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ABSTRACT
Objective: To review the epidemiology of pertussis-
related intensive care unit (ICU) admissions across
Australia, over a 17-year period.
Design: Retrospective descriptive study.
Setting: Australian ICUs contributing data to the
Australian and New Zealand Paediatric Intensive Care
(ANZPIC) Registry. The number of contributing ICUs
increased over the study period, from 8 specialist
paediatric ICUs in 1997 to 8 specialist paediatric and
13 general ICUs in 2013.
Participants: All paediatric (<16 years) ICU
admissions, coded as pertussis-related, between 1
January 1997 and 31 December 2013.
Results: A total of 373 pertussis-coded ICU
admissions were identified in the ANZPIC Registry
over the study period. Of these cases, 52.8% occurred
during the 4 years of the recent Australian epidemic
(2009–2012). ICU admissions were most likely to
occur in infants aged younger than 6 weeks (41.8%,
n=156) and aged 6 weeks to 4 months (42.9%,
n=160). The median length of stay for pertussis-
related ICU admissions was 3.6 days, with 77.5% of
cases staying in ICU for <7 days. Approximately half of
all admissions (54.8%) required some form of
respiratory support, with 32.7% requiring invasive
respiratory support. Over the study period, 23 deaths
were recorded (6.2% of pertussis-related ICU
admissions), of which 20 (87.0%) were infants
<4 months old.
Conclusions: Pertussis-related ICU admissions occur
primarily in infants too young to be fully protected
from active immunisation. More needs to be done to
protect these high-risk infants, such as maternal
immunisation.

INTRODUCTION
Pertussis, or whooping cough, is a highly
infectious bacterial respiratory infection
caused by the gram-negative bacterium,
Bordetella pertussis. It continues to be respon-
sible for a high burden of disease across all

age groups in Australia and overseas, despite
long-term vaccination programmes.1

Infants aged <6 months, and unvaccinated
individuals, have the highest risk of severe
infection, and commonly require hospitalisa-
tion.2 As such, a primary goal of pertussis
immunisation has been to minimise severe
illness and deaths, particularly in infants.3

Despite concerted efforts, severe cases
(requiring hospitalisation and/or ICU admis-
sion) and deaths continue to occur.4–6

Pertussis vaccination was included on the
first Australian National Immunisation
Schedule in 1975, however, pertussis vaccine

Strengths and limitations of this study

▪ We describe the epidemiology of Australian
pertussis-related paediatric intensive care unit
(ICU) admissions over a 17-year period. To date,
research on severe pertussis infections in
Australia has often been limited to a single state
and specific epidemic period.

▪ We used data collated in the Australian and New
Zealand Paediatric Intensive Care (ANZPIC)
Registry, which collects detailed paediatric inten-
sive care patient episode information from con-
tributing specialist paediatric ICUs (PICUs) as
well as general ICUs (which admit mainly adult
and some paediatric patients) across Australia
and New Zealand.

▪ Any admissions to ICUs not contributing in the
ANZPIC Registry would have been missed in our
analysis, however, the number of missing cases
is expected to be low as all eight large specialist
PICUs (which account for the vast majority of
Australian PICU admissions) have participated in
the ANZPIC Registry since 1997.

▪ Our study used data from an existing database,
and did not include a medical chart review or
diagnostic testing results. It was therefore
entirely reliant on the accuracy of existing
coding.
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has been used in Australia since 1942 in state-based pro-
grammes.7 Vaccine formulations and scheduled doses
have changed over time.7 Currently, pertussis-containing
vaccine doses are administered as a primary series at
6 weeks, 4 months and 6 months, followed by booster
doses at 4 and 15 years.3 In March 2015, reintroduction
of the 18-month booster was recommended, with imple-
mentation of this dose starting in October 2015. In add-
ition, to active immunisation, both cocoon and maternal
vaccination have been nationally recommended to
further reduce spread to young infants, with variable
timing of introduction in different states.7 Cocoon vac-
cination requires immunisation of the close/regular con-
tacts of a newborn infant to reduce the risk of exposure,
while maternal vaccination (during the third trimester
of pregnancy) allows transfer of antibodies to the fetus,
and provides protection from the time of birth.3

Research on severe pertussis infections—requiring
hospitalisation or ICU admission, and/or causing death
—in Australia has been limited, often restricted to a
single state and specific epidemic period.4–6 8–11 As
such, there is little information available in the pub-
lished literature about the epidemiology of severe per-
tussis infections at a national level over a time period
that includes both epidemic and interepidemic periods,
making historical and international comparisons diffi-
cult. The aim of this study was to describe Australian
paediatric pertussis-related ICU admissions, using a
large national data set, over a 17-year period that incor-
porated epidemic and interepidemic periods.

METHODS
We conducted a retrospective descriptive study using data
collated in the Australian and New Zealand Paediatric
Intensive Care (ANZPIC) Registry between 1997 and
2013. The ANZPIC Registry was established in 1997 and
collects paediatric intensive care patient episode informa-
tion from contributing specialist paediatric ICUs
(PICUs) as well as general ICUs (which admit mainly
adult and some paediatric patients) across Australia and
New Zealand.12 In 1997, eight PICUs from five Australian
states (New South Wales (NSW), Queensland (QLD),
South Australia (SA), Victoria (VIC), Western Australia
(WA)) contributed data to the ANZPIC Registry.12 By
2013, one additional PICU (in Tasmania (TAS)) and 13
ICUs (representing all states/territories) were participat-
ing. The original eight PICUs, of which seven have con-
tributed data continuously since commencement (eighth
contributed in 1997–2008 only), accounted for an
annual average of 93% of admissions recorded in the
ANZPIC Registry between 1997 and 2013 (1997 value:
100%, 2013 value: 84%).
Participating ICUs collect data in real-time either on a

Microsoft Access database (Microsoft Corp, Redmond,
Washington, USA) supplied by the ANZPIC Registry, or
onto their local clinical information system (amended to
include required ANZPIC Registry variables). Data are

submitted to the centrally administered ANZPIC
Registry electronically every 6 months.12

A single record is created for each ICU admission and
includes demographic data, physiological variables mea-
sured at the time of first face-to-face contact between the
patient and ICU doctor, the ICU/hospital outcomes and
length of stay, as well as the type and duration of respira-
tory support.12 Admissions are defined using ANZPIC
Registry-specific diagnosis codes (standardised across all
participating sites),13 and include ‘principal diagnosis’
(the diagnosis most directly responsible for the ICU
admission), ‘underlying diagnosis’ (the principal under-
lying diagnosis contributing to the need for ICU admis-
sion), and up to seven ‘associated diagnoses’. Associated
diagnoses are conditions additional to the principal and
underlying reasons that contributed to the ICU admis-
sion, and can include other syndromes, diseases, abnor-
malities or diagnoses identified on or during ICU
admission. The treating clinician is responsible for
selecting the appropriate diagnostic codes for each
admission, and coding may be based on clinical symp-
toms, diagnostic test results, or a combination of both.
Results of any diagnostic tests performed, including
respiratory virus/bacteria detection, are not captured
within the ANZPIC Registry. Immunisation history is also
not collected.
For this study, we extracted ANZPIC Registry data for

all Australian paediatric (aged 0 to <16 years) ICU
admissions between 1 January 1997 and 31 December
2013 with diagnosis codes of ‘470—pertussis syndrome’
or ‘720—pertussis’ occurring in any of the diagnosis
fields. The deidentified line-listed data extract included
patient demographic variables (age, sex, ethnicity, state),
and hospital and ICU admission details including admis-
sion/discharge dates, diagnoses (principal, underlying
and associated), discharge/outcome and respiratory
support variables (type and duration of respiratory
support). Respiratory support was defined as any inter-
vention to support respiratory function and includes
both non-invasive and invasive methods. Some patients
may have required combinations of both invasive and
non-invasive support during their ICU admission.
Non-invasive respiratory support includes continuous
positive airway pressure, biphasic positive airway pres-
sure, negative pressure ventilation, and high-flow nasal
cannula, while invasive respiratory support is mechanical
ventilation delivered by endotracheal intubation or
tracheostomy.
Data were aggregated during analysis, including group-

ing by 4-year periods (1 January 1997–31 December
2000; 1 January 2001–31 December 2004; 1 January
2005–31 December 2008; 1 January 2009–31 December
2012), except for 2013 (presented as single-year data: 1
January 2013–31 December 2013), and chronological
age. Admissions were classified as having co-detection if
they had any other respiratory infection diagnosis code
in any diagnostic field (in addition to one of the two per-
tussis codes). Cases were categorised as being premature
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(gestational age) if the code ‘826—Prematurity (<37/40
and <12 months of age)’ was included in any diagnosis
field. Comorbidity was defined by the inclusion of a diag-
nostic code (in any diagnosis field) for any congenital
cardiovascular and/or respiratory abnormality, chronic
lung disease, asthma or cystic fibrosis.
In Australia, pertussis is a nationally notifiable condi-

tion, and all cases that meet the case definition are
required to be reported to the relevant State or
Territory Health Department in accordance with public
health legislation.14 We obtained national pertussis noti-
fication data between 1 January 1997 and 31 December
2013 for children aged <16 years from the Australian
Government Department of Health. Using mid-year
Australian Bureau of Statistics population estimate
data,15 we calculated the incidence of pertussis notifica-
tions (in children <1 year and children 1 to <16 years)
per 100 000 age-specific population, and compared this
with the incidence of pertussis-related ICU admissions
per 100 000 age-specific population.
Stata V.12 (StataCorp, College Station, Texas, USA)

was used for data analysis. Descriptive statistics were cal-
culated, including means, medians and standard devia-
tions (SDs). The association between patient
characteristics and outcomes was investigated using a
Student t-test (continuous variables) and risk ratios (cat-
egorical variables).

RESULTS
Between 1 January 1997 and 31 December 2013, there
were 373 pertussis-related ICU admissions out of a total
113 197 all-cause ICU admissions recorded in the
ANZPIC Registry (table 1). Of pertussis-related ICU
admissions, 83.9% (n=313) were admitted to PICUs, and
the remaining 16.1% (n=60) were admitted to general
ICUs, however 78.3% (n=47) of the general ICU admis-
sions occurred in 2009–2012. There were 4 years where
the annual case number was higher than 40, all
recorded between 2009 and 2012 (2009 n=46; 2010
n=47; 2011 n=59; 2012 n=45), compared with a range of
4–26 cases per year in other years (figure 1).
Overall, the majority of cases (84.7%, n=316) were

infants aged <4months, of whom approximately half
(n=156) were aged <6 weeks. The median age at the
time of admission was 48 days (range 0 days to
15.9 years). There were 28 cases (7.5%) aged over
12 months, and the median age among these cases was
3.1 years (range 1.0–15.9 years).
The incidence of ICU admissions and notifications in

children <1 year and 1 to <16 years all followed a similar
trend and all peaked in 2011 (figure 2). The incidence
of ICU admissions in children 1 to <16 years remained
low (<0.2 per 100 000 population per year) over the
study period. Notifications and ICU admissions in chil-
dren aged <1 year were highly correlated (correlation
coefficient=0.96).

The most common principal diagnoses coded for
pertussis-related ICU admissions were ‘pertussis syn-
drome’ (41.3%), ‘apnoea’ (12.6%), ‘pneumonia/pneu-
monitis’ (10.7%), ‘bronchiolitis’ (9.1%) and ‘respiratory
failure’ (5.4%). The diagnosis codes used to identify
pertussis-related admissions, ‘pertussis syndrome’ and
‘pertussis’, were both used in 28.7% (n=107) of cases,
and were used alone in 25.7% (n=96) and 45.6%
(n=170) of cases, respectively. Although the relative pro-
portions fluctuated from year to year, there was no pref-
erential trend over time for using either one or both
codes, and they appeared to have been used inter-
changeably. Prematurity (defined as birth <37 weeks ges-
tation) was coded in 45 cases (12.1%), however, among
cases aged <1 year, prematurity was not associated with
significant differences in length of ICU stay (p=0.74),
duration of both any or invasive respiratory support
(p=0.92 and 0.70, respectively), or death (p=0.23).
Comorbidities were coded in 6.7% (n=25) of cases, of
which congenital cardiovascular conditions were present
in 12 cases, chronic lung disease in 6, and asthma in
5. Three cases coded as having comorbidities were also
premature. No trend in the proportion of cases with
comorbidities was observed over the study period.
Detection of another infectious pathogen (in addition

to pertussis) was coded in 17.4% of cases (n=65), with
the majority of co-detections due to respiratory syncytial
virus (53.8%, n=35). Other co-detections included
adenovirus (n=6), bacterial (n=6), ‘virus—other’ (n=5),
parainfluenzae (n=4), two Haemophilus influenzae type B
co-infections (2000, 2002) and two influenza
co-infections (2007, 2008). Although the proportion of
cases with co-detection fluctuated from year to year, the
lowest occurring in 2013 (5.6%, n=1) and highest in
2008 (37.5%, n=6), there was no clear increasing or
decreasing trend over the study period. Cases in whom
co-detection of infection occurred were significantly
older than those with pertussis only (mean (SD) 1.3
(3.3) vs 0.4 (1.5) years, respectively, mean difference
(MD) 0.9 years, 95% CI 0.4 to 1.4 years, p=0.0008), and
the proportion of cases with co-detection increased with
increasing age (<6 weeks: 12.2%, 6 weeks to <4 months:
18.1%, 4 to <6 months: 21.4%, 6 months to <1 year:
26.7%, >1 year: 35.7%). Compared with cases of pertus-
sis only (n=308), those with co-infection (n=65) had a
significantly longer mean duration of invasive ventilation
(mean (SD) 2.0 (6.6) vs 7.4 (26.3) days, respectively, MD
5.4 days, 95% CI 2.1 to 8.7 days, p=0.0016), and had a
longer mean length of ICU stay (mean (SD) 5.4 (9.1) vs
10.1 (26.0) days, respectively, MD 4.7 days, 95% CI 1.1 to
8.4 days, p=0.01). There was no significant difference in
deaths between cases of pertussis only, and cases with
co-detection (6.5% vs 4.6%, respectively, RR=0.7, 95% CI
0.2 to 2.3, p=0.57).
Cases stayed in ICU for a median of 3.6 days (range 0–

209 days), with 77.5% of cases staying in ICU for <7 days,
15.5% staying between 7 and <14 days, 6.4% of cases
staying between 14 and <50 days, and only two cases
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Table 1 Demographics and admission characteristics of pertussis-related intensive care unit (ICU) admissions, 1997–2013

Year of admission 1997–2000 2001–2004 2005–2008 2009–2012 2013* Total

Number of participating ICUs† 7–9 9–14 13–19 19–20 21 7–21

Pertussis-related admissions

N (per cent of total pertussis admissions)

47 (12.6) 66 (17.7) 45 (12.1) 197 (52.8) 18 (4.8) 373 (100)

Pertussis-related ICU admissions per

1000 all-cause ICU admissions (total

all-cause ICU admissions)

2.2 (21 263) 2.7 (24 636) 1.6 (27 385) 6.4 (30 954) 1.9 (9232) 3.3 (113 197)

Sex

Male—N (%)

25 (54.3) 41 (62.1) 22 (48.9) 85 (43.2) 9 (50.0) 182 (48.9)

Ethnicity

Aboriginal and Torres Strait Islander

peoples—number with ethnicity recorded

(%)

5 of 46 (10.9) 8 of 66 (12.1) 1 of 16 (6.3) 4 of 45 (8.9) 0 of 10 (0) 18 of 183 (9.8)

Age

<6 weeks 24 (51.1%) 25 (38.9%) 12 (26.7%) 87 (44.2%) 8 (44.4%) 156 (41.8%)

6 weeks to<4 months 21 (44.7%) 35 (53.0%) 23 (51.1%) 72 (36.6%) 9 (50.0%) 160 (42.9%)

4 to <6 months 2 (4.3%) 0 (0%) 2 (4.4%) 10 (5.1%) 0 (0%) 14 (3.8%)

6 months to <1 year 0 (0%) 2 (3.0%) 4 (8.9%) 9 (4.6%) 0 (0%) 15 (4.0%)

≥1 year 0 (0%) 4 (6.1%) 4 (8.9%) 19 (9.6%) 1 (5.6%) 28 (7.5%)

Median age (range) 42 days

(17 to 152 days)

49 days (19 days to

14.6 years)

62 days (4 days

to 15.2 years)

48 days (0 days to

15.9 years)

45.5 days (23 days

to 8.4 years)

48 days (0 days to

15.9 years)

Case state/territory of residence‡

N (per cent of total pertussis-related admissions); total all-cause ICU admissions

Australian Capital Territory 0 (0.0); ND 0 (0.0); 110 0 (0.0); 112 1 (0.5); 121 0 (0.0); 26 1 (0.3); 369

New South Wales 16 (34.0); 5896 11 (17.5); 7217 25 (56.8); 8037 70 (35.9); 9274 4 (22.2); 2526 126 (34.3); 32 950

Northern Territory 1 (2.1); ND 3 (4.8); ND 2 (4.5); 222 1 (0.5); 243 0 (0.0); 83 7 (1.9); 548

Queensland 10 (21.3); 5201 11 (17.5); 5697 5 (11.4); 7177 43 (22.1); 7984 2 (11.1); 2843 71 (19.3); 28 902

South Australia 3 (6.4); 2345 12 (19.0); 2265 4 (9.1); 2170 9 (4.6); 2179 0 (0.0); 555 28 (7.6); 9514

Tasmania 0 (0.0); 62 0 (0.0); 163 0 (0.0); 338 9 (4.6); 853 2 (11.1); 215 11 (3.0); 1631

Victoria 3 (6.4); 4953 16 (25.4); 5699 5 (11.4); 6272 50 (25.6); 7228 10 (55.6); 2185 84 (22.9); 26 337

Western Australia 14 (29.8); 2806 10 (15.9); 3212 3 6.83057 12 (6.2); 3072 0 (0.0); 799 39 (10.6); 12 946

Patients with comorbidities

N (%)

5 (10.6) 7 (10.6) 9 (20.0) 30 (15.2) 1 (5.6) 52 (13.9)

Patients with infectious agent

co-detection

N (%)

5 (10.6) 7 (10.6) 14 (31.1) 38 (19.3) 1 (5.6) 65 (17.4)

Length of ICU stay

Median (range)

3.6 days

(<1–35 days)

3.7 days

(<1–36 days)

3.6 days

(<1–50 days)

3.4 days

(<1–209 days)

6.1 days

(1–11 days)

3.6 days

(<1–209 days)

Respiratory support required during 1st

hour of ICU admission§¶

N (%)

16 (34.0) 22 (33.8) 21 (46.7) 67 (34.0) 7 (38.9) 133 (35.7)

Continued
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(0.5%) staying in ICU for 50 days and longer (120 and
209 days). No significant difference was observed
between age at admission (<4 vs ≥4 months) and length
of ICU stay (mean (SD) 5.8 (9.3) vs 8.6 (27.4) days,
respectively, MD 2.8 days, 95% CI −1.1 to 6.7 days,
p=0.16).
Of all pertussis cases, approximately half (54.8%)

required some form of respiratory support during their
ICU admission, with 35.7% needing respiratory support
during the first hour (table 1). Invasive respiratory
support was required by 32.7% of pertussis ICU admis-
sions, and the median time of invasive support was
2.7 days (range 0.1 h to 196.1 days). Children aged
≥4 months appeared to have a longer point estimate for
mean duration of invasive respiratory support compared
to infants aged <4 months, however, this finding was not
statistically significant (mean (SD) 5.3 (27.6) vs 2.5 (7.1)
days, respectively, MD 2.8 days, 95% CI −0.8 to 6.3 days,
p=0.13).
Over the study period, there were 23 recorded deaths

among pertussis-related ICU admissions: 12 in infants
aged <6 weeks (of n=156, 7.7%), 8 in infants aged
between 6 weeks and <4 months (of n=160, 5.0%), and
the remaining 3 were in children aged over 12 months
(of n=57, 5.3%). Infants aged <6 weeks did not have a
significantly higher risk of death compared to older
infants and children (RR 1.5, 95% CI 0.7 to 3.4, p=0.3).
The highest number of deaths occurred between 2001
and 2004 (n=8), and between 2009 and 2012 (n=7). As a
percentage of all influenza-related ICU admissions,
deaths were highest in 1997–2000 (10.6%, n=5) and
2001–2004 (12.1%, n=8). No deaths were recorded
during 2013.

DISCUSSION
There were 373 paediatric patients with pertussis-related
ICU admissions between 1997 and 2013. Of these,
84.7% occurred in infants aged <4 months, and approxi-
mately half (53%) occurred during the most recent
Australian pertussis epidemic period (2009–2012). While
it is reassuring that few ICU admissions occurred among
age groups that can be protected by vaccination
(≥4 months old), a finding that is consistent with the
existing literature on pertussis-related hospitalisa-
tions,5 6 8 9 11 our results indicate that more needs to be
done to protect young infants (<4 months) who are
most vulnerable to severe disease. Interestingly, the pro-
portion of admissions requiring invasive ventilation
increased over the study period, while the proportion of
deaths declined from a peak in 1997–2000 (likely asso-
ciated with an outbreak of pertussis in 1996–199716),
however, it is unclear whether this reflects better clinical
management of pertussis or a change in disease severity.
In the literature, there are very limited data available
about pertussis ICU admissions, which are an important
indicator of disease severity, falling between hospitalisa-
tion and death. While our findings were mostly
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consistent with the studies we could identify focusing on
pertussis ICU admissions,17–22 only one of these studies
was Australian (based in Melbourne),19 and only one
was published in the last 5 years,21 limiting our ability to
draw comparisons.
Infants aged <6 months are at highest risk for morbid-

ity and mortality associated with pertussis infection.
Australian vaccination schedules have been altered over
time in an effort to better target protection to this
group.3 From 2009, in response to increasing pertussis
notifications across Australia, cocoon vaccination strat-
egies were implemented at state level between 2009 and
2012 (programme timing and eligibility varied by
state).7 Cocoon strategies aim to provide newborn
infants with protection by vaccinating those around
them in order to reduce the risk of transmission. We did
not observe a decrease in ICU admissions among infants
aged <6 months related to the cocoon programmes,
however, these programmes coincided with record high

pertussis incidences which may have masked any
programme-related decline in cases.
Additionally, in early 2011, the National Immunisation

Schedule was updated with a recommendation to
provide the first pertussis vaccine dose at 6 weeks of age
(rather than at 2 months) in an effort to provide infants
with some level of protection as early as possible. By late
2011, five states (NSW, Australian Capital Territory
(ACT), TAS, QLD and VIC) had about 50–70% of
infants vaccinated with their first dose between 6 and
<8 weeks of age, while other states were slower to imple-
ment the change (SA 40%, Northern Territory (NT)
30%, WA 20%).23 A study by Foxwell and colleagues esti-
mated that this schedule change would be associated
with an annual reduction of up to 10% of pertussis-
related hospitalisations.24 Our data did not show any
decline in pertussis ICU admissions among infants aged
6–8 weeks following the recommendation, although
2 years (2012–2013) may not be a long enough

Figure 1 Pertussis-related

paediatric intensive care unit

(ICU) admissions, Australia,

1997–2013, by year and age at

admission.

Figure 2 Annual cumulative

incidence of pertussis-related

admissions to contributing

ANZPIC Registry intensive care

units (ICUs)* and national

pertussis notifications by age

group (<1 year and 1 to

<16 years), per 100 000

child-years, Australia, 1997–2013

(*The pertussis-related ANZPIC

Registry ICU admissions

presented in this figure will be an

under-representation of all

pertussis-related paediatric ICU

admissions in Australia due to

non-participation of some ICUs

that admit children, including

adult ICUs that do not report their

data to the ANZPIC Registry).
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timeframe to see the full impact of this change, and
again, any reductions in incidence may have been
masked by the pertussis epidemic.
Immunisation status is not part of the set of data

recorded for paediatric ICU admissions in the ANZPIC
Registry. While it would be ideal to have the immunisa-
tion status of cases, it is worth noting only 11.5% of
admissions occurred in age groups eligible to have been
fully vaccinated (≥6 months). The remainder of admis-
sions were infants either too young to have received any
vaccine doses (<6 weeks, 41.8%) or who may have been
partially vaccinated with one or two doses (6 weeks to
<6 months, 46.7%).
While the ANZPIC Registry contains national data,

and has provided an indication of pertussis-related ICU
admissions across Australia, it may have underestimated
the number of ICU admissions for a number of reasons.
First, any admissions to ICUs not contributing to the
ANZPIC Registry would have been missed in our ana-
lysis. In the earlier years of this study, fewer general
ICUs contributed paediatric data to the ANZPIC
Registry, however, the number of missing cases is
expected to be low as all eight large specialist PICUs
(which account for the vast majority of Australian paedi-
atric ICU admissions) have participated in the ANZPIC
Registry since 1997.12 Second, as our study used data
from an existing database, and did not include a
medical chart review or diagnostic testing results, we
were entirely reliant on the accuracy of existing ANZPIC
Registry coding, which has not previously been validated.
We will have missed any real cases not coded as ‘pertus-
sis’ or ‘pertussis syndrome’, as well as prematurity and
any co-detections or comorbidities not listed in one of
the diagnosis fields. Inclusion of diagnosis codes is
highly dependent on clinician awareness, diagnostic
testing and perceived importance of the illness.25

Improvements in diagnostic testing, with the widespread
use of PCR from 2007 onwards,26 as well as high media
coverage (eg, following infant deaths and during the
2009–2012 epidemic), may have influenced pertussis
testing and awareness among clinicians primarily during
the latter part of our study period. Additionally, the like-
lihood of identifying co-infecting viruses is likely to have
improved over time with increasing use of multiplex
PCR. Unfortunately, it is not possible to measure the
impact of diagnostic testing changes on awareness and/
or ICU admission coding, as diagnostic data are not
available in the ANZPIC Registry. We hypothesise,
however, that it is more likely that pertussis cases and
co-detections were missed earlier in the study period,
although the number missing cannot be quantified.
Even with protective vaccination strategies such as

cocooning, and advancing the first dose to 6 weeks of
age, infants, particularly under 4 months of age, con-
tinue to be at risk. Both maternal and neonatal vaccin-
ation are being assessed as possible solutions.1 27–31

Assessment of the Public Health England maternal per-
tussis vaccination programme (which started in 2012)

found vaccine effectiveness of 91% against confirmed
pertussis in infants <2 months of age.27 30 A birth dose of
pertussis vaccine has also been shown to induce protect-
ive antibody responses, and therefore, protection against
pertussis, prior to 6 months of age, but so far study sizes
have been small.29 In March 2015, the Australian
Government recommended a pertussis booster for preg-
nant women during the third trimester of pregnancy, and
all states/territories now have locally funded pro-
grammes. The results from the UK are encouraging, with
regard to coverage as well as safety and effective-
ness,27 30 32 33 however, there are significant barriers to
uptake in Australia that will need to be overcome to
achieve similar outcomes.34 Evaluations of these pro-
grammes and their impact on pertussis epidemiology will
be an important area of research over the coming years.

CONCLUSION
Severe pertussis cases, requiring ICU admission, con-
tinue to occur primarily in infants too young to be fully
protected from active immunisation. More needs to be
done to protect these high-risk infants. In Australia,
implementation of maternal immunisation programmes
in all states and territories offers the hope of much
better disease control in this age group. If coverage is
high, we can expect reductions in pertussis-related ICU
admissions and mortalities in infants.
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Correction: Epidemiology of pertussis related paediatric
intensive care unit (ICU) admissions in Australia, 1997–2013:
an observational study

Kaczmarek MC, Ware RS, McEniery JA, et al. Epidemiology of pertussis related paedi-
atric intensive care unit (ICU) admissions in Australia, 1997–2013: an observational
study. BMJ Open 2016;6:e010386.

The penultimate sentence in the results section currently reads: ‘As a percentage of
all influenza-related ICU admissions, deaths were highest in 1997–2000 (10.6%, n=5)
and 2001–2004 (12.1%, n=8).’ Instead, the final sentence should be: ‘As a percentage
of all pertussis-related ICU admissions, deaths were highest in 1997–2000 (10.6%,
n=5) and 2001–2004 (12.1%, n=8).’
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