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Group B streptococci (GBS) (Streptococcus agalactiae) are a major cause of sepsis and meningitis in neonates
and infants and of invasive disease in pregnant women, nonpregnant, presumably immunocompromised
adults, and the elderly. Nine GBS serotypes based on capsular polysaccharide antigens have been described.
The serotype distributions among invasive and colonizing isolates differ between pediatric and adult populations and have changed over time. Thus, periodic monitoring of GBS serotype distributions is necessary to
ensure the proper formulation and application of an appropriate GBS vaccine for human use and to detect the
emergence of novel serotypes. Since the mid-1990s, the proportion of GBS isolates that are nontypeable by
standard serologic methods has increased, creating a need for more sensitive typing methods. We describe a
typing method that uses DNA dot blot hybridization with probes generated by PCR from the GBS capsular
genes for serotypes Ia, Ib, and II to VIII. PCR primers were designed to amplify type-specific GBS capsular
gene sequences. Gene probes were constructed from the PCR products and used to classify isolates based on
hybridization profiles. A total of 306 previously serotyped invasive and colonizing isolates were used to compare
our dot blot capsular typing (DBCT) identification method with Lancefield serotyping (LS). A dot blot capsular
type was assigned to 99% (303 of 306) of the isolates, whereas 273 of 306 isolates (89%) were assigned a
Lancefield serotype. The overall agreement between the methods was 95% (256 of 270 isolates typeable by both
methods). We conclude that the DBCT method is a specific and useful alternative to the commonly used LS
method.

Group B streptococci (GBS) (Streptococcus agalactiae) cause
invasive disease in neonates, young infants, and pregnant women
and an increasingly greater proportion of disease in nonpregnant adults (27), especially those with underlying medical conditions, and the elderly (7). Widespread use of intrapartum
chemoprophylaxis has resulted in a 70% decline in the number
of early-onset neonatal GBS cases (26). A similar decline,
however, has not been observed among older neonates, infants, or nonpregnant adults (16).
The polysaccharide capsule, which is the basis for serotyping, is the primary known GBS virulence factor (22, 25). To
date, nine distinct serotypes (Ia, Ib, and II to VIII) have been
described (11, 12). The distributions of these serotypes, however, vary by geographic location and study population. In the
United States, serotypes III and Ia are most commonly associated with GBS disease in neonates and infants (11) and in
pregnant women (7). Since its emergence in the early 1990s,
serotype V has become the primary cause of GBS infection in
nonpregnant adults and also causes significant morbidity in
infants and pregnant women (3, 10, 11). In the future, vaccination may protect individuals from GBS disease (2), but to be
effective, it must include the more virulent serotypes in circu-

lation in the target population. Therefore, sensitive and specific methods for determining serotypes are required.
A myriad of GBS serotyping methods are available; these
include the capillary precipitin (18), latex agglutination (24),
coagglutination (8), double immunodiffusion (13), and enzyme
immunoassay (1) methods. These tests often have a complicated interpretation and are expensive, and reagents are available for only a subset of serotypes (1). The Lancefield capillary
precipitin method has been regarded as the “gold standard”
for serotyping GBS isolates.
Since the mid-1990s, the proportion of isolates considered
nontypeable by the Lancefield capillary precipitin method has
increased (7) and ranges from 2 to 18% (2–4, 11). Isolates may
be reported as nontypeable due to the expression of an uncharacterized polysaccharide for which antibodies are not yet
available (29), an insertion or mutation in genes essential for
capsule expression (28), or the presence of a reversible nonencapsulated phase variant (6). Furthermore, isolates from
healthy persons may produce less capsule or type-specific antigen than those from patients with invasive GBS disease (23).
Dot blot capsular typing (DBCT) is an attractive alternative to
the Lancefield capillary precipitin method because it detects
the presence of capsule genes rather than capsule expression,
is more specific and reproducible, and is easier to perform than
antibody-based serotyping (28).
Kong et al. (15) validated a typing method using the published sequences of the capsular polysaccharide synthesis (cps)
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TABLE 1. Oligonucleotide primers used to construct gene probes for DBCT of GBS isolates
Target gene

Size of PCR
amplicon (bp)

GenBank
accession no.b

Annealing
temp (°C)

Forward (top) and reverse (bottom)
primer sequences

cpsIaH

cpsH

759

AB028896.2

54

5⬘-AACTCCTGATTTTGATAGAA-3⬘
5⬘-AGCAGGCCACTTTTGTAGAA-3⬘

cpsIaK

cpsK

195

AB028896.2

51

5⬘-ATTTATTTGTGACACTATCA-3⬘
5⬘-AATAGATAGACTTGTGTATC-3⬘

cpsIbH

cpsH

307

AB050723.1

47

5⬘-CGTTATTTAGAAGTCCAG-3⬘
5⬘-GGTATTATAAGATTTGAA-3⬘

cpsIIK

cpsK

526

NA

55

5⬘-CCAACGGCAATAAAATACAT-3⬘
5⬘-GCATTGAGATTAGAGTAGTC-3⬘

cpsIIIH

cpsH

389

AF163833.1

45

5⬘-CTTTGGAAGAGTGAGTTTAG-3⬘
5⬘-TGACCAATTAGTGTAGCATA-3⬘

cpsIVM

cpsM

408

AF355776.1

53

5⬘-AGATTTGATTGGTTTTGTTG-3⬘
5⬘-CTATATGAGGAAGTTGTTGT-3⬘

cpsVO

cpsO

185

AF349539.1

53

5⬘-TTTTCCACATAATACATCTT-3⬘
5⬘-TAACCTTCTCCTTCACACTA-3⬘

cpsVIH

cpsH

586

AF337958.1

46

5⬘-AATGGATTCCTTCTATGA-3⬘
5⬘-ATTATCCTGTTTTGTTTG-3⬘

cpsVIIM

cpsM

293

NA

54

5⬘-GTGCAATTAGAGGACAAAAA-3⬘
5⬘-CATCGAATCAGGAAAAATAG-3⬘

cpsVIIIJ

cpsJ

570

NA

54

5⬘-AAACAAAGATAATGGTGGTC-3⬘
5⬘-GAAATAGCTGCCTGATAAAT-3⬘

a
b

Designations indicate the serotype from which the probe was amplified and the target gene.
NA, not available (C. E. Rubens, personal communication).

gene clusters of GBS serotypes Ia and III (5, 31). Primers were
designed to identify serotypes Ia, Ib, III, IV, V, and VI directly
by PCR and all nine GBS serotypes by sequence heterogeneity
or elimination. Investigators found an overall agreement of
100% between serotype identification by molecular typing and
conventional antibody-based serotyping. Other groups have
developed PCR-based assays to detect and genotype GBS isolates, but these analyses require further development and refinement (14, 28).
We describe a GBS typing method that uses DNA dot blot
hybridization with capsular gene PCR products as probes for
GBS strains initially serotyped by the Lancefield serotyping
(LS) method. We provide compelling evidence for concordance between these methods.
MATERIALS AND METHODS
GBS strains. We used the following GBS control strains (serotypes in parentheses): A909 (Ia), DK14 (Ib), DK23 (II), COH1 (III), CNCTC 1/82 (IV),
CNCTC 10/84 (V), NT6 (VI), 87-603 (VII), and JM9 (VIII) (C. E. Rubens
collection) (9). We tested 291 GBS isolates from four collections obtained from
previous epidemiologic studies; these isolates were obtained from 76 symptomatic and asymptomatic pregnant women seen at a University of Michigan Medical Center clinic between August 1999 and March 2000 (19), 191 nonpregnant
female and male students enrolled at the University of Michigan (3, 20, 21), and
24 neonates from Houston with early-onset GBS disease between January 1993
and December 1996 (32). Fifteen additional isolates obtained specifically for
validating gene probes were used to detect serotype IV (N ⫽ 9) (1 isolate
previously referenced in the literature) (30), VII (N ⫽ 1) (provided by C. J.
Baker), or VIII (N ⫽ 5) (provided by L. C. Madoff) (17) isolates.

LS. All 306 isolates had been serotyped previously by the Lancefield capillary
precipitin test at the Streptococcal Immunology Laboratory, Baylor College of
Medicine, Houston, Tex. (18).
PCR. PCR amplification of probe sequences was performed by using a slight
modification of a previously described protocol (33). DNA lysates were prepared
from 1 ml of GBS overnight culture in Todd-Hewitt broth (BBL, Sparks, Md.).
Each reaction mixture (25 l) included 25 pmol of each primer, 0.4 mM deoxynucleoside triphosphate mixture, 4 mM MgCl2, 2 l of DNA lysate, 2 U of
Platinum Taq DNA polymerase, and PCR buffer (Gibco, BRL Life Technologies, Inc., Gaithersburg, Md.). The denaturation, annealing (specific temperatures are listed in Table 1), and elongation temperatures and times used were
94°C for 30 s, 45 to 55°C (depending on the primer melting temperatures) for
30 s, and 72°C for 20 to 50 s (depending on the lengths of the amplicons),
respectively, for 35 cycles. A total of 10 l of PCR product was separated by
electrophoresis on a 2% agarose gel, stained with 0.02 g of ethidium bromide
ml⫺1, and visualized by UV transillumination.
DBCT. Probe sequences were amplified by PCR and subsequently fluorescein
labeled in accordance with the manufacturer’s protocol (ECF random prime
labeling; Amersham Biosciences, Piscataway, N.J.). We performed dot blot hybridization using the following protocol.
GBS isolates were inoculated into 600 l of Todd-Hewitt broth, grown overnight at 37°C with 5% CO2, and then centrifuged at 3,000 rpm for 20 min (244
Microplate rotor, HN-SII centrifuge; International Equipment Co., Needham
Heights, Mass.) to pellet the bacteria. Cells were lysed with 800 l of lysis buffer
(0.4 M NaOH, 10 mM EDTA) overnight at 68°C. Samples then were centrifuged
at 3,000 rpm for 20 min to pellet cellular debris, and 50 l of DNA in the crude
extract was applied to a nylon transfer membrane (Hybond-N⫹; Amersham
Biosciences). DNA hybridization was performed in accordance with the manufacturer’s protocol (ECF amplification module; Amersham Biosciences), and
visualization was done with a Storm PhosphorImager (Molecular Dynamics,
Sunnyvale, Calif.) as described previously for Escherichia coli (34). The DNA
hybridization data were quantified relative to positive and negative controls
present on each membrane by using ImageQuant (Molecular Dynamics). Strains
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TABLE 2. Homology between GBS serotypes and gene probes
used for DBCTa
Gene probe

Ib

100
100
69

100

II

III

IV

V

100
100

100

VI

VII

VIII

95
91

100

100

65

100

100

100

a

As indicated by a pairwise BLAST alignment (http://www.ncbi.nlm.nih.gov
/blast/bl2seq/bl2.html).

with a signal intensity approximately greater than 30% of the mean fluorescence
of the positive controls (after subtraction of the mean negative control value for
the positive controls and test strain) for duplicate membranes were considered
positive.
All isolates were tested in duplicate with separate membranes. Isolates with
discordant results were retested. If discordant results were observed upon repeat
testing or if there were discrepancies between the dot blot capsular type and the
Lancefield serotype, then the isolate was analyzed by PCR. An attempt was made
to amplify each potential gene suggested by the LS and DBCT results, and the
resulting PCR products were sequenced at the University of Michigan Medical
School DNA Core Facility by using an Applied Biosystems (Foster City, Calif.)
3700 automated sequencer. BLAST homology searches, used for confirmation,
were performed by using the National Center for Biotechnology Information
Internet server. All isolates were assigned a dot blot type based on cps gene
homology (Table 2). Each dot blot capsular type, with the exception of type III,
was classified by using a unique probe. Probe cpsIaK displayed significant crossreactivity with the cpsK genes of types Ia and V, whereas probe cpsIIIH crossreacted with the type VI cpsH gene in addition to the type III cpsH gene.
Validation. The sensitivity, specificity, and predictive value estimates were
calculated for the DBCT method relative to the LS method, which was considered the gold standard. Estimates were obtained for each serotype.
The sensitivity of the DBCT method for each serotype was calculated as the
number of concordant positive results divided by the number of isolates found
positive by the LS method for a given serotype. Specificity was calculated as the
number of concordant negative results divided by the total number of isolates
found negative by the LS method for a given serotype. The positive predictive
value was calculated as the number of concordant positive results divided by the
number of isolates that tested positive by the DBCT method. The negative

FIG. 1. Representative DNA DBCT analysis of 96 GBS isolates
with probe cpsIaH to identify serotype Ia isolates. Samples were analyzed in duplicate. Closed arrows (pointing down) indicate the positive
control; open arrows (pointing up) indicate the negative control.

predictive value was calculated as the number of concordant negative results
divided by the number of isolates that tested negative by the DBCT method.

RESULTS
Comparison of DBCT and LS methods. A total of 306 isolates previously serotyped by LS were typed by DBCT (Table
3 and Fig. 1). A dot blot capsular type was assigned to 99%
(303 of 306) of the isolates by DNA dot blot hybridization or
PCR and sequencing, whereas a serotype was assigned to only
89% (273 of 306) of the isolates by the LS method (P ⬍ 0.001).
For the most part, the DBCT results correlated well with the
LS results.
Among isolates typeable by both methods, DBCT and LS
results were in agreement for 256 of 270 isolates (95%). All 14
isolates with discordant results were further tested by PCR and
sequencing; retest results for 7 matched the DBCT result,
retest results for 6 matched the LS result, and retest results for

TABLE 3. Concordance matrix comparing DBCT and LS results for 306 GBS isolates from various sources
LS

No. of isolates with the following dot blot type:
Ia

Ib

II

III

Ia
Ib
II
III
IV
V
VI
VII
VIII
Nontypeable

60
1a

7

4

3

2

Total

70

36

42

35

a
b
c

32

2a

39

1a
1b
31

IV

V

VI

VII

VIII

1a

10

1a
4c
1a
70

93

Discordant result has been confirmed by PCR and sequencing to match the DBCT result.
Confirmed to be serotype V by PCR and sequencing.
Discordant result has been confirmed by PCR and sequencing to match the LS result.

Total

1
1

62
35
41
39
11
71
6
2
6
33

2c
6

1
2

16
10

Nontypeable

8

2

6
1
7

3

306
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cpsIaH
cpsIaK
cpsIbH
cpsIIK
cpsIIIH
cpsIVM
cpsVO
cpsVIH
cpsVIIM
cpsVIIIJ

% Homology of the following serotype:
Ia
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TABLE 4. Sensitivity, specificity, and predictive values of LS
(standard) and DBCT for 306 GBS isolates from various sources
%
Serotype

Specificity

97
91
95
79
91
99
100
100
100

96
99
99
99
100
90
99
100
100

Predictive value
Positive

Negative

86
89
93
89
100
75
75
100
86

99
99
99
97
100
100
100
100
100

1 matched neither (Table 3). We attempted to amplify each
possible gene suggested from these isolates. Of the isolates
whose retest results matched the DBCT result, three were
found to be type Ia by DBCT but Ib (N ⫽ 1) and III (N ⫽ 2)
by LS, one was found to be type III by DBCT but Ib by LS, and
three were found to be type V by DBCT but Ia, II, and IV by
LS. Of the isolates whose retest results matched the LS result,
four were found to be type III by LS but V by DBCT, and two
were found to be type III by LS but VI by DBCT. One isolate
was found to be type III by DBCT and II by LS but was
determined to be type V by PCR. Thirty-three isolates were
nontypeable by LS but were assigned a dot blot capsular type,
whereas 3 isolates were nontypeable by DBCT but were assigned a serotype by LS. The retest results for the three isolates
that were nontypeable by DBCT were confirmed to match the
LS result by PCR.
Validation. Typing sensitivity results ranged from 79% (type
III) to 100% (types VI, VII, and VIII), and specificity results
ranged from 90% (type V) to 100% (types IV, VII, and VIII).
The positive predictive value of the DBCT method ranged
from 75% (types V and VI) to 100% (types IV and VII). The
negative predictive value ranged from 97% (type III) to 100%
(types IV to VIII) (Table 4). Positive and negative predictive
values are sensitive to the prevalence of the serotype; therefore, these estimates are not generalizable to populations with
different serotype distributions.
These data suggest that if DBCT were used as the gold
standard, the sensitivity and specificity results would be equivalent to the positive and negative predictive values calculated
previously with LS as the standard, respectively. Similarly, the
new positive and negative predictive values would be equivalent to the sensitivity and specificity results calculated previously with LS as the standard, respectively. Because DBCT had
fewer nontypeable results, LS is a less sensitive method overall.
DISCUSSION
The capillary precipitin serotyping method, developed by
Rebecca Lancefield, has been applied broadly to the serotyping of GBS isolates since its introduction in the 1930s (18).
However, the proportion of isolates found nontypeable by this
method was significant and has increased over time (29), potentially skewing the serotype distribution and having an adverse impact on vaccine formulation. DBCT is an attractive

alternative to LS. Kong et al. reported 100% typeability for
their molecular typing method based on PCR and sequencing
(15). Similarly, 99% of the isolates in our test population could
be typed by DBCT, compared to 89% that could be typed by
LS. Among isolates that were typeable by both methods, the
agreement on serotype was relatively high (95%).
Aside from typeability, DBCT possesses other attributes
that make it preferable to LS. DBCT is straightforward and
does not require preparation of antisera. DNA dot blot hybridization is amenable to high-throughput GBS typing and is
adaptable to phenotypic analysis of libraries on a glass slide by
microarray technology. Because DBCT detects the presence of
capsule genes rather than capsule expression, isolates with
capsule production below the threshold of detection by LS or
that lack capsule expression may still be typed by DBCT. Additionally, dot blot hybridization is less susceptible to the contamination inherent with PCR-based methods. The DBCT
method has a cost and time advantage over the method of
Kong et al. (15) because it does not require any DNA sequencing.
The sensitivity, specificity, and predictive values for the
DBCT method were reasonably high, although variability
across serotypes was apparent. Variability can be attributed to
isolates that were nontypeable by LS but typeable by DBCT or
to discordant serotype results. Thirty-three isolates were nontypeable by LS but were assigned a dot blot capsular type, and
14 results were discordant between the methods. Discordant
results, as determined by PCR and sequencing, matched the
LS result in six instances, the DBCT result in seven instances,
or neither in one instance. These findings suggests that the
majority of variability can be attributed to increased typeability
by the DBCT method and discordant results that match the
DBCT result. However, because this method identifies the
serotype indirectly by characterizing the cps genotype, isolates
that have defective cps operons and thus are acapsular or
potentially produce an aberrant capsule would be misclassified.
Further research is needed to distinguish among these possibilities.
Six discordant results were found to agree with the LS result;
each was serotype III. For each of these results, the gene probe
homology was incomplete, meaning that one of the two probes
did not hybridize, and the results were extrapolated based on a
result obtained with a single probe. Four results were interpreted as type V but were confirmed to be type III by PCR,
based on hybridization with probe cpsIaK but not with probe
cpsVO. These isolates did not, however, hybridize to probe
cpsIIIH, suggesting that they lack the type III cps polymerase
and therefore that the production of type III cps would not be
expected. Similarly, two results were interpreted as type VI but
were confirmed to be type III by PCR, based on hybridization
with probe cpsIIIH but not with probe cpsIaK or cpsVIH (Table
2). Discordant LS and DBCT results could be explained by the
presence of a defective gene that is detectable by the gene
probe due to the addition of a novel gene that is different from
but encodes the same activity as the gene expected from LS.
Another possibility is that isolates that were nontypeable by
DBCT may have a novel serotype yet to be identified. To avoid
these discrepancies in the future, results with incomplete hybridization should be analyzed by PCR and sequencing.
In conclusion, we developed a GBS DBCT method as an
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alternative to capillary precipitin serotyping. DBCT is sensitive
and specific and reduces misclassification of nontypeable isolates. It is suitable for analyzing various populations and can be
used to monitor isolates causing disease as well as those colonizing otherwise healthy individuals. Application of DBCT in
future epidemiologic studies and surveillance activities will facilitate the appropriate formulation of candidate GBS vaccines.
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