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Background: Group B streptococci (GBS), or Streptococ-
cus agalactiae, are the leading bacterial cause of menin-
gitis and bacterial sepsis in newborns. Currently avail-
able rapid methods to detect GBS from clinical
specimens are unsuitable for replacement of culture
methods, mainly because of their lack of sensitivity.
Methods: We have developed a PCR-based assay for the
rapid detection of GBS. The cfb gene encoding the
Christie-Atkins-Munch-Petersen (CAMP) factor was se-
lected as the genetic target for the assay. The PCR
primers were initially tested by a conventional PCR
method followed by gel electrophoresis. The assay was
then adapted for use with the LightCycler™. For this
purpose, two fluorogenic adjacent hybridization probes
complementary to the GBS-specific amplicon were de-
signed and tested. In addition, a rapid sample-process-
ing protocol was evaluated by colony-forming unit
counting and PCR. A total of 15 vaginal samples were
tested by both standard culture method and the two
PCR assays.

Results: The conventional PCR assay was specific be-
cause it amplified only GBS DNA among 125 bacterial
and fungal species tested, and was able to detect all 162
GBS isolates from various geographical areas. This PCR
assay allowed detection of as few as one genome copy of
GBS. The real-time PCR assay was comparable to con-
ventional PCR assay in terms of sensitivity and speci-
ficity, but it was more rapid, requiring only ~30 min for
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amplification and computer-based data analysis. The
presence of vaginal specimens had no detrimental effect
on the sensitivity of the PCR with the sample prepara-
tion protocol used. All four GBS-positive samples iden-
tified by the standard culture method were detected by
the two PCR assays.

Conclusion: These assays provide promising tools for
the rapid detection and identification of GBS.

© 2000 American Association for Clinical Chemistry

Group B streptococci (GBS),* or Streptococcus agalactiae,
have remained the leading cause of bacterial sepsis and
meningitis in neonates for the last two decades (1).
Recently, the incidence of perinatal group B streptococcal
disease in the United States has been decreasing because
intrapartum antibiotic prophylaxis has been widely used
for prevention of GBS diseases (2). Therefore, identifica-
tion of GBS-colonized women is critical for prevention of
neonatal GBS infections. Currently, prenatal screening
culture, including broth culture in selective medium, is
the gold standard method for detection of anogenital GBS
colonization (3, 4). However, the culture methods require
up to 48 h to yield results and predict only 87% of women
likely to be colonized by GBS at delivery (5). A rapid,
sensitive, and specific test for detection of GBS directly
from clinical specimens would allow for a simpler and
more efficient prevention program.

Rapid tests have been developed, such as the rapid
antigen-based tests, but these tests are neither sensitive
nor specific enough to substitute for bacterial culture
(6-9). Hybridization-based methods have been used suc-
cessfully for the detection of GBS from broth cultures
(10-12), but they remain insufficiently sensitive for the

4 Nonstandard abbreviations: GBS, group B streptococci; CAMP, Christie-
Atkins-Munch-Petersen; CFU, colony-forming unit; and GNS broth, Todd-
Hewitt broth containing nalidixic acid (15 mg/L) and gentamicin (8 mg/L).

220z 1snbny /| uo Jasn aonsnp jo Juswpedaq ‘S'N A 8GZ L 95/ ZE/€/91/a101He/Waydulo/wo9 dno ojwapeoe//:sdyy woly papeojumoq



Clinical Chemistry 46, No. 3, 2000 325

detection and identification of GBS directly from clinical
specimens of colonized women (10, 11). GBS-specific
PCR-based assays have demonstrated better sensitivity,
but they require complicated procedures that are not
applicable to clinical use (13-15).

A real-time amplification-detection apparatus with air
thermal cycling and fluorescently monitored product
analysis (LightCycler™) in a closed-tube assay format
recently has been developed (16-18). This new technol-
ogy is particularly attractive because it is able to avoid
carryover and requires ~30 min for completion of a
45-cycle PCR.

GBS can be presumptively identified by the Christie-
Atkins-Munch-Petersen (CAMP) test, based on detection
of a diffusible extracellular protein (CAMP factor) pro-
duced by the majority of GBS (19). The cfb gene encoding
the CAMP factor is present in virtually every GBS isolate
and is an obvious candidate for the development of a PCR
assay for identification of GBS (20). In this study, a pair of
GBS-specific PCR amplification primers were designed
from the cfb gene and initially evaluated by conventional
PCR using agarose gel electrophoresis. Subsequently, the
assay was adapted for use with the LightCycler, which
allowed for shorter running time and real-time detection
of amplicons by using fluorescence measurements. These
assays were shown to be specific and highly sensitive for
the detection and identification of GBS.

Materials and Methods

MICROORGANISMS

A total of 162 GBS strains, including 5 reference strains
obtained from the American Type Culture Collection
(ATCC 13813, ATCC 12400, ATCC 12403, ATCC 12973,
and ATCC 27591) were used in this study. Of the 157
clinical isolates of GBS, 117 were of human origin and 40
were of bovine origin. The 117 clinical isolates of human
origin were from (a) the Microbiology Laboratory of the
Centre Hospitalier Universitaire de Québec, Pavillon Cen-
tre Hospitalier de L'Université Laval, Ste-Foy, Québec,
Canada (n = 25); (b) the National Centre for Streptococcus,
University of Alberta Hospital, Edmonton, Alberta, Can-
ada (n = 91); and (c) the CDC, Atlanta, GA (n = 1). The 40
strains isolated from cow milk samples were obtained
from the Faculté de Médicine Vétérinaire, Université de
Montréal, St-Hyacinthe, Québec, Canada. All strains were
grown on sheep blood agar at 37 °C under an aerobic
atmosphere. The identification of all GBS strains was
confirmed by both the CAMP test and the Streptex latex
agglutination test (Murex Diagnostics). Stock cultures
were stored frozen (—80 °C) in brain-heart infusion me-
dium containing 100 mL/L glycerol.

A wide variety of gram-positive and gram-negative
bacterial strains as well as two fungal species obtained
from the ATCC were used to test the specificity of the
PCR assays (Table 1). All strains were grown on media
under conditions that support optimal growth.

DNA ISOLATION

Genomic DNA from all strains tested was obtained using
the G NOME kit (Bio1l01) with modification. A RNase
pretreatment was added before quantification of genomic
DNA. The concentrations of DNA preparations were
calculated by measuring the absorbance at 260 nm or by
comparison with DNA calibrators after agarose gel elec-
trophoresis.

OLIGONUCLEOTIDES

The cfb gene sequences available in GenBank [Streptococ-
cus agalactiae (X72754), S. uberis (U34322), and S. pyogenes
(AF079502)] were aligned with the GCG package (Ver. 9.0;
Genetics Computer Group) to compare the homology of
these cfb sequences. The cfb sequences from two GBS
strains described by Podbielski et al. (20) were also used
to identify regions conserved in GBS only. PCR primers
(Table 2) complementary to these conserved regions were
analyzed using the Oligo primer analysis software (Ver.
5.0; National Biosciences). Primers were synthesized with
a model 391 DNA synthesizer (Perkin-Elmer).

Two pairs of fluorescently labeled adjacent hybridiza-
tion probes (STB-F/STB-C hybridizing to GBS-specific
amplicons and IC-F/IC-C hybridizing to the internal
control amplicon) were synthesized and HPLC-purified
by Operon Technologies (Table 2) and were designed to
meet the recommendations of the manufacturer (Idaho
Technology) (16). These adjacent probes, which are sep-
arated by one nucleotide, allow fluorescence resonance
energy transfer to generate an increased fluorescence
signal when hybridizing to their target sequences. The
probes STB-F and IC-F were labeled with fluorescein, and
STB-C and IC-C were labeled with Cy5™ (Amersham
Pharmacia Biotech). The Cyb5-labeled probes contained a
3’-blocking phosphate group to prevent extension of the
probes during the PCR reactions.

CONSTRUCTION OF THE INTERNAL CONTROL

An internal control was constructed essentially as de-
scribed previously by Rosenstraus et al. (21). A 252-bp
DNA fragment consisting of a 206-bp sequence not found
in GBS flanked by the sequences of each of the two
GBS-specific primers was used as a template for the
internal control. This fragment was cloned into the
pCR2.1 vector (Invitrogen). The recombinant plasmid,
named pSTB, was isolated from transformed Escherichia
coli by the Qiagen plasmid mini kit (Qiagen). The purified
plasmid was then linearized with EcoRI (New England
Biolabs) and serially diluted. The concentration of the
linearized plasmid was optimized to permit amplification
of the 252-bp internal control product without significant
detrimental effect on the GBS-specific amplification.

PCR AMPLIFICATION

Relevant characteristics and optimal PCR conditions for
the GBS-specific conventional and real-time PCR assays
are given in Table 3. Strict precautions to prevent car-
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Table 1. Bacterial strains used to test the specificity of the GBS-specific PCR assay.

Gram-positive aerobic bacteria
Abiotrophia adiacens ATCC 491757
A. defectiva ATCC 491767
Bacillus anthracis ATCC 4229
B. cereus ATCC 14579
Actinomyces pyogenes ATCC 19411
Corynebacterium urealyticum ATCC 43042
Enterococcus avium ATCC 14025

. casseliflavus ATCC 25788

. dispar ATCC 51266

. durans ATCC 19432

. faecalis ATCC 292127

. faecium ATCC 194342

flavescens ATCC 49996

. gallinarum ATCC 49573

. hirae ATCC 8043

. mundtii ATCC 43186

E. raffinosus ATCC 49427

Lactobacillus casei ATCC 393

L. crispatus ATCC 33820

L. gasseri ATCC 33323

L. reuteri ATCC 23273

Lactococcus lactis ATCC 194357

Listeria monocytogenes ATCC 153137

Staphylococcus aureus ATCC 259237

. capitis ATCC 27840

. epidermidis ATCC 149907

. haemolyticus ATCC 29970

. hominis ATCC 27844

. lugdunensis ATCC 43809

. saprophyticus ATCC 15305

. simulans ATCC 27848

. warneri ATCC 27836

acidominimus ATCC 517267

agalactiae ATCC 275917

anginosus ATCC 333977

bovis ATCC 333177

constellatus ATCC 27823°

. cricetus ATCC 196247

crista ATCC 511007

. downei ATCC 33748’

dysgalactiae ATCC 430787

equi ATCC 95287

ferus ATCC 33477°

. gordonii ATCC 105582

intermedius ATCC 273357

macacae ATCC 359117

mitis ATCC 333997

mutans ATCC 251752

oralis ATCC 350377

parasanguis ATCC 159127

parauberis ATCC 66317

pneumoniae ATCC 63037

. pyogenes ATCC 196157

rattus ATCC 196457

. salivarius ATCC 70737

. sanguis ATCC 105567

. sobrinus ATCC 273527

. suis ATCC 437657

. uberis ATCC 194367

. vestibularis ATCC 491247

Gram-positive anaerobic bacteria®
Bifidobacterium breve ATCC 157007
Clostridium difficile ATCC 96897
Mobiluncus curtisii ATCC 35242°
Peptococcus niger ATCC 27731

2 Also tested with the real-time PCR assay.

mmmmmmmmm
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P The anaerobic species tested are found in the vaginal or anal flora.

Peptostreptococcus anaerobius ATCC 27337
P. asaccharolyticus ATCC 14963

P. lactolyticus ATCC 511727

P. magnus ATCC 15794

P. prevotii ATCC 9321

P. tetradius ATCC 350987

Propionibacterium acnes ATCC 69197

Gram-negative aerobic bacteria

Acinetobacter baumannii ATCC 19606
A. haemolyticus ATCC 17906
Bordetella pertussis ATCC 9797
Bulkholderia cepacia ATCC 25416
Citrobacter diversus ATCC 27028

C. freundii ATCC 8090

Enterobacter aerogenes ATCC 13048
E. agglomerans ATCC 27155

E. cloacae ATCC 13047

E. coli ATCC 259227

G. vaginalis ATCC 14018
Haemophilus ducreyi ATCC 33940

H. haemolyticus ATCC 33390

H. influenzae ATCC 9007

H. parahaemolyticus ATCC 10014

H. parainfluenzae ATCC 7901

Hafnia alvei ATCC 13337

Kingella indologenes ATCC 25869
Klebsiella oxytoca ATCC 13182

K. pneumoniae ATCC 138837
Moraxella atlantae ATCC 29525

M. catarrhalis ATCC 25240

M. osloensis ATCC 19976
Morganella morganii ATCC 25830
Neisseria caviae ATCC 14659

N. elongata ATCC 25295

N. gonorrhoeae ATCC 35201

N. meningitidis ATCC 13077

N. mucosa ATCC 19696

Pasteurella aerogenes ATCC 27883
Proteus mirabilis ATCC 259337

P. vulgaris ATCC 13315

Providencia alcalifaciens ATCC 9886
P. rettgeri ATCC 9250

P. rustigianii ATCC 33673

P. stuartii ATCC 29914
Pseudomonas aeruginosa ATCC 27853
P. fluorescens ATCC 13525

P. stutzeri ATCC 17588

Salmonella typhimurium ATCC 14028
Serratia marcescens ATCC 8100
Shigella flexneri ATCC 12022

S. sonnei ATCC 29930
Stenotrophomonas maltophilia ATCC 13843
Yersinia enterocolitica ATCC 9610

Gram-negative anaerobic bacteria®

Bacteroides fragilis ATCC 252857
Fusobacterium nucleatum ATCC 109537
Porphyromonas asaccharolytica ATCC 252607
Prevotella corporis ATCC 35547

P. melaninogenica ATCC 258457

P. oris ATCC 33573

P. oulorum ATCC 43324

Veillonella muleris ATCC 352437

Fungi

C. albicans ATCC 102317
C. krusei ATCC 34135
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ryover of amplified DNA were used (22). Pre- and
post-PCR manipulations were conducted in separate ar-
eas. Aerosol-resistant pipette tips were used to handle all
reagents and samples. Control reactions to which no DNA
was added were performed routinely to verify the ab-
sence of DNA carryover.

Concomitant amplification of the internal control al-
lowed verification of the efficiency of the PCR to ensure
that there was no significant PCR inhibition by the test
sample. For conventional PCR, the internal control was
amplified simultaneously with the GBS genomic target.
On the other hand, for real-time PCR, the control was
amplified in a separate reaction vessel because only two
fluorescent signals can be monitored in the same capillary
with the LightCycler model used.

SPECIFICITY AND SENSITIVITY TESTS

The specificity of the conventional PCR assay was verified
using purified genomic DNA (0.1 ng/reaction) from a
battery of ATCC reference strains representing 105 aero-
bic and 18 anaerobic bacterial species as well as 2 fungal
species (Table 1). These microbial species included 28
species of streptococci and many members of the typical
vaginal and anal flora. The specificity of the real-time PCR
assay was verified by testing genomic DNA from bacterial
species that are phylogenetically close to GBS, including
members of the genera Streptococcus, Lactococcus, Entero-
coccus, Abiotrophia, Peptostreptococcus, and Listeria. Some
species encountered in the typical vaginal flora were also
tested (Table 1). A total of 162 clinical isolates of GBS from
various origins were also tested to further validate the
GBS-specific conventional PCR assay by performing am-
plifications from standardized bacterial suspensions be-
fore adapting the assay to the LightCycler platform.

The detection limit (i.e., minimal number of genome
copies that can be detected) of the PCR assays was
determined by serial twofold dilutions of purified
genomic DNA from five GBS ATCC strains. To evaluate
the efficiency of the IDI DNA extraction kit (Infectio
Diagnostics Inc.) to prevent PCR inhibition, three GBS-
negative vaginal samples prepared for PCR using the IDI
extraction kit were supplemented with various amounts

of purified GBS genomic DNA (equivalent of 1-40 ge-
nome copies).

EVALUATION OF SAMPLE PREPARATION FOR PCR

The efficacy of the IDI DNA extraction kit to lyse GBS
cells was evaluated by comparing the minimal number of
colony-forming units (CFUs) detected with the prepara-
tions without pretreatment to those prepared by using the
IDI kit. The detection limits in CFUs were determined
using cultures of three GBS strains (ATCC 13813, 12400,
and 27591) in the logarithmic phase of growth (absor-
bance at 600 nm, ~0.6) diluted 10-fold in phosphate-
buffered saline. Each 10-fold dilution in phosphate-buff-
ered saline was either added directly to the PCR reaction
mixture or processed using the IDI DNA extraction kit
before PCR amplification. The number of CFUs was
estimated by standard plating procedures.

CLINICAL SPECIMENS AND GBS-SELECTIVE CULTURE AND
PCR

Vaginal specimens were collected from 15 consenting
pregnant women admitted for delivery at the Centre
Hospitalier Universitaire de Québec, Pavillon Saint-Fran-
cois d’Assise, using a polyurethane-tipped swab (Cul-
turette™; Beckon Dickinson) after excessive discharge
was removed. The samples were obtained either before or
after rupture of amniotic membranes. Ampoules contain-
ing 0.5 mL of Stuart’s bacterial transport medium were
crushed in the swab immediately after collection of sam-
ples. The swabs were transported at ambient temperature
to the Centre de Recherche en Infectiologie de I'Université
Laval and were tested within 24 h of collection. Upon
receipt, the swabs were immersed in tubes prefilled with
1 mL of selective Todd-Hewitt broth containing nalidixic
acid (15 mg/L) and gentamicin (8 mg/L; GNS broth) for
at least 3 min. Approximately 0.5 mL of the specimen
suspension and the tip of the swab were added to GNS
broth for identification of GBS by the standard culture
method recommended by the CDC (3). Vaginal swabs
were prepared for PCR amplification by using the IDI
DNA extraction kit.

Table 2. Oligonucleotides used in this study.

Oligonucleotides
GBS-specific primers?
Sagbh9
Sagl190
Adjacent hybridization probes specific for the GBS amplicon
STB-F
STB-C
Adjacent hybridization probes specific for the internal control amplicon
IC-F
IC-C

Nucleotide sequences

5'-TTTCACCAGCTGTATTAGAAGTA-3’
5'-GTTCCCTGAACATTATCTTTGAT-3’

5'-AAGCCCAGCAAATGGCTCAAA-fluorescein-3’
5'-Cy5-GCTTGATCAAGATAGCATTCAGTTGA-phosphate-3’

5'-TTATTGCAGCTTCGCCACAGGAA-fluorescein-3’
5'-Cy5-GGTCCAGCAATGTGAAGAGGCAT-phosphate-3’

2 The GBS-specific primers amplify a fragment of 153 bp. The nucleotide positions based on the cfb sequence of GBS (X72754) are 369-391 for Sag59 and

500-522 for Sag190.
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Table 3. Characteristics of the GBS-specific conventional and real-time PCR assays.

Conventional PCR
PTC-200 DNA Engine (MJ research)

Thermocycler

Heating/cooling rate 3°C/s

Reaction vessel 0.2-mL plastic tube
Reaction volume 20 pL

Use of internal probes No

Sample volume 2 ul

Internal control Coamplified

PCR Master Mix 0.4 umol/L primers
200 pwmol/L dNTP
10 mmol/L Tris-HCI
2.5 mmol/L MgCl,
3.3 g/L BSA?

10 copies of pSTB

0.5 U of Taq polymerase®

50 mmol/L KCI

PCR program Hold: 3 min/94 °C

40 cycles: 1 s/95°C

Real-time PCR
LC-32 LightCycler (Idaho Technology)
20 °C/s
Glass capillary
7 pL
Yes
0.7 L

Amplified separately
0.4 umol/L primers
200 pumol/L dNTP

10 mmol/L Tris-HCI
3.5 mmol/L MgCl,
0.45 g/L BSA

70 copies of pSTB®
0.5 U of Klentaq1®
16 mmol/L (NH,),SO,
0.2 wmol/L fluorogenic probes
Hold: 3 min/94 °C

45 cycles: 0 s/95 °C

30 s/55 °C 14 s/55 °C
Hold: 2 min/72 °C 5s/72°C
Maximum reactions/run 96 32
Duration of amplification 65 min 35 min
Detection Gel electrophoresis (25 min) Fluorescence monitoring (real-time)

2 BSA, bovine serum albumin.

b With the real-time PCR assay, the internal control was amplified separately. The 7-uL reaction mixture for the internal control also contained 70 copies of linearized
plasmid pSTB per capillary and the two fluorescently labeled probes (IC-F and IC-C) specific for the 252-bp internal control amplification product rather than those

specific for the GBS-specific amplification product.

¢ Both Taq polymerase (Promega) and KlenTaql (AB peptides) were coupled with TagStart™ antibody (Clontech) at molar ratios of 1:14 and 1:56, respectively.

Results
SELECTION OF GBS-SPECIFIC PRIMERS AND
FLUORESCENTLY LABELED PROBES
GBS-specific primers and probes (Table 2) were chosen
from GBS unique regions selected from a multiple se-
quence alignment of the cfb genes from GBS, S. uberis, and
S. pyogenes (data not shown). Sequence comparison of
streptococcal cfb genes showed that these three genes
were fairly divergent, with nucleotide identities ranging
from 60.8% to 66.7%, hence facilitating the design of
specific oligonucleotides.

EVALUATION OF THE GBS-SPECIFIC CONVENTIONAL PCR
ASSAY

The specificity of the assay was assessed using purified
genomic DNAs from the panel of gram-positive and
gram-negative bacterial species as well as fungal species
listed in Table 1. This assay was specific because only
DNAs from GBS strains could be amplified (Fig. 1). Many
members of the vaginal or anal flora tested (23), including
E. coli, Candida albicans, Gardnerella vaginalis, enterococci,
coagulase-negative staphylococci, Lactobacillus spp., Pep-
tostreptococcus spp., and Bacteriodes spp. were not ampli-
fied by the GBS-specific PCR assay. Moreover, the PCR
assay was able to efficiently detect all 162 GBS strains
used in this study, including reference ATCC strains as

well as clinical isolates of both human and bovine origins,
thereby showing a perfect correlation with standard cul-
ture-based identification methods.

The detection limit of the assay was determined using
purified genomic DNA from the five ATCC strains of
GBS. The detection limit for all five ATCC strains was one
genome copy of GBS. When we used the IDI extraction
kit, as few as one genome copy of GBS was also detected
from all three GBS-negative vaginal samples to which
genomic DNA of GBS had been added. In terms of CFUs,
the PCR assay was able to detect 1-3 CFUs from mid-log
phase cultures when the IDI DNA extraction kit was used
compared with 10-24 CFUs with diluted cultures added
directly to the PCR mixture without pretreatment. These
results confirmed the high sensitivity of our GBS-specific
PCR assay as well as the efficacy of the IDI kit for lysis of
GBS cells and prevention of significant PCR inhibition.

During PCR amplification, the internal control tem-
plate (i.e., linearized pSTB) integrated into all PCR reac-
tions allowed verification of the efficiency of all amplifi-
cations. The 252-bp PCR product for the internal control
was amplified by the GBS-specific primers. Thus, the
GBS-specific primer pair could amplify both the target
genomic sequence in GBS and the internal control tem-
plate. This strategy allows validation of the amplification
primers, simplification of the assay, and prevention of
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potential detrimental competition between different PCR
primer pairs. As expected, when GBS DNA was absent,
the internal control was always amplified efficiently (Fig.
1). When GBS DNA was present, amplification of the
internal control was either lower or absent because of
competitive inhibition by amplification of the GBS
genomic target. It is critical that there be no significant
competitive inhibition from the internal control template
to minimize a decrease in the sensitivity of the assay.

EVALUATION OF THE GBS-SPECIFIC REAL-TIME PCR
ASSAY

The specificity of the real-time PCR assay was also veri-
fied using a battery of bacterial species, including strep-
tococci (28 species), enterococci, lactococci, and Peptostrep-
tococcus spp., as well as members of typical vaginal and
anal flora (Table 1). Only GBS could be detected by the
production of an increased fluorescence signal that was
interpreted as a positive PCR result. The fluorescence
resonance energy transfer signal for the internal control
performed in a separate capillary was detected for all PCR
reactions, thereby showing the absence of significant PCR
inhibition. As with the conventional PCR assay, the inter-
nal control signal progressively decreased as the amount
of GBS target DNA increased (data not shown). The
real-time PCR assay showed the same sensitivity as the
conventional PCR assay described above (Fig. 2).

IDENTIFICATION OF GBS COLONIZATION IN PREGNANT
WOMEN

Among 15 vaginal samples obtained from pregnant
women at delivery, 4 were positive for GBS, whereas the
other 11 samples were negative for GBS as determined by
both the standard culture method and the two PCR
assays. For conventional PCR, the time required for
sample processing, PCR amplification, and gel electro-
phoresis was ~100 min. On the other hand, the time
required for real-time PCR was ~45 min because thermal
cycling is much faster and amplicon detection is per-
formed in real time. Both PCR methods were able to
identify GBS colonization in a much shorter turnaround
time than the gold standard culture method.

Discussion
GBS can cause significant infections in human, especially
in newborns (1, 3). Because GBS are generally susceptible
to ampicillin, early detection and identification of the
infection can effectively guide antibiotic therapy and thus
prevent severe damage to the host (24).

Currently, the gold standard method for detection of
vaginal colonization with GBS is selective broth culture
performed at 35-37 weeks of gestation, which is sensitive
enough to allow detection of both light and heavy colo-
nization, but identification results are not available until
48 h later (4). Therefore, these methods are not useful for
identification of GBS at or near the time of delivery.
Moreover, culturing at 35-37 weeks is not always indica-

123456 7891011121314 M

«+-252-bp
<+ 153-bp

Fig. 1. Conventional multiplex PCR amplification with the GBS-specific
PCR assay (153-bp amplicon) and the internal control (252-bp amplicon).

PCR assays were all performed with 1 ulL of purified genomic DNA (0.1 ng/ul)
from various bacteria. Note that the internal control was not amplified when
target DNA was present because of competitive inhibition by amplification of GBS
DNA. Lane 2, S. aureus ATCC 25923; lane 3, S. epidermidis ATCC 14990; lane
4, E. faecalis ATCC 19433; lane 5, E. faecium ATCC 19434; lane 6, S.
pneumoniae ATCC 6303; lane 7, S. pyogenes ATCC 19615; lane 8, S. uberis
ATCC 49124; lane 9, L. reuteri ATCC 23273; lane 10, GBS ATCC 13813; lane
11, GBS ATCC 27591, lane 12, G. vaginalis ATCC 14018; lane 13, E. coli ATCC
25922. Lanes 1 and 14, controls to which no DNA was added; /lane M, 100-bp
molecular size ladder.

tive of carrier status at delivery because GBS colonization
often is transient (3). Because rapid diagnosis of GBS
colonization or infection is of importance in the preven-
tion of neonatal sepsis and meningitis, many simple and
rapid tests for GBS have been developed. The Gram stain
smear is of limited clinical help in detecting GBS because
of low sensitivity and poor specificity (6). Several special
media have been introduced to rapidly detect GBS by
pigment production (25-27). However, some GBS isolates
lack the ability to produce pigment, and thus cannot be
identified by these media. The sensitivities of latex agglu-
tination tests and immunoassays for detection of GBS
directly from clinical specimens vary from 19% to 82%
when selective broth media are used as standards to
recover GBS from specimens (9). Generally, these tests are
not sufficiently sensitive for direct detection of GBS, and
only women with heavy colonization can be readily
identified by these methods (6-8).

In this study, we developed a conventional PCR assay
that is rapid (~100 min), specific for GBS, and sensitive
enough to detect a single genome copy of GBS. Impor-
tantly, there was no amplification with purified genomic
DNA from 27 species of streptococci other than GBS and
many members of the vaginal and anal flora. Further-
more, the assay was capable of efficiently amplifying
DNA from 162 GBS strains from various geographic
regions. Such an assay may be useful for the detection of
GBS colonization directly from clinical specimens because
of its high specificity and sensitivity. Although all GBS
strains tested were positive for the CAMP test, the assays
should be able to identify CAMP test-negative strains
because the c¢fb gene is present in virtually all GBS isolates
and is well conserved within this species according to
phenotypic and molecular characterizations (19, 20).

Other molecular methods for identifying GBS have
been described (10-12). The Accuprobe system (Gen-
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Fig. 2. Realtime PCR detection using the LightCycler.

Fluorescence ratio (Cy5/fluorescein) vs time plot for the GBS-specific PCR
amplification using adjacent hybridization probes. Amplifications were performed
from 0.5 fg (curve 1), 5 fg (curve 2), 50 fg (curve 3), 500 fg (curve 4), 5 pg (curve
5), 50 pg (curve 6), and 500 pg (curve 7) of genomic DNA from GBS ATCC 27591.
Curve Brepresents a blank to which no DNA was added. Each amplification cycle
was 35 s long on average, and 45 cycles were completed in 30 min. Based on
the genome sizes of S. pneumoniae and S. pyogenes, 5 fg of GBS genomic DNA
corresponds to two to three genome copies.

Probe) is suitable for the identification of GBS from
cultures but is insufficiently sensitive for direct detection
from the clinical specimens described (10,12). PCR has
become one of the most widely used methods in molec-
ular diagnosis. However, little work has been done on
detection of GBS. A PCR assay for detection of the
C-protein gene in GBS has been developed. However, this
assay allowed the detection of only 63% of the GBS strains
tested and therefore is not suitable for screening GBS
colonization or infection (15). Two nested PCR assays
have been reported to detect GBS by amplifying the 16S
rRNA gene (13) or the 165-23S spacer region (14). These
assays allowed detection, from cerebrospinal fluid sam-
ples, of ~100 and 5 CFUs of GBS, respectively. However,
nested PCR protocols often are limited by the increased
risk of PCR carryover.

Rapid thermal cycling for PCR amplification coupled
with real-time fluorescence monitoring of the PCR reac-
tions (17, 18) provides a new tool for rapid detection of
microorganisms. The detection of PCR products is
achieved by monitoring the change of fluorescence on the
basis of fluorescence resonance energy transfer when the
two hybridization probes anneal to the target DNA (GBS-
specific amplicons in this study) in close proximity. Using
this technology, Woo et al. (28) detected Leptospira geno-
species DNA with 45-cycle amplification requiring only
18 min. Because amplification and detection occur in the
same reaction vessel and no postamplification sample
transfer is needed, the LightCycler platform greatly re-
duces the risk of carryover, making it more suitable for
use in the routine clinical laboratory than conventional
heating-block thermocyclers coupled with agarose gel
electrophoresis.

To adapt our PCR assay to the LightCycler platform,
two fluorescently labeled adjacent hybridization probes
complementary to part of the amplicon were used for
specific hybridization to the GBS-specific amplification
product. Analysis of 14 cfb sequences from Podbielski et

al. (20) and from our own laboratory (data not shown),
representing the major serotypes of GBS, indicates that
the target sequences for the adjacent probes are highly
conserved. This ensures the ability of the two adjacent
probes to hybridize to all GBS-specific amplicons. The
additional specificity provided by the combination of
species-specific primers with internal probes ensures di-
rect detection and identification of GBS from anovaginal
specimens in which the typical vaginal and anal floras are
microbiologically extremely complex and not well known
(23). The PCR assay with the LightCycler constantly
detected as few as one to three genome copies as well as
a comparable number of CFUs. Such sensitivity is suitable
for direct detection of GBS from clinical specimens. This
real-time PCR assay is able to quantify the GBS load of
vaginal specimens by comparison to calibration curves
with known amounts of GBS DNA or cells. However, no
attempt to determine the degree of GBS colonization was
made because both heavy and light colonization in moth-
ers are associated with infantile GBS diseases (3).

The LightCycler (LC-32; Idaho Technology) platform
used in this study allowed monitoring of only two fluo-
rescence signals in each capillary. Therefore, a second
capillary was needed to verify the presence of PCR
inhibitors in the clinical samples by the use of the other
pair of adjacent hybridization probes to target the internal
control template. A new generation LightCycler instru-
ment and software developed recently by Roche allow
monitoring of three fluorescence signals in the same
capillary, permitting the use of two pairs of adjacent
probes within the same reaction vessel.

The IDI DNA extraction kit allows simple, rapid, and
efficient release of GBS DNA from vaginal specimens. In
fact, there was a perfect correlation between the results of
direct detection of GBS by culture and by both PCR
assays. Furthermore, as demonstrated by sensitivity tests
with vaginal samples to which purified genomic DNA
had been added, the IDI DNA extraction kit prevents
significant PCR inhibition. In addition, sensitivity tests
performed with GBS cultures showed that the IDI proto-
col assures efficient GBS cell lysis.

We have found that much higher PCR inhibition is
encountered in vaginal samples from pregnant women
compared with samples obtained from nonpregnant
women (unpublished data). Although a limited number
of specimens were tested, our results indicate that both
PCR assays are suitable for GBS screening in pregnant
women. A clinical study in progress (29) indicates that the
IDI lysis protocol is also suitable for direct detection of
GBS from vaginal/anal specimens, which is the sample
type recommended by the CDC for the screening of GBS
carriers (3).

Rapid and reliable detection of GBS colonization
would benefit parturient mothers, especially those with
poor prenatal care during pregnancy, and permit more
effective prevention of GBS infections. Improved diagnos-
tic tools for GBS, such as our PCR assay using the

220z 1snbny /| uo Jasn aonsnp jo Juswpedaq ‘S'N A 8GZ L 95/ ZE/€/91/a101He/Waydulo/wo9 dno ojwapeoe//:sdyy woly papeojumoq



Clinical Chemistry 46, No. 3, 2000 331

LightCycler, may lead to more rational use of antibiotics.
Integration of rapid sample preparation with rapid am-
plification and detection technologies may help to im-
prove the management and prevention of infectious dis-
eases because clinicians will have rapidly in hand the
clinical microbiology results.

Marc Ouellette is an MRC Scientist and a recipient of the
Burroughs Wellcome Fund New Investigator Award in
Molecular Parasitology. This study was supported by
Grant PA-15586 from the Medical Research Council of
Canada and by Infectio Diagnostic Inc., Sainte-Foy, Qué-
bec, Canada. We thank Dr. Louise Co6té, director of the
Microbiology Laboratory of the Centre Hospitalier Uni-
versitaire de Québec, Pavillon Centre Hospitalier de
I"Université Laval, for free access to the laboratory and for
providing the S. agalactiae clinical isolates. We thank Dr.
Dele Davies (National Centre for Streptococcus, University
of Alberta Hospital) for providing S. agalactiae strains. We
also thank Martin Gagnon, Caroline Paquet, Alba Bernal,
Pascal Lapierre, Marie-Claude Bergeron, Dave Richard,
Mireille Dion, Jean-Luc Simard, and Gisele Chassé for
their assistance. We thank Dr. William D. Fraser (The
Centre Hospitalier Universitaire de Québec, Pavillon
Saint-Frangois d’Assise, Québec, Canada) for providing
clinical specimens.

References

1. Schuchat A. Epidemiology of group B streptococcal disease in the
United States: shifting paradigms. Clin Microbiol Rev 1998;11:
497-513.

2. Centers for Disease Control and Prevention. Decreasing incidence
of perinatal group B streptococcal disease—United States, 1993—
1995. Morbid Mortal Wkly Rep 1997;46:473-7.

3. Centers for Disease Control and Prevention. Prevention of perina-
tal group B streptococcal disease: a public health perspective.
Morbid Mortal WKly Rep 1996;45:1-24.

4. Philipson EH, Palermino DA, Robinson A. Enhanced antenatal
detection of group B streptococcus colonization. Obstet Gynecol
1995;85:437-9.

5. Yancey MK, Schuchat A, Brown LK, Ventura VL, Markenson GR.
The accuracy of late antenatal screening cultures in predicting
genital group B streptococcal colonization at delivery. Obstet
Gynecol 1996;88:811-5.

6. Hagay ZJ, Miskin A, Goldchmit R, Federman A, Matzkel A, Mogilner
BM. Evaluation of two rapid tests for detection of maternal
endocervical group B streptococcus: enzyme-linked immunosor-
bent assay and Gram stain. Obstet Gynecol 1993;82:84-7.

7. Kontnick CM, Edberg SC. Direct detection of group B streptococci
from vaginal specimens compared with quantitative culture. J Clin
Microbiol 1990;28:336-9.

8. Perkins MD, Mirrett S, Reller LB. Rapid bacterial antigen detection
is not clinically useful. J Clin Microbiol 1995;33:1486-91.

9. Yancey MK, Armer T, Clark P, Duff P. Assessment of rapid
identification tests for genital carriage of group B streptococci.
Obstet Gynecol 1992;80:1038-47.

10. Yancey MK, Clark P, Armer T, Duff P. Use of a DNA-probe for the
rapid detection of group B streptococci in obstetric patients.
Obstet Gynecol 1993;81:635-40.

11. Rosa C, Clark P, Duff P. Performance of a new DNA probe for the

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

detection of group B streptococcal colonization of the genital
tract. Obstet Gynecol 1995;86:509-11.

Bourbeau PP, Heiter BJ, Figdore M. Use of Gen-Probe Accuprobe
group B streptococcus test to detect group streptococci in broth
cultures of vaginal-anorectal specimens from pregnant women:
comparison with traditional culture method. J Clin Microbiol
1997;35:144-7.

Backman A, Lantz P-G, Radstrom P, Olcén P. Evaluation of an
extended diagnostic PCR assay for detection and verification of
the common causes of bacterial meningitis in CSF and other
biological samples. Mol Cell Probes 1999;13:49-60.

Hall LMC, Duke B, Urwin G. An approach to the identification of the
pathogens of bacterial meningitis by the polymerase chain reac-
tion. Eur J Clin Microbiol Infect Dis 1995;14:1090-4.

Mawn JA, Simpson AJ, Heard AJ. Detection of the C protein gene
among group B streptococci using PCR. J Clin Pathol 1993;46:
633-6.

Idaho Technology, Inc. LightCycler™ user’s guide. Idaho Falls,
Idaho: Idaho Technology, 1998.

Wittwer CT, Ririe KM, Andrew RV, David DA, Gundry RA, Balis UJ.
The LightCycler™: a microvolume multisample fluorimeter with
rapid temperature control. Biotechniques 1997;22:176-81.
Wittwer CT, Herrmann MG, Moss AA, Rasmussen RP. Continuous
fluorescence monitoring of rapid cycle DNA amplification. Biotech-
niques 1997;22:130-8.

Wilkinson HW. CAMP-disk test for presumptive identification of
group B streptococci. J Clin Microbiol 1977;6:42-5.

Podbielski A, Blankenstein O, Lutticken R. Molecular characteriza-
tion of the cfb gene encoding group B streptococcal CAMP-factor.
Med Microbiol Immunol 1994;183:239-56.

Rosenstraus M, Wang Z, Chang S-Y, DeBonville D, Spadoro JP.
An internal control for routine diagnostic PCR: design, proper-
ties, and effect on clinical performance. J Clin Microbiol
1998;36:191-7.

Neumaier MA, Braun A, Wagener C, for the International Federa-
tion of Clinical Chemistry Scientific Division Committee on Molec-
ular Biology Technique. Fundamentals of quality assessment of
molecular amplification methods in clinical diagnostics. Clin
Chem 1998;44:12-26.

Hill GB, Eschenbach DA, Holmes KK. Bacteriology of the vagina.
Scand J Urol Nephrol 1984;84:5s23-39.

Rosenstein NE, Schuchat A, The neonatal group B streptococcal
disease study group. Opportunities for prevention of perinatal
group B streptococcal disease: a multistate surveillance analysis.
Obstet Gynecol 1997;90:901-6.

Gil EG, Rodriguez MC, Bartolomé R, Berjano B, Cabero L, Andeu A.
Evaluation of the Granada agar plate for detection of vaginal and
rectal group B streptococci in pregnant women. J Clin Microbiol
1999;37:2648-51.

Teixeira LA, Figueiredo AMS, Benchetrit LC. Liquid medium for
rapid presumptive identification of group B streptococci. J Clin
Microbiol 1992;30:506-8.

Wang EEL, Hammerberg O, Lyn P, Peng H, Hunter D, Richardson
H. Rapid detection of group B streptococcal carriage in parturient
women using a modified starch serum medium. Clin Investig Med
1988;11:52-6.

Woo THS, Patel BKC, Smythe LD, Symonds ML, Norris MA, Dohnt
MF. Identification of pathogenic Leptospira genospecies by con-
tinuous monitoring of fluorogenic hybridization probes during
rapid-cycle PCR. J Clin Microbiol 1997;35:3140-6.

Bergeron MG, Gagnon M, Ke D, Bernier M, Ménard C, Picard FJ, et
al. Less than one-hour detection of group B streptococci in
pregnant women during labor: a prospective study. In: Abstracts of
the 39th Interscience Conference on Antimicrobial Agents and
Chemotherapy, September 26-29, 1999, San Francisco. Wash-
ington, DC: American Society for Microbiology, 1999:225.

220z 1snbny /| uo Jasn aonsnp jo Juswpedaq ‘S'N A 8GZ L 95/ ZE/€/91/a101He/Waydulo/wo9 dno ojwapeoe//:sdyy woly papeojumoq



