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Abstract

Objectives

To study Group B Streptococcus (GBS) isolates associated with different clinical syn-

dromes: asymptomatic carriage in pregnant women, intrauterine fetal death (IUFD), and

early onset disease (EOD) in the newborn.

Methods

GBS isolates were collected from asymptomatic pregnant women admitted for labor, IUFD

cases, and neonates with EOD. Serotypes and antibiotic susceptibilities were determined.

Multilocus sequence typing (MLST) was performed to assess genetic epidemiology.

Results

GBS carriage rate was 26.1% (280/1074). The dominant serotype among asymptomatic

pregnant women was VI [98/240 women (40.8%)], followed by serotypes III, V and IV in 42/

240 (17.5%), 30/240 (12.5%) and 28/240 (11.7%) women, respectively. The dominant sero-

type in IUFD cases was serotype VI [10/13 (76.9%)]. In contrast the prevalent serotype

among EOD cases was III [16/19 (84.2%)]. ST-1 was associated with IUFD [7/13 (53.8%)],

ST-17 was associated with serotype III and EOD in the newborn 14/19 (73.7%)]. Erythromy-

cin and clindamycin resistance reached 36.8%, 7.7% and 20.0%among EOD, vaginal car-

riage and IUFD, respectively.
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Conclusions

Serotypes VI and ST-1 were dominant among asymptomatic pregnant women and in IUFD

cases while EOD was associated with serotype III and ST-17. Invasive mechanisms thus

may differ between IUFD and EOD in the newborn and virulence may be related to capsule

serotype. Resistance rates to erythromycin and clindamycin were high in EOD cases.

Introduction

Group B Streptococcus (GBS) is a leading cause of neonatal sepsis and meningitis as well as

amnionitis and sepsis [1, 2]. Two GBS-associated syndromes are described in neonates: early-

onset disease (EOD) which is responsible for 40% of cases, and late-onset disease (LOD) asso-

ciated with 60% of cases. EOD occurs in the first week of life (0–6 days) and is associated

mainly with bacteremia [2, 3]. EOD results from vertical transmission of the bacteria through

contaminated amniotic or vaginal secretions of a colonized mother to her neonate during, or

just before delivery [1]. LOD occurs after the first week of life and up to the age of 3 months

and is characterized by a high rate of meningitis [2, 3]. LOD is not necessarily associated with

GBS carriage in the mother, and therefore is not attenuated by preventive strategies such as

screening and antibiotic treatment of the pregnant mother. Approximately 10% of the infected

babies die from GBS infection and 20% of survivors suffer permanent handicap.

The overall incidence of EOD in the newborn is between 0.3 and 0.6 infants per 1,000 live

births [1–3] and it varies geographically. The incidence of GBS colonization in Israeli pregnant

women is 21.6% and the incidence of EOD is low with only 0.27 cases per 1,000 live births [4].

Therefore, the Israeli Ministry of Health guidelines (22/2005) do not advocate universal GBS

screening during pregnancy, but instead promote antibiotic prophylaxis prior to delivery

according to risk factors.

GBS during pregnancy can also ascend from the vagina into the uterus and cause infection

of the amniotic fluid and the fetus (amnionitis). This is associated with fetal injury, preterm

birth, stillbirth, and endometritis [5, 6]. There is limited data regarding the incidence of intra-

uterine GBS infection worldwide [6].

GBS strains can be divided into 10 capsular serotypes (Ia, Ib, and II to IX) [7–9]. There are

more than 750 sequence types (STs) defined by multilocus sequence typing (MLST). Most

human isolates cluster into six clonal complexes (CCs) [8, 9]. Serotype III is associated with

neonatal meningitis, and is responsible worldwide for a substantial proportion of EOD cases

(40–60%) and the majority of LOD cases (60–80%) [2, 3, 5]. Studies showed that one particular

hypervirulent GBS genotype (ST-17), represents 70% of GBS isolates responsible for neonatal

meningitis and belongs exclusively to serotype III [7–9].

In past it was assumed that all GBS isolates are highly susceptible to penicillin [10]. There-

fore, the drug of choice for treating GBS colonization in pregnant women is penicillin. For

GBS-colonized mothers with β-lactam allergy, erythromycin or clindamycin are used [1–3].

Recent data reports increasing rates of macrolide resistance [10, 11]. Also, several recent stud-

ies demonstrated a worrying increase in GBS isolates with resistance to penicillin [12, 13]. In

Israel, screening does not include antibiotic susceptibility and there is no data regarding GBS

resistance rates. Women with β-lactam allergy may thus receive inappropriate treatment. Also,

in rare cases of resistance to penicillin treatment may be inappropriate.

Maayaney Hayeshua Medical Centre (MHMC), in Bney Brak, Israel, serves mainly an

Orthodox Jewish community. In 2017, 11,967 newborns were delivered. The incidence of
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neonatal EOD disease in MHMC increased significantly from 0.25/1,000 during 2016 (3 cases)

to 0.51/1000 live births (7 cases) in 2017, significantly higher than the national Israeli reported

rate of 0.27/1,000 live births [4]. Furthermore, 17 pregnant women during 2017 had intrauter-

ine fetal death (IUFD) after the 20th week of gestation. Seven of these were associated with

GBS amnionitis, increasing the incidence of stillbirth due to GBS to 0.58 per 1000 live births.

These high rates led us to begin as of August 2017 GBS screening in pregnant women admitted

for labor.

The aim of our study was to describe the molecular characteristics and antibiotic suscepti-

bilities of GBS isolates according to different clinical syndromes: a) Asymptomatic carriage in

pregnant women, b) IUFD, and c) EOD in the newborn.

Material and methods

Study population

We studied a convenience sample of asymptomatic pregnant women admitted for labor dur-

ing 2017 to MHMC7. Women were screened for GBS carriage using recto-vaginal swabs, as

part of the universal screening implemented in MHMC from August 2017 for all pregnant

women admitted for labor regardless of gestational age or for pregnant women with miscar-

riage in the third trimester or amnionitis. Some women were screened in the community and

were not included in this analysis. Implementation of screening women on admission to labor

was slow. We eventually had samples from 1,074 women from the 1st of August to 31 Decem-

ber 2017, 22% of all women giving birth in the hospital during this period.

280 women had positive GBS cultures, forty isolates were not frozen for further study. Thus

240 isolates were available for further investigation. We also included all GBS isolates obtained

from IUFD remains and isolates from EOD in newborns during 2013–2017.

The study was approved by the ethics committee of Maayaney Hayeshua Medical Centre

(approval number 0023-18-MHMC). Data was summarized from patients files regarding age,

gravidity, parity, gestational age, mode of delivery, weight at birth and pregnancy outcome

(alive, dead, EOD).

Serotyping

GBS isolates were preserved in sterile Brain Heart Infusion broth with 15% glycerol (HyLabs,

Israel) at −70˚C for long-term storage and at 4˚C for short-term maintenance. Frozen GBS

strains were revived; twice sub cultured and incubated. One to three colonies of overnight GBS

cultures were suspended in one ml of saline and heated for 10 minutes at 100˚C in a dry bath.

Four hundred μl of lysed bacteria were transferred for DNA extraction [EZ1 Virus Mini kit

(Qiagen) or manual extraction using the Bacterial kit (Presto, Geneaid) and lysis buffer (Lyso-

zyme, Geneaid)]. Extracted DNA was stored at −20˚C. Amplification was performed using

specific primers for every serotype and a fluorescent probe labeled with 6-FAM [14]. Positive

and negative controls were included in every run.

MLST analysis

Primer sets corresponding to seven housekeeping genes (adhP, atr, glcK, glnA, pheS, sdhA, and
tkt) were constructed with reference to the MLST website (http://pubmlst.org/sagalactiae/),

with alleles and sequence type (ST) using the S. agalactiae MLST database. The relationships

of each ST were analyzed by eBURST version 3.1 (http://eburst.mlst.net/v3/mlst_datasets/).
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Antibiotic susceptibility testing

Antibiotic susceptibility testing to penicillin, clindamycin and erythromycin was performed

using disk diffusion according to the Clinical and Laboratory Standards Institute (CLSI) guide-

lines [15]. Isolates sensitive to clindamycin, but resistant to erythromycin, were further tested

using the D-zone test to determine inducible clindamycin resistance.

Statistical methods

Statistical analyses were done using SPSS version 24.0 (SPSS Inc., Chicago, IL, USA). Preva-

lence was calculated based on positive GBS results within the study population. Comparison of

proportions of GBS colonization in MHMC and in pregnant women from the general preg-

nant woman population on Israel was based on national data [4]). Comparisons were per-

formed between women with and without asymptomatic GBS carriage. Groups were

compared according to GBS status and clinical presentation: asymptomatic carriage, IUFD

and EOD. Chi-square for categorial variables and student T test for continuous variables

were used. When appropriate Fisher exact test was used. Significance was set at p<0.05.

Results

GBS colonization

One thousand and seventy-four asymptomatic pregnant women in labor were screened for

GBS. Two hundred and eighty were positive for GBS [(26.1%) 95% confidence interval (CI),

23.4% to 28.6%]. GBS colonization rate in MHMC was significantly higher than the overall

prevalence of 21.6% reported among pregnant Israeli women (p<0.0001) [4]. Mean age was

28.9 years [standard deviation (SD) 5.9), mean gravidity was 4.3 (SD 3.2), mean parity was 3.0

(SD 2.5), mean gestational age was 39.3 weeks (SD = 2.0) and mean birth weight was 3299.5 g

(SD 506.1). Baseline characteristics including age, gestational age, gravidity, parity, , , and birth

weight were similar between GBS-positive and GBS-negative women (Table 1). There were no

demographic differences between women with asymptomatic carriage, women who gave birth

to neonates with EOD or women who suffered from IUFD.

Serotype distribution

Among 240 GBS isolates from asymptomatic pregnant women available for analysis the domi-

nant serotype was VI [[98/240 isolates (40.8%)]], followed by serotypes III, V, IV, 1a, and 1b

[42/240 isolates (17.5%), 30/240 isolates (12.5%), 28/240 isolates (11.7%), 17/240 isolates

(7.1%), and 7/240 isolates (2.9%), respectively]. Eighteen of 240 isolates (7.5%) were non-typ-

able. The dominant serotype among 13 GBS isolates from IUFD cases was VI [10/13 isolates

(76.9%)], In contrast, serotype distribution of 19 GBS isolates from neonates with EOD

revealed that serotype III dominated [16/19 (84.2%] (Fig 1).

Correlation between capsular polysaccharide serotypes, and genotypes (ST

type)

The genetic diversity of 32 isolates from asymptomatic women selected randomly, 13 IUFD

isolates, and 19 EOD isolates were analyzed using MLST. ST-1 was the most common ST type

among 13/32 isolates from asymptomatic women (40.6%) and 7/13 IUFD isolates (53.8%) and

was associated with serotype VI in 20 of 21 cases (95.2%). ST-17 was identified in 9/32 isolates

from asymptomatic women (28.1%), 1/13 IUFD isolates (7.7%) and 14/19 EOD isolates

(73.7%) and was associated with serotype III in 21/24 cases (95.8) (Table 2).
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The relations between serotype, genotypes and clinical syndrome are shown in Table 3. ST-

1 related to serotype VI in 20 of 21 cases (95.2%)and was associated with colonization and

IUFD and vaginal colonization, and ST-17 was related to serotype III in 2 of 24 cases (87.5%)

and was associated with EOD.

Antimicrobial susceptibility

All GBS isolates tested [vaginal carriage (n = 280), IUFD (n = 13) and EOD (n = 19)] were sus-

ceptible to penicillin. Fifty-eight (20.7%) isolates from asymptomatic pregnant women were

resistant to erythromycin and 54 (19.3%) were resistant to clindamycin. One (7.7%) IUFD iso-

late was resistant to both antibiotics and seven (36.8%) EOD isolates were resistant to erythro-

mycin and clindamycin. None of the resistant isolates showed inducible clindamycin

resistance (D-test phenotype).

Discussion

We found a high rate of rectovaginal colonization in women in a single institution in Israel

and found a higher prevalence of serotype VI in cases with IUFD, and serotype III in cases

with EOD.

The strong association we report between clinical presentation, serotype and ST type may

suggest that different serotypes and ST types are related to different virulence mechanisms and

that different virulent factors are associated with IUFD and EOD. EOD has been linked by

Table 1. Characteristics of pregnant women during labor with positive and negative GBS rectovaginal cultures.

Variable Women with positive GBS cultures Women with negative GBS cultures p- value

280 (26.1%) 794 (73.9%)

Maternal age 0.054

< 30 years 158 (56.4) 467 (58.8)

30–40 years 105 (37.5) 304 (38.3)

> 40 years 17 (6.1) 23 (2.9)

Gestational age 0.192

< 34 weeks 4 (1.4) 10 (1.3)

34–37 wee1ks 40 (14.3) 82 (10.3)

>37 weeks 236 (84.3) 702 (88.4)

Gravidity 0.463

�3 137 (48.9) 410 (51.6)

-8 114 (40.7%) 291 (36.6)

>8 29 (10.4) 93 (11.7)

Parity 0.311

� 3 177 (63.2) 540 (68.0)

4–8 89 (31.8) 215 (27.1)

� 8 14 (5.0) 39 (4.9)

Birth weight� 0.275

< 2,500 g 21 (7.5) 36 (4.9)

2,500–4,000 g 238 (85.0) 642 (87.8)

>4,000 g 21 (7.5) 53 (7.3)

Characteristics of pregnant women during labor with positive and negative

GBS rectovaginal cultures. Results are presented as n (%), unless otherwise stated.

�Birth weight was available for 1011 newborns.

https://doi.org/10.1371/journal.pone.0244450.t001
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other authors to serotype III and ST-17 and is associated with both EOD and LOD worldwide,

and for the vast majorities of meningitis in neonates [2, 3, 5]. The pathogenicity of this clone is

associated with the presence of two specific adhesins [16]. The most frequently identified ST

among colonizing GBS strains, was ST-1, which was particularly associated with serotype VI.

Little is known regarding serotypes and ST types and their association with IUFD and the viru-

lence mechanisms leading to this presentation.

In the US and Europe, in contrast to the epidemiology we report, the common colonizing

serotypes are V, Ia, and II [17–19]. Serotype VI is highly prevalent among pregnant women in

Japan [20, 21] and Malaysia [22]. In Taiwan, serotype VI was the second most common sero-

type in adults with GBS associated skin and soft tissue infections [21]. In Egypt, serotype VI

was also detected as the most common colonizing serotype in pregnant women [22]. Serotype

III was the predominant serotype causing EOD, in accordance with the Israeli reports, and

Fig 1. Distribution of serotypes among GBS isolates recovered from colonized pregnant women, from neonates with early

onset disease (EOD) and from intra uterine fetal death (IUFD) cases. Colonizing isolates—vaginal isolates from colonized

pregnant women. EOD isolates—isolates from blood cultures of neonates with EOD. IUFD isolates—isolates from cultures of IUFD

remains.

https://doi.org/10.1371/journal.pone.0244450.g001
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previous studies from Europe and US [3, 4]. It seems that that the epidemiology we report is

more like that reported in the middle east and Asia and less similar to the epidemiology of

GBS in Europe and the US.

MLST of global GBS collections identified ST-1 and ST-19 to be significantly associated

with asymptomatic colonization [7, 8]. Another study from Japan [21], reported that ST-1,

and ST-19, were the main colonizers in pregnant women, like our results, and identified them

as being admirably adapted to the vaginal mucosa with a poor invasion ability.

According to another Israeli study that examined colonizing GBS isolates from a low-inci-

dence region, there was heterogeneity in ST types [23]. ST-1 was the most prevalent, and its

members expressed various serotypes, with serotype V being the most common. Serotype VI

Table 2. Correlation between GBS sequence type and clinical syndrome.

sequence type Clinical syndrome

Colonization isolates n = 32 (%) IUFD isolates n = 13 (%) EOD isolates (n = 19)

ST-1 13 (40.6) 7 (53.8) 1 (5.3)

ST- 4 0 1 (7.7) 0

ST-6 0 1 (7.7) 0

ST-8 4 (12.5) 0 0

ST-12 1 (3.1) 0 0

ST-17 9 (28.1) 1(7.7) 14 (73.7)

ST-19 4 (12.5) 1 (7.7) 0

ST-23 0 0 1 (5.3)

ST-27 0 1 (7.7) 2 (10.5)

ST-106 0 0 1 (5.3)

ST-196 0 1 (7.7) 0

ST-459 1 (3.1) 0 0

Correlation between GBS sequence type and clinical syndrome colonizing strains (rectovaginal cultures), EOD strains (blood cultures of neonates with EOD) and IUFD

strains (fetal remains cultures).

EOD—early onset disease; IUFD—intrauterine fetal death

https://doi.org/10.1371/journal.pone.0244450.t002

Table 3. Distribution of GBS isolates according to ST-type and serotype.

ST type Serotype III Serotype IV Serotype VI Serotype 1b Serotype 1a Total

ST1 1 0 20 0 0 21

ST4 0 0 0 1 0 1

ST6 0 0 0 1 0 1

ST8 0 0 4 0 0 4

ST12 1 0 0 0 0 1

ST17 21 0 2 0 1 24

ST19 4 0 1 0 0 5

ST23 1 0 0 0 0 1

ST27 2 0 1 0 0 3

ST196 0 0 1 0 0 1

ST459 0 1 0 0 0 1

Total isolates tested 31 1 29 2 1 64

Distribution of GBS isolates according to ST-type and serotype. Isolates were from asymptomatic pregnant women, IUFD cases and isolates from neonates with EOD.

EOD—early onset disease; IUFD—intrauterine fetal death

https://doi.org/10.1371/journal.pone.0244450.t003
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was not identified in any of the samples in that study. Thus, the epidemiology we report may

be unique to MHMC or may reflect a shift in GBS epidemiology in Israel, Further study in

additional centers in Israel is warranted to clarify this issue.

Increased rates of GBS EOD (0.51/1000 live births) and IUFD (3.79/1000 live births) in

MHMC during 2017 led us to enhanced screening of pregnant woman before labor. We found

that GBS carriage rates in MHMC were higher than the carriage rate reported in Israel (26.1%

versus 6–21%, respectively) [4, 24]. MHMC caters mostly Orthodox Jewish women. It is

known that the prevalence of GBS colonization varies among different ethnic populations. In

Netherland, African women were at a higher risk (29%, RR 1.4, CI 1.1–1.7) and Asian women

were at lower risk (13%, RR 0.6, CI 0.4–0.8) for GBS carriage [25]. A recent systematic review

and meta-analyses found lower prevalence of GBS carriage in pregnant women from Southern

(12.5%) and Eastern Asia (11%) compared to the worldwide maternal colonization rate of 18%

[26]. Another study performed in northern Israel demonstrated higher carriage rates among

Arab pregnant women (19%) than among Jewish women (13.7%), p = 0.038. [27]. A previous

study demonstrated a significantly higher GBS carriage rate in Orthodox non pregnant Jewish

women compared with secular Jewish non pregnant women (20.6% vs. 12.8% respectively)

[28]. Orthodox Jews usually live in closed, small living areas [27, 29]. Increased pharyngeal car-

riage rates of group A Streptococcus were detected in Orthodox Jews in London compared to

the general population [29]; It was accounted for by the Orthodox Jew’s different family struc-

tures of large families with many young children. In Orthodox Jews marriages are mostly

within the community, and women tend to give birth to more children compared to the mean

number of children in the general Israeli population (7.1 compare to 3.1, respectively, data

from the Israeli Central Bureau of Statistics). A previous study in Israel tried to connect

between increased rates of GBS among orthodox Jewish pregnant women and ritual immer-

sions in a Mikveh [28]. In the Orthodox Jewish patients that MHMC caters to, the high rate of

GBS carriage may be related to social or religious practices such as the Mikveh, or close living

quarters.

Erythromycin and clindamycin resistance rates among our colonizing strains were 20.7%

and 19.3%, respectively. However, resistance rate among invasive strains causing EOD in the

newborn was 36.8%. GBS resistance rates to erythromycin and clindamycin is increasing

world-wide [10]. In Canada 36% of colonizing GBS isolates were resistant to erythromycin,

and 33% were resistant to clindamycin [30]. In China, 52.4% of isolates from asymptomatic

pregnant women were resistant to clindamycin and 64.9% were resistant to erythromycin [31].

Reported Clindamycin resistance among GBS isolated form EOD is between 16–17% [10].

In Israel, routine antibiotic susceptibilities are not performed on GBS isolated from rectova-

ginal screening. The high resistance rates described by us prohibits empirical use of these anti-

biotics for women with penicillin allergy. The increasing reports regarding penicillin

resistance [12, 13] warrant also routine susceptibility test for penicillin.

Our study has several limitations. Our sampling was partial and may not represent the

entire population. The number of isolates obtained from neonates with EOD and IUFD were

small. The data represent women coming to give birth in MHMC that caters mostly for an

Orthodox Jewish population. We did not assess level of religiousness in our study so we may

be overestimating the association between religious practices and our results. Also the results

may not represent all Orthodox Jewish women. Despite these limitations the increase in EOD

is not related to sampling and supports a true increase in the prevalence of GBS carriage.

In conclusion, different GBS serotypes were associated with different clinical syndromes. In

our dataset serotype VI, and ST-1 were found more often in pregnant women with asymptom-

atic carriage of GBS and in patients with IUFD while serotype III, ST-17 was found more often

in EOD. This suggests different virulence mechanisms related to GBS carriage, IUFD and
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EOD. Further study of this hypothesis is needed. The rate of GBS carriage in women who

delivered at MHMC was higher than the rate previously reported in the country and in parallel

the rate of EOD in neonates at MHMC was higher than the rate previously reported in Israel.

This emphasizes the importance of universal screening f. For GBS in pregnant women. Cur-

rently health authorities in Israel do not recommend routine screening of all pregnant women

and advice to screen only according to risk factors. In face of the increasing clindamycin resis-

tance, antibiotic susceptibility testing must be performed in all GBS isolates in women with an

allergy to penicillin, to ensure appropriate treatment for women with penicillin allergy.
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