
Supplemental Information
Data Sets Used in the Study

VPDC

The VPDC is a population-based
surveillance system that contains
>140 data items relating to obstetric
conditions, procedures and outcomes,
neonatal morbidity, and congenital
anomalies for every birth in Victoria.
The definition of a birth for this
purpose is any birth or stillbirth that
is required to be registered under the
Births, Deaths and Marriages
Registration Act 1996 (Victoria). The
VPDC complies with the National
Perinatal Minimum Data Set, as
defined by the Australian Institute of
Health and Welfare.

For more information including the
collection’s manual, go to the
following Web site: https://www2.
health.vic.gov.au/
hospitals-and-health-services/
quality-safety-service/
consultative-councils/
council-obstetric-paediatric-
mortality/perinatal-data-collection.

PHESS

The PHESS is a population-based
surveillance system that captures
notifiable events of public health
importance by medical practitioners
and laboratories under the Public
Health and Wellbeing Act 2008. These
include communicable diseases and
environmental hazards. The
information captured includes
demographic, clinical and risk factors.

For more information, including a
list of prescribed conditions and
data items, go to the following Web
site: https://www2.health.vic.gov.
au/public-health/
infectious-diseases/
notification-procedures.

VEMD

The VEMD is an administrative data
set that contains demographic,

administrative, and clinical data
relating to patients presenting to
Victorian public hospitals with
designated EDs.

For more information, including the
collection’s manual, go to the
following Web site: https://www2.
health.vic.gov.au/
hospitals-and-health-services/
data-reporting/
health-data-standards-systems/
data-collections/vemd.

VAED

The VAED is an administrative data set
that contains demographic,
administrative, and clinical data relating
to the causes, effects, and nature of
illness occurring among patients
admitted to Victorian health services.
All Victorian public and private
hospitals, including rehabilitation
centers, extended care facilities, and
day procedure centers, are required to
report a minimum data set for each
admitted patient episode.

For more information, including the
collection’s manual, go to the
following Web site: https://www2.
health.vic.gov.au/
hospitals-and-health-services/
data-reporting/
health-data-standards-systems/
data-collections/vaed.

VDI

The VDI is used to capture all
registrable deaths occurring in Victoria
under the Births, Deaths and Marriages
Registration Act 1996. Funeral directors
organizing the disposal of a deceased
person and medical practitioners
certifying the death are required to
register the death. The information
captured includes identifying details of
the deceased, cause of death, date of
death, and place of death.

For more information, go to the
following Web site: https://www.

bdm.vic.gov.au/deaths/
register-a-death.

AIR

The AIR is a national register designed
to record all vaccines given to people
in Australia. It includes vaccines given
under the National Immunisation
Program, through school-based
programs, or those purchased
privately by individuals. Vaccine
records are made by the vaccination
provider. It captures the identifying
details of the recipient, name of
vaccine, and date of administration.

For more information, go to the
following Web site: https://www.
servicesaustralia.gov.au/individuals/
services/medicare/
australian-immunisation-register.

Linkage Approach

The linkage process was conducted
in a SAS DataFlux environment
using in-built fuzzy logic with
sensitivity set at 85%. For more
information: Queen MK. How to Find
Your Perfect Match Using SASVR Data
Management SAS3560-2016
(https://support.sas.com/resources/
papers/proceedings16/
SAS3560-2016.pdf).
A link was established if any of the
following conditions were met:

� Full Name 1 Birthdate 1 Sex; or
Last Name 1 Birthdate 1 Sex 1
3-digit Medicare Suffix (first 3
letters of given name); or

� First 8 digits of Medicare 1 Last
Name 1 Birthdate 1 3-digit
Medicare Suffix; or

� Full name 1 Birthdate 1 First
8 digits of Medicare.

Medicare is a universal healthcare
scheme providing free or subsidized
medical care to Australian residents.
A Medicare number is provided to
all eligible residents; and while the
numbers is regarded as non-unique,
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it is commonly available in
administrative healthcare datasets
and is considered a suitable proxy
for unique healthcare identifier.

Vaccines Used in Victoria During
Study Period

Influenza Vaccines

For the 2015 season, the following
vaccines were registered and available
for use among pregnant women in
Australia: GlaxoSmithKline Fluatrix,
bioCSL Fluvax, GlaxoSmithKline Fluarix
Tetra, and Sanofi-Aventis FluQuadri. The
composition of the trivalent influenza
vaccine included the following:

� A (H1N1): an A/California/7/
2009 (H1N1)–like virus;

� A (H3N2): an A/Switzerland/
9715293/2013 (H3N2)–like
virus; and

� B: a B/Phuket/3073/2013–like virus.

The composition of the quadrivalent
influenza vaccine included all of the
above in addition to the following:

� B: a B/Brisbane/60/2008–like virus.

For the 2016 season, the following
vaccines were registered and
available for use among pregnant
women in Australia:
GlaxoSmithKline Fluatrix, Sanofi-
Aventis FluQuadri, and Seqirus
Afluria Quad. The composition of the
trivalent influenza vaccine included
the following:

� A (H1N1): an A/California/7/
2009 (H1N1)pdm09–like virus;

� A (H3N2): an A/Hong Kong/4801/
2014 (H3N2)–like virus; and

� B: a B/Brisbane/60/2008–like virus.

The composition of the quadrivalent
influenza vaccine included all of the
above in addition to the following:

� B: a B/Phuket/3073/2013–like virus.

For the 2017 season, the following
vaccines were registered and

available for use among pregnant
women in Australia:
GlaxoSmithKline Fluarix Tetra,
Sanofi-Aventis FluQuadri, and
Seqirus Afluria Quad.

The composition of these
quadrivalent influenza vaccine
included the following:

� A (H1N1): an A/Michigan/45/
2015 (H1N1)pdm09–like virus;

� A (H3N2): an A/Hong Kong/
4801/2014 (H3N2)–like virus;

� B: a B/Brisbane/60/2008–like
virus; and

� B: a B/Phuket/3073/2013–like
virus.

Pertussis-Containing Vaccines

During the study period (September
1, 2015, to December 31, 2017), the
combined diphtheria-tetanus-
acellular pertussis vaccine that was
available for use among pregnant
women in Victoria was
GlaxoSmithKline Boostrix. The
composition includes the following:

� diphtheria toxoid;
� tetanus toxoid; and
� Bordetella pertussis antigens: per-

tussis toxoid; filamentous hae-
magglutinin; and pertactin.

Other vaccines available on the
private market during this time
included Sanofi-Aventis ADACEL.

Coding Used to Identify Morbidity,
Mortality, and Vaccination Status in
Linked Data Sets

To identify maternal medical
conditions and obstetric
complications relating to women
included in the study, we used the
following International Classification
of Diseases, 10th Revision, Australian
Modification (ICD-10-AM) codes, as
recorded in the VPDC (Table 1).

Cox Model

A Cox model was used to estimate VE
compared with no vaccination of

mother or infant as the comparison
group. More specifically, we wanted
to assess epidemiological evidence to
test the hypothesis that maternal
vaccination may impair the protection
provided by infant vaccination.

In this model, infant vaccination status
was considered as a time-varying
covariate so that the time at risk for
each infant was considered differently
from birth until receipt of the first dose,
from the first to the second dose, and
after the second dose. An interaction
term between the infant vaccination
status and maternal vaccination status
was included. Censoring occurred at 6
months if the infant was not reported
to have pertussis. In this model, the
hazard of pertussis at time t is a
function of the baseline hazard h0ðtÞ
and maternal vaccination status mi

(where i represents the number of
maternal vaccines [ie, 0, 1]) and infant
vaccination status bj (where j
represents the number of infant
vaccines [ie, 0, 1, 2]). Because the third
dose of pertussis vaccine is scheduled
at 6 months, this was not included in
the analysis.

The Cox regression model is given
by the following:

log hðtÞ ¼ log h0 tð Þ1b1m11b2b11b3b21g1 m1 � b1ð Þ þ g2 m1 � b2ð Þ . . .

Therefore, the relative hazard of
pertussis can be estimated from
combinations of the regression terms
as detailed in Table 1. VE, relative to
no vaccine use by mother or infant,
was calculated as VE = 1 � Hazard
Ratio. The 2 interactions of interest
were the potential for interference of
maternal vaccination in infants who
had received one dose and the
interference of maternal vaccination
in infants who had received 2 doses,
calculated by using the following
respective formulas:

½H0 : b1m11g1 m1 � b1ð Þ ¼ 0�
and

½H0 : b1m11g2 m1 � b2ð Þ ¼ 0�:
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SUPPLEMENTAL TABLE 6 ICD-10-AM Codes Used to Derive Maternal Medical Conditions and Obstetric Complications

Factor ICD-10-AM Code

Maternal medical conditiona

Essential hypertension (preexisting essential hypertension complicating
pregnancy, childbirth, and the puerperium)

0100, 011

Diabetes (preexisting type 1 or type 2) O2419, O2412, O24123, O2414, O240, O2432, O2433, O2434, O2439, O2492,
O2493, O2494, and O2499

Circulatory condition (diseases of the circulatory system complicating
pregnancy, childbirth, and the puerperium)

O994

Renal disease O2681
Obstetric complicationsb

Pre-eclampisa or HELLP syndrome O412 and O149
Antepartum hemorrhage (placenta previa with or without hemorrhage,
abruption placentae, other antepartum hemorrhage)

O440, O440, O459, O468, O450, O458, and O469

Gestational diabetes (diet controlled [diabetes mellitus arising at or
after 24 wk’ gestation and diet controlled])

O2444

Gestational diabetes (insulin treated [diabetes mellitus arising at or
after 24 wk’ gestation and insulin treated])

O2442

Suspected fetal growth restriction O365
Carrier of Streptococcus group B Z223

To identify disease-specific hospital ED presentations and admissions, we used the following ICD-10-AM codes as recorded for any of the 40 diagnoses codes able to be captured
in VAED or for the primary (first) diagnosis code in the VEMD (Table 2). HELLP, hemolysis, elevated liver enzymes, low platelet count.
a Maternal medical conditions are defined as preexisting maternal diseases and conditions that are not directly attributable to pregnancy but may significantly affect care during
the current pregnancy and/or pregnancy outcome.
b Obstetric complications are defined as complications arising during the pregnancy (not including the intrapartum period) that are directly attributable to the pregnancy and
may have significantly affected care during the current pregnancy and/or pregnancy outcome.

SUPPLEMENTAL TABLE 7 ICD-10-AM Codes Used to Derive Disease-Specific Episodes

Disease ICD-10-AM

Influenza J09, J100, J108, J110, J111, and J118
Pertussis A370 and A379

To identify disease-specific deaths from the VDI, we searched keywords from the free-text cause of death using established methods for influenza (22) and as described for per-
tussis (Table 3).

SUPPLEMENTAL TABLE 8 Keywords Drawn From Any Cause-of-Death Variable From the VDI

Disease Included Keywords Excluded Keywords

Influenza (22) influenza, influenza, Influenza, H1N1, Swine Flu,
Swineflu, Swine Influ, and SwineInflu

Aspiration, Aspirare, Aspiranion; Haemophilus
influenzae, and Haemophilus

Pertussis pertussis, pertus*whooping cough, whoop*,
bord*

N/A

To identify infant vaccination status of the infant, all pertussis-containing vaccines as captured on the AIR were identified. N/A, not applicable.

SUPPLEMENTAL TABLE 9 Pertussis-Containing Vaccines as Listed on the AIR

Vaccine Name

Adacel, Adacel, Polio, Boostrix, Boostrix IPV, Gen Pertussis, Gen DTPA, Hexaxim, Infanrix, Infanrix Hexa, Infanrix Penta, Infanrix-IPV, Pediacel, Quadracel,
Tripacel, Triple Antigen.
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SUPPLEMENTAL TABLE 10 Estimated Hazard of Pertussis as a Function of Maternal Vaccination Status, Infant Vaccination Status, and Potential
Interactions

Maternal Vaccination Status Infant Vaccination Status Log Hazard Function

Not vaccinated Not vaccinated log h0 tð Þ

Not vaccinated Vaccinated: 1 dose log h0 tð Þ1b2b1

Not vaccinated Vaccinated: 2 doses log h0 tð Þ1b3b2

Vaccinated Not vaccinated log h0 tð Þ1b1m1

Vaccinated Vaccinated: 1 dose log h0 tð Þ1b1m11b2b11g1 m1 � b1ð Þ

Vaccinated Vaccinated: 2 doses log h0 tð Þ1b1m11b3b21g2 m1 � b2ð Þ

Statistical tests were performed by using Stata 15 for Windows.

SUPPLEMENTAL TABLE 11 Unadjusted Risk Ratios and aRRs and VE Estimate for Laboratory-Confirmed Hospitalizations

Cases, n (%) RR (95%CI) aRR (95%CI)a VE (95%CI)

Severe influenza (laboratory-confirmed hospitalizations)
<2 mo
Not vaccinated 30 (0.0) — — —

Vaccinated 16 (0.0) 0.54 (0.29 to 0.99) 0.49 (0.26 to 0.92) 50.87 (8.23 to 73.70)
Missing 2 (0.0) 0.41 (0.10 to 1.71) 0.38 (0.09 to 1.57) 62.34 (�57.25 to 90.98)

2–<6 mo
Not vaccinated 30 (0.0) — — —

Vaccinated 18 (0.0) 0.60 (0.34 to 1.08) 0.82 (0.46 to 1.46) 18.10 (�45.81 to 54.00)
Missing 5 (0.0) 1.02 (0.40 to 2.63) 0.97 (0.36 to 2.56) 3.31 (�156.39 to 63.53)

<6 mo
Not vaccinated 61 (0.1) — — —

Vaccinated 42 (0.1) 0.57 (0.37 to 0.87) 0.64 (0.42 to 0.98) 36.03 (1.66 to 58.39)
Missing 8 (0.1) 0.72 (0.33 to 1.56) 0.67 (0.30 to 1.48) 32.91 (�48.09 to 69.61)

Severe pertussis (laboratory-confirmed hospitalizations)
<2 mo
Not vaccinated 5 (0.0) — — —

Vaccinated 2 (0.0) 0.72 (0.33 to 1.56) 0.22 (0.04 to 1.14) 78.29 (�13.70 to 95.85)
Missing 0 (0.0) 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 100.00 (100.00 to 100.00)

2–<6 mo
Not vaccinated 4 (0.0) — — —

Vaccinated 7 (0.0) 0.13 (0.03 to 0.67) 0.83 (0.25 to 2.78) 17.30 (�178.45 to 75.44)
Missing 0 (0.0) 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 100.00 (100.00 to 100.00)

<6 mo
Not vaccinated 9 (0.0) — — —

Vaccinated 9 (0.0) 0.33 (0.13 to 0.82) 0.49 (0.20 to 1.22) 51.08 (�21.51 to 80.30)
Missing 0 (0.0) 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 100.00 (100.00 to 100.00)

RR, risk ratio.
a Adjusted for maternal Aboriginal and/or Torres Strait Islander status, country of birth; maternal smoking status; parity; multiple birth; discipline of antenatal care provider; ges-
tational age at first antenatal visit; gestational age at birth; maternal medical condition; birth month.
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