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Abstract Group B Streptococcus (GBS) is the leading cause
of neonatal infections in industrialized countries. Intrapartum
antibiotic prophylaxis (IAP) given to colonized parturients is a
key step for the prevention of neonatal early-onset infection.
We compared the performances of Xpert® GBS polymerase
chain reaction (PCR) (Cepheid, Sunnyvale, CA, USA) as a
point-of-care system in labor wards to standard culture for
intrapartum GBS detection. Pregnant women with a GBS-
positive antenatal screening were prospectively included. A
vaginal double swab was collected at the time of delivery for
point-of-care Xpert® GBS PCR and GBS culture. A total of
565 pregnant women were included. Valid Xpert® GBS

results were obtained for 488 (86.4%) women on the first
attempt. Repeat testing improved the PCR success to 516
(91.3%) women. Among the 305 women positive for GBS
by culture at delivery, only 238 (78.0%) were positive by
Xpert® GBS PCR, cycle thresholds being correlated to cul-
ture quantification. Among 260 women negative for GBS
culture, 56 (21.5%) were positive by Xpert® GBS PCR, in-
cluding 50 where IAP was initiated before vaginal sampling.
Overall, among the 565 women with GBS antenatal positive
culture, only 335 (59.3%) were still positive at delivery what-
ever the technique used, resulting in unnecessary IAP for 40%
of them. This large cohort study comparing intrapartum to
antepartum GBS detection provides evidence that (i) Xpert®
GBS PCR might be a valuable solution for intrapartum GBS
detection compared to culture-based strategies and (ii) labora-
tory training of non-specialized staff is mandatory to reach the
performances required for point-of-care tests.

Introduction

Group B Streptococcus (Streptococcus agalactiae, GBS) is
the leading cause of neonatal infections in developed coun-
tries. Two strategies have significantly reduced the rate of
early neonatal GBS colonization and infection [1]: (i) late
antenatal GBS screening at 35–37 weeks gestational age
(GA) of pregnant women and (ii) intrapartum antibiotic pro-
phylaxis (IAP) for colonized women to reduce vertical trans-
mission of GBS. These strategies have resulted in a substantial
decline in GBS early-onset infection incidence in France (0.69
per 1000 live births in 1997 to 0.20 in 2006) [2], as observed
in other countries having similar guidelines [3].

The current guidelines from the French High Authority for
Health still recommend cultures as the gold standard tech-
nique for GBS detection in vaginal samples at 35–37 weeks
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GA. However, several reports have pinpointed limitations of
this strategy, such as: (i) a low sensitivity of antenatal GBS
cultures at 35–37weeks GA to detect GBS colonization [4, 5];
(ii) at least 10% of women diagnosed as antenatal GBS-
negative turned out positive at delivery [6]; (iii) the absence
of detection in case of premature labor, and, more generally,
for women without prenatal care. Therefore, considerable ef-
forts have been made to develop rapid techniques for
intrapartum GBS detection, most of them being molecular
assays [7–11]. Among them, the Xpert® GBS real-time poly-
merase chain reaction (PCR) system (Cepheid, Sunnyvale,
CA, USA) has the potential to be installed out of the lab, thus
allowing diagnostic testing at the point of care, providing re-
sults in less than 1 h to allow prompt IAP, which remains the
priority. In contrast, culture techniques, which require a min-
imum of 18 h before giving the first results, are unhelpful for
intrapartum GBS detection; however, they remain valid and
acceptable for GBS antenatal screening at 35–37 weeks GA
for many authors and recommendations [12]. The aim of this
study was to assess the performances of Xpert® GBS real-
time PCR in labor wards performed by midwives, as com-
pared with intrapartum culture and antenatal screening at
35–37 weeks GA.

Materials and methods

Study design

The study was conducted prospectively in two maternity
wards equipped with neonatal intensive care units, belonging
to two university hospitals, Louis Mourier (LM) and Cochin
Port-Royal (PR), performing approximately 3000 and 5000
deliveries per year, respectively. Between November 2012
and April 2015, eligible pregnant women were prospectively
enrolled based on the following criteria: positive GBS vaginal
screening at 35–37 weeks (GA), aged ≥ 18 years old. Data
were collected with the CleanWEB™ software and included
the following characteristics: age, GA at delivery, mode of
delivery, antibiotics use in the month before delivery, duration
of antibiotic prophylaxis before delivery, duration from the
moment of rupture of membranes onward, duration of labor.

Study approval

The study protocol was approved by the Ethical Research
Committee (CPP12005) and all women included gave written
informed consent.

Vaginal samples collection

According to the recommendations of the French High
Authority for Health, a vaginal swab was performed at

35–37 weeks GA for every pregnant woman to screen for
GBS vaginal colonization. Samples were sent to the labo-
ratory in Amies transport medium (Copan Diagnostics,
Brescia, Italy) for culture. At the time of delivery, another
vaginal swab was collected using a double swab (Copan
Diagnostics), one dedicated to the Xpert® GBS PCR
(Cepheid, Sunnyvale, CA, USA) test performed by mid-
wives in the labor ward and the other sent to the laboratory
in Amies transport medium for culture.

GBS culture in the laboratory

Vaginal swabs were cultured on horse blood agar plates incu-
bated under aerobic atmosphere enrichedwith 5%CO2 and on
Granada medium plates (bioMérieux, Marcy L’Étoile, France)
incubated under anaerobic atmosphere. All plates were exam-
ined after 18–24 h incubation at 37 °C, and incubated for an
additional 24 h when negative for GBS. β-Hemolytic orange
pigmented colonies and all suspect colonies were identified as
GBS by matrix-assisted laser desorption/ionization time-of-
flight (MALDI-TOF) mass spectrometry (Bruker Daltonics,
Billerica, MA, USA). When cultures were positive for GBS,
a semi-quantitative evaluation was performed as follows:
GBS colonies on a single quadrant (+), on two to three quad-
rants (++), and on four quadrants (+++).

Point-of-care molecular assay

According to the manufacturer’s recommendations, the dedi-
cated swab was transferred to the designated chamber of the
Xpert® GBS cartridge, which was then loaded into a Cepheid
GeneXpert device located in the labor ward. Beforehand, mid-
wives underwent training to collect samples and perform the
Xpert® GBS PCR assay. The real-time PCR was performed
for a total assay runtime of around 52 min. PCR results were
collected using the Cepheid GeneXpert software. According
to the manufacturer’s settings, the test is defined as positive
when the cycle threshold (Ct) is > 0 and ≤ 42.

Statistical analysis

We estimated the sensitivity with a 95% confidence interval
(CI) for the intrapartum PCR compared with the intrapartum
culture (reference standard) using the McNemar test. We de-
cided not to report specificities, as there is a potential problem
with the interpretation of the false-positives by PCR. Indeed,
as the culture was used as the reference standard, those con-
sidered as false-positives by PCR could well be colonized, as
the PCR assay may better detect GBS than the culture.
Moreover, invalid results or errors were not taken into account
for the statistical analysis. Categorical data were analyzed by a
chi-square test or a Fisher exact test when necessary (n < 7).
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Continuous data were studied with Student’s t-test. A p value
of < 0.05 was considered significant.

Results

Population study

Between November 2012 and April 2015, a total of 565 preg-
nant women with positive antenatal GBS screening were de-
tected for GBS at delivery [LM n = 301 (53%); PR n = 264
(47%)]. The characteristics of the studied population are
shown in Table 1. The median age of the pregnant women
was 31 years old. Primigravida and primipara represented
37.0% and 49.6%, respectively, of the parturients. The median
GA at the time of delivery was 40.1 weeks. Vaginal delivery
was highly preponderant (n = 474; 83.9%). Thirty parturients
(5.3%) reported antibiotics intake during the month preceding
delivery. The median duration of IAP, labor, and rupture of
membranes were 6.7 h, 7.5 h, and 7.1 h, respectively.

Comparison of point-of-care assay to culture

The Xpert® GBS PCR results acquired in the labor ward were
compared to those of intrapartum GBS culture (Table 2). Two
hundred and ninety-four samples (52.0%) were detected pos-
itive by Xpert® GBS PCR, among which 238 (81.0%) and 56
(19.0%) were culture-positive and -negative, respectively. Cts
obtained for these 294 samples were correlated to the GBS
culture quantification. For GBS culture quantification of
(+++) (n = 116), the median Ct was 32.6 (range 25.9–40.4),
for (++) and (+) (n = 122), the median Cts were 35.9 (range
29.8–41.1) and 36.5 (range 28.6–40.4), respectively. For the
56 samples detected positive by Xpert® GBS PCR and

negative by culture, the median Ct was 38.1 (range 28.6–
42). Among these 56 cases, IAP was initiated before vaginal
sampling for 50 of them. Furthermore, in one of these 50
cases, the parturient reported receiving β-lactams to treat a
pyelonephritis during the month preceding delivery. Two hun-
dred and twenty-two samples (39.3%) were detected negative
by PCR, among which 178 (80.2%) and 44 (19.8%) were
culture-negative and -positive, respectively. The sensitivity
of intrapartum Xpert® GBS PCR and intrapartum culture
were not significantly different (84.4% [79.5–88.3] and
81.0% [75.9–85.2], respectively; p = 0.13).

Invalid results and control of discrepancies

Forty-nine (8.7%) samples gave invalid or erroneous results
due to the presence of mucus (n = 16, 32.7%), inhibitors
(n = 20, 40.8%), or because of cartridge intrinsic problems
or manipulation errors (n = 13, 26.5%). However, it is impor-
tant to mention that this is an overall rate that does not take
into account the total amount of tests performed before getting
a valid result. Indeed, the total number of invalid results was
77, increasing the rate to 13.6%. Discrepant results (samples
negative by PCR and positive by culture) were controlled at
the laboratory by a trained technician who performed a second
Xpert® GBS test (n = 41). Of them, 21 (47.7%) were detected
positive, 17 remained negative (38.6%), and three were inva-
lid because of inhibitors (n = 2) or mucus (n = 1). Among the
17 confirmed GBS-negative Xpert®GBS PCR tests, the num-
ber of GBS colonies obtained by culture was low, not exceed-
ing a single quadrant (+). For seven of them, the PCR test
actually detected a Ct value > 42 (range 42.1–44.7),
confirming the low GBS DNA load in these samples. After
control in the laboratory, among 305 positive GBS cultures at
delivery, 259 were positive by the Xpert® GBS test (Table 3),
showing that the sensitivity of PCR detection (92.8% [89.2–
95.3]) was significantly higher than that of the intrapartum
culture (82.2% [77.5–86.2]); p < 0.001). Finally, among the
565 pregnant women with GBS-positive culture at antenatal
screening, only 335 (59.3%) were still positive at delivery,
whatever the detection technique used.

Table 1 Main clinical characteristics of the population studied
(n = 565)

Variable Value

Age (years) 31 (18–50)

Primigravida 209 (37.0%)

Primiparity 280 (49.6%)

Gestational age at delivery (weeks) 40.1 (34.6–42.9)

Mode of delivery

Vaginal 474 (83.9%)

Cesarean 91 (16.1%)

Antibiotics use in the month before delivery 30 (5.3%)

Duration of antibiotic prophylaxis before delivery (h) 6.7 (0.1–51.3)

Time from rupture of membranes to delivery (h) 7.1 (0–434.7)

Duration of labor (h) 7.5 (0–55.7)

Data are number of women (%) or median (range)

Table 2 Point-of-care intrapartum Xpert GBS test versus intrapartum
group B Streptococcus (GBS) culture

GBS culture

Xpert GBS Positive Negative Total

Positive 238 56 294

Negative 44 178 222

Sub-total 282 234 516

Invalid 23 26 49

Total 305 260 565
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Discussion

Currently, in many countries, the most effective method to
prevent GBS early-onset disease (EOD) is the use of IAP.
A key issue is the accurate identification of GBS-
colonized pregnant women in order to select the appropri-
ate at-risk women for whom IAP is beneficial. Therefore,
new methods have been developed to identify GBS car-
riers without temporal delay at the onset of delivery. The
aim of this study was to evaluate as a point-of-care system
the real-time Xpert® GBS assay for intrapartum GBS de-
tection by midwives in labor wards in a large cohort of
565 pregnant women from two university hospitals. All
women included were screened positive for GBS at 35–
37 week GA. Considering the clinical characteristics, this
cohort is representative of a standard population with low
risk factors. As a point-of-care test used in the labor
wards, the Xpert® GBS PCR provided valid results in
91.3% of the cases, a rate that has been previously report-
ed [13–16]. The number of invalid results is an important
criterion when assessing the feasibility of a test, especially
as a point-of-care technology given the therapeutic impli-
cations. Invalid results accounted for 13.6% on the first
attempt and 8.7% when it was redone until a valid result
was obtained. These rates are quite equivalent to those
reported in similar settings. Rates between 10.8% and
13.4% have been reported when assays were performed
by midwives in labor wards [14–16]; the rate of 8.2%
corresponds to that announced by the manufacturer [16].
The sensitivity of the intrapartum Xpert® GBS PCR
(84.4%) to detect GBS colonization during labor was
not superior to intrapartum cultures (81.0%) when the test
was done by midwives in labor wards. The sensitivity of
the test became significantly better (91.8%) when discrep-
ant results were controlled by specialized laboratory staff.
Nevertheless, it is admitted that, for such a test to be
clinically useful, it should have a sensitivity not inferior
to 90–95% [11]. These results underline the importance
and necessity of fully trained non-laboratory staff to suc-
cessfully reduce invalid results, especially in the labor
ward with high staff turnover.

Compared to GBS culture, the Xpert® GBS test increased
intrapartum GBS detection by 19.0%, as, among 294 PCR-
positive patients, 56 were culture-negative (Table 3). In these
cases, the most likely explanations are low GBS colonization
rates or patients who have recently received antimicrobial
chemotherapy. Indeed, in 50 cases (89.3%), IAP was initiated
before the Xpert® GBS PCR was performed, as the women
included were positive at antenatal culture screening, thus
known positive on arrival to the labor ward and receiving their
antibiotic before the test was performed. Conversely, positive
GBS culture associated with negative Xpert® GBS PCR in
the labor ward accounted for 19.8% (n = 44/222; Table 2).
After control in the laboratory, this rate dropped to 10%
(n = 20/198; Table 3), making the PCR test more sensitive
than culture. Such discrepant results have already been report-
ed by others, and might be due to several reasons, such as
sampling or processing [14, 15, 17]. Of note, among these
20 samples, Cts ranging from 42.0 to 43.2 were obtained for
16, confirming the low amount of GBS DNA and, therefore,
leading to negative PCR according to the Ct of 42 fixed by the
manufacturer. Changing the Ct to 43would have improved the
sensitivity of the Xpert® GBS test compared to the culture.
Increasing the sensitivity will lead to more women receiving
IAP without an obvious impact on early-onset infection given
the correlation between the importance of the inoculum and
the risk of infection.

Finally, at the time of delivery, only 59.3% of wom-
en detected GBS-positive at 35–37 GA were still posi-
tive whatever the test, confirming that GBS colonization
is intermittent during pregnancy [5, 12, 14, 18, 19].
According to the recommendations, all these women
who were screened GBS-positive at 35–37 weeks GA
received IAP, even those detected GBS-negative
intrapartum according to our protocol. The risk of in-
fection is clearly correlated with the presence of GBS
[1]; therefore, it can be considered that IAP has been
given unnecessarily to 40% of women. At a time where
the proper use of antibiotic prescription has become a
major issue considering the potential impacts on the
newborn ’s microbiota and on the select ion of
multiresistant bacteria, intrapartum PCR GBS detection
must, therefore, be considered as a valuable alternative
solution.

They are several limitations of our study. First, we
have not collected the time elapsed between the rupture
of the membranes, the vaginal sampling, and the reali-
zation of the Xpert® GBS test. The availability of this
information could have explained some of the discrep-
ancies observed between the Xpert® GBS PCR results
to those of GBS culture. Second, in this study, only
women screened GBS-positive in antepartum were in-
cluded, while those who were negative and becoming
positive at delivery were not studied. Therefore, we

Table 3 Overall results after control of discrepancies at the laboratory

GBS culture

Xpert GBS test Positive Negative Total

Positive 259 56 315

Negative 20 178 198

Sub-total 279 234 513

Invalid 23 26 49

Total 305 260 565
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could not determine the rate of women who turned pos-
itive and who would have benefited from an IAP. Third,
a cost–benefit analysis has not been performed in our
study. However, such analyses have already been pub-
lished by Haberland et al. [20] and El Helali et al. [21],
demonstrating the cost-effectiveness of intrapartum
PCR-based strategies compared to antepartum culture
screening, since they generate more benefits per birth,
result in fewer courses of IAP, and, eventually, in fewer
cases of EOD. Although the cost of such tests restricts
their implementation and routine use on many maternity
wards, their effectiveness and associated benefits will
very likely contribute to their popularization and favor
their reimbursement by health care insurances in the
near future.

In conclusion, this study is one of the largest cohorts of
pregnant women detected GBS-positive in antepartum screen-
ing for which intrapartum GBS detection was performed. We
provide evidence that: (i) the Xpert® GBS PCR assay as a
point-of-care test might be a valuable solution for intrapartum
GBS detection compared to culture-based strategies; (ii) train-
ing of non-specialized staff is absolutely mandatory to reach
the acceptable sensitivity required for such a molecular test
used as point of care in labor wards.
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