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Abstract

Introduction. Monitoring the resistance of Streptococcus pneumoniae to antimicrobials is an important component
of epidemiological surveillance of pneumococcal infection, addressing the challenges of improving therapeutic
approaches and containing the spread of resistance at regional and national levels.

The aim of the study is to investigate pneumococcal antibiotic resistance in preschool children following
immunization with a 13-valent conjugated vaccine within the national immunization schedule.

Materials and methods. From 2016 to 2022, 1250 healthy children under the age of 6 from organized groups
were examined. Detection of nasopharyngeal carriage of pneumococcus was performed using the culture method,
and serotype was determined by polymerase chain reaction. Antimicrobial susceptibility was investigated using
the disk diffusion method, and the minimum inhibitory concentration of antibiotics in resistant isolates was
determined using E-tests.

Results. 265 isolates of S. pneumoniae were studied, and resistance to antimicrobials was found in 36.6%.
The proportion of resistant isolates was 33.8% in the early post-vaccination period (2016—-2018) and 45.3% in
the late period (2020—2022) (p = 0.097). Penicillin-resistant pneumococci were detected only in the early post-
vaccination period, with a frequency of 11.4% (p = 0.005). The prevalence of macrolide-resistant isolates in the
analyzed periods was 27.9% and 35.9% (p = 0.219), and those resistant to 3 or more classes of antibiotics were
23.4% and 17.2%, respectively (p = 0.297). The serotype composition of resistant S. pneumoniae has changed:
vaccine serotypes 19F, 6A, 6B, etc. (83.8%) have been replaced by non-vaccine serotypes — 15AF, 23A, etc.
The proportion of vaccine serotypes in the late post-vaccination period was only 10.3%.

Conclusion. Against the backdrop of child immunization against pneumococcal infection, there has been a
decrease in the prevalence of pneumococci with reduced susceptibility to B-lactams. S. pneumoniae resistance
to macrolides remains high (35.9%). Resistant pneumococcal isolates primarily belong to serogroup 15 (15AF)
and serotype 23A, which are not included in the 13-valent conjugate vaccine.
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AHHOMauus

BBegeHue. MoOHUTOPUHI pe3ncTeHTHOCTU Streptococcus pneumoniae K aHTUMUKPOOHBIM npenapatam (AMIT)
SIBNSIETCS BaXXHbIM KOMMOHEHTOM 3MMAEMUOSIOrMYECKOro Haa3opa 3a NHEBMOKOKKOBOW MHADEKLMEN, peLlatoLLmnm
3aa4u Nno CoBEpPLLUEHCTBOBAHMUIO TepaneBTUYECKMX NOOAXOO0B U CAEPXKUBAHUIO pacnpoCcTpaHeHNs Pe3NCTEHTHO-
CTW Ha pernoHanbHOM U HaLMoHaNbHOM YPOBHSIX.

Uenb paboTbl — nccnegoBaHne aHTMOMOTUKOPE3UCTEHTHOCTN MHEBMOKOKKOB Yy A€TeW AOLUKONbHOrO Bo3pacTa
Ha ooHe NpuMeHeHus1 13-BaneHTHO KOHBIOrMPOBaHHOM BakLMHbI B paMKax HauMoHanbHOro kaneHaaps npodu-
NaKTUYECKNX NMPUBUBOK.

Martepunansi un metogbl. B 2016—-2022 rr. o6cnegosaHo 1250 300poBbIX AeTEW B BO3pACTE A0 6 NET U3 OpraHnso-
BaHHbIX KOMMEKTMBOB. BbisiBneHne HasodapuHreansHOro HOCUTENbCTBA MHEBMOKOKKA NPOBOAUNN KynbTyparib-
HbIM METOZIOM, CEPOTMN ONpeaensany NocpeacTBOM NoNMMepasHon LenHon peakunn. YyecteuTensHoCTb kK AMI
nccneqoBany ANCKo-gudpy3MoHHbLIM METOAOM, MUHUMArbHYHO NMOAABMSOLLY KOHLEHTPaUuio aHTUOMOTHKOB
Y PE3UCTEHTHbIX U30MATOB ONpeaensnm ¢ NoMoLLbo E-TecTos.

Pesynbrathl. ViccnenosaHo 265 nsonstoB S. pneumoniae, pe3ncTteHTHocTb K AMIT obHapyxeHa y 36,6%. [Jona
PEe3NCTEHTHbIX M3onsaToB cocTtaBuna 33,8% B paHHeM NocTBakuMHanbHom nepuoge (2016—-2018 rr.) n 45,3% —
B nosgHem (2020-2022 rr.) (p = 0,097). NeHNUMNAMHPE3NCTEHTHbIE NMHEBMOKOKKW BbISIBIIEHbI TONbKO B paHHEM
nocteakuMHansHoM nepuoge c¢ vactoton 11,4% (p = 0,005). PacnpocTpaHEHHOCTb M30MATOB, YCTONYMBBLIX K
Makponugam, B aHanusmpyembix nepuogax cocrasuna 27,9 n 35,9% (p = 0,219), yCTOMYMBBLIX OA4HOBPEMEHHO
K 3 n 6onee knaccam AMI — 23,4 n 17,2% cootBeTcTBeHHO (p = 0,297). CepoTMMNOBOI COCTaB PE3UCTEHTHBIX
S. pneumoniae nameHnncs: BakumHHble cepoBapuaHTel 19F, 6A, 6B u ap. (83,8%) cmeHununce HeBaKUMHHLIMU —
15AF, 23A v gp. [lonsa BakUMHHbIX CEPOTUMNOB B NO34HEM MOCTBAKLMHANLHOM nepuoge coctasuna nuwb 10,3%.
3akntoueHue. Ha hoHe MMMyHM3aLuUm AeTei NPOTMB MHEBMOKOKKOBOW MHApeKLMM HabnogaeTcs yMeHbLUEHWE pac-
NPOCTPaHEHHOCTU MHEBMOKOKKOB CO CHVDKEHHON YYBCTBUTENBHOCTBIO K 3-nakTaMam. YCTOM4MBOCTb S. pneumoniae
K MaKpornvaam OCTaéTcs Ha BbICOKOM YPOBHE (35,9%). Pe3ncTeHTHbIe M30MnsATbl MHEBMOKOKKA B OCHOBHOM OTHOCHT-
cs1 k ceporpynne 15 (15AF) u cepotuny 23A, He BXxoAsLWMM B cocTaB 13-BaneHTHON KOHbIOMMPOBaHHON BaKLWHbI.

KnroueBble cnoBa: Streptococcus pneumoniae, pe3ucmeHmHocmsb, cepomuribsl, demu-6akmepuoHocumernu

AOmuyeckoe ymeepxdeHue. /lccneqoBaHne nNpoBOAMIIOCh Npu 40GPOBONBLHOM UHGOPMMPOBAHHOM CoOrflacumn na-
LIMEHTOB UMM KX 3aKOHHbLIX NpeacTaBuTenen. MNpoTokon nccnenoBaHus ogobpeH 3Tuveckum kommuteTom KpacHosip-
CKOro rocyAapCTBEHHOro MeAULIMHCKOro yHmBepcuteTa uM. npod. B.®. BonHo-AceHeukoro (npotokon Ne 69/2016 ot
28.04.2016) n HesaBncumbIM MexancUMnnnHapHeiM KOMUTETOM MO 3TUHECKON 3KCMEPTU3E KIIMHUYECKMX UccrnenoBa-
Hu (npotokon Ne 1 ot 17.01.2020).

UcmoyHuk gpuHaHcuposaHusi. PrHaHCUpoBaHWe B YacTu obcneaoBaHVs AeTel U3 OpraHN30BaHHbIX KOMMEKTUBOB U
CEepOTUMNMPOBaHUS BbIAENEHHBIX KYNbTYP S. pneumoniae oCyLLEeCTBSINOCH B paMKax MHOTOLEHTPOBOIO MeXayHapoa-
HOrO MPOCMNEKTUBHOIO 3NMAEMMUONOTMYECKOr0 UCCreaoBaHUss 0CO6eHHOCTEN NMHEBMOKOKKOBON MHGekunn « SAPIENS»
(2016—2018 1 2020-2022 rT.), CNOHCOPOM KOTOPOro SIBMsiNCcA 6naroTBoputenbHbI choHa PocTponoBuya—BuiuHeBckom
«Bo nmsa 3gopoBbs 1 GyayLero geten».

KoHgbniukm uHmepecoe. ABTOpbl AEKNapUpyOT OTCYTCTBME SIBHbIX Y NOTEHLMArbHbLIX KOH(MUKTOB MHTEPECOB, CBS-
3aHHbIX C MyOnukaumnen HacTosILLEeN cTaTb.
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Introduction

Streptococcus pneumoniae is a conditionally
pathogenic microorganism that often colonizes the up-
per respiratory tract and is the pathogen of a wide range
of diseases, including otitis media, sinusitis, purulent
bacterial meningitis and community-acquired pneu-
monia. Over the past two decades, vaccination against
pneumococcal infection has been implemented in many
countries as part of national programs [1-4]. In Russia,
immunization of children and adults in risk groups for
infection has been carried out since 2014 in accordance
with the National Immunization Schedule [5]. In the
context of ongoing specific prevention of pneumococ-
cal infections, research interest is focused not only on
changes in the serotype and clonal landscapes of the
microbial population under the influence of conjugate
vaccines, but also on the dynamics of S. pneumoniae
resistance to antimicrobials.

Pneumococcal resistance to antibiotics is charac-
terized by a growing trend and is considered a serious
threat to public health and healthcare in many countries
[6]. Macrolide-resistant pneumococci are currently on
the World Health Organization's list of priority bacte-
rial pathogens (medium priority level)'. Previously, S.
pneumoniae non-susceptible to penicillin were includ-
ed in this list?.

The incorporation of pneumococcal conjugate
vaccines (PCV) into routine childhood immunization
programs has led to a decrease in the proportion of
infections caused by resistant pneumococci in many
countries. This occurred due to the partial or complete
elimination of S. pneumoniae serotypes belonging to
the vaccine variants [1, 4-6]. However, in the future,
against the backdrop of the ongoing serotype replace-
ment, an increase in the proportion of resistant pneumo-
cocci belonging to non-vaccine variants of the patho-
gen has been noted in a number of countries. The prev-
alence of isolates resistant to macrolides, tetracycline,
and in some countries, penicillin has sharply increased
[6-8]. The serotype landscape and the prevalence of re-
sistant S. pneumoniae serotypes vary significantly not
only between continents and countries, but also within
a single country, depending on vaccination rates, anti-
biotic consumption levels, and other factors [7]. In this
regard, dynamic assessment of the serotype landscape
and S. pneumoniae antimicrobial resistance, conducted
both in the early and late post-vaccination periods, is
one of the most important components of epidemiolo-

' WHO Bacterial Priority Pathogens List, 2024: bacterial patho-
gens of public health importance to guide research, development
and strategies to prevent and control antimicrobial resistance.
Geneva;2024.

URL: https://who.int/publications/i/item/9789240093461

WHO. Prioritization of pathogens to guide discovery, research
and development of new antibiotics for drug-resistant bacterial
infections, including tuberculosis. Geneva;2017.

URL: https://who.int/publications/i/item/WHO-EMP-IAU-2017.12

gical surveillance of pneumococcal infections, serving
as the basis for determining the strategy and tactics of
specific prevention and empirical therapy for pneumo-
coccal diseases [9]. Microbiological monitoring is par-
ticularly important in the preschool age group, where
S. pneumoniae carriage occurs with a frequency of
24.4-54.3% [10-12], and the level, structure of resis-
tance, as well as its molecular mechanisms are current-
ly insufficiently studied.

Based on the above, the aim of our study was a
comparative analysis of the structure and mechanisms
of pneumococcal resistance to antimicrobials in dynam-
ics — in the early (2016-2018) and late (2020-2022)
post-vaccination periods in preschool children.

Materials and methods

1250 healthy children from organized children's
groups in Krasnoyarsk were examined. The inclusion
criteria were the child's regular attendance at an orga-
nized children's group (kindergarten), age 0—6 years
inclusive, the presence of informed consent signed by
a parent or legal guardian, and the absence of signs
of infectious diseases at the time of the examination;
the exclusion criterion was the presence of signs of an
acute infectious disease at the time of the examination.
The vaccination status was assessed based on medical
documentation (form No. 112/u).

The average age of the examined children was 4.12
+ (.97 years. Among those surveyed in 2016-2018, on-
ly 1.9% of children completed the full course of im-
munization (three doses, according to the national im-
munization schedule), 33.9% were partially vaccinated
(received 1 or 2 doses of the vaccine), and 64.2% were
not vaccinated. Among those surveyed in 2020-2022,
those who received the full course of immunization al-
ready accounted for 68.8%, those who received 1 or 2
doses of the vaccine accounted for 26.4%, and those not
vaccinated against pneumococcal infections accounted
for 4.8%.

All children included in the study had nasopha-
ryngeal swabs taken once using flocked swabs with
the liquid Amies transport medium. In all cases, in-
formed consent was obtained from the parents or le-
gal guardians of the children included in the study.
S. pneumoniae was cultured on Columbia agar with
5% sheep blood, nalidixic acid and colistin (ready-
made agar produced by LLC Sredoff) under capno-
philic conditions using Campilogaz gas generator
sachets. Pneumococcal identification was performed
based on colony morphology, optochin and bile
tests, as well as PCR detection of the c¢ps4 and /ytA4
genes®. Serotyping was performed using multiplex

3 Laboratory diagnostics of community-acquired pneumonia of
pneumococcal etiology: Methodological recommendations MR
4.2.0114-16. Moscow; 2017. 64 p.
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PCR*. Cryopreservation of the isolated cultures was
performed using Cryoinstant mix colores (Deltalab),
stored at —80°C.

To determine the susceptibility of the isolates to
antimicrobials, the obtained S. pneumoniae cultures
were tested with 8 drugs: oxacillin (1 pg), erythromycin
(15 pg), clindamycin (2 pg), tetracycline (30 pg), nor-
floxacin (10 pg), vancomycin (5 pg), linezolid (10 pg),
and rifampicin (5 pg) using the disk diffusion method
on Mueller—Hinton 2 agar (bioMerieux) supplemented
with 5% defibrinated horse blood and 20 mg/L B-NAD.
Bio-Rad disks were used for this process. S. prneumo-
niae strain ATCC 49619 was used as a control. The in-
terpretation of the results was performed in accordance
with the Russian guidelines "Determination of the Sus-
ceptibility of Microorganisms to Antimicrobial Drugs"
(2025 version).

To exclude [-lactam resistance mechanisms,
screening with a 1 pg oxacillin disk was performed. If
a zone of growth inhibition around the oxacillin disk
was greater than 20 mm, the isolate was considered
susceptible to all B-lactams. If the zone diameter was
less than 20 mm, the isolate was considered resistant
to phenoxymethylpenicillin. The diameter of the zone,
9-19 mm, indicated susceptibility to ampicillin, amox-
icillin, piperacillin, cefepime, cefotaxime, ceftaroline,
ceftobiprole, ceftriaxone, imipenem and meropenem.
For inhibition zone diameters less than 9 mm, the mini-
mum inhibitory concentration (MIC) of all B-lactam an-
tibiotics was required. Accordingly, the MIC of benzyl-
penicillin was determined for all isolates with a zone di-
ameter of less than 20 mm, and for cultures with a zone
diameter of less than 9 mm, the MIC of amoxicillin,
ceftriaxone, and imipenem was also determined. E-tests
(bioMerieux) were used in this study®. Isolates with an
MIC greater than 1 mg/L for penicillin and amoxicillin,
and greater than 2 mg/L for ceftriaxone and imipenem
(according to criteria for infections other than endocar-
ditis and meningitis) were considered resistant.

An erythromycin disk (15 pg) was used to screen
for macrolide resistance: isolates susceptible to it were
considered susceptible to azithromycin, clarithromy-
cin, and roxithromycin. Erythromycin-resistant isolates
were considered macrolide-resistant. To detect induc-
ible resistance to clindamycin, erythromycin and clin-
damycin disks were placed 12—-16 mm apart, and the
result was considered positive if a D-shaped zone of
growth inhibition of the tested culture was present.

Centers for Disease Control and Prevention. Streptococcus
pneumoniae detection and serotyping using PCR. URL: https:/
www.cdc.gov/strep-lab/php/pneumococcus/serotyping-using-
per.html?CDC_AAref Val=https://www.cdc.gov/streplab/
pneumococcus/resources.html (zata o6paruenus 22.02.2025).
Biomérieux. Etest. TectupoBaHme aHTUMHKPOOHOWH YyBCTBU-
tenpHOCTH.  URL:  https://omb.ru/upload/iblock/4c4/e test
amoxicillinclavulanic_acid 21 x1 amoksitsillinklavulanovaya
kislota 256.pdf (nara obpamenns 22.02.2025).
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Pneumococci susceptible to tetracycline were con-
sidered susceptible to doxycycline and minocycline; if
tetracycline resistance was detected, they were consid-
ered resistant to these antibiotics.

A 10 pg norfloxacin disk diffusion test was used
to screen for resistance to fluoroquinolones. S. pneu-
moniae isolates susceptible to norfloxacin were con-
sidered susceptible to moxifloxacin and susceptible at
increased exposure to levofloxacin.

Upon identifying resistance to antimicrobials in
the isolate using phenotypic methods, resistance genes
were detected. Erythromycin-resistant pneumococcal
isolates were tested for the presence of the ermB and
mef genes, which are responsible for resistance to ma-
crolides, lincosamides, and streptogramin B, according
to the method described by R.R. Reinert et al. [13]. The
tetM gene was identified in tetracycline-resistant iso-
lates [14]. At a benzylpenicillin MIC level exceeding
0.064 mg/L, S. pneumoniae isolates were tested for
mutations in the genes encoding penicillin-binding pro-
teins (PBP): pbpla, pbp2x and pbp2b [15].

Statistical processing of the obtained results was
performed using the Statistica v. 10.0.1011 software
package. Qualitative characteristics were calculated as
proportions (%), and quantitative characteristics were
calculated as means and standard deviations. The dis-
tribution of the features was assessed using the Shap-
iro—Wilk test. If the normality of the distribution was
confirmed, the Student's t-test was used for group com-
parisons; if not, the Mann—Whitney test (for quantita-
tive traits) or y* (for qualitative traits) was used. The
level of statistical significance for the differences was
considered to be p < 0.05 in all cases.

Results

During the study, 265 pneumococcal isolates were
obtained. At the same time, between 2016 and 2018,
resistance to one or more antibiotics was detected in
33.8% of the S. pneumoniae isolates (in 68 out of 201),
while between 2020 and 2022, it was found in 45.3%
(in 29 out of 64). The proportion of resistant pneu-
mococci increased by 11.5% over 7 years (y*> = 2.76;
p=0.097).

Most of the resistant isolates obtained in the ear-
ly post-vaccination period were isolated from children
who had not been vaccinated against pneumococcal in-
fections, while in the late post-vaccination period, the
majority of S. pneumoniae cultures were isolated from
fully vaccinated children (Table 1).

Over the entire analyzed period (2016-2022), 83
isolates were obtained with a growth inhibition zone
diameter around the oxacillin disk of less than 20 mm,
of which 34.9% had a diameter of 9—19 mm. The MIC
range of benzylpenicillin for these pneumococci was
0.016-0.750 mg/L, with an MIC_ level of 0.064 mg/L
and an MIC, of 0.19 mg/L. For isolates with a growth
inhibition zone diameter of 0—8 mm (n = 54; 65.1%),
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the benzylpenicillin MIC, was 1 mg/L, the MIC,| was
2 mg/L, with an MIC range of 0.094-8 mg/L. Thus,
the proportion of penicillin-resistant isolates (accord-
ing to criteria for infections other than endocarditis and
meningitis) during the analyzed period was 8.7% (23
out of 265); and the proportion of those susceptible to
penicillin with increased exposure was 15.5% (41 out
of 265) (Figs. 1, 2).

When genotyping S. pneumoniae cultures resis-
tant and susceptible to increased penicillin exposure,
mutations in the genes encoding PBP were identified
in 100% of cases. Mutations in the PBP genes were de-
tected in 11.4% of penicillin-susceptible pneumococci
and were absent in 88.6%.

Erythromycin resistance was detected in 29.8%
(79 out of 265) of the isolates (Fig. 2), with macrolide
resistance genes present in 98.7%. In 41.8% of cases,
only the ermB gene, which encodes 23S rRNA methy-
lation, was detected, and in 20.3%, only the macrolide
efflux mef genes were found. The combination of these
genes was detected in 38% of the isolates. Macrolide

resistance genes were not detected in erythromycin-sus-
ceptible pneumococci.

S. pneumoniae resistant to clindamycin accounted
for 22.6% (60 out of 265), and 3 (1.1%) isolates exhi-
bited inducible resistance. In 61.7% of cases, the ermB
gene was found in clindamycin-resistant isolates, and
in 38.3%, a combination of the ermB and mef genes.

One-fifth — 20.8% (55 out of 265) of the S. pneu-
moniae isolates were found to be resistant to tetracy-
cline (Fig. 2). The ribosomal protection fetM gene was
present in 98.2% of these isolates and was not detected
in tetracycline-susceptible pneumococci.

S. pneumoniae resistant to 3 or more classes of an-
tibiotics were found in 21.9% of cases (Fig. 2).

Rifampicin resistance was detected in only 1 case.
All isolates tested were susceptible to fluoroquinolones,
vancomycin and linezolid.

Differences were identified in the susceptibility of
S. pneumoniae to B-lactams depending on the observa-
tion period. In the early post-vaccination period, 23 iso-
lates were penicillin-resistant, 37 were amoxicillin-re-

Table 1. The structure of resistant nasopharyngeal isolates of S. pneumoniae depending on the vaccination status of the

examined children

Isolates

Early post-vaccination period
(2016-2018; n = 68)

Late post-vaccination period
(2020-2022; n = 29)

Significance
of differences

From fully vaccinated children, n (%) 5(7.35) 22 (75.86) X2 = 47.50; p = 0.000
From partially vaccinated children, n (%) 10 (14.71) 4 (13.79) x2=0.01; p = 0.907
From unvaccinated children, n (%) 53 (77.94) 3(10.34) x? = 34.55; p =0.000
Number of isolates
60 -
Benzylpenicillin MIC, mg/L:
50 - — o8
=3
11 02
40 A
_— 15
00.094-1
30{| [ m< 0.064
20 -
27
10 +
2
1 1 1 2 2
0 R =R 4 A Kl
0 6 8 9 10 11 12 13 14 15 16 17 18 19
Oxacillin zone diameter, mm
Fig. 1. MIC of benzylpenicillin in S. pneumoniae isolates that screened positive with 1 pg of oxacillin (n = 83).



JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2025; 102(4)
DOI: https://doi.org/10.36233/0372-9311-660

ORIGINAL RESEARCHES

MDR

Linezolid (R)
Vancomycin (R)
Norfloxacin (R)
Rifampicin (R)
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Fig. 2. Prevalence of antimicrobial resistant S. pneumoniae isolates.
Here and in Fig. 3: R — resistant; S — susceptible at normal dosing; | — susceptible at increased exposure.
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Fig. 3. Prevalence of antimicrobial resistant S. pneumoniae isolates.

*Statistically significant differences.
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Fig. 4. Dynamics of the prevalence of S. pneumoniae serotypes (serogroups) resistant to antimicrobials.

N/t (non-typed) — isolates whose serotype has not been determined (not included in the standard serotyping scheme).
PPSV23 is a 23-valent pneumococcal polysaccharide vaccine.*Statistically significant differences.

sistant, and 3 isolates were resistant to ceftriaxone (ac-
cording to criteria for infections other than endocarditis
and meningitis) (Fig. 3). The proportions of isolates
susceptible to penicillin, amoxicillin, and ceftriaxone
at increased exposure were 12.9%, 2.0% and 18.9%,
respectively.

In the late post-vaccination period, isolates resis-
tant to penicillin, amoxicillin and ceftriaxone were not
detected (x> =8.02; p =0.005; y>*=13.69, p = 0.000; and
> =0.97; p=0.326, respectively) (Fig. 2). The propor-
tions of isolates susceptible to penicillin, amoxicillin,
and ceftriaxone at increased exposure were 23.4% (3> =
4.09; p=0.044),4.7% (y*=1.37; p=0.242) and 0% (y*
=14.13; p = 0.000), respectively.

The prevalence of S. pneumoniae resistant to mac-
rolides, clindamycin, and tetracycline did not change
significantly during the periods presented (y* = 1.51;
p=0.219;%=0.26; p=0.610 and > = 0.21; p = 0.650,
respectively; Fig. 3). The proportion of pneumococci
with inducible resistance to clindamycin was 1% (2
isolates) in the early post-vaccination period and 1.6%
(1 isolate) in the late post-vaccination period.

The proportion of S. pneumoniae exhibiting re-
sistance to 3 or more classes of antimicrobials did not
differ during the observation periods (x> = 1.09; p =
0.297; Fig. 3). In the early post-vaccination period, the
majority of isolates showed simultaneous resistance to
B-lactams, macrolides, lincosamides and tetracyclines
(69.6%), while in the late period, the phenotype of all
pneumococci resistant to 3 or more classes of antimi-
crobials (100%) was characterized by simultaneous re-
sistance to macrolides, lincosamides and tetracyclines.

Significant differences were found in the serotype
landscape of resistant S. pneumoniae in the early and
late post-vaccination periods (Fig. 4). In 20162018,

serotypes belonging to the vaccine serotypes included
in the 13-valent conjugated vaccine used were predomi-
nant: 19F (3*=10.07; p=0.002), 6A and 6B (3>*=12.13;
p = 0.000). In 2020-2022, non-vaccine serotypes/se-
rogroups of pneumococcus predominated: 15AF (> =
22.04; p=0.000), 23A (x> = 11.22; p = 0.000), and 35B
(x*=7.25; p=0.008). During this period, S. pneumoni-
ae of serogroups 11 and 15 (15BC and 11 AD) were also
detected, which are additionally included in the 20- and
23-valent PCV.

The resistance phenotypes of S. pneumoniae of
different serotypes and serogroups varied: most sero-
group 19 pneumococci (19F and 19A) were found to
be resistant to 3 or more classes of antimicrobials, with
the high proportion of penicillin-resistant isolates being
noteworthy (Table 2). A lower prevalence of S. pneu-
moniae resistant to 3 or more classes of antimicrobials
was found among members of serogroup 6 — 6A and
6B. All serotype 23A pneumococci were also resistant
to 3 or more classes of antimicrobials, while penicillin
resistance has not been established in representatives of
this serotype.

Among pneumococci belonging to serogroup
15AF, macrolide-resistant isolates predominated. AllL S.
pneumoniae serotypes 23F, 34, and 35B showed sus-
ceptibility with increased exposure to penicillin. All
serotype 35B isolates were macrolide-resistant and had
mef genes (Table 2).

Discussion

This paper presents the results of an analysis of
a population of pneumococci isolated from the naso-
pharynx of healthy preschool children in 20162022,
against the backdrop of PCV13 use in accordance with
the Russian National Immunization Schedule. At the
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Table 2. Phenotypes and genetic mechanisms of resistance in pneumococci belonging to serotypes prevalent in the early and

late post-vaccination periods

Sero- Percentage of resistant isolates, % or absolute number Identified resistance mechanisms, % or absolute number
type / Amount when the amount of isolates is less than 10 when the amount of isolates is less than 10
of
Sr?)rLch- isolates | benzylpeni- | amoxi- | ceftri- | erythro- | clinda- | tetracy- mutations in PBP genes ermB mef tet gene
group cillin * cillin | axone | mycin | mycin | cline gene gene
Early post-vaccination period
R—0 pbpla + pbp2b — 2;
23F 3 |—3 0 0 0 0 0 pbp1a + pbp2b + pbp2x — 1 0 0 0
R —91% pbp1a + pbp2b + pbp2x —
6AB 22 |_91'90/° 9.1 0.0 95.5 90.1 59.1 22.7; 95.5 22.7 95.5
270 pbp2x + pbp2b — 68.2
R — 70.8% pbpia + pbp2b + pbp2x —
19F 24 |— 929 '20/ 95.8 8.3 100.0 83.3 54.2 95.8; 83.3 83.3 87.5
e pbp2x — 4.2
194 8 R=2 6 1 8 8 8  pbpla+pbp2b+pbp2x—8 8 8 8
R—0
34 5 I—5 4 0 0 0 0 pbpila + pbp2b+ pbp2x — 5 0 0 0
Late post-vaccination period
R —0.0% pbpia + pbp2b + pbp2x —
15AF 1 | — 36.4% 0.0 0.0 81.8 36.4 27.3 455 36.4 455 27.3
R—0
23A 7 |— 4 0 0 7 7 6 pbp2x + pbp2b — 6 7 0 6
R—0
39 2 |—2 1 0 0 0 0 pbpia + pbp2b + pbp2x — 2 0 0 0
R—0
35B 3 |—3 0 0 3 0 0 pbp1a + pbp2b + pbp2x — 3 0 3 0

Note. *For benzylpenicillin, the percentage of resistant isolates (R), as well as susceptible at increased exposure isolates (1), is indicated.

same time, resistant S. pneumoniae isolates obtained
in 20162018 (the early post-vaccination period) were
predominantly isolated from children who had not been
vaccinated against pneumococcal infection (77.9%),
while those obtained in 2020-2022 (the late post-vacci-
nation period) were mainly isolated from children who
had been fully vaccinated (three times), accounting for
75.9%. Accordingly, the proportion of fully vaccinated
children also increased over the past period, from 1.9%
to 68.8% (y*> = 691.47; p = 0.000), indicating a signifi-
cant increase in immunization coverage.

The dynamics of antimicrobial resistance in the
bacterial population depend on many factors, one of
which, in the case of S. pneumoniae, is vaccination. It
has been proven that the use of conjugate vaccines leads
to a decrease in the frequency and duration of pneumo-
coccal colonization of the upper respiratory tract — pri-
marily by the serotypes included in the vaccine [6-8].
However, data on changes in the serotype composition
and resistance of S. pneumoniae following population
immunization with conjugate vaccines are contradic-
tory [16-21]. For instance, the results of a study con-
ducted in Japan, along with the detection of changes
in the serotype landscape and new serotypes 15A and
35B, showed a significant increase in the resistance of
S. pneumoniae to B-lactam antibiotics — penicillin and
meropenem — following the use of PCV13 [16]. The

increase in resistance levels is also evidenced by a study
conducted in Portugal: following the immunization of
children within the national PCV13 program, the pro-
portion of penicillin- and macrolide-resistant pneumo-
cocci increased from 9.3% and 13.4% to 20% due to the
prevalence of non-vaccine serotypes 11A, 15BC, 24F,
15A and 21 [17].

The data in this study also indicate a change in
the serotype composition of the resistant pneumococ-
cal population: the serotypes that were predominant
in the early post-vaccination period — 19F, 6A and
6B — have been replaced by non-vaccine variants such
as 15AF, 23A and others. Accordingly, if 83.8% of re-
sistant pneumococci belonged to the vaccine serotypes
included in PCV 13 in the early post-vaccination period,
the proportion of such isolates was only 10.3% in the
late post-vaccination period (x> = 46.52; p = 0.000).

Data on the circulation of resistant S. pneumoniae
in Russia are mainly presented in the results of studies,
including multicenter ones, involving isolates obtained
from both adult and child carriers and patients with
various nosological forms of pneumococcal infections
[18-23].

For instance, in the study by Z.A. Alacheva et al.,
among isolates obtained from children in 2017-2022,
the resistance level to erythromycin was 33%, to tet-
racycline — 26%, to trimethoprim/sulfamethoxazole —
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25%, and to clindamycin — 19% [18]. Most isolates
were susceptible to penicillin, and 27% were suscep-
tible with increased exposure. Resistance to 3 or more
classes of antibiotics was detected in 24.2% of pneumo-
cocci, the majority of which belonged to serotype 19F
[18]. According to the multicenter SPECTRUM study,
which included S. pneumoniae isolates obtained from
adults, resistance to erythromycin in pneumococci iso-
lated from carriers was 23.2%, and to tetracycline was
25.5%. Strains susceptible to penicillin at increased ex-
posure were found in 16.3% of cases [19].

The results that were obtained in this study during
a similar period (2016-2022) are comparable to the data
presented above: the proportion of erythromycin-resis-
tant pneumococcal isolates was 29.8%, tetracycline-re-
sistant isolates was 20.8%, and clindamycin-resistant
isolates was 22.6%. Isolates susceptible to penicillin at
increased exposure accounted for 15.5%, while resistant
ones made up 8.7%. Pneumococci resistant to 3 or more
classes of antimicrobials were found in 21.9% of cases.
At the same time, all S. pneumoniae isolates showing
resistance, as well as susceptibility at increased expo-
sure to penicillin, were found to have altered genes en-
coding PBP. In macrolide-resistant pneumococcal iso-
lates, the ermB gene was detected in 41.8% of cases, the
mefmacrolide efflux genes in 20.3%, and a combination
of these genes in 38%. Resistance to clindamycin was
associated with the presence of the ermB gene in 61.7%
of cases, and with a combination of the ermB and mef
genes in 38.3%. Tetracycline-resistant S. pneumoniae
were found to have the tetM ribosomal protection gene
in 98.2% of cases.

A comparative analysis of the prevalence of resis-
tant S. pneumoniae in 20162018 and 2020-2022 re-
vealed the absence of isolates resistant to f-lactams —
penicillin (%* = 8.02; p = 0.005), amoxicillin (}* = 13.69;
p = 0.000), and ceftriaxone (y*> = 0.97; p = 0.326) —
in the late post-vaccination period, while in the early
post-vaccination period, the proportion of pneumococci
resistant to these drugs was 11.4%, 18.4%, and 1.5%,
respectively. Also, in the late post-vaccination period,
no isolates susceptible to ceftriaxone at increased expo-
sure were detected, and in 2016-2018, the proportion of
such isolates was 18.9% (y*> = 14.13; p =0.000). Similar
data were obtained in studies by H. Dabaja-Younis et al.
[21] and K. Andrejko et al. [22], which demonstrated a
significant decrease in the prevalence of penicillin-re-
sistant pneumococci in the pediatric population follow-
ing PCV vaccination.

The proportion of macrolide-resistant pneumo-
cocci remained high despite immunization and tended
to increase, rising from 27.9% to 35.9%. At the same
time, the proportion of S. pneumoniae resistant to clin-
damycin and tetracycline among the identified resistant
isolates significantly decreased — from 69.1% to 44.8%
(x> = 5.08; p = 0.025) and from 63.2% to 41.4% (y* =
3.96; p = 0.047), respectively. However, the decrease

was insignificant when calculated for the total pneu-
mococcal population. The prevalence of pneumococ-
ci resistant to 3 or more classes of antibiotics among
preschool children did not change significantly, being
23.4% and 17.2% in the early and late post-vaccination
periods, respectively. Throughout the analyzed period,
antibiotic resistance of vaccine serotypes of S. pneu-
moniae was generally higher than that of non-vaccine
serotypes, which correlates with data from the PEGAS
study (2015-2020) [23].

Conclusion

Following routine PCV13 immunization in chil-
dren, there has been a decrease in the prevalence of
pneumococci with reduced susceptibility to B-lactams:
amoxicillin by 14.2% (y*> = 7.50; p = 0.007) and cef-
triaxone by 20.4% (y*> = 15.44; p = 0.000), as well as
a trend toward a decrease in the prevalence of isolates
resistant to lincosamides and tetracyclines. S. preumo-
niae resistance to macrolides remains high in the late
post-vaccination period, at 35.9%.

Resistant S. pneumoniae isolates mainly belong to
serogroup 15 (15AF) and serotype 23A, which are not
included in the PCV13 used.
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