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Antimicrobial resistance profiles and genetic characterisation
of macrolide resistant isolates of Streptococcus agalactiae
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In this study, 100 clinical isolates of Streptococcus agalactiae recovered from genitourinary tract specimens of
non-pregnant individuals living in Rio de Janeiro were submitted for antimicrobial susceptibility testing, detec-
tion of macrolide resistance genes and evaluation of the genetic diversity of erythromycin-resistant isolates. By
agar diffusion method, all isolates were susceptible to ceftazidime, penicillin and vancomycin. Isolates were resis-
tant to levofloxacin (1%), clindamycin (5%), erythromycin (11%) and tetracycline (83%) and were intermediated to
erythromycin (4%) and tetracycline (6%). Erythromycin-resistant and intermediated isolates presented the follow-
ing phenotypes: M (n = 3), constitutive macrolide-lincosamide-streptogramin B (MLS,, n = 5) and inductive MLS,
(n = 7). Determinants of macrolide resistance genes, erm and mef, were detected in isolates presenting MLS, and
M phenotypes, respectively. Randomly amplified polymorphic DNA profiles of erythromycin-resistant isolates were

clustered into two major groups of similarity.
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Streptococcus agalactiae [B-haemolytic group B
streptococci (GBS)] is a component of human intestinal
and genitourinary microflora. This species is frequently
related to illness in newborns, causing life-threatening
diseases such as meningitis and bacteremia and is as-
sociated with complications during pregnancy and the
post-partum period. GBS colonisation of the maternal
genital tract has been considered the most important
risk factor for neonatal disease development (Schuchat
& Wenger 1994). GBS is also responsible for infections
in older infants and non-pregnant adults, especially the
elderly or those with any underlying medical conditions.
Clinical manifestations include urinary tract infections,
skin or soft tissue infections, osteomyelitis and bacter-
emia (Sendi et al. 2008). Points of concern include the
increasing frequency of infections outside the perinatal
period and a higher proportion of mortality in adults
compared to the neonatal group (Phares et al. 2008).

GBS has been continuously susceptible to penicillin
and other B-lactams. However, resistance to antimicro-
bials used as alternative therapy, especially macrolides,
lincosamides and fluoroquinolones has been document-
ed in different countries (Duarte et al. 2005, Tazi et al.
2008, Pinheiro et al. 2009). One of the most common
macrolide resistance mechanisms in streptococci is ri-
bosomal modification by methylases, which are encoded
by the erm genes. These enzymes also confer inducible
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or constitutive resistance to lincosamides and strepto-
gramin B, which characterises macrolide-lincosamide-
streptogramin B (MLS ) phenotypes. Another common
mechanism is drug efflux by a membrane-bound protein
encoded by the mef gene, which is associated with the M
phenotype (de Azavedo et al. 2001). Resistance to fluo-
roquinolones in GBS was first described in 2003 and is
associated with point mutations in gyr4 and parC genes
(Kawamura et al. 2003).

Despite the clinical impact of GBS infections and
increasing resistance rates to some antimicrobials,
there are a limited number of studies reporting antimi-
crobial resistance profiles among GBS strains circulat-
ing in Brazil, even from asymptomatic colonisation or
clinical infection. In this study, 100 strains of S. agalac-
tiae, isolated from genitourinary tract specimens from
non-pregnant individuals during January 2008-August
2009 in the metropolitan area of Rio de Janeiro, were
tested for antimicrobial susceptibility and the presence
of macrolide resistance genes. The genetic diversity
of erythromycin resistant isolates was evaluated using
randomly amplified polymorphic-polymerase chain re-
action (RAPD-PCR).

SUBJECTS, MATERIALS AND METHODS

Strains - One hundred S. agalactiae isolates from
genitourinary tract specimens processed in a clinical
laboratory in the metropolitan area of Rio de Janeiro dur-
ing January 2008-August 2009 were included this study.
The specimens [vaginal secretions (n = 49), urine (n =
30), sperm (n = 17) and other secretions (n = 4)] were ob-
tained from non-pregnant individuals (73 females and 27
males, with ages ranging from 6-79 years). Conventional
tests (detection of CAMP factor, hippurate hydrolysis and
streptococcal serogrouping) were used to confirm species
identification, as previously described (Ruoff et al. 1999).
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Antimicrobial susceptibility testing - All isolates were
submitted to susceptibility tests to ceftriaxone (30 pg),
clindamycin (2 pg), erythromycin (15 pg), levofloxacin
(5 ng), penicillin (10 U), tetracycline (30 pg) and van-
comycin (30 pg) (Cecon, Sdo Paulo) by agar diffusion
method, according to CLSI (2009b, c). Azithromycin (15
ug) and ciprofloxacin (5 pg) disks were tested on eryth-
romycin and levofloxacin-resistant isolates, respectively.
Macrolide resistance phenotypes were detected by dou-
ble-disk test with erythromycin (15 pg) and clindamycin
(2 pg) disks. Erythromycin and levofloxacin minimal
inhibitory concentration (MIC) determination was per-
formed on resistant isolates using agar dilution (CLSI
2009a, c) and E-test methods, respectively.

Detection of erythromycin resistance genes - PCR
was used to detect ermA, ermB and mefA/E genes in
erythromycin-resistant isolates. The DNA template was
prepared as described by Beall et al. (1996), except for
the fact that hyaluronidase solution was not used. PCR
reagents, agarose and DNA marker were obtained from
Fermentas (Burlington, ON, Canada). Primers were de-
scribed elsewhere (Pérez-Trallero et al. 2007). The reac-
tion mixtures, in final volumes of 30 uL, contained Mg-
CL,(2 mM), dNTPs (0.2 mM each), primers (I uM each),
Taq DNA polymerase (1 U), reaction buffer (10 mM),
and 3 pL of DNA template. Cycling was performed in
the GeneAmp 9700 Thermocycler (Applied Biosystems,
Foster City, CA, USA), as follows: initial denaturation at
94°C for 3 min, followed by 35 cycles of denaturation at
94°C for 1 min, annealing at 50°C for 1 min and elonga-
tion at 72°C for 1 min. A final extension step was carried
out at 72°C for 5 min. PCR products were resolved on
1.2% agarose gels.

RAPD-PCR - DNA polymorphisms of all macrolide
resistant and 10 susceptible isolates were obtained by
RAPD-PCR using primer 1254 (5-CCGCAGCCAA-3’).
Reaction mixtures and PCR conditions were the same
used to investigate erythromycin resistance genes, ex-
cept the temperature of the annealing step was changed
to 37°C. PCR products were resolved on 1.2% agarose
gels. RAPD profiles were analysed using the Molecular
Analyst Fingerprint Plus software package v1.12 (Bio-
Rad, Hercules, CA, USA).

RESULTS

All isolates hydrolysed sodium hippurate and CAMP
factor was detected in 98% of isolates. CAMP-negative
isolates agglutinated with streptococcal group B antise-
rum. By disk diffusion method, all isolates were suscep-
tible to ceftriaxone, penicillin and vancomycin. Isolates
were resistant to tetracycline (83%), erythromycin (11%),
clindamycin (5%) and levofloxacin (1%) and intermedi-
ate to tetracycline (6%) and erythromycin (4%). Levo-
floxacin resistance in a unique isolate was confirmed by
MIC determination (> 32 pg/mL). This isolate was also
resistant to ciprofloxacin by disk diffusion.

Erythromycin resistant and intermediate isolates
were also resistant to azithromycin and tetracycline and
presented the following phenotypes: inducible MLS,
(iMLS,) (n = 7), constitutive MLS, (cMLS}) (n = 5) and

M (n = 3). Erythromycin MIC values varied from 0.5
to >256 pg/mL. Higher MIC values were observed in
cMLS, isolates. Three isolates, intermediate by disk dif-
fusion, were considered resistant by agar dilution meth-
od. Considering that the MIC determination is the stan-
dard method for susceptibility testing, the overall rate of
erythromycin resistance was 14%.

Investigation of macrolide resistance genes generat-
ed PCR products typical of ermA (375 bp), ermB (442 bp)
or mefA/E (345 bp) in 14 isolates. The mef4A/E gene was
detected in all M phenotype isolates and in one isolate
that presented an iMLS , phenotype. The ermA gene was
detected in all isolates that presented iMLS, and cMLS
phenotypes, while ermB was detected in only one iMLS
isolate. Two iMLS, isolates harboured a combination of
genes (ermA + ermB and ermA + mefA/E). None of the
investigated genes were detected in one isolate exhib-
iting cMLS, phenotype. Despite the failure to amplify
erm or mef genes, an amplicon compatible to the 16S
DNA gene was obtained in a PCR performed to check
the quality of reagents and DNA template of this isolate
(data not shown). Phenotypic and genotypic characteris-
tics of macrolide resistant isolates are shown in Table.

All erythromycin-resistant or intermediate and 10
representative erythromycin-susceptible isolates, includ-
ing a unique levofloxacin-resistant isolate, were submit-
ted to evaluation of genetic relatedness by RAPD-PCR.
A variety of reproducible profiles, comprising up to eight
bands, were generated. By computer-assisted analysis,
isolates were clustered in two major groups, with dif-
ferent levels of similarity in each one. The relationships
among RAPD profiles are represented in Figure.

DISCUSSION

Resistance to erythromycin, clindamycin and tetra-
cycline was observed among the studied isolates. GBS
resistance rates to such antimicrobials have varied ac-
cording to the area and period evaluated, as shown in
studies conducted in different countries (de Azavedo
et al. 2001, Alhambra et al. 2004, Pinheiro et al. 2009,
Ulett et al. 2009). In Brazil, most of the available data
about GBS antimicrobial susceptibility was obtained
from studies performed in Rio de Janeiro (d’Oliveira
et al. 2003, Borger et al. 2005, Duarte et al. 2005). In
this study, tetracycline and clindamycin resistance rates
were very similar to those observed in previous studies
conducted in the same area.

A point of concern is the finding of a levofloxacin-
resistant isolate. GBS highly resistant to fluoroquinolo-
nes was first described in Japan in 2003 (Kawamura et
al. 2003) and, since then, it has been reported in other
countries (Mir6 et al. 2006, Tazi et al. 2008). To our
knowledge, this report is the first of fluoroquinolone re-
sistance among GBS circulating in Brazil.

Regarding resistance to erythromycin, the alternative
therapy to penicillin allergic patients, results obtained in
this study far exceeded the rates previously observed in
the same geographical area. Considering the period in
which each study was performed, it is possible to con-
clude that resistance to erythromycin in the metropolitan
area of Rio de Janeiro has risen from 5.4% (d’Oliveira
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TABLE
Distribution of phenotypic and genotypic characteristics of macrolide resistant isolates
Erythromycin resistance genes

Strain Disk diffusion Agar dilution

number (I/R) [MIC (pg/mL)/interpretation] Phenotypes ermA ermB mefA/E
190 R >256/R cMLS, - - -
196 I 0,5/1 iMLS,, + - -
200 R 2/R M - - +
206 R >256/R cMLS, + - -
208 R >256/R cMLS, + - -
210 R 2/R iMLS, + - -
212 R 2/R iMLS,, + - -
225 R 2/R iMLS, + - -
242 R >256/R cMLS, + - -
277 I 2/R M - - +
304 R 4/R iMLS, + + -
309 R 16/R cMLS, + - -
316 R 2/R M - - +
380 I 2/R iMLS, + - +
414 I 8/R iMLS, + - -

cMLS: constitutive macrolide, lincosamide, streptogramin B phenotype; erm: erythromycin ribosome methylation; I: inter-
mediate; iMLS,: inducible macrolide, lincosamide, streptogramin B phenotype; M: M phenotype; mef: macrolide efflux; MIC:

minimun inhibitory concentration; R: resistant.
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Dendrogram and band patterns resulting from computer assisted
analysis of randomly amplified polymorphic DNA profiles of eryth-
romycin resistant and susceptible isolates.

et al. 2003) to 9.4% (Borger et al. 2005) to 14%, as ob-
served in this study. Although there is no available data
on macrolide consumption in this area, it is well docu-
mented that, for related species, resistance to this antimi-
crobial is directly linked to its use (Seppila et al. 1997).
Agar dilution and disk diffusion methods yielded con-
cordant results to all isolates except for three that were
intermediate by disk diffusion and resistant by agar di-
lution. Such discrepancies when testing erythromycin
were previously reported in GBS isolates (d’Oliveira et
al. 2003). Macrolide resistance phenotypes were well
correlated with genotypes, except for one isolate that ex-
hibited a cMLS, phenotype and did not harbour any of
the investigated genes. The failure to detect erm and mef
genes in cMLS, phenotype isolates has been described

elsewhere (Pinheiro et al. 2009). Combination of genetic
determinants ermA + ermB in isolates that expressed
an iMLS, phenotype has been described in different ar-
eas, including Brazil (Duarte et al. 2005, Pinheiro et al.
2009). However, combination of ermA + mefA/E genes
in an iMLS phenotype had never been described in
erythromycin-resistant isolates circulating in Brazil.
RAPD-PCR is a technique that evaluates overall
DNA polymorphisms using random oligonucleotides
and has been applied to evaluate genetic diversity of
GBS (Duarte et al. 2004, Hannoun et al. 2009). RAPD
profiles obtained from erythromycin-resistant isolates
generated a dendrogram with two major clusters, with
different levels of similarity in each one. A few clusters
that comprised isolates with significant genetic variabil-
ity were also observed in a study by Duarte et al. (2004),
which applied RAPD-PCR and pulsed field gel elec-
trophoresis (PFGE) to type bovine GBS. The observed
variability may reflect multiclonal spread of genetic
determinants of resistance, instead of dissemination of
a few clones. According to the authors, although PFGE
has been considered the gold standard technique to type
many bacterial species, isolates were clustered in a very
similar way by both methodologies, reflecting the reli-
ability of RAPD-PCR as an alternative typing system
for GBS. Additionally, resistant and susceptible eryth-
romycin isolates were clustered together in each major
group. Similar results were reported in a recent study
that used RAPD-PCR to evaluate genetic relatedness of
GBS submitted for antimicrobial susceptibility testing
(Hannoun et al. 2009). These results suggest that RAPD
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methodology, despite its limitations as an approach to
evaluate genetic relatedness, was sufficiently reliable
to exclude the presence of a single clonal group among
erythromycin resistant isolates.

In conclusion, this study highlights the erythromycin
resistance rate, novel combinations of macrolide resis-
tance genetic determinants and the occurrence of levo-
floxacin resistance among S. agalactiae circulating in
Rio de Janeiro. Knowledge of current antimicrobial sus-
ceptibility profiles and genetic characteristics of GBS
in different geographic areas is essential to the develop-
ment of strategies that focus on the prevention and treat-
ment of streptococcal infections.
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