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Introduction Results Conclusions

Streptococcus pneumoniae is a clinically important bacterial pathogen Table 1. Comparison of the number of single nucleotide variants (SNVs) and amino acid substitutions in S. pneumoniae PBP2x, PBP2b and PBP1a sequences by penicillin MIC 1. Overall, PBP2x, PBP2b and PBP1a were largely unaltered in
known to cause invasive infections such as bacteraemia and Penicillin Penicillin PBP2x PBP2b PBP1la pemcﬂlm-suscgptlb[e isolates with MICs S0.0Q i_Jg/mL, demgnstratlng
meningitis!2. Despite the availability of pneumococcal vaccines, invasive Interpretive  MIC Average No. SNV Average No. | Average No. SNV Average No. Average No. SNV Average No. <0.5% nucleotide difference compared to penicillin susceptible S.
pneumococcai disease (|PD) continues to cause Significant morbidity Category? (ug/mL) SNVsP p-distance® (%) substitutions SNVs p-distance (%) substitutions SNVs p-distance (%) substitutions pneumoniae R6.
and mortality globally3. R 24 294 13.1 70 217 10.6 48 404 18.7 76 2. For S. pneumoniae isolates with penicillin MIC values ranging from
B-lactams (e.g., penicillin, ceftriaxone) are commonly use to treat IPD 2 301 13.4 2 165 8.1 35 348 16.1 70 0.06-0.25 pg/mL, the rank order of the average number of SNVs
. ; Ny . . N | 1 324 14.4 76 121 5.9 23 365 16.9 77 among PBP types was: pbp2x > pbp2b = pbpla. The rank order shifts
when an isolate is susceptible!4. B-lactams selectively bind and inhibit . : L
S . . . 0.5 275 12.2 63 94 4.6 18 206 9.6 40 to pbp2x > pbpla > pbp2b in isolates with a penicillin MIC of 0.5
penicillin binding proteins (PBPs), thereby preventing peptidoglycan 0.25 195 8.7 37 105 51 23 120 56 27 ug/mL
polymerization and cell wall synthesis®®>. The penicillin binding region of 0.12 169 8.0 34 108 5.2 22 01 4.2 22 s s ' o isol " illin MICs 21 ua/mL. th ‘
PBPs contain the conserved SXXK, S/YXN and K/H(S/T)G active site S 0.06 102 4.5 22 36 1.8 7 36 1.7 12 ' Oc; .|i)rt\§umon|ae IS0 atis W'tf Spl\(le\r/"CI " ISB_P t“9 il c?r%nl g
motifs®6. To date, six unique PBP types have been identified in S. __ =0.03 9 0.4 2 8 0.4 2 11 0.5 4 glrapezrx0> pSpg\llaerage AUARIES S among ypes was: pbpla
pneumoniae and are classed on the basis of structure and function: bCLSI oral penlc.lllan breakpoints (Susceptible=<0.06 pg/mL, Intermediate=0.12-1 ug/mL, Resistant==2 ug/mL) . . . o
Averaged from isolate total per MIC value. _ _ _ _ _ o _ 4 Accordlng to the Nelghbor-Jomlng method:
PBP1a, 1b, and 2a (class A); PBP2x and 2b (class B); and PBP 3>, ¢ Percent nucleotide difference compared to Streptococcus pneumoniae R6 reference pbp2x, pbp2b, and pbpla sequences. Table 2. Alterations in PBP2b active site motifs of penicillin-susceptible, - ' '
i . : . ) ) _ _ o _ intermediate and -resistant isolates of S. pneumoniae « pbp2x sequences cluster independently of serotype in penicillin-
Resistance to B-lactams in S. pneumoniae is attributed to highly altered Figure 1. Neighbor-joining tree of select S. pneumoniae pbp2x sequences. Branches Penicillin Benicillin D PBP2D susceptible isolates with MICs <0.03 pg/mL.
PBPs that exhibit decreased B-lactam affinity:>6, The accumulation of are colored by CLSI oral penicillin V breakpoints. Branch information includes Interoretive MIC No. of , , s :
alterations is a result of frequent homologous recombination events serotype (ST) and penicillin (PEN) MIC (ug/mL). Catepor a (ug/mL) Isollates ¢ SRR EES T A I TS FE g L B e
between S. pneumoniae and related Streptococcus sppl®6. Of the six SC12-2904-P; ST 22F; PEN MIC 0.015 Lk & S Sl e P2 SEGUENDES CUSIEr [alEEly o)y seieioe.
SNTHE ] SC12-3753-P; ST22F; PEN MIC 0.015 R >4 11 —-A -G « Asingle cluster containing pbp2x sequences of penicillin-resistant
PBP types, EBP2?<, 2b and la are coininonly altgred in clinical |solat61:?5 of B PEN-S SC12-0790-P: ST22F: PEN MIC 0.015 ) X A solates (22 pg/mL) was observed,
S. pneumoniae with reduced susceptibility or resistance to -lactams?. B PEN-I pbp2x Streptococcus pneumoniae R6 —-A | F _ _ o
The buroose of the present studv was to use whole genome sequencin SC11-2356-P; ST3: PEN MIC 0.008 5 ---A -G 5. AThr451Ala substitution in the SSNT motif of PBP2b was identified in
Purb present study  Lse whole ge quencing g pEN-R isc11-4123-|=; ST3; PEN MIC 0.004 , . o A 80.2% (93/116) of S. pneumoniae isolates with penicillin MICs 20.06
(WGS) to characterize penicillin-susceptible, -intermediate and -resistant SC12-1506-P; ST3; PEN MIC 0.015 . ‘“A G ug/mL. This substitution was observed in combination with an A619G
invasive isolates of S. pneumoniae collected in Canada from 2011 to izg:g:ggfﬁ:; zlg: 2:: m:g g'g:g substitution in the KTGTA motif in 72.7% (16/22) of penicillin-resistant
2016. SC11-4223-P; ST19A; PEN MIC 0.12 0-5 8 AT Isolates (22 pg/mL).
Materials and Methods i SC11-4398-P; ST19A; PEN MIC 0.12 0.25 15 AL T 6. AT371A/S substitution in the STMK motif of PBP1a was identified in
i zg:;'gﬁg'if gligif I'::: m:g E'Eg 1 S 94.9% (37/39) of S. pneumoniae isolates with penicillin MICs 0.5
Bacterial Isolates: Between 2011 and 2016, a total of 7622 invasive S. SC13-0094-P: ST19A- PEN MIC 0.06 0.12 25 --A | - ug/mL. This substitution was observed in combination with a P432T
pneumoniae isolates were submitted to the Public Health Agency of SC12-0299-P; ST15A; PEN MIC 0.25 S 0.06 22 N substitution in the SRNVP motif in 95.5% (21/22) of penicillin-resistant
Canada — National Microbiology Laboratory (PHAC-NML) by provincial i5012-0?4D-P; ST15A; PEN MIC 0.25 14 S — isolates (22 ug/mL).
public health laboratories. As part of the SAVE study, carried out in igg};ggjﬁlﬁ e e <0.03 23 I R 7. AT337A substitution in the STMK motif of PBP2x was identified in
collaboration between CARA (Health Sciences Center, Winnipeg, SC12-1978-P; ST15A; PEN MIC 0.06 =CLST oral penicillin V breakpoints 59.5% (69/116) of S. pneumoniae isolates with penicillin MICs 20.06
Canada) and PHAC-NML, submitted isolates were forwarded to CARA |sc14-0353-|=; ST24F; PEN MIC 0.5 ng/mL. This substitution was observed in combination with a L546V
from participating CPHLN sites. A subset of 196 isolates was selected |:g:gj’ggg:2f zgji ggn m:g g'g Table 3. Alterations in PBPla active site motifs of penicillin-susceptible, - substitution in the LKSGT motif in 100% (22/22) of penicillin-resistant
for WGS based on their penicillin MIC; 10% of all isolates for each '§C12-3340-P; ST6C; PEN MIC 0.25 intermediate and -resistant isolates of S. pneumoniae SEIELES (B2 [LGHTIL. GEIEL 0l SNeu)
penicillin MIC value, ranging from 0.06 to 4 pg/mL, were randomly | 8C14-1235-P; ST6C; PEN MIC 0.12 Penicillin Penicillin PBPla
selected for WGS. The remaining isolates were randomly selected from izg:g-;glg-i; gggi E:n m:g g.ig Interpretive I(\/II(? ) No.I of Acknowledgem ents
: : PRT ) - -F ’ - Category? ng/mL Isolates STMK SRNVP KTG
isolates with penicillin MICs of 0.001-0.03 pg/mL. SC13-4130-P; ST16F; PEN MIC 0.06 R >4 11 S T . We sincerely thank the participating Canadian Public Health Laboratory Network (CPHLN) sites:
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. . e SC15-0270-P: ST23A: PEN MIC 0.25 IWK Health Center (Halifax, NS), and Newfoundland Public Health Laboratory (St. John's, NL).
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