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Abstract

Introduction. Colonization of the reproductive organs of pregnant women with group B streptococci (GBS;
Streptococcus agalactiae) can lead to severe perinatal and neonatal pathology. In modern conditions, aside from
the prevention of antenatal infection of the fetus during childbirth using antibacterial drugs, vaccination is also
necessary. In this regard, surveillance of GBS genotypes is an important task.

Objective. To determine the molecular genetic determinants of virulence of Streptococcus agalactiae isolated
from pregnant women and newborns, and to monitor the distribution of capsular polysaccharides types and pili
profiles in GBS clinical isolates.

Materials and methods. The study used clinical isolates of GBS (n = 420) isolated from pregnant women
and newborns in 2010-2023.The bacteriological method was used for isolation of S. agalactiae. PCR method
was used to determine the types of capsular polysaccharides, pili, and whether the strains belonged to the
hypervirulent sequence type ST-17.

Results. During 13 years of observation, the predominance of la, Ill and V genotypes of GBS capsular
polysaccharides was noted both in pregnant women and in newborns. The frequency of occurrence of genotype
Ib increased from 0.7 to 6.7%, genotype V from 12.1 to 24.4%, and the prevalence of genotype Ill decreased
significantly from 41.1 to 21.1%. Hypervirulent sequence type ST-17 was detected in 6 pregnant women and
2 newborns. However, there were no signs of neonatal infection in these children. More than half of all clinical
isolates of S. agalactiae had pili genotypes PI-1 + Pl-2a, as well as pili genotypes PI-2a and PI-1 + PIl-2b. The
distribution of pili types did not change over 13 years of the surveillance period.

Conclusion. Surveillance of the GBS capsular polysaccharides and pili genotypes is necessary for the
development of effective preventive vaccines.

Keywords: group B streptococci (GBS), Streptococcus agalactiae, capsular polysaccharide, sequence type,
pilus, virulence, pregnant women, newborns
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MoneKynapHo-reHeTU4YeCKne AeTepMNHaHTbl BUPYIEHTHOCTU
Streptococcus agalactiae, BbigeneHHbIX y 6epeMeHHbIX

N HOBOPOXKAEHHDIX CaHKT-leTepOypra n JIeHNHrpaackon
o6nactu B 2010-2023 rogax

Waneno K.B.*, XycHytauHoBa T.A., bByaunosckas O.B., KpbicaHoBa A.A.,
CanoxHukos K.B., CaBnuyesa A.M., KoraH .IO.

HayuHo-uccnepgoBaTenbCKUn MHCTUTYT akyLepCTBa, TMHeKonorum n penpogykronorun umenun 1.0. OTTa,
CaHkT-lNeTepbypr, Poccua

Pestome

BeegeHue. KomnoHusaums penpoaykTMBHbIX oOpraHoB 6epemeHHbIX cTpenTokokkamu rpynnel B (CIB;
Streptococcus agalactiae) mMoxeT NpUBOANUTb K TSXKEMNOW NepuHaTanbHOM U HeoHaTanbHoW natonoruun. B cospe-
MEHHbIX YCINOBUsIX TpebyeTcst He TONMbKO aHTUbaKkTepmanbHas NpodunakTnka aHTeHaTanbHoOro MHuMpoBaHus
nnoga B poAaax, Ho U BakLMHoNpodunaktuka. sydeHme MonekynapHo-reHeTU4eCKNX A4eTePMUHAHT BUPYIEHTHO-
CTU LMpKynupytowwmx wrammos CI'B B nonynsuum Heobxoanmo anst noHmmanus anngemuonorim CIrB-uxHdekunii
1 pa3paboTKM ansTepHATUBHbIX NMOAXOA0B K UX NPOUNaKTUKe

Llenb: onpegeneHne MonekynspHoO-reHeTUYeCKMX AeTepMnHaHT BUPYneHTHoCTn Streptococcus agalactiae, Bbl-
OeneHHbIX Y 6epeMeHHbIX 1 HOBOPOXAEHHBIX, U MOHUTOPUHI TUMOB KarncymnbHbIX NonMcaxapuaoB U npodunei
nunen KnuHudeckunx nsonatos CIB.

Martepuanbi n metogbl. B nccnegosanve 6binm BrntoveHbl knuHmndeckne nsonatel CIMB (n = 420), BbiaeneHHble
y 6epeMeHHbIX U HoBopoXaEHHbIX B 2010-2023 rr. Ans BbiaeneHus S. agalactiae ncnonb3oBanu 6aktepuono-
rMYECKUn MeTof; TUM KarncyrnbHbIX NonvMcaxapuaos, NUNen, NpuHaaexHocTb WTaMMOB K TMNepBUPYNEHTHOMY
cukBeHc-Tuny ST-17 onpegensany METOAOM NOMNMMepPasHo LenHON peakuum.

PesynbraThl. B TeyeHne 13 net HabniogeHns otMedeHo JomuHupoBaHue la, Il u V reHoTunoB kancynbHbIX No-
nucaxapuaos CI'B kak y 6epeMeHHbIX, Tak 1 y HOBOPOXAEHHbIX. YacToTa BcTpeyaemocTu b reHoTuna ysenmym-
nace ¢ 0,7 0o 6,7%, V reHotuna — ¢ 12,1 go 24,4%, a pacnpoctpaHéHHOCTb |l reHoTUNa 3Ha4YMmMo cHu3nnack —
c 41,1 po 21,1%. Y 6 6epeMeHHbIX U 2 HOBOPOXAEHHBLIX OblN OGHAPYXEH MMNepBUPYNEHTHLIA CUKBEHC-TUM
ST-17. OgHako NpPU3HaKoB HeoHaTanbHOW MHAEKLMMN Yy 3TUX AeTeln He Obino. bonee NonoBMHbLI BCEX KMMHUYeE-
ckux usonartos S. agalactiae nmenn nunu reHotunos Pl-1 + PI-2a, PI-2a n PI-1 + PI-2b. PacnpegeneHve Tvnos
nunen He N3MEHWUNOCh 3a BECb Nepuog HabnoaeHus.

3akntoyeHne. MOHUTOPUHT reHOTMMNOB KancynbHbIX nonvcaxapuaos v nunen CIMB Heobxogum onsa pa3paboTku
3P eKTUBHBIX NPODUNAKTUHECKNX BAKLWIH.

KnroueBble cnoBa: cmpenmokokku epynbi B, Streptococcus agalactiae, kancynbHbIl nonucaxapud, CUKSEHC-
mun, nunau, eupyneHmHocms, 6epemMeHHbIe, HOBOPOXOEHHbIe

Amuyeckoe ymeepxdeHue. ViccrnienoBaHue NpoBoOAMIOCH Npu OGPOBOSIbHOM UHOPMUPOBAHHOM COrflacuy nawu-
E€HTOB U UX 3aKOHHbIX NpeacTaBuTenei. MNpoTtokon uccnenoBaHnsi ogobpeH 3tnyeckum kommtetom HAW AruP um. [1.0.
OtTa (npoTtokon Ne 114 ot 14.12.2021).

UcmoyHuk dpuHaHcuposaHusi. PaboTa BbiNonHeHa B pamMKkax (yHOAMEHTanbHOro Hay4YHOro WCCrefoBaHUst
FGWN-2022-0004 «OnTrMu3aumsi METOAO0B NpeauKumMu, NpodnnakTUkn U neYeHns «BonbLumx akyLepcKkux CUHAPO-
MOB, a TaKXke CTpaTernm poaopaspeLleHns y 6epeMeHHbIX 13 rpynn BbICOKOTO pUcKa, C LIeNbio YIyYLIeHWS aKyLLIepCKMX
1 nepuHaTanbHbIX UCXOA0BY.

KoHgbnniukm unmepecoe. ABTOPbI AEKNapUPYOT OTCYTCTBME SIBHBLIX M MOTEHLMATbHBIX KOH(IIMKTOB MHTEPECOoB, CBSi-
3aHHbIX C NyGnuKaLmeit HacTosALLei CTaTbu.
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Introduction

Group B streptococci (GBS), of which Strepto-
coccus agalactiae is the only representative, are short-
chain Gram-positive cocci, facultative anaerobes with
B-hemolytic activity. They are usually commensal or-
ganisms and colonize the gastrointestinal tract and low-
er reproductive tract in about 20-30% of women [1]. In
Russia, this figure reaches 16.3% [2].

When colonized with GBS, symptoms are usually
absent. However, GBS in adults can provoke pyelone-
phritis, arthritis, development of abscesses, mastitis,
endocarditis, septicemia, and others. S. agalactiae are
a common cause of inflammatory diseases of the uro-
genital tract of women and the main etiologic agent of
early neonatal period infections. They are most relevant
in the etiology of perinatal infections, as they can cause
genitourinary tract infections, preterm labor, stillbirth,
chorioamnionitis, postpartum sepsis and a number of
unfavorable outcomes for the mother and child, such as
neonatal sepsis, meningitis or pneumonia. Fetal infec-
tion most often occurs intrauterine, when GBS ascend
from the vagina into the amniotic fluid, but infection
may occur during the fetus' passage through the moth-
er's birth canal (intrapartum).

Neonatal infections caused by GBS are clinically
subdivided into early infections, which develop before
the 6th day of life, and late infections, which develop
7-89 days after birth [3].

The complex pathogenesis of the disease in the
mother and child associated with S. agalactiae is asso-
ciated with a large arsenal of virulence factors of this
microorganism, which can vary widely from an asymp-
tomatic carrier to the development of an invasive in-
fection.

More than 20 different virulence factors of the
microorganism contribute to the pathogenesis of GBS
infection. These include adhesins, enzymes, and other
proteins that can vary widely depending on the strain
of the microbe. Cell adhesion molecules play an im-
portant role in the attachment of the microorganism to
the host cell. Specific adhesins mediate colonization of
S. agalactiae to various receptors present on the surface
of the mucosal epithelium, ensuring its transmission to
newborns during their passage through the maternal
birth canal. These proteins are essential for the microor-
ganism at the initial stage of colonization and promote
invasion into the host epithelial and endothelial cells,
as well as participate in the formation of biofilms. Pili
are an important factor of virulence and pathogenicity
of GBS and are long filamentous protein structures con-
sisting of covalently bound protein subunits attached to
the cell wall, protruding beyond the capsule that covers
the bacterial surface [4].

Many GBS virulence factors influence the ability
of each strain to colonize a particular biotope or cause
severe disease. One of the key virulence factors is the
GBS capsular polysaccharide (CPS), first identified by

Dr. Rebecca Lunsfield in the 1930s. To date, 10 unique
CPS serotypes (Ia, Ib, II-IX) are known [1, 5], with 6 of
them (la, Ib, II-V) accounting for 98% worldwide [1].

There are several approaches to determine the
serotypes of S. agalactiae. The Lancefield precipita-
tion test (latex-agglutination method) is considered
the standard method for the determination of GBS se-
rotypes. Molecular biological methods based on DNA
analysis include real-time PCR-based GBS genotyping,
multiplex PCR analysis for direct identification of S.
agalactiae capsule type (Ia to 1X), and full-genome se-
quencing. Serotyping of GBS isolates is important for
understanding local epidemiology and monitoring CPS
genotype change.

In addition to serotype distinction, GBS can also
be clustered genetically by multi-locus sequence typ-
ing. This is accomplished by sequencing 7 housekeep-
ing genes for any strain of GBS, and the combination
of these 7 genomic loci creates a sequence type (ST)
[6]. Among a global and ecologically diverse sample
of strains, 4 major sequence types were found: ST-1,
ST-17, ST19, and ST23 [6]. Of these, ST-1 and ST-19
were mainly associated with asymptomatic carriers of
GBS, ST-23 was common among both asymptomatic
carriers and cases of invasive disease, and ST-17 sero-
type III strains were associated with neonatal invasive
infections [6].

There are several approaches to antenatal screen-
ing for GBS worldwide. First, it is universal screening
for S. agalactiae late in pregnancy (35-37 weeks) using
a culture-based diagnostic method. Another approach is
based on the presence of obstetric risk factors for infec-
tion (delivery at < 37 weeks' gestation, anhydrous inter-
val of more than 18 h, body temperature above 38°C).
Universal antenatal screening for GBS is used in the
United States and Canada [7]. Screening based on risk
factors used in Sweden and the UK is more cautious, as
women are tested only if they show symptoms of a dis-
ease associated with GBS, such as preterm labor, or if
they have a history of adverse pregnancy outcomes [8].

In Russia, since 2021, the Order of the Ministry
of Health No. 1130n of 20.10.2020 "On Approval of
the Procedure for the Provision of Medical Care in the
Profile "Obstetrics and Gynecology" has been in effect,
according to which screening of pregnant women for
GBS is required at 35-37 weeks of pregnancy. Accord-
ing to this order, exclusively vaginal or both vaginal
and rectal secretions are examined and bacteriologic
examination is performed to isolate S. agalactiae. 1f
GBS is isolated, antibacterial drugs are prescribed in
labor to prevent antibiotic prophylaxis of antenatal in-
fection of the fetus.

Currently, measures have been developed to pre-
vent early GBS infections based on parenteral adminis-
tration of antibiotics during labor to women with a high
risk of transmission of newborn microorganism. While
the efficacy of this method is not in doubt, the choice of
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women for whom antibiotic prophylaxis is indicated is
a matter of debate.

Although antibiotic prophylaxis is a good method
of preventing vertical transmission of infection caused
by S. agalactiae and reducing the incidence of infection
in newborns, there is a risk of S. agalactiae resistance
to antibiotics.

Vaccination of both pregnant women and women
planning pregnancy is currently considered as a pro-
phylaxis against the development of invasive forms
of GBS infection in newborns. This strategy is based
on the ability of maternal IgG to penetrate the placenta
and provide immune protection not only against ear-
ly-onset disease, but also against late-onset disease and
postpartum complications associated with GBS. GBS
occupies environmental niches (e.g., lower gastrointes-
tinal tract and vaginal mucosa) that are relatively im-
munologically inert. In fact, a significant proportion
of women colonized with GBS have low serum IgG
concentrations to CPS, and these women pose a high
risk of early infection with their newborns [9]. The
development of a safe and effective vaccine that can
be administered during or before pregnancy remains
a major goal, as current antibiotic-based therapeutic
prophylaxis strategies do not eliminate all cases of in-
vasive infections caused by GBS.

Vaccine development is aimed at determinants of
S. agalactiae that colonize the vaginal biotope and are
capable of invasion. CPS was recognized as the most
promising of them, on the basis of which scientists
from the USA and South Africa developed a trivalent
vaccine in 2013, which is successfully undergoing clin-
ical trials [10].

In 2017, clinical trials of a polyvalent vaccine tar-
geting serotypes la, Ib, II, I1I, and V of GBS were ini-
tiated. At the same time, an increase in the number of
infections caused by serotype IV of GBS was noted, so
this serotype was added to the hexavalent vaccine. This
vaccine achieved coverage of 98% of neonatal infec-
tions caused by GBS.

The new hexavalent conjugated GBS vaccine
(GBSO6) targets serotypes la, Ib, II, III, IV, and V of
GBS [11], which are prevalent worldwide. Monovalent,
bivalent, and trivalent vaccines against serotypes la, Ib,
I, I, and V of GBS have been previously studied in
non-pregnant and pregnant women. These vaccines
have been shown to be safe and to cause a post-vaccine
increase in antibodies to GBS in infants and vaccinat-
ed individuals. However, there are no licensed vaccines
against GBS infection yet [11]. The task is also com-
plicated by the proportion of capsule-free GBS strains,
which is as high as 10% in some populations.

Another promising target is the surface proteins
and pili proteins of GBS.

A large systematic review of all existing GBS vac-
cine candidates was conducted in 2024. All GBS vac-
cine candidates demonstrated good immunogenicity

ORIGINAL RESEARCHES

and safety data for non-pregnant and pregnant wom-
en. The most promising candidate vaccines are a CPS-
based polyvalent vaccine or a broad-spectrum surface
subunit protein vaccine. Overall, the discovery of these
molecular virulence factors of GBS identifies several
promising targets for prophylactic vaccine develop-
ment. This systematic review also emphasizes that there
are still significant uncertainties in the determinants of
antibody response, especially in individuals with low
baseline levels of antibodies to GBS [12].

To reduce perinatal morbidity and mortality, more
attention should be paid to clinical practice, screening,
widespread detection and treatment of possible mater-
nal and child infection with GBS, and prevention of
antenatal fetal and neonatal infection. Monitoring of
circulating strains of GBS in the region will allow to
evaluate the strategy of prevention of invasive neonatal
infections.

The aim of this study was to determine the molec-
ular genetic determinants of virulence of GBS isolated
from pregnant women and newborns, and to monitor
the distribution of CPS types and pili profiles of GBS
strains in St. Petersburg and the Leningrad region.

Materials and methods

Clinical isolates of GBS isolated from pregnant
women in the third trimester of gestation and neonatal
infections in 2010-2023 at the D.O. Ott Research In-
stitute of Gestational Diseases were used in the study.
Clinical materials in women included the middle por-
tion of freely released urine, vaginal and/or cervical
canal secretions and rectal mucosa; in newborns — se-
cretions of the posterior pharyngeal stalk, nasal cavity,
surface of the external auditory canal, axillary skin, and
meconium.

The study was conducted with the voluntary in-
formed consent of the patients and legal representatives
of newborns; the study protocol was approved by the
local ethical committee of the D.O. Ott Research Insti-
tute of AG&R (protocol No. 114 of 14.12.2021).

Clinical materials were examined by bacteriologi-
cal method using selective nutrient broth (Todd-Hewitt
broth) containing colistin sulfate, nalidixic acid and ox-
olinic acid, which inhibit associated microbiota, and on
Mueller-Hinton agar with addition of 5% defibrinated
blood. The isolated streptococci were identified using
the SAMR test and by MALDI-TOF protein profiling
(Bruker). For further studies, the strains were stored at
—70°C in trypticase-soy broth supplemented with 30%
glycerol.

Bacterial DNA extraction was performed using
AmpliPrime DNA-Sorb-AM DNA extraction reagent
kit (Central Research Institute of Epidemiology of
Rospotrebnadzor) according to the manufacturer's in-
structions.

Serotype and pili variant were determined by
polymerase chain reaction (PCR), for which Tersus plus
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PCR kit (Eurogen) was used. Thermocycling was per-
formed using the Terzik amplifier (DNA-Technology).
To determine the types of CPS, the method proposed by
K. Yao et al. [13].

The pili type was detected using the method de-
veloped by S. Teatero et al. [14]. The method includes
two PCR reactions. The first reaction is multiplex; it
contains a mixture of 4 primer pairs to the genes of PI
loci (Pilus islands) — PI-1, PI-1b, PI-2a, PI-2b, the
amplicons of which differ in size. The second reaction
contains a pair of primers corresponding to the start
and end of 2 genes flanking the PI-1 prophage locus.
If the prophage is absent, these primers amplify only
the genes flanking the prophage, corresponding to 648
nucleotide pairs. This reaction is used as a control for
PI-1-negative isolates.

PCR with primers to the ghs2018-ST-17 gene was
used to determine hypervirulent ST-17. If the GBS
strain was classified as hypervirulent ST-17, a 210 bp
amplicon was obtained.

DNA electrophoresis in 2% agarose gel was used
to separate the amplicons obtained. The DNA length
marker 100+ bp DNA Ladder (Eurogen) was used to
establish the molecular size of the amplicons. The re-
sults were visualized using the Infinity gel documenta-
tion system (VilberLourmat).

Statistical processing of data

For statistical processing of data, we used the
R v. 4.3.0 software. The study is observational, which
included 100% of available study cases for 2010-2011,
20162020 and 2021-2023, so power was not checked.
The proportions of patients with a given feature are pre-
sented both in absolute values (n/N, where #n is the num-
ber of patients with the feature, N is the group size) and
as relative units (%) with confidence interval (CI) calcu-
lated using the Klopper—Pearson method. The difference
between the fractions was evaluated using Fisher's exact
test. In the case of multiple comparisons, the Hill correc-
tion was applied. The critical level after which the null
hypothesis was rejected was accepted at p = 0.05.

Results

To monitor the distribution of CPS genotypes and
pili profiles in GBS isolated from pregnant women
and newborns in St. Petersburg and Leningrad region
in 2010-2023, we examined 420 clinical isolates of
GBS. We divided these clinical isolates into the periods
20102011, 2016-2020, and 2021-2023. The observa-
tion periods were chosen because a 10-year compar-
ative evaluation of GBS virulence factors and antibi-
otic resistance was performed in the above periods. In
2021-2023, new data began to accumulate as the moni-
toring of GBS continued, and this period was also taken
for analysis.

Table 1 presents data on the distribution of CPS in
clinical isolates of GBS isolated from pregnant women

and newborns in St. Petersburg and Leningrad Region
in different periods. In the region, genotypes Ia, 111, and
V CPS of GBS were dominant during all periods of ob-
servation, while genotypes VI, VII, and IX were rare.
Genotype VIII was absent throughout the entire obser-
vation period. During the 13 years of follow-up, the fre-
quency of detection of different GBS genotypes varies.
Thus, from 2010-2011 to 2021-2023, the frequency of
genotype Ib (from 0.7% to 6.7%; p = 0.015) and gen-
otype V (from 12.1% to 24.4%; p = 0.02) increased,
while the prevalence of genotype I1I decreased signifi-
cantly (from 41.1% to 21.1%; p = 0.003). It should be
noted a negative dynamic in the frequency of detection
of genotypes la, Ib, III, which are included in the triva-
lent vaccine, from 76.6% to 54.4% (Table 1). The de-
tection of 6 genotypes (Ia, Ib, 11, IL, II, IV, V) remained
above 95.0%. This distribution of genotypes indicates
that a hexavalent CPS-based vaccine would be effective
in our region. These changes require close attention and
continuous monitoring, especially with the prospect of
creating prophylactic vaccines.

These data are more clearly presented in the
Figure, which shows the dynamics of the increase in the
frequency of detection of genotypes Ib, V and a decrease
in the frequency of detection of genotype Il of GBS.

Detection of CPS in a pregnant woman before de-
livery is a prognostic factor for newborn colonization
by CPS (with vertical transmission of the pathogen). It
was important to evaluate the frequency of detection of
CPS genotypes in mothers and their newborns. In our
study, 199 mother-newborn pairs were identified. CPS
was detected in all mothers and neonatal infection col-
onization was 52.76% (45.84-59.58%).

Genotypes III (17.0%), [a (16.1%) and V (10.5%)
were most frequently identified in the mother-newborn
pair. Genotypes 1V, VII and IX were found in 0.5% of
cases. Genotypes VI and VII were rare in our popula-
tion and were not isolated in the mother-newborn pair.
All presented genotypes isolated in the mother matched
the genotypes isolated in newborns (Table 2).

GBS isolates isolated from 2021-2023 were ana-
lyzed for belonging to hypervirulent ST-17. Of the 90
GBS isolates isolated from pregnant women and new-
borns, hypervirulent ST-17 was detected in 6 (6.7%)
GBS isolates belonging to genotype III. 2 children born
to these 6 women also had GBS isolated with this se-
quencing type, but they did not show signs of GBS in-
fection.

Table 3 presents data on the distribution of pi-
li genotypes of S. agalactiae isolated from pregnant
women and newborns in St. Petersburg during different
periods of observation.

More than half of all S. agalactiae clinical isolates
distributed in our region had pili of genotype PI-1 +
PI-2a, which was 53.9% in 2010-2011, 58.2% in 2016—
2020, and 48.9% in 2021-2023, a difference statistical-
ly insignificant. PI-2a (30.5% in 2010-2011, 24.9% in
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Table 1. Distribution of capsular polysaccharides in clinical isolates of S. agalactiae isolated from pregnant women and
newborns together in St. Petersburg and the Leningrad region, n/N; % (95% CI)

Genotype 2010-2011 (N = 141) 2016-2020 (N = 189) 2021-2023 (N = 90) Total
la 49/141; 56/189; 24/90; 129/420;
34,8% (26,9-43,2%) 29,6% (23,2-36,7%) 26,7% (17,9-37%) 30,7% (26,3-35,4%)
Ib 1/141; 13/189*; 6/90*; 20/420;
0,7% (0-3,9%) 6,9% (3,7-11,5%) 6,7% (2,5-13,9%) 4,8% (2,9-7,3%)
I 12/141; 15/189; 13/90; 40/420;
8,5% (4,5-14,4%) 7,9% (4,5-12,8%) 14,4% (7,9-23,4%) 9,5% (6,9-12,7%)
Il 58/141; 45/189**; 19/90**; 122/420;
41,1% (32,9-49,7%) 23,8% (17,9-30,5%) 21,1% (13,2-31%) 29% (24,7-33,6%)
v 3/141; 8/189; 2/90; 13/420;
2,1% (0,4-6,1%) 4,2% (1,8-8,2%) 2,2% (0,3~7,8%) 3,1% (1,7-5,2%)
Vv 17/141; 46/189%; 22/90%; 85/420;
12,1% (7,2-18,6%) 24,3% (18,4-31,1%) 24,4% (16-34,6%) 20,2% (16,5—24,4%)
VI 0/141; 2/189; 2/90; 4/420;
0% (0-2,6%) 1,1% (0,1-3,8%) 2,2% (0,3-7,8%) 1% (0,3-2,4%)
VI 1/141; 2/189; 2/90; 5/420;
0,7% (0-3,9%) 1,1% (0,1-3,8%) 2,2% (0,3-7,8%) 1,2% (0,4-2,8%)
VIl 0/141; 0/189; 0/90; 0/420;
0% (0-2,6%) 0% (0—1,9%) 0% (0—4%) 0% (0-0,9%)
IX 0/141; 2/189; 0/90; 2/420;
0% (0-2,6%) 1,1% (0,1-3,8%) 0% (0-4%) 0,5% (0,1-1,7%)
la, Ib, Ill 108/141; 114/189**; 49/90*; 271/420;
76,6% (68,7-83,3%) 60,3% (53-67,3%) 54,4% (43,6-65%) 64,5% (59,7-69,1%)
la, Ib, 11, 111, IV, V 140/141; 183/189; 86/90; 409/420;

99,3% (96,1-100%)

96,8% (93,2-98,8%)

95,6% (89-98,8%)

97,4% (95,4-98,7%)

Note. Data for 2010-2020 were obtained and published by us earlier [14, 15]. *p < 0.05, **p < 0.05 compared to the data for 2010-2011.
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Dynamics of the frequency of detection of the main capsular polysaccharides in S. agalactiae isolated from pregnant women
and newborns in St. Petersburg and the Leningrad region during different periods.

2016-2020, and 21.4% in 2021-2023 (p > 0.05) and
PI-1 + PI-2b pili genotypes were the next most com-
mon (frequency of detection was 12.1% over the entire
follow-up period). The PI-2b GBS genotype was one of
the rarest, which is also consistent with studies conduct-
ed in Europe. The GBS genotype including the recently
described PI-1b locus was, as expected, extremely rare.

Discussion

In this study, we tracked the changes in CPS
S. agalactiae genotypes among pregnant women and
newborns in St. Petersburg and Leningrad region. In
our region, CPS genotype la was dominant in 2010—
2011 and was detected in 34.8% of cases, in 20162020

it was found in 29.6% and currently in 26.7%. During
the entire follow-up period, one third (30.7%) of all
clinical isolates of GBS belonged to genotype la. Geno-
type III was the second most common genotype. How-
ever, there was a change in the frequency of detection
of genotype III of GBS over the 13 years, namely a sig-
nificant decrease from 41.1% in 2010-2011 to 21.1% in
2021-2023 (p = 0.003). Thus, the dominant genotypes
over the entire surveillance period remain Ia, I1I and V.
These data are consistent with those obtained in other
countries. Genotypes III, Ia, and V were the most com-
mon genotypes of GBS in several regions (Europe and
North America, East Asia, South, East/Central Africa,
and Australia/New Zealand) [17]. The most common
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Table 2. Frequency of detection of genotypes
of capsular polysaccharides in the mother-newborn pairs
in St. Petersburg and the Leningrad region in 2010-2023

Mother neonate pairs, N = 105

Genotype
n % (95% ClI)

la 32 16,1 (11,27-21,94)
Ib 3 1,5 (0,31-4,54)

I 13 6,53 (3,76-10,95)
1] 34 17,0 (12,46-27,96)
\% 1 0,5 (0,01-3,08)
\Y 20 10,05 (6,53-15,08)
\ 0 0

VI 1 0,5 (0,01-3,08)
Vil 0 0

IX 1 0,5 (0,01-3,08)

GBS genotype colonizing pregnant women worldwide
was genotype III, occurring at an incidence of 25%
(95% CI 23-27%), and genotype Ia, detected in 19%
(95% CI 17-21%) of women [17].

Genotype IV was found in Europe and North
America at a frequency of 4%, and in South Africa at
3%. Genotypes VI-IX were rarely detected in Europe
(1%) [17]. In St. Petersburg and the Leningrad Region,
genotypes VI, VII, and IX were rare (1; 1.2; 0.5%, re-
spectively). Genotype VIII was never detected through-
out the entire observation period.

It should be noted that according to the results of
our study, the frequency of occurrence of genotype Ib,
which is one of the vaccine components, increased from
0.7% in 2010-2011 to 6.7% in 2021-2023 (p = 0.015).

Globally, Ia, Ib, II-V genotypes cover more than
99% of all cases of GBS infections, including early and
late neonatal infection [18]. In our region, the coverage
of these genotypes is (99% to 95.5% at different periods
of follow-up). These changes require close monitoring
of the represented genotypes for vaccine development.

The vertical transmission rate of GBS in mother-
newborn pair in our study was 52.76% and overlap of
molecular genetic characteristics among GBS-positive
mother-newborn pairs was shown. The same CPS gen-
otypes were dominant in the mother-newborn pair. Ac-
cording to different authors, the frequency of vertical
transmission from GBS colonized mothers ranges from
54.2% in Turkey to 14.1% in China [19].

According to the literature, hypervirulent ST-17
GBS strains are associated with the risk of neonatal in-
vasive infections. We detected this sequencing-type of
GBS in 6 women and 2 newborns. When hypervirulent
ST-17 strains of S. agalactiae in pregnant women, their
newborn children should be monitored, as they fall into
the risk group for early and late infection and have an
increased risk of meningitis [20].

The main limitation of CPS-based vaccines is the
need to provide protection against multiple serotypes,
so multivalent vaccine strategies are of great interest.
The Novartis/GSK trivalent vaccine (Novartis/GSK
GBS3) containing a CPS Ia/Ib/IIl conjugate is consid-
ered safe for pregnant women, induces the production
of high maternal antibody titers, and the antibodies are
transmitted transplacentally to the fetus [21]. Unfor-
tunately, the trivalent vaccine still does not include all
clinically relevant GBS genotypes and may lead to se-
lection of non-vaccine strains by capsule replacement, a
phenomenon that has been observed in many high-risk
populations and among ST-17 strains [20].

According to our data, the efficacy of the trivalent
vaccine in pregnant women in 2010-2011 would be
76.6%, in 20162020 — 60.3%; currently, its efficacy
is only 54.4%. The task is also complicated by the pro-
portion of capsule-free GBS strains, which is as high
as 10% in some populations. A new hexavalent (sero-
types la, Ib, II, III, IV, and V) conjugated GBS vaccine
(GBS6) [11], which accounts for approximately 98% of
the pathogenic GBS genotypes that are prevalent world-
wide, has been investigated. Monovalent, bivalent and
trivalent vaccines against genotypes la, Ib, I, Il and V

Table 3. Distribution of pili genotypes in S. agalactiae strains isolated from pregnant women and newborns in St. Petersburg

and the Leningrad region, n/N; % (95% CI)

Pilus 2010-2011 2016-2020 2021-2023 Total
PI-1 + Pl-2a 76/141; 110/189; 44/90; 230/420;
53,9% (45,7-61,9%) 58,2% (50,8-65,3%) 48,9% (38,2-59,7%) 54,8% (49,9-59,6%)
PI-1 + PI-2b 20/141; 19/189; 12/90; 51/420;
14,2% (8,9-21,1%) 10,1% (6,2-15,3%) 13,3% (7,1-22,1%) 12,1% (9,2-15,7%)
PI-1b + Pl-2a 11141; 4/189; 0/90; 5/420;
0,7% (0-3,9%) 2,1% (0,6-5,3%) 0% (0—4%) 1,2% (0,4-2,8%)
Pl-1b + PI-2b 0/141; 3/189; 0/90; 3/420;
0% (0-2,6%) 1,6% (0,3-4,6%) 0% (0—4%) 0,7% (0,1-2,1%)
Pl-2a 43/141; 47/189; 31/90; 90/420;
30,5% (23-38,8%) 24,9% (18,9-31,7%) 34,4% (24,7-45,2%) 21,4% (17,6-25,7%)
PI-2b 11141; 6/189; 3/90; 10/420;

0,7% (0-3,9%)

3,2% (1,2-6,8%)

3,3% (0,7-9,4%)

2,4% (1,1-4,3%)
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of GBS have been previously studied in non-pregnant
and pregnant women. These vaccines have been shown
to be safe and to cause a post-vaccine increase in an-
tibodies to GBS in newborns and vaccinated women.
There are no licensed vaccines against diseases caused
by GBS [11]. However, the presence of new genotypes
and atypical GBS isolates, as well as the possibility of
genotype switching, support the need for continuous
genotype surveillance to contribute to the development
of a universal vaccine [10, 12].

Not only the capsule but also the pili is an im-
portant factor in increasing the virulence of GBS. Most
GBS contain PI-1 + PI-2a, and the presence of these
pili stabilizes colonization [22]. The combination of
PI-1 and PI-2a was predominant among GBS isolates
colonizing 38% of pregnant women, PI-2a in 32%. The
largest proportion of genotypes with pili islet protein
genes was genotype la — 69% (PI-2a only) and geno-
type III — 85% of strains (PI-1 and PI-2b) [23].

1. Margarit et al. demonstrated in an extensive study
of GBS pili on a large collection of clinical isolates that

ORIGINAL RESEARCHES

all GBS isolates contain at least one or a combination of
two Pls, and a pili-based vaccine would provide suffi-
cient widespread protection [24]. More than half of all S.
agalactiae clinical isolates distributed in our region had
pili of genotype PI-1 + PI-2a. The next most common
genotypes were PI-2a (24.9 to 34.4%) and PI-1 + PI-2b
(12.1%) pili genotypes. As our studies show, the distri-
bution of pili genotypes did not change during the ob-
served period. The data we obtained coincide with those
obtained in the USA and European countries [7]. It is im-
portant to note that a vaccine based on pili components
would have been effective throughout the entire period.

Conclusion

Despite fruitful research in recent years, our un-
derstanding of the dual role of GBS as a commensal
and pathogen is still far from complete. More funda-
mental studies that unravel the molecular basis of viru-
lence factors and host response to GBS are necessary to
develop new prophylaxis methods that may be effective
in preventing GBS infections in newborns.
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Hoga T.A. — reHOMHble NCCnegoBaHWs; y4acTne B NOATOTOBKE PYKO-
nucu 1 pegakTvpoBaHue pykonucy; CanoxHukos K.B. — crtatuctu-
yeckun aHanus; bydunosckas O.B., KpbicaHosa A.A. — y4acTtue B
NnoaroToBKe pykonucu u eé pegaktupoBaHue; Casuyesa A.M. — KoH-
uenTyanusauma u KoopAuHauus uccrefoBaHus, pefakTupoBaHue
pykonucy; KoeaH U.HO. — koHuenTyanusauusi uccregosaHus. Bee
aBTOpPbI NOATBEPXAAKT COOTBETCTBME CBOEr0 aBTOPCTBA KPUTEPUAM
MexayHapogHOro kommuteTa pegakTopoB MEOMLMHCKUX XKypHaros,
npouny n ogodpunn drHanbHy BEpCUio Ao nybnunkaumm.
Cratbs noctynuna B pegakuuio 15.02.2024;
npuHsaTa K nyénukauum 13.04.2024;
ony6nukoBaHa 29.04.2024



