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In this study, we developed a simple, reliable, serotype-specific PCR method to differentiate Streptococcus
pneumoniae serotypes 6A, 6B, and 6C. It was more efficient and practical than the assays currently being used
to identify serotypes 6A, 6B, and 6C. Of 120 selected serogroup 6 isolates from subjects with invasive (» = 101)
and noninvasive (n = 19) pneumococcal disease, most of which were collected after 2003 in New South Wales,
45 had been identified as 6A and 75 had been identified as 6B by the Quellung reaction. PCR analysis
confirmed the results for serotype 6B isolates and identified two different subtypes. Fourteen of 45 isolates that
had been identified as serotype 6A actually belonged to serotype 6C.

Streptococcus pneumoniae is a well-characterized human
pathogen and a major etiologic agent of pneumonia, meningi-
tis, otitis media, and sepsis, primarily among very young chil-
dren and older adults. With the identification of serotype 6C in
2007, there are now 91 recognized S. pneumoniae serotypes
(20), some of which are more clinically significant and more
extensively studied than others. For example, isolates belong-
ing to serogroup 6 (especially 6B) consistently rank among the
top three pathogens causing invasive pneumococcal disease
(IPD) worldwide (5, 22, 24). Classically, S. pneumoniae is se-
rotyped by using the Quellung reaction (6, 12), but the high
cost of antisera and the technical expertise required have en-
couraged the development of PCR-based serotyping systems
(1, 2, 10, 11, 15, 16, 21, 23). However, most of these systems
cannot distinguish some closely related cross-reacting sero-
types, including 6A and 6B.

The new serotype, 6C, is closely related to serotype 6A; they
are serologically cross-reactive with polyclonal antisera (20).
Serotype 6C was discovered because of differences in reactivity
with monoclonal antibodies between what were initially
thought to be subtypes of serotype 6A (20). Since the wide-
spread use of the 7-valent conjugate pneumococcal vaccine,
there has been an increase in the proportion of cases of IPD
due to serotype 6C in the United States, where it is now the
predominant serogroup 6 serotype. Serotype 6C has been re-
ported to exhibit reduced susceptibility to penicillin (3, 8).

Previously, it has been shown that the capsular loci of
serotypes 6A and 6B are almost identical, except for a single
nucleotide polymorphism (SNP)—G584A (S195N)—in wciP
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(13), which is the basis of a pyrosequencing assay (17) devel-
oped to differentiate serotypes 6A and 6B. Serotype 6C ap-
pears to have originated by a single recombination event in
which the 6A wciN gene was replaced by a different weiN gene
of unknown origin (19). In serotype 6C, this gene, wciNy ., is
~200 bp shorter than the corresponding gene in 6A, wcilN, and
the genes show only ~50% DNA sequence homology. How-
ever, serotypes 6A and 6C are identical at the site targeted by
the pyrosequencing method (Fig. 1) (17).

A multiplex PCR (mPCR) method for the identification of
serotypes 6A and 6C has been described recently (7). The aim
of our study was to use or, if necessary, modify this method to
complement our existing molecular serotype identification sys-
tem (9, 10) and to determine the prevalence of serotype 6C
among IPD isolates in Australia.

MATERIALS AND METHODS

S. pneumoniae strains. A set of 125 S. pneumoniae isolates, which had been
identified by conventional serotyping (CS) as belonging to serogroup 6, was used
for this study. These isolates included serotype 6A and 6B reference strains
provided by the Statens Seruminstitut (SSI), Copenhagen, Denmark, and 123
clinical isolates provided by the Pneumococcal Reference Laboratory at the
Centre for Infectious Diseases and Microbiology, Westmead Hospital, West-
mead, Australia. Of the 123 clinical isolates, 101 were from blood or cerebro-
spinal fluid and 22 were from respiratory specimens; 46 had been identified as
serotype 6A, and 77 had been identified as serotype 6B. Patients included
children aged 5 years or less (n = 26), children aged 6 to 17 years (n = 4), and
adults aged 18 years or older (n = 93). Most of the isolates (n = 117) were
obtained after the introduction of routine childhood immunization in 2003.

Analysis of reference sequences from GenBank. Four S. pneumoniae se-
quences in GenBank, with cps loci annotated, were used as reference sequences
and included representatives of serotype 6A (an SSI reference strain sequence
[accession number CR931638]), 6B (an SSI reference strain sequence [accession
number CR931639] which is very similar to two other 6B sequences [accession
numbers AF316640 and AF298581] and a sequence [accession number AF246897]
which differs from the other 6B sequences), and 6C (accession number
EF538714). The sequences were aligned using the ClustalW tool in BioManager
(Sydney Bioinformatics [http://www.angis.org.au/]). Based on the alignment, the
wciP sequences of serotypes 6A and 6C were highly homologous. The serotype
6B cps locus in the AF246897 sequence was longer than that in the CR931639
sequence due to a 308-bp insert in cps6bQ (GenBank access no. AF246897)
between wciN and wciO, as described previously (13). To distinguish these
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541 551 561 51 581 591
sense primer weiP384gS—>
CR931638 (serotype 6A)  ATTGATAAAGA [GTTATTTTGCAAAGTIT
EF538714 (serotype 6C) ~ ATTGATAAAGATTATTTATATATAGAAAAACTGGCTCATGATAGTTATTTIGCAAAGTIT
CR931639 (serotype 6B)  ATTGAT. JTTATTTIGCAAAGTIT
AF246897 (serotype 6B)  ATTGATAAAGATTATTTATATATAGAAAAACTGTCTCATGATAATTATTTTIGCAAAGTIT
sense primer weiP384a5—>
601 611 621 631 641 651
CR931638 (serotype 6A)  GCACTAGAGTATGGGAAGGTGTTGTTCTGCCCTGAGCAACTGGTCTTGTATCGAAGACAT
EF538714 (serotype 6C) ~ GCGCTAGAGTATGGGAAGGTGTTGTTCTGCCCTGAACAACTGGTCTTGTATCGAAGACAT
CR931639 (serotype 6B) ~ GCACTAGAGTATGGGAAGGTGTTGTTCTGCCCTGAGCAACTGGTCTIGTATCGAAGACAT
AF246897 (serotype 6B)  GCACTAGAGTATGGGAAGGTGTTGTTCTGCCCTGAGCAACTGGTCTTGTATCGAAGACAC
661 671 681 691 701 711
“antisense primer wciP -t
CR931638 (serotype 64)  GGACATAATGTAA NG TGIOMIOAT A IAIGIOOG0TA A ATGTTTTCAGAAAG
EF338714 (serotype 6C) ~ GGACATAATGTAACAACTAGTCATCATTTTAAATTATCTCCGCTAAATGTTTTCAGAAAG
CR931639 (serotype 6B) ~ GGACATAATGTAACAACTAGTCATCATTTTAAATTATCTCCGCTAAATGTTTTCAGAAAG
AF246897 (serotype 6B) ~ GGACATAATGTAACAACTAGTCATCATTTTAAATTATCTCCGCTAAATATICTCAGAAAG
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FIG. 1. Design of primers to differentiate serotypes 6A/6C and 6B. The figure shows part of the alignment of the CR931638, CR931639 and
AF246897, and EF538714 sequences by the ClustalW tool provided in BioManager (Sydney Bioinformatics [http://www.angis.org.au/]). The gray
highlights show primer regions. The white letters at the 3’ ends of the primers represent the key SNP, G584A, in serotypes 6A/6C and 6B. Two
sense primers are positioned with their 3’ ends at the heterogeneity site. Primer pairs wciP584gS/wciP-r and wciP584aS/wciP-r are expected to
amplify sequences of serotypes 6A/6C and 6B, respectively.

serotype 6B variants, we designated the CR931639 and AF246897 sequences
types 6B-1 and 6B-II, respectively.

Serotype-specific PCR primer design and prediction of results. Our alignment
confirmed the presence of the G584A SNP, which distinguishes serotypes 6A/6C
and 6B. We designed two SNP-specific sense primers, wciP584gS and wciP584aS,
with the SNPs at the 3’ ends of the primers. These two primers and the previously
described reverse primer wciP-r (17) were the basis of serotype 6A/6C- and
6B-specific amplification (Table 1).

We designed two sets of primers, WciNy,.,S1/WciNp.,A2 (outer primer set)
and wWciNy,S2/WciNy,., Al (inner primer set), targeting wciNy,., for 6C-specific

amplification, with predicted PCR product lengths of 359 and 308 bp, respec-
tively (Table 1). We planned to use these primer sets sequentially to distinguish
serotype 6A/6C from 6B and then serotype 6C from among serotype 6A/6C
isolates (Fig. 2).

All primer sequences were evaluated using the Sigma DNA calculator (http:
/lwww .sigma-genosys.com/calc/dnacalc.asp) and compared against all GenBank
sequences by using Blastn (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to ensure their
specificity.

DNA extraction. S. pneumoniae isolates were retrieved from storage, subcul-
tured on 5% horse blood agar (Columbia IT agar base), and incubated at 37°C for

TABLE 1. Serotype 6A, 6B, and 6C oligonucleotide primers used in this study

Primer” Specifieity GenBank Sequence (5'-3")¢
Serotype(s) Target accession no.
WCiN,S1 6C WCINpeia EF538714 6960 ATC TCT AAA TCT GAA TAT GAA GCG GCT CAA TC 6991
WCINp 2 S2 6C WCIN EF538714 6982 CGG CTC AAT CTT TAA AAA TAC CCC TTA AGA AAT TGA C 7018
WCINp Al 6C WCINye(a EF538714 7290 CCA CCC ACC CTG TTA TAA AAA ATG AGC TTC G 7260
WCINp A2 6C WCIN EF538714 7319 GAA CTG AGC TAA ATA ATC CTC TGG ATT ATC CAC C 7286
wciP584gS 6A, 6C wciP CR931638 8855 ATT TAT ATA TAG AAA AAC TGG CTC ATG ATA G 8885
wciP584aS 6B wciP CR931639 8747 AAG ATT ATT TAT ATA TAG AAA AAC TGT CTC ATG ATA A 8783
wciP-r” 6A, 6C, 6B wciP AF246897 8248 GCG GAG ATA ATT TAA AAT GAT GAC TAG TTG 8219
5106° 6A, 6B, 6C wchA AF246897 4798 TAC CAT GCA GGG TGG AAT GT 4817
CR931639 5795 TAC CAT GCA GGG TGG AAT GT 5814
CR931638 5897 TAC CAT GCA GGG TGG AAT GT 5916
EF538714 6143 TAC CAT GCA GGG TGG AAT GT 6162
51017 6A, 6B wciN AF246897 5883 ATT TGG TGT ACT TCC TCC 5900
CR931639 6847 ATT TGG TGT ACT TCC TCC 6864
CR931638 6949 ATT TGG TGT ACT TCC TCC 6966
3101° 6A, 6B, 6C wciO AF246897 7149 cca TCC TTC GAG TAT TGC 7132
CR931639 7803 cCA TCC TTC GAG TAT TGC 7786
CR931638 7905 CCA TCC TTC GAG TAT TGC 7888
EF538714 7958 CCA TCC TTC GAG TAT TGC 7941

“8§, sense; A, antisense; r, reverse.
b Described previously (7, 17).
¢ Numbers indicate positions in corresponding GenBank sequences.
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Serogroup 6 S. pneumoniae

Amplified with primer pair
wciP584gS/wciP-r

|
Amplified with primer pair
wciP584aS/wciP-r

Serotype 6B

Serotyple 6A or 6C
|
Amplified with Not amplified with
WCIN, ., S1/WCiN, ., A2 or WCIN, ., S1/WCiN, A2 or
WCIN,,,S2/WCiN,, Al WCIN, ., S2/WCiN, Al

Serotype 6C

Serotype 6A

FIG. 2. Algorithm for identification of serogroup 6 serotypes. Sequences of primers wciP584gS/wciP-r, weiP584aS/wciP-r, weiNy,.,S1/wceiN, .,A2, and

WCINy (2 S2/WeiN, ., Al are listed in Table 1.

24 h. Approximately five separate colonies were suspended in 200 pl of molec-
ular-biology-grade water and boiled (100°C) for 15 min. The suspension was
centrifuged for 5 min at 13,200 rpm to pellet the cell debris and stored at —20°C
until required.

PCR method. A 25-pl PCR volume was prepared as follows: 2 pl of template
DNA (2.9 pg/ml), 0.125 pl of each forward and reverse primer (50 pmol pl™'),
1 pl of deoxynucleoside triphosphates (2.5 mM each), 2.5 ul of 10X PCR buffer
(Qiagen), and 0.1 pl of Qiagen HotStarTaq polymerase (5 U ul™!') were mixed,
and molecular-biology-grade H,O (Eppendorf) was added to obtain the final
volume of 25 pl. The PCR program was performed according to the instructions
provided with the Qiagen HotStarTaq polymerase kit, as follows: 95°C for 15
min; 35 cycles of 94°C for 30 s, 62°C for 60 s, and 72°C for 60 s; 72°C for 10 min;
and holding at 22°C. PCR products were detected on a 2% agarose gel. mPCR
was performed as described previously (7).

Data analysis. Statistical analyses were performed in SPSS 10.0 by using the
chi-square test, as appropriate, for categorical variables. A P value of less than
0.05 was considered to indicate a statistically significant difference between
groups.

RESULTS AND DISCUSSION

Modification of the previously described identification meth-
ods for serogroup 6. The primers used in the pyrosequencing
method for the identification of serotypes 6A and 6B (wciP-f/
wciP-r) target a 25-bp sequence in wciP which includes the
G584A (S195N) SNP (17). This SNP cannot be used to distin-
guish serotypes 6A and 6C, which are identical at this site; the
cps loci of 6A and 6C are ~98% homologous, except for wciN
(in 6A) and wciN,., (in 6C) (19) (Fig. 1). The previously
described mPCR method developed to identify serotypes 6A
and 6C targets the wciN region and produces amplicons of
different sizes (7). Using this method, we obtained results
somewhat different from those of Jacobs et al., who reported
that primer pair 5101 and 3101 gave “products of 958 or 1267
bp with serotypes 6A and 6B, while no product is produced
with serotype 6C” and that “primer pair 5106-3101 produces
wciN PCR products of 2.0 and 1.8 kb with serotypes 6A and
6C, respectively, whereas no product is produced with serotype
6B” (7).

We performed Blastn comparisons of three primers used in
the mPCR, 5106, 5101, and 3101, against GenBank sequences
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) and calculated the ex-
pected length of each PCR product (see the supplemental

material). Our analysis showed that, theoretically, primer pair
5106-3101 in a single PCR would produce an amplicon of 1.8
kb from serotype 6C, 2.0 kb from 6A or 6B-I, or 2.3 kb from
6B-II. On the other hand, a single PCR using primer pair
5101-3101 would produce an amplicon of 956 bp from serotype
6A or 6B-I or 1.2 kb from 6B-II and no amplicon from serotype
6C. Apart from the minor differences in specificity (related to
serotype 6B-II), we predicted that serotype 6A and 6B DNA
would not be amplified in the mPCR by 5106-3101 (or would
produce only very faint bands) because competition with
primer pair 5101-3101 would lead to preferential amplification
of the shorter PCR products.

mPCR results. We performed mPCR as described by Jacobs
et al. (7), using primers 5106, 5101, and 3101 for our 120
serogroup 6 clinical isolates (3 of our total of 123 clinical
isolates were ultimately found to be non-serogroup 6 isolates).
Of these 120 isolates, 14 produced amplicons of 1.8 kb and
were therefore identified as serotype 6C. No amplicons of 2.0
kb or longer were produced, indicating that, as predicted,
primers 5106 and 3101 did not amplify DNA from serotypes
6A and 6B. However, 29 isolates produced amplicons of 1.2 kb
(and were identified as serotype 6B-II), and 77 isolates pro-
duced amplicons of 956 bp (and were identified as either se-
rotype 6A or serotype 6B-I). These results indicate that the
mPCR primers 5101 and 3101 described by Jacobs et al. can
identify one subtype of serotype 6B (6B-II) but cannot distin-
guish the other (6B-I) from serotype 6A (Table 2). Since the
two 6B subtypes occurred with similar frequencies among our
isolates, this limitation is a significant shortcoming.

Serotype-specific PCR results. With the serotype 6A and 6B
reference strains, our primer pairs wciP584gS/wciP-r and
wciP584aS/wciP-r formed amplicons only from the correspond-
ing serotype. These primer pairs were used to test the 123
clinical isolates (Table 2), of which 45 were identified as sero-
type 6A/6C and 75 were identified as serotype 6B; 3 isolates
produced no PCR product. The comparison of these results
with the original CS results showed that the data for 115
isolates were consistent (isolates identified as serotype 6A/6C
by PCR had been identified as 6A by CS) and that the data for
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TABLE 2. Comparison of results among serotype-specific PCR, CS,
and mPCR

No. of isolates identified by:

Length of mPCR

Serotype Serotype-specific b duct!
- product
i) CS mPCR
OB 75 75 29 1.2 kb
Total 120 120 120

“ Serotype-specific PCR assay used in this study to differentiate S. pneumoniae
serotypes 6A, 6B, and 6C.

> The data presented are the final results obtained after the retesting of eight
isolates which gave results discordant with those from PCR, including three
which did not produce a PCR product and were shown to belong to non-
serogroup 6 serotypes. Serotype 6C isolates were identified by CS as serotype 6A;
these results were interpreted to be concordant with PCR results indicating 6A
or 6C.

¢The mPCR assay was done as described previously (7). Fourteen isolates
were consistently identified as serotype 6C by our PCR test and the mPCR
method. Of the 77 isolates identified as serotype 6A by mPCR, 31 isolates were
identified as serotype 6A and 46 were identified as serotype 6B-I by serotype-
specific PCR.

4 The reference sequence for serotype 6B-II (GenBank accession no.
AF246897) is longer than that for 6B-I (GenBank accession no. CR931639), due
to a 308-bp insert in cps6Q between the wciN gene and the wciO gene.

8 isolates were discrepant. The eight isolates with discrepant
results were retested by the Quellung reaction, and the PCR
results were confirmed; three isolates previously identified as
6B were reassigned to 6A, two isolates previously identified as
6A were reassigned to 6B, and three isolates that gave negative
PCR results did not to belong to serogroup 6.

The 45 isolates identified as serotype 6A (by CS) or 6A/6C
(by PCR) were tested using primer pairs WciN,.,S1/WciN, ., A2
and wciN, ., S2/wciN,..,Al. These results were concordant
with the mPCR results: 14 of 45 isolates (31.1%) were identi-
fied as serotype 6C. The concordance between the results ob-
tained with our two serotype 6C primer sets indicates that
either could be used for the identification of serotype 6C. A
comparison of the results of PCR, mPCR, and CS analyses is
shown in Table 2.

Others have reported that serotype 6C strains are more
penicillin susceptible than serotype 6A strains (4, 14, 18). The
rate of penicillin resistance among our serogroup 6 isolates was
quite low, and there was no significant difference among the
three serotypes (84, 81, and 93% of serotype 6A, 6B, and
6C isolates were fully susceptible to penicillin). However, 18
(25%) of 75 serotype 6B isolates were resistant to erythromy-
cin, and this frequency was significantly higher than those of
erythromycin-resistant serotype 6A isolates (3 of 31 [10%];
P =0.009) and 6C isolates (1 of 14 [7%]; P = 0.001). The ages
of patients from whom serotype 6C isolates were recovered
were as follows: =5 years, 1; 6 to 17 years, 0; and =18 years, 13.

Conclusion. In this study, we developed a serotype-specific
PCR method to differentiate S. pneumoniae serotypes 6A, 6B,
and 6C which is rapid (requiring ~3.5 h for DNA extraction,
PCR, and gel electrophoresis), simple, and cost-effective
(~US$0.35/specimen without labor costs). It is also more ac-
curate than a previously described mPCR method because it
distinguishes two subtypes of serotype 6B, one of which cannot
be distinguished from serotype 6A by the previous method.
The two serotype 6B subtypes were both present as consider-

PCR TO IDENTIFY S. PNEUMONIAE SEROTYPES 6A, 6B, AND 6C 2473

able proportions of this small sample of serogroup 6 isolates
(120), of which 75 (62%) were serotype 6B (of these, 46% were
6B-I and 29% were 6B-II), 31 (26%) were serotype 6A, and 14
(12%) were serotype 6C.
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