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ABSTRACT

The safety profile of the 9-valent human papillomavirus vaccine (9vHPV) was evaluated based on the
reporting rate of adverse events following immunization (AEFI) obtained from the passive surveillance
data in Zhejiang. The 9vHPV AEFI reports in Zhejiang were collected and reviewed from the National
Adverse Event Following Immunization Surveillance System (NAEFISS) from 2019 to 2021. Reporting rates
of AEFI were analyzed under multiple aspects, including age, city, number of vaccinations, AEFI categories,
and diagnosis categories. This study used the reporting odds ratio (ROR) for anomalous signal assessment.
The NAEFISS collected 331 AEFI reports after administering 1,064,851 doses of 9vHPV, with a crude AEFI
rate of 3.12/10,000 doses. The third dose had the highest reporting rate of minor vaccine-related reaction
(n=80, 3.06 per 10,000), followed by the first dose (n =134, 2.98 per 10,000), and second dose (n =76,
2.15 per 10,000). Fever/redness/induration was the most common minor adverse event (281 records, 2.64/
10,000 doses). Nine cases of urticaria, ten cases of allergic rash, and ten cases of syncope were recorded.
This study found a positive signal association between 9vHPV immunization and adverse events such as
syncope, encephalitis, sterile abscess, and urticaria. This study did not identify any new emerging safety
concerns. In the future, more research is needed to validate and further explore adverse reactions
associated with 9vHPV.
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Introduction Recently, the safety issue was regarded as a primary concern
in surveys carried out from parents about HPV vaccination.”®
According to a systematic review of HPV vaccination in
Europe, the most common patient concerns prior to vaccina-
tion were about vaccine safety.” Moreover, the Nordic
Cochrane Center criticized approaches to handling the safety
assessment of HPV vaccination by the European Medicines
Agency.'” Unlike in clinical trials, where rare or delayed
onset adverse events are more difficult to detect, the safety
data gathered by the adverse events following immunization
(AEFI) surveillance system were derived from real-world
adverse events.® Therefore, continuous AEFI monitoring in
the general population is critical for identifying and evaluating
the safety profile of the 9vHPV vaccine."'

This study aimed to assess the reporting rate of AEFIs
following 9vHPV based on real- world data derived from the
National Adverse Event Following Immunization Surveillance
System (NAEFISS) database from 2019 to 2021 in Zhejiang,

Human papillomaviruses (HPVs) are the major pathogens
contributing to precancerous lesions of several cancers, includ-
ing cervical, oropharyngeal, anal, and penile cancers.
According to current estimates, infections induced by high-
risk types of HPV cause more than 90% of cervical cancer.'
HPV-16 and HPV-18 are the most common high-risk HPV
types, accounting for 70% of cervical cancer cases.” The
9-valent human papillomavirus vaccine (9vHPV) protects
against not only the quadrivalent HPV vaccines’ HPV 6, 11,
16, and 18, but also the additional five high-risk types (HPV 31,
33,45, 52, 58). HPV58, which is associated with cervical cancer,
is uncommon elsewhere in the world, but it ranks third among
all HPV types in China.” The China Drug Administration
approved the 9vHPV vaccine, Merck’s Gardasil®9, in
May 2018, and it is currently recommended for females aged
16-26.

Vaccination is an effective strategy for preventing a wide

range of contagious and fatal diseases. However, adverse reac- China.
tions to vaccination are quite common and are on the rise due
to improved adverse event reporting networks; consequently, Methods
this may also increase public concern about vaccine safety.*” In

Study area

clinical trials, the most frequent adverse events (AEs) of the
9vHPV vaccine were injection-site pain, swelling, and
erythema, which were more prevalent in comparison to the
quadrivalent HPV vaccine; there were also seven reported
deaths, none of which were considered vaccine-related.®

Zhejiang province, located in eastern China, is an economically
prosperous region with a population of around 70 million
people. Immunization data was dynamically collected and
maintained on the Zhejiang provincial Immunization
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Information System (ZJIIS)."* With the assistance of immuni-
zation physicians, 11 types of vaccines and over 25 million
inoculations have been archived in the ZJIIS to date.

Sources of AEFI data

NAEFISS is a national passive surveillance system to detect
common and rare AEFIs by collecting AEFI reports
nationwide.'> Reporting and investigation procedures were
described in previous studies."* Due to the time required for
data correction and cleaning, we collected AEFI data of women
who received 9vHPV from the NAEFISS between 2019 and
2021. The national surveillance system included variables of
relevant attributes such as age, date of vaccination, manufac-
turer, outcome, and so on. The administered doses of 9vHPV
were acquired from the ZJIIS over the same period.

Category of AEFI

All AEFIs are classified into 5 categories in accordance with the
national guidelines launched by the Health Authorities of
China.'® (1) vaccinal error; (2) coincidental events; (3) anxiety
reactions; (4) vaccine product-related reactions (minor reac-
tion and severe reaction); (5) vaccine quality defect-related
reactions. The definition of vaccine product-related reactions
(minor reaction and severe reaction), also called vaccine reac-
tion following immunization (common and rare vaccine reac-
tion), was described in the previous publication in detail."
Briefly, minor reaction occurs within a few hours of injection,
including local pain, swelling, or redness at the injection site,
which could be resolved quickly and pose little danger. Severe
reactions may result in tissue or organ damage, impaired
function, disabling, or life-threatening, but rarely. AEFI seve-
rities were assessed as two types, serious and non-serious,
according to the national guidelines: (1) non-serious, with no
additional intervention or with hospital visit or event interfer-
ing with daily activities or loss of working hours. (2) serious,
with untoward medical occurrences resulting in birth defect,
life-threatening, death, persistent or significant incapacity/dis-
ability, hospitalization or prolonged hospital stay. Serious
AEFIs include, but are not limited to, allergic shock, allergic
laryngeal edema, allergic purpura, thrombocytopenic purpura,
systemic disseminated BCG infection, localized allergic necro-
tic reaction (Arthus reaction), febrile convulsion, encephalitis
and meningitis, epilepsy, brachial neuritis, polyneuritis, vac-
cine-associated paralytic poliomyelitis, Guillain-Barre syn-
drome, encephalopathy, BCG osteomyelitis, toxic shock
syndrome, syncope, and systemic purulent infection.

Data analysis

The AEFI incidence was calculated per 10,000 doses of 9VvHPV
administered. Data collation was done using Microsoft Excel
2019, and descriptive analysis was conducted using R software
3.5.0. The trend of reporting rates was depicted in months
using graphical representation. Onset interval refers to the
time interval between vaccination time, and the reported
onset of earliest symptoms and the percentages of onset inter-
vals were investigated in this study. Disproportionality analysis

was conducted based on this study’s algorithm of reporting
odds ratio (ROR).'® The algorithm compared the reporting
ratio of AEFI reported for one specific vaccine with the report-
ing ratio for all other vaccines. Generally, the cutoff value is
defined as a value of ROR-1.96SE > 1 (standard error [SE]). If
the ROR is higher than the threshold value, it is defined as
a positive signal.

Results

After excluding duplicated records, a total of 331 AEFI records
following 9vHPV were registered in the NAEFISS. Of which,
329 cases (99.40%) were classified as non-serious, while 2
(0.60%) were classified as serious. 290 (87.61%) were categor-
ized as minor vaccine product-related reactions, 19 (5.74%)
were serious adverse reactions, 6 (1.81%) were coincidental
events, and 16 (4.83) were psychogenic reactions. The majority
of AEFI reports were observed in women aged 22-24 (45.02%)
and 25-26 (25.08%). The time interval of most symptoms onset
from vaccination was within 24 hours (61.63% accounting for
all AEFI records) (Table 1).

During the study’s duration, 1,064,851 doses of 9VHPV were
given in Zhejiang, with an overall AEFI reporting rate of 3.12/
10,000 doses. The peak reporting rate was in Feb 2020 with
7.47/10,000 doses (Figure 1). The reporting rate was highest in
Jiaxing city (4.26/10,000 doses) and lowest in Quzhou (1.73/
10,000 doses) besides Zhoushan due to no AEFI reporting. The
reporting rate of severe vaccine product-related reaction was
the highest in Jiaxing city (0.39/10,000 doses), while no severe
vaccine-related reaction was observed in the other three cities,
including Quzhou, Zhoushan and Lishui (Table 2).

The results showed that the reporting rate of different AEFI
categories differed depending on the dose received. For minor
vaccine product-related reactions, the reporting rate was
2.98 per 10,000 following the first vaccination; 2.15 per
10,000 after the second; 3.06 per 10,000 after the third. The
reporting rate for severe vaccine-related reactions was 0.27 per
10,000 after the first injection; 0.14 per 10,000 after the second;
0.08 per 10,000 after the third injection. The reporting rate of
the psychogenic reaction was 0.31 per 10,000 after the first
injection (Table 3).

After reviewing the clinical diagnosis and classifications of
the 331 AEFI records, 19 were classified as severe vaccine
product-related reactions. There were ten cases of anaphylactic
rash (0.09/10,000 doses), six cases of urticaria (0.06/10,000
doses), one case of angioedema (0.01/10,000 doses), and one
case of sterile abscess formation (0.01/10,000 doses). Among
the 290 cases of minor vaccine-related reactions, the most
common AEFI reported was fever/redness/induration with
281 cases (2.64/10,000 doses), followed by urticaria and other
reactions. The abnormal signals with according to ROR-1.96SE
were detected for encephalitis (5.45), sterile abscess (2.43),
urticaria (1.16), apsychia (43.96), and other reactions (1.03)
(Table 4).

Minor vaccine-related reactions (62.41%) appeared within
24 hours of administration, and 19.66% appeared within 1-2
days. In contrast, most severe vaccine-related reactions
(42.11%) occurred within 1-2 days of vaccination and 26.32%
within 24 hours (Table 5).
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Table 1. Characteristics of adverse events following immunization (AEFI) with

9-valent HPV vaccine.

Report characteristics No. %
Category
Vaccine product-related reaction (minor) 290 87.61
Vaccine product-related reaction (severe) 19 5.74
Coincidental event 6 1.81
Psychogenic reaction 16 483
Severity
Serious 2 0.60
Non-serious 329 99.40
Age group
16-18 35 10.57
19-21 64 19.33
22-24 149 45.02
25-26 83 25.08
Onset from vaccination
<1d 204 61.63
1-2 82 24.77
3-4 15 4.53
5-9 18 5.44
>10d 12 3.63
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Figure 1. Reporting rate of adverse event following immunization of 9vhpv from 2019 to 2021, Zhejiang province (/10,000 doses).
Table 2. Distribution of 9vHPV AEFI reports by city.
AEFI Vaccine product-related reaction (severe)
City 9vHPV doses administered No. Reporting rate No. Reporting rate
Hangzhou 291,327 70 2.40 6 0.21
Ningbo 163,268 51 3.12 2 0.12
Wenzhou 187,244 65 347 4 0.21
Jiaxing 76,928 32 4.16 3 0.39
Huzhou 43,238 19 439 1 0.23
Shaoxing 61,475 17 2.77 2 0.33
Jinhua 88,134 35 3.97 1 0.11
Quzhou 34,723 6 1.73 - -
Zhoushan 8,862 - - - -
Taizhou 66,610 23 345 1 0.15
Lishui 43,042 13 3.02 - -
Total 1,064,851 331 3.12 20 0.19

Reporting rate: /10,000 doses.

Discussion

Over a 3-year period (2019-2021) of post-licensure safety
surveillance for 9vHPV vaccine in Zhejiang, unusual AEFI
reports were not identified in the NAEFISS. Despite inherent
limitations of the NAEFISS as a passive surveillance system,

rare AEFIs could be potentially observed in the post-licensure
monitoring with an increase in administered doses. After the
administration of 1,064,851 doses, the 9vHPV overall rate of
adverse reporting was 3.12 per 10,000 doses, which is higher
than the AEFI reporting rate of 4vHPV (2.68/10,000 doses)."”
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Table 3. Reporting rate of the 9vHPV AEFI by doses.

Vaccine product-related reaction (minor)

Vaccine product-related reaction (severe)

Coincidental event  Psychogenic reaction

Dose Administered doses No Reporting rate No Reporting rate No Reportingrate No  Reporting rate
1 450,108 134 2.98 12 0.27 4 0.09 14 0.31
2 353,212 76 2.15 5 0.14 2 0.06 1 0.03
3 261,531 80 3.06 2 0.08 0 0.00 1 0.04
Total 1,064,851 290 2.72 19 0.18 6 0.06 16 0.15
Reporting rate: /10,000 doses.
Table 4. Clinical diagnosis of AEFI reports following human papillomavirus 9-valent vaccine (9vHPV) from 2019-2021.
No. of AEFI records

Vaccine product-related reaction Vaccine product-related reaction Coincidental Psychogenic Reporting ROR-
Clinical diagnosis (minor) (severe) event reaction rate 1.96SE
Maculopapular rash 1 0 0 0 0.01 0.22
Angioedema 0 1 0 0 0.01 0.32
Encephalitis 0 0 1 0 0.01 5.45
Sterile Abscess 0 1 0 0 0.01 243
Hysteria 0 0 0 1 0.01 0.82
Urticaria 3 6 0 0 0.08 1.16
Allergic rash 0 10 0 0 0.09 0.26
Syncope 1 0 0 9 0.09 43.96
Fever/redness/ 281 0 0 0 2.64 0.51

induration

Other reactions 4 1 5 6 0.15 1.03

Reporting rate: /10,000 doses.

Table 5. Interval between AEFI onset and immunization.

Vaccine product-related reaction (minor)

Vaccine product-related reaction (severe)

Coincidental event  Psychogenic reaction

Onset from vaccination No % No % No % No %
<1d 181 62.41 5 26.32 2 3333 16 100
1<d<2 57 19.66 8 42.11 0 - 0 -
2<d<4 24 8.28 1 5.26 1 16.67 0 -
4<d<10 21 7.24 3 15.79 0 - 0 -
>10d 7 2.41 12 10.53 3 50 0 -

This could partly be attributed to the higher aluminum-based
adjuvant concentration of 9vHPV versus 4vHPV (0.5 vs. 0.225
mg). The majority of AEFIs were non-serious, which was
similar to post-vaccine surveillance reported by Shimabukuro
TT in the United States at 97.4%,'” with a serious AEFI report-
ing rate of 0.60 per 10,000 doses, which is 3-fold the serious
AEFI reporting rate (0.20/10,000 doses) of the US Vaccine
Adverse Event Reporting System (2007-2017)."® This disparity
could be partly explained by differences in definitions of ser-
ious AEFI or the sensitivity of the surveillance system to
AEFL" Overall, the most common AEFIs of 9vHPV were the
same general adverse events that had previously been reported
in clinical trials and epidemiological studies.

According to the temporal analysis, one peak of the
reported AEFI rate was observed in February 2020, with
a fluctuating trend over this period and then gradually declin-
ing after reaching the peak. The peak was most likely caused
by reporting sensitivity, which is generally high in the first few
months after a new vaccine is introduced, then decreases and
stabilizes as the vaccination campaign progresses.*’
According to the findings, the age range of 22-26 years
accounted for 70% of all reported AEFIs. The main reasons
may be related to the sensitivity of this age group of 9VvHPV
recipients to the safety of HPV vaccines *' and the cognition
degree of HPV vaccine knowledge acquired from information

sources.”> The majority of AEFI cases occurred after the first
inoculation, with 164 cases occurring after the first dose, 84
cases following the second, and 83 cases following the third.
However, the third dose had the highest reporting rate of the
administered dose with the minor vaccine product-related
reaction (n =80, 3.06 per 10,000), followed by the first dose
(n =134, 2.98 per 10,000), and second dose (n =76, 2.15 per
10,000). Fever, redness and induration were the most com-
mon minor adverse reactions, similar to other vaccines. In
parallel, the reporting onset time for most reactions was short
after vaccinations.

The 9vHPV reporting rates for serious vaccination-related
reactions and total AEFI varied across cities in this study,
possibly due to the different surveillance sensitivities across
cities.”»** For instance, some cities had a high overall reporting
AEFI rate but had no severe vaccination-related reaction
reports (e.g., Quzhou and Lishui). This could be attributed to
differences in cognitive abilities between investigation and
notification procedures. Thus, further in-depth evaluations
and comparisons between the AEFI sensitivities among cities
are warranted to eliminate this issue.

Similar to previous findings, positive signals and cases of
encephalitis, sterile abscess, urticaria, and syncope were
reported in this study.”> Regarding syncope, the association
with 9vHPV vaccines had a high ROR (ROR=43.96). The



vaccine-related reaction was consistent with previous CDC
survey research findings, indicating that syncope occurs when
the patient reacts to pain or anxiety during the vaccination
procedure.”® Another vaccine-related reaction worthy of note
is the formation of sterile abscess (ROR =2.43). One study
found a link between aluminum adjuvant and sterile abscesses
and their recurrence.”” The higher aluminum content in the
9vHPV versus 4vHPV vaccine could be one explanation.
Nonetheless, more observations and research are needed to
better understand this phenomenon.

Due to the inadequacy of the passive surveillance system,
this study had several limitations. The NAEFISS is a passive
reporting system that is susceptible to limitations such as
underreporting, reporting biases, and data completeness. For
example, non-serious AEFI cases may result in possible under-
reporting, which leads to an underestimate of reported AEFIs.
The surveillance data may be incomplete during investigation
procedures of AEFI. The majority of reports are recorded
simply as “Fever/redness/induration” in the system categories,
and no further distinction could be made between the severity
of injection site pain/redness and systemic events such as fever.
The positive signals between vaccination and the AEFI
detected through the system did not necessarily indicate caus-
ality. As a result, more research and evidence are required to
identify and evaluate the relationships. However, there are also
some strengths to this study; all AEFI reports were inspected
and evaluated in a standardized manner according to the
national AEFI surveillance guidelines. Unlike other studies
that used distributed doses as the denominator, the adminis-
tered doses were captured systematically from the vaccination
systems to calculate AEFI rates, which tend to be more accurate
than the rate of detections.

Conclusion

The efficacy of 9VHPV in preventing HPV-related diseases
and infections, including cervical cancer, is significant. Our
findings revealed that most AEFIs that appeared after receiv-
ing the 9vHPV from 2019 to 2021 were not serious, and no
new safety issues were identified in the report, which is con-
sistent with that of the 4vHPV vaccine, indicating that the
vaccine was comparatively safe. For data monitoring, the
anomalous signal observed made it difficult to infer a causal
relationship between the AEFI and the 9vHPV vaccine. As
a result, more research is needed to explore the relationship
further.
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