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Abstract

Introduction: Group B streptococcus (GBS) is an important cause of neonatal infections. Maternal GBS colonization screening and intrapartum
antimicrobial prophylaxis of colonized women can prevent neonatal diseases. The aim of this study was to assess the prevalence of GBS
colonization in pregnant and non-pregnant women and to compare the performance of a polymerase chain reaction (PCR) assay with the
established as gold standard technique, culture method, used for the detection of this microorganism.

Methodology: Vaginal and rectal samples collected from 857 pregnant and 370 non-pregnant women were examined through cultures, while
the samples collected from 452 pregnant women between 35 and 37 weeks of gestation were assayed by culture and PCR method targeting the
cfb gene.

Results: GBS colonization was present in both pregnant and non-pregnant women. The colonization rate was similar in non-pregnant and first
trimester pregnant women and then increased from first to the third trimester of pregnancy. GBS cultures for vaginal and rectal samples were
positive in 13.2% and 14.3% in non-pregnant women, while in pregnant women 13.2% and 13.7% in the first trimester, and 15.0% and 16.5%
in the second trimester, respectively. In third trimester pregnant women, compared to culture method, PCR identified a significantly increased
number of GBS positive vaginal (18.4% vs 22.6%, p = 0.0006) and rectal (18.1% vs 21.2%, p = 0.01) samples.

Conclusions: GBS colonization rate was higher in the third trimester. PCR proved to be a rapid and useful GBS screening method allowing a

shorter detection time, while identifying more colonized women than culture.
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Introduction

Streptococcus agalactiae or Lancefield group B
streptococcus (GBS) has been acknowledged as a
leading cause of severe and possibly life-threatening
neonatal infections, including pneumonia, meningitis
and sepsis [1,2]. Pregnant women are often colonized
with this microorganism in their gastrointestinal and
genitourinary tracts, putting the neonates at risk through
vertical transmission. In order to prevent these severe
complications, revised CDC guidelines recommend
universal culture-based screening of vaginal and rectal
samples obtained from all pregnant women at 35-37
weeks of gestation to identify those at risk, who should
receive prophylactic intrapartum antibiotic treatment
[1]. Through the implementation of screening programs
and the introduction of prophylactic antibiotic therapy

of colonized mothers, a significant decline in GBS
neonatal infections has been noted [3,4].

Although in the CDC guidelines culture is still the
preferred method as gold standard method, other
laboratory methods are encouraged [1]. In the last
decade, molecular techniques and in particular,
polymerase chain reaction (PCR) tests have been
developed for the rapid detection of GBS even after
admission in the delivery room. Characterized by
higher sensitivity and specificity, the rapid PCR assays
have gained increased attention over the time-
consuming culture-based methods [5-8].

This study aimed to evaluate the prevalence of GBS
in non-pregnant and pregnant women during the course
of gestation and to compare the effectiveness of a PCR
test, if any, when compared to the gold standard culture
method.
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Methodology

Pregnant women presenting to our hospital for
antenatal check-up and a group of non-pregnant,
reproductive age women, presenting for Pap smear test,
were invited to participate in this study. Patients who
had received antimicrobial therapy were not included in
this study. Approval from the Ethics Committee of
Aretaieion Hospital was obtained prior to the beginning
of this study and informed consent was obtained from
all the participants.

Vaginal and rectal swab specimens were collected
from all subjects, immediately placed in Stuart’s
bacterial transport medium and sent to the microbiology
laboratory for processing. All swab specimens were
inoculated in Todd-Hewitt broth (Difco, Detroit, MI,
USA) supplemented with nalidixic acid and gentamicin
and incubated at 36" C in 5% CO, for 24 hours. The
following day, the broths were subcultured onto 5%
sheep blood agar plates (Bioprepare, Keratea-Attiki,
Greece) and incubated for 24 hours in the same
conditions. The plates were inspected daily for two days
and suspected colonies, beta-haemolytic or non-
haemolytic, were identified as GBS based on colony
morphology, Gram staining, catalase test, bile-esculin
test and confirmed by CAMP test, latex agglutination
test AVIPATH STREP (Omega Diagnostics Ltd.,
Omega House, Hillfoots Business Village, Alva,
Scotland, UK) and, finally, with the VITEK?2 automated
system (BioMerieux, Marcy I’Etoile, France) using the
AST-STO1 card.

Furthermore, the 452 specimens collected between
35-37 weeks of gestation were tested by a PCR assay
targeting the cfb gene which encodes the Christie-
Atkins-Munch-Petersen =~ (CAMP)  factor.  After
incubation into Todd-Hewitt medium, broths were
centrifuged and each precipitate was washed with 1X
PBS solution and then resuspended in TE buffer (10
mM Tris-HCI, 0.1 mM EDTA, pH 7.5). This solution
was submitted for DNA extraction and the extraction
protocol was performed using the commercial kit
QIAmp DNA mini kit (Qiagen, Valencia, USA),
according to manufacturer’s instructions. We used 50
uL of the PCR mixture [20 mM Tris-HCI (pH 8.4), 50
mM KCI, 25 mM MgCl, 04 mM of each
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deoxynucleotide, 0.4 uM of each primer and 1 U
Platinum 7aq polymerase (Invitrogen)] that were added
to 22 pL. of DNA extract. The primers used were Sag
59 and Sag 190 as previously presented [9].
Amplification was accomplished after a period of 5 min
at 94°C, followed by 45 cycles of 30s at 94°C, 30s at
55°C, and 30s at 72°C, using the GeneAmp PCR System
9700 (Applied Biosystems Inc., Foster City, USA). The
amplification products were detected by electrophoresis
using 10 pL of the amplified reaction mixture on 2%
agarose gels containing 0.4 mg/mL ethidium bromide.
The samples presenting a 153 amplicon were
considered positive for GBS.

The results of the PCR assay were not disclosed to
the personnel performing the cultures and vice-versa.
The performance of the PCR assay was analysed by
comparison with the gold standard culture method.
Statistical analysis was performed using the SPSS 22.0
edition (Chicago, IL, USA). Descriptive statistical
analysis (frequencies and cross tabulations) and custom
non parametric binomial test for proportions for each
sampling and testing technique were used to analyze
data. A p-value <0.05 was considered statistically
significant.

Results

A total of 205 pregnant women in the first trimester,
200 in the second and 452 women in the third trimester,
specifically at 35 to 37 weeks of gestation, aged from
22 to 38 years old, were screened for GBS colonization.
A group of 370 reproductive age women,
asymptomatic, non pregnant, presenting for their
routine Pap smear test, and aged from 25 to 36 years
old, was also included.

Positive samples identified by culture and PCR
methods are summarized in Table 1. There were no
statistical ~significant differences between GBS
colonization rates in pregnant and non-pregnant women
in regard to pregnancy or gestational age at the time of
examination. Furthermore, no significant differences
were found between the vaginal and rectal colonization
rates in all groups.

All samples found positive by culture method were
confirmed to be positive by PCR assays. However, PCR

Table 1. Group B streptococcus colonization rate determined by culture and polymerase chain reaction (PCR) method.

Culture PCR
Sample Non-pregnant 1% trimester 2" trimester 3 trimester 3 trimester
P (n=370) (n=205) (n=200) (n=452) (n=452)
Vaginal 49 (13.2 %) 27 (13.2 %) 30 (15.0 %) 83 (18.4 %)* 102 (22.6 %)*
Rectal 53 (14.3 %) 28 (13.7 %) 33 (16.5 %) 82 (18.1 %)* 96 (21.2 %)*

*p = 0.0006; *p = 0.01.
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identified more colonized women in the third trimester
of pregnancy than culture method. Specifically, among
the 452 women at 35 to 37 weeks of gestation, positive
results were obtained in 102 (22.6%) vs. 83 (18.4%)
vaginal samples (p = 0.0006) and 96 (21.2%) vs. 82
(18.1%) rectal samples (p = 0.01), by PCR compared to
culture, respectively.

All GBS colonized pregnant women at 35-37 weeks
of gestation received intrapartum antimicrobial
prophylaxis and no colonized neonates were identified
or neonatal diseases in the population studied.

Discussion

GBS remains a common cause of neonatal diseases,
although preventive actions have decreased their
incidence in many countries [2]. CDC recommends
culture-based GBS colonization screening at 35 to 37
weeks of gestation and adequate intrapartum
antimicrobial prophylactic therapy which has been
shown to stop the vertical transmission from mother to
her offspring and to decrease the risk of neonatal GBS
infections [1]. Accurate and rapid identification of this
pathogen is of outmost importance in order to reduce
the number of women unnecessary receiving
antimicrobial prophylaxis and, as a result, the
percentage of neonates exposed to these compounds
and their possible adverse effects including allergy and
asthma [3,4].

In this study, the colonization rate in non-pregnant
women was 14.3% while during pregnancy ranged from
13.7% in the first trimester, to 16.5% in the second
trimester and 18.4% in the third trimester by culture
method. At 35-37 weeks of gestation the PCR assay
identified 22.6% subjects with positive GBS samples.
GBS colonization rate demonstrated by culture in this
study correlates well with previous studies [5,8]. The
rate of vaginal colonization ranges from 6.5% to 36%
in Europe [7,10]. A previous report in Greece has
demonstrated that the maternal colonization reached
6.6%, while the incidence of neonatal GBS invasive
disease was very low (0.5%) [11]. However, in the
second trimester of pregnancy the maternal
colonization rate was 12.5% [12]. Different factors such
as geographic location, socio-economic status, age,
parity, gestational age and genetic factors might explain
the GBS colonization rates that vary significantly in
different populations [13].

The ability to identify and isolate GBS is highly
dependent on the specimen type, the time of collection
and the implemented method [8,14]. CDC recommends
that GBS colonization screening should be determined
through the collection and adequate laboratory
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processing of both vaginal and rectal samples [1]. Even
a single combined rectovaginal specimen can be used,
since sampling both anatomical sites can enhance
antenatal detection rate, compared to a vaginal sample
only [1,5,15]. In this study, both vaginal and rectal
samples were collected from all subjects. Previous data
have demonstrated that vaginal samples alone provide
lower yield than combined vaginal and rectal samples
[1,2,4,15,16] and that cultures performed with samples
collected early in the third trimester have a low
predictive value in identifying GBS colonization at
term [17].

Interestingly, the GBS colonization status can
change, a positive result at 35 weeks can turn negative
at delivery, leading to unnecessary prophylactic
treatment [18,19] and vice-versa, probably leaving
these women exposed to the risk of vertical
transmission [20]. Maternal GBS colonization can be
transitory or intermittent as previously demonstrated
[4,21,22] and this observation raises the question
regarding the adequacy of screening at 35-37 weeks
instead of performing the test at the time of delivery.
Since GBS colonization is present before 34-35 weeks
of gestation, as demonstrated in this study, when
screening is recommended, preterm neonates born
before 34 weeks are still at increased risk for GBS
infections. When reviewing all the patients’ journals
after delivery and since all colonized women included
in this study received intrapartum antibiotic
prophylaxis, no cases of neonatal GBS infections have
been recorded.

The use of selective enrichment broths and
subsequent culture is currently proposed as gold
standard method detecting a significant number of
colonized women [1,22]. However, culture requires up
to 48 to 72 hours to yield results. Except for being time
consuming, culture requires trained personnel for
optimal culture conditions, recognition of colonies,
proper handling and identification [15]. Nevertheless,
members of the genital tract normal flora can interfere
with the isolation of GBS by inhibiting its growth,
resulting in false negative results [15]. In fact, negative
cultures have been obtained from pregnant women
whose neonates developed GBS infection [1].

Although the revised CDC guidelines [1]
recommend universal culture-based GBS screening
between 35 and 37 weeks of pregnancy, the use of
molecular methods as an additional rapid method of
detection is encouraged. In concordance to our data,
increased GBS detection rates by PCR assays compared
to culture have been previously reported [15,23] with
comparable results [5,6,8,24] or with lower
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colonization rates than the ones observed in this study
[25]. However, previous data showed comparable
performance of PCR method to culture [14]. El Helali
et al. [18] reported that screening by PCR at delivery
reduced the number of neonatal GBS infections as well
as their severity together with the hospital costs when
compared to culture based screening method at 35-37
weeks of gestation. However, PCR needs sophisticated
and expensive setup and is not available in all
laboratories [14]. Furthermore, its inability to provide
antimicrobial susceptibility testing constitutes a
significant disadvantage, especially with the increased
resistance to antimicrobials exhibited by GBS. It can be
assumed that until cheaper PCR will be available,
together with the possibility of antimicrobial
susceptibility testing, cultures will still be needed in
resource  constrained laboratories to  provide
information  regarding the  susceptibility to
antimicrobials for the best management options,
especially for penicillin-allergic patients [3].

Conclusion

This study demonstrated that PCR is a fast and
efficient screening method for GBS. Vaginal together
with rectal samples can improve detection rates. Since
GBS represents a significant pathogen that can colonize
the female genital tract at any point during pregnancy,
its presence should be carefully monitored. Although
further research is needed in order to find the ideal
screening method and timing, a rapid, yet sensitive and
specific test for GBS detection, ready to use at any
given point during pregnancy, would be the best option
for early detection and effective prevention, especially
in patients presenting for delivery with unknown GBS
colonization status.
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