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Abstract

Background: An outbreak of serotype 1 invasive pneumococcal disease (IPD) occurred in Central Australia from
October 2010 to the latter part of 2012. Surveillance of serotype 1 carriage was conducted to determine
epidemiological features of asymptomatic carriage that could potentially be driving the outbreak.

Methods: 130 patients and accompanying persons presenting at Alice Springs Hospital Emergency Department
consented to nasopharyngeal swab (NPS) collection. NPS were processed by standard methods, including culture,
pneumococcal lytA quantitative real-time PCR, serotype 1-specific real-time PCR and multi-locus sequence
typing (MLST).

Results: Pneumococcal carriage was detected in 16% of participants. Carriage was highest in the under 10 year
olds from remote communities surrounding Alice Springs (75%). Four NPS were positive for serotype 1 DNA by
PCR; 3 were also culture-positive for serotype 1 pneumococci. Serotype 1 isolates had atypical colony morphology
on primary culture. All serotype 1 carriers were healthy children 5 to 8 years of age from remote communities.
By MLST, serotype 1 isolates were ST306, as were IPD isolates associated with this outbreak.

Conclusions: During an outbreak of serotype 1 ST306 IPD, carriage of the outbreak strain was detected in 3% NPS
collected. All carriers were healthy children 5 to 8 years of age.
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Background
Pneumococcal (Streptococcus pneumoniae) disease is a
major contributor to morbidity and mortality worldwide
[1]. The WHO estimates that pneumococcal disease is
responsible for at least 1 million child deaths annually
[2]. Greater than 90% of these deaths occur in developing
countries where few children have access to pneumococcal
vaccines [3].
More than 90 different pneumococcal serotypes exhibit-

ing a wide range of epidemiological profiles have been
reported [4]. Pneumococcus serotype 1 is one of the
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seven most common serotypes globally that cause IPD
[3]. Serotype 1 is ranked among the top four serotypes
in Africa, Asia and Latin America, which experience
the highest IPD burden [3]. Serotype 1 is commonly as-
sociated with outbreaks of IPD and can cause severe
disease including meningitis, complicated pneumonia
and pulmonary empyema [5].
Certain serotypes are commonly found in the majority

of nasopharyngeal carriage isolates from children [4].
Serotype 1 is rarely found in asymptomatic nasopharyn-
geal (NP) carriage, even in areas of high serotype 1 IPD
[6,7]. This is believed to be a function of its low density
and brief duration in the nasopharynx. During epidemics
of serotype 1 IPD, the probability of detecting asymp-
tomatic carriage is increased, as demonstrated by reports
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from populations including Belgium [8] and Portugal
[9,10].
Young Indigenous children in remote communities in

Australia have pneumococcal carriage rates of approxi-
mately 80%, and high rates of IPD, pneumonia and otitis
media, related to endemic overcrowding [11]. In 2001,
a 7-valent pneumococcal conjugate vaccine (PCV7) was
included in the Northern Territory (NT) Childhood
Vaccination Schedule for Indigenous and high-risk non-
Indigenous infants as a 2, 4 and 6 month schedule with
23-valent pneumococcal polysaccharide vaccine (PPV23)
recommended as the booster dose for Indigenous children
at 18 months of age. PCV7 (2, 4, 6 months, with no
booster) was introduced nationally for all infants in 2005.
On 1st October 2009 the NT introduced 10-valent
pneumococcal Haemophilus influenzae protein D conju-
gate vaccine (PHiD-CV10), offering additional protection
against serotypes 1, 5 and 7F as a 2, 4, 6 and 18 month
schedule for all children. Since 1999, PPV23, which offers
protection against serotype 1, has been recommended
for Indigenous adults who are 15 years of age or older,
and in 2005 for all Australians 65 years of age or those
medically at risk [12-14].
In Australia there have been documented cases of

serotype 1 isolation from NP carriage samples [5,15,16].
During a serotype 1 IPD outbreak in 1991 in Central
Australia, serotype 1 upper respiratory tract carriage was
reported in 13 of 75 (17.3%) hospitalised children [15].
Serotype 1 NP carriage in Indigenous communities was
also reported in northern regions of the Northern Ter-
ritory in 1992–1993, 2002–2003, and 2005 [5,16].
These studies reported asymptomatic NP carriage of
serotype 1 in children; the cases were not associated
with serotype 1 IPD outbreaks. In the 2002 surveillance
study, serotype 1 was carried by 13% (21/158) children
under 11 years [5].
In November 2010, Alice Springs and surrounding

areas, known as Central Australia, serviced by the Alice
Springs Hospital, reported a 65% increase in IPD cases
compared to the previous year [17]. IPD cases were
primarily serotype 1 Sequence Type (ST) 306. The out-
break continued until the latter part of 2012. Through
the peak until end of 2011, there had been a total of 69
cases of serotype 1 ST306 IPD, with 84% of cases Indi-
genous, median age 10 years (range 3–61 years) [17]
and mean age 18 years (SD 16–21) (pers. Comm. H.
Cook). A further 18 cases were identified in 2012 [17].
The aim of this study was to identify the potential sero-
type 1 carriage reservoir in the region.

Methods
Population
This study was in response to a request for surveillance
of pneumococcal carriage in Central Australia during an
outbreak of IPD. Central Australia has a geographical
area of 830 000 square kilometres and a population of
over 46 000, with a population of 28 000 in the town of
Alice Springs. Alice Springs Hospital is the main hospital
for Central Australia. The target population in this study
was the residents of Central Australia.

Collection and participation criteria
During March 18–21, 2011, nasopharyngeal swabs (NPS)
were collected from consenting participants presenting
to or visiting the Alice Springs Hospital Emergency
Department. Those meeting the following criteria were
excluded: Triage 1 and 2 patients, (requiring urgent or
immediate care); apparently under the influence of
alcohol or other drugs; having special needs; in police
custody; and very recent arrivals (tourists) into Central
Australia. Signed informed consent was obtained for
collection of a single nasopharyngeal swab and for
access to individual pneumococcal vaccination data.
Consent included options for testing swabs for pneu-
mococcus alone, and/or laboratory storage for future eth-
ically approved studies of respiratory pathogens. Place of
residence and date of birth were also collected. The
Central Australian Human Research Ethics Committee
provided a waiver for this surveillance study as it was
in response to a disease outbreak requiring a timely
response.

Sample collection
Once consent was obtained, NPS were collected using
rayon tipped swabs on flexible aluminium shafts. The
quality of the sample was recorded as good (inserted
into the nasopharynx for 5 seconds), fair (inserted briefly
into the nasopharynx), poor (external nares) or sample
collected with the swab after nose blowing into a tissue
[18]. Nose blowing is not a standard sample collection
method but offers an alternative specimen collection for
children who refuse a nose swab and who have visible
nasal discharge [18]. Swabs were immediately placed
into 1ml of skim milk tryptone glucose glycerol broth
(STGGB) [19] and frozen on dry ice. After each day of
collection, frozen samples were transferred to a liquid
nitrogen vapour shipper for storage and transport within
6 days to a −80°C freezer at the Menzies School of
Health Research laboratory in Darwin NT, Australia.

Pneumococcal culture
Following WHO guidelines for the routine laboratory
culture of pneumococcus [19], 10 μl of the 1 ml NPS in
STGGB were cultured and grown to determine the pres-
ence of pneumococcus by colony morphology, optochin
susceptibility, the Phadebact© pneumococcus test and
positive Quellung omniserum reaction. At least two
presumptive pneumococcal colonies were selected for
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serotyping, including morphologically distinct colonies.
Pneumococcal serotyping of isolates was by Quellung
method [19]. Antibiotic susceptibility followed the cali-
brated dichotomous susceptibility (CDS) method for
oxacillin (1 μg), penicillin (0.5 μg), tetracycline (30 μg),
sulfamethoxazole/trimethoprim (25 μg), erythromycin
(5 μg), chloramphenicol (30 μg) and azithromycin (15 μg)
[20]. Isolates non-susceptible to penicillin or azithromycin
had minimum inhibitory concentration (MIC) determined
using E-tests (BioMerieux, France). Using the Clinical and
Laboratory Standards Institute (CLSI) guidelines, penicil-
lin breakpoints for intermediate resistance and resistance
were > 0.06 ― ≤ 2 μg/ml and >2 μg/ml respectively [21].
Azithromycin breakpoints for intermediate resistance
and resistance were > 0.25 - ≤ 0.5 μg/ml and > 0.5 μg/ml
respectively [21]. Presumptive non-capsular pneumococci
(NCSpn) were identified as optochin sensitive, Phade
bact© pneumococcus test negative, bile soluble and
Quellung Omni serum negative.
DNA extraction from NPS samples
DNA was extracted from 100 μl aliquots of each NPS
using a QIAamp 96 DNA blood kit (Qiagen, Germany)
following enzymatic lysis as described previously [22].
The DNA was used in both the probe-based quantitative
real-time PCR (qPCR) targeting lytA and the serotype 1
detection by real-time PCR as described below. For the
qPCR 2 μl of sample was used in each reaction and for
serotype 1 real-time PCR 1 μl of sample was used in
each reaction.
Pneumococcal detection and estimation of load by qPCR
Probe-based qPCR targeting lytA was used for detection
of pneumococcus and estimation of pneumococcal load
in NPS as previously described using forward (5′-TC
TTACGCAATCTAGCAGATGAAGC-3′) and reverse (5′-
GTTGTTTGGTTGGTTATTCGTGC-3′) primers and
probe (5′- [6-FAM]-TTTGCCGAAAACGCTTGATACA
GGG- [TAMRA]-3′), with product size of 101 bp [22,23].
All samples were run in duplicate in a Rotor-Gene 6000
real-time thermocycler (Corbett Research). Five pneumo-
coccal DNA standards (reference strain ATCC49619) from
9 to 90,000 genome copies per reaction were included
in each run along with multiple template controls of
common respiratory pathogens. The limit of detection
for this assay is 8.92 cells, equivalent to 4460 cells/ml.
Successful qPCR assays had a standard curve correl-
ation coefficient and efficiency of > 0.99 and > 0.86
respectively. All samples and standards were run in
duplicate and required to amplify within 0.5 cycles.
Any samples that did not fit the acceptability criteria
were re-tested up to two times before being rejected
and considered negative for pneumococcal DNA.
Serotype 1 detection real-time PCR
For detection of serotype 1 from NPS samples, serotype
1 primers described for multiplex PCR serotyping by Pai
et al. (2006), using forward (5′-CTCTATAGAATGGAG
TATATAAACTATGGTTA-3′) and reverse (5′-CCAAAG
AAAATACTAACATTATCACAATATTGGC-3′) primers,
with product size of 280 bp [24] were used in a SYBR-
based (Bioline, London) real-time PCR. For the positive
control a high concentration (8.92 × 104 copies/μl) and
low concentration (8.92 copies/μl) of pneumococcal sero-
type 1 DNA was used. Cycling conditions were as follows;
50°C 2 mins, 95°C 10 mins, 45 cycles of 94°C for 30 s, 54°C
for 30 s, 68°C for 60 s. A melt curve was generated for
each reaction and any curve that deviated from the
control melt curve was considered negative for serotype
1 DNA. Melt-curve analysis was done between 50-99°C,
with 1°C each step with weight of 90 s pre-melt condition-
ing on first step and 5 s wait for each step thereafter. Both
SYBR-based real-time and melt-curve analysis were done
in a Rotor-Gene 6000 real-time thermocycler (Corbett
Research).

Serotype 1 multilocus sequence typing (MLST)
A single serotype 1 isolate from each of the serotype 1 cul-
ture positive NPS was analysed by MLST using modified
primers as per Marsh et al. [21]. PCR products were
sequenced, using the forward and reverse primers from
each PCR (Macrogen, South Korea). Analysis of results
was done using DNA Star (DNA star, USA); final se-
quences were submitted to the MLST database (www.
mlst.net).

Statistical analysis
All results were entered and analysis of results was done
using STATA version 11.

Results
In total, 130 people consented to participate in the
study; approximately 40% of people approached refused
to participate. The age range of the participants was 1–
77 years (mean 37.2 years, SD ±20.5 years); 25% were 10
years of age and younger, 6% were 11–18 years of age,
and 69% were 19–77 years. Twenty-seven participants
were from 13 remote communities surrounding Alice
Springs and 103 were from Alice Springs.

Pneumococcal carriage
Twenty-one NPS (21/130, 16.2%) were positive by culture
for capsular pneumococci and nineteen NPS (19/130,
14.6%) were positive for pneumococcal lytA DNA. By
culture, carriage was highest (9/12, 75.0%) in the age
group of 10 years and younger from remote communi-
ties, compared with 47.6% (10/21) of children in Alice
Springs (Table 1). Pneumococcal carriage in the greater
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Table 1 Demographic information of participants in study by age and residence

Number in
study

Pneumococcus culture
positive (95% CI)

Pneumococcus PCR
positive (95% CI)

Pneumococcus serotype 1
culture positive (95% CI)

Pneumococcus serotype 1
PCR positive (95% CI)

Residence

Alice Springs 103/130 (79.2%) 10/103 (9.7%) (5, 17) 11/103 (10.7%) (5, 18) 0/103 (0.0%) 0/103 (0.0%)

Remote Communities 27/130 (20.8%) 11/27 (40.7%) (22, 61) 8/27 (29.6%) (14, 50) 3/27 (11.1%) (2, 29) 4/27 (14.8%) (4, 34)

Alice Springs

≤10years 21/103 (20.4%) 10/21 (47.6%) (26, 70) 10/21 (47.6%) (26, 70) 0/21 (0.0%) 0/21 (0.0%)

>10years 82/103 (79.6%) 0/82 (0.0%) 1/82 (1.2%) (0.03, 7) 0/82 (0.0%) 0/82 (0.0%)

Remote
Communities

≤10years 12/27 (44.4%) 9/12 (75.0%) (43, 95) 8/12 (66.7%) (18,62) 3/12 (25.0%) (5, 57) 4/12 (33.3%) (10, 65)

>10years 15/27 (55.6%) 2/15 (13.3%) (2, 40) 0/15 (0.0%) (0, 22) 0/15 (0.0%) 0/15 (0.0%)

Data also include number of participants positive for pneumococcus by both culture and molecular methods.
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than 10 years age group was 0% (0/82) for Alice Springs
residents, and 13.3% (2/15) for residents of remote
communities.

Pneumococcus serotype 1 carriage
Three samples were culture positive for serotype 1, with
high semi-quantitative counts. In these samples, there
was no detection of co-carriage with other serotypes
following selection of two colonies and any that were
morphologically distinct. On culture, serotype 1 isolates
had an atypical morphology in that they were small and
dry or large, crenelated and dry.
DNA extracts from all samples were screened for the

presence of pneumococcus serotype 1 DNA. The three
samples positive by culture for serotype 1 were also
positive by PCR, and a further serotype 1 DNA positive
sample. This sample was culture positive for 10A but
not for serotype 1 despite screening 100 colonies on the
plate using the Quellung reaction. All serotype 1 PCR
positive samples were from children 5 to 8 years of age
from three remote communities in Central Australia.
MLST analysis was undertaken on serotype 1 isolates

acquired by microbiological culture from the three cul-
ture-positive children. The isolates had the same allelic
profile by MLST, corresponding to sequence type (ST) 306.

Pneumococcal conjugate vaccination status
Of the 130 participants sampled, there were 33 children
who were 10 years or younger. Twenty-one children 10
years and younger had received a primary course of
PCV7, with 16 of those also receiving a booster of PPV23.
Four children had received a primary course of PHiD-CV
and 8 children received a combination of PCV7 and
PHiD-CV for their primary course. Two children did
not provide consent or the data were missing. Of the
four children positive for serotype 1 carriage, one did
not provide consent to access their immunisation re-
cords, one had missing immunisation records and two
had received a primary course of PCV7 with a PPV23
booster. The two adults positive for pneumococcal car-
riage both had received two doses of PPV23.

Pneumococcal serotype, antimicrobial resistance,
and load
Fifteen different serotypes of capsular pneumococci were
identified from the 21 pneumococcus positive swabs
(Figure 1). Multiple serotype carriage was observed in 1
swab, which had serotypes 15C and 35B.
Penicillin intermediate resistance and azithromycin

resistance was detected in 7 of 22 (31.8%; serotypes
16F, 19A, 19F, 31) and 5 of 22 (22.7%; serotypes 16F,
17F, 19A, 22F, 31) isolates respectively. Serotype 1 isolates
were susceptible to both antibiotics.
qPCR failed to detect 4 culture-positive swabs, while

culture failed to detect 2 PCR-positive swabs. The sero-
types that were detected by culture in these PCR-negative
samples were 6C, 19A, 33A and 33F. The range of
pneumococcal DNA concentration in the NPS samples
detected by qPCR was 1.51x103 to 7.15x106 cells/ml.

Non-capsular pneumococci (NCSpn)
Eight samples were positive by culture for NCSpn (6.1%),
and co-carriage with capsular pneumococci was detected
in 5 samples (serotypes 6C, 16F, 19F, 23B and 31). Seven
of 8 NCSpn were non-susceptible to penicillin; six
displayed intermediate resistance and one was resistant.
Seven of eight NCSpn were resistant to azithromycin.

Discussion
Pneumococcal carriage was detected in 16% (21/130)
participants. Serotype 1 carriage was detected in four of
33 participants (12%) under the age of 10 years; three by
culture and a fourth by real-time PCR. Overall pneumo-
coccal carriage rates were also highest in this age group
(19/33; 58%). Children from remote communities had
the highest carriage at 75% (9/12). Of interest, all serotype



Figure 1 Distribution of pneumococcal serotypes detected in culture, by age group; <10years and ≥10years. PCV7 has serotypes 4, 6B,
9V, 14, 18C, 19F, and 23F (covers 4.8% positive swabs), PHiD-CV also has serotypes 1,5, 7F (covers 19.1% positive swabs), PCV13 also has serotypes
3, 6A, 19A, (covers 33.3% of positive swabs) and PPV23 has serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20,
22F, 23F and 33F (covers 52.4% of swabs).
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1 carriers were healthy children 5 to 8 years of age from
remote communities. The three samples with culture-
confirmed serotype 1 had high semi-quantitative counts
and no co-colonisation with other serotypes detected.
Serotype 1 is included in the 10-valent pneumococcal

conjugate vaccine, PHiD-CV, but not in PCV7. All
participants who received at least one dose of PHiD-CV,
had no serotype 1 carriage. Among the four participants
positive for serotype 1, two had either missing immunisa-
tion records or no consent to access their records and the
other two had received a full course of PCV7 with a
booster of PPV23.
All serotype 1 isolates were both penicillin and azithro-

mycin susceptible, whereas isolates of serotypes 16F, 17F,
19A, 19F, 22F, 31, and NCSpn displayed resistance to one
or both of these antibiotics. All serotype 1 isolates from
culture-positive samples were MLST ST306. IPD isolates
associated with this outbreak were also ST306 [17]. This
ST has been reported throughout Europe [6], from sterile
and non-sterile sites.
The serotype 1 isolates detected in primary culture,

and after our routine method of freezing in STGGB for
transport and storage, had an atypical morphology.
Serotype 1 isolates were small and dry or large, crenelated
and dry, even though they were grown in a humid 37°C
CO2 incubator. Upon passage, the colony morphology
changed to a smooth, typical pneumococcal morphology.
Serotype 1 is reported to be rarely detected in carriage,
even in areas of high serotype 1 IPD [6,7]. This is primarily
believed to be due to low density and short duration of
colonisation [4]; however atypical morphology may lead
to missed observations of carriage, and our finding fur-
ther emphasises the importance of considering atypical
pneumococcal colony morphologies in pneumococcal
carriage studies.
In previous studies investigating serotype 1 carriage,

there was limited documentation of co-colonisation with
other serotypes; a single study reported 34% simultaneous
colonisation with other pneumococcal serotypes [5]. In
the current study, co-colonisation was not detected by
selecting two colonies per culture plate and any that
were morphologically distinct. The three NPS serotype
1 positive samples had three colonies each identified as
serotype 1; however one of the serotype 1 DNA positive
samples was positive in culture for serotype 10A. It is
uncertain whether serotype 1 has a propensity to colonise
with certain serotypes due to the limited data we have
and also from the scarce literature available.
In this study there were more pneumococcal culture

positive samples than pneumococcal qPCR positive sam-
ples. This discrepancy may be due to the lower limit of
detection of culture (100 cells/ml) compared with qPCR
(4460 cells/ml). We previously reported a higher sensitiv-
ity for PCR (likely due to detection of metabolically
inactive cells), despite the disparity in limit of detection
[22]. However, this was in high density carriage populations.
In low density carriage populations the disparity in limit
of detection may become more pronounced.
A limitation of this study was the low number of partici-

pants and the restriction to a single hospital emergency
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department. Despite this limitation our results were
consistent with the age of past serotype 1 colonisation
in this population, where serotype 1 colonisation was
detected in children 12 years of age and younger [5,15].
A larger prevalence study including remote communities
in the region may have allowed more definitive conclu-
sions on the age of risk of colonisation with serotype 1,
and improve data on the pneumococcal serotype distri-
bution in this population. Longitudinal sampling would
have provided a more comprehensive picture of the
epidemiology of serotype 1 carriage during the out-
break, including the movement of serotype 1 through
the communities.

Conclusions
Nasopharyngeal swabbing during a Central Australia out-
break of serotype 1 IPD (mean age 18 years) identified
asymptomatic carriers of serotype 1 as children under
the age of 10 years living in remote communities. Serotype
1 carriage was not detected in PHiD-CV vaccinated partic-
ipants. Serotype 1 isolates had atypical colony morphology
on primary culture, which could result in missed identifi-
cation. Because newer formulations of pneumococcal
vaccines include serotype 1, populations that have received
them may have a lower prevalence of asymptomatic
carriage of pneumococcus serotype 1, resulting in a
lower a lower incidence of serotype 1 IPD. It would be
useful to conduct more extensive carriage studies to
further understand the population biology of pneumo-
coccus, which may be able to inform outbreak control
strategies.

Abbreviations
IPD: Invasive pneumococcal disease; NPS: Nasopharyngeal swab; MLST:
Multi-locus sequence typing; NPS: Nasopharyngeal swabs; ST: Sequence type;
PCV7: 7-valent pneumococcal conjugate vaccine; 23vPPV: 23-valent
pneumococcal polysaccharide vaccine; STGGB: Skim milk tryptone glucose
glycerol broth; MIC: Minimum inhibitory concentration; qPCR: quantitative
real-time PCR; NCSpn: Non-capsular S. pneumoniae; DNA: Deoxyribose nucleic
acid; WHO: World Health Organisation; SD: Standard deviation; PCR: Polymerase
chain reaction; NT: Northern Territory of Australia; PHiD-CV10: 10-valent
pneumococcal Haemophilus influenzae protein D conjugate vaccine.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
Conception of study by AJL, HSV, HC, VK, TWY. AJL, HSV, JL study design.
HSV, JL, TWY, JB, SG collection of samples. HS processed IPD samples and
provided data for IPD isolates. All authors contributed to manuscript
production. All authors read and approved the final manuscript.

Authors’ information
A J Leach and H Smith-Vaughan equal authorship.

Acknowledgements
The study was supported by the NHMRC Australia (Project grant 545232).
HSV is supported by NHMRC Career Development Fellowship 1024175; AJL is
supported by NHMRC Elizabeth Blackburn Research Fellowship 1020561.
We acknowledge use of the pneumococcal MLST database, located at
Imperial College London, funded by the Wellcome Trust.
We would like to thank all those who participated in the study, the staff of
the Alice Springs Emergency Department, and the ED Security Staff for their
support. We thank Peter Markey from CDC for assistance in the development
of this project. Ross Andrews and Beth Temple for advice on study design.
Gabrielle McCallum, for her assistance in preparation of the information
sheet and forms used in the study. The Child Health Laboratory Team at
Menzies School of Health Research, in particular, Peter Christensen for
laboratory supports.
We would also like to thank the reviewers of the manuscript who spent
much of their own time providing much input and ultimately improving the
writing of this manuscript.

Author details
1Menzies School of Health Research, Charles Darwin University, Darwin, NT,
Australia. 2Department of Health, Centre for Disease Control, Darwin, NT, Australia.
3Flinders University Northern Territory Clinical School, Adelaide, NT, Australia. 4Alice
Springs Hospital Emergency Department, Alice Springs, NT, Australia. 5Forensic &
Scientific Services, Queensland Health, Brisbane, QLD, Australia.

Received: 1 January 2013 Accepted: 15 August 2013
Published: 3 September 2013
References
1. Prato R, Tafuri S, Fortunato F, Martinelli D: Why it is still important that

countries know the burden of pneumococcal disease. Landes Biosci 2010,
6(11):918–921.

2. WHO: Immunization, vaccines and biologicals; 2012. [cited 2012 18/04/12];
Available from: http://www.who.int/vaccines/en/pneumococcus.shtml.

3. Johnson HL, Deloria-Knoll M, Levine OS, Stoszek SK, Freimanis Hance L,
Reithinger R, Muenz LR, O’Brien KL: Systematic evaluation of serotypes
causing invasive pneumococcal disease among children under five: the
pneumococcal global serotype project. PLoS Med 2010, 7(10):e1000348.

4. Hausdorff WP, Feikin DR, Klugman KP: Epidemiological differences among
pneumococcal serotypes. Lancet Infect Dis 2005, 5(2):83–93.

5. Smith-Vaughan H, Marsh R, Mackenzie G, Fisher J, Morris PS, Hare K,
McCallum G, Binks M, Murphy D, Lum G, Cook H, Krause V, Jacups S, Leach
AJ: Age-specific cluster of cases of serotype 1 streptococcus pneumoniae
carriage in remote indigenous communities in Australia. Clin Vaccine
Immunol 2009, 16(2):218–221.

6. Brueggemann AB, Spratt BG: Geographic distribution and clonal diversity
of streptococcus pneumoniae serotype 1 isolates. J Clin Microbiol 2003,
41(11):4966–4970.

7. Ritchie ND, Mitchell TJ, Evans TJ: What is different about serotype 1
pneumococci? Future Microbiol 2011, 7(1):33–46. 2012/01/01.

8. Jourdain S, Dreze PA, Verhaegen J, van Melderen L, Smeesters PR:
Carriage-associated streptococcus pneumoniae serotype 1 in Brussels,
Belgium. Pediatr Infect Dis J 2013, 32(1):86–87.

9. Nunes S, Sa-Leao R, Pereira LC, de Lencastre H: Emergence of a serotype 1
streptococcus pneumoniae lineage colonising healthy children in
Portugal in the seven-valent conjugate vaccine era. Clin Micro Infect Dis
2008, 14(1):82–96.

10. Sa-Leao R, Pinto F, Aguiar S, Nunes S, Carrico JA, Frazao N, Goncalves-
Sousa N, Melo-Cristino J, de Lencastre H, Ramirez M: Analysis of
invasiveness of pneumococcal serotypes and clones circulating in
Portugal before widespread use of conjugate vaccines reveals
heterogenous behaviour of clones expressing the same serotype.
J Clin Micro 2011, 49(4):1369–1375.

11. Leach AJ, Morris PS, McCallum GB, Wilson CA, Stubbs L, Beissbarth J, Jacups
S, Hare K, Smith-Vaughan HC: Emerging pneumococcal carriage serotypes
in a high-risk population receiving universal 7-valent pneumococal
conjugate vaccine and 23-valent polysaccharide vaccine since 2001.
BMC Infect Dis 2009, 9:121.

12. Health NDo: Adult and special groups vacination schedule. Darwin: Northern
Territory Government; 2012.

13. Government NT: Childhood vaccination schedule. Northern Territory2011
[cited 2012 18/04/2012]; Available from: http://www.health.nt.gov.au/library/
scripts/objectifyMedia.aspx?file=pdf/10/78.pdf&siteID=1&str_title=Childhood.

14. Australian Government: National health and medical research council, The
Australian Immunisation Handbook. 10th edition. Canberra, ACT, Australia:
Department of Health and Ageing; 2013:317–319.

http://www.who.int/vaccines/en/pneumococcus.shtml
http://www.health.nt.gov.au/library/scripts/objectifyMedia.aspx?file=pdf/10/78.pdf&siteID=1&str_title=Childhood
http://www.health.nt.gov.au/library/scripts/objectifyMedia.aspx?file=pdf/10/78.pdf&siteID=1&str_title=Childhood


Lai et al. BMC Infectious Diseases 2013, 13:409 Page 7 of 7
http://www.biomedcentral.com/1471-2334/13/409
15. Gratten M, Morey F, Dixon J, Manning K, Torzillo P, Matters R, Erlich J, Hanna
J, Asche V, Riley I: An outbreak of serotype 1 streptococcus pneumoniae
infection in central Australia. Med J Aust 1993, 158(5):340–342.

16. Mackenzie G, Leach A, Carapetis J, Fisher J, Morris P: Epidemiology of
nasopharyngeal carriage of respiratory bacterial pathogens in children
and adults: cross-sectional surveys in a population with high rates of
pneumococcal disease. BMC Infect Dis 2010, 10(1):304.

17. Cook H, Markey P, O’Hare S, Smith HV, Tindall H, Yip T-W, Krause V: A
lengthy widespread outbreak of serotype-1 invasive pneumococcal disease
shows protection with the 10-valent conjugate vaccine and increased
pneumonia complications. SPPD8; 2012 11–15 March; Iguacu Falls, Brazil
(Available from http://www2.kenes.com/ISPPD/Scientific/Documents/
FinalAbstractbook.pdf), pg 190).

18. Leach AJ, Stubbs E, Hare K, Beissbarth J, Morris PS: Comparison of nasal
swabs with nose blowing for community –based pneumococcal
surveillance of healthy children. J Clin Micro 2008, 46(6):2081–2082.

19. O’Brien KL, Nohynek H, Group TWPVTCW: Report from a WHO working
group: standard method for detecting upper respiratory carriage of
Streptococcus pneumoniae. Pediatr Infect Dis J 2003, 22(2):133–140.

20. Bell SM: The CDS disc method of antibiotic sensitivity testing (calibrated
dichotomous sensitivity test). Pathology 1975, 7(4):1–48.

21. Marsh R, Smith-Vaughan H, Hare KM, Binks M, Kong F, Warning J, Gilbert GL,
Morris P, Leach AJ: The nonserotypeable pneumococcus: phenotypic
dynamics in the era of anticapsular vaccines. J Clin Microbiol 2010,
48(3):831–835.

22. Smith-Vaughan H, Byun R, Nadkarni M, Jacques N, Hunter N, Halpin S,
Morris P, Leach A: Mea suring nasal bacterial load and its association with
otitis media. BMC Ear Nose Throat Disord 2006, 6(1):10.

23. Lai JYR, Binks MJ, Kaestli M, Leach A, Smith-Vaughan HC: Potential use of
quantitative real-time PCR for pneumonia diagnostics in a high carriage
population. Pneumonia 2012, 1:7–10.

24. Pai R, Gertz RE, Beall B: Sequential multiplex PCR approach for
determining capsular serotypes of streptococcus pneumoniae isolates.
J Clin Microbiol 2006, 44(1):124–131.

doi:10.1186/1471-2334-13-409
Cite this article as: Lai et al.: Surveillance of pneumococcal serotype 1
carriage during an outbreak of serotype 1 invasive pneumococcal
disease in central Australia 2010–2012. BMC Infectious Diseases
2013 13:409.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www2.kenes.com/ISPPD/Scientific/Documents/FinalAbstractbook.pdf
http://www2.kenes.com/ISPPD/Scientific/Documents/FinalAbstractbook.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Population
	Collection and participation criteria
	Sample collection
	Pneumococcal culture
	DNA extraction from NPS samples
	Pneumococcal detection and estimation of load by qPCR
	Serotype 1 detection real-time PCR
	Serotype 1 multilocus sequence typing (MLST)
	Statistical analysis

	Results
	Pneumococcal carriage
	Pneumococcus serotype 1 carriage
	Pneumococcal conjugate vaccination status
	Pneumococcal serotype, antimicrobial resistance, and load
	Non-capsular pneumococci (NCSpn)

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


