
erm(B), erm(C), erm(T), mef(A), mrs(A), lnu(A), lnu(B), lsa(B), 
lsa(C) and vga(C)] mediante PCR y secuenciación y se demos-
tró la presencia de los genes lnu(B) y mef(A). Los laboratorios 
de microbiología clínica deben ser conscientes de este fenotipo 
raro en el cual se asocian dos mecanismos mediados por los 
genes lnu(B) and mef(A). En nuestro conocimiento, este es el 
primer caso de una cepa de S. agalactiae de humanos con el 
gen lnu(B) en Europa.

Palabras clave: nucleotidiltransferasa, resistencia a lincosamidas, resisten-
cia a macrólidos, resistencia a clindamicina, Streptococcus agalactiae.

INTRODUCTION

Group B Streptococcus (GBS, Streptococcus agalactiae) is a 
commensal microorganism of the gastrointestinal and genito-
urinary tracts. In some circumstances, it is able to cause inva-
sive infections in neonates, pregnant women, and non-preg-
nant adults with underlying medical conditions, such as di-
abetes mellitus, or immunosuppression1. The vaginal and/or 
rectal colonisation in pregnant women represents an impor-
tant risk factor to develop sepsis, pneumonia and meningitis 
in neonates. Penicillin G and ampicillin are the antibiotics of 
choice for intrapartum prophylaxis and treatment of invasive 
infections, while clindamycin is the recommended agent for 
patients who are allergic to beta-lactams2. However, although 
S. agalactiae remains almost always susceptible to penicillins, 
there is a significant and rising resistance to macrolides and 
lincosamides3.

Two major resistance mechanisms to macrolides and lin-
cosamides have been reported: alteration of the antibiotic 
target site and active drug efflux pump4. Ribosomal alteration 
is mediated by ribosomal methylases encoded by erm(B) and/
or erm(A) genes. The drug efflux pump by a membrane-bound 
protein is encoded by the mef(A) gene. Expression of erm(B) 
and/or erm(A) confer cross-resistance to all macrolides, lin-
cosamides, and streptogramins B (MLSB phenotype), and this 
mechanism of resistance can be expressed constitutively (MLS-
Bc) or inducibly (MLSBi), while expression of mef(A) confers  
resistance to 14- and 15-membered ring macrolides (M phe-
notype, erythromycin resistant but clindamycin susceptible).

ABSTRACT

We characterize the mechanisms implicated in an unusual 
phenotype of resistance to macrolides-lincosamides (no halos 
of inhibition around clindamycin and lincomycin discs, and 
a 15 mm halo around erythromycin disc) in a Streptococcus 
agalactiae isolate recovered in Spain. The presence of mac-
rolide or lincosamide resistance genes [erm(A), erm(B), erm(C), 
erm(T), mef(A), mrs(A), lnu(A), lnu(B), lsa(B), lsa(C) and vga(C)] 
was investigated by PCR and sequencing. The strain showed a 
resistant phenotype to erythromycin and clindamycin (MIC = 
2 mg/L and MIC = 8 mg/L, respectively) and the presence of 
lnu(B) and mef(A) genes was demonstrated. Clinical microbi-
ology laboratories should be aware of this unusual phenotype 
due to the association of two mechanisms mediated by lnu(B) 
and mef(A) genes. This constitute, to our knowledge, the first 
report of lnu(B) in S. agalactiae in human isolates in Europe. 

Key words: nucleotidyltransferase, lincosamide resistance, macrolide resis-
tance, clindamycin resistance, Streptococcus agalactiae.

Primer aislado clínico de Streptococcus grupo 
B con resistencia a clindamicina mediada por 
el gen lnu(B) en Europa 

RESUMEN

Caracterizamos los mecanismos implicados en un fenotipo 
muy raro de resistencia a macrólidos-lincosamidas (sin halo de 
inhibición en los discos de clindamicina y lincomicina, y con 
15 mm de halo en el disco de eritromicina; CMI de eritromici-
na = 2 mg/L y CMI de clindamicina = 8 mg/L) en una cepa 
clínica de Streptococcus agalactiae de España. Se investigaron 
los genes de resistencia a macrólidos y lincosamidas [erm(A),  
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A third unusual mechanism of resistance has been previously 
reported, mediated by lincosamide nucleotidyltransferases en-
coded by lnu genes, responsible for the enzymatic inactivation 
of lincosamides by a mechanism of adenylation 5-7. Inactivation 
of lincosamides mediated by lnu genes was firstly described 
in Enterococcus faecium HM1025 strain8. The L-phenotype 
(erythromycin susceptible but clindamycin resistant) mediated 
by lnu(B) expression has been recently described in S. agalac-
tiae in specific areas from Korea7, Latin-America5 and Canada6, 
while, to our knowledge, no cases have been previously report-
ed in strains from humans in Europe. 

The aim of this report is to describe the emergence in Eu-
rope of S. agalactiae harbouring the lnu(B) gene. 

MATERIAL AND METHODS

S. agalactiae isolate 12/30482 was recovered from a vag-
inorectal exudate of a pregnant woman in a Spanish hospital 
(Madrid, Spain) and tested for clindamycin and erythromycin 
susceptibility by using disc-diffusion and epsilon test meth-
ods. Minimal inhibitory concentrations of penicillin, cefotax-
ime, vancomycin, erythromycin, clindamycin, tetracycline, and  
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levofloxacin were determined by microdilution using WIDER 
system, being the results interpreted according to EUCAST9. 

DNA extraction of isolate 12/30482 was carried out by 
InstaGene Matrix (BioRad, Hercules, CA, USA). The presence 
of the genes erm(A), erm(B), erm(C), erm(T), mef(A), mrs(A), 
lnu(A), lnu(B), lsa(B), lsa(C), and vga(C) was analysed by PCR 
using primers and conditions previously described (table 1). 
Multilocus sequence typing (MLST) was performed by PCR/se-
quencing10, and molecular capsular typing was developed by 
multiplex-PCR11.

RESULTS

The S. agalactiae isolate 12/30482 was resistant to clin-
damycin and erythromycin by disc-diffusion. In order to study 
the resistant profile to macrolides and lincosamides, a triple 
disc diffusion assay with clindamycin-erythromycin-lincomy-
cin was developed. No halos of inhibition around clindamy-
cin and lincomycin discs were observed, while a 15 mm halo 
around erythromycin disc was visualized, indicating a pheno-
type different from the erm-mediated phenotypes (MLSBc or 
MLSBi) previously reported and suggesting that this strain had 

Table 1  Primers and conditions used for detection by PCR of the resistance genes in this study.  

Target Primer 5’→3’ Annealing temperature (ºC) Amplicon size (bp) Reference

erm(A) F: TCTAAAAAGCATGTAAAAGAA

R: CTTCGATAGTTTATTAATATTAG

52 645 14

erm(B) F: GAAAAGTACTCAACCAAATA

R: AGTAACGGTACTTAAATTGTTTA

52 639 14

erm(C) F: TCAAAACATAATATAGATAAA

R: GCTAATATTGTTTAAATCGTCAAT

52 642 14

erm(T) F: ATTGGTTCAGGGAAAGGTCA

R: GCTTGATAAAATTGGTTTTTGG

45 550 15

mef(A) F AGTATCATTAATCACTAGTGC

R TTCTTCTGGTACTAAAAGTGG

52 348 14

mrs(A) F: GCAAATGGTGTAGGTAAGACAACT

R: ATCATGTGATGTAAACAAAAT

55 399 16

lnu(A) F: GGTGGCTGGGGGGTAGATGTATTAACTGG

R: GCTTCTTTTGAAATACATGGTATTTTTCGATC

57 323 17

lnu(B) F: CCTACCTATTGTTTGTGGAA 

R: ATAACGTTACTCTCCTATTC

54 944 8

lsa(B) F: TGCCGAAGCCATGTACCGTCC

R: CGGTTAGACCAACCAGCCGAACG

55 396 18

lsa(C) F: GGCTATGTAAAACCTGTATTTG

R: ACTGACAATTTTTCTTCCGT

55 429 19

vga(C) F : CCGTATGCCCAGAGTGAGAT

R : TGCTTGGGAACAAGTCCTTC

58 671 15



a L-phenotype. MICs by WIDER system showed that this isolate 
was susceptible to penicillin (0.06 mg/L), cefotaxime (≤ 0.03 
mg/L), vancomycin (0.5 mg/L), but resistant to clindamycin (> 
1 mg/L), erythromycin (> 1 mg/L), tetracycline (> 4 mg/L) and 
levofloxacin (> 8 mg/L). MICs by the epsilon test were 2 mg/L 
for erythromycin and 8 mg/L for clindamycin.

The S. agalactiae isolate 12/30482 harboured the lnu(B) 
and mef(A) genes, being negative for the other resistance 
genes tested. In the case of lnu(B), 95% of the gene was se-
quenced and compared to GenBank accession no. AJ238249. 
Besides, this isolate was ascribed to the sequence type 19 
(ST19) and belonged to capsular type III.

DISCUSSION

Our study shows a new antibiotic resistance phenotype 
in GBS mediated by lnu(B) and mef(A) genes, which confers 
resistance to erythromycin (with halo of inhibition around the 
disc) and a clear resistance to lincosamides (clindamycin and 
lincomycin). The lnu(B) phenotype is identified for the first 
time in a human clinical isolate in Europe, since other cases 
have been recently published in other parts of the world5-7.

A recent study in Spain showed that in GBS (n=689) the 
rate of erythromycin and clindamycin resistance were 15.7 % 
and 15.8%, respectively, and that the MLSBc was the predom-
inant phenotype (75%)12. Interestingly, the uncommon eryth-
romycin-susceptible and clindamycin-resistant phenotype was 
found in four GBS, but lnu(B) gene was not detected by PCR 
suggesting that other genes could be involved in this resist-
ance phenotype.

In this case, we describe two mechanisms (lnu(B)- and 
mef(A)-mediated) in the same isolate. The presence of lnu(B) 
gene confers resistance to clindamycin, different from the 
constitutive and inducible erm-mediated phenotypes (MLSBc 
or MLSBi). Additionally, resistance to erythromycin was also 
observed, explained by the mef(A) gene expression which was 
also detected by PCR and sequencing. No other gene confer-
ring macrolide or lincosamide resistance was detected. The as-
sociation of lnu(B) and mef(A) suggest that these genes could 
be linked either physically or functionally in circulating S. aga-
lactiae strains. Previous reports have described mef(A) gene 
associated with the carrying element mega in several strains of 
S. agalactiae, while the single mef(A) subclass gene has been 
found to be associated with the genetic element Tn12076 sug-
gesting that transformation is the main mechanism through 
which this resistance gene is acquired13. To date, it is not 
known if the lnu(B) gene in S. agalactiae is also located on 
mobile genetic elements7.

On the other hand, it is important to take into account 
that this mechanism occurs in an isolate which belongs to 
a capsular type III (serotype III), consistent with a previous 
report in which the GBS strains harbouring lnu(B) gene be-
longed to this serotype7. This is an important conclusion due 
to the possible consequences regarding changes in molecular 
epidemiology and transmission.

In conclusion, the emergence of S. agalactiae harbour-
ing the lnu(B) gene in Europe is described for the first time. 
Nevertheless, more clinical isolates need to be detected and 
more studies need to be done to know how this mechanism is 
acquired, because S. agalactiae is a common commensal mi-
croorganism and could exchange genetic material with other 
bacteria of the human microbiota.
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