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Postlicensure surveillance of human papillomavirus
vaccine using the Vaccine Adverse Event Reporting System,
2006-2017
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Abstract Background: The United States Food and Drug Administration (FDA) has licensed three HPV (Human papilloma

- virus)vaccines. The centers for disease control and prevention (CDC) and advisory committee on immunization
practices (ACIP) recommends routine HPV vaccination at age 11 or 12 years. This study aimed to summarize and
characterize adverse events following HPV vaccination reported to VAERS database from July 2006 to May 2017.
Methods: A systematic data mining was performed in the VAERS database for reports associated with
HPV vaccine. Clinically relevant Vaccine Event Combinations (VEC) were identified in the VAERS database
following HPV vaccination. A VEC was considered for analysis only if a minimum of hundred reports were
present in database for the given Adverse Event (AE). The data mining algorithm used in this study was
reporting odds ratio. A value of ROR-1.96SE >1 was considered as positive signal.
Results: VAERS received 49444 reports after receipt of HPV vaccine during the study period. Out of 49444,
2307 unique reactions were identified. A total of 177 death reports and 3526 non death serious reactions
were reported to VAERS. ROR showed positive signals for abdominal pain, syncope, dizziness, convulsion,
abortion spontaneous, alopecia, amenorrhea, anogenital warts, cervical dysplasia, anaemia, dyskinesia,
migrane, blood pressure decreased, fall, head injury, loss of consciousness, pallor, presyncope, seizures.
Conclusion: The present analysis did not identify any new/unexpected safety concern and was consistent
with the safety data from prelicensure trials. Further epidemiological studies are required to systematically
validate the data provided by VAERS.
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INTRODUCTION one of the highest concerns of any medical intervention.

It is difficult or almost impossible to determine all the
Vaccines have historically been the most effective means to adverse effects of a vaccine in prelicensure clinical trials

fight and eradicate infectious diseases; limitations to their due to restricted sample size, reduced follow-up, appraisal
effectiveness, nevertheless, exist.[! The risk/benefit ratio is
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of surrogate markers, exclusion of testing in special
population, and participants with multiple comorbidities
and on polypharmacy.™ The requisite for postmarketing
surveillance is a direct result of these limitations.

Human papillomaviruses (HPVs) are an enormous
and diverse group of viruses. They are DNA virus that
infects epithelial tissues and are classified into low- and
high-risk types based on their ability to promote malighant
transformation. The viral genes, i.e., E6 and E7 bind to
tumor suppressor gene and retinoblastoma tumor suppressor
protein, respectively, and inactivate them.! An epidemiology
study suggests that 75% of all sexually active men and
women will develop HPV infection at least once in their
lifetime with utmost prevalence existing from adolescence
to the age of 29 years.! According to the WHO (updated
2016), two HPV types, i.e. HPV-16 and HPV-18 cause 70%
of cervical cancers and precancerous cervical lesions.”) There
is high variation in the incubation period for the development
of clinical symptoms following HPV infection.”

HPV infections and HPV-associated cancers can effectively
be prevented by HPV vaccines. The Centers for Disease
Control and Prevention (CDC) Advisory Committee on
Immunization Practices (ACIP) recommends routine HPV
vaccination at the age of 11 or 12 years. HPV vaccines are
licensed for use in females and males aged 9-26 years.!

The most common adverse events (AEs) observed in
prelicensure clinical trials were as follows: local reactions
(pain, redness, swelling, and pruritus at injection site),
pyrexia, nausea, dizziness, diarrhea, vomiting, fatigue, upper
respiratory tract infections, oropharyngeal pain, myalgia,
and headache.’!"

There were few postlicensure studies conducted previously
to assess the adverse effects following HPV vaccine.!'*"
However, those studies were limited to a specific adverse
effect or a constrained study population. Furthermore,
there were few case reports documented after HPV
vaccination.?” To our best knowledge, there was only one
study done to assess the postlicensure safety surveillance
of quadrivalent human papillomavirus recombinant
vaccine.’ However, this study was carried out in the year
2008, after which many new AEs would have unfolded. The
aforementioned study covered reports only from June 1,
20006, to December 31, 2008. Extended use of HPV vaccine
and a limited number of safety surveillance studies result
in an ambiguous situation of HPV vaccine safety.

This study aimed to summarize and characterize AEs
following HPV vaccination reported to the Vaccine AE
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Reporting System (VAERS) database from July 2006 to
May 2017.

METHODS

Vaccine Adverse Event Reporting System

VAERS is a nationwide passive reporting system which
was established in 1990 by the US Food and Drug
Administration (US-FDA) and the CDC to detect
possible safety problems in US-licensed vaccines. The
main objectives of VAERS — a spontaneous reporting
system — are to detect new, unusual, or rare vaccine AEs,
assess the safety of newly licensed vaccines, identify
potential patient risk factors for particular types of AEs,
monitor increases in known AEs, determine and address
possible reporting clusters, and provide a national safety
monitoring system that extends to the entire general
population.”

Vaccine manufacturers, health-care providers, and
vaccine recipients (or their parents/guardians) can
report the AEs to VAERS. It collects the data on
patient information (name, allergies, age at vaccination,
and concurrent illness), reporter information, facility
information, vaccine information (vaccine, manufacturer,
lot number, and route), and any other additional
information (if applicable). A central facility that is
managed by a private contractor under the direction of
CDC and FDA receives all the VAERS reports where
report processing, the Medical Dictionary for Regulatory
Activities coding in which each report is assigned to one
or more preferred terms, data entry, and quality control,
is done.™ The reports which are received are categorized
as either setious or nonserious based on the definition
in the Code of Federal Regulations, 21CFR312.32.24 A
reaction is considered serious if it results in any one or
more of the following:

“Death, a life-threatening adverse event, inpatient hospitalization
or prolongation of existing hospitalization, a persistent or significant
incapacity or substantial disruption of the ability to conduct normal
life functions, or a congenital anomaly/ birth defect.”

In addition, the definition specifies that important medical
events that do not come under the above definition may
also be classified as serious if they “egpardize the patient or
subject and may require medical or surgical intervention to prevent
one of the outcomes listed in this definition.”

We comprehended all the reports from July 2006 to May
2017 received to VAERS database for individuals who were
vaccinated with human papillomavirus vaccine.
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Disproportionality analysis

The data mining algorithm used in this study was reporting
odds ratio (ROR). A value of ROR-1.96SE >1 (standard
error [SE]) was considered as a threshold value, above
which it will be considered as a positive signal.” The ROR
is the ratio of the odds of reporting of one specific event
versus all other events for a given drug compared to the
reporting odds for all other drugs present in the database.
The higher the value, the stronger the disproportion
appears to be.

To consider a vaccine event combination (VEC) to be
clinically relevant in this study, a minimum of total hundred
reports must be present in the database for an AE. This
resulted in 57 clinically relevant VECs by omitting 2250
VECs as those had reports below 100.

RESULTS

A total of 49,444 VECs were reported from July 2006
to May 2017 in the VAERS database. Of these reports,
HPYV vaccine was administered to 373 (1.26%) people

Storage and

dispensing
errors
10%

Figure 1: Vaccination error reports for human papillomavirus vaccine
for the age group of 0-8 years, Vaccine Adverse Event Reporting
System, 2006—2017

Table 1: Age distribution of human papillomavirus vaccine
recipient, 2006-2017

0-8 years 9-26 years >26 years
2006 3 284 21
2007 20 4342 133
2008 20 4934 125
2009 14 2816 66
2010 25 2284 49
201 10 2050 37
2012 36 1883 59
2013 42 2089 78
2014 52 2210 73
2015 51 2294 62
2016 49 2573 59
2017 51 1976 34
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Table 2: Number of serious events reported to vaccine
adverse event reporting system after human papillomavirus
vaccine

Medical condition* Number of serious reports

Blood and lymphatic system disorders

Anemia 22
Lymphadenopathy 6
Cardiac disorders
Cyanosis 8
Chest pain 22
Gastrointestinal disorders
Abdominal pain 202
Abdominal discomfort 19
Diarrhea 1
Vomiting 45
Nausea 48
Musculoskeletal and connective tissue
disorders
Arthralgia 87
Myalgia 31
Back pain 34
Nervous system disorders
Dyskinesia 4
Abasia 77
Tremor 15
Syncope 42
Dizziness 71
Convulsion 85
Amnesia 21
Migraine 17
Headache 93
Guillain Barre Syndrome 26
Paraesthesia 26
Seizure 21
Presyncope 4
Burning sensation 4
Investigation
Blood pressure decreased 9
Vascular disorders
Pallor 12
Infections and infestations
Cellulitis 7
Skin and subcutaneous tissue disorders
Hyperhidrosis 9
Urticaria 12
Rash 35
Blister 3
Erythema 1
Pruritis 9
Alopecia 19
Cold sweat 4
Psychiatric disorders
Anxiety 24
Reproductive system and breast
disorders
Amenorrhea 17
Cervical dysplasia 1
Pregnancy, puerperium and perinatal
conditions
Spontaneous abortion 18
Respiratory, thoracic, and mediastinal
disorders
Dyspnea 37

Neoplasms benign, malignant, and
unspecified (incl cysts and polyps)
Anogenital warts 1

Contd...
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Table 2: Contd...
Medical condition*

Number of serious reports

General disorders and administration
site conditions

Hyposthenia 48
Pyrexia 52
Asthenia 73
Malaise 28
Chills 5
Condition aggravated 28
Fatigue 49
Edema peripheral 1
Immediate postinjection reaction 1
Swelling 33

Injury, poisoning and procedural

complications
Fall 17
Head injury 6

*MedDRA SOC. SOC=System organ class

aged between 0 and 8 years, 28,268 (96.11%) aged between
9-26 years, and 771 (2.62%) of age >27 years [Table 1].
We identified vaccination error reports for the age
group of 0-8 years. The most common error group
was the wrong vaccine administered (70.33%) followed
by inappropriate schedule (20.09%) and storage and
dispensing errors (9.56%) [Figure 1].

Out of 49,444 reports, 2307 unique reactions were
identified by removing duplicates. ROR showed positive
signals for abdominal pain, syncope, dizziness, convulsion,
spontaneous abortion, alopecia, amenorrhea, anogenital
warts, cervical dysplasia, anemia, dyskinesia, migraine, fall,
head injury, loss of consciousness, pallor, presyncope, and
seizures.

Serious reports

Serious reactions of 57 VECs were looked through in the
VAERS database following HPV administration from July
2006 to May 2017 [Table 2]. A total of 177 death reports
were identified. There was zero death reported in the
year 2006 which increased to 39 in the year 2016. There
were ten deaths reported in 2017. The nondeath serious
reactions include life-threatening, hospitalized, prolonged
hospitalization, and disability. There were 3526 nondeath
serious reactions reported to VAERS [Table 3].

After a thorough review of all the serious reports, we
found that abdominal pain (202 reports) and headache
(93 reports) were the two most common events reported.
The maximum reports were found in the year 2008
(36 reports) and 2009 (37 reports) and then gradually
decreased to 13 reports in 2016. While headache is usually
regarded as temporary and nonlife-threatening condition,
the serious reports labeled in this study were due to
hospitalization or disability.
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Reporting of nervous system disorders following
human papillomavirus vaccination

The nervous system disorders include syncope, dizziness,
convulsion, migraine, presyncope, loss of consciousness,
seizure, and dyskinesia. We identified 1739 reports of syncope,
2478 reports of dizziness, 763 reports of convulsion, 84
reports of migraine, 101 reports of presyncope, 560 reports
of loss of consciousness, 124 reports of seizure, and 164
reports of dyskinesia from 2006 to 2017. The positive
signals were obtained for syncope (cumulative ROR-1.96SE:
15.14), dizziness (3.19), convulsion (2.01), migraine (2.38),
presyncope (5.40), loss of consciousness (6.79), seizure (2.65),
and dyskinesia (2.17) [Table 4].

Reporting of gastrointestinal disorders following
human papillomavirus vaccination

The gastrointestinal disorder includes abdominal pain. We
identified 1136 reports of abdominal pain from 2006 to
2017. The cumulative ROR-1.96 value was 2.24 [Table 4].

Reporting of blood and lymphatic system disorders
following human papillomavirus vaccination

Anemia was the only blood and lymphatic system disorder
associated with this study. We identified 73 reports of
anemia from 2006 to 2017. The cumulative ROR-1.96 was
found to be 2.19 [Table 4].

Reporting of skin and subcutaneous tissue disorders
following human papillomavirus vaccination

Alopecia was the only condition associated with skin and
subcutaneous tissue disorders. We identified 251 reports
of alopecia from 2006 to 2017. The cumulative ROR-1.96
value was 6.87 [Table 4].

Reporting of vascular disorders following human
papillomavirus vaccination

There was one condition associated with vascular disorders,
namely pallor. We identified 197 reports of pallor from 2006
to 2017. The cumulative ROR-1.96 value was 2.04 [Table 4].

Reporting of reproductive system and breast disorders
following human papillomavirus vaccination

The reproductive system and breast disorders include
amenorrhea and cervical dysplasia. We identified 140
reports of amenorrhea and 110 reports of cervical
dysplasia from 2006 to 2017. The cumulative ROR-1.96
value for amenorrhea and cervical dysplasia was found to
be 59.64 and 87.54, respectively [Table 4].

Reporting of pregnancy, puerperium, and perinatal
conditions following human papillomavirus vaccination
There was one condition associated with pregnancy,
puerperium, and perinatal conditions, namely spontaneous
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Table 3: Death and nondeath serious reactions reported to vaccine adverse event reporting system after human papillomavirus

vaccination from 2006-2017

Death Life-threatening Hospitalized Prolonged hospitalization Disability

2006 0 5 13 0 6
2007 12 78 179 47 111
2008 19 71 298 81 155
2009 14 93 259 40 158
2010 14 54 143 14 87
2011 1 38 98 17 49
2012 6 35 129 13 41
2013 19 41 96 14 49
2014 16 45 105 17 83
2015 17 38 96 " 83
2016 39 49 120 14 87
2017 10 44 116 24 82
Table 4: Human papillomavirus vaccine and reporting of DISCUSSION
events, cumulative reporting odds ratio value, 2006-2017
Adverse events ROR-1.96SE  We completed a comprehensive appraisal of AEs reported
Syncope 15.149 to VAERS following HPV vaccination from July 2006
Dizziness 3.192 2017. A d. th £9-26
Convulsion 2010 to May 7. As expected, the age group§ of 9-26 years
Migraine 2.388 accounted for 96.22% of total HPV vaccine reports, the
Presyncope 5.400 group for which HPV vaccine is routinely recommended.
Loss of consciousness 6.791 Th hundred and h ived
Seizure 2 655 ree hundred and seventy-three reports were receive
Abdominal pain 2.243 after the administration of the vaccine to people aged
ﬁlnemlg Z;‘;l} between 0 and 8 years, and most of these reports were

opecia . . ) . . vy e . »
PaIIFc)Jr 2043 “incorrect vaccine administered,” “inappropriate age,
Spontaneous abortion 5.509 “given by mistake,” “accidentally vaccinated,” and “injection
g;;ek'i‘:grs?aea 529~167‘2‘ by error” A study conducted by Hibbs ez @/ showed that
Head injury 8238 human papillomavirus and rotavirus vaccine were most
Anogenital warts 137.755 frequently involved in vaccination error reports.*!
Cervical dysplasia 87.544

Fall 4.735
ROR=Reporting odds ratio

abortion. We identified 263 reports of spontaneous
abortion from 2006 to 2017. The cumulative ROR-1.96
value was 5.05 [Table 4].

Reporting of injury, poisoning, and procedural
complications following human papillomavirus
vaccination

The injury, poisoning, and procedural complications
include head injury and fall. We identified 144 reports of
head injury and 374 reports of fall from 2006 to 2017. The
cumulative ROR-1.96 value was 8.23 for head injury and
4.73 for fall [Table 4].

Reporting of neoplasms’ benign, malignant, and
unspecified conditions following human papillomavirus
vaccination

The neoplasms’ benign, malignant, and unspecified
conditions include anogenital warts. We identified 131
reports of anogenital warts from 2006 to 2017. The
cumulative ROR-1.96 value was 137.75 [Table 4].

28

Syncope is the most common AE documented after
vaccination which can result in hospitalization for medical
evaluation or because of injury.™ Our study identified
positive signal and a total of 1739 reports of syncope
following HPV vaccine administration out of which 42
were recognized as serious reports. Furthermore, there
were 374 reports for fall and 144 reports for a head
injury which might have resulted due to syncope. Vaccine
providers must follow the ACIP recommendation to
strongly consider observing patients for 15 min after
vaccination to prevent syncope-related injuries.””
there are no sufficient data to study how well the vaccine
providers followed these guidelines.

1 However,

There are no adequate and well-controlled studies in
pregnant women, and animal reproduction studies are
not always predictive of human responses; therefore,
HPYV vaccines should be used with caution during
pregnancy. Studies on animals showed no vaccine-related
fetal malformations or other evidence of teratogenesis;
however, clinical studies in humans observed few cases of
congenital anomaly in pregnancies following HPV vaccine
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administration.”" In this study, data mining analysis

identified positive signal for “spontaneous abortion” and
hence may require close monitoring when the vaccine is
given to a pregnant woman. Further studies are required
to assess the safety of HPV vaccine in pregnancy.

Cervical dysplasia is a precancerous condition that has
the potential to advance in progressive stages to cervical
cancer. However, not all cases progress and some of the
mild lesions resolve spontaneously.”® HPV vaccines are
given to prevent cervical dysplasia or cervical intraepithelial
neoplasia lesions,* but in this study, we identified 110
reports of cervical dysplasia following HPV vaccination.
In most of the reports, the Pap test result showed atypical
squamous cells of undetermined significance, and patients
were at high risk for cervical cancer. Given this potential
association, cervical dysplasia should be closely monitored.
Furthermore, there were reports of papillomaviral
infections, the primary rationale for which this vaccine is
indicated. Most of the healthy population after vaccination
with HPV got infected with papilloma viral infection,
and the source of infection is uncertain. The results for
this event could not be computed due to mathematical
limitations since there were zero reports of papillomaviral
infection due to other vaccines.

Guillain—Barre syndrome (GBS) is a nervous system
disorder which is the most frequent cause of acute flaccid
paralysis wotldwide.’”! Ojha e a/. conducted a study to
analyze the postmarketing surveillance data following
HPV4 vaccination which suggests that GBS is not
frequently reported AE.P' The data mining analysis in
our study did not identify any disproportionate reporting
for GBS following HPV vaccination which has been
consistent with the above study. However, the extent of
underreporting to VAERS should be considered.

Signals detected through analysis of VAERS data almost
always require confirmation through a controlled study
and should be used in conjunction with medical judgment
since there are many limitations. The foremost limitation
of VAERS is its inability to establish a causal relationship
between the AE and the vaccine. The positive signal for any
of the AEs does not mean that a causal relationship can be
established. It requires extensive studies and pharmacological
evidence to prove the same.’? Once proved, any of the
action can be taken depending on the setiousness of the
reaction, namely revising label or revising formulary or drug
recall. Other drawbacks include underreporting, lack of
denominator data which are imperative for calculating report
rates, the absence of control group, lack of verification
of reported diagnosis, insufficient clinical information
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recorded, and bias in the reporting.?**¥ Follow-up studies
are necessary to confirm suspected vaccine associations
identified by VAERS reports. Although VAERS shares
immanent limitations of all passive surveillance systems, it
has a horizon of scope and can provide important signals
that may require further evaluation.

CONCLUSION

Vaccination with HPV has a great potential to decrease
the global morbidity and mortality of HPV-associated
disorders. Nevertheless, adverse effects following HPV
vaccination should be carefully monitored. The present
analysis did not identify any new/unexpected safety
concern and was consistent with the safety data from
prelicensure trials. Health-care providers should be
cautious about the plausibility to encounter the AEs
associated with HPV vaccine observed in postmarketing
surveillance. Further epidemiological studies are required
to systematically validate the data provided by VAERS.
Our findings may be useful when discussing the risks and
benefits of HPV vaccination.
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