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We characterised Lancefield group B streptococcal 
(GBS) isolates causing invasive disease among non-
pregnant adults in Portugal between 2009 and 2015. 
All isolates (n = 555) were serotyped, assigned to 
clonal complexes (CCs) by multilocus sequence typing 
and characterised by surface protein and pilus island 
gene profiling. Antimicrobial susceptibility was tested 
by disk diffusion and resistance genotypes identified 
by PCR. Overall, serotype Ia was most frequent in the 
population (31%), followed by serotypes Ib (24%) and 
V (18%). Serotype Ib increased significantly through-
out the study period (p < 0.001) to become the most fre-
quent serotype after 2013. More than 40% of isolates 
clustered in the CC1/alp3/PI-1+PI-2a genetic lineage, 
including most isolates of serotypes Ib (n = 110) and 
V (n = 65). Erythromycin and clindamycin resistance 
rates were 35% and 34%, respectively, both increas-
ing from 2009 to 2015 (p < 0.010) and associated with 
CC1 and serotype Ib (p < 0.001). The Ib/CC1 lineage 
probably resulted from acquisition of the type Ib cap-
sular operon in a single recombination event by a rep-
resentative of the V/CC1 macrolide-resistant lineage. 
Expansion of the new serotype Ib/CC1 lineage resulted 
in increased macrolide resistance in GBS, causing 
invasive disease among adults in Portugal. The pres-
ence of this clone elsewhere may predict more wide-
spread increase in resistance.

Introduction
Streptococcus agalactiae, or Lancefield group B strep-
tococci (GBS), are recognised as part of the human 
microbiota and a leading cause of neonatal infections 
[1]. In the past decades, it has grown in importance 
as a causative agent of invasive disease among non-
pregnant adults worldwide [2-4]. Ageing of the human 
population and underlying medical conditions such as 

diabetes mellitus are likely to be contributing to the 
increasing number and severity of GBS infections in 
adults [2]. GBS disease may range from mild urinary 
tract infections to more severe conditions such as skin 
and soft tissue infections or potentially life-threatening 
syndromes such as bacteraemia without a focus, endo-
carditis and meningitis [2].

The first line antibiotic for prophylaxis and treatment 
of GBS disease is penicillin, to which GBS are con-
sidered universally susceptible. However, cases of 
reduced penicillin susceptibility associated with muta-
tions in the penicillin-binding proteins (PBPs) have 
been described [5], raising concern about emergence 
of beta-lactam resistance, but the clinical significance 
of these findings is still poorly defined. Clindamycin 
is a suitable alternative for therapy of GBS infections 
in patients allergic to penicillin. However, in the past 
decade, significant increases in macrolide and lincosa-
mide resistance rates in both neonatal and adult inva-
sive infections were reported worldwide [3,4,6]. The 
emergence and dissemination of resistant clones may 
reflect the impact of long-term use of antibiotics as 
intrapartum prophylaxis to prevent GBS neonatal dis-
ease, as well as of the high doses and extended treat-
ment courses for older individuals.

The capsular polysaccharide (CPS) is a major viru-
lence factor and a target of the GBS vaccines currently 
under development [7]. To date, 10 capsular serotypes 
have been identified (Ia, Ib, and II–IX); their preva-
lence is known to vary both temporally and geographi-
cally. Sequence-based methods such as multilocus 
sequence typing (MLST) are now broadly used to fur-
ther discriminate GBS isolates into genetic lineages 
that have been shown to differ in disease potential and 
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tropism [8]. Nevertheless, GBS infections are mostly 
caused by a limited number of genetic lineages and 
serotypes. Particular serotype/genotype combina-
tions were identified as leading causes of invasive GBS 
disease worldwide, namely the serotype III hyperviru-
lent lineage among neonates, represented by clonal 
complex (CC) 17 [9]. Among adults, serotype V, mostly 
belonging to CC1 and expressing macrolide resistance, 
has been associated with invasive disease in Europe 
and the United States (US) [2,10] but more recently, 
other serotypes have gained relevance in this context. 
Serotype III was reported as the most frequent among 
invasive disease cases in adults in Norway [10], France 
[11] and Canada [12]. In contrast, in England and Wales 
[3] and in a previous study in Portugal [13], serotype 
Ia was dominant, demonstrating that there may be dif-
ferences in the prevalence of serotypes between dif-
ferent countries. Despite the clonality observed within 
GBS populations causing invasive disease, increasing 
diversity within these homogenous genetic lineages 
reveals some extent of serotype exchange. While the 
driving forces behind capsular switching are not clear, 
a future introduction of CPS-based vaccines may exert 
further pressure driving the emergence of non-vaccine 
serotypes, highlighting the importance of continued 
surveillance.

We undertook this study to document potential changes 
in clonal composition and antimicrobial susceptibility 
of adult GBS invasive disease in Portugal.

Methods 

Bacterial isolates and serotyping
From 2009 to 2015, microbiology laboratories in 24 
Portuguese hospitals were asked to submit to a central 
laboratory isolates responsible for GBS invasive infec-
tion in non-pregnant adults (≥ 18 years-old). Whenever 
isolates of the same patient were available from more 
than one normally sterile sample, only the first isolate 
was included in this study.

While our network comprised most of the hospital 
microbiology laboratories in Portugal, this study was 
based on voluntary reporting and is therefore not 
population-based. Also, no audits to monitor compli-
ance of the reporting laboratories were performed, so 
it is possible that not all cases of laboratory-confirmed 
invasive GBS disease occurring within our surveillance 
network were reported.

Capsular serotyping (Ia, Ib, II-IX) was done by the slide 
agglutination IMMULEX STREP-B Kit (Statens Serum 
Institute, Copenhagen, Denmark).

Antimicrobial susceptibility testing and 
macrolide resistance phenotype
Susceptibility testing was performed by disc diffusion 
according to the Clinical and Laboratory Standards 
Institute (CLSI) methods and interpretation criteria 
[14]. All isolates were tested for susceptibility to: peni-
cillin G, erythromycin, clindamycin, vancomycin, chlo-
ramphenicol, levofloxacin, gentamicin, streptomycin 
and tetracycline. A disk diffusion screening test for 
high-level aminoglycoside resistance (HLAR) was also 
performed according to the CLSI methods and interpre-
tative criteria for Enterococcus species [14].

Macrolide resistance phenotypes were determined by 
a double-disk test according to CLSI guidelines [14]. 
Isolates were classified as expressing the M pheno-
type when they were resistant to macrolides only, or 
to the MLS

B
 phenotype when showing cross-resistance 

to macrolides and lincosamides, either constitutive 
(cMLS

B
) or inducible (iMLS

B
).

Genotyping
Total bacterial DNA was isolated by treatment of the 
cells with mutanolysin and boiling. Among macrolide-
resistant isolates, the presence of the  erm(B),  erm(A) 
(erm(TR) subclass), erm(T), and mef  (mef(A) or mef(E)) 

Figure 1

Number of group B streptococcal invasive infections, 
Portugal (24 hospitals), 2009–2015 (n = 555)
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Figure 2

Serotype distribution of group B streptococcal isolates, 
Portugal (24 hospitals), 2009–2015 (n = 555)
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genes was detected by multiplex PCR as previously 
described [15]. The presence of lincosamide resistance 
genes lsa(C) and lnu(B) was also tested by PCR [15].

Tetracycline-resistant isolates were screened for 
the presence of the  tet(K),  tet(L),  tet(M), and  tet(O) 
genes [15]. Among aminoglycoside resistant isolates, 
the presence of high-level resistance (HLR) determi-
nants  aac(6’)-aph(2”),  aph(2”)-Ib,  aph(2”)-Ic,  aph(2”)-
Id,  aph(3’)-III,  ant(4’)-Ia  and  ant(6)-Ia  was tested by 
PCR [16,17].

MLST was performed as previously described [8] 
and allele numbers and sequence types (STs) were 
assigned by using the  S. agalactiae  MLST database 
(http://pubmlst.org/sagalactiae). Alleles and STs not 
previously described were deposited in the  S. aga-
lactiae  MLST database. The goeBURST algorithm 
implemented in PHYLOViZ software [18] was used to 
establish relationships between STs. CCs were defined 
at the single-locus-variant (SLV) level.

The presence of GBS alpha (bca) and alpha-like 
(eps,  rib,  alp2,  alp3, and  alp4) surface protein genes 
[19,20] and of the pilus islands PI-1, PI-2a, and PI-2b 
[20] was evaluated by multiplex PCR.

Typing analysis and statistics
Simpson’s index of diversity (SID) and 95% confidence 
intervals (CI) were calculated to evaluate diversity [21].
Differences and associations were evaluated by Fisher’s 
exact test with the false discovery rate (FDR) correc-
tion for multiple testing [22]. The Cochran–Armitage 
test (CA) was used for trends. A p value ≤ 0.05 was con-
sidered significant for all tests. Information about the 
Portuguese population in the study period (2009–15) 
was obtained from Statistics Portugal [23].

High-throughput sequencing
Two GBS isolates, representing ST1 serotype V 
(SH4916 isolate, SRR5575010) and Ib (SH5446 isolate, 
SRR5575009) were sequenced using the MiSeq system 
(Illumina, San Diego, US) and analysed by both map-
ping and de novo assembly approaches. The draft 
genomes and detailed methods can be found at http://
dx.doi.org/10.6084/m9.figshare.5081992.

Results

Isolates
A collection of 555 GBS invasive isolates was recovered 
from patients with an average age of 69 years (range: 
18–98 years). To analyse these data, cases were divided 
into two subpopulations: younger adults (18–64 years; 
n = 195; 35%) and older adults (≥ 65 years; n = 360; 
65%). A similar number of isolates was recovered from 
men (n = 279; 50.3%) and women (n = 276; 49.7%). GBS 
were isolated from blood (n = 468), ascitic fluid (n = 35), 
synovial fluid (n = 29), cerebrospinal fluid (CSF) (n = 11), 
pleural effusion (n = 10), and aqueous humour (n = 2).

Overall, there was a higher frequency of GBS invasive 
disease among older than younger adults (overall inci-
dence rate ratio (IRR) = 6.32; 95% CI: 5.32–7.73). During 
the study period, the number of infections among 
younger adults remained stable while GBS infec-
tions increased significantly among older adults (p 
(CA) < 0.001) (Figure 1).

Serotype distribution
Overall, there was significant serotype diversity 
(SID = 0.795; 95% CI: 0.780–0.810), with no significant 
difference in diversity between the two age groups. 
Serotype Ia was the most frequently found in the 
population (n = 169; 30.5%), followed by serotypes Ib 
(n = 133; 24.0%), V (n = 102; 18.4%), III (n = 70; 12.6%), 
II (n = 37; 6.7%), IV (n = 9; 1.6%), IX (n = 8; 1.4%), VI 
(n = 2; 0.4%) and VIII (n = 2; 0.4%). Serotype VII was 
not detected and 4.1% (n = 23) of the isolates were 
considered non-typeable. No associations were found 
between particular serotypes and age groups or sex. 
However, significant variations were observed in the 
relative proportion of serotypes throughout the study 
period (Figure 2). Serotype Ib increased significantly 
(p (CA) < 0.001), whereas serotype III decreased (p 
(CA) = 0.014). The decrease of serotype Ia from 38% in 
2009 to 27% in 2015, was not statistically supported.

Genetic lineages
The isolates were distributed across 57 STs (SID = 0.840; 
95% CI: 0.815–0.865) and grouped into 10 CCs and 
two singletons. Twenty novel STs (ST768, ST769, 
ST772-ST779, ST781, ST810, ST815-ST818, ST875-ST877 
and ST879) were identified in this study. The distribu-
tion of STs, serotypes, surface protein and pilus genes 
across clonal complexes is shown in Table 1.

Despite the diversity of serotypes and STs, a small 
number of genetic lineages was responsible for most 

Figure 3

Macrolide and lincosamide resistance rates of group B 
streptococcal isolates, Portugal (24 hospitals), 2009–2015 
(n = 555)
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Figure 4

Genomic comparison of group B streptococcal isolates Ib/ST1 (SH5446) and V/ST1 (SH4916) to the SS1 genome
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Panel A. Whole genome SNP analysis. Outermost open circle (in grey) shows the SS1 genome. Several loci are represented: in green the MLST genes; in dark orange the 
capsular locus; in black the pilus loci; in red an MGE; in grey the locus encoding the Alp3 surface protein. The next three circles show the coverage depth of the SS1 genome 
and the other three circles display the SNP distribution. For all these six circles, the black circles represent ST1 serotype V isolate SH4916, the light blue the ST1 serotype Ib 
isolate NGBS217 and the dark blue the ST1 serotype Ib isolate SH5446. In the innermost circle, the recombination regions are displayed in orange.

Panel B. The MGE (next to PI-1 locus) into which the Tn917 transposable element carrying the erm(B) gene was inserted. The upper sequence represents the DNA fragment 
found in the SS1 genome. The PI-1 locus is represented in black and the MGE in red. The PP into which the Tn916 transposable element (in dark yellow) is inserted is 
represented in light yellow. CDS are represented by green arrows with the arrow tips showing the CDS orientation. The tet(M) gene found in Tn916 is represented in dark 
green. The blue vertical line represents the insertion position of the Tn917 transposable element in both ST1 serotype Ib samples (NGBS217 and SH5446), as well as in 
SH4916 (ST1 serotype V). The bottom sequence represents the inserted DNA fragment, the Tn917 transposable element (in dark yellow), found in the SH5446 isolate by de 
novo assembly. The erm(B) CDS is highlighted in dark green (the other large CDSs correspond to the transposase and resolvase found in Tn917).
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infections. More than 40% of the isolates represented 
CC1 (224/555), including most isolates of serotypes Ib 
(110/133; 82.7%) and V (65/102; 63.7%), all sharing 
surface protein gene  alp3  and the combination of PI-1 
and PI-2a (Table 1). CC1 rose from accounting for 18% of 
the isolates in 2009 to 47% in 2015 (p (CA) < 0.001). The 
serotype Ib typically defined by CC10/bca/PI-1+PI-2a 
[8] represented only a small fraction of the isolates 
(n = 20) in this collection. A small number of serotype 
V isolates (n = 7) represented CC26/PI-2a, a genetic lin-
eage lacking the  alp  surface protein gene. Serotypes 
II and III isolates represented mainly ST28 and ST19, 
respectively, of the CC19/rib/PI-1 + PI-2a genetic line-
age. CC19 decreased in frequency in the study period 
(p (CA) = 0.006), in agreement with the observed 
decline among serotype III isolates. A smaller number 

of serotype III isolates was also part of the hyperviru-
lent clone defined by CC17/rib/PI-1+PI-2b, frequently 
associated with neonatal invasive disease. Serotype Ia 
comprised mostly CC23, distributed into two sub-line-
ages defined by ST23/eps/PI-2a (n = 81) and ST24/bca/
PI-2a (n = 51), and respective SLVs. CC23 accounted for 
28% (157/555) of the isolates.

Antimicrobial resistance
Antimicrobial resistance results are presented in Table 
2. All 555 isolates were susceptible to penicillin, van-
comycin and gentamicin. Non-susceptibility to chlo-
ramphenicol and levofloxacin was identified in 1.8% 
(n = 10) and 0.5% (n = 3) of the isolates, respectively. 
High-level resistance to streptomycin was detected in 
four isolates, all harbouring  aph(3’)-III  and  ant(6)-Ia. 

Table 1

Distribution of sequence types, serotypes, surface protein and pilus genes of group B streptococcal isolates within clonal 
complexes, Portugal (24 hospitals), 2009–2015 (n = 555)

CC/ST (n) Serotype (n) Alp gene (n) Pilus (n)

CC1 (224) 
 
ST1 (196), ST2 (13), ST196 (3), ST153 (2), ST499 (2), 
ST778 (1), ST810 (1), ST777 (1), ST815 (1), ST817 (1), 
ST818 (1), ST877 (1), ST879 (1)

Ib (110), V (77), Ia (12), 
IV (5), II (3), VI (2), 

NT (15)
alp3 (202), eps (23), bca (5), rib (1)

PI-1+PI-2a (209), 
PI-2a (12), 

PI-1+PI-2b (5), 
PI-2b (2)

CC4 (6) 
 
ST3 (5), ST4 (1)

Ib (3), Ia (2), NT (1) bca (5), eps (1)
PI-1+PI-2a (5), 

PI-2b (1)

CC7 (1) 
 
ST7 (1)

Ia (1) bca (1) PI-1+PI-2b (1)

CC10 (37) 
 
ST10 (18), ST8 (16), ST12 (3)

Ib (20), Ia (5), II (5), 
V (2), NT (5)

bca (35), eps (2) PI-1+PI-2a (37)

CC17 (32) 
 
ST17 (22), ST109 (4), ST290 (2), ST291 (2), ST147 (1), 
ST779 (1)

III (31), IV (1) rib (32)
PI-1+PI-2b (29), 

PI-2b (3)

CC19 (73) 
 
ST19 (36), ST28 (17), ST347 (9), ST110 (4), ST286 (2), 
ST27 (1), ST182 (1), ST267 (1), ST327 (1), ST335 (1), 
ST472 (1), ST529 (1), ST769 (1), ST772 (1), ST816 (1), 
ST876 (1)

III (37), II (27), V (10), 
Ia (1), IV (1), VIII (1), 

NT (2)
rib (73), eps (5), bca (1)

PI-1+PI-2a (74), 
PI-2a (4), 

PI-1+PI-2b (1)

CC23 (157) 
 
ST23 (79), ST24 (38), ST498 (18), ST144 (10), 
ST88 (3), ST640 (2), ST452 (1), ST756 (1), ST768 (1), 
ST774 (1), ST776 (1), ST781 (1), ST875 (1)

Ia (146), V (5), II (2), 
III (2), IV (2)

eps (81), bca (58), rib (11), alp2 (7)
PI-2a (149), 

PI-1+PI-2a (7), 
PI-2b (1)

CC26 (7) 
 
ST26 (7)

V (7) None (7) PI-2a (7)

CC103 (2) 
 
ST103 (2)

Ia (2) bca (2) PI-2b (2)

CC130 (8) 
 
ST130 (8)

IX (8) bca (8) PI-2a (8)

Singleton (2) 
 
ST773 (1) 
 
ST775 (1)

V (1) 
 

VIII (1)

eps (1) 
 

alp3 (1)

PI-1+PI-2a (1) 
 

PI-1+PI-2b (1)

Alp: alpha/alpha-like protein; CC: clonal complex; NT: non-typeable; ST: sequence type.
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Tetracycline resistance was found in 86.1% of the col-
lection (n = 478), mostly associated with the  tet(M) 
gene, but the  tet(O) and  tet(L) genes were also identi-
fied (Table 2).

The overall rate of erythromycin resistance was 
35.1% (n = 195) and of clindamycin 33.9% (n = 188). 
Both macrolide and lincosamide resistance increased 
throughout the study period (p (CA) = 0.005 and p 
(CA) = 0.010, respectively) (Figure 3). Most isolates 
were represented by the cMLS

B
  phenotype (n = 158), 

followed by iMLS
B
  (n = 30) and M (n = 7) phenotypes. 

While the  erm(B) gene was exclusively found among 
the cMLS

B
  isolates, occasionally in association with 

other resistance determinants, the erm(TR) and mef(E) 
genes were the most frequent among iMLS

B
  and M 

phenotypes, respectively. Macrolide resistance was 
significantly associated with CC1 (p < 0.001), but only 
serotype Ib was overrepresented among resistant iso-
lates (p < 0.001), with 98% (108/110) being macrolide-
resistant, whereas among serotype V CC1 isolates only 
35% (27/77) were resistant. 

Genomic analysis
To characterise the putative capsule Ib switching in the 
ST1 background, we randomly chose one Ib/ST1 isolate 
(SH5446) and one V/ST1 isolate (SH4916) to examine 
at genomic level. The genomes were 2,057,595 bp and 
2,065,479 bp long, respectively. Genomic analysis 
confirmed that both contained the genes encoding the 
Alp3 protein, PI-1 and PI-2a, and the corresponding 
capsular polysaccharide loci (Figure 4). We compared 
these two isolates from Portugal to the genomes of a 
serotype Ib/ST1 invasive isolate identified in Canada 
(NGBS217) [24] and the serotype V/ST1 strain SS1 [25]. 
The distribution of single-nucleotide polymorphisms 
(SNPs) and recombination regions is depicted in Figure 
4. After removal of regions of recombination, SH5446 
(Ib/ST1) and SH4916 (V/ST1) differed from each other 
by 94 SNPs, but presented 122 and 110 SNPs, respec-
tively, relative to SS1 and differed by 55 and 105 SNPs, 
respectively, from the Canadian strain (NGBS217). In 
these three strains (SH5446, SH4916 and NGBS217), 
macrolide and tetracycline resistance co-localised in a 
mobile genetic element comprising a prophage, known 
to be present upstream of PI-1 [26], and the Tn3872 
conjugative transposon. Tn3872 itself is composed of 
Tn917, carrying the  erm(B) gene inserted into Tn916, 
which includes the tet(M) gene [27]. In contrast, strain 
SS1 carried only the Tn916 transposable element with-
out the Tn917 insertion (Figure 4). 

Discussion
We have identified a significant increase in the num-
ber of GBS infections in older adults in recent years 
in Portugal, similar to what has been reported else-
where [3,4,28]. The age composition of the popula-
tion did not change across the study period. While the 
present study was based on voluntary reporting, the 
surveillance system is composed of most hospitals in 
Portugal likely to diagnose GBS invasive disease and 

has been stable for many years. Therefore, we believe 
that the observed increase in GBS infections reflects 
a true trend, although this surveillance may underesti-
mate the occurrence of GBS disease.

There was considerable serotype diversity, as expected 
from a broad spectrum of disease presentations, com-
parable to that found in previous years (2001 to 2008) 
[13]. Serotypes VIII and IX, recently identified for the 
first time in Portugal among neonatal invasive disease 
cases [15], were also represented in this collection, 
suggesting their recent introduction in the country.

There were significant changes in the prevalence of 
serotypes in the study period. Most striking was the 
increase of serotype Ib isolates, which accounted for 
only 8.9% from 2001 to 2008 [13] but became the most 
frequent serotype after 2013, reaching 34% of all infec-
tions in 2015. Capsular types Ia, III and V are respon-
sible for the majority of GBS invasive disease cases in 
most countries [2,3,11,12], even though they may rank 
differently in time and geographic location. Serotype 
Ib has not been among the most frequent serotypes 
associated with invasive disease in adults and has 
been reported as accounting for 9–12% of isolates in 
the US, Canada, France, England and Wales [2,3,11,12]. 
In Portugal, its prevalence among neonatal infections 
has been equally unremarkable, accounting for 5.5% of 
cases [15].

A parallel rise in CC1, including most serotype Ib iso-
lates, accompanied the increase of serotype Ib. For 
more than a decade, since the MLST scheme was first 
published [8], CC1 has mostly been associated with 
serotype V whereas CC10, grouping ST8, ST10 and 
ST12, is the CC most frequently found among serotype 
Ib isolates, regardless of disease type, age group or 
geographic origin [8,28,29]. Therefore, the grouping 
within CC1 of most isolates presenting serotypes Ib and 
V was unusual. Together with the fact that both these 
serotypes were represented by the alpha-like sur-
face protein gene  alp3  and PI-1 and PI-2a, previously 
almost exclusively found associated with serotype V, 
this suggested that a capsular switching event could 
have created this new genetic lineage. In fact, in a 
recent study focusing on GBS neonatal infections in 
Portugal, we had already detected seven serotype Ib 
isolates within CC1, hypothesising their recent origin 
through capsular switching [15]. A recent report from 
Japan found serotype Ib as the most frequent among 
invasive disease cases in nonpregnant adults. Most 
of them represented the characteristic CC10, but the 
authors also reported a small number of serotype Ib 
isolates representing CC1 [30]. Furthermore, two sero-
type Ib/ST1 strains have been identified in Canada, and 
genomic analysis supported their origin from horizon-
tal transfer of the capsular type Ib locus into a serotype 
V strain [24,31].

Capsular switching is known to occur in GBS [20,32], 
and these events are illustrated by the presence of a 
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small number of new serotype/genotype combinations 
in any given CC in which a particular serotype is domi-
nant. To clarify the origin of Ib/CC1/alp3/PI-1+PI-2a, 
we performed a genomic analysis of two representa-
tive isolates. We found a very small number of SNPs in 
our serotype Ib/ST1 isolate and the Canadian NGBS217 
strain relative to the serotype V/ST1 [24] and Tn3872 
that has been frequently detected among CC1 GBS 
isolates [25,33] was present in all three strains, which 
confirms that they shared the same genetic back-
ground of the widely disseminated serotype V clone. 
Recombination analysis performed with the Gubbins 
software indicated that three adjacent recombina-
tion events may have taken place to generate the new 
serotype Ib/ST1 strains. However, similar to what was 
suggested for the NGBS217 strain [24], the most par-
simonious explanation is that a single recombination 
event was responsible for the replacement of a ca 300 
kb DNA fragment including the type Ib capsular locus. 
Taken together, these studies support our hypothesis 
for the origin of this new genetic lineage and indicate 
that it is found in multiple countries. To date only rep-
resented by a few isolates outside Portugal, they may 
become established and expand in the future.

Given the wide geographic dissemination of the Ib/CC1 
lineage, it is hard to say where it may have emerged. 
The small number of SNPs between the genomes of 
the Ib/ST1 isolates from Portugal and Canada and the 
larger number of SNPs relative to the genomes of sero-
type V isolates from the same locations, suggests a 
common origin of the Ib/ST1 isolates. These isolates 
are contemporary with those found since 2010 in neo-
natal invasive disease [15], indicating that the Ib/CC1 
lineage causes infections in all age groups. Additional 
studies including more isolates may reveal further 
insights into the potential advantageous traits that the 
acquisition of such a large DNA fragment, including a 
novel capsular locus, may have introduced.

Within CC23, ST23 is frequently responsible for inva-
sive disease cases in both neonates and adults, while 
ST24 is seldom found in most countries [28,29,34]. We 
have previously proposed that ST24 represents a suc-
cessful clone within the geographical boundaries of 
the Mediterranean region given its high prevalence in 
Portugal and Spain [13,35]. Among neonatal invasive 
disease cases in Portugal, we found a higher frequency 
of ST24 within CC23, significantly associated with late-
onset disease [15]. In this study, we also found a sig-
nificant proportion of ST24 and its SLVs (ST498 and 
ST781) within serotype Ia/CC23 isolates (52/133; 39%); 
this is in agreement with this sublineage being well 
adapted and geographically mainly confined to the 
Mediterranean region.

Resistance rates to the antimicrobial drugs tested 
differed among serotypes and were unevenly distrib-
uted within the CCs. Erythromycin resistance (35.1%) 
increased throughout the study period (p (CA) = 0.005) 
and was significantly higher than that documented 

between 2001 and 2008 (12.9%) [13]. We hypothesise 
that an increase in macrolide use could explain the 
observed increase in resistance. In fact, macrolide 
consumption in the community increased in Portugal 
from 3.24 DHD in 1998 to 3.80 DHD in 2009, accord-
ing to the Antimicrobial consumption database (ESAC-
Net), [36]. However, such increases in consumption 
were accompanied by decreasing resistance among 
the related streptococcal species S. pyogenes and this 
trend was also noted in other geographic regions [37]. 
In contrast, since 2009, macrolide consumption in the 
community has decreased in Portugal and reached 
3.02 DHD in 2015 [36], suggesting that antimicrobial 
consumption is only one of the selective pressures act-
ing on antibiotic-resistant streptococci. Where increas-
ing macrolide resistance in GBS was documented, this 
was associated with a high prevalence of serotype V 
[3,6,11]. However, in our study, resistance was associ-
ated with serotype Ib, indicating that the expansion of 
the Ib/CC1 lineage was the major driver in increasing 
macrolide resistance.

Serotype V was mostly associated with CC1, as was 
found elsewhere in infections in adults [3,12] although 
a small number of serotype V isolates (n = 7) repre-
sented CC26/PI-2a that appears to be common in 
African countries [38] and is infrequent in Europe. While 
the prevalence of serotype V changed with time, it did 
not show a significant trend in the study period. In con-
trast, the serotype Ib/CC1 genetic lineage emerged and 
expanded substantially, indicating that the new sero-
type/genotype combination is not replacing serotype V. 
It was suggested that the co-localisation of resistance 
and virulence genes within Tn3872 is consistent with 
the expansion of serotype V/ST1 GBS since the 1990s 
being facilitated by the acquisition of genetic deter-
minants that contributed to an increased capacity to 
cause disease in non-pregnant adults [25]. It is unclear 
at present why the serotype Ib/CC1 macrolide-resistant 
lineage is expanding in Portugal, while it appears to 
be widely disseminated but not particularly prevalent 
elsewhere. Two major hypotheses could explain the 
success of this lineage: either the lineage has some fit-
ness advantage achieved by specific combinations of 
genes that were transferred together with the capsular 
operon, increasing its ability to cause disease or per-
sist through asymptomatic colonisation; or the selec-
tive pressures currently acting on GBS are particularly 
favourable to this clone. Further studies will be needed 
to clarify these points. Our results highlight the impor-
tance of the expansion of a single invasive GBS clone 
on the increase of antimicrobial resistance.

Acknowledgements

ERM was supported by a grant from Fundação para a 
Ciência e a Tecnologia (SFRH/BPD/80038/2011). This work 
was partially funded by a grant from the governments of 
Iceland, Lichtenstein and Norway (EEA-PT06) and by the 
ONEIDA project (LISBOA-01-0145-FEDER-016417) co-funded 
by FEEI - “Fundos Europeus Estruturais e de Investimento” 
from “Programa Operacional Regional Lisboa 2020” and 

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2018.23.21.1700473&domain=pdf&date_stamp=2018-05-24


9www.eurosurveillance.org

by national funds from FCT - “Fundação para a Ciência e a 
Tecnologia”. The funders had no role in study design, data 
collection and interpretation, or the decision to submit the 
work for publication.

Conflict of interest
JMC received grants and honoraria for serving on the speak-
ers bureaus of Pfizer, Bial, GSK and Novartis. MR received 
honoraria for serving on speakers bureau of Pfizer and advi-
sory boards for GSK and MSD.

Authors’ contributions

JMC, MR, and ERM contributed to the work design; EL, TF, 
MPM, ERM and the PGSSI performed the acquisition and 
analysis of the data. MPM, JAC, JMC, MR and ERM participat-
ed in the interpretation of the work and co-wrote the paper. 
All authors contributed to the writing of the manuscript and 
approved the version to be submitted.

Members of the Portuguese Group for the Study of 

Streptococcal Infections

Henrique Oliveira (Centro Hospitalar de Coimbra); Teresa 
Vaz, Marília Gião, Rui Ferreira (Centro Hospitalar do 
Barlavento Algarvio); Ana Cristina Silva, Hermínia Costa, 
Maria Fátima Silva, Maria Amélia Afonso (Centro Hospitalar 
de Entre Douro e Vouga); Ana Domingos, Gina Marrão, José 
Grossinho (Hospital de Santo André, Leiria); Paulo Lopes, 
Angelina Lameirão, Gabriela Abreu; Aurélia Selaru (Centro 
Hospitalar de Vila Nova de Gaia/Espinho); Hermínia Marques, 
Margarida Tomáz, Paula Mota (Centro Hospitalar do Alto 
Ave); Ezequiel Moreira, (Centro Hospitalar do Médio Ave); 
Maria Helena Ramos, Ana Paula Castro (Centro Hospitalar 
do Porto); Nuno Canhoto, Teresa Afonso (Hospital Central 
do Funchal); Teresa Pina, Helena Peres, Odete Chantre, João 
Marques, Cristina Marcelo, Isabel Peres, Isabel Lourenço, 
Margarida Pinto (Centro Hospitalar de Lisboa Central); 
Lurdes Monteiro, Luís Marques Lito (Centro Hospitalar 
Lisboa Norte); Cristina Toscano, Maria Ana Pessanha (Centro 
Hospitalar Lisboa Ocidental); Paulo Paixão, Cátia Piedade 
(Hospital dos Lusíadas, Lisboa); Elmano Ramalheira, Raquel 
Diaz, Sónia Ferreira, Inês Cravo Roxo (Centro Hospitalar 
do Baixo Vouga); Ana Paula Castro (Hospital de Vila Real); 
Graça Ribeiro, Rui Tomé, Celeste Pontes, Luísa Boaventura, 
Catarina Chaves, Teresa Reis (Hospitais da Universidade 
de Coimbra); Ana Buschy Fonseca (Hospital de Cascais); 
Manuela Ribeiro, Helena Gonçalves (Hospital de São João, 
Porto); Alberta Faustino, Adelaide Alves, Maria Cármen 
Iglesias (Hospital de Braga); Maria Luísa Gonçalves, Olga 
Neto (Hospital dos SAMS, Lisboa); Luísa Sancho (Hospital 
Dr. Fernando da Fonseca, Amadora/Sintra); Adriana 
Coutinho (Hospital do Espírito Santo, Évora); José Diogo, Ana 
Rodrigues (Hospital Garcia de Orta, Almada); Maria Antónia 
Read, Valquíria Alves, Margarida Monteiro (Hospital Pedro 
Hispano, Matosinhos); Rosa Bento (Unidade Local de Saúde 
do Baixo Alentejo, Beja); Vitória Rodrigues, Patrícia Pereira, 
Sofia Marques, Joana Selada (GeneralLab, Lisboa); Paulo 
Paixão (Hospital da Luz, Lisboa); Elsa Calado (Unianálises, 
Porto).

References 

1. Schuchat A. Epidemiology of group B streptococcal disease 
in the United States: shifting paradigms. Clin Microbiol Rev. 
1998;11(3):497-513. PMID: 9665980 

2. Skoff TH, Farley MM, Petit S, Craig AS, Schaffner W, Gershman 
K, et al. Increasing burden of invasive group B streptococcal 
disease in nonpregnant adults, 1990-2007. Clin Infect Dis. 
2009;49(1):85-92.  https://doi.org/10.1086/599369  PMID: 
19480572 

3. Lamagni TL, Keshishian C, Efstratiou A, Guy R, Henderson KL, 
Broughton K, et al. Emerging trends in the epidemiology of 
invasive group B streptococcal disease in England and Wales, 
1991-2010. Clin Infect Dis. 2013;57(5):682-8.  https://doi.
org/10.1093/cid/cit337  PMID: 23845950 

4. Alhhazmi A, Hurteau D, Tyrrell GJ. Epidemiology of invasive 
group B streptococcal disease in Alberta, Canada, from 2003 
to 2013. J Clin Microbiol. 2016;54(7):1774-81.  https://doi.
org/10.1128/JCM.00355-16  PMID: 27098960 

5. Kimura K, Nagano N, Arakawa Y. Classification of group B 
streptococci with reduced β-lactam susceptibility (GBS-RBS) 
based on the amino acid substitutions in PBPs. J Antimicrob 
Chemother. 2015;70(6):1601-3. PMID: 25667406 

6. Castor ML, Whitney CG, Como-Sabetti K, Facklam RR, Ferrieri 
P, Bartkus JM, et al. Antibiotic resistance patterns in invasive 
group B streptococcal isolates. Infect Dis Obstet Gynecol. 
2008;2008:727505.

7. Nuccitelli A, Rinaudo CD, Maione D. Group B Streptococcus 
vaccine: state of the art. Ther Adv Vaccines. 2015;3(3):76-90.  
https://doi.org/10.1177/2051013615579869  PMID: 26288735 

8. Jones N, Bohnsack JF, Takahashi S, Oliver KA, Chan M-S, 
Kunst F, et al. Multilocus sequence typing system for group B 
streptococcus. J Clin Microbiol. 2003;41(6):2530-6.  https://
doi.org/10.1128/JCM.41.6.2530-2536.2003  PMID: 12791877 

9. Manning SD. Emergence of a hypervirulent neonatal 
pathogen. Lancet Infect Dis. 2014;14(11):1028-30.  https://doi.
org/10.1016/S1473-3099(14)70938-7  PMID: 25444396 

10. Bergseng H, Rygg M, Bevanger L, Bergh K. Invasive group 
B streptococcus (GBS) disease in Norway 1996-2006. Eur J 
Clin Microbiol Infect Dis. 2008;27(12):1193-9.  https://doi.
org/10.1007/s10096-008-0565-8  PMID: 18560908 

11. Tazi A, Morand PC, Réglier-Poupet H, Dmytruk N, Billoët 
A, Antona D, et al. Invasive group B streptococcal 
infections in adults, France (2007-2010). Clin Microbiol 
Infect. 2011;17(10):1587-9.  https://doi.org/10.1111/j.1469-
0691.2011.03628.x  PMID: 21883671 

12. Teatero S, McGeer A, Low DE, Li A, Demczuk W, Martin I, et 
al. Characterization of invasive group B streptococcus strains 
from the greater Toronto area, Canada. J Clin Microbiol. 
2014;52(5):1441-7.  https://doi.org/10.1128/JCM.03554-13  
PMID: 24554752 

13. Martins ER, Melo-Cristino J, Ramirez MPortuguese Group 
for the Study of Streptococcal Infections. Dominance of 
serotype Ia among group B Streptococci causing invasive 
infections in nonpregnant adults in Portugal. J Clin Microbiol. 
2012;50(4):1219-27.  https://doi.org/10.1128/JCM.05488-11  
PMID: 22219307 

14. Clinical and Laboratory Standards Institute (CLSI). Performance 
standards for antimicrobial susceptibility testing; twenty-
fourth informational supplement. CLSI document M100-S24. 
Wayne: CLSI; 2014.

15. Martins ER, Pedroso-Roussado C, Melo-Cristino J, Ramirez 
MPortuguese Group for the Study of Streptococcal Infections. 
Streptococcus agalactiae causing neonatal infections in 
Portugal (2005-2015): diversification and emergence of a 
CC17/PI-2b multidrug resistant sublineage. Front Microbiol. 
2017;8:499.  https://doi.org/10.3389/fmicb.2017.00499  PMID: 
28400757 

16. Vakulenko SB, Donabedian SM, Voskresenskiy AM, Zervos 
MJ, Lerner SA, Chow JW. Multiplex PCR for detection of 
aminoglycoside resistance genes in enterococci. Antimicrob 
Agents Chemother. 2003;47(4):1423-6.  https://doi.
org/10.1128/AAC.47.4.1423-1426.2003  PMID: 12654683 

17. Clark NC, Olsvik O, Swenson JM, Spiegel CA, Tenover FC. 
Detection of a streptomycin/spectinomycin adenylyltransferase 
gene (aadA) in Enterococcus faecalis. Antimicrob Agents 
Chemother. 1999;43(1):157-60. PMID: 9869582 

18. Nascimento M, Sousa A, Ramirez M, Francisco AP, Carriço JA, 
Vaz C. PHYLOViZ 2.0: providing scalable data integration and 
visualization for multiple phylogenetic inference methods. 
Bioinformatics. 2017;33(1):128-9.  https://doi.org/10.1093/
bioinformatics/btw582  PMID: 27605102 

19. Creti R, Fabretti F, Orefici G, von Hunolstein C. Multiplex PCR 
assay for direct identification of group B streptococcal alpha-
protein-like protein genes. J Clin Microbiol. 2004;42(3):1326-
9.  https://doi.org/10.1128/JCM.42.3.1326-1329.2004  PMID: 
15004110 

20. Martins ER, Melo-Cristino J, Ramirez M. Evidence for rare 
capsular switching in Streptococcus agalactiae. J Bacteriol. 
2010;192(5):1361-9.  https://doi.org/10.1128/JB.01130-09  
PMID: 20023016 

21. Carriço JA, Silva-Costa C, Melo-Cristino J, Pinto FR, de 
Lencastre H, Almeida JS, et al. Illustration of a common 
framework for relating multiple typing methods by application 
to macrolide-resistant Streptococcus pyogenes. J Clin 

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2018.23.21.1700473&domain=pdf&date_stamp=2018-05-24


10 www.eurosurveillance.org

Microbiol. 2006;44(7):2524-32.  https://doi.org/10.1128/
JCM.02536-05  PMID: 16825375 

22. Benjamini Y, Hochberg Y. Controlling the false discovery rate: 
A practical and powerful approach to multiple testing. J R Stat 
Soc B. 1995;57:289-300.

23. Resident population (2009–2015). Lisbon: Instituto Nacional 
de Estatística – Portugal (Statistics Portugal); [Accessed: July 
2017]. Available from: http://www.ine.pt

24. Neemuchwala A, Teatero S, Athey TBT, McGeer A, Fittipaldi 
N. Capsular switching and other large-scale recombination 
events in invasive sequence type 1 group B Streptococcus. 
Emerg Infect Dis. 2016;22(11):1941-4.  https://doi.org/10.3201//
eid2211.152064  PMID: 27767925 

25. Flores AR, Galloway-Peña J, Sahasrabhojane P, Saldaña M, 
Yao H, Su X, et al. Sequence type 1 group B Streptococcus, an 
emerging cause of invasive disease in adults, evolves by small 
genetic changes. Proc Natl Acad Sci USA. 2015;112(20):6431-6.  
https://doi.org/10.1073/pnas.1504725112  PMID: 25941374 

26. Rosini R, Rinaudo CD, Soriani M, Lauer P, Mora M, Maione 
D, et al. Identification of novel genomic islands coding for 
antigenic pilus-like structures in Streptococcus agalactiae. Mol 
Microbiol. 2006;61(1):126-41.  https://doi.org/10.1111/j.1365-
2958.2006.05225.x  PMID: 16824100 

27. McDougal LK, Tenover FC, Lee LN, Rasheed JK, Patterson JE, 
Jorgensen JH, et al. Detection of Tn917-like sequences within a 
Tn916-like conjugative transposon (Tn3872) in erythromycin-
resistant isolates of Streptococcus pneumoniae. Antimicrob 
Agents Chemother. 1998;42(9):2312-8. PMID: 9736555 

28. Björnsdóttir ES, Martins ER, Erlendsdóttir H, Haraldsson G, 
Melo-Cristino J, Kristinsson KG, et al. Changing epidemiology 
of group B streptococcal infections among adults in Iceland: 
1975-2014. Clin Microbiol Infect. 2016;22(4):379.e9-16.  
https://doi.org/10.1016/j.cmi.2015.11.020  PMID: 26691681 

29. Meehan M, Cunney R, Cafferkey M. Molecular epidemiology of 
group B streptococci in Ireland reveals a diverse population 
with evidence of capsular switching. Eur J Clin Microbiol Infect 
Dis. 2014;33(7):1155-62.  https://doi.org/10.1007/s10096-014-
2055-5  PMID: 24469423 

30. Morozumi M, Wajima T, Takata M, Iwata S, Ubukata K. 
Molecular characteristics of group B streptococci isolated 
from adults with invasive infections in Japan. J Clin Microbiol. 
2016;54(11):2695-700.  https://doi.org/10.1128/JCM.01183-16  
PMID: 27558182 

31. Teatero S, Ferrieri P, Martin I, Demczuk W, McGeer A, 
Fittipaldi N. Serotype distribution, population structure, and 
antimicrobial resistance of group B Streptococcus strains 
recovered from colonized pregnant women. J Clin Microbiol. 
2017;55(2):412-22.  https://doi.org/10.1128/JCM.01615-16  
PMID: 27852675 

32. Bellais S, Six A, Fouet A, Longo M, Dmytruk N, Glaser P, 
et al. Capsular switching in group B Streptococcus CC17 
hypervirulent clone: a future challenge for polysaccharide 
vaccine development. J Infect Dis. 2012;206(11):1745-52.  
https://doi.org/10.1093/infdis/jis605  PMID: 23002446 

33. Da Cunha V, Davies MR, Douarre P-E, Rosinski-Chupin I, 
Margarit I, Spinali S, et al. Streptococcus agalactiae clones 
infecting humans were selected and fixed through the 
extensive use of tetracycline. Nat Commun. 2014;5(1):4544.  
https://doi.org/10.1038/ncomms5544  PMID: 25088811 

34. Manning SD, Springman AC, Lehotzky E, Lewis MA, Whittam 
TS, Davies HD. Multilocus sequence types associated with 
neonatal group B streptococcal sepsis and meningitis in 
Canada. J Clin Microbiol. 2009;47(4):1143-8.  https://doi.
org/10.1128/JCM.01424-08  PMID: 19158264 

35. Martins ER, Andreu A, Correia P, Juncosa T, Bosch J, Ramirez 
M, et al. Group B streptococci causing neonatal infections in 
barcelona are a stable clonal population: 18-year surveillance. 
J Clin Microbiol. 2011;49(8):2911-8.  https://doi.org/10.1128/
JCM.00271-11  PMID: 21697333 

36. European Centre for Disease Prevention and Control (ECDC). 
The European Surveillance of Antimicrobial Consumption 
Network interactive database on antimicrobial consumption 
(ESAC-Net). Stockholm: ECDC. [Accessed July 2017]. Available 
from: http://ecdc.europa.eu/en/healthtopics/antimicrobial_
resistance/esac-net-database/Pages/database.aspx

37. Silva-Costa C, Friães A, Ramirez M, Melo-Cristino J. Macrolide-
resistant Streptococcus pyogenes: prevalence and treatment 
strategies. Expert Rev Anti Infect Ther. 2015;13(5):615-28.  
https://doi.org/10.1586/14787210.2015.1023292  PMID: 
25746210 

38. Brochet M, Couvé E, Bercion R, Sire JM, Glaser P. Population 
structure of human isolates of Streptococcus agalactiae from 
Dakar and Bangui. J Clin Microbiol. 2009;47(3):800-3.  https://
doi.org/10.1128/JCM.01103-08  PMID: 19109468

License and copyright

This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate 
credit to the source, provide a link to the licence, and indi-
cate if changes were made.

This article is copyright of the authors, 2018.

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2018.23.21.1700473&domain=pdf&date_stamp=2018-05-24

