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ABSTRACT

Chile has a passive surveillance system of adverse events following immunization (AEFI) that allows
monitoring and evaluating the safety profile of the vaccines administered. Between 2018 and 2019, the
National Immunization Program (NIP) changed from a pentavalent whole-cell pertussis vaccine (wP) to
a hexavalent (DTaP-IPV-HepB-Hib) acellular pertussis vaccine (aP) for children <2 years.

Objectives: To describe the trend in the frequency of adverse events (AE) records associated to pertussis
component vaccines between January 1%, 2015 and June 30™, 2020 in infants younger than 2-years-old in
Chile, by reviewing the records submitted to the AEFI NIP, stratified by DTP-vaccine type, wP or aP.
Materials and methods: This was a retrospective observational study including all AEFI records of DTP
(either aP or wP)-containing vaccines in the described sample. A descriptive analysis was performed
according to vaccine type and AEFI, using MedDRA terminology.

Results: The total number of AEFI reports was 1,697: 815 corresponding to wP vaccines, 417 to aP
vaccines, and 465 with unknown type. The reporting rates for the years 2015 to 2020 were 40.1, 56.2,
37.1, 24.7, 19.1, and 12.2 per 100,000 doses administered, respectively. The most reported AEFI were
injection site erythema (42.9%), pyrexia (35.7%), and pain at the injection site (29.2%). Among all cases,
5.8% were SAEs (n = 98), 5.9% were SAEs for wP vaccines (n = 48) and 5.3% were for aP vaccines (n = 22).
Discussion: A significant decrease in AEFI reports was observed as of 2018, the year that the DTaP-IPV-
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HepB-Hib was introduced in the NIP.

Introduction

Vaccination is one of the most effective strategies to prevent diseases
caused by pathogens such as viruses or bacteria. However, adverse
events (AE) may follow the use of any vaccine. They are usually mild
and self-resolving in nature, and while the most severe are extremely
rare, the World Health Organization (WHO) suggests that coun-
tries should have in place an effective spontaneous AE reporting
program (or passive safety surveillance) in order assess the safety
profile and proper administration of vaccines, especially when new
vaccines are introduced in any country." Vaccines undergo exten-
sive studies in thousands of subjects prior to licensure to ensure the
assessment of the safety profile, but it is not until their widespread
use that rare or very rare reactions are duly detected.”

A spontaneous AEFI report is “an unsolicited communica-
tion by a healthcare professional or consumer to a manufacturer,
regulatory authority or other organization that describes one or
more adverse drug reactions in a patient who was given one or
more medicinal products and that does not derive from a study
or any organized data collection scheme.”® The minimum data
elements required include an identifiable reporter, an identifi-
able patient, an AE, a suspected product, as well as the possi-
bility to add information whenever necessary.”*

The reporter’s account must include the signs and symptoms
of the AE. The dictionary of AE terms of the Medical Dictionary
for Regulatory Activities (MedDRA) has become widespread
and allows AE to be grouped together and analyzed to identify

new risks related to the vaccine in question by applying statistical
methods.” The reports cannot assess causality, but only associa-
tion between the vaccine administration and the AE.” In this
sense, it is preferred to present the reporting rate (cases/100,000
administered doses) over incidence in the population, although
the results need to be carefully interpreted.”

Chilean national pharmacovigilance system

In 2012, the Immunization Department of the Ministry of
Health (MOH) and the Subdepartment of Pharmacovigilance
(SDFV) of the Institute of Public Health (ISP) implemented
a passive notification system to register, classify, follow, and
evaluate post-immunization events. Healthcare professionals
from the private or public sectors have the duty (although
spontaneous) to report every AE following immunization
(AEFI) or any event related to misuse temporarily associated
with the vaccine administered, regardless of whether the vac-
cine is part of the National Immunization Program (NIP) or
otherwise.*” The information collected through a specific form
is entered into a database, where it is validated and coded by
ISP SDFV personnel.®®

Hexavalent vaccine pharmacovigilance

In Chile, before 2018, vaccination against diphtheria, tetanus,
pertussis, polio, hepatitis B and H. influenzae type B was done
using a pentavalent vaccine (DTwP-HepB-Hib) with a whole-
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cell pertussis component (wP) plus an oral polio vaccine,
administrated at 2, 4, 6 and 18 months of age. Between 2018
and 2019, the vaccination schedule changed in a staggered way
to a fully liquid hexavalent vaccine (DTaP-IPV-HepB-Hib;
Hexaxim, Sanofi Pasteur) with an acellular pertussis (aP)
component.”” The change in vaccine was triggered by different
factors, including the new strategy for polio eradication: incor-
porating at least one dose of inactivated polio vaccine (IPV),
cessation of production of the wP vaccine and an increased
number of AEFI, particularly in preterms, when another wP
pentavalent vaccine was used.” During the study period, per-
tussis component vaccine was co-administered with pneumo-
coccal vaccine at 2 and 4 months of age, and for preterm
infants also at 6 months of age.

As Chile has a vaccination registry, it presented a unique
opportunity to assess the post-marketing safety profile of DTP-
containing vaccines used in the NIP in children <2 years of age,
including preterm infants switching from a wP to an aP vaccine.
The objective of this study was to describe the AEFI of DTP-
containing vaccines in infants <2 years of age in Chile by review-
ing spontaneous reports following immunization submitted to
the national AEFI reporting system in Chile, stratified by vaccine
type (pentavalent wP and hexavalent aP), and secondarily, the
safety profile in preterm infants from 2015 to 2020.

“This research used information obtained from the Institute
of Public Health (ISP) of Chile. The authors are grateful to the
ISP of Chile for making these data available. All the results of
the study are the responsibility of the authors and in no way
commit the Institute.”

A table with the abbreviations used can be found in appen-
dix 2.

Materials and methods

This was an observational, retrospective database study in
infants <2 years old who received any DTP-containing vaccine
between January 2015 and June 2020 in Chile.

Data sources

For this study, the Vaccine Pharmacovigilance Section of the
SDFV of the Agencia Nacional de Medicamentos (ANAMED)
Department of the ISP of Chile provided a database with all
AEFEFI reports related to vaccinees who received the wP penta-
valent or the aP hexavalent vaccines between January 1% 2015
to June 30" 2020 in Chile.

The database includes the vaccinee’s demographic data, infor-
mation about the vaccine, concurrent medication and data on
AEFL An event is considered serious if the AE results in death,
life-threatening situations, hospitalization or prolongation of
existing hospitalization, or permanent disability.” The follow-up
and clinical management of case is carried out by the pharmacov-
igilance team, comprised by professionals of the SDFV and the
Immunization Department of the MOH, who run an analysis to
determine the probability of an association between the event and
the administered vaccine. Causality is evaluated according to the
WHO’s causality criteria.'” AEFI are described in the ISP database
using the WHO Adverse Reactions Terminology (WHO-ART)

dictionary. As MedDRA is currently the most common standard,
a “bridge” was used to make the transfer from one terminology to
another.

To determine the number of administered doses, data from
the National Immunization Registry (known as RNI) was
obtained. The number of pentavalent or hexavalent doses
administered by region in children between 0 and 23 months
and 29 days is available in this registry.”

Statistical analysis

All analyses in this study were descriptive. Categorical variables
were described as the total number and relative percentage per
category, and continuous variables were described by the num-
ber of events, mean, standard deviation, median, Q1, Q3,
minimum, and maximum, including missing data. The annual
reporting rate of total AEFI records was calculated on the
number of doses administered x 100,000 doses of each kind
of vaccine. The analyses for all AEFI reports regardless of
vaccine type were sub-stratified by gender, age at vaccination,
reporter’sprofile, vaccine brand name, seriousness, no. of doses
and vaccination year. The most commonly reported AE and
Serious AE (SAE) per vaccine type were determined for the
overall period, which are presented using the preferred term of
the MedDRA classification system. The same analyses were
furthermore conducted for preterm children.

The following was done to mitigate the missing data from
the reports: i) only the reports that presented all minimum data
elements required were included in the analysis; ii) if the
vaccine brand or name was not indicated but the lot number
was available, the missing information was found using that
variable, and iii) all reports without a vaccine name as of 2019
were imputed to the aP hexavalent vaccine (Hexaxim®),
because it was the only one that was administered in the public
and private markets. Finally, in the AEFI reports submitted to
the ISP there is an item in which the reporter describes the AE
that contained data that had not been declared for other
requested variables, thus helping to obtain lost data. In other
cases, when the record presented missing relevant data, the
report was omitted.

Ethical considerations

The Scientific Ethical Committee (CEC) of the Universidad
de los Andes, Chile, granted authorization to conduct the
study on March 24, 2020, under folio CEC202013. At the
same time, a Non-Disclosure Agreement was signed for the
data provided by the ISP to the Universidad de los Andes in
Santiago, Chile.

Results
General results in children under 2 years of age
During the study period, several DTP-containing vaccines

were associated with AEFI between January 1%, 2015 and
June 30™, 2020, as shown in Table 1.



Table 1. Vaccine brand of reported AEFI.
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Commercial
Brand Generic Name Laboratory Reporting Years
wP Vaccines
Quinvaxem® DTwP-HepB-  GlaxoSmithKline 2015 and 2017-2018 (Use limited to public market)
Hib (GSK)
Pentavalent DTwP-HepB-  Serum Institute of Between 2015 and 2017 (Use limited to public market)
Vaccine®"' Hib India (SI)
aP vaccines
Hexaxim®'? DTaP-IPV- Sanofi Pasteur Between 2015 and 2020 (Until 2017, mostly used in the private market, since 2018 in the public market, and
HepB-Hib since 2019 it is the only vaccine used in the public market)
Infanrix penta® DTaP-IPV- GSK Between 2015 and 2018 (Mostly used in the private market, with limited distribution in the public market)
Infanrix HepB
hexa®'? DTaP-IPV-
HepB-Hib

A total of 1,697 AEFI reports were reported after immuni-
zation with DTP-containing vaccines, and 4,951,556 doses of
pertussis-containing vaccines were administered in infants
<2 years in Chile during the study period, with an overall
reporting rate of 34.27 per 100,000 administered doses.

As shown in Table 2, the reporting rates varied significantly
by year, with the highest reporting rate in 2016 (56.23 per
100,000; n = 515) and the lowest in the first half (1 H) of 2020
(12.23 per 100,000; n = 63). There was a continuous decrease in
AEFI reports rates and events starting in 2017 which continued
until 1H2020, with a year-to-year percentage change of between
—-23% and —36%. The lowest rate and number of events in the
study period were reported as of 2018, which coincides with the
introduction of the acellular hexavalent vaccine to the NIP.

Most AEFI reports were reported in children under
12 months (68%; n = 1,158) and in males (54.1%; n = 918).
AEFI reports were more reported after the first dose (37.3% of
total AEFI reports; n = 633) for both wP (39.4%; n = 321) and
aP (31.4%; n = 131) vaccines. The median age of children
experiencing AEFI was well aligned with the recommended
schedule of 2, 4, 6, and 18 months. The most frequent reporter
were Nurses (69%), and a large percentage of AEFI reports
were from public institutions (80.8%).

AEFI reports by vaccine brand and type are shown in
Figure 1. Between 2015 and 2017, there was a significant num-
ber of AEFI reports for which neither data on the vaccine
brand nor vaccine type was available, which hindered the
analysis. In the study period, SII's wP pentavalent vaccine
was associated with the highest number of reports, particularly
between 2015 and 2016. Due to the lack of data on specific
doses administered per vaccine brand and the large number of
missing data between 2015 and 2017, comparison of rates of
AEFI reports between vaccines before 2018 could not be done.

Of the total reports, 5.8% were considered serious AEFI
reports (n = 98): for wP it was 5.9% (n = 48), for aP 5.3%
(n = 22), and 6% (n = 28) for unspecified DTP-vaccine type .
According to WHO seriousness criteria, the main cause of
seriousness was requiring patient hospitalization (64%).

The reporting rate for SAE increased from 2015 to 2017 and
then decreased in 2018 and 2019 (Figure 2). In the first half of
2020, there was an increase in SAE. The SAEs per year from 2015
to 2020 were 12, 25, 29, 14, 8 and 10 respectively.

Following MedDRA classification, the most common AEFI
were injection site erythema (42.9%), pyrexia (35.7%), pain at
the injection site (29.2%), application site inflammation
(19.6%), crying (16.1%), and irritability (10.5%).

Regarding SAEs, the most common ones were pyrexia
(n = 36), seizure (n = 31), apnea (n = 16), and pallor
(n = 15). Of the AEFI reports considered serious, there was
a higher number of AEs per wP vaccine report than in aP
reports.; nonetheless, there was a significant number of events
for which the vaccine type was unknown. A list with the 10
most reported is shown in Table 3 and a complete list is
provided in Appendix 1. It should be noted that the most
frequent concomitant vaccines are the pneumococcal vaccine
and the IPV/OPV.

Results in preterm children

In Chile, between 2015 and 2020, out of 1697 AEFI reports, 41
were recorded for premature children. Sixteen were recorded
each for wP and for aP vaccines, and 9 for an unknown
vaccine type. There were AEFI in preterms of all gestational
ages, although for aP vaccines AEFI reports were in extremely
preterm (n = 10; 63%) and very preterm (n = 5; 31%)
(Table 4).

Table 2. Number of AEFI reports by year of immunization in infants < 2 years for pertussis component vaccines, according to Vaccine Type. Chile Jan 2015-June 2020.

AEFI reports

Number of doses administrated

Total wP aP  Vaccine-type unspecified Total wP aP AEFI Reports rate (x 100,000 doses)  Percentage change**
2015 380 196 15 169 948,252 910,321 37,930 40.07
2016 515 349 22 144 915,813 879,189 36,632 56.23 40%
2017 324 127 62 135 873,471 767,610 34,744 37.09 —34%
2018 214 116 98 - 866,833 449,555 417,278 24.69 —33%
2019 159 2 157 - 832,225 - 832,225 19.11 —-23%
1H2020* 63* - 62* 1* 514,962* - 514,962* 12.23 —-36%
No data 42 25 1 16
N 1,697 815 417 465 4,951,556 3,006,666 1,873,771 34.27

*data for the period January-June 2020
**with regard to the previous year
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Figure 1. Number of AEFI reports by wP and aP vaccine brand per year. Chile, Jan 2015-June 2020.
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Figure 2. Reported Rate of Serious AEFI from pertussis component vaccine in infants < 2 years x 100,000 doses administered. Chile, Jan 2015-June 2020.

The year with the most reports was 2017, with 17 reports,
followed by 2018 with 9, and in 2019 and 2020 they dropped to
3 (Table 5). Nonetheless, until 2017 information on gestational
age was not routinely informed; hence, data on this population
is most likely underestimated.

AEFI reports in preterm infants were highest after the first
dose with 34 reports, then after the second with 5, and after the
third only 2. No reports were found for the toddler booster.

A total of 46.3% of AEFI reports in preterm infants were
considered serious. Of the wP vaccine reports, 75% were con-
sidered serious, while of the aP vaccine reports, 25% were
considered serious (Figure 3)

According to the MedDRA classification, the most common
PT in preterms is apnea (n = 28), then followed by pyrexia
(n = 8), cyanosis (n = 6), and decreased oxygen saturation and
pain at the injection site (n = 6 each) (Table 6). Most serious
AEFI were related to wP vaccines while most non-serious AEFI
were associated with aP vaccines.

Discussion

This study presents the AEFI reported after vaccination with
DTP-containing vaccines in infants younger than 2 years
between 2015 and 2020 in Chile. Since 2017, reported AEFI

have been decreasing in Chile, which is related to the change of
wP vaccine manufacturer and the subsequent, staggered intro-
duction of aP hexavalent vaccines, reaching the lowest fre-
quency and rate when the aP hexavalent vaccine was used
exclusively.

This is the first study of its kind in Latin America and,
to the best of our knowledge, in the world, leveraging
routinely collected AEFI reports to assess the changes in
AEFI rates after the switch from wP pentavalent to aP
hexavalent vaccines.

In the literature, we have only found studies examining AE
differences between wP and aP vaccines by analyzing data
obtained from emergency department admissions, hospitaliza-
tions, clinical trials and systematic reviews including clinical
trials. We have also found AE analyses of passive surveillance
systems but without making the comparison between pertussis
vaccines with different components (WP and aP). The impor-
tance of this new study is that it collects all AEFI data of
pertussis vaccination from a country like Chile where we can
find one of the strongest reporting systems in Latin America &
The Caribbean as the notification of AEFI is mandatory by law
since 2012'" that also includes all diseases preventable by
vaccines included in the NIP. Additionally, Chile has a high
vaccination rate from where we were able to study all reports
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Figure 3. Serious and non-serious EAFI reports by vaccine type in preterm infants. Chile, Jan 2015-June 2020.

Table 3. Frequency of occurrence of the 10 most reported AEFI and serious AEFI by vaccine type, classified according to the MedDRA Preferred

Term (PT). Chile, Jan 2015-June 2020.

Total AEFI
PT_MedDRA N (%) wP aP Unspecified vaccine type
Injection site erythema 728 (42.9) 372 157 199
Pyrexia 606 (35.7) 323 108 175
Pain at the injection site 495 (29.2) 265 94 136
Application site inflammation 333 (19.6) 193 46 94
Crying 273 (16.1) 139 35 99
Irritability 178 (10.5) 103 39 36
Injection site dermatitis 142 (8.4) 66 29 42
Seizure 137 (8.1) 94 1" 30
Application site vesicles 135 (8.0) 60 33 41
Pallor 91 (5.4) 46 9 36
PT_MedDRA Serious AEFI (n = 98)
aP Unspecified vaccine type
N wP (n = 48) (n=22) (n=128)
Pyrexia 36 17 6 13
Crisis Seizure 31 13 8 10
Apnea 16 8 3 5
Pallor 15 10 - 5
Injection site erythema 13 9 1 3
Cyanosis 1 6 2 3
Pain at the injection site 9 7 - 2
Crying 9 4 - 5
Hypotonia and hyperresponsive episode 9 6 1 2
Dyspnea 9 5 1 3

from the target population under 2 years of age over a period of
5.5 years: where a wP was predominantly used and then
switched to an aP vaccine.

The rate of AEFI reports was the highest in 2016, which
related to the year when there was a change in the wP penta-
valent vaccine manufacturer. This supports the earlier findings
by Thomsen et al. (2019), who described the rate of AEFI
notified in Chile between 2014 and 2016. In that study, the
overall reporting rate was 44.30 per 100,000 doses for wP
pentavalent vaccines, slightly higher than the one seen in this
study (34.27 per 100,000 administered dose), which presents
both wP and aP vaccines together. The reported rates since the
exclusive use of the aP hexavalent vaccine are even lower than
those reported by Thomsen when wP vaccines were most often
used.®

Despite the fact that reporting systems may vary by country
and that situational and community factors may influence
over- or underreporting, the reporting rates observed in our
study are similar to those observed in North American and
European countries: in the USA, the decrease in the reporting
rate reported by Zhou when switching from DTwP to DTaP
vaccines was from 26.2 to 12.5 reports per 100,000 doses
administered, similar to the present study, which reaches
a rate in 2020 of 12.2 per 100,000 doses administered;'* simi-
larly, the rates reported by countries using aP vaccines are 19.8
for Poland, 8.9 for Italy, 3.8 for the Netherlands, and 1.1 for
France per 100,000 doses."”

Although causality cannot be determined in this study, the
results suggests that wP vaccines are associated with more
AEFI than aP hexavalent vaccines, and that the introduction

Table 4. AEFI reports in preterms, sub-classified by gestational age and vaccine type. Chile, Jan 2015-June 2020.

All wP Vaccine aP Vaccine Unspecified vaccine type
n (%) n (%) n (%) n (%)
Extremely preterm (less than 28 weeks) 17 (41) 6 (38) 10 (63) 1(11)
Very preterm (28-31 weeks) 14 (34) 6 (38) 5(31) 3(33)
Moderate to late preterm (32 to 37 weeks) 5(12) 3(19) - 2(22)
No data 5(12) 1(6) 1(6) 3(33)
All 41 16 16 9
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Table 5. Preterm AEFI reports per vaccine type, brand, and year. Chile, Jan 2015-June 2020.

wP Vaccine

aP Vaccine

AEFI Reports

Quinvaxem®  SII®  Unspecified brandname

Hexaxim®

Infanrix®  Unspecified brandname Unspecified brandname

Year N
7

2016
2017
2018 9
2019 3
3
2

_

7

N W
'
_

2020
No data year
N 4

=
(%}
_
o
—_
_
o

1 - - 3

5

W N Oy
'
N

_

Table 6. Most frequent Preferred Terms in AEFI reports by seriousness associated to wP and aP vaccines in preterms, according to the MedDRA. Chile, Jan 2015-

June 2020.

Serious (N = 19)

Non-serious (n = 22)

All wP aP Unspecified vaccine type wP aP Unspecified vaccine type
MedDRA, Preferred Termn (%) (N =41) (N=12) (N=4) (N=3) (N=4) (N=12) (N=16)
Apnea 28 (68.3) 7 (58.3) 3(75.0) 2 (66.7) 3 (75.0) 8 (66.7) 5(83.3)
Pyrexia 8 (19.5) 2(16.7) 1(25.0) - 1(25.0) 2(16.7) 2(33.3)
Decreased oxygen saturation 6 (14.6) 2(16.7) - - 3 (75.0) 1(8.3) -
Pain at the injection site 6 (14.6) 2 (16.7) - - 1 (25.0) 3 (25.0) -
Cyanosis 6 (14.6) 3(25.0) 1(25.0) - - - 2 (33.3)
Dyspnea 5(12.2) 2(16.7) 1(25.0) 1(33.3) - 1(8.3) -
Bradycardia 5(12.2) 1(8.3) 1(25.0) - 1(8.3) 2 (33.3)
Pallor 4 (9.8) - 2 (50.0) - - 1(8.3) 1(16.7)
Irritability 4(9.8) 1(8.3) - - - 1(8.3) 2(33.3)
Hypoxia 3(7.3) 2(16.7) - - - - 1(16.7)
Vomiting 2 (4.9) 1(8.3) - - - - 1(16.7)
Loss of consciousness 2 (4.9 - 1 (25.0) - - 1(8.3) -
Swelling at the injection site 2 (4.9) 2(16.7) - - - - -
Hypotonia and hyperresponsive episode 2 (4.9) 1(8.3) - - - - 1(16.7)

* all PTs reported with a frequency >1.

of the latter could decrease the number of events.'* In this
study, a lower reporting rates of AEFI related to DTP-
containing vaccines since the switch to an acellular hexavalent
vaccine from a wP pentavalent vaccine was observed.

In 2017, Chile changed the wP pentavalent vaccine, which
related to a first decrease in the frequency and rate of AEFI
reports. In 2018, a second change was implemented, which
consisted of administering an aP hexavalent vaccine in the
first two vaccination doses (2 and 4 months) and a wP penta-
valent + OPV vaccine in the last two doses (6 and 18 months).
In this period of concomitant use, a lower rate of AEFI reports
was observed; however, this direct comparison between aP
(first and second doses) and wP vaccines (third and booster
doses) should be avoided, since clinical trials have shown
a higher reactogenicity in the first doses."”™"”

Several studies on vaccine hesitancy have shown that the
safety profile and AEs can be a barrier and discourage vaccina-
tion and increase hesitancy.'® Various studies, including in
Chile, have shown that wP pentavalent vaccines are responsible
for most AEFI in children and that the group with the highest
frequency of reported AE are infants under 1 year of age, due to
the fact that they receive the greatest number of vaccines.'®'**°
Hence, the fact that hexavalent aP is associated with lower rates
of AEF], being a vaccine frequently administered in children
under 2 years of age, aP hexavalent could help to increase
confidence toward vaccination.

Various studies have shown that acellular pertussis vaccines
have a more tolerable safety profile than whole-cell
vaccines.'>'**""*? The rate of SAE has been shown to decrease

after switching to an acellular vaccine during the period eval-
uated. In the same sense, in the USA, serious reports, as well as
non-serious ones, decreased by 50%."*

There are differences in the estimated rates of serious AEFI
reports in this study compared to those of Thomsen et al.
(2019). Overall, they estimated reporting rates between 5.58
and 10.27 per 100,000 doses, while in our study there were
found to be lower than 3.5 per 100,000 doses. Although rates by
vaccine type could not be determined, the type of events were
aligned with what has been reported elsewhere for another aP
hexavalent vaccine.'” In this sense, Patel et al. reported that
SAEs in their research were rare in the hexavalent vaccine,
probably due to its acellular component.'” On the other
hand, in the USA, Klein et al. (2019) followed a cohort of
children under 2 years of age divided into three groups with
different aP vaccine schedules with different concomitant vac-
cines. In this study, the active reporting of SAE was between 0.5
and 3.6%." These differences may be due, as mentioned above,
to the different reporting systems as well as corresponding to
an active and a passive AEFI surveillance.

Given the unique public health context seen in 2020 due
to the COVID-19 pandemic, data recorded this year should
be analyzed cautiously, as it is subject to bias. The low
number of AEFI reported in 1H2020 could be related to
less willingness by Health Care Professionals (HCP) to
report them due to more pressing conditions, such as
COVID-19 patients. On the other hand, the higher number
and rate of SAE is most likely an outlier which could have
been caused by a change in health reporting patterns and



behavior by parents and HCPs, which could have contrib-
uted to a higher reporting of SAE. Due to the pandemic,
parents may be more sensitive to possible AE and take
them to the emergency department more frequently.
Nonetheless, there was a very low number of events for
the entire study period and even in 2020. When data for
the entirety of 2020 and for other vaccines is available, it
would be important to contrast them as well as trends in
other countries. Even so, it was still lower than those
reported for pentavalent vaccines currently manufactured
in India.

We found that in Chile, the main AE related to vaccines, using
MedDRA PTs, were injection site erythema, pyrexia, pain at the
injection site, application site inflammation, and crying, and they
were associated more frequently with wP vaccines, which is in line
with the literature and product inserts. In the USA, the most
frequent AE reports of pertussis-containing vaccines were local
reactions and pyrexia, and AEs were milder than those found for
the DTwP.> A global evaluation of AEs from an aP hexavalent
vaccine published in 2020, mainly European countries, also con-
firms that the most frequent AE were fever, crying, and local
adverse reaction.'” The same was found in Oman after a 10-year
analysis of AEs: the wP pentavalent vaccine reported 73.8% of
local reactions and 5.6% of systemic reactions.'” This was also
observed by active surveillance in Germany and the Czech
Republic, where pain, erythema, and swelling were the most
frequent injection site reactions and fever, vomiting, and crying
the most frequent systemic reactions.'”

As noted by Zhou (2003) after the change from wP to aP vaccines
in the USA, serious AE decreased, as did systemic AE such as fever
and neurological reactions such as seizures. This is in line with the
results of our study; however, Zhou evidenced an increase of local
reactions with the introduction of aP vaccines, mainly in children
with the booster administration of the DTaP vaccine.'? In our study,
we identified no rare or serious AE that have not been previously
described in the literature.

The AEs that generate the greatest concern in the popula-
tion and that are traditionally associated with pertussis-
containing vaccines are the neurological ones, in which we
find apnea in preterm infants, seizures and hypotonic-
hyperresponsive episode (HHE). These AEs have been
reported with both vaccines (wP and aP), but with a lower
frequency in aP, which we could also confirm in our
study.>'>** Given that it is contraindicated for a child to
receive a second or a third dose of pertussis-containing vaccine
after having had an episode of seizure or HHE with the pre-
vious dose,* what was found in our study is of real importance,
since the aP vaccine provides confidence among the population
resulting in a greater vaccine coverage.

In our study, apnea was the most frequent AE in preterms
for both wP and aP vaccines. Occurrence of apnea could be
triggered by several factors. In absence of medical history, it is
not possible to evaluate and determine etiology of those post-
immunization apnea cases. It is known that extreme preterm
infants (born at less than 28 weeks of gestation) may be at risk
for cardio-respiratory apnea given the presence of respiratory
immaturity. Incidence of recurrent apnea increases inversely
proportionally to the gestational age.”’
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Limitations

A number of study limitations are inherent to the study design.
Although reporting AEFI is an obligation, which is instructed
through decree,’ there is no control that ensures full compli-
ance with the norm and underreporting, especially of mild
AEs, is expected, as is over-reporting following the introduc-
tion of new vaccines or drugs (known as the Weber effect).2®
This study furthermore does not allow assessing causality, and
many children receive other vaccines concomitantly.
Nonetheless, other vaccines did not change during this period
in Chile and the results showing higher reactogenicity asso-
ciated with wP vaccines are well aligned with other publica-
tions. However, the data obtained from spontaneous reporting
systems give us important vaccine safety information that
could help identify signals of potential risks of rare or pre-
viously unknown AEFI.

Another limitation relates to incomplete information for the
calculation of reporting rates, since the total number of doses
administered per vaccine brand was not available. This was
mostly the case before 2018, when wP pentavalent vaccines
were used in the NIP in Chile.

In addition, information about preterm infants was not rou-
tinely collected before 2017. Moreover, as neither the number of
preterm infants born every year nor the vaccines administered to
them is available, it was not possible to determine rates.

Conclusion

This study presents a description of AEFI related to pertussis
contained vaccines administered to infants under 2 years,
reported to the Chilean National Pharmacovigilance System
between January 2015 and June 2020, during which reports of
whole-cell and acellular vaccines were found. In the analyzed
period, a decrease in AEFI was observed as of 2018, the year of
the introduction of the aP vaccine. The results of this study
support the safety profile of the fully liquid hexavalent aP
vaccine over pentavalent wP vaccines, even in preterm infants,
due to the decrease of AEs. In this sense, Chile can be a model
for countries in the region, promoting the switch to safer
vaccines.
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Appendix 1. Most frequently reported serious and non-serious AEFI by wP and aP vaccines, classified
according to the MedDRA Preferred Term (PT). Chile, Jan 2015-June 2020

Al Serious (n = 98) Non-serious (n = 1599)

PT_MedDRA N (%) wP aP No data wP aP No data
Injection site erythema 728 (42.9) 9 1 3 363 156 196
Pyrexia 606 (35.7) 17 6 13 306 102 162
Pain at the injection site 495 (29.2) 7 - 2 258 94 134
Application site inflammation 333 (19.6) 7 - 1 186 46 93
Crying 273 (16.1) 4 - 5 135 35 9
Irritability 178 (10.5) 5 1 1 98 38 35
Injection site dermatitis 142 (8.4) 1 - - 59 41 41
Crisis seizure 137 (8.1) 13 8 10 53 21 32
Application site vesicles 135 (8.0) - - - 94 1 30
Pallor 91 (5.4) 10 - 5 36 9 31
Injection site induration 83 4.9) - - - 43 27 13
Cyanosis 65 (3.8) 6 2 3 23 8 23
Pruritis 61 (3.6) - 1 20 24 16
Apnea 59 (3.5) 8 3 5 19 12 12
Eruption 59 (3.5) 1 - - 22 28 8
Urticaria 57 (3.4) - - 1 21 20 15
Erythema 56 (3.3) - 1 1 15 19 20
Injection site warmth 55 (3.2) 1 - 1 14 27 12
Vomiting 53 (3.1 2 2 - 20 14 15
Edema 44 (2.6) - - - 16 13 15
Malaise 44 (2.6) - - - 22 8 14
Application site erythema 41 (2.4) - 1 1 5 29 5
Dyspnea 39 (2.3) 5 1 3 14 5 1
Convulsion febrile 36 2.1 4 - - 14 4 14
Hypotonia 33 (1.9) 3 - 3 12 3 12
Hypotonia and hyperresponsive episode 30 (1.8) 6 1 2 4 4 13
Swelling at the injection site 29 (1.7) - - - 14 9 6
Injection site mass 29 (1.7) - - 1 17 4 7
Diarrhea 26 (1.5) 2 - - 12 6 6
Pain at the injection site 24 (1.4) - - 4 15 5
Consciousness loss 24 (1.4) 2 - - 8 5 9
Syncope 21 (1.2) 2 - - 10 4 5
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Appendix 2. Abbreviations

Abbreviations

aP Acellular pertussis

AE Adverse Events

AEFI Adverse Events Following Immunization

ATC Anatomical and Therapeutic Classification System
DEIS Department of Statistics and Health Information
DTaP Diphtheria-tetanus-acellular pertussis

DPT Diphtheria-pertussis-tetanus

Hib Hemophilus influenzae type B

HepB Hepatitis B

IPV Inactivated polio vaccine

ICH International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use
ISP Institute of Public Health

MINSAL/MOH Ministerio de Salud/ Ministry of Health

MedDRA Medical Dictionary for Regulatory Activities

MMR Measles-mumps-rubella (vaccine)

NIP National Immunization Program

OopPV Oral polio vaccine

PCv Pneumococcal vaccine

PT Preferred Term (Terminology)

RNI Registro nacional de inmunizaciones/ National Immunization Registry
CEC Scientific Ethical Committee

SDFV Subdepartment of Pharmacovigilance

wP Whole-cell pertussis

WHO Word Health Organization

WHO-ART WHO Adverse Reaction Terminology
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