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Dominance of Serotype Ia among Group B Streptococci Causing
Invasive Infections in Nonpregnant Adults in Portugal
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The population of group B streptococci (GBS) associated with invasive infections in nonpregnant adults from 2001 to 2008 was
analyzed in isolates submitted from 24 hospital laboratories in Portugal (n = 225). The isolates were characterized by antimicro-
bial susceptibility, pulsed-field gel electrophoresis (PFGE), multilocus sequence typing (MLST), and surface protein gene profil-
ing. GBS invasive cases were found more frequently among men in all age groups. In addition, serotype Ia was the most frequent
in our collection, whereas serotype V is dominant elsewhere. Serotype Ia was represented mainly by a single PFGE cluster de-
fined by sequence type 23 (ST23) and surface protein gene eps and by ST24 and bca, similarly to neonatal invasive infections in
Portugal, indicating that the same genetic lineages can be responsible for both vaginal colonization and invasive disease in all age
groups. In contrast, the hypervirulent serotype III/ST17 neonatal lineage was responsible for a minority of infections. Serotype V
isolates were distributed into two genetic lineages, one defined by ST1 and surface protein gene alp3 and macrolide resistant, and
another presenting with ST2 and eps and fully susceptible to all antimicrobials tested. The erm(TR) gene was the most frequently
found among erythromycin-resistant isolates, while the bovine-associated tet(O) gene was found in a minority of tetracycline-
resistant isolates. Our data emphasize the importance of local identification of the genetic lineages responsible for GBS invasive
infections in nonpregnant adults. The dominance of serotype Ia in invasive disease in Portugal highlights the importance of this

serotype in GBS pathogenesis.

Streptococcus agalactiae (group B streptococcus [GBS]) is well
established as a colonizing agent in pregnant women and as an
important cause of neonatal sepsis and meningitis (55). Neverthe-
less, in the past decade, GBS has been increasingly associated with
invasive disease in nonpregnant adults (23, 57). Such infections
are considered to be responsible for substantial morbidity and
mortality, particularly in individuals with chronic underlying
conditions, such as malignancies, diabetes mellitus, cirrhosis, and
HIV infection, but several other risk factors have been identified in
recent years (29). The spectrum of GBS disease in adults is broad,
including most frequently bacteremia without a focus and skin
and soft tissue, osteoarticular, and urinary tract infections (23).
Less frequent clinical presentations include meningitis and endo-
carditis, which are, however, associated with significantly higher
morbidity and mortality (21, 40, 53). Although GBS infections are
most frequently community acquired, nosocomial disease is also
of concern (29).

With the introduction of antenatal screening guidelines and
effective prophylaxis, a significant decrease in neonatal invasive
infections was observed worldwide in the last decade where these
measures were implemented. On the other hand, the incidence of
invasive infections unrelated to pregnancy in adults seems to be
increasing worldwide (47, 54), justifying their increased study.
Since the 1990s, serotype V emerged in the United States as the
most frequent GBS serotype causing invasive disease in nonpreg-
nant adults (33, 57). Later, other serotypes, such as Ia and I1I, have
also been recognized worldwide as significant causes of invasive
disease (23, 62), with the exception of Japan, where serotype Ib is
reported as the leading cause of invasive disease in adults (44). In
some European countries, serotypes Ia, Ib, and III have also been
pointed to as important causes of invasive disease in nonpregnant
adults (4, 35, 45).

Most GBS isolates remain susceptible to penicillin, the first
drug of choice for the prophylaxis and treatment of GBS disease.
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However, increased levels of erythromycin and clindamycin resis-
tance are being described worldwide, raising concerns as to their
use as alternative second-line agents (5, 12, 27). Intrapartum an-
tibiotic prophylaxis is proposed to contribute to the emergence
and dissemination of antibiotic-resistant clones (13), as would
also be expected from the high antibiotic usage among the older
age groups. Therefore, the need for new preventive strategies for
GBS disease is now focusing on the development of vaccines.
While the first studies exclusively targeted the polysaccharide cap-
sule, its poor immunogenicity and variable prevalence in different
countries led to the suggestion to explore vaccination approaches
that could overcome serotype specificity. Polysaccharide-protein
conjugate vaccines, showing more favorable immune responses
than polysaccharide-only vaccines, have undergone clinical trials
with promising, although still preliminary, results (2, 22). Cur-
rently, purely protein vaccines, based on components of the re-
cently described GBS pilus-like structures, are being discussed in
the literature (10, 38).

DNA-based typing methods, such as pulsed-field gel electro-
phoresis (PFGE) and multilocus sequence typing (MLST), are
now extensively used in molecular typing of GBS isolates, along-
side classical serotyping and antimicrobial susceptibility testing.
These methods have been helpful in discriminating GBS popula-
tions into specific genetic lineages, with some recognized for their
enhanced virulence potential (6, 28, 36, 42). Nevertheless, the di-
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versity of genotype-phenotype combinations found among GBS
isolates suggests ongoing diversification of GBS genetic lineages,
to which capsular transformation is likely contributing, although
perhaps not as frequently as initially thought (41). Therefore, con-
tinuous surveillance and epidemiological studies are needed to
ensure an accurate knowledge of how GBS serotypes and proteins
are distributed among clones, across countries, and over time, as
this will impact on the vaccine strategies under development.

The aim of our study was to characterize the isolates recovered
from invasive disease in nonpregnant adults in Portugal; to eval-
uate how serotype, antimicrobial resistance, and surface protein
genes are distributed among PFGE- and MLST-based genetic lin-
eages; and to compare them to those responsible for neonatal
invasive infections.

MATERIALS AND METHODS

Bacterial isolates. A collection of 225 GBS isolates recovered from 2001 to
2008 in nonpregnant adults (=18 years old) in Portugal was analyzed.
This was a laboratory-based surveillance program in which the microbi-
ology laboratories of 24 Portuguese hospitals were asked to isolate, iden-
tify, and submit to a central laboratory all nonduplicate GBS isolates re-
covered in cases of GBS invasive disease. A case of invasive disease was
defined as the recovery of an S. agalactiae isolate from a normally sterile
body site. Whenever GBS isolates were available from more than one
sample from the same patient, only the first isolate was included in the
study. The submitted isolates included those recovered from blood (n =
183), ascitic fluid (n = 15), synovial fluid (n = 14), cerebrospinal fluid
(CSF) (n = 7), and pleural effusion (n = 6). Confirmation of the isolates’
identification to the species level was done by Gram stain, colony mor-
phology, catalase test, and a commercial latex agglutination technique
(Slidex Strepto B; bioMérieux, Marcy L’Etoile, France).

Serotyping. Capsular serotyping of all isolates was carried out by a
latex agglutination assay with a GBS serotyping kit (Essum, Umed, Swe-
den) according to the manufacturer’s instructions.

Antimicrobial susceptibility testing and macrolide resistance phe-
notype. Susceptibility testing for penicillin G, erythromycin, clindamy-
cin, tetracycline, chloramphenicol, and levofloxacin was performed by
disk diffusion. Clinical and Laboratory Standards Institute (CLSI) meth-
ods and interpretation criteria were used for all antimicrobial agents (14).
The macrolide resistance phenotype was determined according to a dou-
ble-disk test with erythromycin and clindamycin, as previously described
(43). The M phenotype corresponds to resistance to erythromycin only,
while the MLS;; phenotype corresponds to resistance to both antibiotics.

Macrolide resistance genotypes and tetracycline resistance determi-
nants. Total bacterial DNA was isolated by treatment of the cells with
mutanolysin and boiling. The presence of the erm(B), erm(A) [erm(TR)
subclass], and mef genes was detected by a multiplex PCR, as described
elsewhere (24). Two isolates that were erythromycin resistant and did not
amplify the erm(B), erm(A), or mef gene were also tested for the presence
of the erm(T) gene (59). To further discriminate mef genes into mef(A) or
mef(E), an additional PCR was performed (56). All tetracycline-resistant
isolates were screened for the presence of the tet(K), tet(L), tet(M), and
tet(O) genes, as previously described (58).

Pulsed-field gel profiling and MLST. PFGE was performed for all
isolates, as previously described (42). Briefly, chromosomal DNA of the
strains was prepared and digested with Smal or, whenever necessary due
to incomplete digestion, its isoschizomer, Cfr91, and separated by PFGE.
Bionumerics software (Applied Maths, Sint-Martens-Latem, Belgium)
was used to generate a dendrogram for comparison of the PFGE pat-
terns by the unweighted pair group method with arithmetic averages
(UPGMA). The Dice similarity coefficient was used, with optimization
and position tolerance settings of 1.0 and 1.5%, respectively. PEGE-based
clusters were defined as groups of 3 or more isolates with =80% related-
ness on the dendrogram (42). MLST was performed by sequencing seven
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TABLE 1 Distribution of the 225 GBS isolates by sex and age group

No. (%)
Sex” 18-64 yr =65 yr Total
M 64 (28.4) 68 (30.2) 132 (58.7)
F 31 (13.8) 62 (27.6) 93 (41.3)
Total 95 (42.2) 130 (57.8) 225 (100.0)

“ M, male; F, female.

housekeeping genes, as described previously (31), and sequence type (ST)
assignment was done by using the S. agalactiae MLST database (http:
//pubmlst.org/sagalactiae) and analyzed using the entire database and
goeBURST (26). Analysis of DNA sequences was done by using Bionu-
merics software (Applied Maths, Sint-Martens-Latem, Belgium). Alleles
and sequence types not previously described were deposited in the S.
agalactiae MLST database.

Surface protein gene profile. Total bacterial DNA was isolated by
treatment of the cells with mutanolysin and boiling. A multiplex PCR
assay was performed for direct identification of GBS alpha-protein-like
genes, as described elsewhere (15). The GBS alpha-C protein gene (bca)
and the epsilon (eps), rib, alp2/3, and alp4 surface protein genes were
identified by direct analysis of the amplicon size. A similar multiplex PCR
assay was performed to distinguish the alp2 and alp3 surface protein
genes, as previously described (41).

Typing concordance and statistics. The Wallace coefficient (W) pro-
vides a quantitative measure of the clustering concordance between dif-
ferent typing methods (11, 48). In our collection, the Wallace coefficient
was calculated to determine the concordance between PFGE-based clus-
tering, serotyping, and surface protein gene profiling. Simpson’s index of
diversity (SID) was used to evaluate the diversity found among the isolates
studied (11). Both these calculations, as well as the 95% confidence inter-
vals (Clys,) were performed with the Web tools available at http://www
.comparingpartitions.info. Information about the sex ratios in different
age groups in the Portuguese population was obtained from Statistics
Portugal (http://www.ine.pt). The Fisher exact test was used to evaluate
associations. The odds ratio (OR) with 95% Wald confidence intervals
(Clyse,) (1) was calculated against all other serotypes or PFGE clusters and
used to identify particular serotypes or PFGE clusters associated with
certain characteristics, controlling for a false-discovery rate (FDR) less
than or equal to 0.05 (3).

RESULTS

Isolates. The collection of 225 GBS invasive isolates was recovered
from patients with ages ranging from 19 to 92 years, with a mean
age of 63 years. Two subpopulations were considered in this study:
the younger subpopulation, defined as patients ranging in age
from 18 to 64 years, and the elderly subpopulation (=65 years
old). Overall, the GBS isolates were more frequently recovered
from men (n = 132; 58.7%) than from women (n = 93; 41.3%),
but this varied markedly according to the age group (Table 1). To
test if there was an overrepresentation of men, we made two sim-
plifying assumptions: (i) there was no sex or age bias in reporting,
and (ii) the entire Portuguese population could be considered at
risk of developing GBS invasive infection. According to the Por-
tuguese demographic data available at Statistics Portugal (http:
/[www.ine.pt), in the period from 2001 to 2008, the mean sex ratio
in Portugal among adults (15 to 64 years old) was 0.97 males/
female and 0.72 males/female in the elderly (=65 years old). In
our collection of GBS isolates, the mean sex ratios of invasive
infections among the adults and the elderly were 2.1 and 1.1
males/female, respectively. Considering the Statistics Portugal sex
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TABLE 2 Serotype distribution among age groups

No. (%)
Serotype 18—64 yr =65 yr Total
Ia 42 (18.6) 36 (16.0) 78 (34.7)
b 8 (3.6) 12 (5.3) 20 (8.9)
I 11 (4.9) 15 (6.7) 26 (11.6)
111 14 (6.2) 20 (8.9) 34 (15.1)
1% 1(0.4) 1(0.4) 2(0.9)
\% 14 (6.2) 30 (13.3) 44 (19.6)
VI 0 1(0.4) 1(0.4)
VII 0 1(0.4) 1(0.4)
NT 5(2.2) 14 (6.2) 19 (8.4)
Total 95 (42.2) 130 (57.8) 225 (100.0)

ratios, there is a 2-fold increase in invasive disease among younger
men compared to the number of expected cases in a 0.97 males/
female ratio and a 1.5-fold increase in invasive disease among
elderly men compared to the expected number of cases in a 0.72
males/female ratio, suggesting that men are always at increased
risk of having GBS invasive infection independent of age.

Serotype and MLST distribution among PFGE clusters. The
results of serotyping are summarized in Table 2, reflecting consid-
erable overall serotype diversity (SID = 0.794; Clgso,, 0.765 to
0.822). To our knowledge, this is the first time a serotype VI isolate
has been identified in Portugal. This serotype is known to be one
of the most prevalent among colonizing serotypes of pregnant
women in Japan and Malaysia (34) but has rarely been found
elsewhere.

Serotypes were differently distributed according to patient age
groups (Table 2). In the younger subpopulation, serotype Ia was
isolated three times more frequently than other serotypes, such as
II, ITI, and V, while in the elderly subpopulation, although sero-
type Ia was still the most prevalent, serotypes such as III and V
were almost as frequent. We therefore tested if there was a differ-
ent distribution of each serotype in the two subpopulations. Al-
though serotype Ia reached significance in the younger subpopu-
lation (Fisher’s exact test, P = 0.011), it did not remain significant
after FDR correction, indicating that, in spite of the differences
described, none of the different distributions of the serotypes be-
tween the two age groups considered was in fact statistically sig-
nificant.

Serotype II was found to be more frequently isolated from
synovial fluid than expected from its representation in invasive
isolates (Fisher’s exact test, P = 0.01). No other significant asso-
ciations were found between the biological source of the isolate
and either patient characteristics (sex or age) or any of the bacte-
rial features studied, such as serotype or antimicrobial resistance.

PFGE analysis revealed 33 different profiles defined at =80%
similarity that grouped into 13 PFGE clusters (having three or
more isolates), the major five of which accounted for nearly 70%
of the overall collection (Fig. 1). The remaining isolates (n = 26)
were included in minor PFGE clusters (containing two or fewer
isolates) or had unique profiles (Fig. 1). The SID for the classifi-
cation of the isolates in PFGE clusters was 0.858 (Clyso,, 0.824 to
0.893), indicating that the collection analyzed was quite diverse.
The concordance between PFGE-based genotypes and the sero-
type, as given by Worgr serotype = 0-730 (Close, 0.638 to 0.821),
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showed that 73% of any pair of isolates in the same PFGE cluster
also share the same serotype.

Further analysis of the genetic lineages associated with each
PFGE cluster included the characterization by MLST of represen-
tative isolates of all serotypes (n = 81, corresponding to at least
30% of the isolates of each serotype). Among the isolates studied,
we identified five novel alleles [adhP(87), pheS(35), glnA(49), and
sdhA(43 and 44)], as well as five novel STs (ST472 to ST474,
ST497, and ST498).

The detailed characterization of the clusters depicted in Fig. 1 is
summarized in Table 3. While most serotype Ia isolates grouped
together in a particular cluster (C,;), serotype III isolates distrib-
uted mostly into two different clusters (A5 and D, 5), and serotype
V isolates were mainly found in three clusters (Ko, L,,, and Ms).
Serotype Ia isolates presented mainly with ST23 and ST24, in
agreement with similar observations in neonatal invasive disease
and colonization in pregnant women (39, 42). Interestingly, a
small number of serotype la isolates (n = 7) grouped in a different
cluster (E,,), together with other isolates exhibiting mainly sero-
type Ib (n = 15). These serotype Ia isolates presented mostly with
ST8 (n = 5),asequence type that was previously found in Portugal
among invasive and colonizing GBS isolates presenting exclu-
sively the type Ib capsular serotype (40).

Serotype V was the second most prevalent serotype in our col-
lection. While the isolates in clusters K, and M all presented with
ST1, suggesting the existence of two sublineages within this se-
quence type distinguishable only by PFGE, the isolates found in
cluster L,, were ST2. These observations suggest the existence of
two main lineages presenting this serotype. Serotype III isolates
were predominantly represented in clusters A5 and D, the for-
mer comprising mostly ST19, previously associated with coloni-
zation (31, 36), and the latter accounting for the “hypervirulent”
ST17 lineage (37, 50). However, this lineage is poorly represented
in our collection compared to its overrepresentation in neonatal
invasive disease (42).

Surface protein gene profiling. All except two isolates were
positive for the presence of only one surface protein gene that was
diversely distributed in the bacterial population (SID = 0.747;
Clyse,, 0.727 to 0.768). The surface protein gene bca was the most
prevalent, followed by the eps, rib, alp3, and alp2 genes, showing
variable distributions across serotypes (Table 4). The alp4 gene
was not found among the isolates. There was a significant associ-
ation of most serotypes with a particular surface protein gene,
namely, Ia and eps, Ib and bca, II and rib, Il and rib, and V and
alp3 (all Fisher’s exact test, P < 0.0001). Nevertheless, the concor-
dance between PFGE-based genotypes and surface protein
genes was low—Wprcr qurface protein = 0566 (Clyse,, 0.491 to
0.641)—as was the concordance between serotype and surface
protein genes, Wi oype—surface protein = 0-466 (Clyse,, 0.409 to
0.523). These results reflect the fact that some serotypes frequently
present with more than one surface protein gene, as seen for sero-
type Ia isolates, which are mainly associated with the surface pro-
tein genes eps and bca, and for serotype V, which presents with
alp3 and eps, although only one of these genes reached significance
in each serotype (Table 4). Furthermore, serotype Ia isolates are
mainly grouped together in a particular PFGE cluster (C,;), re-
gardless of presenting with surface protein gene eps or bca, thus
making a significant contribution to a lower Wallace coefficient.

Antimicrobial susceptibility testing. The frequency of resis-
tance to the antimicrobials tested differed among serotypes and
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FIG 1 Dendrogram of the PFGE profiles of 225 GBS isolates. The dendrogram
was constructed using the UPGMA method. Dice coefficients (percentages)
are indicated in the scale above the dendrogram. Each cluster (defined as a
group of three or more isolates with a Dice coefficient of =80%) is represented
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was found unevenly in the PFGE clusters (Table 3). All isolates
were susceptible to penicillin and chloramphenicol, and 1.3%
(n = 3) were resistant to levofloxacin and 80.4% (n = 181) to
tetracycline.

The overall rate of erythromycin resistance (Ery") was 12.9%
(n = 29), higher than that documented previously (10.7%) in a
Portuguese study analyzing the GBS isolates responsible for inva-
sive and noninvasive disease, as well as colonization (24). Two
isolates (one presenting with the M and the other with the consti-
tutive MLSy [cMLSg] phenotype) failed to amplify any of the
genes erm(B), erm(A) [erm(TR) subclass], or mefand were further
tested for the presence of the erm(T) gene, frequently found
among Streptococcus bovis isolates but already detected in GBS
isolates (19), and again, there was no amplification. Among the
remaining 27 PCR-positive isolates, the erm(B) gene was present
in25.9% (n = 7), the erm(TR) gene in 63.0% (n = 17), and the mef
gene in 11.1% (n = 3). All inducible MLS; (iMLSy) isolates car-
ried the erm(TR) gene, whereas the cMLSy, isolates presented with
either erm(B) or erm(TR). Such an association between iMLSy
and erm(TR) was previously reported in Canada (17). Even
though the MLS phenotype was found to be distributed across
serotypes and not particularly clustered, the M phenotype (in the
mef-positive isolates) was found exclusively in serotype Ia isolates.
Erythromycin resistance was more frequent among serotype V
isolates, in agreement with previous observations in other coun-
tries (12, 18, 60, 61); however, this association was not significant
after FDR correction. In an analysis of individual clusters, eryth-
romycin resistance was found to be overrepresented in cluster K,
(OR = 7.453; Clgse, 1.783 to 66.65), which clustered together
most isolates of serotype V presenting with ST1, and underrepre-
sented in serotype Ia cluster C,5 (OR = 0.207; Clyso,, 0.066 to
0.689), both significant after FDR correction (P = 0.021 and P =
0.044, respectively). Also, the high concordance between PFGE-
based genotypes and erythromycin resistance, as given by
Werge—gryr = 0.873 (Clgsg,, 0.815 to 0.931), indicates that PFGE
clustering is a good predictor of erythromycin resistance. For in-
stance, despite the fact that cluster E,, grouped together isolates
presenting four different serotypes, all of these serotypes included
at least one macrolide-resistant isolate.

Among tetracycline-resistant isolates, the tet(K) and fet(L)
genes were not detected in any of the isolates tested. The majority
of the isolates carrying the fef(O) gene grouped together in the
same PFGE cluster (G,), regardless of the different capsular types
expressed by the isolates included in the cluster (Table 3).

DISCUSSION

In this study, GBS invasive infections were more frequent in the
elderly, reflecting the possible impact of risk factors that increase
with age, such as comorbidities and immune senescence. GBS
invasive infections were also substantially more frequent in men,
regardless of age. Our findings are in agreement with a higher
proportion of invasive infections among younger and elderly men
reported elsewhere (35, 57), but the reasons behind the higher
susceptibility of men remain to be clarified. It was suggested pre-
viously that sex could be a surrogate marker for other risk factors,

by a triangle proportional to the number of isolates included in the cluster. The
clusters are designated by capital letters and a subscript number indicating the
number of isolates included in the cluster.
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TABLE 3 Distributions of serotypes, MLST-based sequence types, and antimicrobial susceptibility profiles among PFGE clones

Streptococcus agalactiae Invasive Infections in Adults

Genotype (no.) for macrolide resistance phenotype:

PFGE Serotype Tetracycline resistance
cluster® (no.)? STs in PFGE cluster (no.)" cMLS, iMLS, M genotype (no.)*
A 111 (11) [ST10 (1), ST19 (1), ST286 (1)]", ST498 (1) 0 erm(TR) (3) 0 tet(M) (9)
I1(2) ST28 (1)" 0 0 0 tet(M) (2)
V (2) ST19 (2)" 0 0 0 tet(M) (2)
B, 11 (7) ST28 (1)" 0 0 v tet(M) (6)
V(2) ST19 (1)" 0 0 tet(M) (2)
NT¢ (1) ST28 (1) 0 0 0 tet(M) (1)
C,, Ta (66) [ST23 (13), ST24 (6), ST144 (1)]" 0 0 mef(E) (2) tet(M) (64)
NT (3) None 0 0 0 tet(M) (3)
I1(2) ST28 (1) 0 0 0 tet(M) (2)
Ib (1) ST23 (1)" 0 0 0 tet(M) (1)
111 (1) ST17 (1) 0 0 0 tet(M) (1)
D, 111 (13) ST17 (4) erm(B) (1) 0 0 tet(M) (10), tet(O) (1)
NT (2) None 0 0 0 tet(M) (2)
E,, Ia (7) ST8 (5)", ST23 (2) erm(B) (1), erm(TR) (1) 0 0 tet(M) (7)
Ib (15) [ST8 (2), ST9 (1), ST10 (3), ST12 (1)]" erm(TR) (1) erm(TR) (1) 0 tet(M) (13)
V (5) ST10 (1)" erm(B) (2) 0 0 tet(M) (4)
II(1) ST12 (1)" erm(TR) (1) 0 0 tet(M) (1)
NT (1) None 0 0 0 tet(M) (1)
F, 11 (4) ST474 (1)" 0 0 0 tet(M) (2)
Ib (2) ST10 (1)" 0 0 0 0
NT (1) ST10 (1) 0 0 0 0
G, NT (3) ST12 (1)" 0 0 0 tet(0) (3)
1 (2) ST12 (1)" erm(TR) (1) 0 0 tet(0) (2)
V(2) ST12 (1)" 0 0 0 tet(0) (2)
H, NT (3) ST130 (1) 1f 0 0 0
I, Ia (1) ST88 (1)" 0 0 0 0
Ib (1) None 0 0 0 0
I (1) ST88 (1)" 0 0 0 0
I 111 (2) ST23 (1)" 0 0 0 tet(M) (1), tet(O) (1)
Ta (1) ST23 (1)" 0 0 0 0
Ko V (13) [ST1 (4), ST497 (1)]" erm(B) (1), erm(TR) (1) erm(TR) (5) 0 tet(M) (12)
NT (5) ST1 (1) 0 0 0 tet(M) (5)
VII (1) ST1 (1)" 0 0 0 tet(M) (1)
Lo V (10) ST2 (3) 0 0 0 0
M, V (5) ST1 (2) erm(TR) (1) erm(TR) (2) 0 tet(M) (5)
Other? 11(7) [ST28 (1), ST472 (1)]" 0 0 0 tet(M) (4), tet(O) (1)
111 (7) None erm(B) (2) 0 0 tet(M) (2)
V (5) None 0 0 0 tet(M) (2), tet(O) (1)
Ia (3) None 0 0 mef(E) (1) tet(M) (2)
IV (2) [ST196 (1), ST473 (1)]" 0 0 0 tet(M) (2)
Ib (1) None 0 0 0 tet(M) (1)
VI (1) ST10 (1)" 0 0 0 0
Total 225 14 11 4 181

@ PFGE clusters are presented as indicated in Fig. 1. Clusters are designated by capital letters and a subscript number indicating the number of isolates included in the cluster.
b Serotypes are given in decreasing order of frequency in the clusters.

¢ NT, nontypeable.

@ Brackets indicate STs that were grouped into the same PFGE cluster and belonged to the same clonal complex by goeBURST and that expressed the same serotype.
¢ Number of isolates resistant to tetracycline.

I Tsolate that failed to amplify the erm(B), erm(TR), mef(A/E), and erm(T) genes.

£ Other included 26 isolates distributed into 20 different profiles.
" STs that were grouped into the same PFGE cluster and belonged to the same clonal complex by goeBURST but expressed different serotypes.
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TABLE 4 Distribution of genes encoding surface proteins across
serotypes

No. of isolates with surface protein gene”:

Total no. of
Serotype bea eps rib alp2 alp3 isolates®
Ia 25 47 2 2 2 78
Ib 15 2 1 2 20
1I 7 1 17 1 26
1II 3 29 2 34
v 2 2
v 7 15 2 17 41
VI 1 1
VII 1 1
NT? 8 3 4 5 20
Total 66 70 55 7 25 223

“ Boldface indicates that a significant correlation between the surface protein gene and
the serotype was found (see the text).

Y NT, nontypeable.

¢ The total number of isolates excludes two serotype V isolates that failed to amplify any
surface protein gene.

including underlying medical conditions (29); however, our study
was not designed to address this issue.

The GBS isolates characterized here revealed substantial diver-
sity of genetic lineages defined by both PFGE and MLST (Fig. 1
and Table 3), similar to that reported among isolates causing neo-
natal invasive infections in both Portugal (42) and Barcelona,
Spain (39). However, the collection characterized here did present
higher diversity in terms of serotype (42) and surface protein
genes (39) than collections of invasive isolates from neonates, with
higher SID values and nonoverlapping Clys,, values. In adults, we
also found GBS isolates of serotypes VI and VII and isolates car-
rying the alp2 gene for the first time as agents of infection in
Portugal. Taken together, these observations suggest a more di-
verse genetic structure of the GBS population causing invasive
disease in adults than in neonates. A possible explanation for this
difference could be the multiplicity of clinical presentations of
invasive infections in adults, together with frequent and varied
underlying medical conditions presented by these patients. A his-
tory of antimicrobial consumption is another factor that may in-
crease the diversity of the GBS population by selecting for resistant
isolates.

A very conserved and consistent serotype distribution is ob-
served among the GBS isolates causing neonatal invasive disease in
Europe, including Portugal, and the United States, where capsular
types Ia and Il are preponderant (4, 42, 49). However, in the GBS
isolates causing invasive disease in nonpregnant adults in Portu-
gal, we observed that the dominant serotypes contrast with those
found in other countries. Our data show that serotype Ia was
significantly more prevalent (35%), followed by serotypes V
(20%), III (15%), I (12%), and Ib (9%). In other countries, such
as Spain (8), Sweden (46), Norway (4), the United States (57), and
Australia and New Zealand (62), serotype V is the leading cause of
invasive infections in nonpregnant adults, including the elderly,
and serotype Ia is much less frequent. It is possible that in Portugal
there are specific lineages of serotype Ia that are well adapted to
their particular niches and that may be expanding. We have pre-
viously described the increased invasive potential of serotype Ia
lineages presenting with ST23 and ST24, mainly when causing
early-onset disease in neonates (42). Considering the similar
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clonal structure observed in this study, it is possible that the same
lineages are particularly prone to cause invasive infections in
adults. Taken together, the dominance of serotype Ia in invasive
disease in adults, as well as the previously documented importance
of this serotype in neonatal invasive infections and in colonization
of pregnant women (39, 42), make it clear that the same genetic
lineages can be responsible for both colonization and invasive
disease in all age groups. We also found a small number of ST8
serotype Ia isolates grouping in a different cluster (E,,), together
with other isolates exhibiting mainly serotype Ib, but also other
serotypes, and presenting with ST8 and its single-locus variants
(SLVs) ST9, ST10, and ST12. Moreover, these STs share only two
alleles (in the atr and glcK loci) with ST24 and none with ST23,
indicating that this lineage of serotype Ia isolates is unrelated to
the dominant ST23 and ST24 lineages and may have resulted from
capsular switching. The recipient of this putative capsular-switch-
ing event would belong to the lineage defined by PFGE cluster E,,
as most of these serotype Ia and Ib isolates are not only grouped
into the same PFGE cluster, but also share the same surface pro-
tein (encoded by bca) and closely related STs. This particular lin-
eage was not found among GBS serotype Ia isolates in Portugal
characterized in previous studies but had already been recovered
from invasive and colonizing isolates in adults presenting exclu-
sively the type Ib capsular serotype (40). This observation is con-
sistent with this new serotype-genotype combination having
arisen by capsular switching and possibly having an adaptive ad-
vantage for causing invasive infections in adults, explaining why
the Ta/ST8/bca lineage was not previously associated with vaginal
colonization or neonatal infections.

Serotype V was the second most prevalent serotype, distributed
into three PFGE clusters and characterized by different sequence
types and surface protein genes. The isolates found in cluster L,,
were fully susceptible to all antimicrobials tested, including tetra-
cycline, causing serotype V to be the only serotype significantly
associated with tetracycline susceptibility.

The prevalence of serotype III was much lower than that found
in neonatal invasive disease in Portugal (42). The two main clus-
ters of serotype III isolates, A5 and D, presented mainly with
ST19 and ST17, respectively. Whereas ST19 was previously asso-
ciated with colonization, ST17 is recognized as a major lineage
responsible for neonatal invasive infections (31, 36). The under-
representation of this lineage in our collection, in agreement with
similar observations elsewhere (37), reinforces the differences be-
tween neonatal and adult invasive infections and the importance
of other serotypes, particularly serotype Ia, in invasive infection.

We found a strong correlation between the serotype and the
genes encoding surface proteins (Table 4). However, the corre-
spondence is not absolute, and the surface protein gene proved
helpful in discriminating different genetic lineages within sero-
types. Similar to what was reported previously (39), serotype Ia
was associated with two surface protein genes, bea and eps, al-
though only eps reached significance. Considering the high num-
ber of bea-carrying isolates in our collection and the perfect asso-
ciation of this surface protein gene with ST24 (39), this particular
sublineage seems equally adept at causing infections in adults and
in neonates. Future studies, particularly in other European coun-
tries, should help evaluate whether serotype Ia is expanding in the
continent or whether, on the contrary, it represents successful
clones within the more limited geographical boundaries of the
Mediterranean region. Nevertheless, previous reports of the ST24
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sublineage as a rare clone in both Europe (52) and the United
States (7) may indicate ongoing changes in the clonal composition
of GBS causing invasive infections worldwide.

Two distinct surface protein genes, alp3 and eps, were found to
be similarly distributed among serotype V isolates, even though
only the first was significantly associated with the serotype, mainly
because eps is also overrepresented in the ST23/serotype Ia iso-
lates. Considering that most studies describe a strong association
of serotype V with the alp3 gene (27, 32, 51), it is possible that our
observation of a similar frequency of the genetic lineage serotype
V/ST2/eps reflects the expansion of a sublineage not frequent else-
where.

When comparing our surface protein gene-profiling results to
those found among neonatal invasive isolates (39), a considerable
difference was also found in serotype II isolates. Even though the
number of serotype Il isolates causing invasive disease in neonates
was smaller than in adults, the isolates responsible for neonatal
infections mainly carried the bca gene, while in this study, the
number of isolates carrying the rib gene was more than double that
of isolates carrying the bca gene. In addition, we found that the
isolates carrying the bca gene presented mostly with ST12 (and its
double-locus variant, ST474), whereas the isolates carrying the rib
gene presented mainly with ST28 (and its SLV, ST472). Both
ST472 and ST474 were newly identified in this study and suggest
diversification of two different serotype II lineages carrying dis-
tinct surface protein genes. It is possible that the rib-carrying lin-
eage of serotype Il isolates shows a higher propensity to cause joint
infections (4 out of the 5 serotype Il isolates recovered from syno-
vial fluid presented with the surface protein gene rib), being re-
sponsible for the overall association of this serotype with synovial
fluid.

Erythromycin resistance was found to be similarly distributed
among the constitutive and inducible MLS; phenotypes (cMLSg,
n = 14; iMLSg, n = 11), while in a previous study in Portugal, the
c¢MLS; phenotype was three times more prevalent than the iMLS,
phenotype (24). The number of isolates carrying the erm(TR)
gene was more than double the number of isolates carrying the
erm(B) gene, also the opposite of what had been previously re-
ported in the country (24). This could be due to the expansion or
disappearance of specific clones carrying these genetic elements or
to the fact that in the previous study, both invasive and noninva-
sive isolates were characterized (24). In contrast to the data re-
ported here, several publications indicate that the erm(B) gene is
overrepresented in serotype V isolates (9, 25, 27, 30, 61), while a
higher prevalence of erm(TR) has been described only in Canada
(17). This suggests that there are several distinct erythromycin-
resistant genetic lineages expressing serotype V that are differen-
tially distributed in various geographic locations. The fact that
macrolide resistance was significantly associated with specific
PFGE-based clusters but not with particular serotypes suggests
that increasing resistance is due in part to the limited expansion of
resistant clones, although horizontal dissemination of genetic el-
ements carrying resistance determinants may also have contrib-
uted. Considering the wide consensus on the importance of sero-
type V in erythromycin resistance, the fact that the serotype is
overrepresented in almost all studies of GBS causing invasive in-
fections in nonpregnant adults and the diversity of resistant lin-
eages, a detailed discrimination of macrolide-resistant clones
from other regions may help us understand the evolution and
dynamics of erythromycin resistance in GBS.
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The nearly ubiquitous resistance to tetracycline was mostly
mediated by the tet(M) gene, as described elsewhere (52). A small
fraction of the isolates carried the tet(O) gene, which has been
associated with bovine strains (20). Not all erythromycin-resistant
isolates were simultaneously resistant to tetracycline, including
those carrying the erm(B) gene, indicating that erythromycin re-
sistance is not necessarily linked to tetracycline resistance and may
not be encoded in the same mobile genetic elements, as previously
suggested (16). Even though the fef(M) gene is spread throughout
all serotypes and major PFGE clusters, the association between the
tet(O) gene and a particular genetic lineage, as defined by the same
PEGE cluster (G,) and sequence type (ST12), supports the clonal
expansion of this resistance determinant.

The main limitation of our study is the fact that this is not a
population-based study, although our network does include the
majority of hospital-based microbiology laboratories in Portugal.
Also, no audits to monitor compliance of the reporting laborato-
ries in submitting all isolates to the central laboratory for charac-
terization were performed. Since the records of the reporting lab-
oratories were not independently reviewed to detect unreported
cases, it is possible that not all cases of laboratory-confirmed in-
vasive GBS disease occurring within our surveillance network
were effectively reported. Accordingly, we have refrained from
calculating the incidence of GBS invasive disease in Portugal, since
we would probably underestimate the actual incidence. Another
limitation of our study is the absence of clinical data, which pre-
vents us from evaluating the associations between GBS infection
and patient history, including underlying medical conditions that
were previously shown to be risk factors for GBS invasive infection
(29). Despite these limitations, we believe the collection studied is
large enough to reflect the bacterial population diversity and to
identify the major clones causing invasive disease among adults in
Portugal. Also, since it is laboratory-based surveillance, it is un-
likely that any sex or age bias exists when reporting GBS invasive
cases, indicating that any sex or age imbalance in the collection
reflects the actual characteristics of the GBS invasive infection
cases.

GBS is a significant agent of invasive disease in adults, and the
high morbidity and mortality associated with these infections jus-
tifies the continued monitoring of the pathogen. While most se-
rotypes and genetic lineages are capable both of asymptomatic
colonization and of causing invasive disease in different age
groups, their prevalences are not the same, suggesting that partic-
ular lineages may be better adapted to specific lifestyles or age
groups. On the other hand, the salient role played by serotype Ia
isolates as causes of invasive infections in both adults and neonates
in the Iberian Peninsula, together with the high prevalence of
ST24, which is rarely found elsewhere, suggests that lineages with
enhanced invasiveness may be emerging at a regional level. This
dynamic nature of GBS invasive isolates may prove challenging to
future strategies for prevention of these infections.
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