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Abstract

Objective: to describe occurrence of adverse events following immunization (AEFI) with Tdap vaccine during pregnancy.
Methods: this was a descriptive study using data from reports by participants in an effectiveness and immunogenicity study
conducted in two hospitals in Sao Paulo, SP, Brazil, from 2015 to 2016. Results: of the 201 mothers included in the study, 48
(23.9%) had at least one AEFI; 60 symptoms related to Tdap use were identified — pain (22.4%), swelling (2.5%), fever (1.5%),
somnolence (1.0%), redness (0.5%), vomiting (0.5%), headache (0.5%), local reaction (0.5%), and fatigue (0.5%); no rare,
very rare, or extremely rare adverse events were reported; all events were considered to be expected, as they are described in the
vaccine package insert; outcome of all events was recovery without sequelae. Conclusion: Tdap vaccine in the form adopted by
the National Immunization Program is safe; no unexpected adverse events were identified among vaccinated pregnant women.
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I AEFI occurrence with Tdap vaccine

Introduction

Whooping cough is an acute bacterial respiratory
disease, characterized by paroxysmal coughing. Babies
and children under 2 years old comprise the group most
at risk both of catching the disease and also suffering
its complications and mortality.'?

Adding the pertussis component to immunization
coverage has led to a large reduction in whooping cough
incidence globally. Notwithstanding, its transmission
has never been interrupted.’

Likewise in Brazil, the increase in diphtheria, tetanus
and pertussis (DTP) adsorbed vaccine coverage with effect
from the 1990s was accompanied by a large reduction in
whooping cough incidence. The immunization schedule
used in Brazil consists of three doses in the first year of
life — at 2, 4 and 6 months old — and two boosters — at
15 months and 4 years old.*

With effect from 2010, however, pertussis occurrence
increased in several countries, such as the United States,
Australia and Argentina; as well as in Brazil, despite high
immunization coverage being maintained."?

Increased incidence was pronounced in Brazil
between 2011 and 2014. A considerable proportion of
cases occurred in children under 1 year old, although
most cases were concentrated among the under-two-
year-olds, who were too young to have the first DTP
vaccine dose (Figure 1).>

Vaccinating pregnant women enables
transplacental transfer of antibodies
to their babies before birth, protecting
them during this period of greater
care and monitoring until they reach
vaccination age.

In view of the reemergence of whooping cough and
cases being concentrated among children younger than
the age indicated for the vaccine to be administered,
several countries adopted new strategies, in particular
vaccinating pregnant women with vaccines containing
acellular pertussis: tetanus, diphtheria and acellular
pertussis adsorbed vaccine, known as Tdap vaccine.”®

Vaccinating pregnant women enables transplacental
transfer of antibodies to their babies before birth,
protecting them during this period of greater care and
monitoring until they reach vaccination age. In 2014,

the Brazilian National Immunization Program started
offering acellular vaccine (Tdap) to pregnant women
at between 27 and 36 weeks of pregnancy. In 2017, the
recommendation was extended to include pregnant
women with effect from the 20th week of pregnancy.'?

Considering that national data on vaccinating pregnant
women with Tdap was virtually inexistent, the S3o Paulo
State Immunization Program decided to conduct studies
to enable evaluation of the effectiveness and safety of this
procedure. One of these studies evaluated vaccination
immunogenicity and safety."

When the possibility of administering Tdap vaccine
to pregnant women was first considered, knowledge
about its safety in this case was limited. As such, the
Advisory Committee on Immunization Practice (ACIP)
of the United States Centers for Disease Control and
Prevention (US CDC) reviewed data available on the
Vaccine Adverse Events Reporting System (VAERS/US
CDC), pregnancy records kept by the producers of Tdap
vaccine and the results of smaller studies. Based on its
review of those studies, the ACIP concluded that high
risk or uncommon patterns of adverse events among
pregnant women who received Tdap or among their
newborn babies had not been found; the Committee
considered it to be unlikely that the few severe adverse
events reported had been caused by the vaccine.® The
same can be stated about booster doses among pregnant
women who showed good tolerance to the product,
whereby the event with most recorded occurrences
was pain at the injection site. Moreover, none of the
few severe adverse events reported were attributed to
the vaccine. These findings are written on the package
insert prepared by the producer of the tetanus, diphtheria
and acellular pertussis adsorbed vaccine — Tdap —,
which is the vaccine used by the Brazilian National
Immunization Program.

The objective of this study was to describe the
occurrence of adverse effects following immunization
(AEFI) with Tdap during pregnancy.

Methods

This was a descriptive study of occurrence of
adverse effects following immunization —AEFI — among
pregnant women vaccinated with Tdap participating in
an immunogenicity evaluation cohort study."

The municipality of Sao Paulo, SB is Brazil’s most
populous municipality, with 11,253,503 inhabitants in
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Figure 1 - Whooping cough incidence rate and DTP and DTP-Hib immunization coverage, Brazil, 1990-2018

Sources:

General Coordination of Communicable Diseases, Health Surveillance Secretariat, Ministry of Health (CGDT/SVS/MS), 2018.

Meningitis Working Group.
Notifiable Health Conditions Information System (SINAN), updated as at 22/03/2019.
Notes:

Incidence per 100,000 inhabitants, except neonatal tetanus — calculated per 100,000 infants under 1 year old.
The general population with effect from 2016 was estimated by the Interagency Health Information Network (RIPSA) and by the Brazilian Institute of Geography and Statistics (IBGE), based on 2015 data.

2010, according to the Brazilian Institute of Geography
and Statistics (IBGE)." It is one of the municipalities
that concentrate Brazil’s economic activities and has
a high human development index (HDI) (0.805 in
2010), although it is characterized by considerable
socio-economic inequality."?

This study was conducted in two public state-level
hospitals located in the outskirts of the city, namely the
Leonor Mendes de Barros General and Maternity Hospital
and the Interlagos General and Maternity Hospital,
both of which deliver around 400 babies a month. This
study is part of a larger study called ‘Immunization of
pregnant women with adult acellular vaccine (Tdap):
evaluation of reduction in whooping cough occurrence
in babies and immune response of children’. Reduction
in whooping cough occurrence was assessed by means
of a case-control study."” Immune response was analyzed
by means of a cohort study of pregnant women and
their children born in two public hospitals located in
the municipality of S3o Paulo."

Epidemiol. Serv. Saude, Brasilia, 29(2):e2019280,2020

Pregnant women were recruited when they were admitted
to hospital to have their babies. Their socio-economic and
demographic, obstetric and prenatal Tdap vaccination
data were collected, as well as blood samples in order to
study whooping cough antibody titers. Their babies were
followed up from 2 to 7 months of age. Blood samples
were also taken from the babies: from the umbilical cord;
before the first childhood dose of vaccine containing the
pertussis component (2 months old); and one month
after the third dose of the vaccine. This study analyzed
data related to AEFI due to Tdap administered during
prenatal care of the cohort study participants.

Parturient women aged 18 and over receiving care
in the above mentioned hospitals between July 2015
and August 2016 were eligible to take part in the study.
However, the following were considered to be ineligible:
(i) parturient women who received a blood transfusion or
blood products in the three months prior to childbirth;
(i) those who received Tdap vaccine in the last 14
days of pregnancy; (iii) those who were diagnosed or
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suspected of having whooping cough during pregnancy;
(iv) those whose gestational age was <37 weeks; (v)
those with no information about Tdap vaccination date
or epidemiological data; and (vi) mothers of babies
whose birth weight was less than 2500 grams.

The minimum sample size was calculated using the
following formula:

n=(z'xpxq/e

Where:

n = minimum sample size

z = confidence coefficient, the value of which was
1.96 for an alpha of 0.05

p = outcome frequency; we used p=15% AEFI
occurrence

q = complement of that proportion (q=1-p)

e = absolute value of maximum error — 0.05

This resulted in:

n = (1.96’x0.15x 0.85) / 0.05> = 196’

The data were collected by means of an interview
using a semi-structured questionnaire, administered
during admission to hospital for child delivery. The
questionnaire contained sociodemographic, clinical and
epidemiological variables related to the pregnant women:
a) sociodemographic variables

- age range (in years: <20; 20-34; =35);
- schooling (in years of study: less than 8; more than

8; unknown);

- race/skin color (white; black; yellow; brown;
indigenous);
- monthly family income (less than BRL 1,576; BRL

1,576 to BRL 3,151; more than BRL 3,152);

b) clinical and epidemiological variables
- gestational age at time of vaccination (in weeks:
17-26; 27-29; 30-33; 34-40; unknown);
- number of prenatal consultations (<7; =7,
unknown); and

- adverse event occurrence and duration (in hours
following vaccination: up to 24h; up to 48h; up to
72h; up to 96h; unknown).

Body mass index (BMI) was examined as a continuous
variable, calculated based on self-reported maternal
pre-pregnancy weight and height.

The interviews were conducted between July 2015
and August 2016.

The vaccine used was Boostrix (GSK Biologicals,
Rixensart, Belgium), licensed in Brazil as Refortrix. The

product contains 20 International Units (IU) of tetanus
toxoid, 2 IU of diphtheria toxoid, 8 ug of inactivated
pertussis toxoid, 8 ug of filamentous hemagglutinin
(FHA) and 2.5 ug of pertactin."

AEFI occurrence was investigated based on a list of
adverse reactions related to Tdap vaccine use, classified
as follows: very common (>10% of vaccinated patients);
common (1% to 10% of vaccinated patients); uncommon
(0.1% to 1.0% of vaccinated patients); Rare (0.1% to
0.01%); and very rare (under 0.01% of vaccinated patients).
This classification was based on the date of onset and the
duration of each reaction. The adverse event classification
criteria used here as the same as those found on the vaccine
package insert.” Figure 2 shows the list of AEFI classified
in each category, applied by the researchers based on an
adaptation of information found on the package insert
and the Adverse Event Following Immunization Manual,
published by the Ministry of Health.''>

Adverse event frequency was calculated by dividing
the number of AEFIs by the number of vaccinated people
included in the study (n=201):

F = EA/201 x 100°

In an exploratory manner, the prevalence ratio (PR)
was estimated directly, calculated from the product of
AEFI prevalence among the parturient women exposed
to each of the factors and the corresponding prevalence
among non-exposed parturient women. Pearson’s
chi-square test was used to test for association between
occurrence of AEFI and the following variables: maternal
age; gestational age when vaccine was administered;
first pregnancy; schooling; race/skin color; monthly
family income; and BMLI.

The study project was approved by the Adolfo
Lutz Institute Research Ethics Committee as per
Certification of Submission for Ethical Appraisal (CAAE)
No. 37581114.0.0000.0059, issued on 23/03/2017.
All respondents were informed about the objective of
the study and their participation depended on their
agreement and their signing the Free and Informed
Consent form.

Results

Two hundred and one out of the 218 parturient
women identified were included. Seventeen were
excluded from the analysis for the following reasons:
vaccination interval <15 days before childbirth (2
parturient women: 11.8%); gestational age <37 weeks
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(4 parturient women: 23.5%); no record of vaccination
date (5 parturient women: 9.4%); birth weight below 2500
grams (3 parturient women: 1.4%); no epidemiological
record form (3 parturient women: 17.6%).

Of the 201 women included, 75.1% were between
20 and 34 years old, 53.7% had eight or more years of
schooling, 44.8% were of brown race/skin color, 40.3%
were at between 30 and 33 gestational weeks when they
were vaccinated, and the records of 84.1% showed fewer
than seven prenatal consultations (Table 1).

No significant differences were found among the women
who had adverse events because of the vaccine with regard
to sociodemographic or pregnancy characteristics (Table
1). No association between occurrence of AEFI and the
following variables was found: maternal age; gestational
age when vaccine was administered; first pregnancy;
schooling; race/skin color; and monthly family income.
However, statistically significant association was found
between AEFI occurrence and higher pre-pregnancy
BMI (PR=2.25 — 95%CI 1.06;4.80).

Of the 201 mothers studied, 48 (23.9%) had at least
one AEFI with Tdap. A total of 60 AEFI with Tdap related
to nine signs and symptoms were identified. The following
frequencies were found among AEFI classified as ‘very
common’: pain (22.4%), swelling (2.5%), fever (1.5%),
somnolence (1.0%) and redness (0.5%). Vomiting was
recorded in relation to one participant (0.5%) among
AEFI classified as ‘common’; while among AEFI classified
as ‘uncommon’, one participant reported headache

Vera Lucia Gattds et al.

(0.5%), and another reported local reaction (0.5%)
and fatigue (0.5%) (Table 2).

No rare, very rare or extremely rare adverse events
were recorded. All 64 events were classified as being
expected, as described on the vaccine package insert. No
occurrence was classified as severe and the outcome of
all occurrences was recovery without sequelae.

A third of the events (36.7%) occurred in up to 24
hours; the remainder occurred within 48 hours (28.3%),
72 hours (15.0%) and 96 hours (3.3%) following
vaccination (Table 2).

Discussion

The study found that Tdap vaccine is safe, given
that only 24.5% of vaccinated women had some kind
of adverse event. In addition, the greater part of the
adverse events fell into the very common AEFI category.
No unexpected adverse events following vaccination of
the pregnant women were found. The adverse events
identified were mentioned on the package insert of the
product administered. It is noteworthy that no severe
adverse events were found.

The findings are similar to those found in other studies.'*'?
Munioz et al. conducted a randomized double-blind trial
with healthy pregnant women aged between 18 and 45 with
low risk of obstetric complications. They were recruited
in university and private clinics in three United States
cities (Houston, Durham and Seattle). Their results show

Reactions

Gastrointestinal symptoms:

Very common (>10% of vaccinated patients) | Uncommon (0.1% to 1.0% of vaccinated patients)
Somnolence Headache
Redness at vaccine site (erythema) Coughing
Swelling at vaccine site Bronchitis
Fever (>38°Ce <39.1°() Skin rash
Induration Stiffness
Pain at vaccination site Fatigue
Common (1% to 10% of vaccinated patients) Fever (>39;1°C)

Diffuse swelling of limb in which vaccine was administered and diffuse swelling of limb joint

Diarrhea Rare (<0.01%)
Vomiting Lymphadenopathy
Reactions at vaccine administration site: Very rare

Itching Allergic reaction
Pain Extremely rare

Convulsions

Collapse or shock (syncope)

Figure 2 - List of adverse events following immunization with tetanus, diphtheria and acellular pertussis

adsorbed vaccine — Tdap
Note:

List adapted from the Adverse Event Following Immunization Epidemiological Surveillance Manual and from the vaccine package insert.

Epidemiol. Serv. Saude, Brasilia, 29(2):e2019280,2020 5
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Table 1 - Distribution of women who received Tdap® during pregnancy and had adverse events following
immunization (n=201), by sociodemographic characteristics and data on pregnancy, Sao Paulo, SP,

2015-2016
Adverse event
Characteristics Yes No Unknown Total
n=48 n=151 n=2 n=201
n % n % n n %

Mother’s age range (in years)

<20 2 42 12 79 - 14 7.0

20-34 35 729 14 75.5 2 151 75.1

>35 N 229 25 16.6 - 36 17.9
Mother’s schooling (in years of study)

<8 24 50.0 60 39.7 1 85 43

>8 22 458 85 56.3 1 108 53.7

Unknown 2 4.2 6 4.0 - 8 4.0
Race/skin color

White 13 271 55 36.4 2 70 34.8

Black 14 29.2 25 16.6 - 39 194

Yellow - - 1 0.7 - 1 0.5

Brown 20 4.7 70 46.4 - 90 44.8

Indigenous 1 2.1 - - - 1 0.5
Gestational age at time of vaccination (in weeks)

17-26 3 6.3 16 10.6 - 19 9.5

27-29 14 29.2 57 377 - 71 35.3

30-33 19 39.6 61 404 1 81 403

34-40 12 25.0 16 10.6 1 29 144

Unknown - - 1 0.7 - 1 0.5
Prenatal consultations

<7 40 83.3 127 84.1 2 169 84.1

>7 8 16.7 23 15.2 - 31 154

Unknown - - 1 0.7 - 1 0.5

a) Tetanus, diphtheria and cellular pertussis adsorbed vaccine.

Table 2 - Distribution of clinical manifestations of adverse events® following exposure to Tdap® vaccine, by
length of adverse event duration, Sao Paulo, SP,2015-2016

<24hours  <48hours <72hours <96hours  Unknown Total Incidence rate:
Adverse event Adverse event x 100/201

n % n % n % n % n % n % 9% (95%Clb)¢
Pain 14 311 14 311 8 17.8 2 44 7 156 45 75.0 22.4(17.0;28.5)
Somnolence 2 1000 - - - - - - - - 2 33 1.0(0.2,3.2)
Redness 1 1000 - - - - - - - - 1 1.7 0.5(0.2,2.4)
Swelling 1 20.0 1 20.0 1 200 - - 2 400 5 83 2.5(0.9;5.4)
Fever 31000 - - - - - - - - 3 5.0 1.5(0.4;4.0)
Vomiting 1 1000 - - - - - - - - 1 1.7 0.5(0.2,2.4)
Local reaction - - - - - - - - 1 1000 1 1.7 0.5(0.2,2.4)
Fatigue - - 1 1000 - - - - - - 1 17 0.5(0.2,2.4)
Headache - - 1 1000 - - - - - - 1 1.7 0.5(0.2,2.4)
Total 22 367 17 283 9 150 2 33 10 167 60 100.0 29.9 (23.8;36.5)

a) The remaining adverse events under study were not reported by the women who were interviewed.

b) Tetanus, diphtheria and cellular pertussis adsorbed vaccine.
) 95%CI:95% confidence interval.
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that there was no occurrence of severe adverse events
associated with Tdap vaccine among the women or babies
under observation; they did report local reactions in 26
pregnant women (78.8% [95%CI 61.1;91.0]) and 12
puerperal women (80.0% [95%CI 51.9;95.71); systemic
symptoms were also reported in 12 pregnant women
(36.4% [95%CI 20.4;54.9]) and 11 puerperal women
(73.3% [95%CI 44.9;92.2]) (p=0.03). The growth
and development of their babies were similar for both
groups of mothers. No cases of whooping cough were
reported.'®

Moro et al. reported on a study of data taken from the
U.S. Vaccine Adverse Events Reporting System (VAERS),
created in 1990 and jointly administered by the U.S.
Centers for Diseases Control and Prevention (CDC)
and the Food and Drug Administration (FDA), with
the aim of identifying reports of AEFI among pregnant
women who were given Tdap after recommendation
of this vaccine had been included in the health service
routine. The results revealed that in the 45 month
period (from October 2011 to June 2015), no new or
unexpected warning sign was identified as to the safety
of the Tdap vaccine among the pregnant women who
received it nor among their babies."”

Maertens et al. conducted a prospective controlled
cohort study which monitored on healthy pregnant women
and their health babies in five hospitals in the province of
Antwerp, Belgium, between 2012 and 2014. The objective
of their investigation was to measure (i) the influence of
Tdap vaccine booster dose administered during pregnancy
and (i) duration of the presence of maternal antibodies
in their infants. Although it was not an initial objective
of the study, all the pregnant women were monitored by
doctors as to the occurrence of systemic reactions for
30 minutes following vaccine administration. Possible
adverse events of the vaccine were monitored during the
30 days following vaccination, especially occurrence of
pain at the injection site, swelling, erythema and general
symptoms, such as myalgia and fever, among others. The
authors concluded that the adverse events identified did
not differ from those described on the package insert of
the product, and that the majority of the adverse event
symptoms were mild and self-limited, progressing to
recovery within 72 hours following vaccination.™

Fortner et al. conducted a prospective observational
cohort study in two United States cities with 599 women
aged 18 to 45 who received Tdap vaccine: 374 pregnant
women at between 20 and 33 weeks of pregnancy;

Vera Lucia Gattds et al.

and 225 non-pregnant vaccinated women. The results
showed that severe local or systemic reactions or fever
were rare (<3% in both groups); and that pain at the
vaccine administration site, classified as moderate to
intense, was significantly greater in pregnant women
(17.9%) when compared to non-pregnant women
(11.1%). The frequency of other reactions classified
as moderate to severe or severe was not significantly
greater among pregnant women when compared to
non-pregnant women. The study concluded that Tdap
vaccine was tolerated well by both pregnant and non-
pregnant women: pregnant women reported moderate
to intense pain at the vaccine administration site more
frequently than non-pregnant women, but they did not
need medical assistance."”

In Brazil, shortly after the National Immunization
Program implemented Tdap vaccination for pregnant
women, Sancovski et al. conducted a single center
retrospective descriptive observational study in Sao
Bernardo do Campo, SP, in which the authors compared
(i) data from the medical records of 1203 pregnant
women who received Tdap as part of the maternal
immunization program and their babies between May
2015 and February 2017 (exposed group), with (ii)
data on 1259 unvaccinated women who gave birth
between September 2012 and August 2014 (unexposed
group). Their findings did not indicate the occurrence of
increased risk of pregnancy-related adverse events, nor
neonatal adverse events of interest, following maternal
vaccination with Tdap. However, the authors stressed
that the results of their study should be interpreted
with caution in view of limitations — memory bias,
difficulties with data collection and recording — inherent
to retrospective observational studies.”

Another limitation of the study above that should
be pointed out was its sample size, estimated to assess
the efficacy of Tdap vaccine among vaccinated mothers
and live born babies, which reduces the study’s scope
for extrapolations.

An increase in the whooping cough incidence rate
occurred in Brazil, followed by a decrease that coincides
in time with the introduction of Tdap vaccination for
pregnant women. In order to keep whooping cough
incidence rates low, it is important to ensure trust in
the vaccine’s safety both by health workers and women
who use health services. According to Furuta et al., one
of the main reasons for low Tdap vaccine coverage rates
is concern — also on the part of doctors and pregnant

Epidemiol. Serv. Saude, Brasilia, 29(2):e2019280,2020 7
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women — about the safety of the vaccine when used
during pregnancy. Certain measures are needed, such
as disseminating information about vaccine safety
and training health professionals to detect, notify
and investigate adverse events so as to improve AEFI
monitoring.”!

These measures can have direct impact on reducing
underreporting of adverse events following vaccination,
which is a considerable challenge for the National
Immunization Program. The results of this study
confirm that it is safe for pregnant women to receive
tetanus, diphtheria and acellular pertussis adsorbed
vaccine (Tdap). The results also increase Tdap
acceptance and strengthen the trust of the Brazilian
National Health System (SUS) and the trust of SUS
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