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Group B streptococcus in obstetrics: unsolved problems

Victor E. Radzinsky! ', Olga K. Doronina! , Anton S. Olenev? ~, Olga V. Stetsyuk? ~ =

! Peoples’ Friendship University of Russia, Moscow, Russian Federation
2 Moscow Multidisciplinary Clinical Center «kKommunarka», Moscow, Russian Federation
D stetsyuko@list.ru

Abstract. For several decades, among all possible pathogens of neonatal infections, group B streptococcus has been one of
the leading positions. Sepsis, meningitis, and pneumonia are among the most common clinical manifestations of neonatal infection
associated with group B streptococcus. In this review, our goal was to analyze the literature demonstrating a worldwide approach
to the prevention of vertical transmission of group B streptococcus from mother to child. When writing the review, scientific
publications of foreign and domestic authors from the PubMed database were studied. The review considers the drugs of choice
for intranatal antibiotic prophylaxis, and their pharmacodynamic, and pharmacokinetic features. The analysis details the problem
of the growth of resistance of group B streptococcus to antibacterial drugs. The antimicrobial activity of lactoferrin was noted
at a minimum inhibitory concentration of 500 pg/ml. The presented review also reflects the protective and therapeutic effects
of oral intake of probiotics containing Lactobacillus acidophilus, Lactobacillus salivarius, Lactobacillus rhamnosus GR-1, and
Lactobacillus reuteri RC-14. Based on the analysis, it can be concluded that penicillin G and ampicillin have the most pronounced
bactericidal effect against group B streptococcus. At the same time, the most common side effects of -lactam penicillins include
an allergic reaction with the possible development of anaphylactic shock. Given this, the antibiotics of the first-line reserve group
include cefazolin, clindamycin, and vancomycin. At the same time, it is important to take into account the decrease in the therapeutic
concentration of clindamycin with a change in the alpha-1-acid glycoprotein in the blood of the mother and fetus, the nephrotoxic
effect of vancomycin and the cross-allergic reaction of cefazolin with antibiotics of the penicillin group. A promising direction in
solving the problem of group B streptococcus is the development of new strategies for the prevention of perinatal infection of the
fetus and newborn based on a more detailed study of the effects of lactoferrin and probiotics.
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Introduction

Back in the 1970s, group B streptococcus
became the leading cause of neonatal morbidity and
mortality [1-3] with an intrauterine infection rate of 2—3
cases per 1000 live births [4] and a mortality rate of up
to 50 % [3]. Depending on the timing of manifestation,
two clinical forms of group B streptococcus (GBS)
infection in newborns are distinguished: early (up to 7
days of life) and late (from 7 days to 3 months of life) [4,
5]. Clinical manifestations are more often represented
by sepsis, meningitis, and pneumonia, and less often by
lymphadenitis, conjunctivitis, and osteomyelitis [6-8].

Pharmacokinetics and pharmacodynamics of
intranatal antibiotic prophylaxis

The widespread use of intranatal antibiotic
prophylaxis has reduced the rate of early neonatal
GBS infection from 1.7 to 0.22 %o [9]. At the same
time, the resistance of S. agalactiea to antibacterial
drugs has increased, which is a global problem in
the public health system. In European and American
countries, for intranatal antibiotic prophylaxis of vertical
transmission of GBS from mother to child, penicillin G
is recommended as a first-line drug according to the
scheme: 5 million units starting dosage, followed by
intravenous administration of 2.5 million units every
4 hours until the end of labor [10].

The effectiveness of the bactericidal properties of
penicillin G according to the recommended scheme
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for the prevention of vertical transmission of GBS
from mother to child was demonstrated in a clinical
study by S. Scasso et al. (2015). Scientists using
high-performance liquid chromatography determined
the concentration of penicillin G in cord blood and
amniotic fluid.

The results obtained made it possible to plot the
concentration-time pharmacokinetic curve (Figure 1) [11].
The authors noted that the maximum inhibitory
concentration of penicillin G in cord blood and amniotic
fluid was reached after 195 minutes, which amounted to
5.6 pg/ml and 5.2 pg/ml, respectively. When comparing
the results of rectovaginal cultures of a woman in labor
and the concentration of penicillin G, it was found that 2
hours after the start of intravenous antibiotic prophylaxis,
penicillin G inhibits the growth of GBS in 53 %, and after
4 hours the bactericidal effect is achieved in 88 % [11].

At the same time, penicillin G is not used as an
antibiotic prophylaxis in childbirth in the Russian
Federation. According to the clinical guidelines
«Singleton birth, spontaneous delivery in the occipital
presentation» dated July 6, 2021, women in labor with
identified GBS in the urogenital tract are recommended
to receive an initial dose of ampicillin 2000 mg
intravenously, then 1000 mg every 4 hours until the
end of labor [12]. Ampicillin, unlike penicillin G,
has a wider spectrum of antimicrobial activity [13].
The effectiveness of the bactericidal properties of
ampicillin was proven in a clinical study by A. Berardi
et al (2017) [13]. Scientists using high-performance
liquid chromatography evaluated the level of ampicillin
concentration in umbilical cord blood depending on
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Fig. 1. Pharmacokinetic curve «concentration-time» of penicillin G [11]

the duration of intranatal antibiotic prophylaxis. The
achievement of the maximum inhibitory concentration
of ampicillin in cord blood was noted 30 minutes
after the start of the introduction of the starting dose
of ampicillin 2000 mg. It has been proven that the
bactericidal effect of the antibiotic persists in the serum
of a newborn for 4-5 hours after birth [14]. Penicillin
G and ampicillin have high clinical activity and low
toxicity [13].

The presence of the -lactam ring causes a strong
bactericidal effect due to disruption of the synthesis
of bacterial cell wall components [13]. At the same
time, the most common side effects of -lactam
penicillins include an allergic reaction with the
possible development of anaphylactic shock [15]. Other
manifestations of an allergic reaction are skin peeling,
itching, urticaria, rhinitis, conjunctivitis, Quincke’s
edema, rarely — fever, arthralgia, eosinophilia,
erythematous and maculopapular rash, erythema
multiforme exudative, Stevens-Johnson syndrome [15].
Because of this, when prescribing an antibiotic during
childbirth to prevent vertical transmission of GBS from
the mother, the child needs a thorough collection of
an allergological history and close monitoring of the

GINECOLOGY

woman in labor in the first 30 minutes from the start
of administration [13].

Prescribing second-line antibiotics to prevent
mother-to-child transmission of GBS during childbirth is
based on two principles: information about the presence
of an allergic reaction to penicillin G/ampicillin and
sensitivity of GBS to clindamycin [10]. First-line reserve
group antibiotics include cefazolin, clindamycin, and
vancomycin [12]. Dosages and frequency of drug
administration are unanimously approved throughout
the world and do not cause controversy. At the same
time, many issues are the subject of discussion.

Cefazolin belongs to the first generation of
cephalosporins [13]. It has been proven that cefazolin
with a minimum inhibitory concentration (MIC90)
of 0.5 pg/ml inhibits the growth of GBS>90 % [16].
T. Mitchell et al. (2001) 1-2—4—6 hours before planned
operative delivery, cefazolin 1.0 g was administered
intravenously once and the concentration of cefazolin in
the blood plasma of a pregnant woman, in the amniotic
fluid and umbilical cord blood at the time of delivery was
determined by high-performance liquid chromatography.
It was noted that in all samples the concentration of
cefazolin exceeded the MIC90, which amounted to 0.96
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pg/ml in the blood plasma of a pregnant woman (95 %
CI 0.89-1.0), in umbilical cord blood 0.96 pg/ml (95 %
CI 0.89-1.0) and the amniotic fluid 0.9 pg/ml (0.95 %
CI 0.77-1.0) [16]. The presented data emphasize the
bacteriostatic properties of cefazolin, manifested in the
ability to inhibit the growth of GBS even after 6 hours
from the moment of administration of the antibiotic.
At the same time, there are conflicting data on the
pharmacokinetics of cefazolin during pregnancy. In
physiologically developing pregnancy, an increase in
glomerular filtration rate is noted.

A. Philipson et al. (1987) noted an increase in
the clearance of cefazolin by 57 % during pregnancy
compared with non-pregnant patients [17].0n the
contrary, in a clinical study by J. Popovic et al.(2007),
no statistically significant differences were found in the
data obtained [18]. At the same time, it was shown that
70-95 % of cefazolin is excreted by the kidneys due
to glomerular filtration, and renal clearance is directly
proportional to the clearance of cefazolin [13], which
corresponds to the data of A. Philipson et al. [17].
Limited data on the pharmacokinetics of cefazolin
during pregnancy require a more detailed study.

Clindamycin has a bacteriostatic effect [18].
Antibiotic prophylaxis during childbirth can be
prescribed according to the scheme: clindamycin 900
mg every 8 hours until the end of labor [10]. At the
same time, C.D. Wear et al. argue that the therapeutic
concentration of clindamycin in the blood of the fetus
can be achieved only with repeated administration of the
antibiotic at least 6 hours before birth [20]. Clindamycin
binds primarily to alpha-1-acid glycoprotein [21].
Plasma protein binding is concentration dependent
and ranges from 60 to 94 % at therapeutic serum
concentrations [13]. Changes in the level of alpha-1-acid
glycoprotein in the blood of the mother and fetus alter
the pharmacokinetics of clindamycin, which may affect
the effectiveness of the bacteriostatic action of antibiotic
prophylaxis [21].

With GBS resistance to clindamycin or a high
risk of developing an allergic reaction to -lactam
antibiotics, women with GBS are prescribed an
antibiotic from the group of cyclic glycopeptides —
vancomycin [10]. C.N. Onwuchuruba et al. (2014)
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determined the concentration of vancomycin in maternal
and cord blood at various dosing regimens [22].
With intravenous antibiotic prophylaxis in childbirth
according to the scheme vancomycin 1.0 g every 12
hours, the therapeutic concentration of vancomycin is
set at 32 % in the blood of the woman in labor and 9 %
in the umbilical cord blood. At a dosage of vancomycin
15 mg/kg every 12 hours, the therapeutic concentration
was observed at 50 % in the blood of the woman in
labor and 33 % in the umbilical cord blood. The dosing
regimen of vancomycin 20 mg/kg every 8 hours proved
to be the most optimal for the prevention of vertical
transmission of GBS from mother to child, and the
therapeutic concentration of the antibiotic was achieved
in more than 80 % of cases [22].

C.V. Towers et al. in solidarity with the conclusions
of C.N. Onwuchuruba et al. and also highlighted the
efficacy of the proposed intravenous vancomycin
regimen for intranatal antibiotic prophylaxis of GBS. In
a clinical study by C.V. Towers et al., indicators of
the maximum inhibitory concentration in the blood
of a woman in labor and cord blood were established,
which amounted to 44.4 pg/ml and 27.4 pg/ml [23].
It was noted that the results obtained were above the
minimum inhibitory concentration of vancomycin (>1
pg/ml) for suppressing the growth of GBS, which again
emphasizes the effectiveness of vancomycin [23].

Knowledge of the pharmacokinetic characteristics
of antibiotics in the mother-placenta-fetus system plays
a key role in the dosing schedule and frequency of
antibiotic administration to suppress the growth of
GBS. However, it is important to monitor the resistance
of GBS to the above antibacterial drugs. If in a clinical
study by Y. Lépez et al. (2017) noted 100 % sensitivity
of GBS to penicillin, ampicillin, and vancomycin [24],
but the clinical work of S. Assefa et al. (2018) published
the results of GBS resistance to penicillin, ampicillin,
and vancomycin, which amounted to 19.5 %, 14.6 %,
and 17 %, respectively [25]. A clinical study by
M. Abrok et al. (2019) in the period from 2012—2018.
also highlights the growing resistance of GBS to
antibacterial drugs. It was noted that the antibiotic
resistance of GBS to erythromycin and clindamycin
increased from 29.2 % to 39.7 % and from 30.2 % to
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38.7 %, respectively [26]. Several of other works also
demonstrate the resistance of GBS to macrolides and
lincosamides [27, 28], which emphasizes the importance
of determining the sensitivity of GBS to antibacterial
drugs with the determination of the minimum inhibitory
concentration.

Modern methods of prevention
of group B streptococcus

Given the growing resistance of GBS to antibacterial
drugs, it is necessary to develop new methods for the
prevention of GBS in obstetrics. The effectiveness
of antiseptic agents for the prevention of vertical
transmission of GBS from mother to child was
demonstrated in the clinical work of J.J. Hijona et al.
(2018) [29]. The day before a «programmed birth»,
a woman with GBS colonization was vaginally injected
with a tablet with the active ingredient dequalinium
chloride 10 mg. It was noted that the number of women
colonized with GBS on the day of delivery decreased
by 57.21 %, which demonstrates the cost-effectiveness
of the use in clinical practice [29]. At the same time,
chlorhexidine proved to be an ineffective method for the
prevention of GBS in pregnant women [30].

Many scientific studies demonstrate that lactoferrin
can be used as a prebiotic for the prevention of neonatal
GBS infections. Lactoferrin is a globular glycoprotein
of the transferrin family [31]. It is produced in high
concentrations in breast milk [32, 33]. It has been
proven that lactoferrin at a concentration of 500 pg/
ml has antimicrobial activity and inhibits the growth of
GBS [34]. Lactoferrin supplementation in late pregnancy
may be a promising tool to improve pregnancy outcomes
and neonatal GBS infections.

L. Hanson (2022) recommends taking oral
probiotics as a prevention to reducing the growth of
GBS in pregnant women. In a clinical study, pregnant
women with GBS colonization from the 28th week
of pregnancy took 1 capsule of daily by the mouth of
the Floragen3 probiotic. It was noted that in 15.3 % of
women at 36 weeks gestation, the GBS carrier status
changed from positive to negative [35].

GINECOLOGY

M. Ho et al. (2016) also studied the effectiveness
of oral probiotics in pregnancy. Pregnant women with
diagnosed GBS colonization at 35-37 weeks of gestation
before delivery took 2 probiotic capsules daily before
bedtime, containing Lactobacillus rhamnosus GR-1
and Lactobacillus reuteri RC-14 strains. At the time of
admission to the maternity hospital, 42.9 % of women
were diagnosed with a negative recto-vaginal smear
for GBS [36].

Y. Liu et al. (2020) also noted a decrease in the
colonization of pregnant GBS against the background
of oral intake of probiotics containing strains of
Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri
RC-14[37]. No less interesting data were obtained in
a clinical study by V. Martin (2019). Pregnant women
with GBS colonization from 26-38 weeks daily took
a probiotic containing Lactobacillus salivarius by mouth
1 capsule daily. It was established that at 38 weeks of
pregnancy, the rectal swab was negative in 72 % of
cases, and the vaginal swab was negative in 68 % of
cases [38].

Conclusion

To date, intrapartum antibiotic prophylaxis remains
the only effective method for preventing mother-to-child
transmission of GBS. The rise of antibiotic resistance
is a global health problem. A promising direction in
solving the problem of GBS is the development of
new strategies for the prevention of perinatal infection
of the fetus and newborn based on a more detailed
study of the effects of lactoferrin and probiotics and the
development of new technologies for the treatment of
perinatal infections associated with GBS.
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CTpenTOKOKK rpynnbl B B aKywiepcTBe: HepelueHHble Npo6sieMbl

B.E. Pap3unckuii’ ', O.K. /lopoauHa’

X

, A.C. OneneB? ~ , O.B. Crerjiok?

! Poccuiickuil yHUBEPCHUTET pYKObI HApoJ OB, 2. Mockea, Pocculickas ®edepayust
2 MOCKOBCKHI MHOTOTIPO(W/IbHBIN KIUHUUYeCKul 1ieHTp « KoMMyHapka», 2. Mockea, Pocculickasi @edepayus
D stetsyuko@list.ru

AnHoTanus. Ha npoTspkeHUH HeCKOBKUX JIeCSTHIeTHI CPeid BCeX BO3MOYKHBIX BO30yAuTenel HeOHaTalbHbIX HH(EeKIHiA
CTPENTOKOKK IPyTIbl B 3aHMMaeT ojHy U3 BeJyIuX Mo3uLuii. Cencuc, MeHUHTUT Y THEBMOHHIO OTHOCST K HauboJsiee 4acTbiM
KJIMHUYEe CKUM TPOSIB/IEHUSIM HeoHaTaAbHON MH(EKIMY, aCCOLMMPOBAHHON CTPENTOKOKKOM TpyIibl B. B pamkax ganHoro
0030pa mepej; HaMH CTOsi/Ia LieJTb — IMPOBECTH aHa/I|3 JINTePaTyPHBIX HCTOYHUKOB, J€MOHCTPUPYHOIIUX BCEMUPHBIN MOAXO[,
K TIPOU/IaKTHKe BePTUKAIbHON TPaHCMHCCHH CTPENTOKOKKA TPYIIbl B oT Matepu pebeHKy. [Tpu HarcaHuu 0630pa U3yueHbl
Hay4Hble MyO/IMKaLy 3apy0e)XHBIX M OTeueCTBeHHBIX aBTOPOB M3 6a3bl aHHEIX PubMed. B 0630pe paccMOTpeHBI Mperaparsl
BbIOOpA /1715 TPOBE/IeHHs] MHTPaHaTalbHOW aHTHOMOTHKONPO(UIAaKTHKY, UX (hapMaKoJUHAMIUeCKHe 1 (hapMaKOKUHETUYe CKIe
ocobenHoctu. [Tpy aHanM3e JeTasu3rpoBaHa MpobemMa pocTa pe3rCTeHTHOCTH CTPENTOKOKKA IpyTIibl B K aHTHOaKTepHraIib-
HbIM npernaparam. OTMeueHa aHTUMUKPOOHast aKkTHBHOCTb JIakTOo(epprHa B MUHUMaIbHON MHTHOWPYOLel KOHL|eHTpaLin
500 Mkr/mi1. Takke B Ipe/icTaB/ieHHOM paboTe OTpa)keHbl TPOTEKTUBHBIE M TepareBTHYecKre 3 eKTh TIepopaIbHOTO pHeMa
npoOHOTHKOB, conepxkaiux Lactobacillus acidophilus, Lactobacillus salivarius, Lactobacillus rhamnosus GR-1 v Lactobacillus
reuteri RC-14. Ha 0CHOBaHUM aHAaJ/IM3a MOXKHO CZleJlaThb BBIBO/], UTO MEeHUIIWIINH G M aMIULIWUIMH OKa3bIBalOT Haubosee
BhIp&)KeHHOe OaKTepHLIJHOe [IeHCTBIE MPOTHUB CTPENTOKOKKA Tpymibl B. TIpu 3ToM K Hanbosee yacTeiM MOO0UHBIM 3 dekram
[3-naKTaMHBIX MEHULM/UIMHOB OTHOCSIT a/IJIePrMUecKy0 PeakIjfio C BO3MOXXKHBIM pa3BUTHeM aHa(umakTHYecKoro 1moka. Baugy
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3TOrO0, K aHTUOMOTHUKAM TPYTINbI Pe3epBa MepBOU JTUHUK OTHOCAT: Liea30/vH, KIUHIAMULIMH U BAHKOMHULIMH. BMecTe ¢ Tem
Ba)XHO YUMTHIBATh CHW)KEHHE TepareBTHUeCKOM KOHL|EHTPaLMK KIHHAMHLIMHA TIPY U3MEHEHHUH MoKa3areJis aibha-1-Kucaoro
[JIMKOTPOTENHA B KDOBU MAaTepH U TI/10/ia, He(ppOTOKCUUECKOe [IeHCTBHE BAHKOMMUIIMHA U MEPEKPECTHYHO a//IEPTHUECKYO PEaKLIHI0
1edasonuHa ¢ aHTUOMOTUKAMU TPYIIBI IEHULW/UTMHOB. [1epCreKTUBHBIM HarlpaBIeHWeM B PellieHUH MPo6/IeMbl CTPENTOKOKKa
rpymnrbl B sBisieTcst pa3paboTKa HOBBIX CTpaTervii MpoGUIaKTHKK epUHATAILHOTO HHHIMPOBAHUSI T1710/ja U HOBOPOXK/IEHHOTO
Ha OCHOBe Ooyiee fleTasibHOTO M3yueHus 3¢ deKToB yakTodepprHa v MPOOUOTHKOB.

KiroueBbie ¢/I0Ba: CTPENTOKOKK IPyTINbI B, HeoHaTaibHble HHGEKIWH, aHTHOMOTHUKOUYBCTBUTETbHOCTb, aHTHOUOTHUKO-
PE3UCTEeHTHOCTh

Mudopmanys o hpuHaHCMPOBaHUH. ABTODEHI 3asiB/ISIIOT 00 OTCYTCTBHM CITIOHCOPCKOM TIO//1€PXKKH.

Bkiapg aBropoB: B.E. Pagsunckuii, O.K. Joponuna, A.C. OsneneB, O.B. CreltoK — KOHLIeNLUS U JHU3aliH HCCel0BaHus,
0030p nuTepaTyphl, HalMCcaHWe TeKCTa. Bce aBTOPBI BHEC/N CyIlleCTBEHHBIN BK/Ia/| B pa3paboTKy KOHIIEeNLWH, TPOBe/ieHre
WCC/IeJOBaHMs ¥ TIOITOTOBKY PYKOTIMCH, TIPOY/IM U 000pr/i (DMHAIBHYIO BEPCHIO Tiepe myb/rKarjuei.

Mudopmanys o KOHGIMKTe HHTePecoB. ABTOPHI 3asB/ISIFOT 00 OTCYTCTBUM KOH(IMKTA UHTEPECOB.
JTHUYeCcKoe yTBep)KJAeHHe — HelTpUMeHHMO.

BiarogapHocTH — HelIpUMEHUMO.

MudopmupoBaHHoe coryiacue Ha my0/JIMKaLUI0 — HEPUMeHUMO.
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