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Short Report

An outbreak of serotype-1 sequence type 306
invasive pneumococcal disease in an Australian
Indigenous population

Heather M Cook, Carolien M Giele, Sanjay H Jayasinghe, Angela Wakefield, Vicki L Krause for the
Enhanced Invasive Pneumococcal Disease Surveillance Working Group

Abstract

Between 2010 and 2013, an outbreak of serotype-1 sequence type 306 (ST306) invasive pneumococcal
disease (IPD) occurred primarily in remote locations of Northern and Central Australia. This is a
descriptive study of the epidemiology of the outbreak using nationwide IPD surveillance data, sup-
plemented with more detailed data held by affected jurisdictions, and of the response to the outbreak,
including vaccination strategies. In the year the outbreak peaked (2011), serotype-1 IPD incidence was
over 30-fold higher in the affected regions than in the rest of Australia (incidence rate ratio: 30.7 [95%
CI 20.1-48.9]). The study includes 245 cases of serotype-1 IPD from the outbreak regions, with 75.5%
identified as Indigenous.

No reported cases of serotype-1 IPD occurred in young children who had completed either a 10- or
13-valent pneumococcal conjugate vaccine schedule. However serotype-1 IPD did occur in older chil-
dren who had previously received 23-valent pneumococcal polysaccharide vaccine.

Development of public-health-focused national IPD management guidelines, including suitable vac-
cine strategies for consistent use nationwide, could potentially decrease the duration and intensity of
similar outbreaks in the future.

Keywords: outbreak, serotype-1, invasive pneumococcal disease, Australian Indigenous, pneumococ-
cal vaccine, Streptococcus pneumoniae

Introduction

The epidemiology of invasive pneumococ-
cal disease (IPD) in Australia has been
monitored nationally since 2001 through the
National Notifiable Diseases Surveillance
System (NNDSS), with the data collection and
analysis overseen by the Enhanced Invasive
Pneumococcal Disease Surveillance Working
Group (EIPDSWG). Quarterly and annual
reports on IPD epidemiology are published in
Communicable Diseases Intelligence and a sub-
set of IPD notification data is publicly available
online.!

health.gov.au/cdi

Pneumococcal polysaccharide vaccines (PPVs)
have been available for use in Australia since
the early 1980s but were under-utilised in the
early years.”> Formal national recommendations
for 23-valent PPV (23vPPV) use commenced
in 1986 followed by funded vaccination pro-
grams introduced at national and jurisdictional
levels.’ In May 2000, the Northern Territory
(NT) included Central Australian Indigenous
children aged 2 to 5 years in the group recom-
mended to be vaccinated,” who, at the time, had
the highest recorded rates of IPD in the world.*

The introduction of the 7-valent pneumococ-
cal conjugate vaccine (7vPCV) in 2001 for all
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Australian Indigenous infants, with a booster
dose of 23-valent PPV (23vPPV) for high-risk
Indigenous infants and non-Indigenous infants
in Central Australia, led to a significant reduc-
tion in 7vPCV serotype IPD rates.” As 7vPCV
serotypes accounted for only 61.8% of IPD in this
group it was anticipated the inclusion of 23vPPV
would provide protection against additional
serotypes while also boosting immunity to the
7 serotypes in 7vPCV. Although it is possible
the 23vPPV booster provided protection against
some 23v-non7vPCV serotypes, no impact was
clearly evident for serotype-1 disease for the
years prior to 2011, with a consistent rate for IPD
due to serotype-1 of about 10 cases per 100,000
population seen among Indigenous children
aged less than 5 years.°

Serotype-1 is recognised as an outbreak type
with high invasive potential.” This means its
prevalence in asymptomatic nasopharyngeal
carriage is comparatively low. Due to its high
antibiotic sensitivity, outbreaks of serotype-1
have now become rare. For both 10-valent
pneumococcal conjugate vaccine (10vPCV)
and 13-valent pneumococcal conjugate vac-
cine (13vPCV), pre-licensure trials showed
high immune responses against serotype-1
among children. This translated into significant
protection against serotype-1 IPD in multiple
settings.'’”"* Table 1 outlines the serotypes cov-
ered by each of the pneumococcal vaccines that
have been used in Australia.

In 2010, an increase in cases of serotype-1 IPD
was observed in the Central Australian region
of the NT, leading to recognition of a serotype-1
outbreak affecting mostly Indigenous persons
living in the remote areas of Western Australia
(WA), NT and Queensland (Qld).

The following is a supplemental report (augment-
ing routine Australian IPD surveillance reports)
that describes the outbreak of serotype-1 IPD
which occurred between 2010 and 2013 within
the remote locations of Northern and Central
Australia.

20f16 Commun Dis Intell (2018) 2020;44 (https://doi.org/10.33321/cdi.2020.44.66) Epub 15/09/2020

Methods
Data collection and analysis

Data on all IPD cases notified to the NNDSS
with a diagnosis date from 1 January 2003 to 31
December 2014 were extracted on 12 November
2015. The study analysed cases by Indigenous sta-
tus, age, resident location, clinical category, risk
factors and pneumococcal vaccination status. A
detailed description of data definitions and col-
lection methods for NNDSS and the methods
used for serotype identification has been given
elsewhere."* The study reports primarily on the
Indigenous population.

Australian Bureau of Statistics mid-year esti-
mated resident populations (extracted on 10
November 2015) were used as the denomina-
tor for rates, except in the calculation of rates
relating to Hospital and Health Service (HHS)
regions in Qld. Population estimates provided
by the Queensland Department of Health (Qld
DoH) were used for the Qld region-specific cal-
culations.'

The Queensland Pneumococcal Reference
Laboratory performed molecular characterisa-
tion of the majority of serotype-1 isolates notified
from the 3 jurisdictions during 2010 to 2013.”

Data were analysed using Stata V13.1 (StataCorp,
USA). Ethics approval was not required for
the study, as only de-identified data already
collected for disease surveillance purposes
were used. Permission to use data that had not
been captured in the national data collection
was obtained from Qld DoH Communicable
Diseases Branch and from the NT notifiable
diseases data custodian.

Outbreak regions and period

Real-time monitoring of data by EIPDSWG
members led to the first identification of an
increase in serotype-1 notifications in 2010.
Long-term Australian serotype-1 trends were
analysed to categorise the outbreak reporting
years as: before (2003 to 2009); during (2010 to

health.gov.au/cdi



Table 1: Streptococcus pneumoniae serotypes targeted by pneumococcal vaccines

7-valent pneumococcal 10-valent 13-valent 23-valent
Serotypes conjugate vaccine prjeumococca.l prjeumococca.l pneumcfcoccal :
(7vPCV) conjugate vaccine conjugate vaccine polysaccharide vaccine
(10vPCV) (13vPCV) (23vPPV)

2 v

3 v v

4 v v v v

5 v v

6A v

6B v v v v

7F v v v

8 v

9N v

9V v v v v

10A v

1A v

12F v

14 v v v v

15B v

17F v

18C v v v v

19A v v

19F v v v v

20 v

22F v

23F v v v v

33F v

2013); and after (2014), and to establish as the
outbreak-affected areas the jurisdictions of WA,
NT, and Qld.

In QId the outbreak was limited to certain areas
only; these were identified by serotype-1 case
resident location and assessed using the HHS
regions designated by Qld DoH."* HHS regions
with high numbers and clustering of serotype-1
cases were considered outbreak-affected and
therefore only cases living in those areas were

health.gov.au/cdi

included in the study. These comprised North
West; Central West; Townsville; Cairns and
Hinterland; and the Torres and Cape. These five
HHS regions in Qld, along with all of the WA and
NT, are collectively referred to as the ‘outbreak
regions’ in this report (see Figure 1). Overseas
residents diagnosed with serotype-1 IPD from
outbreak regions were excluded. Serotype-1 IPD
incidence rates in outbreak versus non-outbreak
regions were compared using the incidence rate
ratio (IRR) as the metric.

Commun Dis Intell (2018) 2020;44 (https://doi.org/10.33321/cdi.2020.44.66) Epub 15/09/2020 30f16



Figure 1: Map of Australia showing the
geographical areas (in yellow) affected by the
serotype-1 outbreak

- Northern
. Territory |

Western Australia ]Queensland :

*Qutbreak regions includes North West,
Central West, Townsville, Cairns and
Hinterland, and the Torres and Cape
Hospital and Health Services Regions of
Queensland

An epidemiological curve of the outbreak was
constructed where the outbreak period spanned
from the diagnosis of the first outbreak case on
15 June 2010 (i.e. day 1 of week 1) to the last on
22 November 2013.

Outbreak management and vaccination
strategies

Meetings were convened by the EIPDSWG chair
with input from the Australian Government
Vaccine Preventable Diseases section and juris-
dictional EIPDSWG representatives.

Varying pneumococcal vaccine schedules as per
the National Immunisation Program (NIP), as
well as certain jurisdictional-specific programs,
were put in place during the outbreak. The out-
break response varied by jurisdiction, with some
jurisdictions adopting additional pneumococcal
vaccination strategies along with the promotion
of existing vaccine recommendations (Table 2).

40f16 Commun Dis Intell (2018) 2020;44 (https://doi.org/10.33321/cdi.2020.44.66) Epub 15/09/2020

Results
Overview

A total of 245 cases of serotype-1 IPD were noti-
fied in the outbreak regions. This represented
a substantial increase in the percentage due to
serotype-1 among all IPD in each of the three
affected jurisdictions. Collectively, the percent-
age increased from 2.5% before the outbreak,
to 17.7% during 2010-2013 prior to declining
across all three jurisdictions by 2014. Almost
half of the cases of IPD reported in the NT in
2011 were due to serotype-1 (Table 3).

The epidemiological curve shows 2011 (weeks 29
to 81) had the highest number of cases (n = 130).
The geographic spread of cases is demonstrated
by the stratification of cases by jurisdiction over
the time period (Figure 2).

The serotype-1 incidence rate was higher in
the outbreak regions than in the remainder of
Australia during this period, sharply rising at
the commencement of the outbreak (2010) and
reaching a peak in 2011 (IRR 30.70 [95% CI
20.09-48.89]), as shown in Table 4.

All 245 cases of serotype-1 IPD in the outbreak
regions had Indigenous status recorded. Of
these, 185 (75.5%) identified as Indigenous
with a median age of 15 years (range 2 months
to 92 years) compared to 27.5 years (range 3 to
93 years) for non-Indigenous cases. Overall the
serotype-1 IPD rates among the non-Indigenous
population were substantially lower across all
ages (Figure 3).

Rates of serotype-1 IPD in the Indigenous popu-
lation varied across the three jurisdictions, with
the difference most pronounced among children
(Figure 4). The NT did not have any cases in
children aged < 2 years, however the rates in
school-aged children in the NT and WA were
much higher than in affected regions in QId.

health.gov.au/cdi



Table 2: Pneumococcal vaccine programs for Indigenous persons in the outbreak regions (WA,
NT and QIld affected areas) during the outbreak period (June 2010 - December 2013)

Vaccine

Western Australia

Prevenar® (7vPCV)

3 primary doses at age 2,4 &

6 months plus a booster at 12
months if medically at risk® until
end June 2011

Northern Territory

Not in use

Queensland

3 primary doses at age 2,4 &

6 months plus a booster at 12
months if medically at risk® until
end June 2011

Synflorix® (10vPCV) | Notin use 4 primary doses at age 2, 4, 6, Not in use
and 18 months from October
2009 through September 2011
Prevenar13® 3 primary doses at age 6-8 3 primary doses at age 6-8 3 primary doses at age 6-8 weeks,
(13vPCV) weeks, 4 & 6 months plus a weeks, 4 & 6 months plus a 4 &6 months plus a booster at 12
booster at 12 months from July | booster at 18 months from months from July 2011
201 October 2011
Supplementary dose at age Single dose for children at age Supplementary dose at age 12-35
12-35 months for those who 12-35 months who received months who received primary
received primary course of less than 4 doses of 10vPCV course of 7vPCV until September
7vPCV until September 2012 or 7vPCV from October 2011 2012
through January 2013
Outbreak strategy Outbreak strategy
Single dose for SEROTYPE-1 Single dose for children aged
IPD cases and their household 36-59 months residing in
contacts aged < 6 or > 49 Indigenous communities at risk®
years who had not previously from May to September 2012
received a SEROTYPE-1
containing conjugate
pneumococcal vaccine. Given
at least 12 months after any
previous polysaccharide
pneumococcal vaccine from
November 2011 to mid-
September 2012
Pneumovax23°® As a booster at age 12-18 As a booster at age 12-18
(23vPPV)< months until end June 2011 months until end June 2011

At age 15-49 years for those
with risk factors

At age 15 years

At age 15-49 years for those
with risk factors®

5 years after dose 1¢

5 years after dose 1¢

5 years after dose 1¢

At age 50 years

At age 50 years

At age 50 years

Outbreak strategy

Single dose for SEROTYPE-1 IPD
cases and all their household
contacts aged 6-49 years who
had not previously received a
polysaccharide pneumococcal
vaccine from October 2011 to
mid-September 2012

a  Refer to the Australian Immunisation Handbook' for list of risk factors where vaccination were recommended.

b Includes all Mt Isa, Torres Strait/NPA and Cape York Health Service Districts and the communities of Yarrabah, Palm Island, Woorabinda,

Boulia, Winton, Bedourie and Birdsville.

¢ Notin routine use for children < 15 years in the NT unless medically at risk, however was provided to Central Australian Indigenous

children at 2-5 years prior to June 2001 and to all NT Indigenous children at 18 months from June 2001 to October 2009.

d Due to reports of increasing local side effects, the recommendation for repeat doses of 23vPPV was suspended in Australia on 25 March

2011. Revised recommendations regarding which patients should be re-vaccinated under the National Immunisation Program were

provided in December 2011.

health.gov.au/cdi
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Table 4. Incidence and rates of serotype-1 IPD in the outbreak regions compared to the rest of
Australia, before, during and after the outbreak

Years before, during
and after outbreak

Non-outbreak regions - rest

Outbreak regions versus

Outbreak regions

Number
Before (2003 to 2009) 46 0.24
During (2010 to 2013) 245 1.93
After (2014) 7 0.21
Peak year (2011) 130 417

a Rounded from 0.014
Clinical characteristics and mortality

Information on mortality was not available
for 23/245 (9.4%) of cases with serotype-1 IPD.
Four deaths were recorded among the 222 cases
(4/222,1.8%), two with reported underlying
medical risk factors.

The majority of cases presented with pneumonia
(n = 199, 81.2%); and eight percent (n = 16) of
those had pleural effusion or pleural empyema.
There was one case of meningitis.

A summary of the demographic and clinical
characteristics of the cases in Indigenous chil-
dren and adults is shown in table 5.

Vaccination status

Of the 245 cases, 99 had received at least one
dose of a serotype-1 containing vaccine. Two of
those 99 cases (both aged three years) however
had received a conjugate vaccine containing
serotype-1 (i.e.10vPCV) in addition to primary
vaccination with the non serotype-1 containing
7vPCV. The remaining 97 cases had received
one or more doses of 23vPPV. Of these, two were
non-Indigenous persons and both had received
the vaccine more than 10 years prior to disease
onset.

Of the 95 Indigenous cases vaccinated with
23vPPV, approximately half (n = 48/95) had
received a dose within five years prior to disease
onset (26 in N'T, 13 in WA and 9 in Qld). Of these
48 cases who had received a dose of 23vPPV in

80f16 Commun Dis Intell (2018) 2020;44 (https://doi.org/10.33321/cdi.2020.44.66) Epub 15/09/2020

of Australia non-outbreak regions
Number 95% CI
197 0.16 1.50 1.07-2.09
99 0.13 15.10 11.9-19.3
3 0.01° 13.92 3.18-83.43
26 0.14 30.70 20.09-48.89

the preceding five years, 26 were children who
had received the vaccine as a booster dose fol-
lowing 7vPCV. For this group, the age at receipt
of vaccine ranged between 17 and 45 months
(mean age 23 months, median age 19 months).

Across the three jurisdictions, 53.6% (n = 30/56)
of 23vPPV-vaccinated children had received the
vaccine more than five years prior to disease
onset.

There were 6 Indigenous cases aged > 49 years
vaccinated more than 5 years prior to disease
onset, all of whom had risk factors identified.
Of these, 3 cases were eligible to receive further
23vPPV revaccination prior to disease onset.

There were 8 Indigenous cases aged > 49 years
and 2 non-Indigenous cases aged > 64 years who
had never received a dose of 23vPPV. These 10
cases all had ‘chronic illness’ recorded as a risk
factor.

Discussion

This report describes an outbreak of serotype-1
IPD in Northern and Central Australia from
2010 to 2013. In 2011, rates were over 30-fold
higher in the affected regions than across the
remainder of Australia. Indigenous children
were the most affected; overall, 75.5% of the total
245 cases of serotype-1 IPD within the outbreak
regions occurred among the Indigenous popula-
tion.

health.gov.au/cdi
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Table 5: Number of Indigenous serotype-1 cases in the outbreak regions, by characteristics,

jurisdiction and age groups, 2010-2013

Queensland

Characteristic X\l"iitr::; I:::;:‘:::; (affected
areas)
Aged 0 to 14 years
Mean age in years 5.5 7.5 7.7
Median age [range] 4[0to 14] 8[3to 14] 7 [1to 14]
Pneumonia 20 35 1 66
Complicated pneumonia 0 1 2 3
Died 1 0 0 1
Received polysaccharide vaccine dose ever 13 35 8 56
Received polysaccharide vaccine dose within last 5 years 8 15 3 26
Vaccine history not available 2 0 1 3
Total aged 0 to 14 years 33 41 15 89

Aged 15 years or older

Mean age 36.8 39.6 33.1
Median age [range] | 33[15 to 80] 36 (16 to 92] 32[15 to 64]
Pneumonia 36 25 20 81
Complicated pneumonia 4 0 1 5
Died 0 0 1 1

Received polysaccharide vaccine dose ever 8 21 10 39

Received polysaccharide vaccine dose within last 5 years 5 1 6 22
Vaccine history not available 23 0 7 30

Total aged 15 years or older 11 30 25 96
Total cases (all ages) 74 71 40 185

Outbreaks of IPD due to serotype-1 have been
reported globally, predominantly occurring
in closed settings such as prisons and men’s
shelters.”-*! There are also reports of increases
and outbreaks across widespread geographical
areas in Africa, Canada, the South Pacific and
Europe.”” Within Australia, a widespread
outbreak of serotype-1 pneumococcal disease,
affecting mainly Aboriginal men, occurred
in the Central Australian region in 1991.%
Molecular characterisation'” determined that

health.gov.au/cdi
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the 2010-2013 Australian outbreak was due to
ST306, the same sequence type responsible for
IPD serotype-1 outbreaks in the Western Pacific
regions of New Caledonia in 2000 and 2007
and French Polynesia in 2002.** An outbreak of
non-sequenced serotype-1 IPD occurred in New
Zealand from 2006 to 2011, peaking in 2009.%

The spatial and temporal relationship of other

serotype-1 IPD outbreaks and their geographical
proximity to Australia is of interest given they

110f 16



all preceded the one described in this report.
Interestingly, this Australian outbreak appeared
to originate in the West and then move gradu-
ally towards the East Coast, the area closer to the
Western Pacific region. It is possible that ST306
was circulating in Australia outside the outbreak
regions prior to 2010, but did not progress to
widespread transmission. Data in ‘non-outbreak
regions’ indicate ongoing low-level circulation
of serotype-1 across 2003 to 2014. However, in
the absence of molecular typing, it is not known
if serotype-1 in these instances was the outbreak
strain ST306.

High mobility, overcrowding and poverty that is
present in some remote Indigenous populations
living in the affected outbreak regions®® most
likely contributed to higher serotype-1 ST306
carriage density’' and subsequent invasive dis-
ease. These social determinants of health have
been recognised as contributors in other com-
municable disease outbreaks such as mumps,
syphilis and meningococcal disease which have
affected the remote Indigenous population of
Australia.*”* Similar to the Australian experi-
ence, the serotype-1IPD increase of 2009 in New
Zealand affected mainly school-aged children
and young adults with the majority occurring
in Pacific and Maori persons.”® The Australian
outback showed similarities to those reported
elsewhere, such as low case-fatality ratios and
a high proportion of pneumonia presentations
with complications such as empyema."”

The striking differences in the serotype-1 IPD
rates in children aged < 2 years across the three
jurisdictions is most likely a reflection of the dif-
fering conjugate vaccine usage at the respective
times at which cases peaked in each jurisdic-
tion. Western Australia did not have a program
which used a serotype-1 containing conjugate
vaccine for infants when the outbreak com-
menced, whilst the NT was using the 10vPCV
which covers serotype-1 as does the 13vPCV
that was included on the NIP by the time cases
started occurring in QId. It is likely the conju-
gate vaccine programs in place provided direct
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protection to those aged < 2 years as evidenced
in immunogenicity and vaccine effectiveness
studies for both vaccines.'”™"?

The NT reported higher rates of serotype-1 IPD
in older Indigenous children, as reflected in the
rates across the two to 14 year age groups when
compared to WA and QId. The NT also reported
a higher number of cases and a higher propor-
tion vaccinated prior to disease onset for these
age groups. Even though the 23vPPV vaccine
was not in use for NT children at the time of the
outbreak, it was recommended as part of earlier
NT vaccination schedules. Central Australian
Indigenous  children were recommended
23vPPV at 2-5 years prior to June 2001 and all
NT Indigenous children received 23vPPV at
18 months from June 2001 to October 2009.%3
These earlier 23vPPV strategies, implemented
at a time when no other pneumococcal vaccine
covering serotype-1 was available to combat the
alarming IPD rates in the children of Central
Australia,>* did not appear to provide protection
against serotype-1 IPD during the study period,
a finding consistent with other studies explor-
ing 23vPPV use in children.® It should be noted
however, across the three jurisdictions, that over
half of the 23vPPV vaccinated children received
the vaccine more than five years prior to disease
onset, a timeframe when 23vPPV protection is
generally assumed to wane.**”

The disease rates for those aged 15 years and
over were mostly similar across the 3 jurisdic-
tions. This may indicate that the NT policy of
routinely offering 23vPPV to all Indigenous
persons at 15 years of age provided some protec-
tion for younger adults, and a higher vaccination
coverage overall suppressed the severity of the
outbreak in the NT adult population. It may well
be that a higher proportion of the adult popula-
tion was vaccinated in NT than in WA and Qld;
however, accurate 23vPPV coverage estimates
are not available. According to vaccination
coverage estimates for Indigenous persons in
the NT, 34% aged 15-49 years and 42% aged 49
years and over had received a 23vPPV within
the previous 5 years in 2011.*® This is noticeably
higher than the estimates from the Australian
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Survey, 2012-2013, for pneumococcal vaccina-
tion in the preceding 5 years of 8% in WA, 11%
in North Qld and 19% in the NT.* This lack
of reliable 23vPPV coverage estimates for the
outbreak regions has precluded an assessment of
23vPPV effectiveness for this outbreak.

While Australia has comprehensive reporting of
childhood vaccination coverage,* reliable data
specific to 23vPPV uptake in older age groups
is lacking. With the recent transition of the
Australian Childhood Immunisation Register to
the Australian Immunisation Register, Australia
now has the capability to record all childhood
and adult vaccinations.* This should improve
assessment of adult vaccination coverage in the
future.

The established network of EIPDSWG members
enabled the early detection of this cross-juris-
dictional outbreak. Ongoing communications
within this group were helpful in monitoring
and considering appropriate outbreak manage-
ment strategies and in facilitating molecular
typing of isolates. Although IPD outbreaks are
uncommon, pre-established guidelines may
have assisted in the outbreak management. We
would recommend the inclusion of IPD in the
Australian Series of National Guidelines for pub-
lic health management to hasten the availability
and use of suitable vaccine strategies that could
be implemented consistently nationwide and
potentially decrease the duration and intensity
of future outbreaks.

Conclusion

The serotype-1 IPD outbreak in 2010-2013
primarily affected the Indigenous population
in Australia. Real-time inter-jurisdictional col-
laboration was useful in monitoring natural
progression of the outbreak and in guiding
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interventions. Serotype-1 containing pneumo-
coccal conjugate vaccines 10vPCV and 13vPCV
were protective against serotype-1 IPD in chil-
dren in this setting while the benefit of 23vPPV
was less clear. Having specific outbreak vaccine
recommendations and the capacity to apply
them, along with early surveillance and the
jurisdictional communication that occurred,
would assist management of such outbreaks in
the future.
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