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Abstract

Group B Streptococcus (GBS) is the leading cause of neonatal infections. Our purpose was to charac-
terize GBS colonization in pregnant women, current serotypes, resistance phenotypes and genes
associated with virulence. In Misiones, Argentina, there are no previous data on this topic. Vaginal-
rectal swabs from 3125 pregnant women were studied between 2004 and 2010. GBS strains were
identified by conventional and serological methods (Phadebact Strep B Test, ETC International,
Bactus AB, Sweden). Serotypes were detected using Strep-B Latex (Statens Serum Institut, Den-
mark). Resistance phenotypes were determined by the double-disk test. Genes were studied by PCR.
Maternal colonization was 9.38%. Resistance to erythromycin was 11.6%, and the constitutive phe-
notype was the predominant one. Serotype Ia was the most frequent, whereas serotypes IV, VI, VII
and VIII were not detected. The lmb, bca and hylB genes were detected in more than 79% of the
strains. In this study, the colonization rate with GBS and the serotype distribution were compared
with studies reported in other areas of the country. The high resistance to erythromycin in Misiones
justifies performing antibiotic susceptibility testing. The serotype distribution, the genes encoding
putative virulence factors, and the patterns of resistance phenotypes of GBS may vary in different ar-
eas. They thus need to be evaluated in each place to devise strategies for prevention.
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Introduction

Although Streptococcus agalactiae or group B strep-
tococcus (GBS) is a normal commensal of the gastrointesti-
nal and genitourinary tracts, according to the Lancefield
classification, it is the leading cause of invasive diseases
and a well-recognized cause of mortality in human new-
borns.

Neonates can acquire GBS from their mothers
through aspiration of infected amniotic fluid or during the
passage through the birth canal.

The colonization of the female genital tract with GBS
is significantly associated with this infection and should be
carefully monitored.

In Argentina, the prevalence of GBS colonization
among pregnant women ranges from 1.4 to 18.15% (Garcia
et al., 2003; Larcher et al., 2005).

With the specific objective to prevent the early-onset
of GBS disease in the neonate, the Centers for Disease Con-
trol and Prevention (CDC) (Schrag et al., 2002) recom-
mended two strategies to identify mothers colonized with
GBS. The strategies consist in identifying important mater-
nal risk factors (previous infant who had invasive GBS dis-
ease, GBS bacteriuria during this pregnancy, delivery at
< 37 weeks’ gestation, itrapartum temperature � 38 °C,
membrane rupture � 18 hours) or carrying out routine cul-
tures of anogenital swabs obtained from pregnant women at
between 35 and 37 weeks of gestation.

If colonization is detected, an antibiotic prophylaxis
during delivery is recommended, since it may effectively
prevent transmission of GBS to the newborn. In most cases,
this prophylaxis results in a significant decrease in invasive
neonatal GBS infections (Brimil et al., 2006).
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In our country, the search for GBS in all pregnant
women with gestational age between weeks 35 and 37, who
either present or not risk factors, has been obligatory by
Law Nº 26369 for the entire nation since April 2008
(http//test.e-legis-ar.msal.gov.ar - 2008).

In GBS, one of the most important virulence factors is
the capsular polysaccharide. Thus far, ten capsular capsule
polysaccharide serotypes have been found: Ia, Ib, II, III, IV,
V, VI, VII, VIII and IX.

The serotype distribution varies with the geograph-
ical region and ethnic origin of pregnant women.

Several virulence factors have been identified and as-
sociated with the pathogenesis of GBS.

A feature of the GBS strains is that the majority of
genes associated with virulence encode proteins necessary
for host–bacterial cell interactions and bacterial pathoge-
nicity.

GBS surface proteins include �-C and �-C proteins,
Rib (resistance to proteases, immunity, group B) protein,
HylB protein and Lmb protein.

The �-C protein, encoded by the bca gene, is associ-
ated with epithelial cell adherence, whereas the �-C pro-
tein, encoded by the bac gene, is associated with epithelial
cell invasion and resistance to phagocyte clearance.

The Rib protein, encoded by the rib gene, shows ex-
tensive residue identity with the �-C protein and is ex-
pressed by most invasive GBS isolates (Lindahl et al.,
2005).

The HylB protein, encoded by the hylB gene, cleaves
hyaluronate chains, facilitating the spread of GBS through
host tissues, whereas the Lmb protein, encoded by lmb, me-
diates the adherence of GBS to human laminin.

GBS surface protein antigens and the genes encoding
these proteins are considered important for epidemiological
studies of GBS infections, and, some of them, as targets for
protective immunity (Areschoug et al., 1999).

The frequency of these proteins and the frequency of
the genes encoding them can vary according to the origin of
the sample, the characteristics of the population studied,
and the geographical location (Manning et al., 2006).

The purpose of this study was to determine the cur-
rent rate of colonization with GBS in pregnant women, the
serotype distribution, the resistance phenotypes and the
genes encoding putative virulence factors. In Misiones, Ar-
gentina, there are no previous data are available on this
topic.

Materials and Methods

GBS screening

A total of 3125 pregnant women between 35 and 37
weeks of gestation were enrolled in the study between 2004
and 2010. The vaginal-rectal swabs were collected without
speculum. The swabs were placed in Stuart transport media
(Ventura Transystem- Medica-Tec Argentina) and trans-

ported to the laboratory at room temperature for microbiol-
ogy analysis. Swabs were incubated in a selective Todd-
Hewitt broth containing colistin (10 �g/mL) and nalidixic
acid (15 �g/mL) (Laboratorios Britania-Argentina) for 18-
24 hours before subculture onto sheep blood agar plates
(Agar Columbia- Laboratorios Britania Argentina) for 18-
24 hours at 37 °C with 5% CO2. If GBS was not identified
after the incubation for 18-24 hours, the blood agar plates
were reincubated and examined at 48 hours to identify sus-
pected organisms.

GBS strains were identified by biochemical standard
methods. GBS identification was completed by group
B-specific latex agglutination (Phadebact Strep B Test-
ETC International-Bactus AB-Sweden).

Serotype and phenotype determination

A total of 112 GBS strains were randomly selected
and serotyped using a latex agglutination typing kit pro-
vided by Statens Serum Institut (Strep-B-Latex. Copenha-
gen S., Denmark) for the identification of the capsular
polysaccharide antigens Ia, Ib, II, III, IV, V, VI, VII, VIII
and IX, according to the manufacturer’s instructions.

A total of 112 strains erythromycin-resistant pheno-
types were determined by the double-disk diffusion method
with disks containing erythromycin (15 �g) and clinda-
mycin (2 �g) onto sheep blood agar plates (Agar Mueller
-Hinton – Biokar, Francia) for 18-24 hours at 37 °C with
5% CO2.

Different phenotypes of macrolide-lincosamide-
streptogramin B (MLSB) resistance were recognized in ac-
cordance with the description of Seppälä et al. (1993) and
CLSI recommendations (2010).

Inducible clindamycin resistance by erythromycin
was detected by a blunting of the clindamycin zone closest
to the erythromycin disk, giving the appearance of a “D”
(phenotype iMLSB).

Resistance to clindamycin (confirmed by the agar di-
lution method) with no blunting of the clindamycin inhibi-
tion zone indicated constitutive resistance (cMLSB).

The M phenotype was characterized by susceptibility
to clindamycin with no blunting of the inhibition zone
around the clindamycin disk.

Genotype determination

A total of 88 GBS strains were randomly selected for
genotypic determination.

DNA from overnight bacterial colonies was extracted
as previously described (Cariaga Martinez and Zapata,
2007; Sambrook and Rusell, 2001).

DNA fragments of the different genes were amplified
by polymerase chain reaction (PCR). PCR reactions were
cycled 30 times (94 °C for 30 s; 50 °C for 60 s; 72 °C for
60 s) with one final cycle at 72 °C for 2 min in a thermo-
cycler Multigene TM II (Labnet International Inc., USA).
The primers used in this study were: bac (5’-TGTAAAG
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GACGATAGTGTGAAGAC-3’) Gene Bank AB221536,
bca (5’-CAGGAAGGGGAAACAACAGTAC-3’) Gene
Bank M97256, rib (5’-CAGGAAGTGCTGTTACGTTA
AAC-3’) Gene Bank U58333, hylB (5’-TTATCATCCAG
CGCCTCCTAG-3’) Gene Bank Y15903 and lmb (5’-
GACGCAACACACGGCAT-3’) Gene Bank AF062533.
The primers were synthesized by Operon Molecules for
Life (USA).

Statistical analysis

GBS attack rates were estimated by EPI-INFO 6.5.
Data in relation to the presence or absence of genes

encoding putative virulence factors were compared by us-
ing the Fisher test. P values below 0.05 were considered
statistically significant.

Results

Colonization rate

Among the 3125 pregnant women enrolled in the
study, 293 (9.38%) were culture-positive for GBS.

Serotype and phenotype detection

Serotype Ia was the most common serotype among
the isolates, followed by III, V and II.

The overall serotype distribution of GBS was Ia
(40%), III (21%), V (12%), II (10%), Ib (9%) and IX (4%).

Four strains were designated as non-typeable.
Serotypes IV, VI, VII and VIII were not found in any

of the isolates studied in this work.
Among the 112 isolates, 1.8% were resistant to clin-

damycin and 11.6% were resistant to erythromycin.
Among the erythromycin-resistant isolates, nine displayed
the constitutive MLSB resistance phenotype, two ex-
pressed the inducible MLSB resistance phenotype, and two
the M resistance phenotype.

Six of the thirteen erythromycin-resistant strains be-
longed to serotype Ia, four to serotype III, two to serotype II
and one to serotype V.

Detection of the putative virulence factor genes by
PCR

PCR analysis revealed that 25 of 88 (28.4%) of the
strains simultaneously possessed the genes bca, bac, rib,
lmb and hylB.

Across the colonizing strains, the lmb (94.3%), bca

(88.6%) and hylB (79.5%) genes were present in most of
the isolates, followed by the rib gene (Table 1).

All except one (an isolate of serotype IX with the rib

gene) of the 88 GBS isolates possessed the five genes in dif-
ferent association.

Although all serotypes were distributed among the
genes detected in this study, some serotypes were signifi-
cantly encountered in a particular association: the bac gene
with serotype Ia (p = 0.04), bca+hylB with serotype V
(p = 0.02), rib+hylB and rib+bca+hylB+lmb with serotype
III, and rib+hylB and rib+bca+hylB+lmb with serotype IX
(p = 0.04).

Discussion

In this study, the prevalence of GBS colonization
among pregnant women in Misiones was of 9.38%.

A well-recognized reservoir site for GBS besides the
urogenital tract is the gastrointestinal tract. Specimens ob-
tained with swabs from the lower vagina and the anorrectal
area are recommended for GBS screening.

The detection of pregnant women carrying GBS al-
lows intrapartum administration of antibiotic prophylaxis
and effectively prevents transmission of bacteria to the
newborn.

In this study, all pregnant women colonized with
GBS received the intrapartum prophylaxis recommended.
All children were born alive and free of infection by GBS.

Our prevalence data are lower than those obtained in
previous studies from Argentina like that by García et al.

(2003), (18.5%) but higher than those reported by Larcher
et al. (2005).
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Table 1 - Frequencies of occurrence of genotypic traits within serotypes of 88 GBS strains.

Serotypes Nº of strains Genes

rib bac bca hylB lmb

Nº % Nº % Nº % Nº % Nº %

Ia 32 23 71.9 21 65.6 28 87.5 24 75 31 96.9

Ib 10 6 60 7 70 7 70 10 100 9 90

II 10 8 80 4 40 10 100 8 80 10 100

III 17 15 88.2 6 35.3 15 88.2 15 88.2 16 94.1

V 11 9 81.8 3 27.3 11 100 11 100 10 90.9

IX 4 2 50 3 75 3 75 2 50 3 75

NT 4 4 100 2 50 4 100 0 0 4 100

Total 88 67 76.1 46 52.3 78 88.6 70 79.5 83 94.3



Several studies of countries bordering Argentina have
reported similar colonization rates: Chile, 19.8% (Abarzua
et al., 2002); Uruguay, 17.3% (Laufer et al., 2009) and
Brazil, 14.6% (Simões et al., 2007).

In the USA, Regan et al. (1996) detected colonization
rates between 15-20%, whereas in Europe, studies report
colonization rates between 6.5 and 36% (Barcaite et al.,
2008).

The prevalence of GBS colonization in the vagina
and/or rectum among pregnant women can vary among eth-
nic groups, geographical locations, and the laboratory pro-
cedures carried out on the samples (Ramos et al., 2009;
Simões et al., 2007).

In this study, serotype Ia was the most common sero-
type among the isolates, followed by serotypes III, V and II.

These data are in accordance with studies from Ar-
gentina from GBS isolated of invasive infections (Lopardo
et al., 2003; Pérez et al., 2004) as well as with other studies
from the USA and Europe (Brimil et al., 2006).

Other authors, such as Simoes et al. (2007), reporting
GBS colonization rates, have highlighted the prevalence of
serotype Ib, followed by serotypes II and Ia. Serotype III
comprised only 4.3% among pregnant women.

In Mexico, Gonzalez et al. (2002) studied 101 GBS
strains isolated from the genital tract of pregnant women
and informed that serotype I (61.4%) was the most common
serotype.

In the present study, serotypes IV, VI, VII and VIII
were not detected. These data can be compared with those
obtained by Hickman et al. (1999).

We highlight the presence of serotype IX (in our
country not yet reported at the time of this work).

Penicillin is the drug of choice for prophylaxis and
treatment of GBS disease, and so far, resistance to this
agent has not been reported.

Erythromycin or clindamycin are recommended al-
ternatives for intrapartum antibiotic prophylaxis in penicil-
lin–allergic GBS carriers.

However, recent reports of the increasing incidence
of macrolide and clindamycin resistance in different coun-
tries have raised concerns about the possibility of inade-
quate prophylaxis or treatment with these antibiotics as
alternative agents in patients allergic to penicillin.

Since 1995, resistance to macrolides and lincosa-
mides has risen in the USA, where resistance values to
erythromycin vary from 7 to 21% and to clindamycin from
3 to 15%. However, in Europe, there are few data concern-
ing this important increase in resistance to macrolides and
lincosamide. In a study with strains obtained in Spain
(Betriu et al., 2003), a high percentage of resistance to
macrolides and lincosamides, similar to that reported in the
USA, was found

Two resistance mechanisms have been described:
modification by methylation of the antibiotic target, the ri-

bosome, and the active efflux of the antibiotic across the
membrane.

The most frequently encountered macrolide resis-
tance mechanism in streptococci is target site modification
by a methylase encoded by the erm gene, which leads to the
inducible or constitutive expression of resistance pheno-
types (iMLSB and cMLSB respectively).

The drug efflux by a membrane-bound protein en-
coded by a mef gene confers resistance to 14 and 15 mem-
bered macrolides (M phenotype).

In this study we report the prevalence and mecha-
nisms of macrolide-lincosamide resistance in 112 GBS iso-
lates. Thirteen (11.6%) of the isolates were resistant to
erythromycin and 2 (1.8%) to clindamycin.

This rate can be compared with data published by our
study group (Pegels et al., 2008; Quiroga et al., 2008) from
GBS colonizing strains and with data from a Spanish multi-
center study (Gonzalez and Andreu, 2004) from GBS colo-
nizing strains and strains isolates from newborns diagnosed
with early-onset disease. However, the rate was higher than
those reported in Argentina by García et al. (2003), 2.1%
from GBS colonizing strains; Lopardo et al. (2003), 5.2%
from invasive isolates; Mollerach et al. (2007), 2.4% from
invasive and colonizing isolates; Perez et al. (2004), 6%
from isolates from infectious processes and Simoes et al.

(2007) in Brazil, and lower than rates reported in Spain
(Betriu et al., 2003) and in Taiwan by Hsueh et al. (2001),
(46%).

These differences may be explained by the different
policies in the use of antimicrobials in different regions.

All nine erythromycin-resistant isolates of GBS pre-
sented the cMLSB phenotype, which indicates concomitant
constitutive resistance to clindamycin. This result can be
compared with data published by Lopardo et al. (2003) and
Pérez et al. (2004).

The data of the iMLSB phenotype isolates and the risk
that such organisms may become resistant to clindamycin
suggest that laboratories should consider using the D test on
GBS strains who are resistant to erythromycin but suscepti-
ble to clindamycin.

The identification of resistant strains in this study
suggests that these agents should be used with caution in
the prophylaxis or treatment of GBS infection and that peri-
odic surveillance is, therefore, necessary to prompt the
appropriate therapeutic choices in patients allergic to �-lac-
tam agents.

Our data show that six of the thirteen erythromy-
cin-resistant strains belonged to serotype Ia, four to sero-
type III, two to serotype II and one to serotype V.

Different studies have shown that serotype V is asso-
ciated with erythromycin resistance and that this serotype
has emerged as a cause of human disease with high propen-
sity to acquire macrolide resistance and spread. In our
study, only one serotype V strain possessed erythromycin
resistance.
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In the present study, 88 randomly selected GBS
strains were screened for five genes using PCR amplifica-
tion to assess whether there was any association between
the presence or absence of genes encoding putative viru-
lence factors and serotypes.

A total of 28.4% of the strains simultaneously pos-
sessed the genes bca, bac, rib, lmb and hylB.

The statistically significant associations were:
bca+hylB -serotype V (p = 0.02), rib+hylB and
rib+bca+hylB+lmb -serotype III, and rib+hylB and
rib+bca+hylB+lmb -serotype IX (p = 0.04).

Similarly to that reported by Persson et al. (2008), in
this study the genes had a heterogeneous distribution.

It has been reported that the bac, bca and rib genes are
likely to vary over time and in different populations and
geographic locations or in the capsular serotype distribu-
tion of the GBS strains. These genes trigger antibody pro-
duction in animal models (Manning et al., 2006; Persson et

al., 2008).
In this study, the genes bac, bca and rib were found at

a higher frequency than in other studies from the USA
(Manning et al., 2006) and Sweden (Persson et al., 2008):
52.3% for bac, 88.6% for bca and 76.1% for rib compared
with 20% and 12% for bac, 29% and 14% for bca, and 28%
and 43% for rib in the USA and Sweden respectively.

Our study showed the presence of the lmb (94.3%)
and hylB (79.5%) genes, thus confirming their presence in
most human isolates (Al Safadi et al., 2010).

In previous studies (unpublished data), we did not
find the bca or rib genes significantly more frequently in in-
vasive vs. colonizing GBS strains and only bac occurred
slightly more frequently among invasive vs. colonizing iso-
lates (p < 0.07).It is possible that the encoded proteins are
differentially expressed and thus, that differences in patho-
genicity could be attributable to differences in gene expres-
sion.

In agreement with that found in other works (Duarte
et al., 2005), bac was never found alone, but only in combi-
nation with other genes. Indeed, we found that not all the
combinations of genes included bac as described by Pers-
son et al. (2008).

Overall, we concluded that a more extensive analysis
of these genes, including their relationship with the capsu-
lar serotype, is needed to contribute with epidemiological
data for the development of a GBS vaccine suitable for use
in our geographical area.

Our data differ from those obtained by other authors
(Manning et al., 2006; Persson et al., 2008) because we did
not find an association between a certain serotype and cer-
tain gene. None of these associations was statistically sig-
nificant, except one (bac gene –serotype Ia (p = 0.04).

Indeed, we found that not all the combinations of
genes included bac as described by Persson et al. (2008).

This study is the first approach with the aim to con-
tribute to a better understanding of the distribution of viru-

lence-related genes among GBS isolates from Misiones,
Argentina.

The high resistance to erythromycin in Misiones jus-
tifies performing antibiotic susceptibility testing.

Up to day the efforts are concentrated on the develop-
ment of a multivalent conjugate vaccine composed of sero-
types Ia, Ib, II, III, V and a protein component (Brimil et al.,
2006).

In view of our data, such vaccine will cover the cur-
rent epidemiological situation in our region.

Our study is the first in Misiones to correlate the dis-
tribution of macrolide and clindamycin resistance as well
as the frequencies of the genetic determinants encoding for
surface proteins potentially associated with virulence
among the different serotypes of GBS.

The knowledge of the most prevalent phenotypes in
our geographical area is essential to surveillance and appro-
priate procedures for the control and prevention of the in-
fection.
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