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a b s t r a c t

Background: During a pertussis epidemic in 2009, the Department of Health, Victoria, Australia, imple-
mented a cocoon program offering parents of new babies a funded-dose of pertussis-containing vaccine.
We assessed vaccine effectiveness (VE) of the program in reducing pertussis infection in infants.
Methods: Using a matched case-control design, infants aged <12 months that were notified with pertus-
sis between 1 January 2010 and 31 December 2011, and born during the time that the cocoon program
was in place, were identified. Controls were matched by area of residence and date of birth. Telephone
interviews we conducted to ascertain parents’ vaccination status, and if vaccinated, timing of vaccination
receipt relative to the birth of their baby. Odds ratios (ORs) were calculated for the association between
vaccination and pertussis infection, with VE calculated as (1 – OR) � 100%.
Results: The study recruited 215 cases and 240 controls (response rates 67% and 25% of eligible partici-
pants, respectively). Vaccination of both parents after delivery of the infant and �28 days prior to illness
onset reduced pertussis infection by 77% (Vaccine Effectiveness [VE] = 77% (confidence interval [95% CI],
18–93%). After adjusting for maternal education, presence of a sibling within the household, and the
infants’ primary course vaccination status, the adjusted VE was 64% (95% CI, �58–92%).
Conclusions: Although not reaching statistical significance, our results demonstrated that cocoon immu-
nisation – where both parents are vaccinated in the post-partum period – may offer some protection
again infant pertussis infection. Cocoon immunisation could be considered in circumstances where ante-
natal vaccination of the mother has not occurred.

Crown Copyright � 2018 Published by Elsevier Ltd. All rights reserved.

1. Background

Bordetella pertussis (pertussis) has re-emerged as a global threat
to public health, with recent epidemics reported in several coun-
tries [1–4] including Australia [5]. In Victoria, Australia, medical
practitioners and laboratories are required to notify the State
Government Department of Health and Human Services cases of
pertussis in accordance with the Public Health and Wellbeing Act
2008 [6]. In the latter half of 2008, an increase in the number of
pertussis cases was observed [7]. In subsequent years, annual case
numbers more than doubled from 3698 in 2009 to 8831 in 2011
[8]. Whilst epidemics of pertussis are known to occur in 3–5 yearly
cycles [9], the greatest concern with the most recent resurgence

was an increase in cases among infants too young to be vaccinated
[8] who are vulnerable to severe disease and death [10].

A range of vaccination strategies to prevent pertussis in infants,
children, and adolescents have been applied by governments
worldwide. Cocooning is one strategy whereby infants who are
too young to be vaccinated are indirectly protected against disease
by vaccinating their parents and other close contacts. In 2005, the
Global Pertussis Initiative recommended that cocooning be imple-
mented in countries where it was considered economically feasible
[11]. Cocooning strategies were adopted by several countries, and
in all Australian state and territories as an epidemic response at
the time [12].

Between June 2009 and June 2012, the Victorian Government
Department of Health introduced a cocoon program, whereby par-
ents of new babies were offered a dose of free pertussis-containing
vaccine (dTpa). Under the program, fathers could receive the vac-
cine immediately before or during pregnancy or after delivery of
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the infant. Mothers were recommended to receive the vaccine as
soon as possible after delivery. Estimated uptake was good with
80% of mothers and 70% of fathers reporting receipt of vaccine in
relation to the birth of their baby [13]. The aim of this study was
to assess vaccine effectiveness (VE) of cocoon immunisation in
reducing the risk of pertussis in infants.

2. Materials & methods

We conducted a matched case-control study to examine the
effectiveness of the cocoon program in preventing pertussis in
infants born between 15 June 2009 and 31 December 2011.
Approval to conduct the study was obtained from the Medical
Research Ethics Committee of The University of Queensland,
Australia.

Cases were defined as infants aged younger than 12 months
with confirmed pertussis (case definition, Fig. 1 [14]) notified to
the then State Government Department of Health between 01 Jan-
uary 2010 and 31 December 2011. Controls were babies born
between 15 June 2009 and 7 January 2011 and registered on the
Victorian Perinatal Data Collection (VPDC) – a population-based
registry containing all births in Victoria. Data sources were linked
with the Victorian Death Index – a registry of all deaths occurring
in Victoria – to identify and exclude infants who had died.

Our per protocol approach was to over-sample the number of
controls (n = 6) per case to allow for loss to follow up or declina-
tions to participate. All potential controls identified from the VPDC
were matched to cases by statistical sub-division (SSD, socially and
economically homogeneous areas of Victoria characterised by
identifiable links between the inhabitants) and date of birth
(+/�7 days). Potential controls for each case were then randomly
ordered using the binomial distribution, and the first six controls
were selected for inclusion in the study. Completed interviews
were sought from all cases and at least one control per case. The
call protocol involved up to six call attempts to establish contact
with each participant over varying times of the day, including
weekends. For controls, if contact was not established, or if the per-
son refused to participate or was ineligible, they were replaced by
the next control participant from the ordered pool of six.

2.1. Data collection, management, and validation

Participant information letters were sent to potential partici-
pants to advise them of the objectives of the study, to provide them

with an opportunity to opt out, and to request them to have their
children’s immunisation records available during the interview.
Computer-assisted telephone interviews were carried out between
September 2013 and June 2014. Case participants were inter-
viewed, and if completed, interviews were attempted with their
corresponding controls. Data collected during interview included
socio-demographic details of the parent(s); household composition
(including number of resident siblings); the household’s vaccina-
tion status (parents, infants and siblings); and other potential risk
factors such as breastfeeding history and childcare attendance in
the first 12 months of life. Parity and smoking status during preg-
nancy were obtained from VPDC. Date of illness onset for cases
were obtained from the notification record.

Parents were asked about receipt of a pertussis-containing vac-
cine in relation to the birth of the infant included in the study.
Exact date of vaccination was sought. If the exact date was not
known, month and year of vaccination, or an estimated timing of
vaccination relative to the birth of their infant was requested. For
these participants, a derived date of vaccination was calculated
by adding the estimated timing of vaccination in days to the
infants’ date of birth using the following methodology: Where only
month and year of parental vaccination was available and this was
the same as the month and year of birth of the infant, we assumed
that the parent was vaccinated (1) within seven days of the infant
date of birth if the vaccination took place in hospital; or (2) within
two weeks of the infant date of birth if the vaccination took place
elsewhere.

In Australia, infants are recommended to receive a pertussis-
containing vaccine at two, four, and six months of age, with the
first dose able to be administered from six weeks of age. During
telephone interviews, participants were asked to recall their
infant’s (and associated siblings’) vaccination status and the dates
at which each of the three primary course vaccinations were
received. Responses were validated using the then Australian
Childhood Immunisation Register (ACIR) – a national register that
recorded vaccinations given to children younger than 7 years of
age [15]. If the self-reported vaccination date was discordant with
the ACIR, we used the date of vaccination sourced from ACIR in the
analysis. Infant vaccination status was included in the analysis as a
categorical covariate (0, 1, or �2 doses). To be classified as vacci-
nated with 1 or �2 doses, we applied a refractory period whereby
infants were considered vaccinated only if receipt of the vaccine
was �14 days prior to illness onset. For controls, the onset date
of their matched case was used.

Fig. 1. Case definition for a confirmed pertussis case.
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