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Preface
This thesis was accomplished at the Faculty of Health Sciences, Institute of Regional Health
Research, University of Southern Denmark, during the period 2014 – 2017. Both the principal
supervisor, Clinical Professor, MD, PhD Jens Kjølseth Møller from the Institute of Regional Health
Research, University of Southern Denmark and the co-supervisor clinical Professor, MD, Dr. Med
Niels Uldbjerg from the Clinical Institute, Aarhus University, provided supervision.
The PhD thesis presents results from two different cohorts: 1) a prospective Danish cohort with
unselected Danish women in labor at term (n=902), and 2) a retrospective population-based cohort
consisting of all pregnant women (n=36,097) from the catchment area of Lillebaelt Hospital,
Denmark, during the period January 2002 – December 2012.
The study has the overall aims to evaluate three screening methods for intrapartum group B
streptococcus colonization in a Danish cohort and to investigate the possible association between
preterm delivery and colonization of group B streptococci cultured in urine during pregnancy.
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Abbreviations
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American College of Obstetricians and Gynecologists
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CDC

Centers for Disease Control and Prevention, USA
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Confidence interval

CFU/mL
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National Institute of Health and Care Excellence

EOGBS

Early-onset neonatal group B streptococcal disease
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Early onset neonatal sepsis
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Intrapartum antibiotic prophylaxis
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Late-onset neonatal group B streptococcal disease
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Negative predictive value
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Nucleic acid amplification test
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Polymerase chain reaction
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Preterm delivery
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Royal College of Obstetricians and Gynecologists, Great Britain
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Rupture of membranes
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Thesis at a glance
Paper Objectives
To compare the performance
I
of an antepartum culturebased screening strategy and
an intrapartum PCR assay for
the prediction of intrapartum
vaginal carriage of GBS.

Study design
A prospective
observational study
enrolling 902 unselected
Danish pregnant women
at term.

Methods
A culture-strategy based on
rectovaginal cultures at 35-37
weeks of gestation and a PCR
strategy based on PCR assay
on intrapartum vaginal swab
samples.

Conclusions
In a Danish population, the
intrapartum PCR assay
performs better than the
antepartum culture for
identification of intrapartum
vaginal GBS.

II

To assess the performance of
a polymerase chain reaction –
group B streptococci test
(PCR-GBS test) – in deciding
antibiotic prophylaxis in
women in labor at term.

A prospective
observational study
enrolling 902 unselected
Danish pregnant women
at term.

During labor, vaginal swabs
were used for both GBS
cultures (reference standard)
and the PCR-GBS test. The
presence of risk factors for
EOGBS was recorded.

In programs aiming to treat
only GBS-carriers who have
risk factors for EOGBS, it
may be possible to reduce
penicillin usage by twothirds, from 12% to 4%.

III

To evaluate how well GBS
colony numbers in the
antepartum urine at 35-37
weeks predict the level of
GBS colonization of the
vagina at birth.

A prospective
observational study
enrolling 902 unselected
Danish pregnant women
at term.

Exposure was GBS CFU/mL
urine at 35-37 weeks of
gestation. Outcome was
vaginal GBS colonization at
birth assessed by a semiquantitative culture method.

Screening for urinary GBS
colonization at 35-37 weeks
of gestation does not
perform satisfactorily as a
stand-alone screening
marker for risk of EOGBS.

IV

To investigate a possible
association between GBS
cultured in urine during
pregnancy and preterm
delivery (PTD) in a Danish
cohort of pregnant women.

A retrospective
population-based cohort
consisting of 36,097
pregnant women, during
the period January 2002
to December 2012.

The cohort of 34,285
singleton pregnancies used in
this study was divided into
three groups. The primary
outcome was preterm delivery
(before 37 weeks of
gestation).

No association between
asymptomatic GBS
bacteriuria and PTD was
found. Previous suggestions
of such findings can be due
to a selection problem.

Funding
Udviklingsraadet Lillebaelt Hospital
Johs. M. Klein og hustrus Mindelegat
Region of Southern Denmark
Farusa Emballage A/S
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Introduction
Early onset neonatal sepsis (EONS) is still a leading cause of mortality and morbidity in term
infants [1, 2]. Group B streptococcus (GBS, Streptococcus agalactiae or Lancefield group B
Streptococcus) is a major cause of severe early-onset infection (EOGBS) in newborn infants,
defined as GBS acquired before seven days of age [3, 4]. EOGBS is associated with manifestations
of severe disease such as respiratory distress, pneumonia, sepsis, or meningitis within the first 24-48
hours of life [5]. The most important risk factor for EOGBS is vaginal colonization that causes
vertical transmission of bacteria to the infant during labor and delivery [6]. Therefore, identification
of pregnant women colonized with GBS is essential in the prevention of EOGBS. The incidence of
EOGBS ranges from 0.5 to 3.0 per 1,000 live births, with 4-10% mortality [7, 8]. It has been
estimated that in the absence of any intervention, approximately 50% of babies born by colonized
mothers become colonized, and 1–2% of them progress to develop invasive disease [9, 10].
Intrapartum antibiotic prophylaxis (IAP) is the most effective available intervention against
EOGBS. However, the widespread use of intrapartum antibiotics is a matter of general concern and
caution because of the risk of antibiotic resistance and an unfavorable colonization pattern of the
gut microbiota of the new born [11], which has been linked to later problems such as allergy,
obesity, and diabetes [12-14]. The debate about the most effective strategy for identifying
candidates for IAP therefore continues.

GBS colonization of the genital tract
GBS is an encapsulated gram-positive streptococcus that colonizes the gastrointestinal and genital
tract among pregnant women. The gastrointestinal tract acts as natural reservoir and is likely the
source for vaginal colonization [15, 16], where GBS tends to be present transiently or intermittently
rather than permanently [17-21]. Women colonized with GBS prenatally have a 25-fold higher risk
of delivering a baby with EOGBS compared with non-colonized women [6, 15]. The rate fluctuates
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from 8% to 36% in Denmark, despite the reported obstetrical cohorts being remarkably
homogeneous [22, 23], and from 6.5 to 30% in Europe [24]. The colonization rate of pregnant
women may vary with characteristics such as age, parity, socio-economic status, geographic
location, ethnicity, sexual behavior, body sites sampled, and microbiological procedures [25-29].
Maternal GBS colonization has also been associated with increased risk of urinary tract infection
and adverse pregnancy outcome such as endometritis [30], chorioamnionitis [30, 31], preterm
delivery, and intrauterine death [32].
GBS infections can present from day 7 to 89 as late-onset infection (LOGBS) [33], which can be
acquired from the mother (approximately 50% of infants with LOGBS are colonized at birth with
the same GBS serotype as the mother) [34] or from environmental sources [33].

International guidelines for prevention of EOGBS
International guidelines outline two main strategies for identification of women who should be
offered intrapartum antibiotic prophylaxis (IAP), the risk-based and the culture-based screening
approaches. Until 1996, both approaches were recommended in guidelines from the Centers for
Disease Control (CDC) in the USA, as there was insufficient evidence to recommend one approach
over the other. In 2002, the CDC guidelines were reviewed in response to further evidence
demonstrating that the risk of EOGBS was significantly lower among the infants of universally
screened women than among those in the risk-based group [24]. The culture-screening was over
50% more effective than the risk-based approach of preventing EOGBS [24]. Unfortunately, there
had not been prospective and randomized studies for comparison of the efficacy of the two
approaches [35].
CDC recommends screening at 35-37 weeks of gestation for GBS recto-vaginal colonization,
and IAP will be offered to positive carriers. In USA, the introduction of culture-based screening
strategy was followed by a decrease in the EOGBS rate from 1.7 to 0.4 cases per 1,000 births [36].
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Despite the widespread implementation of IAP, most cases of EOGBS occur among premature
infants or among term infants born to mothers screened GBS-negative [3, 37-39]. In the latest
updated CDC guidelines, it is recommended that women with unknown GBS colonization status at
the time of birth should have IAP administered in the presence of intrapartum risk factors [5].
The Royal College of Obstetricians and Gynecologists, UK, (RCOG) recommends the risk-based
approach and has defined five risk factors: 1) previous infant with EOGBS, 2) GBS bacteriuria
during the current pregnancy, 3) temperature >38°C, 4) rupture of membranes (ROM) ≥18hours,or
5) delivery at <37 weeks of gestation. They claim that 66% of EOGBS neonates are born to mothers
with one or more of these risk factors [40-42]. However, it is of concern that a substantial fraction
of the women in labor, who are at risk according to the RCOG definition are GBS-negative, and up
to 50% of EOGBS cases develop in neonates born to mothers colonized with GBS without any of
these risk factors [43-45]. The rates of EOGBS in the UK and Netherlands have risen considerably
over the past 20 years. A recent (2014–2015) enhanced surveillance has reported rates of 0.54 and
0.36 per 1,000 live births for EOGBS and LOGBS infections, respectively. These increments have
occurred despite the introduction of national guidelines in 2003 recommending a risk-based
prevention approach for offering IAP [46]. Further, in 2012 RCOG recommended IAP to women
with GBS vaginal carriage detected during the current pregnancy [47], and in 2013 recommended
offering IAP to all women, who go into labor before 37 weeks of pregnancy with or without rupture
of membranes [48]. According to RCOG, IAP for prevention of EOGBS is now recommended in
the following scenarios:


women in confirmed preterm labor (before 37 weeks of gestation);



women with a previous baby with early- or late-onset GBS infection;



women who have had GBS in their urine during the current pregnancy;
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women tested positive for GBS during the current pregnancy (includes incidental or intentional
testing);



women who are carriers of GBS and have term rupture of membranes;



women who are GBS carriers and have preterm rupture of membranes, along with induction of
labor as soon as reasonably possible; and



women withfever(≥38°C)and in labor regardless of their GBS carrier status.

Although RCOG still recommends against universal GBS screening for all pregnant women, if
performed, testing should occur at 35 to 37 weeks of gestation.
The decrease in the EOGBS rate in USA must be categorized as a success. However, one might
wonder why the EOGBS rate in some other countries like Denmark is 0.1-0.4/1,000 live births [49],
Sweden is 0.4/1,000 live births [50], Norway is 0.5/1,000 live births [51], and Finland is 0.60.7/1,000 live births [52], even though they have not implemented this antepartum culture-based
screening program.
Regardless of the strategy used, methods with more rapid and accurate identification of GBScarriers at labor may optimize the use of IAP and thereby reduce the incidence of EOGBS.
Recently, several real-time polymerase chain reaction (PCR) tests for the rapid detection of GBS
have become commercially available and have been shown to be tests of high sensitivity and
specificity [19, 26, 53-55]. This advanced technology may help to overcome the limitations
associated with antepartum culture screening methods and may offer point-of-care tests for
intrapartum screening.
To facilitate a consensus towards European guidelines for the management of pregnant women
in labor and during pregnancy for the prevention of GBS perinatal disease, a conference was
organized in 2013 with group of European experts in neonatology, gynecology-obstetrics, and
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clinical microbiology. The consensus conference recommended IAP based on a universal
intrapartum GBS screening strategy using a rapid real-time testing [56].
Neither the performance of the universal antepartum screening culture strategy, nor that of an
intrapartum PCR test has been evaluated in a Danish population of pregnant women, where the riskbased approach is still recommended, and the risk of babies acquiring EOGBS is very low.

GBS bacteriuria and vaginal GBS colonization
GBS bacteriuria during pregnancy is considered a marker of heavy maternal colonization and has
been associated with an increased risk of EOGBS [5, 18, 57-62]. However, little is known about the
association between the antepartum GBS-urinary colony count and the intrapartum load of GBS in
the vagina. If this association is strong, quantification of GBS in the urine may constitute an
effective tool for assessing the risk of EOGBS and minimizing the number of women who should
be screened for vaginal GBS colonization intrapartum by a PCR test. Antepartum GBS screening of
urine might even be able to replace the intrapartum vaginal PCR-GBS test, which is usually not
quantitative [63, 64] and is perhaps too sensitive by finding insignificant numbers of GBS in the
vagina.

GBS vaginal colonization and preterm delivery
Group B streptococci are a component of the normal vaginal bacterial microflora. During
pregnancy, specific changes in bacterial flora can lead to bacterial overgrowth that may increase the
risk of ascending infection through the cervix, resulting in bacterial infection of fetal membranes
and decidua [65]. This ascending infection causes secretion of proteases that degrade the
extracellular matrix within the fetal membranes and/or a host inflammatory response with cytokine
production, stimulation of prostaglandin, and protease synthesis. This increases uterine contractility
and may result in preterm delivery [66-68].

15

GBS bacteriuria and preterm delivery (PTD)
Vaginal carriage of GBS during pregnancy is common, and the colonization rate ranges from 6.5%
to 36% [22-24]. In pregnancy, GBS colonization causes asymptomatic bacteriuria (ASB) or urinary
tract infection [69]. Maternal GBS bacteriuria is considered a surrogate for heavy genital tract
colonization and is a recognized risk factor for EOGBS [5, 18, 57-62]. Due partly to dilation of the
renal pelvis and ureters already in the eighth week of pregnancy [70], pregnant women are at
increased risk of bacteria ascending to the kidneys causing pyelonephritis [71]. Pyelonephritis
seems to be an important independent risk factor for PTD [72-74]. Untreated pyelonephritis is
associated with low birth weight, prematurity, premature labor, hypertension, preeclampsia,
maternal anemia, and amnionitis [75]. Bladder infection during pregnancy is also associated with
increased risk of maternal hypertension, anemia, and amnionitis [61]. However, GBS is a poor
immunogenic pathogen, and in the absence of systemic inflammation it is highly unlikely to lead to
PTD [76].
Pregnant women with GBS in the urine are treated with antibiotics to reduce adverse maternal
and neonatal complications like the risk of pyelonephritis, PTD, and low birth weight [77]. GBS
bacteriuria is associated with an increased risk of chorioamnionitis [77], which is itself a risk factor
for PTD, however a broader role for GBS in triggering PTD remains uncertain [78, 79]. Due to the
risk of neonatal and maternal outcomes, it is recommended to screen patients for ASB in early
gestation [80]. Some authors recommend repeating the test every trimester to increase the detection
rate of ASB [81].
Treatment and follow-up to prevent recolonization in pregnant women with GBS in the urine
reduce the incidence of PTD [60]. However, this presumed reduction could not be rediscovered in a
subsequent Cochrane review and other studies [82-84]. Treatment does not eliminate GBS
colonization, and subsequent re-colonization is common [85] contributing to recurrent presence of
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GBS in urine [84]. Several authors have even postulated that antibiotic administration may alter
vaginal flora to allow heavy growth of other potentially pathogenic organisms in the upper genital
tract, which may subsequently lead to PTD [77, 83]. However, the association between GBS
bacteriuria during pregnancy and PTD remains controversial [83, 85-87].

Aim and objectives of the thesis
General aim
The aims of this study were to evaluate three screening methods for intrapartum GBS colonization
in a Danish cohort and to investigate the possible association between preterm delivery and
colonization of group B streptococci cultured in urine during pregnancy.

Objectives
1. To compare the performance of an antepartum culture-based screening strategy and an
intrapartum polymerase chain reaction assay for the prediction of intrapartum vaginal
carriage of group B streptococci in a Danish cohort. (Paper I)
2. To assess the performance of a polymerase chain reaction – group B streptococci test in
deciding antibiotic prophylaxis in women in labor at term. (Paper II)
3. To evaluate how well group B streptococci colony numbers in the urine at 35-37 weeks of
gestation predict the load of group B streptococci colonization of the vagina at birth. (Paper
III)
4. To investigate the possible association between preterm delivery and group B streptococci
detected in urine culture during pregnancy. (Paper IV)
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Materials and Methods
Study Design and population
Studies I, II, and III are three clinical studies based on the same study population, where 2,343
pregnant women attending the prenatal clinic at Lillebaelt Hospital, Kolding, Denmark (with an
average of 3,200 deliveries per year) over a 15-month period between April 2013 and June 2014
were invited to participate in this prospective observational study. As 1,364 women declined to
participate, 979 participants were in the final cohort (Figure 1). Studies I and II are based on
antepartum vaginal and rectal cultures sampled by the pregnant women themselves at 35-37 weeks
of gestation, and an intrapartum vaginal swab sample collected by midwives. Study III supplements
Study I and II with midstream clean catch urine samples submitted at 35-37 weeks of gestation. All
participants provided written informed consent.
Study IV is a retrospective population-based cohort consisting of all pregnant women (n=36,097)
from the catchment area of Lillebaelt Hospital, Denmark, during the period January 2002 –
December 2012, of whom 17.5% singleton pregnant women submitted urine samples (one or more
times) for culturing at the Department of Clinical Microbiology, Lillebaelt Hospital, Vejle,
Denmark, and gave birth to 6,014 babies.
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Figure 1
Flowchart of a prospective Danish cohort of unselected women in labor at term.
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Figure 2
Flowchart describing the cohort, a retrospective population-based cohort

Collection and culture of specimens (for Study I, II, and III)
At 35-37 weeks of gestation, each participant obtained self-administered vaginal and rectal swab
samples for culture during a planned visit to the outpatient clinic. During labor, the midwife
collected a vaginal swab sample for both culture (reference standard) and a PCR assay for GBS. All
samples were collected using nylon flocked swabs submerged separately into 1 ml of E-Swab
transport medium (E-Swab, Copan Diagnostics, Brescia, Italy).
In addition to the written information with text and drawings on how women should obtain a
self-administered vaginal and rectal swab sample for culture, two instructional videos were
available to all participants on the project website.
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Inclusion criteria


Pregnant women attending the prenatal clinic at Lillebaelt Hospital, Kolding, Denmark.

All pregnant women in the catchment area of Lillebaelt Hospital give birth at this clinic, as there are
no private or other public alternatives. Only very complicated pregnancies like extreme preterm
deliveries are referred to the regional University Hospital.
Exclusion criteria


Women treated with antibiotics after 35 weeks of gestation



Preterm labor (before 37+0 weeks of gestation)



Age under 18 years



Women with a communication barrier as language or mental health conditions

Culture of GBS

The sampling was carried out by inserting and rotating one E-Swab 1.5-2 cm inside the vagina and
another one in the rectum by inserting the swab 1.5-2 cm beyond the anal sphincter. All samples
were sent to the Department of Clinical Microbiology, Lillebaelt Hospital, Vejle, Denmark.
Samples were cultured at the time of arrival to the laboratory; if received after 8 PM, they were
kept at 40C until the next morning. Direct plating without a prior enrichment of the specimen in a
culture broth was carried out by streaking the E-Swab specimen on a selective Granada agar plate.
The vaginal and rectal swabs from the same patient were seeded on different sides of the same
Granada agar plate (BioMérieux®, Spain) (Figure 3). The Granada agar plates were incubated
immediately after seeding in the CO2-containing atmosphere at 35 °C. The specimen tubes
containing the vaginal intrapartum E-Swab sample medium were subsequently frozen at minus
80°C for later PCR analysis. The Granada agar plates were read after one and two days of
incubation.
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Urine samples were seeded on a 5% blood agar plate and read after incubation for 24 or 48 hours
depending on the initial growth of bacteria. GBS bacteriuria was classified according to the number
of colony-forming units per mL (CFU/mL).
 For Study I, growth of intrapartum vaginal culture was classified semi-quantitatively as
plates having only growth of few GBS colonies (1+), some (2+) or many (3+).
 For Study II, the presences of risk factors for EOGBS (Early Onset Group B Streptococcal
disease) were recorded: 1) Bacteriuria during current pregnancy, 2) Prior infant with
EOGBS 3) Temperature above 38.0oC during labor, and 4) Rupture of membranes ≥18
hours.
 For Study III, GBS bacteriuria was classified according to the number of colony-forming
units per mL (CFU/mL). Low colony counts refer to < 104 CFU/mL, and high colony counts
referto≥104 CFU/mL.
Figure 3
The inoculation of the swabs on Granada agar plate from the same patient, indicated by R for the
rectum and V for the vagina
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MALDI TOF

All GBS-like colonies (identified by their orange color on Granada agar plates) were routinely
confirmed as Streptococcus agalactiae by identification using the Microflex LT ™ MALDI-TOF
system (Bruker Daltonik, Germany).
MALDI TOF stands for Matrix assisted laser desorption ionization (MALDI) and Time of flight
(TOF). It is a technique that uses a laser energy absorbing matrix to create ions from large
molecules. It has become a standard method in clinical microbiology for identification of microorganisms such as bacteria or fungi. The method is based on a pure culture of the microbe in
question. A portion of a colony is placed onto a metal plate and overlaid with matrix. After laser
irradiation of the matrix and sample material, the charged molecules (ions) are accelerated into the
mass spectrometer. The mass spectra generated are analyzed by dedicated software and compared
with stored profiles of reference strains. Species diagnosis by use of mass spectra is much faster,
more accurate, and cheaper than previous laboratory methods based on biochemical tests [88].
The specimens were analyzed without prior enrichment to make the culture findings comparable
with the results of the PCR assay.
Real-time polymerase chain reaction (PCR)

The analysis of 902 vaginal samples was performed by real-time PCR on BDMAXTM without
enrichment of the specimen in a culture broth prior to analysis (Figure 4). The BDMAXTM System
automatically extracts the target nucleic acid and amplifies a section of the cfb gene sequence of the
GBS chromosome (Becton, Dickinson), if present. The BDMAXTM assay includes an Internal
Process Control to monitor for the presence of potential inhibitory substances as well as system or
reagent failures that may be encountered during the entire process. The results are interpreted and
produced by the BDMAXTM software as a qualitative answer, either positive or negative for GBS.
In a small number of cases, the specimens were initially undetermined because of inhibition,
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reagent failure, or system errors. This led to additional testing by taking a new aliquot of the sample
and repeating the DNA extraction and PCR assay. The PCR analyses were performed
retrospectively on frozen samples for practical reasons [89].

Figure 4
Real-time PCR on BDMAXTM

The results of the GBS culture and PCR tests were read by independent laboratory technicians
and recorded separately.
The amplified targets are detected in real time using Scorpions® chemistry-based fluorogenic
oligonucleotide probe molecules specific to the amplicons for the respective targets. Scorpions
chemistry features a bi-functional molecule which includes a PCR primer covalently attached to a
probe. Figure 5 is a diagrammatic representation of Scorpions functionality. In Steps 1 and 2, the
Scorpions primer is extended on the target DNA. In Step 3, the extended primer is heat-denatured,
along with the stem loop of the probe, thereby causing the fluorophore to disassociate. In Step 4, the
extended Scorpions primer is rearranged and binds to the newly extended DNA strand as it cools
and begins to fluoresce in a target-specific manner, while the un-extended primer is quenched.
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Figure 5
Mechanism of action of Scorpions chemistry

Figure 6 shows the Amplification curves in real-time PCR of templates containing GBS DNA in
various concentrations. The PCR curves for each GBS DNA run with its own color. The expression
of the measured "quantity" of light is labeled along the y-axis, and the number of PCR cycles (with
heating and cooling) is labeled along the x-axis. The upper image shows the curves for GBS
measurements, where rising curves (= amplification of the target sequence in GBS) are positive for
GBS and the flat curve is negative for GBS. The lower image shows the curves for the measurement
of internal control, where a control was added in advance in the kit, and therefore provides a rising
curve in all samples.
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The lower image shows the curves for the measurement of the internal control. This is a preadded check in the kit and therefore should give an increasing curve in all samples. If it does not, it
is either an inhibition (which can be something in the test that interferes with the PCR) or the PCR
for some reason has not elapsed correctly (for example, because of technical errors).
Figure 6
Amplification curves in real-time PCR of templates containing GBS DNA in various
concentrations. The PCR curves for each GBS DNA run with its own color.

Collection and culture of specimens (for Study IV)
From a population-based cohort consisting of all pregnant women (n=36,097) from the catchment
area of Lillebaelt Hospital, Denmark, during the period January 2002 – December 2012 (11 years),
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34,285 deliveries of singleton pregnancies were included in this study. Of those, 17.5%
(6,014/34,285) had one or more urine cultures analyzed at the Department of Clinical Microbiology,
Lillebaelt Hospital, Vejle, Denmark. Maternal, obstetrical, and neonatal data were obtained from
the Hospital Information System at Lillebaelt Hospital, which contains data on all hospitalized
patients. Linkage of information could be performed using the unique Danish Personal
Identification number (CPR). Among others, the following data were extracted: maternal age at
delivery, parity, maternal body mass index (BMI), smoking habits, rupture of membranes, birth
weight, mode of delivery, past reproductive career, medical diseases, previous cervical cone
biopsy(ies), and previous preterm delivery(ies).
National data on prescription of antibiotics to outpatients were extracted from the Danish
National Prescription Registry (DNPR) [90], which includes records on all drugs filed at the
pharmacy. Antibiotic treatment administered in hospital was obtained by reviewing the patient's
medical record. Results from all microbiological examinations were extracted from the Laboratory
Information System (MADS) at Department of Clinical Microbiology serving the hospitals and all
general practitioners in the catchment area of Lillebaelt Hospital, Denmark. Women with one or
more positive bacterial urine specimens for GBS were defined as GBS-positive. Data on all births in
Denmark (including gestational age at delivery) were merged from the Danish National Health
Service Register [91]. The study population with in- and exclusion criteria is described in Figure 2.
The cohort used in this study was divided into three groups. Group I included women whose
urine culture was positive for GBS, group II included women whose urine culture was negative for
GBS, and group III included women whose urine had not been cultured.
Urine samples were collected as midstream clean catch urine. If the transportation time to the
laboratory exceeded two hours, the samples were stored in refrigerators. In brief, all urine
specimens were handled as follows throughout the period: 1 µl were streaked on 5% Danish blood
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agar (DBA) for quantitative evaluation. In case of Beta-hemolytic colonies (≥ 1,000 CFU/mL) a
representative colony was purified and identified according to conventional laboratory procedures
involving a CAMP test and a commercial Latex Agglutination Test for differentiation of
streptococci Lancefield groups A, B, C, F, and G. The bioMérieux's chromID CPS agar plate
replaced the CAMP-test from 2009. From 2011, all GBS-like colonies were routinely confirmed as
Streptococcus agalactiae (GBS)usingtheMicroflexLT™MALDI-TOF system (Bruker Daltonik,
Germany).
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Data analyses
Study I, II, and III
STATA Statistics/Data Analysis software (version 14; StataCorp LP) was used for the statistical
analysis. Sensitivity, specificity, positive predictive values (PPV), negative predictive values
(NPV), and Likelihood ratio (LH) including 95% confidence intervals (CI) were calculated for both
antepartum GBS screening and the intrapartum PCR assay using culture of a vaginal swab sample
as the reference standard. Differences in proportions were compared using either the chi-square test
or Fisher's exact test, and Odds ratios were calculated from the two-by-two frequency table as case
versus non-case. P values less than 0.05 were considered statistically significant.


The sensitivity of the test (either antepartum culture or intrapartum PCR test) is defined as the
probability of the test being positive when the intrapartum vaginal culture (reference standard)
is positive, calculated as:



Test true positive
Test true positive + Test false negative

(Table A).

The specificity of the test (either antepartum culture or intrapartum PCR test) is defined as the
probability of the test being negative when the intrapartum vaginal culture is negative,
calculated as:



Test true negative
Test true negative + test false positive

(Table A).

The positive predictive value (PPV) of the test is defined as the probability for a woman of
being positive in the intrapartum vaginal culture (reference standard) when the test (antepartum
culture or intrapartum PCR test) is positive, calculated as:
true positive
𝑇𝑒𝑠𝑡 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 + 𝑇𝑒𝑠𝑡 𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒



(Table A).

The negative predictive value (NPV) of the test is defined as the probability for a woman of
being negative in the intrapartum vaginal culture (reference standard) when the test (antepartum
culture or intrapartum PCR test) is negative, calculated as:
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𝑡𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒
Test true negative + Test false negative

(Table A).

Likelihood ratio (LH) constitutes one of the best ways to measure and express diagnostic
accuracy [92]. It is a statistical test that assesses the value of performing a diagnostic test. By using
the sensitivity and specificity of the test we can determine whether a test result usefully changes the
probability that a condition (such as intrapartum GBS) exists. The sensitivity and specificity can tell
us how likely a given test result is in people with the disease, compared to how likely a given test
result is in people without the disease. For example, the likelihood that a positive antepartum
culture would be expected in a woman with intrapartum GBS compared to the likelihood that the
same result would be expected in a woman without intrapartum GBS. LH measures the power of a
test (antepartum culture) to change the pre-test into the post-test probability of a disease
(intrapartum GBS-positive) being present (Table B).
The LH is a way to incorporate the sensitivity and specificity of a test into a single measure.
Since sensitivity and specificity are fixed characteristics of the test itself, the likelihood ratio is
independent of the prevalence of the disease in the population. (This is not true for positive
predictive value). Likelihood ratio for a positive test (LH+) is defined as the probability of a woman
with intrapartum GBS having a positive test (antepartum culture) divided by the probability of
woman with intrapartum negative GBS having a positive test, calculated as:


LH+ =

Sensitivity
1−specificity

The fact that LH is independent of the disease prevalence is important when we are testing a high
number of women, where both high sensitivity and specificity are essential. Low sensitivity will
give a high number of false-negatives who will not be treated with IPA, while low specificity will
give a high number of false-positives who will be treated with IPA without being carriers.
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Table A
Intrapartum vaginal culture (Reference standard)
Antepartum vaginal culture

Positive

Negative

Total

Positive

67 (true-positive)

33 (false-positive)

100

Negative

37 (false-negative)

765 (true-negative)

802

Total

104

798

902

As is shown in an example of vaginal antepartum culture (Table A):

Sensitivity:

PPV:

67
104

67
100

= 64%

= 67%

765

Specificity:

NPV:

798

765
802

= 96%

LH+:

0.67
1−0.96

= 95%

Table B
How much do LHs change disease (intrapartum GBS-positive) likelihood?
LHs greater than 10 or less than 0.1

cause large changes

LHs 5 - 10 or 0.1 - 0.2

cause moderate changes

LHs 2 - 5 or 0.2 - 0.5

cause small changes

LHs less than 2 or greater than 0.5

cause tiny changes

LHs = 1.0

cause no change at all
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= 16.8%

Study IV
There are a variety of regression methodologies based on the type of response variable, the type of
model that is required to provide an adequate fit to the data, and the estimation method. The type of
the regression model depends on the distribution of the response variable (dependent variable); if it
is dichotomous, we use logistic regression. These methods allow us to assess the impact of multiple
variables (covariates and factors) in the same model [93, 94]. Logistic regression is a mathematical
model that provides an odds ratio controlled for possible confounders. This odds ratio is known as
the adjusted odds ratio, because its value has been adjusted for the other covariates (including
confounders) [95].
In the current study, the primary outcome was preterm delivery before 37 weeks of gestation.
Secondary outcome was urine culture status; GBS-positive versus GBS-negative (Table 9), and
cultured versus not cultured (Table 2 in Paper VI). Statistical analyses included comparisons
between groups presented as dichotomous and categorical variables using univariate logistic
regression [96] reported as Odds Ratios (ORs), and Chi-square tests (trend analyses) reported as pvalues on secondary outcome. Binary multiple logistic regression analysis was performed on
primary outcome and including á priori defined variables as possible confounders in the model
(Table 10); the predefined confounders included age, BMI, parity, prior PTD, prior cervical cone
biopsy, hypertension, pre-eclampsia, diabetes Type 1, gestational diabetes, tobacco use,
inflammatory bowel disease, cervix insufficiency, and early bleeding. Potential confounders were
included in the model as additional categorical variables, taking into account findings from prior
knowledge, previous scientific literature, and what is known about the possible etiological
mechanisms. All explanatory variables, both exposure and potential confounders, were treated in
our model in the same way, as one of the main advantages of regression modelling. P values < 0.05
were considered statistically significant.
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Ethics
The Regional Scientific Ethics Committee for Southern Denmark approved the experimental
protocol (S-20130089), and the study was reported to the Danish Data Protection Agency (2008-580035). The date of issue: 6 November 2013. All participants provided written informed consent. In
addition to the oral and written information with text and drawings on how women should obtain a
self-administered vaginal and rectal swab sample for the culture, two instructional videos were
available to all participants on the project website.
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Results
The overall number of women enrolled in the three prospective studies was 902. They all had a
urine test and an antepartum swab obtained as part of the culture-strategy and an intrapartum swab
as part of the culture-based reference standard and the PCR-strategy. The demographic
characteristics of women included in the study and those who did not, either because they refused to
participate or did not submit antepartum samples despite prior acceptance, are shown in Table 1.
The only significant difference between the groups was on tobacco, where the rate of smokers in the
invited cohort in our study was 10.1%; 8.3% vs. 11.2% for participating and non-participating
pregnant women (OR 0.3; 95% CI 0.3 – 0.4; p=0.0001). The demographic characteristics of women
enrolled and tested are shown in Table 2. For Study I, growth of intrapartum vaginal culture was
classified semi-quantitatively as plates having only growth of few GBS colonies (1+), some (2+), or
many (3+). For Study II, the presence of risk factors for EOGBS was recorded, while for Study III,
GBS bacteriuria at 35-37 weeks of gestation was classified according to the number of colonyforming units per mL (CFU/mL).
Table 1
Demographic characteristics between women who were included in the study and those who did not

Maternal characteristics
Age of the mother
Under 25
25-34
Above 35
Parity
1
2
3 or more
Body mass index
Under 24.9

Included
(N=902)
Number
%

Not included
(N=1441*)
Number
%

OR

95% CI

P-value

87
614
201

9.7
68.1
22.3

171
948
322

11.9
65.8
22.4

0.8
1.1
1.0

0.6 – 1.04
0.9 – 1.3
0.8 – 1.2

0.095
0.254
0.972

407

45.1

639

44.3

1.0

0.9 – 1.2

0.713

446
49

49.5
5.4

740
62

51.4
4.3

0.9
1.3

0.8 – 1.1
0.9 – 1.9

0.369
0.211

577

64.0

908

63.0

1.0

0.9 – 1.2

0.640

34

207
118

23.0
13.1

329
204

22.8
14.2

1.0
0.9

0.8 – 1.2
0.7 – 1.2

0.947
0.735

827
27
35
13

91.7
3.0
3.9
1.4

1,280
44
79
38

88.8
3.1
5.5
2.6

0.3
1.0
0.7
0.5

0.3 – 0.4
0.6 – 1.6
0.5 – 1.1
0.3 – 1.02

0.0001
0.934
0.081
0.057

25-29.9
30- or more
Tobacco
Never smoking
Stopped in pregnancy
Smoke =< 10 cigarettes
Smoke > 10 cigarettes

* Those that either refused to participate or did not submit antepartum samples despite prior
acceptance.

Table 2
Demographic characteristics of women enrolled and tested in the three prospective studies; N= 902.

Maternal characteristics
Age of the mother
Under 25
25-34
Above 35
Parity
1
2
3 or more
Body mass index
Under 24.9
25-29.9
30- or more
Tobacco
Never smoking
Stopped in pregnancy
Smoke =< 10 cigarettes
Smoke > 10 cigarettes

GBS positive
(N=128)
Number %

GBS negative
(N=774)
Number %

OR

95% CI

P-value

6
93
29

4.7
72.7
22.7

81
521
172

10.5
67.3
22.2

0.42
1.29
1.03

0.18 to 0.99
0.85 to 1.96
0.66 to 1.60

0.05
0.23
0.91

49
68
11

38.3
53.1
8.6

358
378
38

46.3
48.8
4.9

0.72
1.19
1.82

0.49 to 1.06
0.82 to 1.73
0.91 to 3.66

0.09
0.46
0.37

72
35
21

56.3
27.3
16.4

505
172
97

65.3
22.2
12.5

0.69
1.32
1.37

0.47 to 1.00
0.86 to 2.01
0.82 to 2.29

0.05
0.20
0.23

121
2
3
2

94.5
1.6
2.3
1.6

706
25
32
11

91.2
3.2
4.1
1.4

1.67
0.48
0.56
1.10

0.75 to 3.71
0.11 to 2.03
0.17 to 1.85
0.24 to 5.03

0.21
0.32
0.34
0.90
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Study I
The concordance between detection of GBS colonization analyzed by antepartum culture (rectum
and vaginal) and intrapartum culture (vagina) as the reference standard is shown in Table 3. The
intrapartum vaginal GBS colonization rate detected by culture was 11.5% (reference standard). By
comparison, the culture-based strategy found 9.4% (85/902) GBS-positive women by combining
results from antepartum vaginal and rectal swab cultures (7.4% by vaginal swab samples and 8.9%
by rectal samples), and the PCR-strategy (intrapartum vaginal swab sample) found 12.2% GBSpositive women (Table 3).
Based on the reference standard, the performance characteristics of the culture-strategy and the
PCR-strategy are given in Table 4. A marked difference was seen between the positive likelihood
ratios (LH+) of 9.2 for the culture-strategy and 27.5 for the PCR-strategy. The positive predictive
value was 55% for combined antepartum vaginal and rectal swab cultures, and 78% for PCRstrategy.
The false-negative rate by the PCR-strategy was 17% (18/104). Fourteen of these 18 falsenegative samples were assessed by the semi-quantitative culture assessment, and among these 12
(86%) were classified with only few GBS colonies (data not shown) (Paper I).
We found no statistical difference between antepartum self-administered vaginal samples
(11.1%) and intrapartum midwife-assisted samples (11.5%) (OR 0.96, 95% CI 0.7-1.3, P=0.77).
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Table 3
Concordance between detection of GBS colonization analyzed by antepartum culture (rectum and
vaginal) and intrapartum culture (vagina) as the reference standard
Intrapartum vaginal culture (reference)
Antepartum culture
Vagina or
rectum

Positive

Negative
Vagina
Positive
Negative
Rectum
Positive
Negative
CI= Confidence interval

Positive
N (%)
95% CI
85 (9.4)
7.6-11.5

Negative
N (%)
95% CI
71 (7.9)
6.2-9.8

Total = 902
N (%)
95% CI
156 (17.3) 14.9-19.9

19 (2.1)
67 (7.4)
37 (4.1)
80 (8.9)
24 (2.7)

727 (80.6)
33 (3.7)
765 (81.8)
66 (7.3)
732 (81.2)

746 (82.7)
100 (11.1)
802 (88.9)
146 (16.2)
756 (83.8)

1.3-3.3
5.8-9.3
2.9-5.6
7.1-10.9
1.7-3.9

77.9-83.1
2.5-5.1
82.3-87.1
5.7-9.2
78.4-83.7

80.1-85.1
9.1-13.3
86.7-90.9
13.8-18.8
81.2-86.2

Table 4
Performance of antepartum vaginal and rectal culture and intrapartum vaginal PCR test using
intrapartum vaginal culture for GBS as the reference standard; N=902
Antepartum culture
For GBS
Vagina
Sensitivity

%
64

95% CI
54-74

Rectum
%
77

95% CI
68-85

Vagina or rectum
%
82

95% CI
73-89

Intrapartum PCR
For GBS
Vagina
%
83

95% CI
74-89

Specificity
96
94-97
92
90-94
91
89-93
97
96-98
PPV
67
55-74
55
46-63
55
46-63
78
69-86
NPV
95
94-97
97
95-98
98
96-99
98
96-99
LH+
16
11-22
9
7-12
9
7-12
27
18-41
CI=confidence interval; PPV=positive predictive value; NPV=negative predictive value; LH=
Likelihood ratio
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Study II
The overall number of women with either vaginal positive culture or GBS-PCR positive was 128
(14.2%). Among the 902 participants, 12.0% (108) had one or more risk factors for EOGBS (Table
5), of which 23.2% (25/108) were vaginal GBS-culture positive.
The EOGBS risk factor most strongly associated with intrapartum vaginal GBS colonization was
GBS bacteriuria during pregnancy. Eighteen of the 30 pregnant women with GBS bacteriuria (60%)
were vaginal GBS-culture positive (Table 5). However, seven of the 30 women (23%) were GBSPCR positive despite being GBS-culture negative (data not shown) (Paper II).
In total, 2.7% (25/902) had both one or more risk factors and a positive vaginal GBS culture
(Table 4), whereas 3.6% (32/902) had both one or more risk factors and a positive GBS-PCR test
(Table 4). Among the participants with risk factors, the sensitivity of the GBS-PCR test was 92%
(23/25) using the vaginal GBS culture as a reference standard (Table 6).
Ninety-four percent (101/108) of women with one or more risk factors received IAP during
labor. Two women (2%) underwent an elective caesarian section and were treated routinely with
cefuroxime during operation also providing IAP. For the last five (5%), the IAP could not be
technically implemented for various reasons such as a quick or hectic birth (data not shown).
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Table 5
Intrapartum GBS prevalence by vaginal culture and PCR test for each of the four risk factors
(N=902).

Risk factors
EOGBS in prior delivery
GBS bacteriuria

Intrapartum vaginal culture

Intrapartum PCR test

Positive rate % (No)
0% (0/1)
60% (18/30)

Positive rate % (No)
0% (0/1)
80% (24/30)

Fever(≥38.0°C)
0% (0/9)
0% (0/9)
ROM≥18hours
10% (7/68)
12% (8/68)
Total with risk factors
23% (25/108)
30% (32/108)
No risk factors
10% (79/794)
10% (78/794)
Total
12% (104/902)
12% (110/902)
ROM=rupture of membranes
Note: Appendix to Paper II contains 2 small errors in Table 2, which are corrected here in Table 4.
We addressed this error to the journal, and a Corrigendum was published (is attached to the thesis
as an extra appendix entitled: “Corrigendum to Paper II”.

Table 6
Performance of risk-based screening and intrapartum PCR-GBS test individually or in combination
for detection of intrapartum GBS carriage#.

Sensitivity

One or more Risk
factors (N=902)
% (n)
95% CI
24%
16-33%

PCR-GBS
(N=902)
% (n)
95% CI
83%
74-89%

PCR-GBS if Risk-factor
present (N=108)
% (n)
95% CI
92%
74-99%

Specificity
90%
87-92%
97%
96-98%
89%
80-95%
PPV
23%
16-32%
78%
69-86%
72%
53-86%
NPV
90%
88-92%
98%
96-99%
97%
91-100%
CI=confidence interval; PPV=positive predictive value; NPV=negative predictive value
# Reference standard: Vaginal GBS colonization rate (N 104, 12%)
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Study III
No demographic characteristic differences (neither as categories shown nor as continuous variables)
were seen between participants who were GBS-positive and those who were GBS-negative (Table
2). The rate of GBS in urine at 35-37 weeks of gestation was 5.9%, whereas the rate of GBS in
vagina at birth was 11.5% (104/902). Those with and without GBS in urine at 35-37 weeks of
gestation did not differ on age of the mother, parity, body mass index, or tobacco use. The
association between GBS colony-count in urine at 35-37 weeks of gestation and vaginal culture at
35-37 weeks of gestation and labor is shown in Table 7.
We evaluated the ability of GBS in urine at 35-37 weeks of gestation to predict GBS in vagina at
birth. The sensitivity was 30% concerning any degree of GBS in vagina at birth and the positive
predictive value (PPV) was 59% (Table 8). For high load (+3) GBS in vagina at birth, this
sensitivity increased to 52% (17/33) (Table 9). The GBS colony count in case of GBS in urine at
35-37 weeks of gestation was informative. Thus, 6/17 (35%) with GBS in urine at 35-37 weeks of
gestation was <104 CFU/mL had GBS in vagina at birth (Table 9). The corresponding figures for
104 CFU/mL were 19/27 (70%), and for >104 CFU/mL 6/9 (67%) (Table 9). GBS in vagina at 3537 weeks of gestation predicted GBS in vagina at birth with a sensitivity of 64% (67 of 104 cases;
data not shown). Furthermore, GBS in urine at 35-37 weeks of gestation predicted GBS in vagina at
35-37 weeks of gestation with a sensitivity of 48% (48/100) and a specificity of 99% (797/802).

Table 7
Association between GBS colony-count in urine at 35-37 weeks of gestation and vaginal culture at
35-37 weeks of gestation and labor.
GBS in urine at 35-37 weeks´ gestation
Vagina culture
At 35-37 weeks

Positive
Negative

Positive (N=53)
N (%)
95% CI
48 (5.3) 3.9-7.0
5 (0.6)
0.2-1.3

Negative (N=849)
N (%)
95% CI
52 (5.8)
4.3-7.5
797 (88.4) 86.1-90.4
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Total (N=902)
N (%)
95% CI
100 (11.1) 9 9.1-13.3
802 (88.9) 86.7-90.9

At labor

Positive
Negative
CI=confidence interval

31(3.4)
22 (2.4)

2.3-4.8
1.5-3.7

73 (8.1)
6.4-10.1
776 (86.0) 83.6-88.2

104 (11.5) 9 9.5-13.8
798 (88.5) 86.2-90.5

Table 8
Performance of culture of GBS in urine at gestational week 35-37 for prediction of vaginal GBS
colonization same day and at birth.
Week 35-37*
% (n/N)***
Sensitivity
Specificity
PPV

48% (48/100)
99% (797/802)
91% (48/53)

Intrapartum**
95% CI
37.9 – 58.2%
98.6 – 99.8%
79.6 – 95.9%

% (n/N)***
30% (31/104)
97% (776/798)
59% (31/53)

95% CI
21.2 - 39.6%
95.9 - 98.3%
45.9 - 70.1%

NPV
94% (797/849)
92.7 – 94.9%
91% (776/849)
90.4 - 92.3%
CI=confidence interval; PPV=positive predictive value; NPV=negative predictive value
* Vaginal swab cultures obtained the same day as the urine-samples at gestational week 35-37 and
** the day of delivery, respectively.
*** number of women with GBS-positive antepartum urine samples (n) and number of women with
vaginal samples with GBS (N) at week 35-37 and intrapartum, respectively

Table 9
GBS colony-counts in urine at gestational week 35-37 compared to intrapartum semi-quantitative
culture1 assessment of vaginal GBS.
Vaginal GBS detected intrapartum
1+
2+
3+
Total
Antepartum culture of GBS in urine Negative NA2
Negative
776
21
17
19
16
849
4
Colony count <10 CFU/mL
11
2
2
1
1
17
4
Colony count =10 CFU/mL
8
4
2
3
10
27
4
Colony count >10 CFU/mL
3
0
0
0
6
9
Total
798
27
21
23
33
902
1
Semi quantitative assessment of vaginal GBS colonies: 1+: few; 2+: some; 3+: many.
2
NA = Culture result was only registered at Department of Clinical Microbiology as positive or
negative. The 27 Culture positive samples must at least correspond to 1+.
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Study IV
The study population is described in Figure 2. Among the 34,285 singletons, the rate of women
colonized by GBS in the cultured group was 4.1% (249/6,014; 95% CI: 3.7-4.7). The overall rate of
singleton preterm delivery (PTD) was 5.8% (1,978/34,285; 95% CI: 5.5-6.0).
The demographic characteristics of GBS-positive (GI) versus GBS-negative (GII) in the cultured
group of women are shown in Table 10. Corresponding data for urine-cultured women (GI/GII)
versus the urine-uncultured group (GIII) are available in Paper IV.
The overall pattern shows fewer statistically significant differences between GI and GII than
between GI/GII and GIII. The results are best illustrated in Figure 7 with positive (ORs above 1.00)
and negative (ORs below 1.00) statistically significant differences in 25 and 4 variables, when
comparing GI/GII and GIII, with the corresponding figures for comparison of GI and GII being 9
and 2. Further, analyses for trend on categorical variables also support these findings, with highly
statistically significant (p<0.001) differences on all comparisons made between GI/GII vs. GIII
(Paper IV).
We found no association on PTD and GBS bacteriuria between GBS-positive and GBS-negative
women in the two cultured groups (OR=0.89; 95% CI: 0.5-1.4; p=0.610) (Table 11). After
controlling for potential confounders, the PTD was still not associated with GBS bacteriuria
(OR=0.99; 95% CI: 0.6-1.6; p=0.972) (Table 11). However, the two cultured groups had
statistically significantly higher risk for PTD than the group with no urine specimens taken for
culture (OR=1.96; 95% CI: 1.8-2.2; p<0.000) (Table 11). After controlling for potential
confounders, the cultured groups I and II remained associated with PTD when compared with group
III who had no urine specimens cultured during pregnancy (OR= 1.80; 95% CI: 1.6 to 2.0; P=0.000)
(Table 11). Among women with positive GBS in the urine, no correlation was found to women with
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early term deliveries between 37-39 weeks of gestation, when compared with women delivering at
40 weeks of gestation or later.
Table 10
Characteristics of the GBS-positive group (GI) and GBS-negative group (GII), N=6,014.

Maternal characteristics

GBS status - GI versus GII
GI
GII
N=249
N=5,765
OR
N
%
N
%

95% CI

Pvalue

Trend
PValue

Age of mother (years)
Under 25

31

12.5

985

17.1

Ref

25-34

185

74.3

3,855

66.9

1.53

1.0-2.3

0.033

35-40

27

10.8

801

13.9

1.07

0.6-1.8

0.798

Above 40

6

2.4

124

2.2

1.54

0.6-3.8

0.346

Under 18.5

16

6.7

254

4.8

1.44

0.8-2.5

0.184

18.5-24.9

127

53.1

2,980

56.6

Ref

25-29.9

63

26.4

1,189

22.6

1.24

0.9-1.7

0.166

30-34.9

18

7.5

544

10.3

0.76

0.5-1.3

0.280

35-39.9

10

4.1

206

3.9

1.10

0.6-2.1

0.776

40-44.9

2

0.8

68

1.3

0.67

0.2-2.8

0.579

45 or more

3

1.3

26

0.5

2.51

0.8-8.4

0.134

Status unknown

10

0.604

BMI

0.029

498

Obstetric history
Parity
0

126

50.6

3,408

59.1

Ref

1

75

30.1

1,730

30.1

1.17

0.9-1.6

0.285

2

39

15.6

528

9.2

2.00

1.4-2.9

0.000

3

8

3.2

86

1.5

2.52

1.2-5.3

0.015

4 or more

1

0.4

13

0.2

2.08

0.3-16.0

0.482

0.000

Prior PTD
0

228

1

12

4.8

129

2.2

2.64

0.9-7.5

0.067

2

8

3.2

93

1.6

2.13

0.9-4.7

0.058

3 or more

1

0.4

15

0.3

1.59

0.2-12.1

0.656

0

0.0

27

0.5

-

-

-

Abortion spontaneous > 4

5,528

Ref
0.004

-

Prior cervical cone biopsy
0

243

5,615

43

Ref

0.775

1

6

2.4

143

2.5

1.02

0.5-2.3

0.961

2 or more

0

0.0

7

0.1

-

-

-

Hypertension

1

0.4

10

0.2

2.32

0.3-18.2

0.432

-

Pre-eclampsia

9

3.6

225

3.9

0.92

0.5-1.8

0.818

-

Medical outcomes

Diabetes
No Diabetes

224

5,520

Ref

Type 1

2

0.8

6

0.1

7.77

1.5-38.7

0.012

Type 2

0

0.0

3

0.1

-

-

-

Gestational diabetes

23

9.2

236

4.1

2.38

1.5-3.7

0.000

Never smoking

197

86.8

3,968

79.3

Ref

Stopped in trimester 1

11

4.9

220

4.4

1.01

0.5-1.9

0.982

Stopped in trimester 2

7

3.1

167

3.3

0.84

0.4-1.8

0.666

Smoke =< 5 cigarettes

5

2.2

253

5.1

0.40

0.2-1.0

0.044

Smoke 6-10 cigarettes

4

1.8

235

4.7

0.34

0.1-0.9

0.036

Smoke 11-20 cigarettes

1

0.4

66

1.3

0.31

0.04-2.2

0.240

Smoke > 20 cigarettes

0

0.0

11

0.2

-

-

-

Amount unknown

2

0.9

82

1.6

0.49

0.1-2.0

0.323

Status unknown

22

8.8

763

13.2

0.58

0.4-0.9

0.017

Chorioamnionitis

0

0.0

5

0.1

-

-

-

-

Urinary tract infection

33

13.3

342

5.9

2.42

1.7-3.6

0.000

-

Pyelonephritis

0

0.0

8

0.1

-

-

-

-

Inflammatory bowel disease

4

1.6

30

0.5

3.12

1.1-8.9

0.034

-

Emergency CS

36

14.5

657

11.4

1.31

0.9-1.9

0.140

-

Cervix insufficiency

3

1.2

19

0.3

3.69

1.1-12.6

0.037

-

Early bleeding

9

3.6

100

1.7

2.12

1.1-4.3

0.033

-

Abruption of Placentae

0

0.0

18

0.3

-

-

-

-

Placenta Previa

0

0.0

19

0.3

-

-

-

-

Hydronephrosis

1

0.4

9

0.2

2.58

0.3-20.4

0.370

-

Threatened preterm delivery

9

3.6

208

3.6

1.00

0.5-2.0

0.996

-

Threatened miscarriage

3

1.2

160

2.8

0.43

0.1-1.4

0.147

-

0.000

Tobacco use

0.001

Infections

Obstetric outcomes

GI= cultured GBS-positive; GII= cultured GBS-negative; OR= Odds ratio; Ref= Referent category;
CS= caesarean section.
Yellow color indicates positive (above 1.00) statistically significant OR, while blue color indicates
the opposite.
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Figure 7
Summary of differences between cultured groups (GI versus GII) and between cultured groups
(GI/GII) and uncultured group (GIII) reported as statistically significant Odds ratios.

Table 11
Crude and adjusted odds ratios for preterm delivery between groups
Preterm delivery< 37 weeks´ gestation

GI vs. GII

N

%

N

%

Crude OR
(95% CI)

Adjusted OR
(95% CI)

P value

21

8.4

542

9.4

0.89 (0.5-1.4)

0.99 (0.6-1.6)

0.970

GI+GII vs. GIII
563
9.4
1,415
5.0
1.96 (1.8-2.2)
1.80 (1.6-2.0)
0.000
GI= cultured GBS-positive; GII= cultured GBS-negative; GIII= uncultured; OR= Odds ratio;
GI: N= 249; GII: N= 5,765, GI+GII: N= 6,014; GIII: N= 28,271
Possible confounders included age, BMI, parity, prior PTD, prior cervical cone biopsy,
hypertension, pre-eclampsia, diabetes Type 1, gestational diabetes, tobacco use, inflammatory
bowel disease, cervix insufficiency, and early bleeding.
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Discussion
Main findings
In a Danish population with a low rate of early onset neonatal infection with GBS, the intrapartum
PCR assay performed better than the antepartum culture for identification of GBS vaginal carriers
during labor. In programs that aim to give penicillin to women with vaginal GBS colonization at
labor (12% in the present study), the PCR-GBS will perform well (sensitivity 83% and specificity
97%). In programs aiming to treat only GBS-carriers among those with risk factors of EOGBS, a
reduction of penicillin usage by two-thirds from 12% to 4% may be possible. Among the
participants with risk factors, the sensitivity of the GBS-PCR test was 92%.
Even though the urinary GBS cell count at 35-37 weeks of gestation is strongly associated with a
high load of vaginal GBS colonization intrapartum, it may not perform satisfactorily as a
standalone-screening marker for risk of early-onset GBS disease.
We found no association between asymptomatic GBS bacteriuria and preterm delivery among
women with singleton pregnancy and urine specimens cultured during pregnancy. The cultured
group differed considerably from the group of women with no urine cultures on the vast majority of
variables examined. The risk of PTD was statistical significantly associated with being in one of the
two groups of women with urine specimens cultured for GBS, even after controlling for potential
confounders. Previous suggestions of such association may be compromised by a selection problem
for testing due to a high-risk profile of pregnancy complications in pregnant women selected for
urine culture.
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The importance of the study findings
In Studies I and II, we assessed three different strategies on a Danish cohort, in a country where the
incidence of EOGBS is low, and the risk-based approach is still recommended, namely 1) riskbased approach, 2) culture-based screening, and 3) intrapartum PCR test.
Strategy 1: As the situation is today and in accordance with the RCOG recommendations, a
substantial overtreatment is shown in offering IAP to all women in labor who have with one or
more risk factors for EOGBS. Our study proposal of offering IAP to women with one or more risk
factors for EOGBS and with a positive PCR test would reduce the use of IAP.
Strategy 2: Of those women with positive antepartum cultures, 46% (71/156) were no longer
positive at labor, and thus would be offered unnecessary IAP. A substantial number of positive
mothers for GBS at delivery (18%) were not identified as carriers by antepartum cultures. These
women would not be offered antibiotics at intrapartum, and thus would be at risk of EOGBS.
Strategy 3: The universal intrapartum PCR assay performs better than the antepartum culture for
identification of GBS vaginal carriers during labor. Semi-quantitation assessment of the GBS in the
intrapartum vaginal samples indicate that the potential lower sensitivity of a PCR assay is primarily
caused by a failure to detect vaginal colonization with low numbers of GBS, which may be of less
risk for the newborn during birth [97, 98]. The false-positives of the intrapartum PCR test (n=24,
3%) were less than half of the false-positives in an antepartum culture screening (n=71, 8%). This
means that more than double the women will be over-treated in antepartum screening strategy
compared with the PCR assay. In addition, other bacteria of the genital tract can inhibit the growth
of GBS even when using the selective broth. The supposedly false-positive results in PCR may thus
actually indicate the presence of GBS in the studied material, as the sensitivity of this analytical
technique could be greater than that of the bacteriological examination [99].
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Furthermore, we found that antepartum urinary GBS colony number is strongly associated with a
high degree of vaginal GBS colonization intrapartum, a fact that could be useful for improvements
of strategy studies in the future (Study III).
Finally, we found no association between asymptomatic GBS bacteriuria and preterm delivery
among women with singleton pregnancy and cultured during pregnancy. Previous suggestions of
such findings can be due to a selection problem (Study IV). This may have an impact on the
overuse of antibiotics because of asymptomatic GBS-bacteriuria during pregnancy, especially in
cases with colony counts <104 CFU/mL.

Methodological considerations
Strengths and Limitations

Study I, II, and III
The overall participation rate is 39% with a slow startup and gradually an increasing number of
participants over time in our study. For most women, the reason for not participating has been the
idea of self-administered culturing, which many considered to be awkward. This is also the reason
why the 179 women who did not submit antepartum samples, even though they had accepted to
participate. The number of participants increased as improvement of information was made during
the project period for both participants and health care personnel.
About 10% of the women presenting in labor were not ethnic Danish, and those with
communication challenges were excluded.
The strengths of our studies are the size of the cohort (902 participants from a well-defined
population who received no antibiotics between antepartum culture and the time of labor), and that
we have combined the quantitative assessment of GBS in urine antepartum with a semi-quantitative
assessment of GBS in vagina at birth in a prospective cohort design with a relatively high number
of participants.

48

Intrapartum screening: It could also be considered as a limitation that we chose vaginal GBS
colonization as the reference standard instead of rectovaginal GBS colonization, knowing that
obtaining swab samples from both the rectum and vagina would improve the yield compared with
only sampling the vagina [100]. Our consideration is that although the rectum in many women
constitutes a GBS reservoir from which the vagina is colonized interminably, EOGBS seems to
depend primarily on the actual vaginal GBS colonization during labor [101]. Furthermore, a number
of studies have shown that as many as 10% of women with a negative antepartum screening result
at 35-37 weeks of gestation become positive for GBS vaginal carriage at the time of delivery [3, 37,
39]. A Swedish study that used both vaginal and rectal swabs showed a GBS prevalence rate up to
25% [102].
In view of the very low risk of EOGBS, it is obvious that too many women, or possibly the
wrong women, will get antibiotic prophylaxis. The purpose is thus not necessarily to find the most
possible colonized women with GBS in the vagina or rectum. We believe that the amount of GBS in
the vagina probably correlates best to the risk of infection to the child and the development of
EOGBS, i.e. that it is not important to detect carriers with small amounts of GBS in the vagina. We
find that the potential lower sensitivity of a PCR assay with a false-negative rate of 17% (18/104) is
primarily caused by a failure to detect vaginal colonization with low numbers of GBS, which may
be of less risk for the newborn during birth.

A number of studies suggest, through indirect

observation that low-level carriage of GBS is associated with a reduced transmission rate compared
to women with higher bacterial burdens [85, 86].
Antepartum screening: We find it appropriate to include both vaginal and rectal swabs in
antepartum screening. The lower sensitivity and specificity of antepartum culture has also been
found previously; several studies have shown a low sensitivity of antenatal GBS cultures to detect
colonization during labor [62, 103-105].
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The main issue here is the question of who are the pregnant women that deliver babies
developing EOGBS. We know there is also a human/genetic factor and a bacterial virulence factor
that affect the risk of EOGBS, otherwise far more babies would become ill. Moreover, we wanted
to investigate the routine clinical research setting as opposed to several other studies, where it is a
microbiological research setting in terms of maximal detection of GBS. However, our antepartum
recto-vaginal colonization rate has been 17.3% (156/902). We could probably find a higher rate of
colonization if we had used Broth enrichment prior to culturing.
Frozen samples: It might be considered a limitation that the PCR analyses were performed
retrospectively as a batch processing of frozen samples and thus only simulated a rapid on-site test.
However, to create a realistic screening scenario for a rapid PCR-strategy, we used a GBS PCR
assay without a delaying broth enrichment step prior to the PCR analysis.
Granada medium: The Granada medium for isolation and identification of GBS is a selective and
differential culture medium designed to selectively isolate Streptococcus agalactiae (group B
streptococcus, GBS) which differs from the standard recommended by CDC (Lim or TransVag).
Unlike other chromogenic media, the Granada medium cannot detect non-hemolytic GBS, thereby
potentially decreasing the sensitivity of this culture medium for GBS screening [7]. However, the
frequency of non-hemolytic GBS isolates is around 5% among GBS carriers, and a rate of only 1%
is observed among invasive GBS strains, which suggests that EOGBS caused by non-hemolytic
GBS strains is negligible [106].
Furthermore, it should be noted that the difference in the detecting rates between the direct
plating of the rectovaginal swab on the Granada medium and plating after prior Lim broth
enrichment is only 4% [107].
Lim broth enrichment: The choice of a PCR assay for intrapartum vaginal GBS detection
performed without a prior Lim broth enrichment was intended – and thereby also to accept a small,
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statistically significant lower sensitivity (92.7% versus 99.1%) compared to the use of the same
PCR test with a Lim broth inoculation of the specimen according to the study by Silbert et al. [89].
Using a prior 18-hour Lim broth enrichment step as part of the PCR assay would prohibit the use of
the GBS PCR as a rapid test at the time of delivery.
It may also constitute a shortcoming of the study that omitting a prior enrichment step of the
specimen is likely to reduce the number of positive cases detected by not only the PCR assay but
also the intrapartum culture of the vaginal specimen. However, this approach allowed us to conduct
the semi-quantitation of the GBS in the vaginal sample. These results indicate that the potential
lower sensitivity of a PCR assay without a prior enrichment step with a false-negative rate of 17%
(18/104) is primarily caused by a failure to detect vaginal colonization with low numbers of GBS,
which may be of less risk for the newborn during birth.
We have calculated which effect the prior enrichment step would have on the sensitivity of PCR
test. Under the condition that an extra 4% of GBS-positives would be found with a prior enrichment
step [107] (the new reference standard), we have found that the sensitivity would decrease from
83% to 80%.
PCR Process Control: It is a limitation of the PCR-strategy that 3.4% of all specimens tested
were initially undetermined for technical reasons based on the amplification status of the target and
the Internal Process Control (data not shown). In such cases, a repeat testing must be conducted,
which delay the definitive result and may in some cases not be in time to decide the use of
preventive antibiotic prophylaxis.
Antimicrobial susceptibility testing: The PCR strategy does not allow for performing
antimicrobial susceptibility testing, which may be of relevance for penicillin-allergic patients.
However, susceptibility testing is not necessary in general because GBS isolates with confirmed
resistance to penicillin, ampicillin, or cefazolin have not yet been described [59]. Fortunately,
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efficient alternative choices exist for those with known penicillin-allergy, e.g. cefuroxime, cefaclor,
and ceftriaxone. In patients with a history of severe anaphylactic reactions following cephalosporin
treatment, vancomycin is an alternative antibiotic [108].
Self-administered swab sampling: Antepartum screening by GBS culture or PCR test with or
without a prior Lim broth enrichment at week 35-37 during pregnancy is known to miss a
substantial number of women with later intrapartum carriage of GBS [19, 103, 105, 109]. We
observed no substantial difference in the number of positive findings between the antepartum
vaginal swab samples obtained by the pregnant women and the intrapartum vaginal swab samples
collected by midwives, thus supporting the principle of self-administered swab sampling (OR 0.96,
95% CI 0.7-1.3, P=0.77).
Self-administered PCR test: It has not been possible for the designate midwife to make the
intrapartum PCR test on BDMax, which needs specialists to perform. The aim of our study was to
compare the performance of an antepartum culture-based screening strategy and an intrapartum
PCR assay for the prediction of intrapartum vaginal carriage of GBS in a Danish cohort, using
intrapartum vaginal culture as the reference standard. The PCR analyses were performed
retrospectively as a batch processing of frozen samples and thus only simulated a rapid on-site test.
The real-time PCR technique for the determination of intrapartum GBS status as a point of care
assay has been considered too complex to be used in the labor ward [110]. However, in a Swedish
study [45] it has been shown that this option may be feasible, albeit the management in the hands of
midwives and assistants could be further improved. The approach has now been successfully
introduced into our labor ward using the new PCR assay GenomEra [111].
Semi-quantitative assessment: It is a minor limitation in Study III that the semi-quantitative
assessment of 27 intrapartum vaginal swabs has not been recorded during the study.
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Confounder control: It may also constitute a shortcoming of the study that lack of confounder
control of possible variables changed from the time of the antepartum screening strategy (35-37
weeks of gestation) until the intrapartum screening strategy (delivery at 37-41 weeks of gestation)
and that could influence the detection rate of GBS at delivery. Paper I aims to compare the
performance of an antepartum culture-based screening strategy and an intrapartum polymerase
chain reaction assay for the prediction of intrapartum vaginal carriage of group B streptococci in a
Danish cohort. In other words, two strategies are applied to the same population and with a relative
short time-span in pregnancy in between (1 to 6 weeks). The use of antibiotics could have been a
confounder, however, those women treated with antibiotics between antepartum- and intrapartum
culture test were excluded from the study [39]. Theoretically, factors could change; e.g. smoking
could be reduced and may as such have changed the likelihood for GBS colonization even during
this short time-span. The study setup did not detect e.g. changes in smoking during this period
(from the antepartum screening until delivery), and thus, it was not possible to control for the
influence of change in smoking habits during this short period in pregnancy (e.g. by stratification).
One could also consider other theoretical confounders influencing the differences in the strategies
evaluated, e.g. new partner, change in sexual behavior, debut of serious diseases (e.g. gestational
Diabetes), etc. during this short period in pregnancy. For all of these theoretical (if existing) effects
of changes in conditions for the population observed the study did not provide sufficient data to
control for the potential confounders mentioned. Besides, in ten (10) representative studies
addressing the same issue as Paper 1, either directly or indirectly, confounder control was not
performed nor discussed by the authors [20, 109, 112-119]. Finally, the study was not a
comparative patient study, but a comparison of 2 laboratory methods. The possible associations
between maternal GBS colonization and age, parity, BMI, duration of ROM, and length of labor or
infant gender were all out of the scope of this study.
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Study IV
The homogeneity of this cohort avoids many confounders related to race/ethnicity and socioeconomic factors that have been attributed to ambiguous reports from other parts of the world on
this topic. The strengths of our study include the uniformly organized Danish public healthcare
system [120] that allows a population-based design. More specific strengths include a) exact
gestational age based on ultrasonographic measures, b) reliable information on GBS culture results,
and c) the sample size with the ability to control for many potential confounding variables that
might affect the outcome of PTD.
Limitations of the study are that the dataset included all observations of GBS bacteriuria before
37 weeks of gestation, and thus presented statistical challenges due to the unsystematic collection of
urine samples and the differing reasons they were obtained. Women with GBS-positive urine
culture did not even appear to be associated with PTD between the cultured group (GI) and the
uncultured group (GII). We did not have the opportunity to differentiate colony count and a possible
correlation to PTD, as many GBS-positive cultures are presumed to be derived from the vagina and
rectum [85, 100].
One could argue that the use of prophylactic antibiotic treatment removes an expected higher
rate of PTD in a GBS-positive group and masks an otherwise clear association between GBS
bacteriuria and PTD in the cultured groups. However, the present findings are in line with previous
retrospective and prospective studies [83, 84].

Findings compared to studies of others
The GBS intrapartum carriage rate was only 12% compared to 10-29 % in other studies [24, 52,
103, 121-123] that comprised different populations and used other GBS detection methods based
primarily on broth enrichment [23, 53, 122]. This issue is discussed under Strength and Limitations
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section, Study I, II, and III. However, our findings are in line with prior studies reporting on the
usefulness of a PCR-strategy in detecting intrapartum GBS [19, 20, 45, 113-115, 124].
The difference between antepartum vaginal and rectal culture carriage (11% vs. 16%,
respectively) had also been shown in previous studies, supporting the hypothesis that the
gastrointestinal tract is the primary reservoir of GBS, and that vaginal colonization represents
spread of GBS from the rectum [24, 122].
In the Swedish study of Håkansson et al, the infant colonization rate was 68% in the GBSpositive mothers delivered vaginally and without intrapartum antibiotics [102]. In this study, 12.4%
(44/359) were considered falsely negative, since GBS was isolated only from the infant. The overall
sensitivity of maternal cultures could be estimated by calculating the proportion of positive
maternal samples among positive infant samples (200/244 - 82%). The difference in colonization
rate between the mother and the infant was also demonstrated in the study of Hansen et al., where
the infant colonization rate was 80% in the GBS-positive mothers [23]. Using this estimate of
sensitivity,the‘true’numberofpositivematernaltestsforintrapartumvaginalcolonizationinour
study could have been different.
The external validity of our studies, and some disagreement between our results and those from
other studies, must be considered. Some studies detect higher GBS prevalence among women with
risk factors, probably due to differences between populations, cultures, and PCR techniques, and
differing risk factor criteria, e.g. the inclusion of women delivering preterm [21, 125]. However, we
did not address this aspect in the study as the population consisted of pregnant women at 35-37
weeks of gestation. Previous studies have demonstrated decreased recovery of GBS following broth
enrichment of specimens containing a high concentration of Enterococcus spp., which overgrow
GBS in broth and hinder recovery upon subculture [126, 127].
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GBS in urine is only a proxy variable, which we believe is a risk factor for EOGBS. The relation
between GBS in urine at 35-37 weeks of gestation as a risk marker for EOGBS was thus not studied
in this paper. However, GBS in urine at 35-37 weeks of gestation with its low sensitivity does not
perform satisfactorily as a stand-alone or isolated screening marker for EOGBS.
The prevalence of GBS bacteriuria was comparable to that reported in other studies [128-131].
Our findings confirm the findings of Perez-Moreno and colleagues in their prospective study about
GBS in urine during pregnancy as a risk factor for maternal intrapartum colonization. They found a
sensitivity of 41%, a specificity of 95%, a PPV of 59%, and negative predictive value of 95% of
GBS at 35-37 weeks’ gestation in predicting GBS in the vagina at birth [132]. The authors
concluded that GBS bacteriuria is a risk factor for intrapartum colonization, irrespective of urinary
GBS concentration or of colonization status at late gestation [132]. These findings agree with our
results with PPV for participants without GBS in urine at 35-37 weeks of gestation of 6% (52/849),
while for colony counts < 104 CFU/mL it was 27% (4/15). However, Perez-Moreno et al. (2017) did
not classify the growth of GBS in vagina at birth semi-quantitatively as we did in our study.
Our smoking rates were comparable to those reported in other studies performed on data
collected from the national Danish Fetal Medicine Database and from The Danish Medical Birth
Register [133, 134]. The smoking rate of pregnant women has actually been decreasing from 18%
in 2001 to about 6% by 2016 [134]. Our findings confirm the findings of Bak and colleagues in
their prospective study about maternal obesity as a source of error in gestational age estimation at
11–14 weeks of gestation for the period 2008-2012 [133]. They found in the 5 years’ period a
smoking rate of 9.7% (singleton pregnancies) [133]. The rate of smokers in the invited cohort in our
study was 10.1%; 8.3% vs. 11.2% for participating and non-participating pregnant women (OR 0.3;
95% CI 0.3 – 0.4; p=0.0001). This could be due to the decreasing number of smokers that usually
occur during pregnancy, which was shown by Ekblad and colleagues in a Danish cohort [135]; or

56

due to the proportion of smokers is significantly higher among citizens with low-income
socioeconomic status compared to citizens with higher socioeconomic status [136] also found with
lower participation rates in maternal follow-up within e.g. the Danish National Birth Cohort [134].
In Study IV, all information on exposure and outcome was collected independently of the
possible association challenged in this study, meaning that any information bias is considered
negligible. However, there was likely to have been a systematic selection of the individuals for
urine culture, as general practitioners may be more attentive towards a high-risk profile, including
GBS urinary tract infections in pregnant women having complications in current or previous
pregnancy(ies). The clear differences in characteristics between the urine cultured group and the
group without urine specimens cultured in this study may indicate such a behavioral pattern among
general practitioners. This may explain the associations found on PTD in this and other studies
[137, 138] that show statistically significant differences between urine-cultured groups and groups
of pregnant women having no urine specimens cultured. Additionally, the higher rates of urine
cultures among the high-risk group of women examined for GBS bacteriuria could be attributed to
closer prenatal care, where more urine specimens submitted to the laboratory lead to a higher GBS
detection rate. The higher caesarean section rate we found in the groups of women with urine
specimens cultured is due to the above mentioned high-risk profile and not due to the GBS
bacteriuria per se.
One could argue that the use of prophylactic antibiotics removes an expected higher rate of PTD
in a GBS-positive group and masks an otherwise clear association between GBS bacteriuria and
PTD in the cultured groups. However, the present findings are in line with previous retrospective
and prospective studies [83, 84]. Anderson and colleagues conducted a retrospective cohort study
and found no increased risk of PTD with asymptomatic GBS bacteriuria, although they did show an
increased risk of PTD with GBS bacteriuria if additional antibiotics are administered for other
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urinary tract infections, sexually transmitted infections, or upper respiratory infections [77]. A
systematic review of 20 studies [83] showed a

positive association between PTD and GBS

colonization at the time of delivery (case–control studies: OR 1.59; 95% CI 1.03-2.44; crosssectional meta-analyses: OR 1.75; 95% CI 1.43-2.14). However, colonization during pregnancy was
not associated with PTD (cohort meta-analyses: OR 1.06; 95% CI 0.95-1.19). The authors of a
Cochrane review showed that antibiotic treatment for asymptomatic bacteriuria had no significant
effect on PTD [129].
In another systematic review (2009), the author did not find an association between maternal
GBS colonization during pregnancy and preterm delivery. However, in the case of preterm delivery,
there is an increased risk of subsequent maternal GBS colonization [83].

Clinical implications and Perspectives
Change of screening strategy in Denmark

The UK National Screening Committee does not recommend universal bacteriological screening for
GBS [139]. Their view is that there is no clear evidence to show that routine testing for GBS would
do more good than harm, and giving IAP to all carriers of GBS would mean that a very large
number of women would receive unnecessary treatment. However, they recommend IAP to women
who have tested positive for GBS during the current pregnancy (includes incidental or intentional
testing).
As an argument against the risk-based approach, we found that 12.0% (108 out of 902)
participants had one or more risk factors for EOGBS, of which only 3.6% (32/902) had both one or
more risk factors and a positive GBS-PCR test. The remaining 76 (108-32) women would receive
unnecessary treatment, while the 96 (128-32) women with either vaginal positive culture or GBSPCR positive but without any of the risk factors would be left untreated.
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Our PCR test has been shown to be at least as accurate (sensitivity of 83%) as antepartum
culture-based screening (sensitivity of 82%), with the major advantage of identifying those women
who are really carrying GBS during labor and thus allow for targeted IAP. Moreover, this approach
enables screening of pregnant women whose babies are at higher risk for neonatal sepsis, such as
those delivering preterm or not followed during pregnancy [109, 112, 125]. In our study, we found
that 46% (71/156) of positive antepartum cultures had turned negative at the time of labor; these
women and their infants will be over-treated. Of those women with antepartum negative cultures,
19 cases had turned to positive at the time of labor; these women will be undertreated for the risk of
EOGBS. The false-positive specimens (n=24, 3%) identified by the BDMaxTM GBS assay may be
attributable to a low concentration of GBS in the specimen or to the identification of non-betahemolytic GBS that may not be detectable on Granada agar plates. Alternatively, these additional
positive results might correspond to a non-viable organism or a residual GBS nucleic acid in the
specimen from previous carriage.
In summary, intrapartum rapid PCR should be the reference standard when 1) it is decided to
only screen women with one or more risk factor, or 2) it is decided to screen systematically for GBS
in pregnant women. A French research group showed that the PCR strategy is cost-neutral
compared to the antepartum culture strategy if the cost of treating GBS-infected newborns is taken
into account, and with the additional benefit of reducing the incidence of GBS sepsis [20].
However, this strategy does not prevent the fact that around 20–30% of fetuses will receive
antibiotics prior to birth.
It is logical to offer PCR screening to all women in labor if screening-based prophylaxis should
be used, as most GBS carriers have no other risk factors. Moreover, we would probably treat a
larger group with antibiotics than those we had previously treated based on risk-based strategy, but
the treatment would be targeted towards GBS-carriers and not the many random GBS-negative
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women who used to be treated due to risk factors. A large number of women who are GBS-positive
carriers will (together with their fetuses) be subjected to IAP despite no risk of EOGBS.
In countries with a low incidence of EOGBS, such as Denmark, Sweden, Norway, and Finland, a
substantial reduction in antibiotic prophylaxis could be achieved at term just by combining risk
factor-based screening with a rapid intrapartum PCR test for vaginal carriage of GBS.
It should be noted that there are some practical demands of an intrapartum PCR test. It should
first of all be simple for midwives or nurses to perform. Staff should also be able to expect a test
result within a relatively short time, to allow the decision of whether or not to administer antibiotics
in a busy labor and delivery ward. In some urgent clinical cases, a PCR result may be required
within less than 120 minutes, which is possible with the present PCR assay when only a few patient
samples are handled at a time.
We are aware that the risk factors of EONS caused by various kinds of bacteria do not represent
risk estimates of maternal GBS colonization. Moreover, the occurrence of temperature >38°C can
be a sign of EONS, which frequently precedes delivery. Therefore, we recommend that broad
spectrum antibiotics are administered in cases of temperature >38°C, preterm labor, or PPROM <34
weeks of gestation together with negative PCR. In the case of pregnancy with PPROM between 3437 weeks of gestation, there should be induction of labor.
Mothers who have previously had a baby affected by early- or late-onset GBS are at increased
risk of another affected baby compared with women of similar carrier status who have not had an
affected baby. The reasons for this increased risk may indicate persistence of carriage of a virulent
strain of GBS or a deficient immune response [140-142]. In view of this potentially increased risk,
and the possibility of a false-negative PCR test, we recommend giving IAP in such cases.
The risk of EONS with other extremely virulent GBS strains that cannot be detected with
accessible PCR assays or with other types of bacteria cannot be neglected. Although this approach
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will lead to a restriction of the use of IAP, the benefit in terms of an impact on the incidence of
EONS is not yet known and is beyond the scope of our research. Neither the molecular
characterization of GBS nor its virulence structures are part of this thesis.
The value of screening urine for GBS during pregnancy

Even though high urinary GBS colonization antepartum was strongly associated with a high degree
of vaginal GBS colonization intrapartum, it cannot perform satisfactorily as a standalone screening
marker for risk of EOGBS. Together with other risk factors for EOGBS, antepartum colony size
could be useful tool in a scenario of a combined strategy where intrapartum PCR might be
quantified.
Our findings do not support the use of GBS in urine at 35-37 weeks of gestation as an isolated
risk marker for EOGBS, and thus the identification of women in labor who should be offered
prophylactic penicillin. However, GBS in urine at 35-37 weeks of gestation seems to perform
better than other risk markers like gestational age at birth <37 weeks [143], duration of rupture of
membranes >18 hours [4], temperature >38.0 °C [44, 59, 144], or delivery of a previous infant with
GBS-specific EOS [24, 140]. Therefore, EOGBS prevention strategies that offer an intrapartum
GBS test only to mothers at risk of having a newborn acquiring EOGBS could benefit from the
inclusion of this risk marker. This would probably substantially increase the sensitivity of a
selective intrapartum GBS screening strategy.
Is preterm delivery dependent on GBS bacteriuria during pregnancy?

The utility of treating GBS bacteriuria at colony counts ≤10 CFU/mL prior to 35 weeks of gestation
is controversial; some favor this approach to prevent the subsequent development of pyelonephritis
and to prevent preterm delivery [145]. In study IV, we found no association between asymptomatic
bacteriuria and preterm delivery among women with singleton pregnancy. The clear differences in
characteristics between the urine-cultured group and the group without culture in this study indicate
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that this behavioral pattern among general practitioners can be one of the reasons for the statistically
significant differences in PTD between urine-cultured groups and non-cultured groups in this study
and other studies [137, 138]. Such comparisons are highly problematic due to selection bias.
Further, the higher rates of urine cultures among this high-risk group of women cultured for GBS
bacteriuria could also be attributed to a tighter prenatal care with more urine specimens submitted to
the laboratory, also leading to higher detection rate. International guidelines recommend treatment
ifcolonycounts≥10CFU/mLis detected [7, 146].
Implementing urine culture screening of all pregnant women will optimize the opportunity to
detect women at risk for transmitting GBS to their infant through the risk-based approach. This is
expected to optimize the benefits of the intrapartum PCR test for GBS detection in women with
EOGBS risk factors, which was recently introduced in Denmark [63, 64]. However, urine culture
screening of all pregnant women may not be necessary if universal screening of all women in labor
is implemented.

Conclusions
We conclude that in a Danish population of pregnant women with a low risk for their babies to
acquire EOGBS, intrapartum PCR could be efficient technique to screen for vaginal carriage of
GBS during labor. In programs that aim to give penicillin to all women in labor who have vaginal
GBS colonization (12% in the present study), the PCR-GBS test will perform well (sensitivity 83%
and specificity 97%). In programs aiming to treat only GBS-carriers among those with risk factors
of EOGBS, it may be possible to reduce penicillin usage by two-thirds (from 12% to 4%). It should
also be taken into account that PCR screening cannot replace the risk-based approach, which also
reduces the risk of other EONS caused by Escherichia coli and other bacteria that are not identified
by GBS screening. Antepartum urinary GBS colony size was strongly associated with a high degree
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of intrapartum vaginal GBS colonization, but it cannot stand alone as screening marker for risk of
EOGBS.
No association was found between asymptomatic GBS bacteriuria and PTD among women with
singleton pregnancy. Previous suggestions of such findings can be due to selection bias.

Future research and considerations


Supporting studies: During the PhD study, we had the opportunity to test the GenomEra® GBS
assay with a turnaround time of only 50 minutes, which makes the assay a potential rapid onsite test for intrapartum detection of intrapartum carriage of GBS. When it was tested at
Karolinska University Hospital, Stockholm, on frozen intrapartum rectovaginal samples without
pre-enrichment broth, it showed a sensitivity of 93%, specificity of 93%, PPV of 89%, and NPV
of 95% compared with a culture method used as the reference standard (data unpublished). We
have conducted a study where we compared the diagnostic performance of BDMax TM GBS and
GenomEra® and tested 100 culture-positive and 300 culture-negative frozen vaginal samples. Of
the 100 culture-positive specimens, 86 were found to be positive with the BDMaxTM and 73
with the GenomEra PCR assay. No statistically significant differences have been found between
culture, BDMaxTM, and GenomEra GBS PCR assays. The sensitivity was 82%, 89%, and 83%,
respectively. As a consequence of these results, we have implemented the GenomEra GBS PCR
assay at our department. With a careful implementation of GenomEra, and by combining risk
factor-based screening with a rapid intrapartum PCR test for recto-vaginal carriage of GBS at
term, a 60% reduction in antibiotic prophylaxis is achieved (data unpublished).



Further research on technological improvements regarding the speed of the PCR assay while
maintaining its sensitivity. Even with negative PCR results, we cannot be sure that the newborn
does not acquire EOGBS anyway; we can neither rule out other routes of colonization nor detect
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very small amounts of GBS. It could be beneficial in developing quantitative PCR (qPCR-GBS)
with low, medium, and high level/load of GBS. The findings could then indicate treatment or
not, where risk factors are also taken into account in the considerations of treatment. For
example, in the case of ROM, a high GBS finding could indicate treatment if ROM >6h;
medium indicate treatment if ROM >12h, and 18h for low etc. Antepartum urine GBS colony
count and its relation to the qPCR-GBS results could be an additional area for research.


There is no test that can distinguish between women whose babies would be affected by GBS at
birth, and those who would not. We know too little about children who have a special sensitivity
or some genetic relationship for a particular type of the bacterium.



Some women may have better transfer of maternal antibodies to the fetus than other women,
e.g. the passive immunization of the newborn differs [16, 147]. This aspect might be addressed
by appropriate vaccination programs or by identifying women at special risk due to an
inappropriate immunoglobulin profile.



Even without a history of previous infant with EONS, pregnant woman may be colonized by
extremely virulent GBS strains. We know too little about multiplex PCR, which can distinguish
between the presence of bacteria with higher virulence and aggressive serotypes and the
presence of bacteria with no higher virulence and non-aggressive serotypes. The technology can
identify several different genes in a single test [148].



Further research on the cost-effectiveness and how many women should be treated in different
scenarios to save one child from acquiring EOGBS.
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English Summary
Introduction
Streptococcus agalactiae (group B streptococcus, GBS) is the most common cause of severe earlyonset infection (EOGBS) in newborn infants (defined as GBS acquired before seven days of age).
Infants with EOGBS disease generally present with respiratory distress, apnea, or other signs of
sepsis within the first 24-48 hours of life. The most important risk factor for EOGBS is vaginal
colonization that causes vertical transmission of bacteria to the infant during labor. Intrapartum
antibiotic prophylaxis (IAP) is the most effective available intervention against EOGBS.
International guidelines outline two main strategies for identifying women in labor who should be
offered IAP, the risk-based approach and the culture-based screening. Recently, a European
consensus conference on intrapartum GBS screening and antibiotic prophylaxis recommended IAP,
based on a universal intrapartum GBS screening strategy using a rapid real-time test, polymerase
chain reaction (PCR).
The reduced EOGBS rate in USA after the introduction of the culture-based screening strategy must
be categorized as a success; however, one might wonder why the EOGBS rate in some other
countries including Denmark is only 0.1-0.4/1,000 live births even though they have not
implemented this antepartum culture-based screening program. As both strategies suffer from
various limitations, the performance of an intrapartum PCR test has never been evaluated in a
Danish population of pregnant women, whose risk of having a baby acquiring EOGBS is very low.
GBS bacteriuria during pregnancy is considered a marker of high load maternal colonization and
has been associated with an increased risk of EOGBS. However, little is known about the
association between the antepartum GBS-urine colony count and the intrapartum load of GBS in the
vagina.
GBS bacteriuria is also associated with an increased risk of chorioamnionitis, which is itself a risk
factor for preterm delivery, but a broader role for GBS in triggering preterm delivery is uncertain.
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The association between preterm delivery and GBS bacteriuria during pregnancy remains
controversial.

Aims
The aim of this study was to find the best screening method for GBS colonization, with the ultimate
goal of providing a targeted prophylaxis for women at risk for 1) EOGBS and 2) preterm delivery.
Specifically, we investigated four objectives in four separate studies:
1. To compare the performance of an antepartum culture-based screening strategy and an
intrapartum polymerase chain reaction assay for the prediction of intrapartum vaginal
carriage of group B streptococci in a Danish cohort. (Paper I).
2. To assess the performance of a polymerase chain reaction – group B streptococci test in
deciding antibiotic prophylaxis in women in labor at term. (Paper II)
3. To evaluate how well GBS colony numbers in the urine antepartum at 35-37 weeks of
gestation predict the load of GBS colonization of the vagina at birth. (Paper III)
4. To investigate a possible association between preterm delivery and group B streptococci
detected in urine culture during pregnancy. (Paper IV)

Methods
Study I, II, and III: A prospective observational cohort study of unselected Danish pregnant women
(n=902). At 35-37 weeks of gestation, each participant obtained a self-administered vaginal and
rectal swab sample for culture, and delivered a midstream clean catch urine sample during a
planned visit to the outpatient clinic. During labor, the midwife collected a vaginal swab sample for
both culture (reference standard) and a PCR assay for GBS; a midstream clean catch urine sample
was also collected. For study I, the specimens were analyzed without prior enrichment to make the
culture findings comparable with the results of the PCR assay. For study II, the presence of risk
factors for EOGBS was recorded: 1) Bacteriuria during current pregnancy, 2) Prior infant with
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EOGBS, 3) Temperature above 38.0oCduringlabor,and4)Ruptureofmembranes≥18hours.For
study III, GBS bacteriuria was classified according to the number of colony-forming units per mL
(CFU/mL).
Study IV: A retrospective population-based cohort (n=36,097), which was divided into three
groups. Group I included women whose urine culture was positive for GBS, group II included
women whose urine culture was negative for GBS, and group III included women whose urine had
not been cultured.

Main findings


The culture-strategy showed a sensitivity of 82%, positive predictive value (PPV) of 55%, and
likelihood ratio (LH+) of 9.2. The PCR-strategy showed a sensitivity of 83%, PPV of 78%, and
LH+ of 27.5.



Within this cohort, 12% had EOGBS risk factors, whereas only 2.7% had both one or more risk
factors and a positive vaginal GBS culture. This indicates substantial overtreatment if all women
with EOGBS risk factors are offered IAP, as the situation is today. Among these 2.7%, not
fewer than 2.5% had a positive intrapartum GBS-PCR, which was equivalent to a sensitivity of
92%.



GBS bacteriuria at 35-37 weeks of gestation showed a sensitivity of 30% for any degree of
vaginal GBS colonization at birth (31 of 104 cases); 19% for light (+1), 17% for medium (+2),
and 52% for heavy (+3) vaginal GBS colonization. The positive predictive values for heavy
vaginal colonization at birth were 2% for no CFU, 7% for <104 CFU/mL, 44% for 104 CFU/mL,
and 67% for >104 CFU/mL.

 We found no association between PTD and GBS bacteriuria in the cultured groups (OR=0.89;
95% CI: 0.5-1.4). After controlling for potential confounders, the PTD remained not associated
with GBS bacteriuria (adjusted OR=0.99; 95% CI: 0.6-1.6). Combined, the cultured groups
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were associated with a statistically significant higher risk for PTD when compared with the
group with no urine samples taken for culture (OR=1.96; 95% CI: 1.8-2.2 and adjusted
OR=1.80; 95% CI 1.6-2.0). The cultured group differed considerably from the group of women
with no urine cultures on the vast majority of variables examined.

Conclusions
Intrapartum PCR is recommended to screen for vaginal carriage of GBS during labor. In programs
that aim to give penicillin to all women in labor who have vaginal GBS colonization, the PCR-GBS
test will perform well (sensitivity 83% and specificity 97%). In programs aiming to treat only GBScarriers among those with risk factors of EOGBS, it may be possible to reduce penicillin usage by
two-thirds (from 12% to 4%). Antepartum urinary GBS colony size was associated with a high
degree of intrapartum vaginal GBS colonization, but it cannot stand alone as screening marker for
risk of EOGBS.
No association was found between asymptomatic GBS bacteriuria and PTD among women with
singleton pregnancy. Previous suggestions of such findings can be due to selection bias.
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Dansk resume´
Introduktion
Streptococcus agalactiae (gruppe B streptokokker, GBS) er den mest almindelige årsag til alvorlig
tidlig infektion (EOGBS) hos nyfødte børn (defineret som GBS erhvervet før syv dage). Spædbørn
med EOGBS sygdom frembyder almindeligvis med symptomer som åndedrætsbesvær, apnø eller
andre tegn på sepsis inden for de første 24-48 timers levetid. Den vigtigste risikofaktor for EOGBS
er den vaginale kolonisering, der forårsager lodret overførsel af bakterier til spædbarnet under
fødslen. Intrapartum antibiotikaprofylakse (IAP) er den mest effektive tilgængelige indsats mod
EOGBS. Internationale retningslinjer beskriver to hovedstrategier for identifikation af kvinder, der
bør tilbydes IAP, den risikobaserede tilgang og den dyrkningsbaserede screening. For nylig
anbefalede en europæisk konsensuskonference om intrapartum GBS screening og antibiotisk
profylakse baseret på en universel intrapartum GBS screeningsstrategi brug af en hurtig en real-time
PCR baseret (Polymerase Chain Reaction) metode.
Faldet i forekomsten af EOGBS i USA efter introduktion af dyrkningsbaseret screeningsstrategi
kan betegnes som en succes; Men man kan måske undre sig over, hvorfor forekomsten af EOGBS i
nogle andre lande, herunder Danmark, kun er 0,1-0,4/1.000 levendefødte, selv om de ikke har
implementeret dette antepartum-dyrkningsbaserede screeningsprogram. Både risikobaserede og den
dyrkningsbaserede strategi lider under forskellige begrænsninger og et alternativ såsom en
intrapartum PCR test er imidlertid aldrig blevet testet på en dansk befolkning af gravide kvinder,
hvor risikoen for EOGBS er meget lav.
GBS bacteriuria under graviditeten betragtes som en markør for udbredt kolonisering hos den
gravide, og har været forbundet med en øget risiko for EOGBS. Imidlertid er der meget lidt viden
om forbindelsen mellem GBS-urin-kolonitællingen og GBS koncentrationen i vagina under fødslen.
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GBS bacteriuria er også forbundet med en øget risiko for chorioamnionitis som er i sig selv en
risikofaktor for præterm fødsel, men GBS’srolleforinitieringaf præterm fødsel forbliver usikker.
Association mellem GBS bacteriuria under graviditet og præterm fødsel forbliver imidlertid
kontroversiel.

Formål
Formålet med denne undersøgelse var at finde den bedste screeningsmetode til GBS-kolonisering
med det ultimative mål at give målrettet profylakse for kvinder i risiko for 1) EOGBS og 2)
Præterm fødsel; specifikt undersøgte vi 4 sæt delmål i 4 separate undersøgelser:
1. At sammenligne effektiviteten af en antepartum dyrkningsbaseret screeningsstrategi og et
intrapartum polymerase kædereaktion essay til forudsigelse af intrapartum vaginal kolonisering
af gruppe B streptokokker (GBS) i en dansk kohorte. . (Publikation I)
2. At vurdere udførelsen af en polymerase kædereaktion - gruppe B streptokok test til at afgøre
hvilke fødende, der skal tilbydes antibiotikaprofylakse. (Publikation II)
3. At vurdere, hvor godt GBS-koloniantallet i en antepartum urinprøve ved gestationsalder 35-37
uger forudsiger niveauet af GBS-koloniseringen af vagina ved fødslen. (Publikation III)
4. At undersøge en eventuel association mellem gruppe B streptokokker påvist i urinen under
graviditet og præterm fødsel. (Publikation IV)

Methods
Studier I, II og III: Et prospektivt ikke selekteret observations kohorte studie af danske gravide
kvinder (n=902). Ved gestationsalder 35-37 uger foretog alle deltagende gravide en selv
administreret vaginal og rektal podning til dyrkning og afleverede en midt stråle urin prøve under
det planlagte besøg i ambulatorium. Under fødslen indsamlede jordemødre en vaginal
dyrkningspodning til både dyrkning (referencestandard) og til en PCR test for GBS og en midt
stråle urinprøve blev indsamlet. Til studie I, blev prøverne analyseret uden forudgående berigelse
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for at gøre dyrkningsfundene sammenlignelige med resultaterne af PCR-essayets. Til studie II, blev
tilstedeværelsen af risikofaktorer for EOGBS registreret: 1) GBS bakteriuri under nuværende
graviditet, 2) Tidligere nyfødt barn med EOGBS 3) Temperatur over 38,0 °C under fødslen og 4)
Vandafgang ≥18 timer. Til studie III, blev GBS bakteriuri klassificeret i henhold til antallet af
kolonidannende enheder pr. ml (CFU/ml).
Studie IV: En retrospektiv populationsbaseret kohorte (n=36.097). Kohorten, der blev brugt i dette
studie, blev opdelt i tre grupper. Gruppe I inkluderede kvinder, hvis urindyrkning var positiv for
GBS, og gruppe II omfattede kvinder, hvis urindyrkning var negativ for GBS og gruppe III bestod
af kvinder, hvis urin ikke var blevet dyrket for GBS.

Hovedresultater


Dyrkningsstrategien præsterer en sensitivitet på 82%, positiv prædiktiv værdi (PPV) på 55% og
Likelihood ratio (LH +) på 9,2. PCR-strategien viste tilsvarende værdier med sensitivitet på
83%, PPV på 78% og LH + på 27,5.



Inden for denne kohorte havde 12% EOGBS risikofaktorer, mens kun 2,7% havde både en eller
flere risikofaktorer og en positiv vaginal GBS dyrkning. Dette indikerer betydelige
overbehandlinger, hvis alle med EOGBS risikofaktorer tilbydes IAP som situationen er i dag.
Blandt de 2,7% havde ikke færre end 2,5% et positivt intrapartum GBS-PCR svarende til en
sensitivitet på 92%.



GBS bakteriuri ved gestationsalder 35-37 uger havde en sensitivitet på 30% vedrørende alle
grader af vaginal GBS kolonisering ved fødslen (31 ud af 104 tilfælde); 19% for lav (+1), 17%
for middel (+2) og 52% for høj (+3) vaginal GBS kolonisering. De positive prædiktive værdier
for høj vaginal kolonisering ved fødslen var 2% for ingen CFU, 7% for <104 CFU/mL, 44% for
104 CFU/mL og 67% for >104 CFU/mL.
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Vi fandt ingen association mellem GBS bakteriuri og præterm fødsel i de dyrkede grupper
(OR=0,89; 95% CI: 0,5-1,4). Efter kontrol for potentielle konfounderes forblev GBS bakteriuri
uden association med præterm fødsel (justeret OR=0,99; 95% CI: 0,6-1,6). Kombineret var de
dyrkede grupper statistisk signifikant associeret med højere risiko for præterm fødsel
sammenlignet med gruppen uden urin dyrkning (OR=1,96; 95% CI: 1,8-2,2 og justeret
OR=1,80; 95% CI 1,6-2,0). Den dyrkede gruppe adskilte sig væsentligt fra gruppen af kvinder
uden urindyrkning på langt de fleste af de undersøgte variable og synes at udgøre en særlig
udvalgt gruppe.

Konklusioner
Intrapartum PCR anbefales som en screenings metode for vaginal GBS kolonisering under fødslen.
I behandlingsregimer, der sigter mod at behandle alle fødende med vaginal GBS kolonisering med
penicillin, vil PCR-GBS virke godt (følsomhed 83% og specificitet 97%). I behandlingsregimer, der
sigter mod at behandle kun GBS bærere blandt dem med risikofaktorer for EOGBS, kan en
reduktion af penicillinforbruget med to tredjedele fra 12% til 4% være mulig. Urin antepartum GBS
koloniantal er forbundet med en høj grad af intrapartum vaginal GBS koloniserings, men kan ikke
stå som en enkeltstående screeningsmarkør for risiko for EOGBS.
Der blev ikke fundet nogen association mellem asymptomatisk GBS i urin og præterm fødsel
blandt kvinder med singleton graviditet. Tidligere fund af en sådan sammenhæng kan være på
grund af et selektions-problem.
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Abstract
The aim of this study was to compare the performances of two strategies for predicting intrapartum vaginal carriage of group B streptococci (GBS). One strategy was based on an antepartum culture and the other on an intrapartum polymerase chain reaction (PCR). We
conducted a prospective observational study enrolling 902 pregnant women offered GBS
screening before delivery by two strategies. The Culture-strategy was based on vaginal and
rectal cultures at 35–37 weeks’ gestation, whereas the PCR-strategy was based on PCR
assay on intrapartum vaginal swab samples. An intrapartum vaginal culture for GBS was
used as the reference standard from which the performances of the 2 strategies were evaluated. The reference standard showed a GBS-prevalence of 12%. The culture-strategy performed with a sensitivity of 82%, specificity of 91%, positive predictive value (PPV) of 55%,
negative predictive value (NPV) of 98%, and Likelihood ratio (LH+) of 9.2. The PCR-strategy
showed corresponding values as sensitivity of 83%, specificity of 97%, PPV of 78%, NPV of
98%, and LH+ of 27.5. We conclude that in a Danish population with a low rate of earlyonset neonatal infection with GBS, the intrapartum PCR assay performs better than the
antepartum culture for identification of GBS vaginal carriers during labor.
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Introduction
Even though early-onset neonatal infection with Group B streptococci (EOGBS) is rare, it still
constitutes a health problem in countries where the prevalence of EOGBS disease is 2 in 1,000
live births, and the mortality rate is 50% [1]. As EOGBS [2] occurs only among the group of
neonates who are born by the 10–35% of women colonized vaginally with GBS [3–8], the Centers for Disease Control and Prevention (CDC), USA, in 2002 recommended universal culture
screening of all pregnant women between 35 and 37 weeks’ gestation in order to give intrapartum antibiotics to the screen positives [9, 10]. The implementation of this strategy was
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followed by a decrease in the EOGBS rate from 1.5 to 0.4/1,000 live births [9]. This decrease
must be categorized as a success, however, one might wonder why the EOGBS rate in some
other countries including Denmark is only 0.1–0.4/1,000 live births [11] even though they
have not implemented this antepartum culture-based screening program.
A weakness of the CDC strategy based on a rectovaginal culture obtained often weeks
before labor is that shifts in the GBS status [2] reduces the sensitivity to about 50% [12] and
positive predictive value to about 60% [13, 14]. This explains why the majority of neonates
with EOGBS in the USA are born by women with a negative test for GBS [15–17]. Furthermore, it may cause an overuse of antibiotics if a test for GBS has been positive at a preterm
screening but GBS is no longer present at delivery [18, 19]. However, changes in the GBS colonization status of the mother during the period between antepartum screening and delivery
may be influenced by several factors including a low colonization status of the woman, suboptimal timing of specimen collection, and inappropriate transport media for specimens, such as
lack of storage at 5˚C if transportation of specimens for culture is delayed or there is inadequate laboratory processing [20].
These data call for a rapid GBS test that can be used intrapartum for better identification of
women carrying GBS in the vagina at the time of delivery. Previous studies have shown that
the sensitivity of the intrapartum polymerase chain reaction test (PCR) to detect GBS colonization during labor may be superior to antenatal cultures; however, these differences have not
always been statistically significant [14, 21–23].
The BD Max GBS assay (BD Diagnostic Systems, Québec, Canada) performed on the
BDMax™ system (BD Diagnostic Systems, Sparks, MD) is a PCR test intended for use with
enriched Lim broth culture after 18 h of incubation of vaginal/rectal swab samples and can
provide results for up to 24 concurrent specimens in approximately 2.5 h. The use of E-Swab
samples with the BDMax™ GBS assay, eliminating the Lim broth inoculation and incubation
steps, may enable a rapid detection of GBS in pregnant women at birth with a sensitivity of
93% [24]. The performance of such an intrapartum PCR-test without a prior enriched Lim
broth culture, however, has never been evaluated in a Danish population of pregnant women
with a low risk of their babies acquiring early-onset neonatal group B streptococcal disease.
Therefore, the aim of this study was to compare the performance of an antepartum culture
based screening strategy and an intrapartum PCR assay for the prediction of intrapartum vaginal carriage of group B streptococci (GBS) in a Danish cohort, using intrapartum vaginal culture as the reference standard.

Material and methods
A total of 2,343 pregnant women attending the prenatal clinic at Lillebaelt Hospital, Kolding,
Denmark (with an average of 3,200 deliveries per year) over a 15 months’ period between
April 2013 and June 2014 were invited to participate in this prospective observational study.
One thousand three hundred sixty-four (n = 1,364) declined to participate, leaving 979 participants in the final cohort (Fig 1). Detailed information on oral antibiotic use during pregnancy
was obtained from registered data in both patient hospital records and the Danish Medical
Agency’s Register of non-hospitalized patient use, which included records on all drug prescriptions filed at any Danish pharmacy. Five patients received antibiotics after week 35 of gestation
and were therefore excluded (Fig 1). Further, sixty women withdrew from the study at the
time of birth for various reasons. Twelve were lost for follow-up. Thus, 902 sets of patient samples were available for comparisons between antepartum culture (culture-based screening)
and PCR analysis (PCR-based screening) with intrapartum culture.
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Fig 1. Flowchart of the population.
https://doi.org/10.1371/journal.pone.0180262.g001

Inclusions criteria
All pregnant women attending the prenatal Clinic at Lillebaelt Hospital, Kolding were invited
to participate.

Exclusions criteria
Women who delivered preterm (< 37 weeks´ gestation)
Women who received antibiotics after 35 weeks´ gestation
Women with communication restrictions
Women under 18 years old were excluded.

Collection of specimens
All samples were collected using nylon flocked swabs submerged separately into 1 ml of
E-Swab transport medium (E-Swab, Copan Diagnostics, Brescia, Italy).
• The Culture-strategy: At 35–37 weeks’ gestation, each participant obtained a self-administered and time-saving vaginal and rectal swab sample for culture during a planned visit to
the outpatient clinic [25, 26].
• The reference standard: During labor, the midwife collected a vaginal swab sample which
was used for immediately culture of GBS.
• The PCR-strategy: The vaginal swab obtained during labor as intrapartum culture sample
(reference standard), submerged into the transport medium, was frozen at minus 80˚C for
later GBS PCR analysis as a batch processing.
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In addition to the written information with text and drawings on how women should
obtain a self-administered vaginal and rectal swab sample for the culture, two instructional
videos were available to all participants on the project website. The sampling was carried out
by inserting and rotating one E-Swab 1.5–2 cm inside the vagina and another one in the rectum by inserting the swab 1.5–2 cm beyond the anal sphincter. All samples were analyzed at
the Department of Clinical Microbiology, Lillebaelt Hospital, Vejle, Denmark.

Culture of specimens
Samples were cultured at the time of arrival to the laboratory; if received after 8 PM, they were
kept at 4˚C until the next morning. Broth enrichment was not employed as part of a strategy
to simulate and evaluate a rapid testing of the presence of GBS in the vaginal samples by both
culture and PCR. Therefore, direct plating without prior enrichment of the specimen in a culture broth was carried out by streaking the E-Swab specimen on a selective Granada agar plate.
The vaginal and rectal swabs from the same patient were seeded on different sides of the same
Granada agar plate (BioMérieux1, Spain). The Granada agar plates were incubated immediately after seeding in the CO2-containing atmosphere at 35˚C. The specimen tubes containing
the vaginal intrapartum E-Swab sample medium were subsequently frozen at minus 80˚C for
later PCR analysis. The Granada agar plates were read after one and two days of incubation.
All GBS-like colonies (identified by their orange color on Granada agar plates) were routinely confirmed as Streptococcus agalactiae using the Microflex LT ™ MALDI-TOF system
(Bruker Daltonik, Germany). A semi-quantitative culture assessment of GBS growth was conducted in most cases. The culture was classified as having only growth of few GBS colonies (+),
some (++) or many (+++) by intrapartum vaginal culture.

Polymerase chain reaction (PCR)
PCR analysis is a real-time PCR test performed on the BDMaxTM system (Becton, Dickinson
and Company, USA) without enrichment of the specimen in a culture broth prior to analysis.
The BDMax™ System automatically extracts the target nucleic acid and amplifies a section of
the cfb gene sequence of the GBS genome if present. The BDMax™ Assay includes an Internal
Process Control to monitor for the presence of potential inhibitory substances as well as system or reagent failures that may be encountered during the entire process. The results are
reported by the BDMax™ software as a qualitative answer, either positive or negative for GBS.
In a small number of cases, the specimens were initially undetermined because of inhibition,
reagent failure or system errors, which led to additional testing by taking a new aliquot of the
sample and repeating the DNA extraction and PCR assay. The PCR analyses were performed
retrospectively on frozen samples as batch processing.
The results of the GBS culture and PCR tests were read by independent laboratory technicians and recorded separately.

Formalities
The study was approved by the Regional Scientific Ethical Committees for Southern Denmark
(S-20130089) and the Danish Data Protection Agency (2008-58-0035). The date of issue: 6
November 2013. All participants provided written informed consent.

Statistics
STATA Statistics/Data Analysis software (version 14; StataCorp LP) was used for the statistical
analysis. Sensitivity, specificity, positive predictive values (PPV), negative predictive values
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(NPV), and Likelihood ratio (LH) including 95% confidence intervals (CI) were calculated for
both antepartum GBS screening and the intrapartum PCR assay using culture of a vaginal
swab sample as the gold standard.

Results
All 979 enrolled women had an antepartum swab obtained as part of the culture-strategy and
902 (92%) had an intrapartum swab as part of the culture-based reference standard and the
PCR-strategy. The intrapartum vaginal GBS colonization rate detected by culture was 11.5%
(reference standard). By comparison, the culture-based strategy found 9.4% (85/902) GBS-positive women by combining results from antepartum vaginal and rectal swab cultures (7.4% by
vaginal swab samples and 8.9% by rectal samples) (Table 1), and the PCR-strategy (intrapartum vaginal swab sample) found 12.2% GBS-positive women (Table 2).
Based on the reference standard, the performance characteristics of the culture-strategy and
the PCR-strategy are given in Tables 2 and 3. Notably, a marked difference between the positive likelihood ratios (LH+) of 9.2 for the culture-strategy and 27.5 for the PCR-strategy was
seen. The positive predictive value was 55% for combining antepartum vaginal and rectal swab
cultures and 78% for PCR-strategy.
The false negative rate by the PCR-strategy was 17% (18/104). Fourteen of these 18 false
negative samples were assessed by the semi-quantitative culture assessment, and among these
12 (86%) were classified with only few GBS colonies (Table 4). On the other hand, the false
positive rate was 3% (24/798).

Discussion
We evaluated two screening strategies for identification of vaginal GBS colonization in a Danish cohort of laboring women, using an intrapartum culture as the reference standard. The
antepartum culture-strategy achieved a LR+ of 9.2, whereas the intrapartum PCR-strategy
achieved a LR+ of 27.5.
The strength of our study is the size of the cohort consisting of 902 participants from a welldefined population, which did not receive antibiotics between antepartum culture and the
time of labor. It might be considered as a limitation that the PCR analyses were performed retrospectively as a batch processing of frozen samples thus only simulated as a rapid on-site test.
However, to create a realistic screening scenario for a rapid PCR-strategy we used a GBS PCR
assay without a delaying broth enrichment step prior to the PCR analysis. The Granada
medium for isolation and identification of GBS is a selective and differential culture medium
designed to selectively isolate Streptococcus agalactiae (Group B streptococcus, GBS) which differs from the standard recommended by CDC (Lim or TransVag).
The choice of a PCR assay for vaginal GBS detection performed without a prior Lim broth
enrichment was intended and thereby also to accept a small, however, statistically significant
lower sensitivity (92.7% versus 99.1%) compared to the use of the same PCR test with a Lim
broth inoculation of the specimen according to the study of Silbert et al. [24]. Using a prior 18
hours Lim broth enrichment step as part of the PCR assay would prohibit the use of the GBS
PCR as a rapid test at the time of delivery.
It may constitute a shortcoming of the study that omitting a prior enrichment step of the
specimen is likely to reduce the number of positive cases detected by not only the PCR assay
but also the intrapartum culture of the vaginal specimen. However, this approach allowed us
to conduct the semi-quantitation of the GBS in the vaginal sample. These results indicate that
the potential lower sensitivity of a PCR assay without a prior enrichment step with a false

PLOS ONE | https://doi.org/10.1371/journal.pone.0180262 July 5, 2017

5 / 10

Intrapartum PCR assay versus antepartum culture

Table 1. Concordance between detection of GBS colonization analyzed by antepartum culture (rectum and vaginal) and intrapartum culture
(vagina) as the reference standard.
Intrapartum vaginal culture (reference)
Positive
Antepartum culture
Vagina or rectum
Vagina
Rectum

Negative

Total = 902

N (%)
Positive

85

71

156 (17.3)

Negative

19

727

746

Positive

67

33

100 (11.1)

Negative

37

765

802

Positive

80

66

146 (16.2)

Negative

24

732

756

https://doi.org/10.1371/journal.pone.0180262.t001

negative rate of 17% (18/104) is primarily caused by a failure to detect vaginal colonization
with low numbers of GBS, which may be of less risk for the newborn during birth.
The false positive rate was only 3%, and in fact, we find it likely that these women may also
be colonized with GBS, e.g., by non-hemolytic GBS isolates which may not be detectable on
Granada agar plates. However, it is a limitation of the PCR-strategy that 3.4% of all specimens
tested were initially undetermined for technical reasons based on the amplification status of
the target and the Internal Process Control (data not shown). In such cases, a repeat testing
must be conducted, which will delay the definitive result and may be in some cases not in time
to decide the use of preventive antibiotic prophylaxis.
In contrast, antepartum screening by a GBS culture or PCR test with or without a prior Lim
broth enrichment at week 35–37 during pregnancy is known to miss a substantial number of
women with later intrapartum carriage of GBS [12, 13, 21, 27]. Furthermore, it should be
noted that the difference in the detecting rates between the direct plating of the rectovaginal
swab on the Granada medium and plating after prior Lim broth enrichment is only 4% [28].
Our study is the first of its kind performed in a country such as Denmark where the risk
based approach is still recommended. This study is in line with prior studies reporting on the
usefulness of a PCR-strategy in detecting intrapartum GBS [12, 14, 22, 29–31]. The GBS carriage rate was only 12% compared to 10–29% in other studies [27, 32–36] comprising different
population and using other GBS detection methods based primarily on broth enrichment [2,
35, 37]. The difference between antepartum vaginal and rectal culture carriage (11% vs. 16%,
respectively) have also been shown in previous studies, supporting the hypothesis that the gastrointestinal tract is the primary reservoir of GBS, and that vaginal colonization represents
spread of GBS from rectum [34, 35].
Unlike other chromogenic media, the Granada medium cannot detect non-hemolytic GBS,
thereby potentially decreasing the sensitivity of this culture medium for GBS screening [20].
However, the frequency of non-hemolytic GBS isolates is around 5% among GBS carriers, and

Table 2. Detection of GBS colonization by intrapartum polymerase chain reaction test (PCR) compared to intrapartum vaginal culture as the reference standard.
Intrapartum vaginal culture (reference)
Positive
Intrapartum vaginal PCR

Negative

Total

N (%)
104 (11.5)

798 (88.5)

902 (100)

Positive

86 (82.7)

24

110 (12.2)

Negative

18

774 (98.1)

792 (87.8)

https://doi.org/10.1371/journal.pone.0180262.t002
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Table 3. Performance of antepartum vaginal/rectal culture and intrapartum vaginal PCR test using
intrapartum vaginal culture for GBS as the reference standard.
Antepartum culture

Intrapartum PCR

For GBS

For GBS

Vagina

Rectum

Vagina or rectum

Vagina

%, n/N

95% CI

%, n/N

95% CI

%, n/N

95% CI

%, n/N

95% CI

Sensitivity

64
67/104

54–74

77
80/104

68–85

82
85/104

73–89

83
86/104

74–89

Specificity

96
765/798

94–97

92
732/798

90–94

91
727/798

89–93

97
774/798

96–98

PPV

67
67/100

55–74

55
80/146

46–63

55
85/156

46–63

78
86/110

69–86

NPV

95
765/802

94–97

97
732/756

95–98

98
727/746

96–99

98
774/792

96–99

LH+

16
65/1-96

11–22

9
77/1-92

7–12

9
82/1-91

7–12

27
83/1-97

18–41

CI = confidence interval; PPV = positive predictive value; NPV = negative predictive value; LH = Likelihood
ratio
https://doi.org/10.1371/journal.pone.0180262.t003

a rate of only 1% is observed among invasive GBS strains, which suggests that EOGBS caused
by non-hemolytic GBS strains is negligible [38].
The PCR strategy does not allow for performing antimicrobial susceptibility testing, which
may be of relevance for penicillin-allergic patients. However, susceptibility testing is not necessary in general because GBS isolates with confirmed resistance to penicillin, ampicillin, or cefazolin have not yet been described [39]. Fortunately, efficient alternative choices exist for those
with known penicillin-allergy, e.g., cefuroxime, cefaclor, and ceftriaxone. In patients with a
history of severe anaphylactic reactions following cephalosporin treatment, vancomycin is an
alternative antibiotic [40].
We conclude that in a Danish population of pregnant women with a low risk for their
babies to acquire EOGBS, intrapartum PCR could be an efficient recommendation to screen
for vaginal carriage of GBS during labor. It remains, to be evaluated, however from a medical
technology perspective whether the test should be offered to all laboring women or only to
those with a predefined risk. Such a medical technology evaluation must take into account 1)
the fact that we have studied only proxy variables (GBS vaginal colonization) for EOGBS, 2)
the overall costs, 3) the risks of maternal anaphylactic reactions and sensitization, 4) the
Table 4. Association between PCR and culture with semi-quantitative assessment of intrapartum vaginal growth of GBS in sample.
Intrapartum vaginal culture (reference) (N = 902)
Positive
Intrapartum vaginal PCR

Negative

Semi-quantification
+

++

+++

Not assessed

Positive

10

17

36

23

24

Negative

12

1

1

4

774

+++

= many

++

= some
+
= growth of few GBS colonies
https://doi.org/10.1371/journal.pone.0180262.t004
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possible adverse effects of antibiotics on the microbiome of the mother and the newborn [41],
and 5) the risk of promoting drug resistance among the bacteria.
It should be noted that there are some practical demands of an intrapartum PCR test. It
should first of all be simple for midwives or nurses to perform, and they should also be able to
expect a test result made available within a relatively short time, which is necessary for the
decision whether or not to administer antibiotics in a busy labor and delivery ward. In some
urgent clinical cases, a PCR result may be required within less than 120 minutes, which is possible with the present PCR assay when a few patient samples are handled at a time.
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Objective: To assess the performance of a polymerase chain reaction – group B streptococci test (PCR-GBS
test) – in deciding antibiotic prophylaxis in term laboring women.
Study design: In this observational study, we enrolled 902 unselected Danish term pregnant women.
During labor, midwives obtained vaginal swabs that were used for both GBS cultures (reference standard)
and for the PCR-GBS test. Furthermore, we recorded the presence of risk factors for EOGBS (Early Onset
Group B Streptococcal disease): (1) Bacteriuria during current pregnancy, (2) Prior infant with EOGBS (3)
Temperature above 38.0  C during labor, and (4) Rupture of membranes 18 h.
Results: The prevalence of GBS carriers was 12% (104 of 902), the sensitivity of the PCR-GBS test 83% (86 of
104), and the speciﬁcity 97% (774 of 798). Among the 108 with one or more EOGBS-risk factors, GBS was
present in 23% (25 of 108), the sensitivity 92% (23 of 25), and the speciﬁcity 89% (74 of 83).
Conclusion: In programs that aim to treat all laboring women with vaginal GBS-colonization (12% in the
present study) with penicillin, the PCR-GBS will perform well (sensitivity 83% and speciﬁcity 97%). In
programs aiming to treat only GBS-carriers among those with risk factors of EOGBS, a reduction of
penicillin usage by two-thirds from 12% to 4% may be possible.
© 2017 Elsevier B.V. All rights reserved.
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1.4 Introduction
In order to reduce the risk of “early-onset” neonatal infection
with GBS (EOGBS), international guidelines recommend two
strategies for identiﬁcation of laboring women who should be
offered intrapartum antibiotics prophylaxes (IAP): the risk-based
approach and the culture-based screening [1,2]. In the UK the Royal
College of Obstetricians and Gynaecologists (RCOG) recommend
the risk based approach and have deﬁned the following 5 risk
factors: (1) previous infant with EOGBS, (2) GBS bacteriuria during

Abbreviations: ACOG, American College of Obstetricians and Gynecologists;
CDC, Centers for Disease Control and Prevention, USA; EO, Early-onset; EOGBS, Early
onset of neonatal group B streptococcal disease; GBS, Group B streptococci; IAP,
Intrapartum antibiotic prophylaxis; NPV, Negative predictive value; PCR, Polymerase chain reaction; PPV, Positive predictive value; RCOG, Royal College of
Obstetricians and Gynecologists, Great Britain; PTD, Preterm delivery; ROM,
Rupture of membranes.
* Corresponding author at: Department of Obstetrics and Gynecology, Lillebaelt
Hospital, Kolding, Skovvangen 2-8, 6000 Kolding, Denmark.
E-mail address: mohammed.khalil@rsyd.dk (M.R. Khalil).
http://dx.doi.org/10.1016/j.ejogrb.2017.06.019
0301-2115/© 2017 Elsevier B.V. All rights reserved.

the current pregnancy, (3) temperature >38.0  C, (4) rupture of
membranes (ROM) 18 h, or (5) delivery at <37 weeks’ gestation.
They claim that 66% of EOGBS neonates are born to mothers with
one or more of these risk factors [3,4]. RCOG has further
recommended (2012) IAP to women with GBS vaginal carriage
detected during the current pregnancy [1]. On the other hand, the
Centers for Disease Control and Prevention, USA, (CDC), recommends universal screening at 35–37 weeks’ gestation for GBS rectovaginal colonization, as they ﬁnd that the culture-screening was
>50% more effective than the risk-based approach of preventing
EOGBS disease [5]. In the USA, the introduction of a culture-based
screening strategy was followed by a decrease in the EOGBS
incidence from 1.7 to 0.4 cases per 1000 births [2]. However, it is of
concern that the false positive rate is high and as many as twothirds of EOGBS newborns are born to GBS screen negative mothers
[6–8].
It is also of concern that a substantial fraction of the laboring
women who are at risk according to the RCOG deﬁnition [1] are
GBS negative. This calls for a GBS test that can be used intrapartum
in order to refrain from IAP in the GBS negative women. Therefore,
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polymerase chain reaction tests (PCR) have been used as an
intrapartum GBS assay in several studies [9–11]; however, they
have not been evaluated in a low-risk population like that in
Denmark with an EOGBS incidence of 0.34-0.37 cases per 1000 live
births [12].
The aim of this study is to assess the performance of the riskbased approach in combination with a PCR assay in detecting
vaginal carriage of GBS in unselected Danish laboring women at
term. The perspective is a diminished use of IAP.
Material and methods
Study design
The study was approved by the Regional Scientiﬁc Ethical
Committees for Southern Denmark (S-20130089) and the Danish
Data Protection Agency (2008-58-0035). All participants provided
written informed consent.
In this prospective observational study, we invited 2343
unselected pregnant women at 29 weeks gestation attending
the prenatal Clinic at Lillebaelt Hospital, Kolding (approximately
3200 deliveries per year) between April 2013 and June 2014. Nine
hundred and two (n = 902) invited women were enrolled, while
1441 did not participate. A ﬂowchart of the population is shown in
Fig. 1. The attending midwives at the delivery ward recorded the
presence of risk factors for EOGBS (1) GBS bacteriuria during
current pregnancy, (2) prior infant with EOGBS (3) temperature
above 38.0  C during labor, and (4) ROM 18 h. Detailed information on oral antibiotic use during pregnancy was obtained from the
registered data in medical records and delivered from the Danish
Medical Agency’s Register of non-hospitalized patient use, which
included records on all drug prescriptions ﬁlled at any Danish
pharmacy [13].
Inclusion criteria
 All pregnant women attending the prenatal Clinic at Lillebaelt
Hospital, Kolding.

Exclusion criteria
 Women treated with antibiotics after 35 weeks’ gestation.
 Preterm labor (before 37 + 0 weeks gestation).
 Age under 18 years.

189

 Women with a communication barrier.

Collection and culture of specimens
During labor, the midwife obtained vaginal swabs (E-Swab,
Copan Diagnostics, Brescia, Italy). The vaginal swab was rotated
1.5–2 cm inside the vagina.
If received at the laboratory (Department of Clinical Microbiology, Lillebaelt Hospital, Vejle, Denmark) between 7 A.M. and 8 P.M.,
the samples were cultured immediately; otherwise, they were kept
at 4  C until the next morning. Direct plating was carried out by
streaking the E-Swab specimen on a selective Granada agar plate
(BioMérieux1, Spain). The Granada agar plates were incubated
immediately after seeding in the CO2-containing atmosphere at
35  C. The specimen tubes containing the vaginal intrapartum ESwab sample medium were subsequently frozen at minus 80  C for
later PCR analysis.
The Granada agar plates were read twice after one and two days
of incubation, respectively. All GBS-like colonies (identiﬁed by
their orange color) were routinely conﬁrmed as Streptococcus
agalactiae using the Microﬂex LT TM MALDI-TOF system (Bruker
Daltonik, Germany).
Polymerase chain reaction (PCR)
The intrapartum vaginal PCR analysis was performed on
BDMaxTM (Becton, Dickinson and Company, USA) without enriching the specimen in a culture broth prior to analysis. The BDMaxTM
System automatically extracts the target nucleic acid and ampliﬁes
a section of the cfb gene sequence of the GBS chromosome (Becton,
Dickinson), if present. The BDMaxTM Assay includes an Internal
Process Control to monitor for the presence of potential inhibitory
substances as well as system or reagent failures that may be
encountered during the entire process. The results are interpreted
and produced by the BDMaxTM software as a qualitative answer,
either positive or negative for GBS. In a small number of cases (3.4%
of all specimens), the specimens were initially undetermined
because of inhibition, reagent failure or system errors, which led to
additional testing by taking a new aliquot of the sample and
repeating the DNA extraction and PCR assay. The PCR analyses
were performed retrospectively on frozen samples as batch
processing. The results of the GBS culture and PCR tests were
read by independent laboratory technicians at Department of
Clinical Microbiology and recorded separately.
Statistical analysis
STATA Statistics/Data Analysis software (version 14; StataCorp
LP) was used for the statistical analysis. Sensitivity, speciﬁcity,
positive predictive values (PPV), and negative predictive values
(NPV) were calculated for both antepartum screening and the PCR
technique using the intrapartum culture as the gold standard.
Differences of P value less than 0.05 were considered statistically
signiﬁcant.
Results

Fig. 1. Flow chart of patient inclusion.

Nine hundred and two unselected women in labor at term were
included. The demographic characteristics of the women tested
intrapartum with both vaginal culture and PCR test are shown in
Table 1. Mothers’ age under 25 years was negatively associated
with the status of intrapartum vaginal GBS colonization (OR 0.42;
95% CI: 0.18 to 0.99; P < 0.05).
Among participants (Table 2), 11.5% were vaginal GBS culturepositive (104/902) and 12.2% (110/902) were GBS-PCR positive. The

190
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Table 1
Demographic characteristics of women tested positive intrapartum with both vaginal culture and PCR test (n = 128) or negative for GBS (n = 774).
Maternal characteristics

GBS positive
(N = 128)

GBS negative
(N = 774)

Number

%

Number

%

OR

95% CI

P-value

Age of the mother
Under 25
25–34
Above 35

6
93
29

4.7
72.7
22.7

81
521
172

10.5
67.3
22.2

0.42
1.29
1.03

0.18 to 0.99
0.85 to 1.96
0.66 to 1.60

0.05
0.23
0.91

Parity
1
2
3 or more

49
68
11

38.3
53.1
8.6

358
378
38

46.3
48.8
4.9

0.72
1.19
1.82

0.49 to 1.06
0.82 to 1.73
0.91 to 3.66

0.09
0.46
0.37

Body mass index
Under 24.9
25–29.9
30- or more

72
35
21

56.3
27.3
16.4

505
172
97

65.3
22.2
12.5

0.69
1.32
1.37

0.47 to 1.00
0.86 to 2.01
0.82 to 2.29

0.05
0.20
0.23

Tobacco
Never smoking
Stopped in pregnancy
Smoke = < 10 cigarettes
Smoke > 10 cigarettes

121
2
3
2

94.5
1.6
2.3
1.6

706
25
32
11

91.2
3.2
4.1
1.4

1.67
0.48
0.56
1.10

0.75 to 3.71
0.11 to 2.03
0.17 to 1.85
0.24 to 5.03

0.21
0.32
0.34
0.90

Table 2
Intrapartum GBS prevalence by vaginal culture and PCR test for each of the four risk
factors (N = 902).

Risk factors
EOGBS in prior delivery
GBS bacteriuria
Fever (38.0  C)
ROM 18 h
Total with risk factors
No risk factors
Total

Intrapartum vaginal culture

Intrapartum PCR test

Positive rate% (No)
0% (0/1)
60% (18/30)
0% (0/1)
10% (7/68)
23% (25/83)
10% (79/794)
12% (104/902)

Positive rate% (No)
0% (0/1)
80% (24/30)
0% (0/1)
12% (8/68)
30% (32/108)
10% (78/794)
12% (110/902)

more risk factors and a positive GBS-PCR test (Table 3). Among the
participants with risk factors, the sensitivity of the GBS-PCR test
was 92% (23/25) using the vaginal GBS culture as a reference
standard (Table 3).
Ninety-four percent (101/108) of women with one or more risk
factors received IAP during labor. Two women (2%) underwent an
elective caesarian section and were treated routinely with
cefuroxime during operation also providing IAP. For the last ﬁve
(5%), the IAP could not be technically implemented for various
reasons such as quick or hectic birth (data not shown).

ROM = rupture of membranes.

Discussion

overall number of women with either vaginal positive culture or
GBS-PCR positive was 128 (14.2%) (Table 1). Among the 902
participants, 12.0% (108) had one or more risk factors concerning
EOGBS (Table 2), of which 23.2% (25/108) were vaginal GBS-culture
positive. The EOGBS risk factor most strongly associated with
intrapartum vaginal GBS colonization was GBS bacteriuria during
pregnancy. Eighteen of the 30 pregnant women with GBS
bacteriuria (60%) were vaginal GBS-culture positive (Table 2).
However, seven of the 30 women (23%) were GBS-PCR positive
despite being GBS-culture negative (data not shown).
In total, 2.7% (25/902) had both 1 or more risk factors and a
positive vaginal GBS culture, whereas 3.6% (32/902) had both 1 or

We studied an unselected Danish cohort of women in labor at
term of pregnancy. Within this cohort, 12% had EOGBS-risk factors
whereas only 2.7% had both 1 or more risk factors and a positive
vaginal GBS culture. This indicates substantial overtreatments if all
with EOGBS risk factors are offered IAP in accordance with the
RCOG recommendations. Among the 2.7%, not fewer than 2.5% had
a positive intrapartum GBS-PCR equivalent to a sensitivity of 92%.
Thus, a strategy offering IAP only to those laboring women with
both 1 or more risk factors and a positive GBS-PCR may be safe and
substantially reduce the use of IAP.
The strength of our study is the prospective cohort design and
the relatively high number of participants, which allowed us to
draw robust conclusions about detection of GBS colonization

Table 3
Performance of risk-based screening and intrapartum PCR-GBS test individually or in combination for detection of intrapartum GBS carriage#.

Sensitivity
Speciﬁcity
PPV
NPV

One or more Risk factors (N = 902)

PCR-GBS (N = 902)

% (n)

95% CI

% (n)

95% CI

% (n)

95% CI

24%
(25/104)
90%
(715/798)
23% (25/108)
90% (715/794)

16–33%

83%
(86/104)
97%
(774/798)
78% (86/110)
98% (774/792)

74–89%

92%
(23/25)
89%
(74/83)
72% (23/32)
97% (74/76)

74–99%

87–92%
16–32%
88–92%

CI = conﬁdence interval; PPV = positive predictive value; NPV = negative predictive value.
# Reference standard: Vaginal GBS colonization rate (N 104, 12%).

PCR-GBS if Risk-factor present (N = 108)

96–98%
69–86%
96–99%

80–95%
53–86%
91–100%
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during labor. Furthermore, in order to create a realistic real-time
screening scenario for rapid intrapartum testing during labor, we
used a GBS-PCR assay without a time-consuming broth enrichment step prior to the PCR analysis.
It might be considered as a limitation of the study that the PCR
analyses were performed as a batch processing of frozen samples.
However, we chose this design as the purpose was to test the
principle and not a speciﬁc product for rapid GBS-PCR testing.
It could also be considered as a limitation that we chose vaginal
GBS-colonization as the reference standard instead of rectovaginal
GBS-colonization, knowing that obtaining swab samples from both
the rectum and vagina improves the yield compared with only
sampling the vagina [14]. Our consideration is that although the
rectum in many women constitutes a GBS-reservoir from which
the vagina is colonized interminably, EOGBS seems to depend
primarily on the actual vaginal GBS colonization during labor [15].
A number of studies have shown that as many as 10% of women
with a negative antepartum screening result at 35–37 weeks’
gestation become positive for GBS vaginal carriage at the time of
delivery [6–8].
Furthermore, the Granada medium for culture of GBS is a
selective and differential culture medium designed to selectively
isolate Streptococcus agalactiae (Group B streptococcus, GBS),
which differs from the standard recommended by CDC (Lim or
TransVag). Not using a prior enrichment step of the specimen in
addition to inoculation into selective broth may reduce the number
of positive cases; however, the difference in the detection rates
between direct plating of the rectovaginal swab on Granada
medium with and without prior Lim broth enrichment is as low as
4% [16].
The rationale for the risk-based strategy is challenged by the
data in Table 2 showing that 9% (79/902) of our population was
GBS-colonized even though they did not have risk factors.
However, the risk based strategy does probably reduce the EOGBS
incidence because it identiﬁes those fetuses exposed to heavy GBScolonization (e.g. maternal GBS-uria, Table 1) or long term
exposure to GBS (e.g. ROM > 18 h) [3,5,17–21]. On the other hand,
in populations treated according to a risk based strategy, 25% of
newborns with EOGBS are delivered by women without risk factors
[3–5,22–24], and in populations treated according to recto-vaginal
cultures obtained several weeks before delivery, 65% of EOGBS
newborns are born to screen negative mothers [6–8]. Only
considering the IAP of those laboring women with both a positive
PCR and the presence of 1 or more risk factors (n = 32; 4% of the
total population of laboring women) would leave 78 women with a
positive GBS PCR without antibiotic prophylaxis. One could
therefore argue that all GBS-PCR positive women (12% of our
population) should have IAP. However, this should be evaluated
with the proper medical technology taking into account the
following issues: (1) the overall costs, (2) the risks of maternal
anaphylactic reactions and sensitization, (3) the possible adverse
effects of antibiotics on the microbiome of the mother and the
newborn [25], and (4) the risk of promoting drug resistance among
the bacteria.
The external validity of our study and some disagreement
between our results and those from other studies must be
considered. Some studies detect higher GBS prevalence among
women with risk factors, probably due to differences between
populations, different culture and PCR techniques, and different
risk factor criteria, e.g. the inclusion of women delivering preterm
[26,27].
Furthermore, one must remember that the EOGBS challenges
include a number of important perspectives which we must
elucidate. These include varying numbers of virulence factors of
different GBS strains [28], a factor which might be addressed in
future more speciﬁc GBS-PCR assays [29]. Furthermore, some
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women may have better transfer of maternal antibodies to the
fetus than other women, e.g. the passive immunization of the
newborn differs [30,31]. This aspect might be addressed by
appropriate vaccination programs or by identiﬁcation of women at
special risk due to an inappropriate proﬁle of immunoglobulins.
It should be noted that there are some practical demands of an
intrapartum PCR test. It should be simple for midwives or nurses to
perform, as well as provide a test result within a relatively short
period of time (in some urgent clinical cases within less than
120 min as for the present PCR assay), which is necessary for the
decision whether or not to administer antibiotics in a busy labor
and delivery ward.
In conclusion, in countries including Denmark with a low
incidence of EOGBS, a substantial reduction in antibiotic prophylaxis of two-thirds could be achieved at term by combining a risk
factor based screening with a rapid intrapartum PCR test for
vaginal carriage of GBS.
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Objective: To evaluate GBS colony numbers in the urine at 35–37 weeks’ gestation to predict the load of
GBS-colonization of the vagina at birth.
Study design: In this prospective observational study, we included 902 unselected pregnant women.
Exposure was GBS colony forming units (CFU) per mL urine at 35–37 weeks’ gestation. Outcome was
vaginal GBS colonization at birth as assessed by a semi-quantitative culture of a vaginal swab sample
(negative, +1, +2, +3).
Results: Bacteriuria with GBS at 35–37 weeks’ gestation performed with a sensitivity of 30% concerning
any degree of vaginal GBS colonization at birth (31 of 104 cases); 19% for light (+1), 17% for medium (+2),
and 52% for high load (+3) vaginal GBS colonization. The colony count in case of GBS bacteriuria at 35–37
weeks’ gestation performed with positive predictive values of 35% for <104 CFU/mL, 70% for 104 CFU/mL,
and 67% for >104 CFU/mL.
Conclusion: Even though the urinary GBS CFU at 35–37 weeks’ gestation is strongly associated with a high
load of vaginal GBS colonization intrapartum, it may not perform satisfactorily as a standalone-screening
marker for risk of early-onset GBS disease.
© 2018 Elsevier B.V. All rights reserved.
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Introduction
Bacteriuria with Group B Streptococci (GBS) during pregnancy
may constitute a marker for a high load of genital tract colonization
with GBS, and it constitutes a risk factor for early-onset GBS disease
(EOGBS) [1–3]. Therefore, identiﬁcation of GBS in urine might be a
useful screening tool for identiﬁcation of women at risk of
transferring GBS to their infant at birth.
We know only little about the association between the
antepartum GBS-urinary colony count and the load of GBS in
the vagina intrapartum. If this association is strong, quantiﬁcation
of GBS in the urine may constitute an effective tool for assessing

the risk of EOGBS and minimizing the number of women who
should be screened for vaginal GBS colonization intrapartum by a
polymerase chain reaction (PCR) test. If the quantitative association is very strong, the antepartum GBS screening of urine might
even replace the intrapartum vaginal PCR-GBS test, which is
usually not quantitative [4,5] and is perhaps too sensitive, thus
ﬁnding small and clinical insigniﬁcant numbers of GBS in the
vagina.
The aims of this study were to assess the performance of
screening for GBS in urine at 35–37 weeks’ gestation to identify
women with vaginal GBS colonization during labor, and furthermore, to evaluate whether the urinary GBS colony-count provides
further information regarding the load of GBS in the vagina.
Material and methods

Abbreviations: CI, conﬁdence interval; CFU/mL, colony-forming units per mL;
EOGBS, early onset of neonatal group B streptococcal disease; GBS, Group B
Streptococci; GBSurine35–37 weeks, GBS in urine at 35–37 weeks’ gestation;
GBSvaginabirth, GBS in vagina at labor; GBSvagina35–37weeks, GBS in vagina at 35–37
weeks’ gestation; IAP, intrapartum antibiotic prophylaxis; NPV, negative predictive
value; PCR, polymerase chain reaction; PPV, positive predictive value.
* Corresponding author at: Department of Obstetrics and Gynecology, Lillebaelt
Hospital, Kolding, Sygehusvej 24, 6000 Kolding, Denmark.
E-mail address: mohammed.khalil@rsyd.dk (M.R. Khalil).
https://doi.org/10.1016/j.ejogrb.2018.02.013
0301-2115/© 2018 Elsevier B.V. All rights reserved.

Study design
In this prospective observational study, we included 902
pregnant women at a gestational age of 29 weeks [4]. Detailed
information on oral antibiotic use during pregnancy was obtained
from the registered data in medical records and delivered from the
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Danish Medical Agency’s Register of non-hospitalized patient use,
which included records on all drug prescriptions ﬁled at any
Danish pharmacy [6].
Inclusion criteria
 Pregnant women attending the prenatal Clinic at Lillebaelt
Hospital, Kolding, Denmark. All pregnant women in the
catchment area of Lillebaelt Hospital give birth at this clinic,
as there are no private or other public alternatives. Only very
complicated pregnancies like extreme preterm births are
referred to University Hospitals.

Exclusion criteria
 Women treated with antibiotics after 35 weeks’ gestation.
 Preterm labor (before 37+0 weeks gestation).
 Age under 18 years.
 Women with a communication barrier such as language or
mental health conditions.
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sides of the same Granada agar plate (BioMérieux1, Spain). The
Granada agar plates were incubated immediately after the seeding
in a 35  C in CO2-containing atmosphere. All samples were
analyzed at the Department of Clinical Microbiology, Lillebaelt
Hospital, Vejle, Denmark. All GBS-like colonies (identiﬁed by their
orange color on Granada agar plates) were routinely conﬁrmed as
Streptococcus agalactiae using the Microﬂex LT TM MALDI-TOF
system (Bruker Daltonik, Germany). Growth was classiﬁed semiquantitatively as plates having only growth of a few GBS colonies
(1 + ), some (2 + ) or many (3 + ). Twenty-seven culture tests were
mistakenly not recorded with a semi-quantitative assessment
result: 21 were urine culture negative at 35–37 weeks’ gestation, 6
were urine culture positive, of which 2 had a colony count <104
CFU/mL and 4 had a colony count = 104 CFU/mL.
Ethics
The study was approved by the Regional Scientiﬁc Ethical
Committees for Southern Denmark (S-20130089) and the Danish
Data Protection Agency (2008-58-0035). All participants provided
written informed consent.

Collection and culture of specimens
Statistics
At 35–37 weeks’ gestation, each participant delivered a Clean
Catch Midstream urine specimen for conventional quantitative
culture during the planned visit to the midwife outpatient clinic.
Urine samples were seeded on a 5% blood agar plate at Department
of Clinical Microbiology, Vejle Hospital, Denmark and read after
incubation at 35  C for 24 or 48 h depending on the initial growth of
bacteria. GBS was identiﬁed as described below and the bacteriuria
classiﬁed according to the number of colony-forming units per mL
(CFU/mL). Low colony counts refer to <104 CFU/mL, and high
colony counts refer to 104 CFU/mL.
A vaginal ESwab sample was obtained from each participant by
self-administered sample collection at 35–37 weeks’ gestation and
during labor by the midwife. Samples were cultured for GBS at the
time of arrival to the laboratory; if received after 8 PM, they were
kept at 4  C until the next morning. Direct plating without prior
enrichment of the specimen in a culture broth was carried out by
streaking the ESwab specimen on a selective Granada agar plate.
The vaginal swabs from the same patient were seeded on split

STATA Statistics/Data Analysis software (version 14; StataCorp
LP) was used for the statistical analysis. The results of the
categorical variables were expressed as percentages, with a 95%
corresponding conﬁdence interval (CI). Differences in proportions
were compared using either the chi-square test or Fisher's exact
test. P values below 0.05 were considered statistically signiﬁcant.
Odds ratios are used to assess associations. Sensitivity, speciﬁcity,
positive predictive value (PPV) and negative predicative value
(NPV) of both antenatal vaginal cultures and urine cultures were
calculated to evaluate their accuracy in predicting GBS colonization at the time of delivery.
Results
Within the population of 902 unselected pregnant women, the
rate of GBS-uria at 35–37 weeks’ gestation (GBSurine35–37weeks) was
5.9% (53/902), whereas the rate of GBS in vagina at birth

Table 1
Demographic characteristics of the participants.
Number of participants = 902

GBSurine

35–37 weeks

Positive (N = 53)

Negative(N = 849)

OR

95% CI

P-value

9.9
67.5
22.6

0.55
1.65
0.7

0.17–1.79
0.85–3.18
0.34–1.46

0.32
0.14
0.34

385
420
44

45.4
49.5
5.2

0.81
0.99
1.91

0.49–1.50
0.57–1.73
0.72–5.03

0.54
0.95
0.19

62.3
24.5
13.2

544
194
111

64.1
22.9
13.1

0.93
1.1
1.01

0.52–1.64
0.58–2.09
0.45–2.30

0.79
0.78
0.98

90.6
5.7
1.9
1.9

779
24
34
12

91.8
2.8
4
1.4

0.86
2.06
0.46
1.34

0.33–2.24
0.60–7.08
0.06–3.43
0.17–10.5

0.76
0.25
0.45
0.78

Maternal characteristics

Number

%

Number

%

Age of the mother
Under 25
25–34
35 and above

3
41
9

5.7
77.4
17

84
573
192

Parity
1
2
3 or more

22
26
5

41.5
49.1
9.4

Body mass index
Under 24.9
25–29.9
30- or more

33
13
7

Tobacco
Never smoking
Stopped in pregnancy
Smoke  10 cigarettes
Smoke > 10 cigarettes

48
3
1
1
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(GBSvaginabirth) was 11.5% (104/902). Those with and without
GBSurine35–37weeks did not differ concerning age of the mother,
parity, body mass index, and tobacco use (Table 1).
The sensitivity of GBSurine35–37weeks to predict any degree of
GBSvaginabirth was 30% (31/104), and the corresponding positive
predictive value (PPV) was 59% (31/53). The negative predictive
value (NPV) was 91% (776/849) (Table 2).
The GBS colony count in the case of GBSurine35–37weeks was
further informative. Thus, 6/17 (35%) with GBSurine35–37weeks was
<104 CFU/mL had GBSvaginabirth (Table 3). The corresponding
ﬁgures for 104 CFU/mL were 19/27 (70%), and for >104 CFU/mL
6/9 (67%). A high load (+3) GBSvaginabirth was predicted with a
sensitivity of 52% (17/33) by GBSurine35–37weeks (Table 3).
GBSvagina35–37weeks predicted GBSvaginabirth with a sensitivity of
64% (67 of 104 cases; data not shown). Furthermore, GBSurine3537weeks predicted GBSvagina35–37weeks with a sensitivity of 48% (48/
100) and a speciﬁcity of 99% (797/802).
Discussion
In a cohort of 902 unselected pregnant women, we found that
GBSurine35–37weeks predicted any degree of GBSvaginabirth with a
sensitivity of only 30% and a high load (+3) GBSvaginabirth with a
sensitivity of 52%. However, the corresponding negative predictive
value (NPV) of GBSurine35–37weeks was 91%.
The strength of our study is the prospective cohort design with a
quantitative assessment of possible GBS bacteriuria antepartum
for all women combined with a semi-quantitative assessment of
GBS in the vagina at birth. Furthermore, a relatively high number of
unselected pregnant women participated in the study. It is a minor
limitation that the assessments of 27 intrapartum vaginal swabs in
the study were not assessed semi-quantitatively.
The relatively low sensitivity of GBSurine35–37weeks in predicting
vaginal GBSvaginabirth can be explained by at least two factors.
Firstly, GBSurine35–37weeks predicts only 48% (GBSvagina35–37weeks),
i.e. only half the women with GBS in the vagina have GBS in the
urine on the day of sampling. Secondly, even GBSvagina35–37weeks
predicted only 64% of GBSvaginabirth, i.e. at least 36% changed their
vaginal GBS status within these few weeks, a substantial change
which has also been noted by others [7].
The prevalence of GBSurine was comparable to that reported in
other studies [8–11]. Our ﬁndings conﬁrm the ﬁndings of PerezMoreno et al. in their prospective study on GBSurine during
pregnancy as a risk factor for maternal intrapartum colonization.
They found a sensitivity of 41%, a speciﬁcity of 95%, a PPV of 59%,
and NPV of 95% of GBSurine35–37weeks in predicting GBSvaginabirth
[12]. The authors concluded that GBS bacteriuria is a risk factor for
intrapartum colonization, irrespective of urinary GBS concentration or colonization status at late gestation [12]. These ﬁndings
agree with our results. However, Perez-Moreno et al. did not
classify the growth in GBSvaginabirth semi-quantitatively, therefore
missing the added information in detecting a high level of vaginal
colonization with GBS at birth.
Several guidelines recommend intrapartum antibiotics prophylaxis in case of signiﬁcant GBSurine during pregnancy, as this
condition is regarded as a sign of high load of genital tract
Table 2
GBSurine35–37weeks for the prediction of GBSvagina
GBSurine35–37weeks

GBSvagina

Sensitivity
Speciﬁcity
PPV
NPV

30%
97%
59%
91%

birth

GBSurine35–37weeks

Negative
Colony count < 104 CFU/mL
Colony count = 104 CFU/mL
Colony count > 104 CFU/mL
Total

GBSvagina

birth

semi-quantita-

birth

Negative

NAb

1+

2+

3+

Total

776
11
8
3
798

21
2
4
0
27

17
2
2
0
21

19
1
3
0
23

16
1
10
6
33

849
17
27
9
902

a
Semi quantitative assessment of vaginal GBS colonies: 1+: few; 2+: some; 3+:
many.
b
NA = 27 were not assessed semi-quantitatively.

colonization [13–15]. However, the guidelines do not agree on the
deﬁnition of signiﬁcant GBSurine. Thus, RCOG and a recent
European guideline deﬁne signiﬁcant GBSurine as any degree of
GBSurine [13,14], whereas CDC uses a deﬁnition of 104 CFU/mL
[16].
Our ﬁndings do not support the use ofGBSurine35–37weeks as an
isolated risk marker for EOGBS, and as a result, for identiﬁcation of
laboring women who should be offered prophylactic penicillin at
birth. However, GBSurine35-37weeks seems to perform better than
other risk markers like gestational age at birth <37 weeks [17],
duration of rupture of membranes >18 h [18], temperature
>38.0  C [19–21], or delivery of a previous infant with GBSspeciﬁc EOS [22,23]. Therefore, EOGBS-prevention strategies
offering an intrapartum GBS test only to mothers at risk of having
a new-born acquiring EOGBS could beneﬁt from the inclusion of
this risk marker. This would probably substantially increase the
sensitivity of a selective intrapartum GBS screening strategy.
Rapid tests for vaginal colonization by GBS are based on PCR.
They do not offer quantitative results and they may be too
sensitive, thus identifying low loads of vaginal GBS colonization,
which is likely to be associated with a low risk of EOGBS. A number
of studies therefore suggest through indirect observation that low
level carriage of GBS is associated with a reduced transmission rate
compared to that in patients with higher bacterial burdens [24,25].
We conclude that GBSurine35–37weeks is associated with a high
load of GBSvaginabirth; however, GBSurine35–37weeks does not perform
satisfactorily as a standalone screening marker for risk of EOGBS.
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birth.

(31/104)
(776/798)
(31/53)
(776/849)

Table 3
GBS colony-counts in GBSurine35–37weeks compared to GBSvagina
tive culturea assessment.

95% CI
21.23% to 39.57%
95.86% to 98.26%
45.91% to 70.05%
90.36% to 92.34%

CI = conﬁdence interval; PPV = positive predictive value; NPV = negative predictive
value; # Reference standard: Vaginal GBS colonization rate (N 104; 12%).
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ABSTRACT

ARTICLE HISTORY

Objective: To investigate an association between Group B streptococci (GBS) in urine culture
during pregnancy and preterm delivery.
Methods: A population-based cohort consisted of all the pregnant women (n ¼ 36,097) from the
catchment area of Lillebaelt Hospital, Denmark, during the period January 2002 –December
2012. The cohort of 34,285 singleton pregnancies used in this study was divided into three
groups. Group I (N ¼ 249) included women whose urine culture was positive for GBS; group II
(N ¼ 5765) included women whose urine culture was negative for GBS; and group III
(N ¼ 28 271) included women whose urine had not been cultured during pregnancy. Primary
outcome was preterm delivery before 37 weeks’ gestation (PTD).
Results: We did not find an association between PTD and GBS bacteriuria in the cultured groups
(odds ratios (OR) ¼ 0.89; 95% CI: 0.5–1.4) (Table 1). After controlling for potential confounders,
the PTD remained not associated with GBS bacteriuria (adjusted OR ¼ 0.99; 95% CI: 0.6–1.6).
Combined, the cultured groups (I and II) were associated with a statistically significant higher
risk for PTD, when compared with the group with no urine specimens taken for culture
(OR ¼ 1.96; 95% CI: 1.8–2.2 and adjusted or 1.80; 95% CI 1.6–2.0). The cultured group of women
differed considerably from the group of women with no urine specimens taken for culture on
the vast majority of variables examined.
Conclusions: No association between asymptomatic GBS bacteriuria and preterm delivery
among women with singleton pregnancy and urine specimens cultured during pregnancy was
found. Previous suggestions of such association may have been compromised by a selection
problem for testing due to a high-risk profile of pregnancy complications in pregnant women
selected for urine culture.
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Introduction
Group B streptococci (GBS) are considered a marker
for genital tract colonization, which in some studies
have been a risk factor for preterm prelabor rupture of
the membranes and preterm delivery [1–4]. Treatment
and follow-up to prevent recolonization in pregnant
women with GBS in the urine has been reported to
reduce the incidence of preterm delivery (PTD, delivery
before 37 weeks’ gestation) [3]; however, this presumed reduction could not be confirmed in the
Cochrane review and other studies [5–7]. Antibiotic
treatment of pregnant women with GBS-positive urine
culture has also been used in some antenatal clinics in
order to reduce the risk of chorioamnionitis [8], pyelonephritis, and low-birth weight [9].
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In Denmark, a prenatal dipstick urine-analysis is
carried out routinely as standard procedure by the
general practitioner, and specimens are collected
according to national guidelines and performed on
medical indications and as general screening [10].
A urine specimen will be submitted for culture, if the
urine dipstick test-result is positive for the leukocyte
esterase and/or nitrite test. However, several microorganisms including GBS are nitrite negative [11], and
most patients with asymptomatic bacteriuria do not
exhibit an inflammatory reaction with a leukocyte
response in the urine [12–14], rendering the dipstick
used in antenatal care testing inadequate in detecting
GBS [11,15]. Urine specimens are also submitted for
culture, if women have a history of previous PTD or
GBS infection in a prior pregnancy, or they exhibit
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medical indications like symptoms of urinary tract
infection, or if a variety of other maternal and obstetrical reasons are present. If GBS is found, the woman
is treated with antibiotics regardless of colony counts,
and usually penicillin is prescribed.
GBS bacteriuria is only occasionally associated with
urinary tract infection [16]. Antibiotic treatment may
not eliminate GBS from the urinary tract, the vagina,
or the rectum, and subsequent recolonization is common [17] contributing to recurrent presence of GBS in
urine [7]. Several authors have even postulated that
antibiotic administration may alter vaginal flora, allowing heavy growth of other potentially pathogenic
organisms in the upper genital tract, which may lead
to PTD [6,8].
The objective of this cohort study was to investigate a possible association between GBS cultured in
urine during pregnancy and PTD in a Danish cohort of
pregnant women.

Materials and methods
From a population-based cohort consisting of all
pregnant women (n ¼ 36 097) from the catchment
area of Lillebaelt Hospital, Denmark, during the
period January 2002–December 2012 (11 years),
34,285 deliveries of singleton pregnancies were
included in this study. Of those, 17.5% (6014/34,285)
had one or more urine culture analysed at the
Department of Clinical Microbiology, Lillebaelt
Hospital, Vejle, Denmark. Maternal, obstetrical, and
neonatal data were obtained from the Hospital
Information System at Lillebaelt Hospital, which

Figure 1. Flowchart describing the cohort.

contains data on all hospitalized patients, and linkage
of information could be performed using the unique
Danish Personal Identification number (CPR). Among
others, the following data were extracted: maternal
age at delivery, parity, maternal body mass index
(BMI), smoking habits, rupture of membranes, birth
weight, mode of delivery, past reproductive career,
medical diseases, previous cervical cone biopsy(ies),
and previous preterm delivery(ies).
National data on prescription of antibiotics to outpatients were extracted from the Danish National
Prescription Registry (DNPR) [18], which includes
records on all drugs filed at the pharmacy. Antibiotic
treatment administered in the hospitals was obtained
by reviewing the patient’s medical record. Results from
all microbiological examinations were extracted from
the Laboratory Information System (MADS) at
Department of Clinical Microbiology serving the hospitals and all general practitioners in the catchment area
of Lillebaelt Hospital, Denmark. Women with one or
more positive bacterial urine specimens for GBS were
defined as GBS-positive.
The study-population with in- and exclusion criteria
is described in Figure 1. Data containing information
on among others gestational age at delivery on all
births in Denmark were merged from The Danish
National Health Service Register [19].
The cohort used in this study was divided into
three groups. Group I included women with GBS-positive urine specimens, group II included women whose
urine culture was negative for GBS, and group III comprised women without urine specimens submitted for
culture during pregnancy (Figure 1).
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Microbiological cultures
Urine specimens were collected according to the procedure for midstream clean-catch urine specimens with
minimal risk of contamination; women were instructed
to collect midstream urine of the urine voided after
local disinfection of the meatus and the adjacent
mucosa with cotton balls with water while spreading
the labia during urinating. If the transportation time to
the laboratory exceeded 2 h, the specimens were stored
in refrigerators. In brief, all urine specimens were
handled throughout the period as follows: 1 mL were
streaked on 5% Danish blood agar (DBA) for quantitative evaluation. In case of beta-haemolytic colonies
(1000 CFU/mL), a representative colony was purified
and identified according to conventional laboratory
procedures involving a CAMP test and a commercial
Latex Agglutination Test for differentiation of streptococci Lancefield groups A, B, C, F, and G. The
BioM
erieux’s chromID CPS agar plate replaced the
CAMP-test from 2009 and onwards. From 2011 all GBSlike colonies were routinely confirmed as Streptococcus
agalactiae (GBS) by identification using the Microflex
LTTM MALDI-TOF system (Bruker, Daltonik, Germany).
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(S-20130089) and the Danish Data Protection Agency
(2008-58-0035).

Results
The cohort is described in Figure 1. Among 34 285 singletons, 6014 had a urine culture and among these
249 (4.9%) were colonized by GBS. The overall rate of
singleton preterm delivery (PTD) was 5.8%
(1978/34 285).
The demographic characteristics of GBS-positive (GI)
versus GBS-negative (GII) in the cultured group of
women are shown in Table 1, and the corresponding
results of cultured women (GI/GII) versus the uncultured group (GIII) are shown in Table 2. All are
described further.

Maternal characteristics
There were almost no statistically significant differences in comparisons between GI versus GII, while there
were statistically significant differences in both Age
and BMI between GI/GII and GIII (GI/GII versus GIII,
p < .001 for trend, respectively).

Statistics

Obstetric history

For statistical analyses Stata Statistics/Data analysis
software (version 14; Stata Corp LP, College Station,
TX, USA) was used. The primary outcome was preterm
delivery before 37 weeks’ gestation. Secondary outcome was urine culture-status; Table 1 for GBS positive
versus GBS negative and Table 2 for cultured versus
not cultured. Statistical analyses included comparisons
between groups presented as dichotome and categorical variables using univariate logistic regression [20]
reported as odds ratios (ORs) and chi-square tests
(trend analyses) reported as p-values on secondary
outcome (Tables 1 and 2). Binary multiple logistic
regression analysis was performed on primary out priori defined variables as poscome and including a
sible confounders in the model (Table 3); the
predefined confounders included age, BMI, parity, prior
PTD, prior cervical cone biopsy, hypertension, preeclampsia, diabetes type 1, gestational diabetes,
tobacco use, inflammatory bowel disease, cervix insufficiency, and early bleeding. p values <.05 were considered statistically significant.

Few and less prominent statistically significant differences were found between GI and GII, while there
were statistically significant differences in all variables
between GI/GII and GIII (including parity, prior PTD,
abortion spontaneous >4, and prior cervical
cone biopsy).

Ethics
The study was approved by the Regional
Scientific Ethical Committees for Southern Denmark

Medical outcomes
For this category the differences between the groups
were weaker; however, the pattern from above was
repeated with more statistically significant differences
in variables when comparing GI/GII with GIII than,
when groups GI and GII were compared. However, the
findings were challenged by relative low numbers,
when comparing groups GI and GII; large span confidence interval, e.g. diabetes type 1 with OR of 7.77
and 95% CI 1.5–38.7.

Infections
There were statistically significant differences in urinary
tract infection (UTI) for both comparisons (GI versus
GII and GI/GII versus GIII). This was expected, as group
GI with a positive GBS urine culture would be more
likely to be diagnosed with UTI, when compared with

4

M. R. KHALIL ET AL.

Table 1. Characteristics of the GBS-positive group (GI) and GBS-negative group (GII), N ¼ 6014.
GI versus GII
GBS status
Maternal characteristics
Age of mother (years)
Under 25
25–34
35–40
Above 40
BMI
Under 18.5
18.5–24.9
25–29.9
30–34.9
35–39.9
40–44.9
45 or more
Status unknown
Obstetric history
Parity
0
1
2
3
4 or more
Prior PTD
0
1
2
3 or more
Abortion spontaneous >4
Prior cervical cone biopsy
0
1
2 or more

GI N ¼ 249

GII N ¼ 5765

N

%

N

%

OR

95% CI

p value

31
185
27
6

12.5
74.3
10.8
2.4

985
3855
801
124

17.1
66.9
13.9
2.2

Ref
1.53
1.07
1.54

1.0–2.3
0.6–1.8
0.6–3.8

.033
.798
.346

16
127
63
18
10
2
3
10

6.7
53.1
26.4
7.5
4.1
0.8
1.3

254
2980
1189
544
206
68
26
498

4.8
56.6
22.6
10.3
3.9
1.3
0.5

1.44
Ref
1.24
0.76
1.10
0.67
2.51

0.8–2.5

.184

0.9–1.7
0.5–1.3
0.6–2.1
0.2–2.8
0.8–8.4

.166
.280
.776
.579
.134

126
75
39
8
1

50.6
30.1
15.6
3.2
0.4

3408
1730
528
86
13

59.1
30.1
9.2
1.5
0.2

Ref
1.17
2.00
2.52
2.08

0.9–1.6
1.4–2.9
1.2–5.3
0.3–16.0

.285
.000
.015
.482

228
12
8
1
0

4.8
3.2
0.4
0.0

5528
129
93
15
27

2.2
1.6
0.3
0.5

Ref
2.64
2.13
1.59
–

0.9–7.5
0.9–4.7
0.2–12.1
–

.067
.058
.656
–

243
6
0

2.4
0.0

5615
143
7

2.5
0.1

Ref
1.02
–

0.5–2.3
–

.961
–

1
9

0.4
3.6

10
225

0.2
3.9

2.32
0.92

0.3–18.2
0.5–1.8

.432
.818

224
2
0
23

0.8
0.0
9.2

5520
6
3
236

0.1
0.1
4.1

Ref
7.77
–
2.38

1.5–38.7
–
1.5–3.7

.012
–
.000

197
11
7
5
4
1
0
2
22

86.8
4.9
3.1
2.2
1.8
0.4
0.0
0.9
8.8

3968
220
167
253
235
66
11
82
763

79.3
4.4
3.3
5.1
4.7
1.3
0.2
1.6
13.2

Ref
1.01
0.84
0.40
0.34
0.31
–
0.49
0.58

0.5–1.9
0.4–1.8
0.2–1.0
0.1–0.9
0.04–2.2
–
0.1–2.0
0.4–0.9

.982
.666
.044
.036
.240
–
.323
.017

Infections
Chorioamnionitis
Urinary tract infection
Pyelonephritis
Inflammatory bowel disease

0
33
0
4

0.0
13.3
0.0
1.6

5
342
8
30

0.1
5.9
0.1
0.5

–
2.42
–
3.12

–
1.7–3.6
–
1.1–8.9

–
.000
–
.034

–
–
–
–

Obstetric outcomes
Emergency CS
Cervix insufficiency
Early bleeding
Abruption of placentae
Placenta previa
Hydronephrosis
Threatened preterm delivery
Threatened miscarriage

36
3
9
0
0
1
9
3

14.5
1.2
3.6
0.0
0.0
0.4
3.6
1.2

657
19
100
18
19
9
208
160

11.4
0.3
1.7
0.3
0.3
0.2
3.6
2.8

1.31
3.69
2.12
–
–
2.58
1.00
0.43

0.9–1.9
1.1–12.6
1.1–4.3
–
–
0.3–20.4
0.5–2.0
0.1–1.4

.140
.037
.033
–
–
.370
.996
.147

–
–
–
–
–
–
–
–

Medical outcomes
Hypertension
Pre-eclampsia
Diabetes
No diabetes
Type 1
Type 2
Gestational diabetes
Tobacco use
Never smoking
Stopped in trimester 1
Stopped in trimester 2
Smoke ¼ <5 cigarettes
Smoke 6–10 cigarettes
Smoke 11–20 cigarettes
Smoke >20 cigarettes
Amount unknown
Status unknown

Trend p value

.604

.029

.000

.004

–
.775

–
–
.000

.001

GI: cultured GBS-positive; GII: cultured GBS-negative; OR: Odds ratio; Ref: Referent category; CS: cesarean section.
Italic values indicate positive (above 1.00) statistically significant OR, while bold italic values indicate the opposite.
Bold values indicate that the odds of event in GI is statistically significant lower than the odds of event in GII.
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Table 2. Characteristics of the cultured group (GI/II) and uncultured group (GIII), N ¼ 34,285.
GI þ GII versus GIII
Cultured versus uncultured
Maternal characteristics
Age of mother (years)
Under 25
25–34
35–40
Above 40
BMI
Under 18.5
18.5–24.9
25–29.9
30–34.9
35–39.9
40–44.9
45 or more
Status unknown
Obstetric history
Parity
0
1
2
3
4 or more
Prior PTD
0
1
2
3 or more
Abortion spontaneous >4
Prior cervical cone biopsy
0
1
2 or more

GI þ GII N ¼ 6014

GIII N ¼ 28,271

N

%

N

%

OR

95% CI

p value

1016
4040
828
130

16.9
67.2
13.8
2.2

3696
19,905
4053
617

13.1
70.4
14.3
2.2

Ref
0.74
0.74
0.77

0.7–0.8
0.7–0.8
0.6–0.9

.000
.000
.010

270
3,107
1,252
562
216
70
29
508

4.9
56.4
22.7
10.2
3.9
1.3
0.5

854
12,871
4597
1844
670
243
85
7107

4.1
60.8
21.7
8.7
3.7
1.2
0.4

1.33
Ref
1.13
1.27
1.36
1.21
1.49

1.2–1.6

.000

1.1–1.2
1.2–1.4
1.2–1.6
0.9–1.6
0.9–2.3

.001
.000
.000
.160
.059

3534
1805
567
94
14

58.8
30.0
9.4
1.6
0.2

18,600
7518
1868
260
25

65.8
26.6
6.6
0.9
0.1

Ref
1.26
1.60
1.90
2.95

1.2–1.4
1.4–1.8
1.5–2.4
1.5–5.7

.000
.000
.000
.001

5756
141
101
16
27

2.3
1.7
0.3
0.3

27,837
258
144
32
75

0.9
0.5
0.1
0.3

Ref
1.67
3.62
2.39
1.70

1.2–2.4
2.7–4.8
1.3–4.4
1.1–2.6

.005
.000
.005
.000

5858
149
7

2.5
0.1

28,117
154
0

0.5
0.0

Ref
4.64
–

3.7–5.8
–

.000
–

11
234

0.2
4.1

64
643

0.2
2.3

0.81
1.74

0.4–1.5
1.5–2.0

.513
.000

5744
8
3
259

0.1
0.1
4.3

27,819
19
4
429

0.1
0.01
1.5

Ref
1.98
3.53
2.92

0.9–4.5
0.8–15.8
2.5–3.4

.105
.099
.000

4165
231
174
258
239
67
11
84
785

79.7
4.4
3.3
4.9
4.6
1.3
0.2
1.6
13.1

17,071
631
655
846
667
78
38
313
7972

84.1
3.1
3.2
4.2
3.3
0.4
0.2
1.5
28.2

Ref
1.50
1.09
1.25
1.47
3.52
1.19
1.10
0.40

1.3–1.8
0.9–1.3
1.1–1.4
1.3–1.7
2.5–4.9
0.6–2.3
0.9–1.4
0.4–0.4

.000
.328
.002
.000
.000
.618
.443
.000

Infections
Chorioamnionitis
Urinary tract infection
Pyelonephritis
Inflammatory bowel disease

5
375
8
34

0.1
6.2
0.1
0.6

23
411
20
155

0.1
1.5
0.1
0.6

1.02
4.51
1.88
1.03

0.4–2.7
3.9–5.2
0.8–4.3
0.7–1.5

.965
.000
.131
.871

–
–
–
–

Obstetric outcomes
Emergency CS
Cervix insufficiency
Early bleeding
Abruption of placentae
Placenta previa
Hydronephrosis
Threatened preterm delivery
Threatened miscarriage

693
22
109
18
19
10
217
163

11.5
0.4
1.8
0.3
0.3
0.2
3.6
2.7

2643
33
332
55
121
28
295
545

9.4
0.1
1.2
0.2
0.4
0.1
1.0
1.9

1.26
1.18
1.55
1.54
0.74
1.68
3.55
1.42

1.2–1.4
1.8–5.4
1.3–1.9
0.9–2.6
0.5–1.2
0.8–3.5
3.0–4.2
1.2–1.7

.000
.000
.000
.112
.218
.159
.000
.000

–
–
–
–
–
–
–
–

Medical outcomes
Hypertension
Pre-eclampsia
Diabetes
No diabetes
Type 1
Type 2
Gestational diabetes
Tobacco use
Never smoking
Stopped in trimester 1
Stopped in trimester 2
Smoke ¼ <5 cigarettes
Smoke 6–10 cigarettes
Smoke 11–20 cigarettes
Smoke >20 cigarettes
Amount unknown
Status unknown

Trend p value

.000

.000

.000

.000

–
.000

–
–
.000

.000

GI: cultured GBS-positive; GII: cultured GBS-negative; GIII: uncultured; OR: Odds ratio; Ref: Referent category; CS: cesarean section.
Italic values indicate positive (above 1.00) statistically significant OR, while bold italic values indicate the opposite.
Bold values indicate that the odds of event in GIþGII is statistically significant lower than the odds of event in GIII.
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group GII with a negative GBS urine culture. Further,
groups GI/GII, when compared with group GIII, would
be more likely to be diagnosed with UTI due to the
fact that they have had a urine culture performed.
Inflammatory bowel disease was also different
between the groups GI and GII (OR 3.12 95%
CI 1.1–8.9).

Obstetric outcomes
Few statistically significant differences were found
between GI and GII, while almost all variables were different between GI/GII and GIII (including emergency
cesarean section, cervix insufficiency, early bleeding,
threatened preterm delivery, and threatened
miscarriage).

Table 3. Crude- and Adjusted odds ratios for preterm delivery
between groups.
Preterm delivery
<37 weeks’
gestation
GI vs. GII
GI þ GII vs. GIII

N
21
563

%
8.4
9.4

N
542
1,415

%
9.4
5.0

Crude OR
(95% CI)
0.89 (0.5–1.4)
1.96 (1.8–2.2)

Adjusted OR
(95% CI)
0.99 (0.6–1.6)
1.80 (1.6–2.0)

GI ¼ cultured GBS-positive; GII ¼ cultured GBS-negative; GIII ¼ uncultured;
OR ¼ Odds ratio; GI: N ¼ 249; GII: N ¼ 5,765, GI+GII: N ¼ 6,014;
GIII: N ¼ 28,271.

Summary
The overall pattern shows considerably fewer statistically significant differences between GI and GII than
between GI/GII and GIII. The results are best illustrated
in Figure 2 with positive (ORs above 1.00) and negative (ORs below 1.00) statistically significant differences
in twenty-five and four variables, when comparing
GI/GII and GIII, while the corresponding figures for
comparison of GI and GII are nine and two, respectively. Further, analyses for trend on categorical variables also support these findings with highly
statistically significant (p < .001) differences on all comparisons made in Table 2 (GI/GII versus GIII).
We did not find an association on PTD and GBS
bacteriuria between the GBS-positive and GBS-negative in the two groups of women with urine specimens cultured (OR ¼ 0.89; 95% CI: 0.5–1.4) (Table 3).
After controlling for potential confounders, the PTD
did not remain associated with GBS bacteriuria
(adjusted OR ¼ 0.99; 95% CI: 0.6–1.6). However, the
two cultured groups were associated with statistically
significant higher risk for PTD than the group with
no urine specimens taken for culture (OR ¼ 1.96;
95% CI: 1.8–2.2) (Table 3). After controlling for
potential confounders, the cultured groups I and II

Figure 2. Summary of differences between cultured groups (GI versus GII) and between cultured groups (GI/GII) and uncultured
group (GIII) reported as statistically significant odds ratios.
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remained associated with PTD, when compared with
the group III having no urine specimens cultured
during pregnancy (adjusted OR ¼ 1.80; 95% CI:
1.6–2.0) (Table 3).
Among women with positive GBS in urine, no correlation was found to women with early term deliveries between 37 and 39 weeks’ gestation, when
compared with women delivering in 40 weeks’ gestation or later.

Discussion
In a Danish cohort of pregnant women, we investigated the possible association between GBS culture in
urine during pregnancy and PTD. No statistically significant association between GBS bacteriuria and PTD
was found in the cultured group even after controlling
for potential confounders. The two groups of women
with urine specimens cultured during pregnancy (GBSpositive and GBS-negative) differed considerably from
the group of women with no urine specimens collected for culture during pregnancy on the vast majority of variables examined. The risk of PTD was
statistically significant, associated with being a member of the two groups of women with urine specimens
cultured for GBS even after controlling for potential
confounders and is most likely due to the selection of
pregnant women for culturing urine specimens.
All information on exposure and outcome was collected independently of the possible association challenged in this study, meaning that any information
bias is considered negligible. However, a systematic
selection of the individuals for culture examination of
urine specimens is most likely, as general practitioners
may be more attentive towards a high-risk profile
including urinary tract infections with GBS in pregnant
women having complications in current or previous
pregnancy(ies). The clear differences in characteristics
between the urine cultured group and the group without urine specimens cultured in this study may indicate this behavioural pattern among general
practitioners, and this may explain the associations
found on PTD in this study and other studies [21,22]
showing statistically significant differences, when comparing urine-cultured groups with groups of pregnant
women having no urine specimens cultured.
Additionally, the higher rates of urine cultures among
the high-risk group of women examined for GBS bacteriuria could also be attributed to a tighter prenatal
care with more urine specimens submitted to the
laboratory leading to a higher GBS detection rate. The
higher cesarean-section rate we found in the groups
of women with urine specimens cultured is due to the
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above-mentioned high-risk profile and not due to the
GBS bacteriuria per-se.
The strengths of our study include the uniformly
organized Danish public healthcare system data [23]
allowing for a population-based design compared to
other populations; specific strengths include: (a) exact
gestational age based on ultrasonographic measures,
(b) reliable information on GBS culture results, and (c)
the sample size with the ability to control for many
potential confounding variables that might affect the
outcome of PTD.
Limitations of the study encompass the facts that
the dataset included all observations of GBS bacteriuria before 37 weeks’ gestation and it was obtained at
different gestational ages. Thus, statistical challenges
were presented due to the unsystematic collection of
urine specimens and the different reasons for why
they were obtained. We did not differentiate
between colony counts in urine cultures and a possible association with PTD, as many GBS-positive
cultures are presumed to be derived from the vagina
and rectum [17,24].
Changes in bacterial flora during pregnancy
increase the risk for GBS and other bacteria to ascend
through the cervix, which may cause inflammation
that increases uterine contractility and, thus, may
result in PTD [25–28]. Pregnant women are also at
increased risk of bacteria ascending to the kidneys
causing pyelonephritis, which is associated with PTD
[29–31]. GBS is a poor immunogenic pathogen, and in
the absence of systemic inflammation is highly unlikely
to lead to PTD [32]. One could argue that the use of
prophylactic antibiotic treatment removes an expected
higher rate of PTD in a GBS-positive group and masking an otherwise clear association between GBS bacteriuria and PTD in the cultured groups. However, the
present findings are in line with previous retrospective
and prospective studies [6,7]. Anderson and colleagues
show in a retrospective cohort study no increased risk
of PTD with asymptomatic GBS bacteriuria although
they did show an increased risk for PTD with GBS bacteriuria, if additional antibiotics are administered for
other urinary tract infections, sexually transmitted
infections, or upper respiratory infections [8]. A systematic review of 20 studies [6] demonstrated that
PTD was positively associated with GBS colonization at
the time of delivery (case-control studies: OR 1.59;
95% CI 1.03–2.44; cross-sectional meta-analyses: OR
1.75; 95% CI 1.43–2.14). However, colonization during
pregnancy was not associated with PTD (cohort metaanalyses: OR 1.06; 95% CI 0.95–1.19). In a Cochrane
review, the authors show that antibiotic treatment for
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asymptomatic bacteriuria has no effect on the reduction of the rates of PTD [9].
Antenatal management of pregnant women with
asymptomatic GBS bacteriuria is unclear. GBS colonization is not eliminated by treatment with antibiotics,
and subsequent recolonization from the vagina and
rectum commonly contributes to the recurrent presence of GBS in urine [17]. Muller and colleagues found
no evidence to support the treatment of GBS bacteriuria with low-colony counts for the prevention of
pyelonephritis [7]. In another study by Anderson and
colleagues a correlation between GBS colony count
and severity of chorioamnionitis was shown; however,
sample size was inadequate to determine significant
differences in the risk of chorioamnionitis, by treatment or lack of treatment, stratified by colony counts
[8]. Because of the retrospective nature of the beforementioned studies and analyses, it is not possible to
make recommendations regarding the use of antibiotics among unselected pregnant women. However,
according to the CDC (Centers for Disease Control and
Prevention, USA) guidelines, women with GBS isolated
from the urine at any point during pregnancy should
be treated; this was revised in 2010 and endorsed by
the ACOG (American College of Obstetricians and
Gynecologists) and AAP (American Academy of
Pediatrics). In asymptomatic women with urinary colony counts <100,000 CFU/mL, antimicrobial agents are
not recommended before the intrapartum period since
such treatment is not effective in eliminating GBS carriage or preventing neonatal disease and can cause
adverse consequences [1]. Women with documented
GBS bacteriuria should not be rescreened by genital
tract culture or urinary culture in the third trimester, as
they are presumed to be GBS colonized [33].
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