths, which may serve as a rough quantification of reporting behavior within a
pharmacovigilance database.

4.2. VAERS Reporting Rate by COVID-19 Vaccine Manufacturer

We delineated the VAERS reporting rates by COVID-19 vaccine manufacturer, using
numbers of doses (up to 31 December 2022) from reference [19] and VAERS reports using the
OpenVAERS [16] feature to filter by vaccine manufacturer for reports up to and including 2022.

4.3. FAERS Reporting Rates by Drug

Data on the number of prescriptions for a given drug per year were obtained through the
website https:/ /clincalc.com [20], accessed 9 January 2025. The number of FAERS reports for
the year 2022 is found for that same year using the FDA database, available at reference [21],
accessed 9 January 2025. FAERS reports are also delineated by serious AEs and deaths.

5. Conclusions

This work presents Denominator-Adjusted Rate Estimates of Substance Adverse Events
Frequency Evaluation (DARE-SAFE) for pharmaceuticals and vaccines, which provides values
for the pharmacovigilance reporting rates for vaccines and common pharmaceuticals. This re-
source can be used for risk assessment in prescribing pharmaceuticals or vaccines to individuals
and for assessing the expected level of healthcare usage for a given level of medication use.

We calculated a ratio of 73 & 4 AE reports per death report in VAERS (i.e., for vaccines) and
a ratio of AE reports to death reports of 26 & 2 in FAERS for pharmaceutical drugs. This study
also observes significant variation between the reporting rates of 4.18 AEs and 0.0113 deaths
per 100,000 doses for the Td vaccine and 118 AEs and 1.70 deaths per 100,000 doses for COVID-
19 vaccines (Table 1). COVID-19 vaccines therefore have a 28x elevated rate of AEs and a
150 % elevated rate of deaths per shot compared to Td vaccines.

Some variation exists in the VAERS reporting frequency between manufacturers of COVID-
19 vaccines, with the AE reporting rate varying between 101 AE reports per 100,000 doses for
Pfizer to 901 AE reports per 100,000 doses for NovaVax (Table 2). However, for death reports,
NovaVax had no death reports in VAERS, while Johnson & Johnson had the highest rate at
5.77 death reports in VAERS per 100,000 doses. The increased level of AE reports for NovaVax,
despite no deaths, could be attributable at least partially to different reporting behaviors. Our
survey extends from 1 January 2006 to 31 December 2022, and NovaVax saw very limited use
during this time period, representing 0.01% of the total COVID-19 vaccine doses administered in
the USA through 31 December 2022, as NovaVax was only approved on 13 July 2022 [28]. One
other consideration for the anomalously high rate of VAERS reports for NovaVax is that of the
69,623 doses administered by 31 December 2022 [19] (Table 2), 55,126 (79%) were administered
in the context of clinical trials [28], which have more stringent reporting requirements for AEs.
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For the most commonly prescribed pharmaceuticals (Table 3 and S2), death reporting rates
per prescription are correlated (R? = 0.46) with total AE reporting rates per prescription, with
a ratio of 26 &= 2 AEs per death report (Figure 2). Additionally, the ratio of serious AE reports
to deaths is 9.1 + 0.3, and the ratio of AEs to SAEs is 2.43 + 0.07 (Table S4). As we restricted
our analysis to the 250 most prescribed drugs, typically the sample size provided sufficient
statistical power.

AE and SAE rates for drugs varied from 0.07 AEs and 0.07 SAEs per 100,000 thyroid
prescriptions to 4969 AEs and 1700 SAEs per 100,000 Adalimumab prescriptions, corresponding
to relative rates of 71,000 and 24,000 for AEs and SAEs, respectively (Table S2). Thirteen drugs
had no deaths associated with them, and five drugs lacked data. The drug with the most death
reports was Dexamethasone, with 166 deaths per 100,000 prescriptions.

By publishing the pharmacovigilance reporting rates for common vaccines and phar-
maceuticals, this work informs risk assessment, allowing for researchers to better account
for AEs when balancing risk and benefit.

Supplementary Materials: The following supporting information can be downloaded at
https:/ /www.mdpi.com/article/10.3390 /pharma4020007/s1, Table S1. Fitting parameters for a
linear, fixed intercept model of VAERS deaths per 100,000 doses vs. VAERS reports per 100,000 doses;
Table S2. FAERS reporting rates for 250 most prescribed pharmaceuticals in 2022; Table S3. Fitting
parameters for a linear, fixed intercept model of FAERS deaths per 100,000 doses vs. FAERS reports
per 100,000 doses; Table S4. Fitting parameters for a linear, fixed intercept model of FAERS deaths
per 100,000 doses vs. FAERS SAE reports per 100,000 doses; Table S5. Fitting parameters for a linear,
fixed intercept model of FAERS SAEs per 100,000 doses vs. FAERS reports per 100,000 doses.
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