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a b s t r a c t
During a pertussis epidemic in 2011–2012 the Western Australian (WA) Department of Health implemented a ‘cocooning’ programme, offering free pertussis-containing vaccine (dTpa) to new parents. We
assessed the impact of vaccinating parents with dTpa on the incidence of pertussis infection in newborns.
Births in WA during 2011–2012 were linked to a register of parental pertussis vaccinations and to
notiﬁed reports of laboratory-proven pertussis in children <6 months of age. Parents who received dTpa
during the four weeks after their child’s birth were deﬁned as ‘vaccinated postpartum.’ Cox proportionalhazards methods were used to calculate hazard ratios (HRs) and 95% conﬁdence intervals (CIs) for the
risk of pertussis infection among infants born to parents vaccinated postpartum vs. unvaccinated parents,
adjusted for maternal age, geographic region, timing of birth, and number of siblings.
Of 64,364 live-births, 43,480 (68%) infants had at least one vaccinated parent (60% of mothers and 36%
of fathers). After excluding records where parent(s) were either vaccinated prior to the birth, vaccinated
>28 days after the birth, the vaccination date was uncertain, or the child died at birth (n = 42), the ﬁnal
cohort contained 53,149 children, 118 of whom developed pertussis. There was no difference in the
incidence of pertussis among infants whose parents were both vaccinated postpartum compared to those
with unvaccinated parents (1.9 vs 2.2 infections per 1000 infants; adjusted HR 0.91; 95%CI 0.55–1.53).
Similarly, when assessed independently, maternal postpartum vaccination was not protective (adjusted
HR 1.19; 95%CI 0.82–1.72). Supplemental sensitivity analyses which varied the time period for parental
vaccination and accounted for under-reporting of vaccination status did not signiﬁcantly alter these
ﬁndings.
In our setting, vaccinating parents with dTpa during the four weeks following delivery did not reduce
pertussis diagnoses in infants. WA now provides dTpa vaccine to pregnant women during the third
trimester.
© 2015 Elsevier Ltd. All rights reserved.

1. Introduction
Pertussis infection is a highly contagious respiratory illness and,
second to inﬂuenza, has been the most commonly reported vaccine preventable disease in Australia over the past 2 decades [1–3].
Epidemics of pertussis typically occur in 3–5 year cycles despite
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extensive vaccination programmes [1,3]. Infants less than 6 months
of age have the highest incidence of pertussis and are the most
vulnerable to severe pertussis infection [1].
Several reports indicate that pertussis in infants is usually
acquired from close contacts, with one review identifying the primary source as mothers (39%, 95%CI 33–45%) followed by fathers
(16%, 95% CI 12–21%) and siblings (ranging from 16% to 43%) [4]. In
an effort to reduce pertussis transmission to infants, the Global Pertussis Initiative (2005) and the United States Advisory Committee
on Immunisation Practice (ACIP, 2006) recommended vaccinating
the carers of newborns, including postpartum mothers who had
not been vaccinated prior to conception [5,6]. This approach,
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often referred to as the “cocoon strategy”, is thought to provide
indirect protection to the infant by preventing pertussis infection
among important contacts of the infant, reducing opportunities
for transmission. Computer simulations which assume that 90%
of household contacts are vaccinated and that immunity lasts 5
years estimate that cocooning strategies could reduce pertussis
infections by >70% in infants less than 3 months old [7,8].
In response to a dramatic increase in reported pertussis beginning in 2009, most states and territories in Australia implemented
postpartum parental pertussis vaccination programmes. The Western Australian (WA) Department of Health introduced a free
state-wide pertussis vaccination programme for parents, grandparents and other household carers of newborns, commencing 01
January 2011 and ﬁnishing on 31 December 2012, coinciding with
the highest annual incidence of pertussis ever reported for WA. This
programme provided an opportunity to evaluate the effectiveness
of vaccinating new parents against pertussis in preventing infection among infants less than 6 months of age in a population-based
cohort.
2. Methods
2.1. Study design and subjects
All live births recorded on the WA Birth Register between 01
January 2011 and 31 December 2012 were initially eligible for
inclusion in the cohort. The WA Data Linkage System used probabilistic matching methods to link demographic information from
the Birth Register to three other data collections: the Western
Australian Notiﬁable Infectious Disease Database (WANIDD), the
Mortality Register, and a register of pertussis vaccinations administered under the WA new parent pertussis vaccination programme
(described below). The linkage was performed using multiple
passes over the demographic ﬁelds in order to assign weights to the
record pairs to indicate the likelihood they belonged to the same
person. Accurate links were accepted and loaded, and non-links
discarded, with some links reviewed by specialised linkage ofﬁcers
to judge the accuracy of the links. The WA Data Linkage System has
been validated and used extensively for health research [9].
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baby. Mothers could access pertussis containing vaccine (dTpa)
postpartum prior to hospital discharge, or after discharge from
General Practitioners (GP) and government community health clinics. Fathers were given similar access to dTpa at the time of the
child’s birth in hospital and subsequently at GP clinics. All providers
administering vaccine under this programme were asked to return
programme-speciﬁc consent forms completed at the time of vaccination to the WA Department of Health. Vaccination details
from consent forms completed between 01 January 2011 and 31
December 2012 were recorded in a database.
We attempted to link each parent identiﬁed in the pertussis vaccination register with a live birth on the WA Birth Register. The
ﬁrst name, surname, and date of birth of the parent were used for
the data linkage. Because information regarding grandparents and
other carers is not available on the Birth Register our efforts to link
vaccination records to the Birth Register were restricted to parents. For evaluating the WA cocooning programme, mothers and
fathers were deﬁned as ‘vaccinated postpartum’ if they received a
single dose of pertussis vaccine within 28 days following the birth
of their baby and, if their baby was ultimately diagnosed with pertussis, at least 14 days prior to the illness onset. Infants linked to
one or more parents in the vaccination register that did not meet
the criteria for ‘vaccinated postpartum’ were excluded from the
primary analysis; this typically occurred if the parent was vaccinated prior to, or >28 days after, the child’s birth. Parents for whom
there was no record of vaccination in the dTpa vaccination register
were considered unvaccinated. Any missing or invalid entry on the
vaccination database was cross-checked with the hard copies and
public hospital outpatient records, where available.
State-wide quarterly coverage estimates for three doses of acellular pertussis vaccine among the cohort of children two years of
age (i.e. 24–27 months) during the study period were obtained from
the Australian Childhood Immunisation Register.
2.5. Statistical analysis

The Mortality Register includes all deaths occurring in WA; children who died on the day of birth were excluded from the analysis.

De-identiﬁed data provided for this analysis included the following infant details: sex, date of birth, mother’s year of birth,
father’s year of birth, geographic region where the birth was registered, age in years of any siblings, date of death (if applicable),
date of pertussis illness onset, and mother’s and father’s vaccination
status.
Data analyses were performed using SAS version 9.3 (SAS Institute, Sydney NSW). Baseline characteristics of the birth cohort and
the parent cohort were assessed using chi-square tests. Log binomial regression models were used to calculate relative risks (RRs)
and corresponding 95% conﬁdence intervals (CIs) of pertussis infection. For the primary analysis, Cox proportional-hazard methods
were used to calculate hazard ratios (HRs) and 95% CIs for the risk of
pertussis infection in infants born to mothers and fathers who were
both ‘vaccinated postpartum’ vs. those born to parents who were
both unvaccinated. The time metric was deﬁned as infant-days contributed (with the end point being death, pertussis infection, or
attainment of six months of age). Hazard ratios (HRs) and 95% CIs
which adjusted for maternal age, geographic region where the birth
was registered, timing of birth (broken down into four six-month
intervals), and number of siblings were used to compare the risk of
pertussis infection in infants born to vaccinated and unvaccinated
parents (˛ = 0.05). All variables met the assumption of proportional
hazards using Schoenfeld residuals (p = 0.84).

2.4. Vaccination data

2.6. Sensitivity analyses

Beginning 01 January 2011, parents, grandparents and other
household carers of newborn babies were eligible to receive free
pertussis vaccine for up to six months following the birth of the

Underreporting of vaccination status and the deﬁnition of an
appropriately vaccinated parent under a cocoon strategy were
identiﬁed as key parameters that could affect the validity of our

2.2. Data on pertussis incidence
Pertussis is a notiﬁable condition in WA (population ∼ 2.5 million) and cases were identiﬁed by searching a statewide database
maintained by the WA Department of Health (WANIDD). Only
laboratory conﬁrmed cases of Bordetella pertussis diagnosed by
polymerase chain reaction (PCR), culture or serology were included,
as per national surveillance case deﬁnitions (www.health.gov.au/
casedeﬁnitions#n). An infant infection was deﬁned as pertussis in a
child aged less than 6 months, born in 2011 or 2012, and with a date
of illness onset between 01 January 2011 and 30 April 2013. Extending follow-up to 30 April 2013 allowed all members of the cohort to
contribute at least four months person-time of observation to the
analysis unless censoring occurred through prior pertussis illness
onset or death.
2.3. Mortality data
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primary analysis. Therefore, we assessed the potential impact
of incomplete capture of vaccination status and changes in the
deﬁnition of what constituted a vaccinated parent with a series
of sensitivity analyses. Submitting pertussis vaccination consent
forms to the Department of Health was voluntary for providers and
it is likely under-reporting of parental vaccinations occurred [10].
To determine the magnitude of any under-reporting, we attempted
to interview a random sample of 300 women who gave birth in 2012
and were unvaccinated according to the dTpa vaccination register,
to determine self-reported receipt of pertussis vaccine in the four
weeks following the birth of their child. Women who indicated they
had been vaccinated against pertussis post-partum were asked to
provide details about the immunisation encounter from written
documentation or their vaccination provider’s details for veriﬁcation. The results of this survey were used to derive an effect estimate
using multiple imputations to correct for measurement error [11].
Based on the known proportion of vaccinated mothers who were
misclassiﬁed as unvaccinated as identiﬁed in the survey, we created 50 versions of the observed dataset in which unvaccinated

mothers were randomly assigned to vaccinated status. Standard
hazard analyses were then conducted on the multiple datasets and
combined to create the corrected effect estimate. Additionally, we
assessed the possible impact of changes to our deﬁnition of vaccinated parents (i.e. parents immunised within four weeks after
the birth) by conducting a supplemental analysis that included any
fathers vaccinated up to six months prior to, through four weeks
after, the birth of the child. However, to exclude possible confounding from maternal transfer of antibody across the placenta,
we maintained that mothers needed to be immunised within four
weeks after delivery in this evaluation of pertussis cocooning.
This project was approved by the Human Research Ethics Committee, WA Department of Health.

3. Results
The initial cohort consisted of 64,364 live-births recorded in WA
during the study period (2011 = 31,432; 2012 = 32,932), including

Fig. 1. Flow diagram of the study cohort for investigating the incidence of pertussis in infants born to parents vaccinated within 28 days following delivery compared to
unvaccinated parents in Western Australia, 01 January 2011 to 31 December 2012.
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Table 1
Characteristics of infants less than 6 months of age, by parental vaccination status—Western Australia, 2011–2012.
Vaccination status of parent(s)
Mother-only vaccinateda
(n = 17,575)
n (%)

Father-only vaccinateda
(n = 2833)
n (%)

Both parents vaccinateda
(n = 11,894)
n (%)

Characteristics

Neither parent
vaccinated (n = 20,847)
n (%)

Gender of infant
Female
Male

9963 (47.8)
10,884 (52.2)

8578 (48.8)
8997 (51.2)

1375 (48.5)
1458 (51.5)

5794 (48.7)
6100 (51.3)

Time of infants birth
2011: Jan–Jun
Jul–Dec
2012: Jan–Jun
Jul–Dec

5562 (26.7)
4686 (22.5)
5157 (24.7)
5442 (26.1)

3939 (22.4)
4135 (23.5)
5065 (28.8)
4436 (25.2)

735 (25.9)
554 (19.6)
734 (25.9)
810 (28.6)

3087 (25.9)
3071 (25.8)
2646 (22.3)
3090 (26.0)

Age of mother
<25 years
25–29 years
30–34 years
35–39 years
≥40 years

4010 (19.2)
5763 (27.7)
6590 (31.6)
3633 (17.4)
845 (4.1)

4115 (23.4)
5138 (29.2)
5018 (28.5)
2659 (15.1)
644 (3.7)

354 (12.5)
777 (27.4)
1052 (37.1)
522 (18.4)
128 (4.5)

1441 (12.1)
3409 (28.7)
4302 (36.2)
2228 (18.7)
513 (4.3)

Age of father
<25 years
25–29 years
30–34 years
35–39 years
≥40 years

2199 (10.9)
4226 (21.0)
6256 (31.1)
4530 (22.5)
2894 (14.4)

2269 (13.5)
3871 (23.1)
4939 (29.5)
3409 (20.4)
2259 (13.5)

198 (6.9)
590 (20.8)
959 (33.9)
708 (25.0)
378 (13.3)

801 (6.7)
2404 (20.2)
4028 (33.9)
2955 (24.8)
1706 (14.3)

Number of siblings
0 siblings
1 sibling
≥2 siblings

9768 (46.9)
7270 (34.9)
3809 (18.3)

9657 (54.9)
5066 (28.8)
2852 (16.2)

1718 (60.6)
771 (27.2)
344 (12.1)

7256 (61.0)
3153 (26.5)
1485 (12.5)

16,201 (78.4)
2968 (14.4)
1507 (7.3)
45 (0.2)

13,944 (79.8)
2375 (13.6)
1150 (6.6)
46 (0.3)

2087 (74.0)
496 (17.6)
237 (8.4)
4 (0.1)

8974 (75.8)
1822 (15.4)
1045 (8.8)
23 (0.2)

Locality of birth
Metropolitan
Rural
Remote
Number of pertussis infections

p-Valueb
0.19

<0.01

<0.01

<0.01

<0.01

<0.01
0.53

a

Mothers and fathers of infants were deﬁned as vaccinated if they had received a single dose of pertussis-containing vaccine within 28 days following the birth of their
baby.
b
p-Value for Cochran–Mantel–Haenszel test for general association.

1735 multiple births. Forty-two infants died on the day of birth
and these records were excluded. Overall, 43,480 (68%) infants
had one or more parents recorded as vaccinated on the dTpa vaccination register (mothers = 38,764 [60%]; fathers = 23,217 [36%]).
Records for 5152 (8%) infants were excluded because the parent(s)
was vaccinated prior to the birth and another 6021 (9%) records
were excluded because the date of vaccination was uncertain or
the vaccination occurred >28 days after the birth. Parents of ﬁve
infants recorded as vaccinated were reclassiﬁed to unvaccinated
because they received the dTpa vaccine after the onset of pertussis illness or death in the newborn. Of the 157 pertussis infections
among WA children aged less than 6 months, 144 (92%) were
successfully linked to the birth cohort. The ﬁnal dataset available
for analysis included 53,149 infants of which 118 were diagnosed
with pertussis in the ﬁrst six months of life (Fig. 1). Eighty-ﬁve
infants in the ﬁnal cohort subsequently died during the study
period, including a four week old infant with laboratory conﬁrmed
pertussis.
Demographic characteristics of infants and parents varied relatively little by parental vaccination status, as shown in Table 1.
Both parents were ‘vaccinated postpartum’ for 11,894 (22.4%) of the
infants in the cohort, both parents were unvaccinated for 20,847
(39.2%) infants, and one parent was ‘vaccinated postpartum’ for
the remaining 20,408 (38.4%) children (17,575 vaccinated mothers
and 2833 vaccinated fathers). Infants born to immunised parents
were less likely to reside in the metropolitan area (75.8%) compared
to infants born to unimmunised parents (78.4%). The majority of
infants born to immunised parents had no siblings (61.0%), whereas
46.9% of infants born to unimmunised parents had no other siblings

(Table 1). Quarterly coverage for three doses of acellular pertussis
vaccine for the cohort of children 2 years of age during the study
period ranged between 93.0% and 94.3%.
The incidence of reported pertussis in WA during 2007–2013
peaked in the middle of the study period (December 2011) (Fig. 2).
Among the 118 pertussis infections in the study cohort the mean
age at onset of infection was 99 days (median: 104 days; range
18–180 days). Sixty-ﬁve (55%) of the infant pertussis infections
occurred in males and half of all cases (n = 59) had one or more siblings (Table 2). Overall, there were 2.2 cases of pertussis notiﬁed per
1000 infants <6 months of age in the 2011–2012 cohort. The incidence rate was higher among infants who had a father <25 years of
age (RR: 2.15, 95% CI: 1.15–4.00). There was a trend towards higher
incidence of pertussis among infants who had two or more siblings
compared those with no siblings (3.1 vs 2.1 per 1000, respectively)
but the difference was not statistically signiﬁcant (RR 1.47, 95% CI:
0.93–2.34).
The results of the primary analysis comparing the rate of pertussis infection among 11,894 infants with both parents ‘vaccinated
postpartum’ to 20,847 infants with two unvaccinated parents is
shown in Table 3. The incidence of pertussis among the infants in
these two cohorts was very similar, i.e. 1.9 vs 2.2 infections per
1000 infants, respectively. After controlling for maternal age, geographic region, timing of birth, and number of siblings, the adjusted
hazard ratio (aHR) for the incidence of pertussis among infants with
two parents ‘vaccinated postpartum’ versus infants of unvaccinated
parents was 0.91 (95% CI: 0.55–1.53). No signiﬁcant differences in
the aHR were observed in subgroup analyses of these two cohorts
(Table 3).
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Fig. 2. Pertussis notiﬁcations (all ages) to the Department of Health in Western Australia, 01 January 2007 to 31 December 2013.

On the assumption that mothers are likely to be the primary
care giver for most infants and perhaps the single most important
individual to vaccinate under a pertussis cocooning strategy, we
conducted a secondary analysis which took into account only the
mother’s vaccination status (vaccinated within 28 days following
delivery vs. unvaccinated). This analysis had the advantage of
including records excluded in the primary analysis (i.e. those
where the vaccination status of the parents was discordant)

including records for all 118 incident pertussis infections in the
infants. Consistent with the primary analysis, there was no significant difference in the incidence of pertussis among infants born
to mothers vaccinated postpartum compared to unvaccinated
mothers (aHR: 1.19, 95% CI: 0.82–1.72) (Table 4).
A total of 162 (55%) of 296 randomly selected mothers who did
not have a record of dTpa vaccination on the pertussis vaccination register were successfully interviewed and 22% were assessed

Table 2
Incidence and relative risks of pertussis cases in study cohort, by select characteristics–Western Australia,2001 January 2011 to 30 April 2013.
Pertussis infections
Characteristics

n

No. of cases (No. per 1000 infants)

RR (95% CI)a

Overall

53,149

118 (2.2)

–

Gender of infant
Female
Male

25,657
27,439

53 (2.1)
65 (2.4)

Ref
1.15 (0.80–1.65)

Time of infants birth
2011: Jan–Jun
Jul–Dec
2012: Jan–Jun
Jul–Dec

13,323
12,446
13,602
13,778

35 (2.6)
56 (4.5)
15 (1.1)
12 (0.9)

3.01 (1.57–5.81)c
5.17 (2.77–9.63)c
1.27 (0.59–2.70)
Ref

<0.01
<0.01
0.54

Age of mother
<25 years
25–29 years
30–34 years
35–39 years
≥40 years

9920
15,087
16,962
9042
2130

35 (3.5)
24 (1.6)
36 (2.1)
15 (1.6)
8 (3.7)

0.94 (0.44–2.02)
0.42 (0.19–0.94)d
0.57 (0.26–1.21)
0.44 (0.19–1.04)
Ref

0.87
0.03
0.14
0.06

Age of father
<25 years
25–29 years
30–34 years
35–39 years
≥40 years

5467
11,091
16,182
11,602
7237

26 (4.7)
23 (2.1)
21 (1.3)
24 (2.1)
16 (2.2)

2.15 (1.15–4.00)d
0.94 (0.49–1.77)
0.59 (0.31–1.12)
0.93 (0.50–1.76)
Ref

0.02
0.84
0.11
0.84

Number of siblings
0 siblings
1 sibling
≥2 siblings

28,399
16,260
8490

59 (2.1)
33 (2.0)
26 (3.1)

Ref
0.98 (0.64–1.49)
1.47 (0.93–2.34)

0.10
0.91

Locality of birth
Metropolitan
Rural
Remote

41,206
7661
3939

88 (2.1)
18 (2.3)
11 (2.8)

Ref
1.10 (0.66–1.83)
1.31 (0.70–2.45)

0.71
0.40

a

Unadjusted relative risk and corresponding 95% conﬁdence interval.
Signiﬁcant at ˛ = 0.01
d
Signiﬁcant at ˛ = 0.05.
p-Value of log-binomial logistic regression.
c

p-Value

0.45
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Table 3
Incidence of pertussis notiﬁcations in infants less than 6 months of age, by parental vaccination status and demographic characteristics–Western Australia, 2011–2012.
Characteristics

Both parents vaccinateda

Both parents unvaccinatedb

n

No. per 1000
infants (95% CI)

n

No. per 1000 infants (95% CI)

Unadjusted hazard
ratio (95% CI)

Adjusted hazard
ratio (95% CI)c

p-Valued

Overall

23

1.9 (1.3–2.9)

45

2.2 (1.6–2.9)

0.89 (0.54–1.48)

0.91 (0.55–1.53)

0.73

Gender of infants
Female
Male

13
10

2.2 (1.3–3.8)
1.6 (0.9–3.0)

21
24

2.1 (1.4–3.2)
2.2 (1.5–3.3)

1.06 (0.53–2.12)
0.74 (0.35–1.55)

1.17 (0.57–2.38)
0.71 (0.34–1.50)

0.66
0.37

Time of infants birth
2011: Jan–Jun
Jul–Dec
2012: Jan–Jun
Jul–Dec

8
11
2
2

2.6 (1.3–5.1)
3.6 (2.0–6.4)
0.7 (0.2–2.8)
0.6 (0.2–2.4)

12
20
7
6

2.2 (1.2–3.8)
4.3 (2.8–6.6)
1.3 (0.7–2.8)
1.1 (0.5–2.4)

1.20 (0.49–2.93)
0.84 (0.40–1.75)
0.56 (0.12–2.68)
0.59 (0.12–2.90)

1.19 (0.48–2.96)
0.83 (0.39–1.77)
0.60 (0.12–3.03)
0.62 (0.12–3.13)

0.71
0.64
0.60
0.62

Age of mother
<25 years
25–29 years
30–34 years
35–39 years
≥40 years

2
6
4
6
5

1.4 (0.4–5.0)
1.8 (0.8–3.8)
0.9 (0.4–2.4)
2.7 (1.2–5.9)
9.7 (4.2–22.6)

16
9
13
5
2

4.0 (2.5–6.5)
1.6 (0.8–3.0)
2.0 (1.2–3.4)
1.4 (0.6–3.2)
2.4 (0.6–8.6)

0.35 (0.08–1.51)
1.13 (0.40–3.16)
0.47 (0.15–1.44)
1.95 (0.60–6.40)
4.12 (0.80–21.23)

0.39 (0.09–1.70)
1.15 (0.40–3.30)
0.48 (0.15–1.49)
2.01 (0.61–6.68)
3.63 (0.70–18.79)

0.21
0.80
0.20
0.25
0.12

Age of father
<25 years
25–29 years
30–34 years
35–39 years
≥40 years

4
4
5
6
4

5.0 (1.9–12.8)
1.7 (0.6–4.3)
1.2 (0.5–2.9)
2.0 (0.9–4.4)
2.3 (0.9–6.0)

7
12
6
10
7

3.2 (1.5–6.6)
2.8 (1.6–5.0)
0.9 (0.4–2.1)
2.2 (1.2–4.1)
2.4 (1.2–5.0)

1.57 (0.46–5.35)
0.59 (0.19–1.81)
1.29 (0.39–4.24)
0.91 (0.33–2.53)
0.97 (0.28–3.30)

1.72 (0.49–6.04)
0.60 (0.19–1.90)
1.20 (0.36–4.03)
0.96 (0.34–2.68)
0.91 (0.26–3.14)

0.39
0.39
0.77
0.93
0.87

Number of siblings
0 siblings
1 sibling
≥2 siblings

12
6
5

1.7 (0.9–2.9)
1.9 (0.9–4.1)
3.4 (1.4–7.9)

23
11
11

2.3 (1.6–3.5)
1.5 (0.8–2.7)
2.9 (1.6–5.2)

0.70 (0.35–1.41)
1.26 (0.47–3.40)
1.16 (0.40–3.35)

0.68 (0.34–1.39)
1.30 (0.48–3.56)
1.09 (0.38–3.18)

0.29
0.60
0.87

Locality of birth
Metropolitan
Rural
Remote

13
7
3

1.4 (0.8–2.5)
3.8 (1.9–7.9)
2.9 (1.0–8.4)

33
8
3

2.0 (1.5–2.9)
2.7 (1.4–5.3)
1.9 (0.7–5.8)

0.71 (0.37–1.34)
1.42 (0.52–3.92)
1.43 (0.29–7.13)

0.66 (0.35–1.27)
1.64 (0.59–4.58)
1.81 (0.35–9.29)

0.22
0.34
0.48

a
Mother’s and fathers of infants were deﬁned as vaccinated if they had received a single dose of pertussis-containing vaccine within 28 days following the birth of their
baby.
b
Mothers and fathers for whom there was no record of a vaccination in the vaccination database or who failed to meet the above mentioned deﬁnitions were considered
unvaccinated.
c
Hazard ratio adjusted for maternal age, geographic region where the birth was registered, timing of birth (broken down into 6 monthly intervals), and number of siblings.
d
p-Value of adjusted hazard ratio.

as having had a pertussis containing vaccine within four weeks
after the birth of their child. After using multiple imputations to
adjust for 22% under-reporting of vaccinations status, the adjusted
HR (aHR) for pertussis infection was not signiﬁcantly different from
the previous analysis (aHR: 0.93, 95% CI 0.58–1.53, p = 0.64). In addition, secondary analyses which included fathers vaccinated prior to
the birth of their child did not signiﬁcantly change the results of the
primary analysis (aHR: 0.95, 95% CI: 0.81–1.11) (data not shown).
4. Discussion
To our knowledge this is the largest evaluation of a parental
postpartum pertussis cocooning strategy and the ﬁrst to compare the incidence of pertussis in infants between vaccinated
and unvaccinated parents during the same exposure period.
Previous evaluations of pertussis cocooning have compared preintervention to post-intervention periods [12–16].
In our setting, we did not ﬁnd evidence that vaccinating parents
with dTpa within four weeks of delivery signiﬁcantly reduced
the incidence of pertussis among infants <6 months of age. This
negative ﬁnding occurred even though we conducted our primary
analysis using the two cohorts we thought were most likely to
show a difference, i.e. infants whose parents both received dTpa
vaccine within four weeks after the child’s birth to those with both
parents unvaccinated. A secondary analysis which considered only
the mothers vaccination status also found no reduction in the incidence of pertussis comparing infants of vaccinated to unvaccinated

mothers. These results do not support projections that targeted
postnatal “vaccination of mothers would approximately halve the
probability of infants’ infection” [17].
Overall, our results are consistent with those from recent studies
using pre- and post- cocoon programme implementation cohorts
that found postpartum maternal immunisation alone seems to be
inadequate to substantially reduce pertussis infection in infants
[14–16].
A strength of our study is that it was performed during a
time when the incidence of laboratory-diagnosed pertussis among
infants <6 months of age was relatively high (2.2 per 1000),
providing an environment favourable for evaluating vaccination
programme effectiveness. In addition, the cocooning programme in
WA was reasonably well-accepted, with vaccine uptake estimated
at 60% and 36% for eligible mothers and fathers, respectively. Furthermore, pertussis vaccination coverage for young children was
very high (>90%) and remained stable during the study period.
There are several explanations for why we found that postpartum vaccination of new parents with dTpa did not provide
signiﬁcant protection to newborns. Successful implementation of
a cocooning strategy is resource-intensive and complete cocooning is difﬁcult to achieve [18]. While parents, grandparents and
other household carers were all eligible for dTpa vaccine under
the WA programme, and children in WA are routinely vaccinated
against pertussis at an early age, exposure could still occur through
other infected persons. Moreover, there are data to indicate that
adults, including mothers, may not be the major source of pertussis
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Table 4
Incidence of pertussis infection in infants less than 6 months, by maternal vaccination status and demographic characteristics—Western Australia, 2011–2012.
Characteristics

Vaccinated mothersa

Unvaccinated mothersb

n

No. per 1000
infants (95% CI)

N

No. per 1000
infants (95% CI)

Unadjusted hazard
ratio (95% CI)

Adjusted hazard
ratioc (95% CI)

p-Valued

Overall

69

2.3 (1.9–3.0)

49

2.1 (1.6–2.7)

1.13 (0.78–1.63)

1.19 (0.82–1.72)

0.36

Gender of infant
Female
Male

31
38

2.2 (1.5–3.1)
2.5 (1.8–3.5)

22
27

1.9 (1.3–2.9)
2.2 (1.5–3.2)

1.11 (0.64–1.92)
1.15 (0.70–1.88)

1.22 (0.70–2.13)
1.17 (0.71–1.92)

0.54
0.48

Time of infants birth
2011: Jan–Jun
Jul–Dec
2012: Jan–Jun
Jul–Dec

21
35
7
6

3.0 (2.0–4.6)
4.9 (3.5–6.7)
0.9 (0.4–1.9)
0.8 (0.4–1.7)

14
21
8
6

2.2 (1.3–3.7)
4.0 (2.6–6.1)
1.4 (0.7–2.7)
1.0 (0.4–2.1)

1.34 (0.68–2.64)
1.21 (0.71–2.08)
0.67 (0.24–1.84)
0.83 (0.27–2.57)

1.38 (0.70–2.72)
1.21 (0.70–2.09)
0.78 (0.27–2.24)
0.85 (0.27–2.65)

0.35
0.49
0.65
0.78

Age of mother
<25 years
25–29 years
30–34 years
35–39 years
≥40 years

19
15
20
9
6

3.4 (2.2–5.3)
1.7 (1.1–2.9)
2.1 (1.4–3.3)
1.8 (1.0–3.5)
5.2 (2.4–11.3)

12
9
15
6
2

2.7 (1.6–4.8)
1.4 (0.7–2.6)
2.0 (1.2–3.2)
1.4 (0.7–3.1)
2.1 (0.6–7.5)

0.93 (0.48–1.81)
1.27 (0.56–2.91)
1.02 (0.53–1.97)
1.27 (0.45–3.58)
2.52 (0.51–12.48)

1.03 (0.52–2.03)
1.37 (0.60–3.15)
1.06 (0.55–2.04)
1.36 (0.48–3.84)
2.35 (0.47–11.68)

0.93
0.45
0.87
0.56
0.30

Number of siblings
0 siblings
1 sibling
≥2 siblings

36
20
13

2.1 (1.5–2.9)
2.4 (1.5–3.8)
3.0 (1.8–5.1)

23
13
13

2.0 (1.3–3.0)
1.6 (0.9–2.8)
3.1 (1.8–5.3)

1.06 (0.63–1.79)
1.50 (0.75–3.02)
0.96 (0.44–2.06)

1.11 (0.65–1.89)
1.51 (0.75–3.03)
0.96 (0.45–2.08)

0.69
0.25
0.92

Locality of birth
Metropolitan
Rural
Remote

52
10
7

2.3 (1.7–3.0)
2.4 (1.3–4.4)
3.2 (1.5–6.6)

36
8
4

2.0 (1.4–2.7)
2.3 (1.2–4.6)
2.3 (0.9–5.9)

1.15 (0.75–1.76)
1.03 (0.41–2.61)
1.39 (0.41–4.75)

1.17 (0.76–1.79)
1.15 (0.45–2.94)
1.51 (0.44–5.19)

0.47
0.76
0.51

a
b
c
d

Mothers of infants were deﬁned as vaccinated if they had received a single dose of pertussis-containing vaccine within 28 days following the birth of their baby.
Mothers for whom there was no record of a vaccination in the vaccination database were considered unvaccinated.
Hazard ratio adjusted for maternal age, geographic region where the birth was registered, timing of birth (broken down into 6 monthly intervals), and number of siblings.
p-Value of adjusted hazard ratio.

infection to infants, with some studies showing that young siblings
aged 2 to 4 years are a particularly important source of pertussis infections to newborns [19–21]. Although the difference was
not statistically signiﬁcant, in our study we observed that the incidence of pertussis was elevated among infants with two or more
siblings. Finally, a recent small study in non-human primates has
reported that acellular pertussis vaccines protect against development of severe symptoms in baboons but may not fully prevent
transmission to contacts [22]. If this observation also proves true for
humans, the anticipated beneﬁts of vaccinating the close contacts
of infants to prevent transmission may not be realised.
Our study has a number of limitations. First, the data linkage
process was imperfect; 12% of records in the parental vaccination
register and 8% of pertussis cases among infants could not be linked
to a record in the Birth Register. This is likely due to differences in
the personal details provided in various settings, e.g. the lack of an
infant name on the initial birth record. It is improbable, however
that the ability to link pertussis cases to birth records was differential across the vaccination status of the parents and therefore
should not account for our results. Furthermore, we conducted a
validation study to assess under-reporting of vaccinations and used
these results to adjust the effect estimate for potential misclassiﬁcation; reassuringly, potential under-reporting of vaccination did
not change the ﬁndings from the primary analysis.
Second, there were differences between the vaccinated and
unvaccinated cohorts with regards to the number of siblings in the
family and the geographic region of birth. Either of these factors
might be associated with the propensity of a child to be exposed to
and/or tested for pertussis. While we believe this was adequately
addressed by controlling for region of birth and number of siblings
in the analyses, residual confounding could potentially affect the
results.
Last, only laboratory-conﬁrmed pertussis infections were
included in our analysis and this may underestimate the true

incidence. Under-diagnosis likely occurs and in theory the propensity to test for pertussis could be affected by parental vaccination
status; unfortunately we are unable to account for this possibility
in our analysis. In addition, the number of conﬁrmed pertussis
infections among infants in our cohort may have been too few
to detect a difference between children born to vaccinated and
unvaccinated parents. Given the limitations of our study, we
believe that immunising parents and other close contacts of
newborns with dTap may provide some level of protection to
newborns that we were unable to identify.
In October 2011, the ACIP recommended pertussis vaccination during pregnancy so that the newborn might beneﬁt through
direct protection provided through trans-placental antibody transfer [23–28]. Antenatal vaccination is now recommended in the US,
United Kingdom, Canada and New Zealand [29–32]. In March 2015,
WA began providing pregnant women with dTpa during the third
trimester. Very young children remain vulnerable to serious pertussis illness and evaluating new strategies for preventing infection
among newborns is a priority.
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