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ABSTRACT

Objective: Pertussis vaccination during pregnancy
has recently been recommended in both the USA and
UK to prevent pertussis infection in infants. While
there are no apparent safety concerns about the
administration of Tdap vaccine during pregnancy,
there is only limited safety data available. We aimed

to closely monitor infants exposed to Tdap during
pregnancy to look for any adverse outcomes that may
be attributable to the vaccine.

Design: This was a prospective observational study,
collecting information to evaluate the safety of Tdap
vaccine for infants exposed during pregnancy. Infants
were followed for between 6 and 12 months after birth,
with 84% completing 12 months of follow-up.
Information was obtained from objective sources
including routine health visits and vaccination records
wherever possible, as well as frequent parental reports.
Setting: The Canterbury region of New Zealand.
Patients: A cohort of 403 infants whose mothers had
received Tdap vaccine.

Main outcome measures: Gestational age at birth,
growth parameters, congenital anomalies,
immunisation status and timeliness of immunisation,
development of pertussis infection.

Results: There were no significant differences in birth
weight, gestational age at birth, congenital anomalies
or infant growth as compared with baseline population
data. Infants of mothers who had received the vaccine
were more likely to receive their vaccinations on time
during infancy. No cases of pertussis occurred in this
cohort despite high rates of disease in the community.
We have not found any adverse events attributable to
vaccine exposure.

Conclusions: These data add to the growing pool of
evidence that the administration of Tdap vaccine during
pregnancy is an appropriate strategy for reducing the
burden of pertussis in infants.

Clinical trial registration: Australia New Zealand
Clinical Trials Registry ACTRN12613001045707.

INTRODUCTION
Young infants are the ones at the greatest risk
of complications from pertussis should they

Strengths and limitations of this study

= We had frequent contact with parents to deter-
mine adverse events using multiple modes of
communication.

= Wherever possible measures of infant health out-
comes were obtained from objective source data.

= Our study population is unlikely to be truly repre-
sentative of the overall population due to our
recruitment methods.

= We have not included a comparison group of
infants not exposed to the vaccine during
pregnancy.

aquire it. In the absence of maternal immun-
isation, infants younger than 2 months of age
are generally not protected from pertussis
until they can be vaccinated as little or no
protective antibodies are transferred across
the placenta. This is due to the relatively low
antibody titres in most pregnant women, as
active placental transfer of maternal pertussis-
specific antibodies occurs in general leading
to higher levels of pertussis-specific IgG in
infants than the mother.! In 2012, the US
Advisory Committee on Immunization
Practices (ACIP) recommended that acellular
pertussis vaccine (Tdap) be given to any
person likely to be in contact with young
infants under the age of 12 months, includ-
ing pregnant women regardless of previous
Tdap vaccination.” Similarly in 2012, the
Joint Committee on Vaccination and
Immunisation in the UK agreed to the intro-
duction of a programme of immunisation of
women with Tdap in the later stages of preg-
nancy.” Administering the vaccine to preg-
nant women is advised because it not only
protects the mother from pertussis but also
induces antibodies that are passed to the
infant prior to birth which provide protection
for the first weeks of life.” ACIP acknowl-
edged that the safety of Tdap immunisation
during pregnancy has not been systematically
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studied, with the only data available coming from small
studies, postmarketing surveillance and the US Vaccine
Adverse Event Reporting System (VAERS).* They con-
cluded that “available data from these studies did not
suggest any elevated frequency or unusual patterns of
adverse events in pregnant women who received Tdap
and that the few serious adverse events reported were
unlikely to have been caused by the vaccine.”

In a small phase 1-2 randomised controlled trial
(RCT), Munoz ¢t al demonstrated that Tdap vaccine
can safely be given to women during pregnancy without
significant adverse events in the mother or the infant.
The study included 33 infants exposed in utero to Tdap
vaccine. Given the difficulties associated with clinical
trials of vaccines administered during pregnancy, there
are unlikely to be any adequately powered RCTs to assess
the safety of Tdap vaccine. We are hence reliant on the
gradual accumulation of data from small trials and
observational studies.

The aim of this study was to describe any adverse
events following immunisation related to the administra-
tion of Tdap vaccine during pregnancy with a focus on
infant outcomes.

PATIENTS AND METHODS

The New Zealand (NZ) immunisation schedule includes
a three dose infant schedule of acellular pertussis con-
taining vaccine given at 6 weeks, 3 and 5 months of age
with boosters at 4 and 11 years of age. In response to a
recent pertussis epidemic in NZ, in 2012 the Ministry of
Health introduced Tdap vaccine during pregnancy for
women between 28 and 38 weeks of gestation. The
funded vaccine was Boostrix (GSK). In NZ all immunisa-
tions are provided at no cost to parents through general
practitioners (GP) and are recorded through the
National Immunisation Register (NIR). In the period
October to December 2014, the national immunisation
coverage rates were 94% for both infants aged 8 and
24 months.®

The Safety Monitoring of Adverse Reactions to Tdap
Vaccine in Pregnancy (SMART VIP) study is a prospect-
ive observational cohort study carried out in the
Canterbury region of NZ (birth cohort approximately
6000 per annum). It forms part of a larger overall
national study looking at adverse events following Tdap
vaccination during pregnancy and specifically focuses on
longitudinal infant outcomes.

Women were included in the study if they had
received Tdap vaccine between 28 and 38 weeks gesta-
tion. They had to have been compliant with routine
antenatal care, including at least one ultrasound scan
early in pregnancy. This was to ensure that any major
congenital anomalies identified early in pregnancy were
not later attributed to vaccination. We excluded women
whose fetus had congenital anomalies, severe structural
and/or chromosomal abnormalities identified during
prenatal screening.

Women completed a consent form with their GP prior
to administration of Tdap asking if they were happy to
be contacted by the study team. GP claims for funding
reimbursements were used to identify women who had
received the vaccine and those who consented were con-
tacted by telephone within 2 weeks of administration.
Infant follow-up was planned through to 1 year of age.
The first enrolment was in September 2012 and infant
follow-up went through until November 2014.

The study was allocated a Universal Trial Number
(U1111-1148-0718) on the 16 September 2103 and regis-
tered with Australia New Zealand Clinical Trials Registry
(ACTRN12613001045707) on the 19 September 2013.

Funding was by an unrestricted grant from the
Canterbury District Health Board.

Information on pregnancy and infant outcomes were
collected from maternal reporting and confirmed
through a variety of objective sources including birth
records, notes from the lead maternity carer (LMC;
principal healthcare professional responsible for the
infant until 6 weeks of age) and the routine infant
6-week check at the GP. These included any adverse
events in women during pregnancy, infant gestational
age at birth, birth weight, length and head circumfer-
ence, congenital anomalies, and any medically attended
events for the infants following birth.

Gestational age was taken from the last menstrual
period and where this was not available, early pregnancy
ultrasound was used to estimate this. Preterm birth was
defined as any infant delivered before 37 weeks gestation
and infants born <32 weeks gestation were defined as
very preterm. Low birth weight was defined as <2500 g
with very low birth weight <1500 g irrespective of gesta-
tional age at birth. The Brighton Collaboration consen-
sus list of terms and concept definitions of key events for
monitoring immunisation in pregnancy was used to cat-
egorise medical events of significance and congenital
anomalies.”

Infant immunisation data were obtained from the
NIR® and we documented both the receipt of vaccine
and the timeliness of vaccination. On-time immunisation
was defined as an infant receiving their vaccine within
1 month of the recommended date. Infant growth para-
meters were obtained from routine visits to community
well-child provider (Plunket Nurse) clinics up to the visit
at around 5-7 months.

All of these services are provided at no charge to fam-
ilies as part of routine infant healthcare. Z-scores were
used for all growth measurements where appropriate
using WHO growth charts.

At monthly intervals, a questionnaire was sent to
mothers via mail, email or sms asking if the infants had
been in close contact with anyone with proven pertussis
infection, or an unexplained cough lasting >2 weeks, or
if the child had a persistent cough lasting >10 days. At
least three attempts were made on each occasion to
contact parents, using multiple contact methods to
ensure infants had complete follow-up. A clinical review
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was arranged for any child with significant contact with
someone with pertussis or symptoms consistent with per-
tussis. Details of any medical assessments required by
children and not done by study staff were obtained from
hospital or GP records.

Significant or medically attended adverse events in
either the mother or their infants were reported to the
Centre for Adverse Reactions Monitoring, at the NZ
Pharmacovigilance Centre, University of Otago.

This is a descriptive analysis and outcomes are pre-
sented in numbers and as percentages. Comparison was

made for the rates and timeliness of immunisation for
infants between the study population and the total
infant population of the Canterbury region during the
study period using risk ratios.

RESULTS

We were notified of 1211 women who had received
Tdap vaccine during pregnancy and recruited 470. The
reasons for not participating are listed in figure 1. The
mean age of women at the time of Tdap vaccination was

Total number of claim forms received

1211

Not Consented
741

Declined
too busy etc.
43

Unable to contact
601

Little or no English |

10

Ineligible
87

Figure 1 Study enrolment (FU, follow-up).

Consented
470

No maternal withdrawals
prior to delivery

345 12 months FU
63 6-12 months FU
Maternal details only 67

409 babies born
1 death
408 to F/U

28 babies withdrawn at
some point of F/U,
consent to use data

collected
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32 years (range 15—45 years) and the average gestational
age was 33.9 weeks. Eighty-six per cent of women were
NZ European with 4% Maori, and 8% Asian. Sixty-two
women also received trivalent influenza vaccine during
their pregnancy, often given at the same time at Tdap
vaccine.

Follow-up data were obtained from 403 women on 408
infants (403 singleton infants, 6 sets of twins and 1 still-
birth), 345 of these through to 12 months of age and 63
through to 6-12 months of age. We elected to include
infants followed through to at least 6 months in the ana-
lysis as we felt that most medically significant events
relating to maternal vaccination would have presented
by this time. In 67 cases, maternal data only were avail-
able and these were not included in the analysis. There
were 28 infants who were withdrawn from the study.

Three hundred and eighty-five of the infants followed
up delivered at term (94%). The average gestational age
at delivery was 39.2 weeks (range 33-42 weeks). There
were six sets of twins (3 sets born at term, 2 sets born at
36 weeks and 1 at 33 weeks gestation). Only 23 (6%)
infants were born at less than 37 weeks gestation. The
mean birth weight was 3490 g with only one infant
weighing <1500 g and eight infants between 1500 and
2500 g.

Ten infants (2.5%) were identified as having medical
events of significance or congenital anomalies as listed
in box 1. One infant was stillborn (0.2%) and despite a
postmortem examination (there were no congenital
abnormalities identified) the reason for this is unknown.
The mother had a history of previous stillbirth.

A total of 303 infants completed their 6-week check
and 278 completed their 5-month check. Figure 2 shows
the z-scores for weight at birth, at the 6-week check and
at between 5 and 7 months of age, each of which is nor-
mally distributed.

Only nine infants had contact with a confirmed case
of pertussis during the follow-up period. Sixty-seven
infants were household contacts of a person with a pro-
longed cough illness and 64 infants were reported to
have had a cough lasting >10 days themselves. None of
these infants were subsequently diagnosed with pertussis.
Only nine infants were admitted to hospital during the

Box 1 Medical events of significance and congenital

anomalies in infants exposed to Tdap during pregnancy

Gastroschisis

Malrotation of bowel
Benign neonatal myoclonus
Hypospadias

Subluxation right hip
Perforated bowel

Pyloric stenosis

Hip dysplasia

Right hand anomaly
Laryngomalacia
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Figure 2 Z-scores for infant weights at birth, 6 weeks and
5-7 months of age.

follow-up period. Three of these had respiratory tract
illness, one of whom had proven influenza infection and
all three tested negative for pertussis.

The proportions of infants in the SMART VIP cohort
receiving their immunisations on time were 97.8%,
98.5% and 94.2% at 6 weeks, 3 and 5 months, respect-
ively. For each vaccination event, this was significantly
better than the overall Canterbury infant cohort during
the same time period (table 1).

DISCUSSION

Despite its widespread use in the USA and the UK,
there is still limited safety data on the use of Tdap
vaccine during pregnancy. This is the largest study to
date investigating individual health outcomes and pro-
spectively monitoring for adverse events in infants whose
mothers had received Tdap vaccine during pregnancy.

This study looked at infant outcomes and found no
evidence of increased adverse events for the infant who
has been exposed in utero to Tdap vaccine when com-
pared with the baseline population rates. Birth out-
comes, growth parameters and the rates of congenital
anomalies were very similar to the baseline rates in NZ.
The NZ Ministry of Health report on maternity clinical
indicators” reported 8% of all live infants were born
between 32 and 36 weeks gestation across the
Canterbury region. This was higher than the 6% rate of
prematurity in our cohort.

The NZ birth defects registryglisted the rates of con-
genital anomalies ranging between 4000 and 6000 per
100 000 hospital births (between 4% and 6%) for the
years 2000-2012. In our cohort, the rates were well
below this at 2.7%. These comparisons must be made
with caution given the selective nature of our study
population. In particular, it is likely that rates of congeni-
tal anomalies in our study population would be lower
than comparative data given our cohort did not include
any infants born before 33 weeks gestation. However, it
is reassuring that there is no signal suggestive of poten-
tial adverse outcomes from these data.

The only infant outcome that was significantly differ-
ent in our cohort from the Canterbury infant popula-
tion was the timeliness of infant immunisations. On-time
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Table 1 Timeliness of vaccinations in the Safety Monitoring of Adverse Reactions to Tdap Vaccine in Pregnancy (SMART

VIP) cohort and the non-study Canterbury infant population

Total (n) On-time (n) Overdue (n) Overdue (%) Risk ratio (95% CI) p Value

6 weeks

Non-study 5776 5374 402 71 1

SMART VIP cohort 403 394 9 2.2 0.32 (0.17 to 0.62) <0.0001
3 months

Non-study 5781 5082 699 12.1 1

SMART VIP cohort 398 392 6 1.5 0.12 (0.06 to 0.28) <0.0001
5 months

Non-study 5781 4764 1017 17.6 1

SMART VIP cohort 398 375 23 5.8 0.33 (0.22 to 0.49) <0.0001

immunisation of infants is one of the key public health
interventions recommended to reduce the risk of pertus-
sis in infants during an epidemic. Delayed immunisation
has repeatedly been associated with higher rates of per-
tussis in infants and hospitalisation with pertussis.'’

The infants born to mothers in our cohort who
received Tdap vaccine were more likely to receive their
vaccines on time when compared with the Canterbury
population rates. One possible explanation for this is
that women who chose to be vaccinated, and agreed to
participate in the study, were more aware of the ongoing
pertussis epidemic in the community and thus more
likely to choose to vaccinate their infants on time. In
NZ, most of the LMCs are midwives who are not able to
administer vaccines. If women wish to be vaccinated they
had to attend their GP, something that is not a routine
part of antenatal care. This additional GP visit will have
provided an opportunity to discuss the benefits of
immunisation for both themselves and their infants with
a medical practitioner. The introduction of the vaccine
may have inadvertently led to more contact of expectant
mothers with their GPs and more discussion about
immunisation.

In general, there are no theoretical safety concerns
with administering subunit vaccines to pregnant women.
Some vaccines, such as tetanus, are used widely in this
group without evidence of significant adverse events in
the mother or infant."' The timing of maternal immun-
isation is also an important factor for vaccine safety.
When Tdap vaccine is given between 28 and 38 weeks
gestation, the risks of congenital anomalies is likely to be
low given the period of major fetal embryogenesis has
been completed by that gestation. However, compared
with vaccines administered outside of pregnancy, there is
often limited safety data available because of the lack of
large RCTs to evaluate these. In the absence of data
from RCTs accumulation of information from well-
designed observational studies becomes increasingly
important. This study contributes to our knowledge of
the safety of Tdap vaccine given during pregnancy and
we have agreed to include the study data in an inter-
national database on pregnancy exposures to Tdap.

Recent estimates of vaccine effectiveness suggest that
vaccinating women late in the third trimester of

pregnancy is 91% protective against the infant develop-
ing pertussis in the first 2 months of life.'* '* None of
the infants in our cohort developed pertussis. This was
an observational study involving only infants exposed to
vaccine, so we are unable to draw any conclusions about
vaccine efficacy. However, given the high rates of pertus-
sis in the community through the duration of the study,
it is very reassuring that there were no cases of disease.
This would be consistent with the estimated effectiveness
of the vaccine.

One of the strengths of this study was that by frequent
contact with parents using multiple modes of communi-
cation, we had high numbers of infants completing
follow-up. We chose to use objective data measures from
routine sources such as the NIR to provide optimal data
quality.

While we were able to obtain data on a large number of
women and infants, the observational design however
meant that our sample population is not truly representa-
tive of the overall population in the region. For example,
our cohort had fewer Maori and Pacific Island women
than the rest of Canterbury, and in both these ethnic
groups, rates of pertussis infection has been shown to be
significantly higher than in NZ Europeans.'* We also
need to emphasise that the women approached to take
part in this study were a subgroup of those vaccinated
who had given consent to be contacted by the research
team. Owing to resource constraints, we were unable to
contact all of these women, and unfortunately we have no
data to compare the vaccinated women who did not par-
ticipate in the study with our study population.

A small proportion of women in this study also
received seasonal influenza vaccine, often given simul-
taneously with Tdap vaccine. Given the observational
nature of the study, we were unable to control for this;
however, there were no statistically significant differences
in outcomes for women who received both vaccines as
compared with those who did not receive influenza
vaccine (data not shown).

Finally, while this is the largest study to date with
detailed observations of infants exposed to Tdap vaccine
during pregnancy, the number of participants is still too
small to detect less common adverse events attributable
to the vaccine.
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CONCLUSIONS

Administering Tdap vaccine during pregnancy has previ-
ously been demonstrated to provide protection for
infants from pertussis during epidemics. We have shown
no difference in infant outcomes in those who have
been exposed to the vaccine in pregnancy when com-
pared with the overall population. This provides further
evidence to back up recommendations for vaccinating
pregnant women with Tdap to prevent pertussis in their
infants. However, the data on vaccine safety remain
limited, and the need for ongoing surveillance and
reporting of adverse events relating to Tdap vaccination
during pregnancy remains.

Twitter Follow Helen Petousis-Harris at @PetousisH
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