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Abstract

Objective: to investigate the regional peculiarities of Streptococcus pneumoniae carriage in the pediatric
population and characterize the dominant serotypes of the pathogen.

Materials and methods. The clinical study group consisted of 509 healthy children attending preschool
institutions. Examination of nasopharyngeal samples for the detection of S. pneumonae was carried out by
classical bacteriological and molecular biological methods. The serotype was determined by real-time PCR.
Genome-wide sequencing of the serogroups 15 and 11 isolates and bioinformatic analysis were performed.
Results. The S. pneumoniae bacterial carriers in the group of healthy children was detected in 207 children
(40.7%), while the frequency of detection of S. pneumoniae in urban children living in Kazan was significantly
higher than in children living in rural area and amounted to 53.4 and 31.1%, respectively (p < 0.05). Among children
vaccinated with the 13-valent pneumococcal conjugate vaccine (PCV-13), S. pneumoniae carriers were not
detected in 57.5% of cases. There were no significant differences in the degree of nasopharyngeal contamination
depending on the vaccination status. Analysis of the serotype composition indicates the predominance of vaccine
serotypes (57.7%), while the share of serotypes included in the PCV-13 vaccine accounts for only 24.7%, the
share of non-vaccine serotypes was 32.1%, untyped — 10.2%. In unvaccinated children, vaccine serotypes that
are part of the PCV-13 and 23-valent polysaccharide pneumococcal vaccine prevailed (PPSV-23): 6ABCD (21%),
11 AD (15%), 14 (13%). In vaccinated children, serotypes not included in the active vaccines dominated: 15AF
(17.4%), 23A (19.2%), as well as 11AD (19.6%) (11Ais included in PPSV-23). The 27 Kz isolate (serotype 15C)
belonged to one of the most common sequence types ST1025. The 105_Kz isolate (serotype 11D) belonged to
another common sequence type ST 62.

Conclusion. In order to improve epidemiological surveillance of pneumococcal infection, it is necessary to
introduce the monitoring of circulating clonal complexes of dominant S. pneumoniae serogroups and analyze the
genetic determinants of antibiotic resistance and virulence depending on the sequence type.
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XapaktepuncTtnka 6akrepmoHocuTenbCcTBa
Streptococcus pneumoniae B peTckon nonynaynu

Wcaesa ILW."?*, 3apunosa A.3.2%, basasutoBa J1.T."%, XycanHoBa P.M."?,
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2Ka3aHCKU rocyjapCTBEHHbIN MeauUMHCKUIN yHUBepcuTeT, KasaHb, Poccus;
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AHHOMauus

Llenb: n3yyeHve pernoHanbHblx ocobeHHocTel bakTepnoHocuTenscTBa Streptococcus pneumoniae B AETCKON
nonynsiuumn 1 xapakTeprucTuka JOMUHUPYHOLLMX CepOoTUNOB BO30yaANTENS.

Matepunanbl u metoabl. O6cnenoBaHbl 509 300pOBLIX AETEN, NOCELLAOLWMX AETCKME OOLKOMbHbIE ydpexae-
HUs. MiccnegoBaHve Ma3KkoB U3 HOCOMMOTKM Ha OBHapyxeHue S. pneumoniae NPOBOAUNM Kraccuyeckum GakTe-
puvonorMyecknuMm u MonekynspHo-brnonormyeckum metogamu. OnpegeneHme cepoTuna ocyLLecTBNANM METOA0M
NnonMmepasHoOW LEeMHON peakuun B peanbHOM BpeMeHu. MNpoBeaeHo NONHOreHOMHOE CeKBEHMPOBaHNE N30NSTOB
ceporpynn 15 un 11.

Pe3ynbratbl. bakTtepnoHocutenscTBo S. pneumoniae B rpynne 300poBbix AeTen BbiseneHo y 207 (40,7%) ae-
Ten, Npu 9TOM YacToTa obHapyXeHus S. pneumoniae y rTOPOACKNX AeTen, npoxuBawmx B KasaHu, 6eina go-
CTOBEpPHO Bhbille, YeM y cenbckmx aeten, n coctasuna 53,4 n 31,1% cootsetcTBeHHO (p < 0,05). Cpeau geren,
BaKUMHUPOBAHHbIX 13-BaneHTHON NMHEBMOKOKKOBOW KOHbIOrMpoBaHHow BakuuHon (MKB-13), B 57,5% cnyyaes
HocuTenbCTBa S. pneumoniae He Habnoganock. [JOCTOBEPHbIX pasnuMunii no cteneHn o6CcemMeHEHHOCTN HOCO-
rMOTKM B 3aBUCMMOCTM OT BaKLMHANbHOIO cTatyca He YCTaHOBIEHO. AHanu3 cepoTMNOBOro COCTaBa yKkasbiBaeT
Ha npeobnagaHne BakUMHHbIX cepoTunoB (57,7%), Npy 3TOM Ha OM0 CePOTUNOB, BXOASLLMX B COCTaB BaKLUHbI
MKB-13, npuxoantcsa Bcero 24,7%; [onsa HeBakUMHHbLIX cepoTunoB coctaBuna 32,1%; Hetunupyembix — 10,2%.
Y HeBaKLUMHMPOBaHHbIX AeTel npeobnaaany BakUMHHbIE CEpOTUNbI, Bxoasme B coctas MNKB-13 n 23-saneHTHoi
nonvcaxapugHon nHeBMOKOKkoBol BakumHbl (MTMNCB-23): ceporpynna 6ABCD (BaKUMHHLIMW SBASIKOTCA CEPOTU-
nbl 6A 1 6B; 21%), 11AD (15%), 14 (13%). Y BaKUMHUPOBaAHHbLIX AETEN AOMUHMPOBANKN CEPOTUMLI, HE BXOASILLNE
B cOCcTaB AewcTeytowmx BakumH: 15AF (17,4%), 23A (19,2%), a Takke 11AD (19,6%; 11A BxoauT B MNMCB-23).
U3onat 27_Kz (cepotun 15C) oTHOCUNCSt K 04HOMY M3 Hanbonee pacnpoCTpaHEHHbIX CUKBEHC-TUNoB ST1025.
M3onat 105_Kz (cepotun 11D) oTHOCUNCS K APYrOMY pacnpoCTPaHEHHOMY CUKBEHC-TUNy ST62.

BbiBoAbI. B Lensx coBepLleHCTBOBaHMST 3MMOEMUONOrMYECKOro Haa3opa HeobxoaAMMo BHEAPEHNE MOHUTOPUH-
ra 3a UMpKyNUpYLWMMK KNOHaNbHLIMW KOMMNIIEKCAMU JOMWHUPYIOLLMX CEpPOrpynn nNHEBMOKOKKOB U npoBeae-
HWe aHanm3a reHeTUYecKMX AeTEPMUHAHT aHTUOMOTMKOPE3UCTEHTHOCTU N BUPYNEHTHOCTU B 3aBMCMMOCTU OT
CUKBEHC-TMNA.

KnroueBble cnoBa: Streptococcus pneumoniae, 6akmepuoHOCUMeibCmeo, Cepomuribl, CUKBEHC-MuUrbl

Amuyeckoe ymeepxdeHue. ViccrenoBaHue npoBoaniock nNpyu 4o6poBonbHOM MHEPOPMUPOBAHHOM COrnacumn naum-
eHTOoB. [TpoTokon uccrnepoBaHnst ofobpeH STnyeckum kommteTom KazaHCKoro Hay4Ho-MCCnenoBaTenbCkoro MHCTUTyTa
anuaemwuonornm n mukpobuonorum (npotokon Ne 1 ot 12.03.2020).

BnazodapHocmb. ABTOPbI UCKPEHHE NPU3HATENbHbI KOMneram 13 rpynmnel METareHOMHbIX UCCREAoBaHuiA oTAena anw-
aemuonorun HAW anugemmnonorum n mmukpobuonorum umenu Mactepa (O.E. Mones u ap.) 3a nomoLLp B CEKBEHUPOBa-
HWK BbIBPaHHbIX penpe3eHTaTUBHbIX U30MATOB.

UcmoyHuk c¢huHaHcupoeaHus. ViccnegosaHne npoBegeHoO B pamkax rpaHta «Sapiens (Scientific assessment of
pneumococcal infection epidemiology networks)». CnoHcop uccrnegoBanusi: bnarotBoputenbHbii oHg PocTponosu-
Ya—BuwHesckol «Bo umsi 3nopoBbsi 1 Byayluero aeten» npu cogenctammn ObLiepoccuiickolt obLLECTBEHHON OpraHu-
3aumn «lMNegmaTtpuyeckoe pecnvpaTopHoe obLLEeCTBOY.

KoHgbniukm uHnmepecoe. ABTOpbI AEKNapupyoT OTCYTCTBME SBHbIX Y NOTEHLMArbHbIX KOH(UKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumnen HacTosiLLen cTaTb.

Ana yumupoeaHus: Vicaesa [lLU., 3apunosa A.3., bassutosa J1.T., XycauHosa PM., Yasoea T.A., TionkuHa O.®.,
Hukutuna E.B., LiBeTkoBa W.A. XapakTepuctuka b6aktepuoHocutenbctea Streptococcus pneumoniae B [ETCKOW Momy-
nauumn. XKypHan mukpobuornoauu, anudemuonoauu u ummyHobuonoauu. 2024;101(1):89-99.
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Introduction

Streptococcus pneumoniae is one of the most com-
mon bacterial respiratory pathogens. Infections caused
by this microorganism continue to be a pressing issue,
with young children and the elderly belonging to the
high-risk group [1]. According to the structure of cap-
sular polysaccharide, 100 serotypes of S. pneumoniae
have been identified to date [2]. The wide application
of molecular genetic methods allows further differen-
tiation of pneumococci by clones and sequences-types.
The spectrum of dominant serotypes may depend on
the age of the subjects and the geographic region, al-
though similar distribution patterns have been observed
in different countries. According to multicenter studies,
approximately 20 serotypes account for more than 80%
of invasive pneumococcal infection (IPI) cases in all
age groups, with 13 of the most common serotypes re-
sponsible for 70-75% of pediatric IPI cases [3].

Pneumococcal vaccines include the most relevant
serotypes that are associated with IPIs. Since the intro-
duction of specific prophylaxis against pneumococcal
infection in national childhood immunization programs,
an increase in immune coverage has been observed not
only among the child population but also among adults.
As part of a research project to assess the shift and
spread of pneumococcal pathogen serotypes, data from
44 surveillance sites (Europe, North America, Africa,
Latin America, Asia and Oceania) were analyzed to ex-
amine the direct and indirect effects of routine use of
childhood vaccination programs with 10- and 13-valent
pneumococcal conjugate vaccines (PCV-10 and PCV-
13) on the incidence of IPIs. Routine childhood immu-
nization with PCV was observed to result in an 85%
reduction in IPIs among children and adults of all ages
6 years after the vaccine introduction [3].

Despite the undoubted achievements of vaccine
prophylaxis, which can be attributed to the reduction of
IPIs in all age groups of vaccinated and unvaccinated
individuals, there is evidence of an increase in the fre-
quency of nasopharyngeal colonization with non-vac-
cine and untypable serotypes, including encapsulated
strains of pneumococci. Numerous studies of PCV-13
efficacy in different regions have shown that the use
of this vaccine can not only reduce the incidence of
pneumococcal infection, but also cause changes in the
serotype composition of circulating S. pneumoniae
strains [4, 5].

One of the priority areas of pneumococcal infec-
tion control is conducting scientific research to study
the direct and indirect effect of vaccination on the re-
sults of morbidity and bacterial carriers after the intro-
duction of PCV to the pediatric population in different
territories.

The objective of our study was to investigate re-
gional peculiarities of S. pneumoniae carriage in the
pediatric population and characterize the dominant se-
rotypes of the pathogen.

Materials and methods

As part of the regional monitoring in the Republic
of Tatarstan in 2020-2022, 509 children aged 3 years
to 5 years 11 months and 29 days were examined in
accordance with the inclusion criteria (acceptable age,
parents or legal representatives signing a voluntary in-
formed consent form). The studies were approved by
the Local Ethical Committee of the Kazan Research
Institute of Epidemiology and Microbiology (protocol
No. 1 of 12.03.2020). The group of healthy children
(n = 509) included those attending preschool institu-
tions in Kazan (n = 204) and Vysokaya Gora (n = 305),
in the absence of acute respiratory disease symptoms.
Vaccine status of children was studied according to
their developmental checklist.

Nasopharyngeal swabs served as the main mate-
rial for the study. ESwab (Copan) fluid collection and
transportation system was used for collection and trans-
portation of biomaterial. S. pneumonae was determined
by bacteriological and molecular-biological methods.
Culturing was performed on Colombian CNA agar with
5% defibrinated sheep blood (Sredoff). Petri dishes
were incubated for 1824 h at 37°C in an atmosphere
containing 5% CO,. S. pneumoniae was identified by
morphological (Gram-positive diplococci), cultural
(S-form colonies with alpha-hemolysis) and biochem-
ical properties (catalase test, sensitivity to optochin
and bile salts) in accordance with the methodological
guidelines'.

DNA was extracted from pure S. preumoniae cul-
tures using the AmpliSens DNA-Sorb-B Nucleic Acid
Extraction Kit (InterLabService). Typing of the ob-
tained samples by polymerase chain reaction (PCR) was
carried out in two stages. The first stage was detection
of marker genes of S. pneumoniae — IlytA and cpsA;
the second stage — serotype determination by real-time
PCR using fluorescently labeled oligonucleotides
and primers according to CDC recommendations?:
6A/B/C/D, 9A/V, 23F, 19F, 18A/B/C/F, 15A/F, 19A, 3,
12F/A/B/44/46, TA/F, 4, 5 11A/D, 16F, 9L/N, 14, 1, 2,
22A/F, 23 A, 33A/33F/37. S. preumoniae isolates that
were not categorized into the studied groups were la-
beled as untypable.

Whole genome sequencing (WGS) was per-
formed for 2 S. preumoniae isolates, whose serotypes
were determined by PCR as 15AF and 11AD. The
genome analysis of the first isolate showed that it be-
longed to serotype 15C (Streptococcus pneumoniae

' Methodological guidelines MG 4.2. 0114-16 “Laboratory diag-
nosis of community-acquired pneumonia of pneumococcal
etiology” (approved by the Federal Service for Surveillance on
Consumer Rights Protection and Human Welfare, Chief State
Sanitary Doctor of the Russian Federation).

Table 1: List of oligonucleotide primers used in 41 conventional
multiplex* PCR assays for pneumococcal serotype deduction of
70 serotypes. URL: http://www.cdc.gov/streplab/downloads/pcr-
oligonucleotide-primers.pdf
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105_Kz CP125291), while the second isolate belonged
to serotype 11D (Streptococcus pneumoniae 105 Kz
CP125291). The obtained data were uploaded to Gen-
Bank (BioProject PRINA971376 (NZ CP126249.1)
and PRINA1009429). The choice of serotypes for se-
quencing is explained by the significant spread of pneu-
mococci serogroups 15 and 11 against the background
of vaccination, with only serotypes 11A, 15A and 15C
included in the new PCV-20 (Pfizer) [6], serotypes 11A
and 15B — in the composition of PV23.

For WGS, DNA was isolated from pure S. pneu-
moniae cultures, using the QIlAamp DNA Mini Kit
(Qiagen). WGS was performed on DNBSEQ-G50
(MGI) and GridION (Oxford Nanopore Technologies)
platforms. Libraries for WGS were prepared using the
MGIEasy Fast FS DNA Library Prep Set (MGI), Na-
tive Barcoding Expansion and Ligation Sequencing
Kit (Oxford Nanopore Technologies), respectively.
The median length of the library fragments was 430 bp
(identified using the QIAxcel Advanced System capil-
lary gel electrophoresis system). Sequencing to obtain
paired-end reads was performed on the DNBSEQ-G50
platform (MGI) using the DNBSEQ-G50RS kit (FCL
PE150/FCS PE150).

The quality of the obtained nucleotide sequenc-
es was assessed using the FastQC v. 0.11.8 program
(Babraham Bioinformatics). Quality read filtering and
removal of PCR adapters and primers used in library
preparation were performed using the Cutadapt v. 1.15
program. For de novo genome assembly, the SPAdes v.
3.15.4 algorithm was used [7], for hybrid assembly —
Unicycler v. 0.4.7 [8]. The final quality assessment was
performed using the Quast v. 5.0.2 program [9]. MLST
(Multilocus sequence typing) was performed using the
MLST v. 2.0 program® [10]. Genomes were annotated
using the RAST (Rapid Annotations using Subsystems
Technology) server [11]. The CARD database was used
to identify genes and mutations associated with antibi-
otic resistance [12]. The search for prophage sequences
in the genomes of the studied isolates was performed
using the Phaster online service [13], the search for
pathogenicity islands in the genomes was performed
using the IslandViewer v. 4 online service [14].

The results obtained during the study were pro-
cessed using the Statistica for Windows v. 6.0 program
system. The level of p < 0.05 was considered as the
criterion of statistical reliability of the obtained data.

Results

S. pneumoniae bacterial carriers in the group of
healthy children were detected in 207 (40.7%) children,
and the frequency of S. pneumoniae detection in chil-
dren living in Kazan was significantly higher than in
children living in rural areas — 53.4 and 31.1%, respec-

3 Center for Genomic Epidemiology.
URL: http://www.cbs.dtu.dk/services/MLST
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tively (p < 0.05). When studying the vaccination status
according to the development checklists, it was found
that out of 509 healthy children, 315 were vaccinated
with PCV-13 (Table 1). Of the 207 S. pneumoniae car-
riers, 134 children were vaccinated, with 43 children
receiving the full course of vaccination, 47 receiving
2 doses, and 44 receiving only 1 dose.

According to the Immunoprophylaxis Republi-
can Center, vaccination of the child population against
pneumococcal infection has been conducted in the Re-
public of Tatarstan according to the national calendar of
preventive vaccinations since 2014. The PCV-13 pneu-
mococcal vaccine is used for vaccination in accordance
with the schedule, which includes vaccination at 2, 4,
5 months and subsequent revaccination at 15 months.
As 0f01.01.2021, 82% of children aged 0—7 years were
vaccinated with 1-3 doses of the vaccine, with the share
of those who had undergone the full course of vaccina-
tion and revaccination amounting to 60.4%.

No S. pneumoniae bacterial carriage was observed
among vaccinated children in the majority of cases
(57.5%). Only 20.7% of children who underwent the
full course of vaccination were found to be S. pneumo-
niae bacterial carriers (p < 0.01). Thus, in most cases
the bacterial carriers were unvaccinated or children
who had not undergone the full course of vaccination.

When studying the degree of nasopharyngeal
S. pneumoniae contamination, it was found that
low contamination (10'-10*> CFU/tampon) was ob-
served in 62 (30%) cases, moderate contamination
(10°-10* CFU/tampon) in 113 (54.6%), high contam-
ination (10°-10° CFU/tampon) in 32 (15.4%). At the
same time, in the groups of bacterial carrier children,
both vaccinated and unvaccinated, a moderate degree
of contamination prevailed, no significant differences
in the degree of contamination depending on PCV-13
vaccination were found (Table 2).

The serotype composition of pneumococcal
strains isolated from healthy children was studied and
analyzed depending on the vaccine status of the bacte-
rial carrier (Table 3).

The total number of identified serotypes of S. pneu-
moniae isolated from nasopharyngeal swabs exceeded
the number of cultures isolated, indicating mixed colo-
nization by several serotypes (from 2 to 4), with mixed
colonization more frequently observed in vaccinated
children in most cases. This phenomenon has also been
observed by other researchers [15].

The results of the serotype composition analysis
indicate low coverage of serotypes circulating among
child carriers by pneumococcal vaccines used in Rus-
sia, and we were unable to differentiate individual sero-
types within some serogroups during the study. The re-
sults obtained can be assessed as tentative and requiring
further deciphering. The share of serotypes included in
the PCV-13 vaccine was 24.7%, and the share of vac-
cine serotypes of the 23-valent pneumococcal polysac-
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Table 1. The frequency of S. pneumoniae bacterial carriage in vaccinated healthy children, n (%)

— Number of vaccinated Number of children who are not Number of the S. pneumoniae
Vaccination . ) . . .
children S. pneumoniae carriers carrier children
V1 108 64 (59,3%) 44 (40,7%)*
V2 115 68 (59,2%) 47 (40,8%)*
V3 92 49 (53,3%) 43 (46,7%)
Total 315 181 (57,4%) 134 (42,5%)*

Note. *p < 0.01 compared to the non-carrier group.

Table 2. The degree of S. pneumoniae contamination of the nasopharynx depending on vaccination by PCV-13, n (%)

The degree of Number of S. pneumoniae | The number of cases of S. pneumoniae | Number of cases of S. pneumoniae
contamination carrier children carriage in vaccinated children carriage in unvaccinated children p
Low 62 (30%) 35 (26,2%) 27 (43,5%) 0,152
Medium 113 (54,6%) 78 (58,2%) 35 (47,1) < 0,01
High 32 (15,4%) 21 (15,6%) 11 (34,4%) 0,013
Total 207 134 (64,7%) 73 (35,3%) <0,01

charide vaccine (PPSV-23), which is not used for vac-
cination of children, was 33%. The share of non-vac-
cine serotypes amounted to 32.1%, and untypable
serotypes — 10.2%. Analysis of serotype composition
depending on the vaccination status of the children
showed significant differences in the frequency of sero-
types. In unvaccinated children, serotypes belonging to
vaccine serotypes prevailed — 6ABCD (21%), 11AD
(15%), 14 (13%), although we were unable to differ-
entiate vaccine and non-vaccine serotypes in several
serogroups. In vaccinated children, predominant sero-
types were 15AF (17.4%), 23A (19.2%), i.e. serotypes
not included in current vaccines, and 11AD (19.6%),
part of the serogroup, a representative of which (11A)
is included in PPSV-23, which is very rarely used to
prevent pneumococcal infection in children.

Of the isolates associated with the most common
serogroups 15 and 11 among pediatric carriers that are
not included in the PCV-13 vaccine, one representative
isolate each was selected for sequencing (Table 4). The
27 Kz isolate (serotype 15C) belonged to sequence
type ST1025. The 27 Kz genome isolate contained
one intact prophage (Streptococcus phage SpSLI,
NC 027396(23), 39.7 bp) and residues of 3 prophages.
The 27 Kz genome contained components of phos-
photransferase systems of different specificity (galac-
tose-specific, mannitol-specific, beta-glucosidase-spe-
cific, cellobiose-specific); sortase genes; IgA1-protease
gene; LanM lanthionine-containing bacteriocin syn-
thesis genes; asparagine synthesis genes; piaABCD lo-
cus (encoding iron ion transporters); ABC transporter
genes of different specificity (amino acids, polyamines,
metal ions). Variants of the type I restriction-modi-
fication system (types of S-subunit specificity) of the
27 Kz isolate were associated with pathogenicity
(based on the annotation in IslandViewer v. 4). The
presence of antibiotic resistance determinants of differ-

ent classes of antibiotics was predicted using RAST-on-
line. A variant of the fol/4 dihydrofolate reductase gene
associated with trimethoprim resistance was identified
in the 27 Kz genome (Table 4).

The 105 Kz isolate (serotype 11D) belonged
to ST62. The 105 Kz isolate genome contained res-
idues of 4 prophages and a mobile genetic element
Tn5252 containing a lantibiotic synthesis locus. The
105 _KZ isolate genome also contained components
of phosphotransferase systems of different specificity,
soraptase genes, IgAl-protease gene, piaABCD locus,
ABC-transporter genes of different specificity (amino
acids, polyamines, metal ions). The 105 Kz isolate was
characterized by the presence of cytosine-DNA methyl-
transferase gene (most genetic lines of S. pneumoniae
contain adenine-DNA methyltransferases). The pres-
ence of a cytosine-specific methyltransferase that is not
widely distributed among S. pneumoniae may explain
the absence of intact prophages in the genome of this
strain, and may also be related to the genetic stabili-
zation and spread of ST62. Furthermore, the 105 Kz
isolate has ATP synthase V (not F type) and may have
features of energy metabolism.

Thus, based on vaccination in Russia, there is a
spread of serogroups 15 and 11 in child bacterial car-
riers of S. pneumoniae, representatives of which may
be associated with genetic lines that have potentially
increased virulence or other adaptive changes that en-
sure stabilization and successful spread of these clones.

Discussion

The results of our study show that PCV-13 vacci-
nation does not completely exclude the phenomenon of
bacterial carriage among preschool children, but at the
same time, children who have undergone a full course
of vaccination and revaccination have significantly
lower rates of bacterial carriage compared to the group
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Table 3. Serotype composition of S. pneumoniae isolated from healthy bacterial carrier children depending on the vaccination

status, n (%)

. . All vaccinated Unvaccinated Vaccinated
Vaccine Identified serotypes and unvaccinated with PCV-13 with PCV-13 p
4 0 0 0 -
6ABCD (only 6A and 6B are included
( A & 48 21 (43,75%) 27 (56,25%) 0,223
9AV (only 9V is included in PCV-13)* 0 0 0 -
14 20 13 (65%) 7 (35%) 0,061
18ABCF (only 18C is included in PCV-13)* 4 0 4 -
PCV-13
vaccine 19F 1 0 1 -
serotypes 23F 0 0 0 _
1 1 0 1 -
5 0 0 0 -
7AF (only 7F is included in PCV-13)* 0 0 0 =
3 6 1(16,67%) 5 (83,33%) 0,021
19A 0 0 0 -
2 1 1 0 -
8 0 0 0 -
9LN (only 9N is included in PPSV-23)* 28 11 (39,29%) 17 (60,71%) 0,112
10A 0 0 0 -
11AD (only 11Ais included in PPSV-23)* 59 15 (25,42%) 44 (74,58%) 0,214
PPSV-23
Vaccine 12F 3 0 3 -
t
serotypes 15BC (only 158 is included in PPSV-23)* 0 0 0 -
17F 0 0 0 -
22F 11 4 (36,36%) 7 (63,64%) 0,211
33F 5 0 5 -
12AF (only 12F is included in PPSV-23)* 0 0 0 -
15AF 49 10 (20,41%) 39 (79,59%) 0,213
Non-vaccine 16F 1 0 1 _
serotypes
23A 54 11 (20,37%) 43 (79,63%) 0,213
Untyped _ o o
serotypes 33 13 (39,39%) 20 (60,61%) 0,087
Total 324 100 (30,86%) 224 (69,14%) 0,216

Note. *Serotypes of some serogroups were not differentiated by real-time PCR.

of children who have not been vaccinated or undergone
its full course. We have not revealed the influence of
vaccination on the degree of pneumococcal coloniza-
tion of the nasopharynx in healthy bacterial carriers.
Possibly, the degree of colonization is influenced by
other factors related to immunological features of the
host, virulence of the pathogen or environmental fac-
tors, which undoubtedly requires further research.

In this study, a correlation between the frequency
of bacterial carriage and the living environment of the
children was established: in urban children the frequen-
cy of nasopharyngeal colonization with S. prneumoni-
ae was significantly higher than in children living in
rural areas, which can be explained by more frequent
contact in the urban environment. These data should be
taken into account when planning regional monitoring
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Table 4. Characteristics of genomes of serotypes 15C and 11D isolates obtained from nasopharyngeal swabs of children with

identified S. pneumoniae carriage

Genbank Year of Sequence Patient's age
Sample accession isolation Serotype type years PEN ERY TET CHL TXT
number
27 _Kz NZ_CP126249.1 2020 15C 1025 3 S S S S R
105 _Kz PRJNA1009429 2020 11D 4 S S S S S

Note. PEN — penicillin; ERY — erythromycin; TET — tetracycline; CHL — chloramphenicol; TXT — co-trimoxazole; R — presence,

S — absence of resistance determinants.

Source: Prediction of antimicrobial resistance in PATRIC and RAST. URL: https://www.bv-brc.org/job

studies of S. pneumoniae circulation among different
groups of the pediatric population. Monitoring studies
conducted in different countries indicate the existence
of common patterns in the distribution of S. preumoni-
ae serotype composition after the introduction of rou-
tine immunization. For example, in Portugal, PCV-13
has been available since 2010, after a decade of using
PCV-7. S. Felix et al. evaluated changes in the serotype
distribution and antimicrobial susceptibility of pneu-
mococcal pneumococci carried by children living in
two regions of Portugal (one urban and one rural) over
3 epidemiologic periods: before the introduction
of PCV-13 (2009-2010), the early PCV-13 period
(2011-2012), and the late PCV-13 period (2015-2016)
[16]. Nasopharyngeal samples (rn = 4232) obtained
from children aged 0—6 years attending day care cen-
ters were studied. PCV-13 immunization rates were
very high in both regions (> 75%). Pneumococcal car-
riage remained consistently high: 62.1, 62.4, and 61.6%
during the study periods, respectively (p = 0.909) in the
urban region and 59.8, 62.8, 59.5% (p = 0.543) in the
rural region. Meanwhile, the carriage of serotypes com-
prising PCV-13 decreased in both urban (16.4, 7.3, and
1.6%; p < 0.001) and rural areas (13.2, 7.8, and 1.9%;
p < 0.001). This decrease was mainly due to serotype
19A (14.1, 4.4 and 1.3% in the urban region and 11.1,
3.6 and 0.8% in the rural region; p < 0.001), while se-
rotypes 11D, 15A/B/C, 16F, 21, 22F, 23A/B, 24F, 35F
and untyped variants were most prevalent in the late
stages of PCV-13 immunization [16].

Monitoring of serotype composition of circulat-
ing pneumococci allowed in our study to identify some
trends in the structure of dominant serotypes depending
on the vaccine status of children. Thus, we found that,
despite the predominance of vaccine serotypes, the pro-
portion of S. pneumoniae variants included in PCV-13
tends to decrease and to be replaced by serotypes not
included in its composition. We observed serotype re-
placement processes in both groups, but with different
intensity. The groups of vaccinated children showed
greater genetic diversity with predominance of non-vac-
cine serotypes (15AF — 17.4%; 23A — 19.2%), while
in the group of unvaccinated children their share was
lower (15AF — 10%; 23A — 11%).

The replacement of vaccine serotypes with
non-vaccine serotypes was reported by researchers

soon after the introduction of mass immunization with
PCV in various countries. Following the introduction of
routine immunization with PCV-7 in the USA in 2003—
2005, profound changes in the distribution of serotypes
colonizing the nasopharynx of children were reported,
with some of the non-vaccine serotypes becoming more
prevalent and more aggressive due to antibiotic resis-
tance [17, 18].

Since the introduction of PCV-13, researchers
from countries that have included this vaccine in their
national immunization programs have reported an in-
crease in the number of infections with S. pneumoniae
serogroup 15, which is not covered by this vaccine
[19-21]. Pneumococci of this serogroup have caused
outbreaks and deaths in children [22, 23].

In China, continuous monitoring at the Beijing
Children's Hospital, partially reflecting the prevalence
of S. pneumoniae in Chinese children during the study
period, has shown the share of serogroup 15 pneumo-
cocci in the pediatric population to be as high as 6.12%.
After the introduction of PCV-13 in China in May
2017, the isolation rates of S. pneumoniae serogroup 15
in 2018 and 2019 were 7.41% and 10.53%, respective-
ly, showing an upward trend [24]. Chinese researchers
found that S. pneumoniae serogroup 15 strains exhibit-
ed good sensitivity to common antibiotics, but the most
common clonal complex (CC) CC3397 was 100% re-
sistant to penicillin, suggesting the influence of antibi-
otics in altering the predominant CCs [24]. Many stud-
ies have previously reported clonal shift phenomena in
other serotypes, for example, CC271 replaced CC983
among serotype 19F strains [25], ST81 replaced ST342
among pneumococcal isolates of serotype 23F [26],
CC320 replaced CC230 in 19A strains [27], CC876 re-
placed CC875 in serotype 14 strains [28]. These exam-
ples of clonal shift phenomena in one serotype may be
caused by the selection effect of antibiotics, according
to which sequence types expressing high antibiotic re-
sistance replace sequence types with lower resistance.
Long-term epidemiologic studies of antibiotic resis-
tance of S. pneumoniae strains among different sero-
types, including serogroup 15, are necessary to confirm
this theory.

Over the period of our observations since 2016,
we also note an increasing trend in the prevalence of
serogroup 15 serotypes: the proportion of 15AF sero-
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types in 20162019 and 2020-2021 increased from
2.4% to 7.0%, with 17.4% in the group of vaccinated
children in 2021; for the part of serogroup 15BC, there
is also an increasing trend from 2.4% in 2016 to 3.9%
in 2019 [29]. Serogroup 15B, 15A and 15C serogroup
15 are known to be among the most common serotypes
of S. pneumoniae associated with invasive pneumococ-
cal disease after the introduction of PCV-13, further-
more, 15B contributes significantly to the development
of acute otitis media. The capsular polysaccharides of
serotypes 15A, 15B, and 15C are closely related, with
15A having a linear structure of repeating units, and
15B and 15C having a branched structure of repeating
units of carbohydrate residues [30].

According to the results of the Russian multi-
center PeGAS studies 2015-2018 on invasive strains
of S. pneumoniae, the dominant serotypes belonging
to serogroups 3 (21%), 19F and 6ABE (11% each),
15B (6.5%) were identified. Sequence types were de-
termined in all 46 strains studied and 6 previously un-
described sequence types were identified: ST15247—
ST15252, while MLST did not reveal a predominant
sequencing type or identify a CC, with the exception
of serotype 3 strains [31]. According to the results of
another multicenter study from 2016, the genetic lines
CC505 (serotype 3), CC236/CC271/CC320 (19F),

ORIGINAL RESEARCHES

CC1025 (15BC), CC143 (different serotypes), CC311
(23F), which are often associated with invasive dis-
eases, are predominantly widespread in Russia. For
CC1025, which includes serotype 15BC, an increasing
trend in abundance has also been noted. The genetic
lines CC505, CC1025 and CC311 are associated with
sensitivity to most classes of antibiotics. The genomes
of representatives of the widespread genetic lines carry
a variety of virulence determinants [32].

Conclusion

The studies indicate a high frequency of naso-
pharyngeal colonization in preschoolers, especially
among urban children. At the same time, the serotype
landscape is influenced by the vaccination status of
the children: reliable differences in the frequency of
occurrence of different serotypes in vaccinated and
unvaccinated children have been established. At the
present stage, monitoring only the serotype (sero-
group) composition of circulating S. pneumoniae
strains is insufficient. In order to improve epidemio-
logic surveillance of pneumococcal infection, it is
necessary to introduce the monitoring of circulating
S. pneumoniae CC and analysis of genetic determi-
nants of antibiotic resistance depending on ST, using
WGS and bioinformatics analysis.
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