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[bookmark: _Toc159409847]METHODS
[bookmark: _Toc159409848]Study Population
Consecutive adults admitted to two large university hospitals with suspected community-acquired pneumonia (CAP) between September 2016 and July 2018, were screened for study eligibility each weekday and reviewed within 48 hours of admission by the study team. Eligibility for inclusion in the study was defined as patients aged ≥16 years presenting with ≥1 symptoms associated with a lower respiratory tract infection (cough, increasing dyspnoea, sputum production and/or fever), with acute abnormalities consistent with infection on a chest radiograph taken within 48 hours of admission, and treated as CAP. Exclusion criteria were hospitalisation within ten days of the index admission, or diagnosis of post-obstructive pneumonia secondary to lung cancer. 
[bookmark: _Toc159409849]Data collection
For patients lacking capacity, proxy consent was sought from their personal representative. A standard proforma was used to collect demographic and clinical information through direct questioning of the patient or their representative, medical notes review, and electronic data resources for imaging, biochemistry and microbiology results.  Readmission and mortality data were collected from electronic resources up to 30 days following discharge.
[bookmark: _Toc159409850]Microbiological Methods
Nasopharyngeal swabs were collected using a FLOQSwab© (Copan Diagnostics) and submerging in STGG broth (UKHSA Media Department).[endnoteRef:1] Oral fluid was obtained using an Oracol© collection device (Malvern Medical Developments) with addition of 0.5ml 20% glycerol under sterile conditions.  The Binax-NOW® (Alere, Stockport, UK) assay for pneumococcal C-polysaccharide urinary antigen detection (UAD) was performed at the local microbiology laboratory. Additional urine samples were obtained within 48 hours of admission for pneumococcal serotype-specific urinary antigen testing. Nasopharyngeal swabs, oral fluid and urine aliquots were stored locally at -70oC and transferred for batch testing to the Respiratory and Vaccine Preventable Bacteria Reference Unit, UK Health Security Agency (formerly Public Health England).  [1:  O’Brien KL, Bronsdon MA, Dagan R, Yagupsky P, Janco J, Elliott J et al. Evaluation of a Medium (STGG) for Transport and Optimal Recovery of Streptococcus pneumoniae from Nasopharyngeal Secretions Collected during Field Studies. J Clin Microbiol. 2001 Mar;39(3):1021-4. doi: 10.1128/JCM.39.3.1021-1024.2001] 

Nasopharyngeal swabs and oral fluid were cultured on Columbia blood agar and Streptococcus-selective blood agar (COBA). S. pneumoniae colonies identified from cultures of the nasopharyngeal swabs were serotyped by a combination of phenotypic methods and whole genome sequencing (WGS) as previously described.[endnoteRef:2] For culture-enrichment of pneumococci from the nasopharyngeal swabs and oral fluid, all microbial growth was harvested from the COBA plates and suspended in sterile saline solution. DNA was extracted directly from STGG broth and oral fluid and from the culture enriched suspensions and semi-quantitative duplex real-time PCR targeting the lytA and piaB genes used to detect the presence of S pneumoniae. Singleplex piaB or lytA PCR was used to confirm samples that were not positive for both targets with the duplex assay. All PCRs were performed at least in duplicate. Both direct and culture enriched DNA extracts obtained from nasopharyngeal samples underwent PCR, whereas only culture-enriched oral fluid samples were used due to the high background noise and reduced specificity in the DNA extracts obtained directly from oral fluid. Samples were classified as ‘undetermined’ if the target DNA was not detected, ‘positive’ if the DNA target was detected reproducibly, and ‘indeterminate’ if the target was detected <50% of the time and with a cycle threshold (Ct) value >35. Samples which were positive or indeterminate for  lytA and/or piaB were subjected to semi-quantitative serotype/serogroup-specific triplexed real-time PCRs using 33 sets of primers and probes targeting serotypes 1, 2, 3, 4, 5, 6A/6B/6C/6D, 6C/6D, 7C, 7F/7A, 8, 9N/9L, 9V/9A, 10A, 11A/11D, 12F/12A/12B/44/46, 14, 15A/15B/15C/15F, 15A/15F, 16F, 17F, 18C/18F/18B/18A, 19A, 19F, 20, 22F/22A, 23A, 23B, 23F, 24A/24B/24F, 31, 33F/33A/37, 35B and 35F/47F. (supplementary information table). S pneumoniae was presumed to be present in the sample when both lytA and piaB gene targets were detected or if three different PCR targets were detected when lytA and/or piaB targets were indeterminate. If the piaB Ct was >35, S pneumoniae detection was classified as ‘late’. Samples were classified as ‘lytA’ or ‘piaB’ positive only, and hence the presence of pneumococci could not be confirmed if only the lytA or piaB target was detected ≥50% of the time. As serotype-specific Cts should be concordant with piaB and lytA Cts, a cut-off threshold was set so that serotype results that were >3 Cts below the piaB Ct were not accepted. The exception to this was if the same serotype was isolated and serotyped from the nasopharyngeal sample of the same patient by WGS or when the lytA Ct matched the serotype Ct and the same serotype was detected in at least one other sample type, in which case the cut-off threshold was increased to >5 Cts  below that of the piaB Ct.  [2:  Southern J, Andrews N, Sandu P, et al. Pneumococcal carriage in children and their household contacts six years after introduction of the 13-valent pneumococcal conjugate vaccine in England. PloS One 2018;13(5):e0195799] 

Urine aliquots underwent pneumococcal detection and serotyping using a validated multiplex immunoassay (Bio-Plex24). The Bio-Plex24 assay uses  human monoclonal antibodies (mAbs) to detect the pneumococcal serotypes 1, 2, 3, 4, 5,  6A, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, 33F and pneumococcal cell-wall polysaccharide.[endnoteRef:3] As 16 of the mAbs used in the Bio-Plex24 assay exhibit a degree of cross-reactivity with non-targeted pneumococcal serotypes, a checkerboard system was used to interpret results and allow identification. Where alternative serotypes were reported, the final serotype designation was based upon the predominant serotype observed in national IPD surveillance data for the corresponding time-period using a probabilistic approach.  [3:  Eletu SD, Sheppard CL, Rose S, et al. Re-validation and update of an extended-specificity multiplex assay for detection of Streptococcus pneumoniae capsular serotype/serogroup-specific antigen and cell-wall polysaccharide in urine specimens. Access Microbiol 2020;2(3):acmi000094.] 

[bookmark: _Toc159409851]PCR METHODS

All PCRs were amplified using the Applied Biosystems 7500 Fast or the QuantStudio 7 Flex real-time PCR systems (Applied Biosystems) and analysed using the Applied Biosystems 7500 Software v2.3 or QuantStudio™ Real-Time PCR Software (Applied Biosystems).

lytA/piaB duplex PCR method

	Reagent
	Initial Conc.
	Volumes per Rxn (µl)

	TaqMan™ Fast Advanced Master Mix (Thermo Fisher Scientific)
	n/a
	10

	PCR grade H2O (Thermo Fisher Scientific)
	n/a
	6.55

	lytA Primer F+ R
	10 µM
	0.4

	piaB Primer F+ R
	10 µM
	0.3

	lytA Probe
	10 µM
	0.4

	piaB Probe
	10 µM
	0.35

	Template DNA
	 n/a
	2.0

	Total
	n/a
	20.0



Cycling conditions:
50°C for 2 minutes, 95°C  for 20 seconds, followed by 40 cycles of 95°C  for 3 seconds and 60°C  for 30 seconds.


lytA PCR method

	Reagent
	Initial Conc.
	Volumes per Rxn (µl)

	Invitrogen-Platinum Quantitative PCR SuperMix-UDG (Thermo Fisher Scientific)
	n/a
	12.5

	PCR grade H2O (Thermo Fisher Scientific)
	n/a
	8

	MgCl2 (Thermo Fisher Scientific)
	50 mM
	0.5

	ROX Reference Dye (Thermo Fisher Scientific) - pre-diluted 1:10
	n/a
	0.5

	lytA Primer F+ R
	10 µM
	0.5

	lytA Probe
	10 µM
	0.5

	Template DNA
	 n/a
	2.5

	Total
	n/a
	25



Cycling conditions:
50°C for 2 minutes, 95°C  for 10 minutes, followed by 40 cycles of 95°C  for 15 seconds and 60°C  for 1 minute.


piaB PCR method

	Reagent
	Initial Conc.
	Volumes per Rxn (µl)

	Invitrogen-Platinum Quantitative PCR SuperMix-UDG (Thermo Fisher Scientific)
	n/a
	12.5

	PCR grade H2O (Thermo Fisher Scientific)
	n/a
	7.1875

	MgCl2 (Thermo Fisher Scientific)
	50 mM
	1.5

	ROX Reference Dye (Thermo Fisher Scientific) - pre-diluted 1:10
	n/a
	0.5

	piaB Primer F+ R
	10 µM
	0.375

	piaB Probe 
	10 µM
	0.4375

	Template DNA
	n/a 
	2.5

	Total
	n/a
	25



Cycling conditions:
50°C for 2 minutes, 95°C  for 10 minutes, followed by 40 cycles of 95°C  for 15 seconds and 60°C  for 1 minute.









Sequential triplex serotyping PCR method for each triplex PCR round

	Reagent
	Initial Conc.
	Volumes per Rxn (µl)

	PCR grade H2O (Thermo Fisher Scientific)
	n/a
	0.5

	Invitrogen-Platinum Quantitative PCR SuperMix-UDG (Thermo Fisher Scientific)
	n/a
	12.5

	MgCl2  (Thermo Fisher Scientific)
	50mM
	1.5

	ROX Reference Dye (Thermo Fisher Scientific) - pre-diluted 1:10
	n/a
	0.5

	Primer mix (See primer/probe mix table)
	10µM
	2.5

	Probe mix (See primer/probe mix table)
	10µM
	2.5

	Template DNA
	n/a
	5

	Total
	n/a
	25



Cycling conditions:
50°C for 2 minutes, 95°C  for 10 minutes, followed by 40 cycles of 95°C  for 15 seconds and 60°C  for 1 minute.


Primer/Probe Mix Table
Table of the volumes of the primers and probes added to each primer and probe mix for the PCR rounds (1 to 11) using 10 µM working stocks.
	PCR Round
	Target serotype oligonucleotide 
	Primer mix
	Probe mix

	
	
	Volume of 10 µM forward and reverse primer stock/reaction (µl)
	Volume of 10 µM probe stock/reaction (µl)

	Round 1
	3
	0.75
	0.5

	
	19A
	0.5
	0.25

	
	7F/7A
	0.5
	0.25

	
	Water
	0.75
	1.5

	Round 2
	12F/12A/12B/44/46
	0.75
	0.5

	
	6C/6D
	0.5
	0.25

	
	22F/22A
	0.5
	0.5

	
	Water
	0.75
	1.25

	Round 3
	15A/15F
	0.5
	0.25

	
	33F/33A/37
	0.5
	0.5

	
	23A
	0.5
	0.25

	
	Water
	1
	1.5

	Round 4
	11A/11D
	0.75
	0.25

	
	16F
	0.75
	0.25

	
	1
	0.75
	0.25

	
	Water
	0.25
	1.75

	Round 5
	6A/6B/6C/6D
	0.5
	0.5

	
	4
	0.75
	0.25

	
	9V/9A
	0.75
	0.25

	
	Water
	0.5
	1.5

	Round 6
	19F
	0.75
	0.25

	
	14
	0.75
	0.25

	
	18C/18F/18B//18A
	0.5
	0.25

	
	Water
	0.5
	1.75

	Round 7
	23F
	0.75
	0.5

	
	5
	0.75
	0.5

	
	2
	0.75
	0.5

	
	Water
	0.25
	1

	Round 8
	8
	0.75
	0.75

	
	9N/9L
	0.75
	0.375

	
	10A
	0.75
	0.375

	
	Water
	0.25
	1

	Round 9
	15A/15B/15C/15F
	0.75
	0.375

	
	23B
	0.75
	0.375

	
	35F/47F
	0.75
	0.375

	
	Water
	0.25
	1.375

	Round 10
	35B
	0.75
	0.375

	
	17F
	0.75
	0.375

	
	7C
	0.75
	0.5

	
	Water
	0.25
	1.25

	Round 11
	31
	0.75
	0.375

	
	24 (24A/24B/24F)
	0.75
	0.5

	
	20
	0.75
	0.375

	
	Water
	0.25
	1.25




	[bookmark: _Toc159409852]lytA and piaB duplex PCR primers and probes
	
	

	
	
	
	
	
	

	Primer/Probe ID
	Sequence (5'-3')
	Modification
	Reference

	
	
	5'
	3'
	Internal
	

	lytA-F
	ACGCAATCTAGCAGATGAAGCA
	 
	 
	 
	Carvalho, Mda G. et al 2007. J Clin Microbiol. 45:2460-6*[endnoteRef:4] [4:  Carvalho Mda G, Tondella ML, McCaustland K, Weidlich L, McGee L, Mayer LW, Steigerwalt A, Whaley M, Facklam RR, Fields B, Carlone G, Ades EW, Dagan R, Sampson JS. Evaluation and improvement of real-time PCR assays targeting lytA, ply, and psaA genes for detection of pneumococcal DNA. J Clin Microbiol. 2007 Aug;45(8):2460-6. doi: 10.1128/JCM.02498-06. Epub 2007 May 30. PMID: 17537936; PMCID: PMC1951257.] 


	lytA-R
	TCGTGCGTTTTAATTCCAGCT
	 
	 
	 
	

	lytA_Probe
	TGCCGAAAACGC"T"TGATACAGGGAG 
	6-FAM
	SpC6
	BHQ1-dT
	

	
	                      “T” = BHQ1-dT
	
	
	
	

	piaB-F 
	CATTGGTGGCTTAGTAAGTGCAA
	 
	 
	n/a
	Trzciński, K et al. (2013). PLoS One 8 (3): e60520[endnoteRef:5] [5:  Trzciński K, Bogaert D, Wyllie A, Chu ML, van der Ende A, Bruin JP, van den Dobbelsteen G, Veenhoven RH, Sanders EA. Superiority of trans-oral over trans-nasal sampling in detecting Streptococcus pneumoniae colonization in adults. PLoS One. 2013;8(3):e60520. doi: 10.1371/journal.pone.0060520. ] 


	piaB-R 
	TACTAACACAAGTTCCTGATAAGGCAAGT
	 
	 
	n/a
	

	piaB-Probe 
	TGTAAGCGGAAAAGCAGGCCTTACCC 
	JOE
	BHQ-1
	n/a
	

	
	
	
	
	
	

	
	
	
	
	
	

	[bookmark: _Toc159409853]lytA singleplex PCR primers and probes
	
	

	
	
	
	
	
	

	Primer/Probe ID
	Sequence (5'-3')
	Modification
	Reference

	
	
	5'
	3'
	Internal
	

	lytA-F
	ACGCAATCTAGCAGATGAAGCA
	 
	 
	 
	Carvalho, Mda G. et al 2007. J Clin Microbiol. 45:2460-6*iv

	lytA-R
	TCGTGCGTTTTAATTCCAGCT
	 
	 
	 
	

	lytA_Probe
	TGCCGAAAACGC"T"TGATACAGGGAG 
	6-FAM
	SpC6
	BHQ1-dT
	

	
	                      “T” = BHQ1-dT
	
	
	
	

	
	
	
	
	
	

	


	
	
	
	
	

	[bookmark: _Toc159409854]piaB singleplex PCR primers and probes
	
	

	
	
	
	
	
	

	Primer/Probe ID
	Sequence (5'-3')
	Modification
	Reference

	
	
	5'
	3'
	Internal
	

	piaB-F 
	CATTGGTGGCTTAGTAAGTGCAA
	 
	 
	n/a
	Trzciński, K et al. (2013). PLoS One 8 (3): e60520v

	piaB-R 
	TACTAACACAAGTTCCTGATAAGGCAAGT
	 
	 
	n/a
	

	piaB-Probe 
	TGTAAGCGGAAAAGCAGGCCTTACCC 
	6-FAM
	BHQ-1
	n/a
	

	
	
	
	
	
	

	
	
	
	
	
	

	Abbreviations: 
	
	
	
	
	

	6-FAM= (6-carboxyfluorescein)
	
	
	
	

	JOE, 6-carboxy-4',5'-dichloro-2',7'-dimethoxyfluoresceine
	
	
	
	

	SpC6= Spacer C6 phosphoramidite
	
	
	
	

	BHQ= black hole quencher. 
	
	
	
	

	(NB. "T" indicates the position of BHQ1-dT which is a Black Hole Quencher 1 placed internally on a thymidine base).

	
	
	
	
	
	

	*NB: The lytA probe sequence was used was the modified sequence as listed on the CDC StrepLab website (https://www.cdc.gov/streplab/pneumococcus/resources.html)



[bookmark: _Toc159409855]Serotyping PCR oligonucleotides
	Primer/Probe ID
	Sequence (5'-3')
	Modification
	Reference

	
	
	5'
	3'
	Internal
	

	1-F
	TTTCATCCCTATGTGTGGTATAG
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52.[endnoteRef:6] [6:  Pimenta FC, Roundtree A, Soysal A, Bakir M, du Plessis M, Wolter N, von Gottberg A, McGee L, Carvalho Mda G, Beall B. Sequential triplex real-time PCR assay for detecting 21 pneumococcal capsular serotypes that account for a high global disease burden. J Clin Microbiol. 2013 Feb;51(2):647-52. doi: 10.1128/JCM.02927-12] 


	1-R
	GCTTTAGAAGGTAGAGTTAACAAC
	
	
	
	

	1-Probe
	TGC{C}AA{A}GC{C}AG{C}CAT
	6-FAM
	BHQ-1
	LNA bases {}a
	

	2-F
	TGTTATCCCATATAAGAACCGAGTGT
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52.vi 

	2-R
	AAAATTACCCCAAAAGCTATCCAA
	
	
	
	

	2-Probe
	TTGCAATT”T”CAATTTTTTTGCCCCAATCTC
	JOE
	Phosphate
	“T” =BHQ-1b
	

	3-F
	CCACTAAAGCTTTGGCAAAAGAAA
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi 

	3-R
	CCCGAACGTAAAGCTTCTTCA
	
	
	
	

	3-Probe
	TTGTAGACCGCCCCACAA”T”TCATTTTGT
	JOE
	Phosphate
	“T” =BHQ-1b
	

	4-F
	GCTTCTGCTGTAACTGTTGTGC
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi 

	4-R
	CACCACCATAGTAACCAAAGTTCC
	
	
	
	

	4-Probe
	TTCCACAAAAGAAGAGCCTACAGGTAACCCCA
	Cy5
	BHQ-2
	
	

	5-F
	CATGATTTATGCCCTCTTGCAA
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52.vi

	5-R
	GACAGTATAAGAAAAAGCAAGGGCTAA
	
	
	
	

	5-Probe
	TCTTCTTCTCA”T”CGTTTCCGCATGCTTTT
	6-FAM
	Phosphate
	“T” =BHQ-1b
	

	6A/6B/6C/6D-F
	GTTTGCACTAGAGTATGGGAAGG
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi 

	6A/6B/6C/6D-R
	TAGCCTTTCTGAAAACATTTAGCG
	
	
	
	

	6A/6B/6C/6D-Probe
	TGTTCTGCCC”T”GAGCAACTGGTCTTGTATC
	6-FAM
	Phosphate
	“T” =BHQ-1b 
	

	6C/6D-F
	TTGGGATGATTGGTCGTATTAG
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi 

	6C/6D-R
	CTCTTCAATTAGTTCTTCAGTTCG
	
	
	
	

	6C/6D-Probe
	CCA{C}GC{A}AT{T}CG{C}CATC
	6-FAM
	BHQ-1
	LNA bases {}a
	

	7F/7A-F 
	ATGAAGGCTTTGGTTTGACAGG
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi 

	7F/7A-R
	ATTCTCGCCATCAATTGCATATTC
	
	
	
	

	7F/7A-Probe
	ACACCACTATAGGCTGTTGAGACTAACGCACA
	Cy5
	BHQ-2
	
	

	9V/9A-F
	AGGTATCCTATATACTGCTTTAGG
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi 

	9V/9A-R
	CGAATCTGCCAATATCTGAAAG
	
	
	
	

	9V/9A-Probe
	ACA{C}AT{T}GA{C}AA{C}CGCT
	JOE
	BHQ-1
	LNA bases {}a
	

	11A/11D-F
	AAATGGTTTGGATATGGTTTGTTTGG
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi

	11A/11D-R
	AGTGCTAACTGTAAAACTTGATTATGAG
	
	
	
	

	11A/11D-Probe
	ATTCCAACTTCTCCCAATTTCTGCCACGG
	Cy5
	BHQ-2
	
	

	12F/12A/12B/44/46-F
	GCACCCACGGGTAAATATTCTAC
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi

	12F/12A/12B/44/46-R
	CAACTAAGAACCAAGGATCCACAG
	
	
	
	

	12F/12A/12B/44/46-Probe
	TGCCCACCAACACCAGGTCCAGGT
	Cy5
	BHQ-2
	
	

	14-F
	AGAGTGTATGAGGAATCC
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi

	14-R
	ATATATCTACTGTAGAGGGAAT
	
	
	
	

	14-Probe
	CGCCAAGTAACA”T”TTCCATTCCATT
	6-FAM
	Phosphate
	“T” =BHQ-1b
	

	15A/15F-F
	AATTGCCTATAAACTCATTGAGATAG
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi

	15A/15F-R
	CCATAGGAAGGAAATAGTATTTGTTC
	
	
	
	

	15A/15F-Probe
	CCC{G}CA{A}AC{T}CT{G}TCCT
	6-FAM
	BHQ-1
	LNA bases {}a
	

	16F-F
	TAATGTTATGACCTTGGTAATCTTCCC
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi

	16F-R
	TCCCAAAGGATAATCAATAACTTTTAGAAG
	
	
	
	

	16F-Probe
	AGCCATAAGTCT”T”CCAAATGCTTAACCGCT
	JOE
	Phosphate
	“T” =BHQ-1b
	

	18C/18F/18B//18A-F
	TCGATGGCTAGAACAGATTTATGG
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi

	18C/18F/18B//18A-R
	CCATTGTCCCTGTAAGACCATTG
	
	
	
	

	18C/18F/18B//18A-Probe
	AGGGAGTTGAATCAACCTATAATTTCGCCCC
	JOE
	BHQ-1
	
	

	19A-F
	CGCCTAGTCTAAATACCA
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi

	19A-R
	GAGGTCAACTATAATAGTAAGAG
	
	
	
	

	19A-Probe
	TATCAATGAGCCGATCCGTCACTT
	6-FAM
	BHQ-1
	
	

	19F-F
	TGAGGTTAAGATTGCTGATCG
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi

	19F-R
	CACGAATGAGAACTCGAATAAAAG
	
	
	
	

	19F-Probe
	CGC{A}CT{G}TC{A}AT{T}CACCTTC
	Cy5
	BHQ-2
	LNA bases {}a
	

	22F/22A-F
	TCTATTAAATAACCCATTGGAATTGAAACG
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi

	22F/22A-R
	TCGCAATTGAAGACCACATAAACTG
	
	
	
	

	22F/22A-Probe
	TCCGTAAT”T”CGCTTATGGGCACATTCTCCA
	JOE
	Phosphate
	“T” =BHQ-1b
	

	23A-F
	CTCCCCTCCATTACCCATTTGG
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi

	23A-R
	TGAAGAAAGTGCTGTTTGTGAACC
	
	
	
	

	23A-Probe
	AGCTAGAAC”T”CCCACACTCCCTACTCCCA
	Cy5
	Phosphate
	“T” =BHQ-2b
	

	23F-F
	GACAGCAACGACAATAGTCATCTC
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi

	23F-R
	TCCATCCCAACCTAACACACTTC
	
	
	
	

	23F-Probe
	ATTGTGTCCA”T”AACCCTTCGTCGTATTTCCAAAG
	Cy5
	Phosphate
	“T” =BHQ-2b
	

	33F/33A/37-F
	GGAACTGGTTCAGCAACTATACG
	
	
	
	Pimenta et al. (2013) J Clin Microbiol. 51 (2):647-52. vi

	33F/33A/37-R
	GGTTCTAAGACCGTCTGAAATACC
	
	
	
	

	33F/33A/37-Probe
	CCCCAAATAGGAC”T”TTTCTGCCATGCCAAA
	JOE
	Phosphate
	“T” =BHQ-1b
	

	7C-F
	AGTTTGAGCATAACGGAGCG
	
	
	
	Sakai et al. 2015. PLoS One 10:e0121064.[endnoteRef:7] [7:  Sakai F, Chochua S, Satzke C, Dunne EM, Mulholland K, Klugman KP, Vidal JE. Single-plex quantitative assays for the detection and quantification of most pneumococcal serotypes. PLoS One. 2015 Mar 23;10(3):e0121064. doi: 10.1371/journal.pone.0121064.] 


	7C-R
	GAGCTTCATCCTTATTTTCCTTAGC
	
	
	
	

	7C-Probe
	CTCGAGCTGGACCAATATTCGGAACAT
	JOE
	BHQ-1
	
	

	8-F
	CCACTCATCAGTTTCCCATATGTTT
	
	
	
	Azzari et al. (2010). PLoS ONE 5(2): e9282 viii

	8-R
	TCAATAATTGAAGAAGCGAACGTT
	
	
	
	

	8-Probe
	TGATGGCAGATGGGTTGGGACGAG 
	JOE
	BHQ-1
	
	

	9N/9L-F
	CGTGGAATTTTCTATACTGCAATAGG
	
	
	
	Sakai et al. 2015. PLoS One 10:e0121064.vii

	9N/9L-R
	CTACTGCTACGATACCATATTCTACAG
	
	
	
	

	9N/9L-Probe
	CAGCAATTCTTAGCCGGATTCTCTCACC
	FAM
	BHQ-1
	
	

	10A-F
	AGAGGCCCTAAGAAAAGATTCG
	
	
	
	Sakai et al. 2015. PLoS One 10:e0121064. vii

	10A-R
	CCCAGTCATCCCCATCAATAAC
	
	
	
	

	10A-Probe
	TGTTGAGCCATGACCTCCATTTTCCT
	Cy5
	BHQ-2
	
	

	15A/15B/15C/15F-F
	TTGAATCAGGTAGATTGATTTCTGCTA
	
	
	
	Azzari et al. (2010). PLoS ONE 5(2): e9282[endnoteRef:8] [8:  Azzari C, Moriondo M, Indolfi G, Cortimiglia M, Canessa C, Becciolini L, Lippi F, de Martino M, Resti M. Realtime PCR is more sensitive than multiplex PCR for diagnosis and serotyping in children with culture negative pneumococcal invasive disease. PLoS One. 2010 Feb 19;5(2):e9282. doi: 10.1371/journal.pone.0009282. ] 


	15A/15B/15C/15F-R
	CTCTAGGAATCAAATACTGAGTCCTAATGA
	
	
	
	

	15A/15B/15C/15F-Probe
	CTCCGGCTTTTGTCTTCTCTGT 
	FAM
	BHQ-1
	
	

	17F-F
	CTTAGCGTACGTTCTTCGTATGCTA
	
	
	
	Azzari et al. (2012). Vaccine 30 :2701– 2705[endnoteRef:9] [9:  Azzari C, Moriondo M, Cortimiglia M, Valleriani C, Canessa C, Indolfi G, Ricci S, Nieddu F, de Martino M, Resti M; Italian group for the study of Invasive Pneumococcal Disease. Potential serotype coverage of three pneumococcal conjugate vaccines against invasive pneumococcal infection in Italian children. Vaccine. 2012 Mar 30;30(16):2701-5. doi: 10.1016/j.vaccine.2011.12.008] 


	17F-R
	CCCGTACTCGGAAGCAAAAC
	
	
	
	

	17F-Probe
	TCTAAGAGAGCTACTGAAACACTTTGTGC
	6-FAM
	BHQ-1
	
	

	20-F
	AAAGATACTGGCTGAGGAGCTATCTATT
	
	
	
	Azzari et al. (2010). PLoS ONE 5(2): e9282 viii

	20-R
	AGTCAAAAGTACTCAACCATTCTGATATATTC
	
	
	
	

	20-Probe
	AGGATAAGGTCTACTTTGTGGGAGTTC
	Cy5
	BHQ-2
	
	

	23B-F
	TTGAAGAAATTGCTCCAGAAACAT
	
	
	
	Azzari et al. (2012). Vaccine 30 :2701– 2705ix

	23B-R
	CCAAAAGACTAGCCTCAACCACTAA
	
	
	
	

	23B-Probe
	TAGAGCTATTTATCTTTCGTGGTTTT
	JOE
	BHQ-1
	
	

	24-F
	TGTGGTTTTCAGGACTTATTGC
	
	
	
	Messaoudi et al. 2016. PLoS One 11:e0151428.[endnoteRef:10] [10:  Messaoudi M, Milenkov M, Albrich WC, van der Linden MP, Bénet T, Chou M, Sylla M, Barreto Costa P, Richard N, Klugman KP, Endtz HP, Paranhos-Baccalà G, Telles JN. The Relevance of a Novel Quantitative Assay to Detect up to 40 Major Streptococcus pneumoniae Serotypes Directly in Clinical Nasopharyngeal and Blood Specimens. PLoS One. 2016 Mar 17;11(3):e0151428. doi: 10.1371/journal.pone.0151428. ] 


	24-R
	TTGACTTTATCATAGGTCGGAAAG
	
	
	
	

	24-Probe
	CAA{G}GA{A}AA{G}GG{C}TCCC
	JOE
	BHQ-1
	LNA bases {}a
	

	31-F
	GCAGAAGTTTTAAGTCACGGAC
	
	
	
	Sakai et al. 2015. PLoS One 10:e0121064. vii

	31-R
	AGCATTACAGATGTCACTAAGGG
	
	
	
	

	31-Probe
	CCCCCACGTAAAACCGCAAGG
	6-FAM
	BHQ-1
	
	

	35B-F
	GCATGGAGGTGGAGCATACA
	
	
	
	Azzari et al. (2010). PLoS ONE 5(2): e9282 viii

	35B-R
	TGTAAAGACTGCACAACTCGATATAAAA
	
	
	
	

	35B-Probe
	AACAATATTAGTAAAGCGCAGGTC
	Cy5
	BHQ-2
	
	

	35F/47F-F
	GTGGTCGTATATACTTGATGAATAAATCG
	
	
	
	Sakai et al. 2015. PLoS One 10:e0121064. vii

	35F/47F-R
	ACATACAAATTATCAACATACAGATAGGTC 
	
	
	
	

	35F/47F-Probe
	TCCATTCAACTGGTCGTCCGAATAATCC
	Cy5
	BHQ-2
	
	



	Abbreviations: 

	6-FAM= (6-carboxyfluorescein)

	JOE, 6-carboxy-4',5'-dichloro-2',7'-dimethoxyfluoresceine

	SpC6= Spacer C6 phosphoramidite

	BHQ= black hole quencher. 

	(NB. "T" indicates the position of BHQ1-dT which is a Black Hole Quencher 1 placed internally on a thymidine base).

	

	*NB: The lytA probe sequence was used was the modified sequence as listed on the CDC StrepLab website (https://www.cdc.gov/streplab/pneumococcus/resources.html)






[bookmark: _Toc159409856]Serotypes in pneumococcal vaccines

PCV13 serotypes: 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F
PCV15nonPCV13 serotypes: 22F, 33F
[bookmark: _Hlk136958871]PCV20non13/15 serotypes: 8, 10A, 11A, 12F, 15B
[bookmark: _Hlk136958998]PPV23non20 serotypes: 2, 9N, 17F, 20
Non-vaccine types (NVT): any non-PCV13, non-PPV23 serotypes, or non-typeable disease in which cell-wall polysaccharide was detected but the Bio-Plex24 assay was not able to generate a serotype-specific result, or ‘untyped’ disease in which UAD was positive without subsequent serotype identification.

[bookmark: _Toc159409857]RESULTS
[bookmark: _Toc159409858]Comparison between microbiological methods for nasopharyngeal swabs
Direct pneumococcal PCR was performed on 291 nasopharyngeal swabs and S pneumoniae was detected in 46 (15.8%) samples. 
Culture enrichment and pneumococcal PCR was performed on 34 (11.7%) nasopharyngeal samples, with detection of pneumococcus in 13 of these (38.2%). Direct and culture-enriched PCR results were discrepant in 2/34 (5.9%) cases where pneumococcus was detected only in the directly tested sample. One or more pneumococcal serotypes were detected in either direct or culture-enriched samples in 46 tested patients (15.8%). Two patients (4.3%) had two serotypes detected.
Serotype 3 was most frequently detected (12/48, 25.0%), followed by serotype 8 (9/48, 18.8%), non-typeable pneumococci (7/48, 14.6%), and serotypes 19A/19F and 11A/11D (3/48, 6.2% each). 

Using conventional culture and WGS to identify and serotype pneumococci from nasopharyngeal samples, pneumococci were identified and typed from 13 (4.5%) of the 291 samples. The same serotype was identified in 12 of both the matched samples tested by culture enrichment and direct PCR. The single discrepant sample grew a single colony of pneumococci by conventional methods, and this was typed as serotype 34. No further colonies were obtained from this sample by culture enrichment and the serotyping PCRs used in the study were not capable of typing serotype 34. 
[bookmark: _Toc159409859]Relationship between nasopharyngeal and oral samples 

Seventy-nine patients had urine, oral fluid and a nasopharyngeal swab tested, with a common serotype identified in all sample types in 5 patients (6.4%). The same serotypes were identified in urine and nasopharyngeal swabs in 24/32 (75%), and in urine and oral fluid in 9/17 patients (52.9%) (Supplementary figure 2).  Pneumococcus was not detected in urine in 6 nasopharyngeal carriers (serotypes 23B x2, 3, 8 x2, and not typeable) and in four oral carriers (serotypes 15A/B/C/F and non-typeable x3).

[bookmark: _Toc159409860]Supplementary Figures 
NP carriage detected             n=34 (33.0%)
NP carriage detected n=12 (6.4%)
Spn PCR positive n=33 
Spn PCR positive n=13 
Pneumococcus detected in NP swab n=46 (9.9%)
Pneumococcal pneumonia with NP swab                     N=103
Non-Pneumococcal  pneumonia with NP swab N=188
All-cause pneumonia
N=465
Nasopharyngeal swab taken    n=291 (62.6%)
Direct pneumococcal PCR n=257
Direct + culture-enriched PCR N=34

																																																																																																																																																																																																																																																																																																																																																																													

[bookmark: _GoBack]Supplementary  Figure 1:  Flow chart of nasopharyngeal swab testing in hospitalised patients with pneumonia (N=465)




[bookmark: _Toc159409861]Supplementary Figure 2 Cumulative serotype distribution in urine and blood culture, nasopharyngeal swabs and oral-fluid for 182 hospitalised pneumococcal pneumonia patients by pneumococcal vaccine type
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[bookmark: _Toc159409862]Supplementary Figure 3 Venn diagram illustrating the overlap of serotypes in urine, nasopharyngeal swabs and oral-fluid in patients with pneumococcal pneumonia (N=182). 
Key: Red = serotypes detected in urine; green = serotypes detected in nasopharyngeal swab; Blue = serotypes detected in oral-fluid. Not all patients had all three sample types tested. Serotypes detected in urine n= 156, nasopharyngeal swab n=34, oral-fluid n=18.
Venn diagram generated using Biovenn web application.[footnoteRef:1] [1:  Hulsen T, de Vlieg J, Alkema W. BioVenn - a web application for the comparison and visualization of biological lists using area-proportional Venn diagrams. BMC Genomics 2008;9:488] 
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