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ABSTRACT

Objectives: To evaluate the safety of 13-valent pneumococcal conjugate vaccine (PCV13) after its
licensure.

Methods: Review and describe the AEFI reported to national adverse event following immunization
surveillance system (NAEFISS) in Zhejiang province from 2017 to 2020. Reporting rates of AEFI were
calculated by age, city, severity of AEFI, categories of AEFI, and reaction categories. 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 the positive signal.

Results: NAEFISS received 3332 AEFI cases following PCV13, with a reporting rate of 17.58/10000 doses. Of
the reported AEFI, 652 were serious AEFI cases and the reporting rate was 3.44 for serious AEFI. The
reporting rate of fever was the highest among all the clinical diagnosis (7.39/10000 doses). The positive
signals were obtained for injection site reaction (ROR-1.96SE: 1.55), hypotonic hyporesponsive episode
(HHE) (ROR-1.96SE: 1.62) and febrile seizure (ROR-1.96SE: 1.52).

Conclusion: The present results supported previous observations that the PCV13 administered as the
four-dose schedule was generally well tolerated in Chinese infants as we did not identify any new/
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unexpected safety concern from the NAEFISS during a four-year time period.

Introduction

Streptococcus pneumoniae (pneumococcus) is a human patho-
gen causing wide range of disease including pneumonia, septi-
cemia, meningitis, and otitis media with the burden of disease
greatest in infants and the elderly." S. Pneumoniae is a leading
cause of morbidity and mortality in children worldwide, parti-
cularly in infants and young children up to the age of 5 years.”
More than 90 different serotypes of S. pneumoniae have been
isolated worldwide. Although there is variability in terms of
pathogenicity and prevalence, it is considered that 20 serotypes
account for 80% of invasive pneumococcal diseases (IPD)
globally.” The world health organization (WHO) recommends
that pneumococcal vaccines should be included in immuniza-
tions programs worldwide.*

The pneumococcal polysaccharide vaccine has been available
for three decades, but it exhibits poor immunogenicity in chil-
dren under 2 years of age (the group at highest risk of pneumo-
coccal diseases). It does not elicit immune memory, nor does it
reduce the mucosal carriage of S. pneumoniae. These defects
were overcome with the introduction of a 7-valent pneumococ-
cal conjugate vaccine (PCV7), which contains the polysacchar-
ides of the serotypes responsible for the majority of
pneumococcal diseases in young children at the time it was
licensed.”® The effectiveness of routine immunization with
PCV7 on rates of pneumococcal disease has been considerable.
For example, among children under 5 years in Australia, the
notification rate for IPD decreased by 68% after introduction of

PCV7 into the immunization schedule and a significant reduc-
tion in hospitalization rates for pneumonia was also observed.”
Based on the serotype replacement studies post PCV7 introduc-
tion, the 13-valent pneumococcal conjugate vaccine (Prevenar
13°,PCV13) was developed to provide broader coverage of dis-
ease-causing pneumococcal serotypes.® It comprises 13 sero-
type-specific polysaccharides of S. pneumoniae conjugated
individually to nontoxic diphtheria CRM197 protein, of which
seven are the same to the PCV7 (4, 6B, 9V, 14, 18C, 19 F, and
23 F) and six are additional serotypes (1, 3, 5, 6A, 7 F, and 19A).

Zhejiang province is located at the east coast line of China,
with a large population size of 70 million. The national immu-
nization program has been launched since 1978 with four
vaccines and it has integrated 11 vaccines since 2008. Over
20 million vaccinations were administered each year. Of these
vaccinations, almost 8 million were self-paid vaccines. PCV13
has been approved for use as a self-paid vaccine, among chil-
dren ranging in age from 6 weeks to 15 months in China since
2016. The vaccination schedule of PCV13 is four-dose series,
including a primary series at 2, 4, 6 months of age and a boost
dose at 12-15 months of age. The first dose can be adminis-
tered as early as 6 weeks of age and the minimal interval
between two doses was 4 weeks.

The safety of vaccines after its introduction is of significant
public health interest and is critical in maintaining confidence in
the vaccination program. Pre-licensure, the safety profile of
PCV13 was evaluated in many clinical trials.””'> Of them, the
incidence and severity of both local and systemic adverse events
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following immunization (AEFI) were very similar between PCV7
and PCV13 recipients, indicating a comparable safety profile for
the two vaccines. However, AEFI detected following the introduc-
tion of a new vaccine into a population is different to those
detected in pre-licensure controlled clinical trials, as these are
rarely powered sufficiently to detect the rare AEFL

China ministry of health (MOH) has established a nation-
wide AEFI surveillance since 2005, with the technical support of
WHO and the experience from other countries."> The national
AEFI surveillance system (NAEFISS), which was a passively
collected spontaneous database, has been in operation since
2005 and was upgraded in 2012 by adding variables of the case
reporting form and improving the logic control of data entry
and statistical functions. The reporting sensitivity has improved
in Zhejiang province from 9.2/100,000 doses for the time period
of 2008-2011 to 56.64/100,000 doses in 2019."* The passive or
post-marketing surveillance systems, such as NAEFISS, play
a key role in signal detection of the potential AEFI to guide
further investigation if warranted. However, reporting rates of
AEFI detected through the passive surveillance systems are likely
to be lower than the true rate, due to the bias of under-reporting,
but may still flag important AEFI for follow-up.

This study aimed to describe all AEFI and AEFI reporting rates
from the NAEFISS data following the PCV13 administration,
compared to those reported following other vaccines in the same
period.

Methods
National AEFI surveillance system

In March, 2005, with the technical support of WHO,
Chinese center for disease control and prevention (CDC)
launched the passive surveillance for AEFI. Subsequently,
the AEFI surveillance guidelines were issued, supporting by
the law on the prevention and treatment of infectious dis-
eases, the pharmaceutical administration law, the regulation
on circulation of vaccines and vaccination, with the intent to
improve vaccine safety and immunization service quality.
Based on this guidelines, the national AEFI surveillance
system (NAEFISS), which was an online spontaneous report-
ing system for AEFI following all of the vaccines marketed
in mainland China, was also developed in 2007 and it soon
covered all 31 provinces in 2008."* The NAEFISS aims to
detect new, unusual, or rare AEFI, evaluate the safety of
newly licensed vaccines, identify potential risk factors for
AEFI, monitor increases in known AEFI, determine the
possible reporting clusters, and provide a reliable safety
monitoring system.

The definitions of AEFI

An AEFI case is defined as a reaction or an event following
vaccination that is suspected to be related to the
vaccination.'* Any AEFI case should be classified as one of
the five categories: (1) vaccine product-related reaction (non-
serious reaction and serious reaction); (2) vaccination error;
(3) vaccine quality defect-related reaction; (4) coincidental
event; (5) anxiety reaction. Except for this, an AEFI case

should also be defined as non-serious or serious by the
following principle: (1) non-serious, with no intervention
necessary or with physician visit or event interfering with
daily activities or loss of working hours; (2) serious, with
any untoward medical occurrence that results in death, hos-
pitalization, prolongation of hospitalization, persistent, or
significant disability/incapacity, life threatening or birth
defect."> The AEFI was also categorized by the type of
doses, as AEFI for 1%, 274, 3™ and 4™ dose. China has
a mechanism to arrange for panels of AEFI experts to con-
duct the causality assessments. AEFI experts, which are com-
posed of independent experts from clinical medicine,
epidemiology, laboratory practices, pharmacy, vaccinology,
vaccine regulation, and other relevant fields, are organized
to review the reported AEFI and to make the classification
mentioned above.

The reporting and investigation procedures

Healthcare facilities, vaccination clinics, CDCs at all adminis-
trative levels, vaccine manufacturers as well as the vaccinees (or
guardian) have the responsibility to report an AEFI case. The
case is gathered by the county-level CDC, which is responsible
for completing the AEFI reporting form and submitting it to
NAEFISS. Once case information is entered, it can be viewed
by all administrative levels of CDCs."

Any AEFI case is to be investigated, with the exception of
the common adverse reactions that have a clear diagnosis
(fever, redness, induration, swelling on the injection site).
County-level CDC starts the investigations by collecting the
relevant data and completing an AEFI investigation form,
which is subsequently entered into NAEFISS, associating with
the submitted AEFI reporting form. For death, serious AEF]I,
AEFI cluster, and AEFI of significant public concerns that are
suspected to be related to immunization, upon receiving the
case report, municipal or provincial CDC must immediately
organize an AEFI expert panel for investigation. During the
investigation, the following information should be collected
and entered into the NAEFISS: personal information on the
vaccinated individual, storage and transportation of vaccines,
vaccine administrations and the AEFI itself. Signs and symp-
toms of AEFI are coded using the international classification of
diseases (version 10.0, ICD-10),'° a clinically validated, inter-
nationally standardized terminology. A single AEFI report may
be assigned more than one term and be referred to more than
one suspected vaccine. In cases of co-administration of two or
more vaccines in an individual, we attributed the reported
AEFI to the reporter suspected vaccine according to the follow-
ing principle:'® (1) the injection site reaction could be deter-
mined by the record of vaccination; (2) the systematic reactions
could not be determined which vaccine was to be suspected
when the co-administration occurred. In that case, we attrib-
uted the reported AEFI to all vaccines co-administered.

Data extraction

AEFI cases following PCV13 were reported from
01 January 2017 to December 31, 2020. The AEFI data were
extracted from the NAEFISS in March 2021, when all the



revision or modification of each report had been done and the
data fixed. The number of various vaccines doses in Zhejiang
province during the same period was obtained from the online
individual immunization information system of Zhejiang pro-
vince, which was established in 2005."”

Data analysis

Descriptive statistics were used to describe the epidemiology of
AEFI cases and a database was organized as an Excel file
(Microsoft Office Excel 2020). The reporting trends during
the study period was displayed through a monthly reporting
rate chart. The AEFI reporting rates of PCV13 were presented
by the variables including gender, dose number, the AEFI onset
interval (from vaccination date [day 0] to onset of first symp-
toms), AEFI categories, severity, type of reporter and the clin-
ical diagnosis. The reporting rate where PCVI13 was
administered alone or concomitantly with other vaccines and
the reporting municipal were also described. This was achieved
by dividing the total number of AEFI cases for each variable
level by the total number of vaccine doses administered during
the study period. These reporting rates between these variables
were compared through chi-square test at a two-tail signifi-
cance of 0.05.

Disproportionality analysis was applied by using the algo-
rithm of reporting odds ratio (ROR).'® The ROR is defined as
the ratio of the odds of reporting of one specific AEFI versus all
other AEFIs for a given vaccine compared to the reporting
odds for all other vaccines present in the same database. The
value of ROR-1.96SE [(standard error (SE)] > 1 is defined as
the threshold. We assumed as a positive signal if the actual
observed value is above the threshold. The positive signal
meant that the reporting rate of PCV13 was higher than the
average level of the other vaccines used in Zhejiang province
during the study period. The higher the value, the stronger the
disproportion appears to be.

Results

During the study period, the number of vaccine doses of
PCV13 included in the study was 1,895,548 and the number
of received AEFI cases associated with PCV13 was 3332, with
a crude reporting rate of 17.58/10000 doses. The number of
serious AEFI cases was 652 and the crude reporting rate was
3.44 for the serious AEFI following PCV13. The monthly
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reporting rate was highest in Sep 2017 for the total AEFI
cases and was highest in Feb 2020 for the serious AEFI cases
(Figure 1).

Of the reported AEFI cases, 50.27% were male, with
a reporting rate of 17.57/10000 doses. The reporting rate of
AEFI following the 4™ doses of PCV13 (20.12/10000 doses)
was significantly higher than the other doses. The significantly
highest rate of AEFI categories was the minor vaccine product-
related reaction (13.04/10000). The majority of AEFI cases
were non-serious, with a reporting rate of 14.14/10000 doses.
The primary source of AEFI reports was healthcare provider,
with over 90% of the reports were from healthcare provider.
Most of the AEFI cases occurred in 4-7 days after vaccination,
with the significantly highest reporting rate of 12.28/10000
doses for AEFI occurred within the interval of 4-7 days after
PCV13 vaccination. The reporting rate of AEFI when the
PCV13 was administered alone 17.30/10000 doses (Table 1).

Table 2 presents the surveillance results among cities in
Zhejiang province. For the general AEFI cases, the sensitivity
was highest in Quzhou city (21.97/10000 doses) and lowest in
Lishui city (12.05/10000 doses). For the serious AEFI cases, the
highest reporting rate was observed in Taizhou city (4.82/
10000 doses) while the lowest reporting rate was observed in
Jiaxing city (1.05/10000 doses).

After a review of the clinical diagnoses of the 488 serious
vaccine product-related reactions, the majority were general
allergic reaction (217 cases), followed by rash/urticaria (186
cases). Of the 2472 minor vaccine product-related reactions,
fever was the most common AEFI (1393 reports), followed by
injection site reaction (1034 reports). The reporting rate of
fever was the highest among all the clinical diagnosis (7.39/
10000 doses), followed by injection site reaction (5.49/10000
doses), general allergic reaction (1.39/10000 doses), and rash/
urticaria (1.35/10000 doses). The positive signals were obtained
for injection site reaction (ROR-1.96SE: 1.55), hypotonic
hyporesponsive episode (HHE) (ROR-1.96SE: 1.62) and febrile
seizure (ROR-1.96SE: 1.52) (Table 3).

Discussion

This study presented an evaluation of AEFI reported to
a passive surveillance system in Zhejiang province, soon after
the PCV13 vaccine was approved by the China Food and Drug
Administration. As the first post-licensure evaluation of safety
of PCV13 from China, our results added to the existing
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Figure 1. The reporting rate of AEFI following 13-valent pneumococcal conjugate vaccine from 2017 to 2020, by month of onset (A refer to the total AEFI and B refer to

the serious AEFI).
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Table 1. Characteristics and reporting rate of AEFI cases following 13-valent pneumococcal conjugate vaccine from 2017 to 2020.

Variable Level Administered doses No. of AEFI case Reporting rate* Y p
Gender Male 953181 1675 17.57 6.71 >0.05
Female 942369 1657 17.58
Dose number 1 506672 764 15.08 108.58 <0.01
2 474562 782 16.48
3 461601 875 18.96
4 452715 911 20.12
Category Vaccine product-related reaction (minor) 1895550 2472 13.04 209.05 <0.01
Vaccine product-related reaction (severe) 1895550 488 2.57
Vaccination error 1895550 67 0.35
Coincidental event 1895550 226 1.19
Anxiety reaction 1895550 79 0.42
Severity Serious 1895550 652 3.44 109.87 <0.01
non-serious 1895550 2680 14.14
Type of reporter Health care provider 1895550 3002 15.84 92.51 <0.01
Caregivers 1895550 302 1.59
Manufacturer 1895550 28 0.15
Onset from vaccination 0-1d 1895550 670 3.53 112.55 <0.01
2-3d 1895550 202 1.07
4-7d 1895550 2327 12.28
8-14d 1895550 80 0.42
>15d 1895550 53 0.28

Administrated alone 1895498 3280 17.30

*: /10000 doses

Table 2. Serious AEFI and non-serious AEFI cases following 13-valent pneumococcal conjugate vaccine from 2017 to 2020.

AEFI reports

Serious AEFI reports Non-serious AEFI reports

City Administered doses No. Reporting rate* No. Reporting rate* No. Reporting rate*
Hangzhou 636005 1289 20.27 113 1.78 1176 18.49
Ningbo 337047 522 15.49 76 225 446 13.23
Wenzhou 214025 362 16.91 27 1.26 335 15.65
Jiaxing 151846 248 16.33 16 1.05 232 15.28
Huzhou 73629 136 18.47 10 1.36 126 17.11
Shaoxing 150082 188 12.53 32 213 156 10.39
Jinhua 141209 250 17.70 18 1.27 232 16.43
Quzhou 3141 69 2197 5 1.59 64 20.38
Zhoushan 22887 23 10.05 5 2.8 18 7.86
Taizhou 89260 187 20.95 43 4.82 144 16.13
Lishui 48149 58 12.05 6 1.25 52 10.80
Total 1895550 3332 17.58 351 1.85 2981 15.73

*: /10000 doses

evidence on safety profile from the pre-licensure clinical trials.
Our review of NAEFISS reports following PCV13 did not
identify any new or unexpected safety concerns. Most AEFI
cases reported following PCV13 were either consistent with
well-recognized vaccine side effects or with common symp-
toms of illness expected in infants that might be unrelated to
vaccination.'” Another supportive evidence for the safety pro-
file of PCV13 was that over 70% of AEFI cases were mild, self-
limited conditions (e.g., fever, injection site reaction) and the
reporting rates of AEFI were similar to those from other pre-
vious reports based on the passive surveillance systems of AEFI
(22.8/10000 doses for the total AEFI reporting rate).'? There
were no specific rare or serious AEFI signals detected in our
study that required further investigation. We assumed that
PCV13 appeared to be a safe, well-tolerated vaccine when it
was introduced into the community.

The highest monthly reporting rate was observed in 2017
but the highest monthly reporting rate for serious AEFI was
not found in the same period. One possible explanation for
this difference was the heightened reporting sensitivity post
introduction of a new vaccine. However, the reporting sensi-
tivity of serious AEFI would not be changed as it was always

confirmed through medical consultation or test.”” In the
first year, reporters could have been more likely to report
more AEFI cases due to the awareness of PCV13 as a new
vaccine. Similar rises in reporting rates following vaccine
introduction had been observed in the literature,
a phenomenon known as the Weber effect.”’ It described an
increase in the reporting rate of adverse event occurred in the
time period shortly after the drug marketing followed by
a stabilization and this had been demonstrated with
a variety of drugs, including vaccines. Our findings might be
used a reference for the future introduction of new vaccine.
An uncertain signal generation would emerge when we starts
a large-scale use of a new vaccine. Another indication is that
not only the total AEFI reporting rate but also the serious
AEFI reporting rate should be worthy of attention when we
evaluate the safety of a new vaccine.

We did not identify an uncertain signal generation could
emerge in reporting rate of AEFI associated with PCV13
between male and female, which was similar to the previous
reports on AEFI surveillance.”” Compared with the initial dose,
we found the later dose of PCV13 would be more likely to
induce the adverse reactions, which was consistent with the
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Table 3. Clinical diagnosis of AEFI cases following 13-valent pneumococcal conjugate vaccine from 2017 to 2020.

No. of AEFI cases

Vaccine product-related Vaccine product-related Coincidental Anxiety Vaccination  Reporting ROR-
Clinical diagnosis reaction(minor) reaction(severe) event reaction error rate* 1.96SE
Fever 1393 5 3 0 0 739 0.75
Injection site reaction 1034 6 0 0 0 5.49 1.55
Gastrointestinal 23 5 38 0 0 0.35 0.88
Decreased appetite 0 0 0 19 13 0.17 0.72
Intussusception 0 0 7 21 26 0.28 0.64
Vomiting 0 0 3 7 0 0.05 0.61
Crying 0 0 2 20 28 0.26 0.74
Lethargy 0 0 2 12 0 0.07 0.88
Anaphylaxis 0 12 0 0 0 0.06 0.91
Allergic 8 217 39 0 0 1.39 0.58
reaction(generalized)
Rash/urticaria 9 186 61 0 0 1.35 0.77
Angioneurotic edema 0 19 6 0 0 0.13 0.65
Asthma 0 0 6 0 0 0.03 0.78
Hypotonia 1 2 5 0 0 0.04 0.84
Hypotonic hyporesponsive 4 15 0 0 0 0.10 1.62
episode
Neurological 0 8 21 0 0 0.15 0.85
Febrile seizure 0 5 0 0 0 0.03 1.52
Meningitis 0 0 17 0 0 0.09 0.83
Cardiovascular 0 0 9 0 0 0.05 0.95
Thrombocytopenia 0 8 6 0 0 0.07 0.73
Death 0 0 1 0 0 0.01 0.65

*: /10000 doses.

findings of AEFI surveillance work from other areas and on
other vaccines.”> > One possible explanation was that the
subsequent dose was more likely to induce or stimulate the
allergic reactions due to the body sensitization by the initial
dose. Minor vaccine product-related reaction, such as fever and
injection site reactions, were the most frequently reported
AEFEFI. It was the same as the other findings on AEFI surveil-
lance reports, in which the minor reactions or the non-serious
reactions were the most prevalent forms of reactogenicity
experienced after vaccination.

We found that most of the AEFI cases were detected by the
healthcare providers, which was different with some previous
reports that most of the AEFI cases were reported by
caregivers.'*'® The possible explanation was that PCV13 was
anew vaccine and the reporting sensitivity was higher than other
vaccines due to more attention had been attracted. The advan-
tage of healthcare provider as the reporter was that the reporting
bias would be avoided since caregivers would not be sensitive
enough or even ignored to some mild AEFL.*® Another advan-
tage was that healthcare provider could provide more sufficient
clinical information and help the following case review.

Our result of the incubation between vaccination and AEFI
was similar to that from other reports from North America,
Europe, and Asia, in which the recorded local and systemic
adverse events experienced by the infants and children
occurred in the 4- to 7-day period after each dose of
vaccine.”> The reasonable explanation was that the interval
between vaccination and the most common AEFI (fever or
injection site reactions) were induced by local inflammation
or central thermoregulation disorder. These reactions were
shortly occurred after vaccination.””*® Most of the AEFI asso-
ciated with PCV13 was administered alone in this report. The
possible reason for this was that the package insert of PCV13
recommended that PCV13 better not to be co-administered
with other vaccines.

The injection site reactions were found as a positive signal,
which was consistent with previous reports from other areas
and with the data from PCV13 clinical studies.'**’ These data
demonstrated an increase in injection site reactions, such as
tenderness, swelling, and redness, especially for the subse-
quent doses. To our knowledge, the injection site reactions
were the results from the stimulation of nociceptive sensory
neurons at the time of vaccine administration or inflamma-
tory process in the damaged tissue afterward. The PCV13 has
the aluminum adjuvant, which had been reported it could
induce the redness and induration. Another possible reason
was the syringes and needles that were used in the vaccina-
tion, but it needed to be further investigated. In this study,
HHE was reported as another positive signal, which was also
in line with the post-licensure data of PCV13.>® HHE reac-
tions were traditionally associated with diphtheria, tetanus,
Haemophilus influenzae type B, and hepatitis B vaccines, but
have also been reported uncommonly following other
vaccines.”’ The wide variation in incidence of HHE following
vaccination (0.4-25/10000)*** probably reflected the various
case definitions and case ascertainments rather than the
inherent properties of different vaccines. The pathogenesis
of HHE was still unknown and had been poorly studied
given the constraints of investigating a condition that the
results in transient symptoms. The pathogenesis of HHE
was likely to be multifactorial and might result from the
factors both idiosyncratic to the child and inherent in the
vaccine.

Febrile convulsion was a pre-identified solicited adverse reac-
tion of significant interest. As similar to the previous report,”* we
observed the febrile convulsion as a positive signal of AEFI
following PCV13. One vaccine safety datalink study had found
that trivalent inactivated influenza vaccine and PCV13 were each
associated with an increased risk of febrile convulsion indepen-
dent of concomitant receipt of the other vaccine in children ages
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6-59 months; however, another study reported there was no
increased risk of febrile seizures identified in any age group.”*
More studies were needed to further examine this issue. The
most possible reason for febrile convulsion following PCV13 was
that the body temperature would elevate following vaccination,””
which could induced the febrile convulsion as the most common
type of non-epileptic seizure observed following immunization.
Febrile convulsion soon after immunization are mostly triggered
by fever induced by the vaccine or not vaccine related.”®

Our results came from a passive surveillance system of AEFI,
which has several inherent limitations. First, passive surveillance
system relied on self-initiated notification and would induce the
under-reporting, as well as being subject to inconsistency in
data quality and completeness. Second, the sensitivity of passive
surveillance system would be influenced by factors like media
attention or heightened awareness of a new vaccine, resulting
the reporting bias following commencement of a new vaccine.
Despite of these limitations, there was currently no other way to
get the routine surveillance data on AEFI to evaluate vaccine
safety. Any detection of potential safety signals of rare or pre-
viously unknown AEFI, could then be further investigated.

Conclusion

The present findings supported previous observations that the
PCV13 administered as the four-dose schedule was generally
well tolerated in Chinese infants as we did not identify any new/
unexpected safety concern from the NAEFISS during a four-
year time period. This evaluation would serve as a reference for
discussing the benefits and risks of PCV13 vaccination strategy.
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