J Antimicrob Chemother 2023; 78 Suppl 1: i8-i16
https://doi.org/10.1093/jac/dkad065

Journal of
Antimicrobial
Chemotherapy

Antimicrobial susceptibility testing of invasive
isolates of Streptococcus pneumoniae from
Canadian patients: the SAVE study, 2011-2020

Morgan A. Alford?, James A. Karlowsky"?, Heather J. Adam™?, Melanie R. Baxter’, John Schellenberg?,

AlyssaR. Golden

3, Irene Martin3, Walter Demczuk?, Michael R. Mulvey', and George G. Zhanel’*, on behalf of the

Canadian Antimicrobial Resistance Alliance (CARA)t

"Department of Medical Microbiology and Infectious Diseases, Max Rady College of Medicine, University of Manitoba, Room 543-745
Bannatyne Avenue, Winnipeg, Manitoba R3E 0J9, Canada; 2Clinical Microbiology, Shared Health, MS673-820 Sherbrook Street, Winnipeg,
Manitoba R3A 1R9, Canada; *National Microbiology Laboratory, Public Health Agency of Canada, 1015 Arlington Street, Winnipeg,

Manitoba R3E 3M4, Canada

*Corresponding author. E-mail: ggzhanel@pcsinternet.ca
tMembers are listed in the Acknowledgements section.

Objectives: To assess the antimicrobial susceptibility of 14 138 invasive Streptococcus pneumoniae isolates col-
lected in Canada from 2011 to 2020.

Methods: Antimicrobial susceptibility testing was performed using the CLSI MO7 broth microdilution reference
method. MICs were interpreted using 2022 CLSI M100 breakpoints.

Results: In 2020, 90.1% and 98.6% of invasive pneumococci were penicillin-susceptible when MICs were interpreted
using CLSI meningitis or oral and non-meningitis breakpoints, respectively; 96.9% (meningitis breakpoint) and 99.5%
(non-meningitis breakpoint) of isolates were ceftriaxone-susceptible, and 99.9% were levofloxacin-susceptible.
Numerically small, non-temporal, but statistically significant differences (P < 0.05) in the annual percentage of iso-
lates susceptible to four of the 13 agents tested was observed across the 10-year study: chloramphenicol (4.4% dif-
ference), trimethoprim-sulfamethoxazole (3.9%), penicillin (non-meningitis breakpoint, 2.7%) and ceftriaxone
(meningitis breakpoint, 2.7%; non-meningitis breakpoint, 1.2%). During the same period, annual differences in per-
cent susceptible values for penicillin (meningitis and oral breakpoints) and all other agents did not achieve statistical
significance. The percentage of isolates with an MDR phenotype (resistance to >3 antimicrobial classes) in 2011 and
2020 (8.5% and 9.4%) was not significantly different (P=0.109), although there was a significant interim decrease
observed between 2011 and 2015 (P < 0.001) followed by a significant increase between 2016 and 2020 (P < 0.001).
Statistically significant associations were observed between resistance rates to most antimicrobial agents included
in the MDR analysis (penicillin, clarithromycin, clindamycin, doxycycline, trimethoprim/sulfamethoxazole and chlor-
amphenicol) and patient age, specimen source, geographic location in Canada or concurrent resistance to penicillin
or clarithromycin, but not biological sex of patients. Given the large isolate collection studied, statistical significance
did not necessarily imply clinical or public health significance in some analyses.

Conclusions: Invasive pneumococcal isolates collected in Canada from 2011 to 2020 generally exhibited con-
sistent in vitro susceptibility to commonly tested antimicrobial agents.

Introduction

Streptococcus pneumoniae is a leading cause of non-invasive in-
fections (e.g. sinusitis, otitis media) and invasive infections of nor-
mally sterile sites (e.g. bacteraemia, meningitis).! It can produce
substantial morbidity and mortality in the very young, elderly and
immune—compromised.1 Invasive pneumococcal disease (IPD)
may be preceded by asymptomatic colonization of the respira-
tory tract. Estimates suggest that up to 60% of healthy children
are carriers of pneumococci in their respiratory tracts.” Its

pathogenicity is associated with induction of inflammation
through secretion of virulence factors, including cytotoxic pneu-
molysin, and evasion of phagocytosis conferred by its oligosac-
charide capsule.? So far, >92 antigenically distinct serotypes of
pneumococcus have been recognized, of which a small subset
are considered major contributors to the global incidence of IPD.?

Early administration of antibacterial agents remains critical
for successful management of IPD and reducing its morbid con-
sequences.* Empiric antimicrobial therapy may be administered
at clinical presentation, although targeted therapy following
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aetiological identification and antimicrobial susceptibility testing
is desirable. Since meningitis cannot be ruled out at the onset of
suspected IPD, guidelines recommend empiric therapy with
vancomycin (15-20 mg/kg every 8-12 h) and ceftriaxone (2 g
intravenous every 12 h) or cefotaxime (2 g intravenous every 4-
6 h).* Despite its inferior central nervous system penetration, a
fluoroquinolone may replace a third-generation cephalosporin
when treating p-lactam allergic patients. Once definitive identifi-
cation of the pathogen and its susceptibility profile are ascer-
tained, vancomycin should be discontinued unless the concern
for meningitis remains.* Antimicrobial stewardship strategies
are important for subverting the spread of antimicrobial resist-
ance among invasive pneumococcal isolates. S. pneumoniae iso-
lates were uniformly susceptible to penicillin prior to 1970 but
have since developed resistance to that agent and to several
other agents in different antibacterial classes.>®

In Canada, detection of penicillin-resistant invasive isolates in-
creased astronomically between 1990 and 2000, from <5% to as
high as 30% by some measurements.”** Increased prevalence
of resistant isolates was associated with increased antimicrobial
consumption coinciding with dissemination of, and selection for,
successful clones, particularly those resistant to B-lactams,
macrolides and trimethoprim/sulfamethoxazole.'**® There ap-
pears to be a propensity for these resistances to associate.
Therapeutic use of any one of these antimicrobials may have
contributed to the emergence of MDR pneumococcus, defined
as isolates simultaneously resistant to three or more antimicro-
bials from different classes.** 619

Non-susceptible pneumococcal serotypes recognized as ma-
jor causes of IPD have been targeted by vaccination programmes
in many countries, including Canada. These programmes have
been successful not only in reducing the incidence of IPD but
also in reducing transmission of antimicrobial-resistant S. pneu-
moniae isolates in certain populations.’?°?* The seven-valent
(comprising capsular serotype antigens 4, 6B, 9V, 14, 18C, 19F,
23F) pneumococcal conjugate vaccine (PCV7) was licensed for
use in Canada in 2001," followed by introduction of infant im-
munization programmes in all provinces and territories between
2002 and 2006. Accordingly, the number of cases of IPD and rate
of antimicrobial resistance were significantly decreased between
2000 and 2007, with the greatest reductions occurring in children
<2 years of age.* However, increased cases of IPD and antimicro-
bial resistance due to non-vaccine serotypes (e.g. 19A) was ob-
served concomitantly.™? Overall, the proportion of penicillin-
and cefotaxime/ceftriaxone-resistant isolates remained un-
changed in Canada at 17% and 2%." Subsequently, the 13-valent
pneumococcal conjugate vaccine (PCV13) targeting additional
serotypes (1, 3, 5, 6A, 7F, 19A) representing most of the serotypes
in circulation?® was introduced in Canada in 2010, with rapid up-
take by all provinces and territories into their routine immuniza-
tion schedule by mid-2011. As expected, pneumococcal
infection by PCV13 serotypes declined in Canada thereafter,
from 55% incidence in 2010% to 31% in 2014 with
age-associated trends observed.?*?> The overall rate (cases per
100000 population) of IPD decreased from 9.8 to 8.9 between
2009 and 2014, remaining highest in infants <1 year old (16.9),
children 1-4 years old (11.0) and patients 60 years and older
(21.5).?° Thereafter, increased disease incidence in older patients
caused anincrease in the overall rate of IPD, with rates as high as

23.4 for patients >60 years old in 2018. Nonetheless, reasonably
high (81%) vaccine coverage (3-4 doses by 2 years of age) was
reported across provinces in 2017.?’

Despite the availability and use of pneumococcal conjugate
vaccines in Canada, invasive infections continue to occur, and
antimicrobial failure remains a significant threat to management
of infection. Therefore, access to current antimicrobial surveil-
lance data remains important to key stakeholders in medicine,
academia and industry. The SAVE study is an annual surveillance
programme that collects and characterizes invasive isolates of S.
pneumoniae submitted by participating provincial public health
and hospital laboratories across Canada. In the current study, in-
vasive isolates of S. pneumoniae collected from 2011 to 2020, in-
clusive, were tested for their susceptibilities to a panel of 13
antimicrobial agents using the reference CLSI broth microdilution
method.?®?? We assessed change in percent susceptibility, MDR
rates and whether antimicrobial resistance was associated with
factors such as patient age or biological sex, specimen source,
geographic location or concurrent resistance to penicillin or cla-
rithromycin. These data demonstrate the epidemiological impact
of Canadian immunization programmes on the incidence of IPD
and antimicrobial resistance among invasive pneumococcal iso-
lates, and could contribute to the delivery of effective healthcare
by reducing use of discordant empiric therapy by knowledge end
users.

Materials and methods
Bacterial isolates

From January 2011 to December 2020, S. pneumoniae isolates from ster-
ile body sites were forwarded to the Public Health Agency of
Canada-National Microbiology Laboratory (PHAC-NML) in Winnipeg,
Manitoba, Canada by participating Canadian provincial public health
and hospital laboratories. As part of an ongoing collaboration between
the Canadian Antimicrobial Resistance Alliance (CARA) and PHAC-NML,
PHAC-NML forwarded a collection of 14138 invasive isolates of S. pneu-
moniae from eight provincial public health laboratories (Saskatchewan,
Manitoba, Ontario, Quebec, Nova Scotia, Prince Edward Island,
Newfoundland and Labrador, and a portion of isolates collected from
New Brunswick) to CARA for antimicrobial susceptibility testing.

The annual numbers of isolates that received antimicrobial suscepti-
bility testing were: 1379 isolates from 2011, 1285 from 2012, 1160
from 2013, 1274 from 2014, 1262 from 2015, 1284 from 2016, 1598
from 2017, 1930 from 2018, 1893 from 2019 and 1073 from 2020.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed in the Department of
Clinical Microbiology at the Winnipeg Health Sciences Centre using the
reference CLSI broth microdilution method?®?° with custom-designed,
in-house prepared, 96-well microtitre panels containing doubling-
dilutions of antimicrobial agents in cation-adjusted Mueller-Hinton broth
supplemented to a final concentration of 4% lysed horse blood. Isolates
were tested against penicillin, ceftriaxone, cefuroxime, clarithromycin,
clindamycin, levofloxacin, moxifloxacin, linezolid, trimethoprim/sulfa-
methoxazole, doxycycline, tigecycline, chloramphenicol and vancomycin.
Isolates were interpreted as susceptible, intermediate or resistant to anti-
microbials by interpretation of their MICs using 2022 CLSI breakpoints®®
for all antimicrobial agents except tigecycline for which FDA MIC break-
points were used (susceptible, <0.06 mg/L).3° MDR was defined as resist-
ance to three or more antimicrobial agents that were selected to
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represent different antimicrobial classes (penicillin, clarithromycin, clin-
damycin, doxycycline, levofloxacin, trimethoprim/sulfamethoxazole and
chloramphenicol). In MDR calculations, penicillin resistance was defined
using the CLSI breakpoint for oral penicillin V (MIC, >2 mg/L).*°

Of the 14138 isolates available in the study, 13712 (97.0%) gener-
ated results for all seven agents used to define MDR phenotypes. Of these,
patient age and biological sex information was available for 13475
(98.3%) and 13062 (95.3%) of the isolates, respectively, distributed
across three regions: Western Canada (Saskatchewan and Manitoba, n
=2989), Central Canada (Ontario and Quebec, N=9291) and Eastern
Canada (New Brunswick, Nova Scotia, Prince Edward Island, and
Newfoundland and Labrador, n=1432).

Statistical analysis

Trends in annual antimicrobial agent percent susceptible and percent
MDR phenotype values from 2011 to 2020 were assessed for statistically
significant differences (P<0.05) using the Cochran-Armitage test for
trend. Any antimicrobial agent with low annual non-susceptible isolate
counts (i.e. where there were less than five non-susceptible isolates in
>2 years) were excluded from the analysis, consistent with known limita-
tions of the Cochran-Armitage test for trend. Associations between sus-
ceptibility, patient demographic or isolate factors and concurrent
resistance to other antimicrobials were assessed for statistically signifi-
cant differences using the x2 test.

Results

In 2020, 90.1% and 98.6% of invasive pneumococci were
penicillin-susceptible when MICs were interpreted using CLSI
meningitis or oral, and non-meningitis breakpoints, respectively;
96.9% (meningitis breakpoint) and 99.5% (non-meningitis break-
point) of isolates were ceftriaxone-susceptible and 99.9% were
levofloxacin-susceptible (Table 1). Only 76.7%, 85.6% and
88.4% of invasive pneumococci collected in 2020 were suscep-
tible to clarithromycin, trimethoprim/sulfamethoxazole and
doxycycline, respectively.

Statistically significant differences (P < 0.05) in annual percent
susceptible values were observed for four of the 13 agents tested
across the 10 years of the study (Table 1). However, none of the
statistically significant variations observed were associated with
increasing or decreasing temporal (year-to-year) trends.
Chloramphenicol demonstrated a 4.4% overall difference from
2011 to 2020, with decreasing annual percent susceptible values
from 2016 to 2020. Trimethoprim/sulfamethoxazole showed an
overall difference of 3.9%, with decreasing annual percent sus-
ceptible values from 2014 to 2020. Penicillin, with MICs inter-
preted by the non-meningitis breakpoint, exhibited an overall
2.7% difference, with initial increasing annual percent suscep-
tible values from 2011 to 2016 followed by decreasing values
from 2016 to 2020. Ceftriaxone demonstrated differences for
MICs interpreted by both meningitis (a 2.7% overall difference
with increasing annual percent susceptible values) and non-
meningitis breakpoints (a 1.2% overall difference with increasing
annual percent susceptible values). Annual percent susceptible
values for penicillin (interpreted by meningitis and oral CLSI
breakpoints), cefuroxime and four additional non-B-lactam
agents were unchanged (P > 0.05) over the same 10-year period,
with MICgg values fluctuating by less than log,-fold annually, ex-
cept for doxycycline between 2018 (<0.25mg/L) and 2019
(I mg/L). In all years, isolates were 100% vancomycin- or

linezolid-susceptible, and 99.9%-100% tigecycline-susceptible.
Uniform susceptibility was only detected in one other instance:
for penicillin (non-meningitis breakpoint) in 2016, although
near uniform penicillin susceptibility (>97.3%) was observed
(using the non-meningitis breakpoint) in all years. Near uniform
susceptibility was additionally observed for ceftriaxone (non-
meningitis breakpoint) (>98.6%) and for levofloxacin (>98.9%).

Most (70.8%; 9711/13 712) of all invasive pneumococcal iso-
lates tested from 2011 to 2020 were pan-susceptible to the pa-
nel of seven antimicrobial agents used in MDR analysis (Table 2).
Of the isolates demonstrating resistance to at least one anti-
microbial agent, 60.9% (2436/4001) were resistant to a single
antimicrobial agent only, which was most frequently clarithro-
mycin (76.7%; 1869/2436). Only 6.6% (902/13 712) of allisolates
exhibited an MDR phenotype. The most common MDR phenotype
was composed of concurrent resistance to clarithromycin, clinda-
mycin and doxycycline (n=329; 36.5% of all MDR isolates) with or
without penicillin (oral breakpoint) and trimethoprim/sulfameth-
oxazole (n=163; 18.1% of all MDR isolates). The rank order fre-
quency of resistance to specific antimicrobial classes among
MDR isolates of invasive S. pneumoniae was clarithromycin >
doxycycline > clindamycin > penicillin ~ trimethoprim/sulfa-
methoxazole > chloramphenicol > levofloxacin (Table 2). The
rate of MDR among invasive pneumococcal isolates was not sig-
nificantly different, overall, across the 10-years studied (8.5% in
2011% and 9.4% in 2020) (P=0.109), although there was a sig-
nificant interim decrease observed between 2011 and 2015 (P <
0.001) followed by a significant increase between 2016 and 2020
(P<0.001) (Figure 1). Specifically, rates dipped from 8.5% in
2011%t05.6% in 2015, with lows of 3.9% in 2014 and 2016, prior
to rebounding to 9.4% in 2020.

There was a statistically significant association between pa-
tient age and resistance to clarithromycin, clindamycin, doxycyc-
line and chloramphenicol (Table 3). For these antimicrobials, the
rate of resistance was generally highest among patients >64
years of age. The rate of resistance to chloramphenicol and doxy-
cycline was lowest among patients <18 years of age, although
rates of resistance were <2.7% different across age groups for
all antimicrobials tested. There was a statistically significant as-
sociation between biological sex and resistance to clarithromycin
(P <0.001) only, with 2.9% (1481/5904) more isolates from wo-
men exhibiting this phenotype. Further, there was a statistically
significant association between specimen source and resistance
to all antimicrobials included in MDR analysis, except for chloram-
phenicol (and levofloxacin). Generally, invasive isolates from spe-
cimens other than blood or cerebrospinal fluid exhibited greater
rates of resistance. The largest differences were observed in rates
of resistance to clarithromycin and doxycycline, which were
3.1%-5.8% and 3.7%-5.7% greater. Additionally, there was a
statistically significant association between geographic region
and antimicrobial resistance to all antimicrobials but trimetho-
prim/sulfamethoxazole, as well as concurrent resistance to any
one of the antimicrobials and penicillin or clarithromycin. For ex-
ample, 87.3% (352/403) of isolates exhibiting resistance to peni-
cillin (MIC >2 mg/L) also exhibited resistance to clarithromycin
(MIC >1 mg/L). The percentage of isolates that were resistant
to penicillin and other antimicrobials included in MDR analysis
ranged from 8.7 (chloramphenicol) to 73.9% (doxycycline) (n=
35-298). In retrospect, given the large isolate collection studied,
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Table 2. Resistance to one or more antimicrobial agents among invasive isolates of S. pneumoniae cumulated during the SAVE study from 2011 to

2020

Percentage of isolates (n) resistant to the indicated antimicrobial agent

No. of antimicrobial
agents to which
isolates were

Percentage of
total isolates

resistant® tested (n)® Penicillin  Clarithromycin  Clindamycin  Doxycycline Levofloxacin SXT¢ Chloramphenicol
0 70.8 (9711) — — — — — — —

1 17 8 (2436) 9(22) 76.7 (1869) 0.3(8) 6.9 (167) 1.3 (31) 12.1 (294) 8 (45)

2 8 (663 3 (55) 72.9 (483) 18.1 (120) 47.2 (313) 1.2 (8) 33.3(221) 9 (126)

3d (452) 7 (44) 92.0 (416) 77.4 (350) 89.6 (405) 1.1 (5) 20.6 (93) 5 (43)

4d 7 (235) 33 2 (78) 99.1 (233) 90.2 (212) 98.3 (231) 2.1(5) 31.9 (75) 45 1(106)

54 4 (188) 94.1 (177) 100 (188) 98.9 (186) 99.5 (187) 2.1 (4) 93.6 (176) 11.7 (22)

64 2 (26) 100 (26) 100 (26) 100 (26) 100 (26) 26.9 (7) 100 (26) 73.1(19)

74 <O 1(1) 100 (1) 100 (1) 100 (1) 100 (1) 100 (1) 100 (1) 100 (1)

“Antimicrobial agents used in this analysis were selected as antimicrobial class markers: penicillin (oral penicillin V MIC breakpoint), clarithromycin,

clindamycin, doxycycline, levofloxacin, SXT and chloramphenicol.

PA total of 13 712 isolates of S. pneumoniae were available for MDR analysis from 2011 to 2020.

€SXT, trimethoprim/sulfamethoxazole.

9MDR was defined as concurrent resistance to three or more of the seven antimicrobial classes analysed; 6.6% (902/13 712) of allisolates from 2011 to

2020 exhibited an MDR phenotype.

% MDR
o w9 ®» o

DWW B w

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year

Figure 1. Annual percent prevalence of MDR among invasive isolates of S.
pneumoniae in the SAVE study from 2011 to 2020. No significant differ-
ences were detected between 2011 and 2020 (P=0.109), although sig-
nificant differences were detected between 2011 and 2015 (P < 0.001)
and 2016 and 2020 (P<0.001), according to the Cochrane-Armitage
test for trend.

some of the numerically small but statistically significant findings
identified in Tables 1 and 3 may not necessarily imply clinical or
public health significance.

Discussion

Historically, increased prevalence of antimicrobial-resistant
pneumococci has resulted from the expansion of successful
clones and the introduction of new clonal types, coincident
with the increased consumption of antimicrobials.***® Given

that PCV7 and PCV13 included serotypes that were frequently as-
sociated with non-susceptibility to penicillin and other antimicro-
bial agents, their use facilitated changes in the epidemiology of
pneumococcal antimicrobial resistance in Canada.'?%%2-24
Between 2000 and 2007, the Canadian Immunization
Monitoring Program, Active (IMPACT) reported that the overall
rate of penicillin resistance in pneumococcal isolates remained
steady.” Overall stability could be due, at least partially, to the ex-
pansion of the generally resistant pneumococcal serotype 19A
that was later included in PCV13 but continued to be trouble-
some due to its propensity to cause breakthrough infections.*?’
Thus, between 2011 and 2012, no overall difference in suscepti-
bility to several common antimicrobials was observed among
pneumococcal isolates despite introduction of PCV13.%*
However, when analysis was focused on susceptibility of PCV13
serotypes, increased resistance to clarithromycin (23.3%) and
penicillin (12.4% with MICs interpreted using the CLSI meningitis
breakpoint) with concurrent decreased resistance to clindamycin
(8%) and trimethoprim/sulfamethoxazole (6%) was noted. A
separate surveillance study reported no significant overall
changes in fluoroquinolone resistance between 1998 and 2009,
although this could be explained by lack of association between
fluoroquinolone resistance and clonal spread as well as overall
low prevalence (2%).3! Further, a significant association between
fluoroquinolone resistance and patient age (>65 years old),
among other demographic or isolate factors, was observed.
Taken together, these data may indicate that detection of smaill
changes in resistance is mitigated by unrestricted analyses.
Nonetheless, Canadian vaccination programmes have caused
the incidence of IPD in the very young to decline.?’ Reflective of
this progress, vaccination has slowed the spread of resistant iso-
lates in the USA, where the occurrence of IPD caused by MDR
pneumococci has been reduced by up to 84%.>?
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Clearly, S. pneumoniae is a remarkably adaptable human
S o @ e pathogen capable of causing severe disease and unfjergoing
S § g§ genetic recombination in response to common selective p3r3e§;
= o s 3 Ko 5 sures such as vaccination and antimicrobial exposure. i
5 E § 8 R 5 c 3 Thus, it remains important to monitor resistance phenotypes dis-
2 g8 2 E £ 2 5] g played by circulating serotypes. Here, we show that invasive
O =249 & % ) ° pneumococcal isolates collected in Canada between 2011 and
2 = 2020 trended toward increased susceptibility to ceftriaxone
a € § E (with MICs interpreted by both the CLSI meningitis and non-
2 58 meningitis breakpoints) but decreased susceptibility to chloram-
° -~ = é’ % § phenicol and trimethoprim/sulfamethoxazole, although these
% S E Y § § = g differences were small in magnitude (<5%).(.Tqble }). Isolot.es
9 25 s & é 2 5 also exhibited increasing susceptibility to penicillin, with MICs in-
< @ 2 et é g 2 ﬁ terpreted by the non-meningitis breakpoint, from 2011 to 2016,
= c 5 O followed by decreasing susceptibility from 2016 to 2020, but
§ =5 again these changes were small (<3%). Since the primary targets
o 2 1 of penicillin are penicillin-binding proteins (PBPs) 2B, and 2X, coin-
2 3 o § cident resistance to ceftriaxone, which primarily targets PBPS 1A
= s 3 s S % and 2X, and penicillin is not expected.35' However, ceftriaxone
> 6 *g D e 2 kS s “;’ failure in the context of IPD cause.d by pemalhn—re&stont isolates
S8l 225 o d S c 2 has been reported.?®*” Although isolates in these cases were not
c 3.3 A = 2 E typed, an independent report detected ceftriaxone resstqnce as
< g < 2 a major risk factor for mortality due to IPD in which most isolates
o S = (94.1%) belonged to serotypes covered in PCV13.® We previously
a = g %’ reported small but significant incrsozsgiénBEerICﬁnt sEstche.pt‘iblhté/
S E S A to clindamycin between 2011 an ,>7 although this tren
é - 3 z § § did not cor):tinue through 2020 (Table 1). Differences between
3| 5 E 3 g i S 22 our prior report and now indicate thoﬁ the epidemiology of
'% S % s a8 ‘o m 8 pneumococcal resistance in Canada continues to change. .
c g2 © § g z g Emergence of MDE serotylpes remogwsdo fprfz.blemd.?ff |nltetr—
2 5 O national concern as these isolates are, by definition, difficult to
E 25 treat. We observed no significant change in the proportion of
c = % S Q MDR isolates from 2011 (8.5%) to 2020 (9.4%) despite a statistic-
S e 5 "f; ally significant decrease between 2011 and 2015 (2.5%), fol-
§ § <8 lowed by a statistically significant increase between 2016 and
.FZ 5 ‘é 3 ; f :3_;; 2022 (5.5%) (Figure 1). The recent trend upwards could.be. asso-
5| 8 L2 | | 2 a5 ciated with clonal expansion of MDR lineages consisting of
Yl ego g s non-PCV-serotypes, as recently observed in France (serotype
3 .= 5 24F) and the United States (serotype 358).?'0’“4 Emergence of
g2 g e MDR replacement serotypes h|ghl|ghts a major limitation in the
2 2 B o utility of serotype-specific vaccines. . o .
c é ) S‘ 3 S § We observed oge—cssoc[oted trends in ont|m!crob|ol resistance
: g g L b ok sonkin (e B Conai res e
o 2 ; R R enicol, but not penicillin (Table 3). Generally,
£ § 3 ; 2 P é é § 8 % \F/)vere highest omF:Jng patients younger than 18 or older than
SR R S88 z § k= 64 years of age, similar to prior observations.?*?” We also ob-
= &2 " R _é) served geographical trends in rates of antimicrobial resistance;
iR 9 % § § 2 < 3 however, this study was limited by under—representot?o.n of
5825 mS €2558% 35 British Columbia and Alberta, two provinces that do not participate
29e% R s8s£37%3 in the SAVE study, possibly affecting the regional analyses included
5 g3 €S f i 3 % S here. Further, trends between resistance to peniolllp or clarithro-
- “‘% o8 £ B E = mycin and other antimicrobials across classes highhghts. the pro-
2 2 g £33 ig 2 pensity for. these pheno.types to associate opd pptentmlly give
2 ° o s ‘GEJ ﬁ 9 § S i'i rise to strains that are difficult to treat, gspeoolly in p.opulot|ons
§ S oS B § 20 g g at r|§k (theypung onq glderly).Hovvever,gwenthe large |sqlat§ col-
S -é %E g gg = gio g 89 le.ct.|on stud|eq, stot|st|c0.l sgmﬁconge may not necesso'rlly |q%ply
- 2o | oy E ki E S f o g g7z clinical or public heqlth ;lgnlﬂcgqce in some analyses with differ-
2 9 e e §, @ Ec g N K 2995 3% ences of <2% resulting in SFOtIStICGl.SIgnIﬂCGHCQ (e.g. percent re-
s £38 YEFEPSS sistance values for doxycycline stratified by patient age).
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In summary, the data presented here show that pneumococ-
cal conjugate vaccines have affected the prevalence of
antimicrobial-resistant invasive pneumococcal isolates. The
mechanism by which this has occurred may involve reduced oc-
currence of symptomatic disease and the need for therapeutic
(antimicrobial) intervention, thereby reducing selection for resist-
ant pneumococci. Antimicrobial stewardship practices and on-
going surveillance are required to monitor resistance according
to MIC results interpreted using standardized breakpoints and
MIC distributions themselves. Equally important is careful consid-
eration of factors associated with resistance, so that small or
large annual differences in susceptibility are not under- or over-
estimated. New formulations of pneumococcal conjugate vac-
cines should continue to be developed to combat the emergence
of antimicrobial-resistant replacement serotypes.
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