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The low incidence of group B streptococcal (GBS) invasive neonatal disease in Mexico has been attributed
to the low prevalence of serotype III strains, a major serotype in developed countries. In addition, nontypeable
strains account for 12% of the isolates in Mexico and <1% of the isolates in the United States. In this study,
57 GBS isolates (28 nontypeable by the Lancefield procedure) from carrier and infected neonates and women
from Mexico were also examined for the presence of type-specific antigen by an enzymatic procedure using
N-acetylmuramidase digestion of the cell wall to release soluble type-specific antigen. Of the 28 nontypeable
strains from Mexico, 23 were typeable by the enzyme extraction procedure, with serotype III being the pre-
dominant serotype in invasive disease. These results suggest that nontypeable isolates of GBS should be fur-
ther examined by the enzymatic extraction procedure to determine the presence of type-specific antigen.
Furthermore, these limited results suggest that serotype III is likely a major serotype in invasive disease also
in Mexico.

Streptococcus agalactiae (group B streptococcus [GBS]) is
the leading cause of neonatal sepsis and meningitis in the
United States and other developed countries (10, 11). Al-
though GBS is not considered a frequent cause of perinatal
infections in Mexico (3, 13), recent studies have found vaginal
colonization rates of approximately 10% in pregnant women
(12) and a neonatal infection rate of 1/1,500 live births with a
case fatality rate of 38.5%, which is six times higher than that
found in the United States (1, 10, 11–14). In contrast to de-
veloped countries, where type III is a predominant serotype,
the most frequently identified serotypes in Mexico are Ia and
Ia/c, with serotype III present at a low frequency. In addition,
nontypeable strains that are rarely found in developed coun-
tries (,1%) (1) are reported at a 12% rate in Mexico (4, 5).
Thus, the low frequency of GBS invasive neonatal infections in
Mexico has been attributed to the low prevalence of type III
strains along with increased levels of nontypeable GBS (12,
13).

In view of previous reports demonstrating variability in lev-
els of type-specific antigen production in GBS isolates (6, 19),
the present study examined a collection of strains from Mexico,
including 49% nontypeable isolates as determined by the
Lancefield hot-acid extraction technique (7, 8, 17). When type-
specific antigens were extracted by the N-acetylmuramidase
procedure (2, 6), the number of nontypeable isolates decreased
to 9%. In addition, all the nontypeable isolates (five) were
from asymptomatic carriers. These results indicate that the
method of type-specific antigen extraction can markedly influ-
ence the interpretation of GBS epidemiological data.

MATERIALS AND METHODS

Bacterial strains and growth medium. Fifty-seven GBS strains were isolated in
Mexico from 43 asymptomatic infant and adult carriers and 14 infants and
women with invasive disease (sepsis, meningitis, pneumonia, endometritis, and
an abscess). All strains were no more than two passages from the clinical situa-
tion and were stocked in Todd-Hewitt broth (Difco) and stored at 270°C.
Thawed cultures were routinely streaked onto sheep blood agar plates and
incubated at 37°C overnight before use. All growth studies were performed in the
chemically defined medium (FMC) containing 65 mM sodium phosphate buffer
(9).

Preparation of typing antigen and serotyping procedures. Isolates were ini-
tially serotyped by using antigenic extracts prepared from whole cells by Lance-
field’s hot-HCl procedure as previously described (7, 8, 17). All strains reported
as nontypeable by the Lancefield extraction procedure had undetectable levels of
sialic acid (,0.01 mg of sialic acid/mg of cells [dry weight]). The antigens were
obtained from cells grown in 10 ml of FMC to the mid-exponential phase of
growth. A second procedure employed the mutanolysin extraction technique for
whole cells (2, 6). In this procedure, isolates were first grown on 24-h blood agar
plates and then inoculated into 10 and 100 ml of FMC and grown aerobically at
37°C in a circulating water bath. The pH and optical densities were monitored
during growth. The pH was maintained between 6.5 and 7.0 by slow titration with
2.5 N NaOH. Cultures were grown to mid-exponential phase (0.2 mg of cells [dry
weight]/ml) and immediately chilled in an ice bath. Cells were removed by
centrifugation (9,000 3 g for 20 min at 4°C), and the supernatant fluid was
dialyzed overnight at 4°C against double-distilled water with four daily water
changes and then lyophilized. Cell pellets were stored at 220°C until needed. For
enzyme extraction, frozen pellets were thawed and washed in 5 ml (10-ml cul-
tures) or 50 ml (100-ml cultures) of 0.03 M potassium phosphate buffer, pH 7.0.
Washed cell suspensions were incubated for 1 h at 37°C in a 0.2-ml (10-ml
culture) or 0.5-ml (100-ml culture) 5,000-U/ml N-acetylmuramidase (mutanoly-
sin; Sigma) preparation. During the digestion process, there was usually an 80 to
90% decrease in optical density. Digested mixtures were centrifuged at 13,000 3
g for 20 min at 4°C, and the supernatant material was dialyzed as described above
and then lyophilized. Lyophilized materials from the supernatant material and
cell pellets were dissolved in water to final concentrations of 103, 1003, and
1,0003. Serotyping of the antigen extracts was performed by the capillary pre-
cipitin method using hyperimmune rabbit antiserum prepared as previously
described (8).

Quantitation and comparison of type-specific antigens from asymptomatic
and invasive Mexican isolates. Sialic acid is a useful marker for quantitation of
type-specific polysaccharide antigens of GBS and was used to compare secreted
and cell-associated antigens from strain 14 (a nontypeable asymptomatic isolate),
strain 49 (a serotype III invasive isolate), and control strain GBS 110, a well-
described neonatal meningeal isolate (9). Each strain was grown in 1 liter of
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FMC to early stationary phase (0.8 mg of cells [dry weight]/ml), with pH main-
tained between 6.5 and 7.0 by titration with 2.5 N NaOH. After centrifugation,
the supernatant fluid was dialyzed against 0.01 M sodium acetate buffer (pH
6.5) at 4°C for 4 days with daily changes of buffer. The mutanolysin extraction
procedures for type-specific polysaccharide antigens have been described
previously (2, 6, 18). Extracts were lyophilized and dissolved in 2 ml (super-
natant antigen) or 7 to 15 ml (cell-associated antigen) of water. The dissolved
extracts were chromatographed on a DEAE-Sephacel column (18) and eluted
with a continuous gradient of 0.02 and 0.3 M (NH4)2CO3 (750 ml each). Sialic
acid was estimated by the thiobarbituric acid assay following mild acid hy-
drolysis (15). Fractions indicating the presence of sialic acid were pooled,
lyophilized, dissolved in double-distilled water, and serotyped as described
above.

RESULTS

Serotyping using hot-acid-extracted versus enzymatically
extracted antigens. As shown in Table 1, antigenic extracts
prepared by Lancefield’s hot-HCl extraction procedure yielded
28 nontypeable strains, 9 serotype III isolates, and 20 other
serotypes. With enzyme-extracted antigens at several concen-
trations (Table 1), 23 of the 28 nontypeable strains were type-
able. Ten of these strains were serotype III, and eight of these
were from asymptomatic carriers. Two invasive strains that
were initially classified as nontypeable with hot-acid extracts
were now typeable as serotype III by the enzyme extraction

procedure. The other nontypeable strains were classified as
type II (five strains), type Ia (three strains), type Ib (four
strains), and type Ic (one strain); all were from asymptomatic
carriers. Only five strains could not be serotyped by using
enzyme-extracted antigens (Table 1).

The results of serotyping eight strains which were initially
classified as nontypeable are shown in Table 2. Concentrations
of enzyme-extracted antigens required to serotype these strains
were variable. For example, the lowest concentration of anti-
gen (103) was sufficient to serotype strain 3 (Table 2), while
other strains (strains 2, 8, 16, and 24) required more-concen-
trated antigen preparations. Two strains (strains 14 and 16)
could not be serotyped with any antigen preparation. Antigenic
extracts of strain 29 precipitated with type Ia antiserum when
103-concentrated cell-associated antigen extracts from 10-ml
cultures were used. More-concentrated antigen extracts of this
strain also had a positive reaction with type Ib antiserum,
indicating that this strain was serotype Ic (1, 17). The other 29
strains which were typeable with hot-acid extracts were also
serotyped with the lowest concentration of enzymatic extracts;
there was complete agreement in serotypes between the two
extraction procedures.

Quantitation of soluble extracellular and cell-associated
type-specific antigen. The release of extracellular type-specific
antigens by three strains (strains 14 [Ia], 49 [III], and GBS 110
[III]) grown in 1-liter FMC cultures was quantitated by esti-
mation of sialic acid levels following elution on DEAE-Sepha-
cel (Fig. 1) as previously described (18). Fractions containing
only the high-molecular-weight form of the antigen (fractions
35 to 58) at various stages of polymerization were pooled,
dialyzed, and lyophilized. Cell-associated type-specific antigen
has been shown to be covalently associated with enzymatically
solubilized components of the peptidoglycan layer (20) and
eluted over a wider gradient (fractions 41 to 63) (Fig. 2) than
secreted type-specific antigen. While GBS 110 produced more
type-specific antigen on an equivalent cell dry weight basis than
strain 49, strain 14 barely produced detectable levels of sialic
acid-containing antigen. However, after the sialic acid-contain-
ing fractions were pooled, strain 14, previously shown to be
nontypeable by both extraction procedures, was now typeable
as Ia. These findings also demonstrate that for serotyping pur-
poses, whole cells provide the greatest likelihood for obtaining
sufficient type-specific antigen for examination.

TABLE 1. Serotypes of 57 Mexican GBS strains determined by
the capillary precipitin test using antigens prepared by

hot-acid extraction and an enzymatic procedure

Serotype

No. of strains

Hot-acid extraction Enzymatic extractiona

Carrier
isolates

Invasive
isolates Total Carrier

isolates
Invasive
isolates Total

III 2 7 9 10 9 19
II 2 1 3 7 1 8
Ia 3 2 5 6 2 8
Ib 4 2 6 8 2 10
Ic 6 6 7 7
NTb 26 2 28 5 5

Total 43 14 57 43 14 57

a Cell-associated antigen from 10- and 100-ml cultures concentrated 10-, 100-,
and 1,000-fold.

b NT, nontypeable.

TABLE 2. Serotyping of eight nontypeablea GBS strains using different concentrations of antigens isolated
from supernatant fluids and extractedb from cells

Strain

Serotypec

10-ml culture concentrated: 100-ml culture concentrated:

10-fold 100-fold 100-fold 1,000-fold

Supernatant fluid Cell surface Supernatant fluid Cell surface Supernatant fluid Cell surface Supernatant fluid Cell surface

2 NT Ia NT Ia NT Ia Ia Ia
3 III III III III III III III III
6 NT NT NT NT NT NT NT NT
8 NT NT III III III III III III
14 NT NT NT NT NT NT NT NT
16 NT NT NT Ib NT Ib Ib Ib
24 NT NT NT Ib NT Ib Ib Ib
29 NT Ia NT Ia NT Ic NT Ic

a Antigen extracts prepared by Lancefield’s hot-HCl extraction procedure.
b Antigen extracts prepared by the N-acetylmuramidase procedure.
c Supernatant fluids and cells were obtained from mid-exponential-phase cultures. NT, nontypeable.
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DISCUSSION

The type-specific capsular polysaccharide antigen of GBS is
secreted as a soluble polysaccharide and is also covalently
attached to the insoluble peptidoglycan layer of GBS (2, 5, 20).
It is composed of repeating units of glucose, galactose, N-
acetylglucosamine, and N-acetylneuraminic acid (sialic acid)
(4, 16). Approximately 25% of type-specific polysaccharide
consists of sialic acid, which is the main virulence and immu-
nodeterminant portion of the antigen (1, 18). Of the serotypes
associated with neonatal infections, serotype III is the most
common and accounts for .90% of the cases of neonatal
meningitis caused by GBS (1, 17).

Several methods have been used to extract cell surface an-
tigens for grouping and typing studies; however, the Lancefield
hot-HCl extraction procedure of whole cells has been the stan-
dard method (8). This technique and other chemical extraction

procedures result in partially degraded antigens and decreased
antigen yield (1, 5). The enzymatic method used in this study
has been shown to provide maximum yields of nondegraded,
high-molecular-weight polysaccharides (2, 6, 20).

Studies evaluating the role of GBS in perinatal disease in
Mexico are limited, but available data indicate that in contrast
to what is found in the United States, only 10% of pregnant
Mexican women are colonized with GBS (12). A neonatal
infection rate of 1/1,500 live births was reported, however, with
a sixfold-higher fatality rate than that in the United States (12,
13). Other interesting differences between isolates from Mex-
ico and the United States are the prevalence of serotypes Ia
and Ia/c in Mexico, the high percentage of nontypeable strains
in Mexico, and the low percentage of serotype III strains in
Mexico (12, 13), based on the Lancefield hot-HCl antigen
extraction technique. Thus, the low frequency of GBS invasive

FIG. 1. Type-specific antigen as measured by the sialic acid moiety obtained from the supernatant fluids of 1-liter cultures. Concentrated material was eluted
through a DEAE-Sephacel column (18) with a linear gradient of 750 ml each of 0.02 and 0.3 M (NH4)2CO3. Fractions containing the high-molecular-form of the antigen
were found in fractions 35 to 58. GBS isolates examined included strains 14 (Ia) (——), 49 (III) (- - - - - -), and 110 (III) (. . . . . .).

FIG. 2. Type-specific antigen as measured by the sialic acid moiety obtained by N-acetylmuramidase extraction of cells from a 1-liter culture. Fractions (41 to 63)
contained the high-molecular-weight type-specific antigen. The elution conditions and symbols are as described for Fig. 1. The arrow indicates detectable levels of sialic
acid in strain 14 (Ia).
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disease in Mexico has been attributed, at least in part, to the
high prevalence of nontypeable strains and low prevalence of
serotype III isolates.

The present study suggests that these previous interpreta-
tions may be inaccurate in light of the findings in this study
using the enzymatic extraction technique for antigen prepara-
tion. Twenty-three of the 28 nontypeable strains from Mexico
were typeable by the enzyme extraction procedure. Of the
invasive isolates examined, 9 of 14 (64%) were serotype III,
indicating that this serotype is present at a higher percentage
than previously reported and likely represents the major sero-
type in Mexico. Additional studies of GBS isolated throughout
Mexico will be required to confirm these findings.

These findings indicate that many “nontypeable” strains may
produce type-specific antigen, however, at levels that are un-
detectable by classical methods. Purification and concentration
of antigens from nontypeable strains may be necessary before
definitive conclusions regarding serotype distribution can be
drawn, as demonstrated by the present study.

ACKNOWLEDGMENTS

G.C.P. was supported by a faculty grant from the Instituto Mexicano
del Seguro Social and an institutional grant from the University of
Texas Health Science Center at San Antonio. S.J.M. was supported by
grant R-A-403 from Morrison Trust, San Antonio, Tex.

REFERENCES
1. Baker, C. J., and M. S. Edwards. 1995. Group B streptococcal infections,

p. 980–1054. In J. S. Remington and J. O. Klein (ed.), Infectious diseases of
the fetus and newborn infant, 4th ed. W. B. Saunders, Philadelphia, Pa.

2. Carey, R. B., T. K. Eisenstein, G. D. Shockman, T. F. Greber, and R. M.
Swenson. 1980. Soluble group- and type-specific antigens from type III group
B Streptococcus. Infect. Immun. 28:195–203.

3. Collado, M. L., R. R. Kretschmer, I. Becker, A. Guzman, L. Gallardo, and
C. M. Lepe. 1981. Colonization of Mexican pregnant women with group B
Streptococcus. J. Infect. Dis. 143:134.

4. De Cueninck, B. J., G. D. Shockman, and R. M. Swenson. 1982. Group B,
type III streptococcal cell wall: composition and structural aspects revealed
through endo-N-acetylmuramidase-catalyzed hydrolysis. Infect. Immun. 35:
572–582.

5. Doran, T. I., D. C. Straus, and S. J. Mattingly. 1981. Factors influencing
release of type III antigens by group B streptococci. Infect. Immun. 31:615–
623.

6. Doran, T. I., and S. J. Mattingly. 1982. Association of type- and group-
specific antigens with the cell wall of serotype III by group B streptococcus.
Infect. Immun. 36:1115–1122.

7. Facklam, R. R., and J. A. Washington II. 1991. Streptococcus and related
catalase-negative gram-positive cocci, p. 238–257. In A. Balows, W. J. Haus-
ler, Jr., K. L. Herrmann, H. D. Isenberg, and H. J. Shadomy (ed.), Manual
of clinical microbiology, 5th ed. American Society for Microbiology, Wash-
ington, D.C.

8. Lancefield, R. C. 1934. A serological differentiation of specific types of
bovine hemolytic streptococci (group B). J. Exp. Med. 59:441–458.

9. Milligan, T. W., T. I. Doran, D. C. Straus, and S. J. Mattingly. 1978. Growth
and amino acid requirements of various strains of group B streptococci.
J. Clin. Microbiol. 7:28–33.

10. Schuchat, A., and J. D. Wenger. 1994. Epidemiology of group B streptococ-
cal disease: risk factors, prevention strategy, and vaccine development. Epi-
demiol. Rev. 16:374–402.

11. Schuchat, A., C. Whitney, and K. Zangwill. 1996. Prevention of perinatal
group B streptococcal disease: a public health perspective. Morbid. Mortal.
Weekly Rep. 45(RR-7):1–24.

12. Solorzano-Santos, F., G. Echaniz-Aviles, C. J. Conde-Glez, E. Calderon-
Jaimes, J. L. Arrendo-Garcia, and M. Beltran-Zuniga. 1989. Cervicovaginal
infection with group B streptococci among pregnant Mexican women. J. In-
fect. Dis. 159:1003–1004.

13. Solorzano-Santos, F., R. D. Diaz-Ramos, and J. L. Arrendo-Garcia. 1990.
Diseases caused by group B Streptococcus in Mexico. Pediatr. Infect. Dis. J.
9:66.

14. Walsh, J. A., and S. Hutchins. 1989. Group B streptococcal disease: its
importance in the developing world and prospect for prevention with vac-
cines. Pediatr. Infect. Dis. J. 8:271–277.

15. Warren, L., and R. S. Blacklow. 1962. The biosynthesis of cytidine 59-
monophosphate-N-acetylneuraminic acid by enzyme from Neisseria menin-
gitidis. J. Biol. Chem. 327:3527–3534.

16. Wessels, M. R., V. Pozsgay, D. L. Kasper, and H. J. Jennings. 1987. Structure
and immunochemistry of an oligosaccharide repeating unit of the capsular
polysaccharide of type III group B Streptococcus: a revised structure for the
type III group B streptococcal antigen. J. Biol. Chem. 262:8262–8267.

17. Wilkinson, H. W., R. R. Facklam, and E. C. Wortham. 1973. Distribution by
serological type of group B streptococci isolated from a variety of clinical
material over a five-year period (with special reference to neonatal sepsis
and meningitis). Infect. Immun. 8:228–235.

18. Yeung, M. K., and S. J. Mattingly. 1983. Isolation and characterization of
type III group B streptococcal mutants defective in biosynthesis of the
type-specific antigen. Infect. Immun. 42:141–151.

19. Yeung, M. K., and S. J. Mattingly. 1984. Biosynthetic capacity for type-
specific antigen synthesis determines the virulence of serotype III strains of
group B streptococci. Infect. Immun. 44:217–221.

20. Yeung, M. K., and S. J. Mattingly. 1986. Covalent linkage of the type- and
group-specific antigens to the peptide moiety of the peptidoglycan of sero-
type III group B Streptococcus. Curr. Microbiol. 14:205–211.

2926 PALACIOS ET AL. J. CLIN. MICROBIOL.


